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Member List of the Study Team

Field Survey Team

Name

Job Title

Occupation

Mr. Hiroyuki Hayashi

Team Leader

Senior Project Administration Officer
Transportation and Electric Power Team
Project Management Group |

Grant Aid Management Department, JICA

Mr. Toshinori Toda

Chief  Consultant / Road

Transport Planner

Katahira & Engineers International

Mr. Soemu Oshita

Road Designer |

Katahira & Engineers International

Mr. Tetsuro Izawa

Road Designer Il

Japan Engineering Consultants Co., Ltd.

Mr. Shuichi Yashiro

Road Designer 111 / Coordinator

Katahira & Engineers International

Mr. Kou Kuwata

Natural Condition Surveyor

Japan Engineering Consultants Co., Ltd.

Mr. Tadashi Sato

Construction Planner / Cost

Estimator

Katahira & Engineers International

(2) Draft Final Report Explanation Team
Name Job Title Occupation
Mr. Eiji Inui Team Leader Resident Representative, JICA Zambia Office

Mr. Toshinori Toda

Chief Consultant / Road Transport

Planner

Katahira & Engineers International

Mr. Soemu Oshita

Road Designer |

Katahira & Engineers International
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2. Study Schedule

(1) Field Survey (February 18~March 28, 2007)
Hiroyuki Toshinori Soemu Tetsuro Shuichi Kou Tadashi
Hayashi Toda Oshita Izawa Yashiro Kuwata Sato
Official Consultants Members
Member
< Chief Road Road Road Designer | Surveyor Const. Planner
S| € | Team Consultant Designer | | Designer Il Il & Cost
2| O | Leader Estimator
2 18 NRT—-HKG—JINB -Ditto-
19 —LSK / Meeting at JICA/ EOJ
20 | MLGH Meeting MLGH Meeting
21 | NCC Meeting NCC Meeting
22 | NCC/RDA Meeting NCC / RDA Meeting
23 | KCC Meeting KCC Meeting
24 | KTW—LSK Site Survey KTW—LSK Site Survey
25 Meeting Site Survey Site Survey Site Survey
26 | Signing of M/D, EQJ Site Survey Site Survey Site Survey
27 LSK—JINB Meeting Site Survey Site Survey Site Survey
28 Site Survey Site Survey Site Survey Site Survey | NRT—-HKG—
3 |1 Site Survey Site Survey Site Survey Site Survey | —IJNB—LSK
2 LSK—-KTW Site Survey LSK—KTW Site Survey | LSK—KTW
3 Site Survey NRT—HKG Site Survey
4 Site Survey JNB—LSK Site Survey
5 Site Survey
6 Site Survey
7 Site Survey
8 Site Survey
9 Site Survey
10 Site Survey
11 Site Survey
12 Site Survey
13 Site Survey
14 Site Survey
15 Site Survey
16 Site Survey
17 Site Survey
18 Site Survey
19 Site Survey
20 Site Survey
21 Site Survey
22 KTW—LSK Site Survey KTW—LSK
23 MLGH, EOJ Site Survey Site Survey
24 Site Survey Site Survey Site Survey
25 Site Survey KTW—LSK Site Survey
26 Report to JICA Zambia Office
27 LSK—INB—
28 —HNG—NRT

LEGEND: NRT(Narita), HNG(Hong Kong), JNB(Johannesburg), LSK(Lusaka), KTW(Kitwe), EOJ(Embassy
of Japan), MLGH( Ministry of Local Government and Housing)

A2-1




(2) Draft Final Report Explanation (August 31~September 9, 2007)

Eiji Toshinori Soemu Oshita
Inui Toda
< Official Member Consultants Members
c [<5]
O -
S| A Team Leader Chief Consultant | Road Designer |
8 |31 NRT—HKG—JINB
9 |1 INB—LSK
JICA Meeting
9 |2 LSK—KTW
9 |3 EOJ/ MLGH Meeting KCC Meeting
9 4 LSK—KTW NCC Meeting
NCC Meeting
9 5 KCC Meeting
9 6 KTW—LSK
MLGH Meeting
9 |7 Signing on M/D with MLGH, Report to EOQJ and JICA
9 |8 LSK—INB—HK
9 |9 HK—NRT

LEGEND: NRT(Narita), HNG(Hong Kong), JNB(Johannesburg), LSK(Lusaka), KTW(Kitwe), EOJ(Embassy
of Japan), MLGH( Ministry of Local Government and Housing)
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3. List of Parties Concerned in the Republic of Zambia

Ministry of Local Government and Housing (MLGH)

Mr. Maswabi M. Maimbolwa

Permanent Secretary

Mr. Peter Lubambo

Director

Mr. Davies C. Zulu

Assistant Director

Mr. Richard Kangwa

Senior Engineer

Mr. Nkumbu Siame

Senior Engineer

Road Development Agency ( RDA)

Mr. Watson Ng ambi

Director & CEO

Mr. Muliya Mushimbei

Environmentalist

Mr. Charles Mushota

Head Procurement

Mr. Erasmus M. Chilundika,

Manager Planning & Design

Mr. Jan Tore Odd

Technical Advisor

Mr. Sean Canavan

Technical Assistant (Consultant)

Mr. Misheck Lungu

Copperbelt Regional Engineer

Mr. Phillimon Goma

Executive Engineer, Copperbelt Regional Office

Mr. Richard Kasongo,

Sr. Road Engineer, Copperbelt Regional Office

Ndola City Council (NCC)

Ms. Charity Nanda Mpande

Town Clerk

Mr. Evervisto Makungo

Director of Housing

Mr. Gilvert Sendama,

Director of Engineering Service

Mr. Joseph Zulu

Assistant Director, Engineering

Ms. Katai Kambogi,

Sr. Road Engineer

Kitwe City Council (KCC)

Mr. Ali D. Simwinga

Town Clerk

Mr. Ireen T. Mundia,

Director of Legal Service

Mr. John Kaliminwa

Director of Engineering Service

Mr. John Ngwata

Deputy Director of Engineering Service

Mr. Webster Musukwa

Assistant Director, Engineering Service

Mr. Mr. Reynols Muluka

Civil Engineer

National Road Fund Agency

Mr. Raphael Mabenga

Director

Mr. Stephen N. Mwale

Account-Road Fund

National Council for Construction (NCC)

Dr. M.S. Mashamba

Executive Director

Ndola Police

Mr. Simfukwe, Assist. Superintendent
Mr. Syinjelesyo Inspector

Kitwe Ploice

Mr. Simmohza

Chief Inspector, Department of Traffic
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4 . Minumtes of Discussions

Field Survey (February 26, 2007)

Minutes of Discussions
on the Basic Design Study
on the Project for Improvement and Maintenance of Ndola and Kitwe City Roads
in the Republic of Zambia

In responss to a request from the Government of the Republic of Zambia (hereinafier referred
to as “GRZ™), the Government of Japan decided to conduct a Basic Design Study on the Project for
Improvement and Maintenance of Ndala and Kitwe City Roads (hereinafier referred to as “the
Project”) and entrusted the study to the Japan Intemational Cooperation Agency (hereinafter
referred to as “JICA™),

JICA sent to Zambia the Basic Design Study Team (hereinafter referred to as “the Team™),
headed by Mr. Hayashi Hiroyuld, Senior Project Administration Officer, Transportation and Electric
Power Team, Project Manapement Group I of the Grant Management Departiment, JICA, and is
scheduled to stay in the couniry from February 19 to March 27, 2007,

The Team held discussions with the officials concemed of GRY and conducted a field survey
at the study area. . ‘

In the course of discussions and fisld survey, both sides confirmed the main items deseribed in
the attached sheets.

Lusaka, February 26, 2007

;o
—h— A2 oo
Hayash Hiroyuki Mhswabi M PSS
Leader Pmanwﬁ’gmw

Basic Design Study Team Ministry of Local Government and Housing
Japan Imternational Cooperation Agency The Republic of Zembia
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ATTACHMENT

1. Objective of the Project
The objective of the Project is to rehebilitate and maintain the roads and related structures in
the cities of Ndela and Kitwe,

2, Project Sites
The sites of the Projeet are located in the cities of Ndola and Kitwe, as shown in Annex-L.

3. Responsible and Implementiog Orpganization
3-1. The responsible Ministty is the Ministry of Local Goverament and Housing (MLGH).
The organization chart of the MLGH is shown in Annex-2-],

3-2, The implementing organizations are the Ndela City Council (NCC) and the Kitwe City Council
Koo,
The organjzation charts of the hath City Councils are shown in Annex-2-2 and Annex-2-3,

4. Items Requested by the GRZ

Aficr discussions with the Team, the items described in Annex-3 were confirmed and roquested
by the Zambian side. JICA will nssess the appropriateness of the request and will report the
findings to the Government of fapan.

5. Yapan's Grant Aid Scheme

3-1. The Zambion side understands Japan’s Grant Aid Scheme for General Project explained by the
Team, as described in Annex-4, which was attached as Annex-d of the Minotes of Discussions
signed on Avgust 2, 2006 (hereinafter referred to as “the previous M/D™),

5=3. The Zambien side will take the necessary measurss, as described in Annex-5. which was
attached as Annex-6 of the previous M/D, for smooth implementation of the Project, as a condition
for the Japanese Grant Aid to be implemented,

6. Schedule of the Study
6-1. The Teamn will proceed with the study in Zambia until March 27, 2007.

6-2, HCA will prepare the draft report in Enplish and dispatch a team to Zambia in order to explain
its contents around the beginning of September 2007,

6-3. When the contents of (he drafi report are accepted in principle by GRZ, JICA will complete the
final report and send it to GRZ, armmd October 2007,

7. Other Relevant Issues
7-1. The Team explained to the Zambian side that the Project will be divided into two (2) phases,
and the tentatbve implementation schedule is shown as below;

13 Phase-1 will be commenced in Japanese Fiscal Year (JFY) 2007, subjected to obtaining the
Japanesc Cabinet’s approval and signing of the Exchange of Notes (E/N) by the Government of
Japan and Zambia,

2) Phase-2 will be commenced m JFY 2008, subjected to obtaining thc Japancse Cabinet’s
approval and signing of the E/N by the Government of Japan and Zambia.

The Teamn will inform the Zambian side of the tentative implementation plan for each phase by
the end of May, 2007.

<7
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The Team will informn the Zembian side of the tentative implementation plan for each phase by
the end of May, 2007,

7+2. The Zambian side should conduct the public information campaign and the stakeholder
meetings for cffective public participation with the Project Affected Persons {PAPs) including
illegal occupant(s) (squatters), local communities, related NGO04, ete, to inform them about the
outline of the Project including positive and nepative impacts as agreed in the previous M/D by end
of August, 2007.

7-3, The Zambizan side should obtain the approval and/or confimation in writing reparding the
environmental and social considerations necessary for the Projeet from the Environmental Council
of Zambia by the end of middle of September, 2007,

7-4. The Zambian side should obtain agreements from the PAPs for conditions and contents of the
land acquisitions and/or inveluntary resettlements (if any) for the Project by the end of Aupust,
2007 for Phase-1 and by the end of Decembey, 2007 for Phase-2, The Team will provide the
drawings and data necessary for identifying the affected area by the end of May, 2007. The
Zambian side should complete all procedurcs reparding land acquisitions andior invalumtary
reseftlements before the commencement of each construction.

7-5. The Zambian side should relocate the public utilities, such as electricity & ielecommunication
lineg, water and sewerage pipes, within the Right of Way (ROW) and/or Corridor of Impact (COI}
of the roads before the commencement of the Project, The Team will provide the drawings and
dala necsssary for identifying ROW and/or COT by the end of May, 2007,

7-6, The Zambian side should provide necessary number(s) of counterpart persommel to the Team
during the period of the smdies in Zambia.

7-7. The Zamhian side should submit answers in English to the Questionnaire with relevant
docusnents, which the Team handed to the Zambian side, by March 15, 2007,

7-8. The Zambian side requested the Team to carry out the training in Japan to the stafl of NCC
and/or KCC on advanced roed maintenance technique as technical cooperation by JICA. The
Zambian side should submit the official request regarding training with concrete contents of
training through the Embassy of Japan/JICA Zambia Office.

7-9. The Team explained to the Zambian side that the “Yapan's Grant Aid Scheme for Community
Empowerment” might be applied to 3 roads (total length: about 5.1 km) and 3 markets and other
related equipment and facilities in the both cities. The Ministry of Foreign Affairs of Japan
comtinues to examine/assess the feasibility to proceed the above-mentioned new scheme,

7-10. Both sides agreed that the Zambian side provides office spece for the Team during study
period,

7-11. Both NCC and KCC re-requesied the Team to include provision of street lights for traffic
safety measure and provision of crane mounted truek, tower wagon tmick and other equipment
shown in the Technical Notes signed on August 5, 2006 between the Preliminary Study Team (the
P/8 Team) and NCC, and sipned on August 14, 2006 between the P/S Team and KCC for proper
maintenance of roads and street lights.

%) TN
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Annex 2-2
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Items Requested by GRZ

Annex-3

Ndola City Kitwe City
No. | Road Name %}E;g;h No. Road Name }"Ig:ng;h
1, | Vitanda Street 0.8 1, | DrAggrey Avanue (Sonth) 1.0
2. | Kaunda Drive 03 2. | Evelid Read 0.6
3. | Makoli Averus 0.9 3. | Zomba Road 0.4
4, | Independence Way 1.7 4, | Blantyrs Road 0.6
5, | Zambia Road 21 %, | Bshowe Road 04
6. | Matelo Road 0.4 6. | Mamlg Avenue 0.4
7, |Lukase Road (inchuding | 33 | 7, | Kaotants Steet 24
Siemmens Road) .
g, | ChambeshiRoad  (Including 9.9 8, | Matwange Road 0.9
Labuto Avenne)
9. | Livingstone Road 0.4 9. | Mutentemuko Road 1.1
10, | Miseshi Street s
11. | Kunongesha Road 0.7
12. | Mulilakwenda Road 08 |
13, | Lilppwe Road Gé
14. | Independence Service Lanc 1.1
1.7 1.9
Total 236 T
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Annex-4

Japan’s Grant Aid Scheme for General Project

The Grant Aid scheme provides a recipient country with non-reimbursable funds to procure the
facilities, equipment and services (engineering services and fransportation of the products, ete.) for
economic and social development of the country under prnciples in accordance with the relevant
laws and regulations of Japan. The Grant Aid is not supplied through the donation of materials as
such.

L, Grant Aid Procedures
Japan’s Grant Aid Scheme is executed through the following procedures.

Application (Request made by a recipient country)

Study {Basic Design Study conducted by JICA})

Appraisal & Approval  (Appraisat by the Government of Japan and Approval by Cabinet)
Determination of (The Notes exchanged between the Governments of Japan
Implementation and the recipient country)

Firgtly, the application or request for a Grant Aid project submitted by a recipient country is
examined by the Government of Japan (the Ministry of Foreign Affairs) to determine whether or
net it is elighle for Grant Aid.  If the request is deemed appropriate, the Government of Japan
assipns JICA (Japan [nternational Cooperation Agency) to conduet a study on the request.

Secondly, JICA conducts the study (Basic Design Study), ssing Japanese consulting firms,

Thirdly, the Government of Japan appraises the project to see whether or not it is suitable for
Japan’s Grant Aid Scheme, based on the Basic Design Study report prepared by JICA, and the
results are then submitted to the Cahinet for approval,

Fourthly, the project, once approved by the Cabinet, becomes official with the Exchange of
Notes (E/N) signed by the Govemmenis of Japan and the recipient country,

Finally, for the smooth implementation of the project, JICA assists the recipient country in such
matters as preparing tenders, contracts and so on,

2. Bagic Desipn Study
1) Contents of the Study
The airm of the Basie Design Study (hereinafter referred to as "the Study"), conducted by JICA
on a requesied project (hereinafter referred to ag "the Project™), is to provide a basic document
necessary for the appraisal of the Project by the Government of Japan. The contents of the Study
are as follows:

- Confirmation of the background, chjestives, and benefits of the Project and also
institutional capacity of agencies concerned of the recipient country necessary for the
Project’s implementation.

- Evaluation of the appropriateness of the Project to be implemented under the Grant Aid
Scheme from a technical, social and economic point of view,

« Confirmation of items agreed upon by both parlies conecrning the basic coneept of the
Project,

- Preparation of a basic design of the Project,

- Estimation of cost of the Project.

The contents of the original request are not necessarily approved in their injtial form as the
comtents of the Grant Aid project. The Basic Desipn of the Project is confirmed consideting the
guidelines of Japan's Grant Aid scheme.

<5 M
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The Government of Japan requests the Government of the recipient country to take whatever
measures are necessary to ensure its self-reliance in the implementation of the Project, Such
megsures must be puaranteed even throngh they may fall outside of the jurisdiction of the
organization in the recipient country actually implementing the Project.

Therefore, the implementation of the Project is confirmed by al) relevant organizations of the
revipient country through the Minwtes of Discussions,

2) Belection of Consultants _

For smooth implementation of the Study, JICA vses remstered consulting firms. JICA selects
firms based on proposais submitted by interested firms. The firms selected cacry out a Basic Design
Study and write a report, based upon terms of reference set by JICA.

The consulling firms used for the Study are recommended by JICA to the recipient country to
also work on the Project’s implementation after the Exchange of Notes, in order to maintain
techmical consistency.

3. Japan’s Grant Aid Scheme
iy Exchange of Notes (E/N)
Japan's Grant Aid is extended in accordance with the Notes exchanged by the two
Governments concerned, in which the ohjectives of the project, period of execution, conditions
and amount of the Grant Ald, etc., are confirmed,

2) "The peried of the Gramt Aid" means the one fisesl year which the Cabinet approves the
project for.  Within the fiscal year, all procedure such as exchanping of the Notes, concluding
contracts with consulting firms and contractors and final payment to them must be compleied.

However, in case of delays in delivery, installation or construction dus to unforeseen factors
such as natural disaster, the period of the Grant Aid can be further extended for a maximumn of
one fiscal year at most by mutual agreement between the two Governments,

3) Under the Grant Aid, in principle, Japanese products and services including transport or those
of the recipient country are to be purchased.
When the two Govemiments deem it necegsary, the Grant Aid may be used for the purchase
of the products or services of a third country.
However, the prime contractors, namely consulting, contracting and procurement firms, are
limited to “Japanese nationals". (The term "Japanese nationals" means persons of Japanese
nationality or Japanese corporations controlled by persons of Japanese nationality. )

4) Necessity of "Verification"

The Government of the recipient country or its desipnated anthority will eonclude contracts
denominated in Japanese yen with Japanese nationals. Those contracts shall be verified by the
Government of Japan, This "Verifieation" is deemed necessary to secure accoumtability of
Japenese taxpayers.

5) Undertakings requited to the Government of the recipient country
In the implementation of the Grant Aid Project, the recipient country is required 1o
undertake such necessary measures as the following:

a) To secure land necessary for the sites of the Project and to clear, level and reclaim the
land prior 10 commencement of the Project,

b) To provide facilities for the distnbution of eleciticity, water supply and drainage and
other incidenta] facilities in and around the sites,

¢) To secure buildings prior to the procurement in case the installation of the equipment,

&) i
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Major Undertakipgs to be taken by Each Government

Annex-5

Items

To be
covered by
Grant Aid

Tobe
eovered by
Recipient

Party

To seeure land

To clear, leve! and reclaim the site when needed

To construct gates and fences in and around the site

(®)

(@)

To construct roads

1) Within the site

2) Outside the site when needed

N/A

N/A

To bear the following conimission to the Japanese bank
for the banking services based upon the B/A

1) Advising commission of A/P

2) Payment cormrnission

To ensure prompt unlvading and customs clearance at port
of disembarkation in recipient country

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

2) Tax exemption end custom clearance of the products af
the port of disembarkation

3) Internal transportation from the port of disembarkation
to the project site

To aceord Japanese nationals, whose services may ba
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 Zambia and stay
therzin for the performance of their works

To exempt JTapanese nationals from customs duties,
internal taxes and other fiscal levies which may be
imposed in Zambia with respect to the supply of the
products and services under tha verified contracts

To meintain and use properly and effectively the facilities
constructed and equipment provided under the Japan's
Grant

10

To bear all the expenses, other than those to be borne by
the: JTapan’s Grant, necessary for construction of the
Taciliiies

(B/A; Banking Arrangement, A/F; Authorization to Pay)

&
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d) To cnsure all the expense and prompt execution for unloading, customs clearance at the
port of disernbarkation and intemal transportation of the products purchased umder the
Grant Aid,

¢) To exemnpt Japanese nationals from customs duties, internal taxes and other fiscal levies
which will be imposed in the recipient country with respect to the supply of the products
and services under the verified contracts, ‘

f) To accord Japanese nationals, whose services may be required in connection with supply
of the products and services under the Verified contracts, such facilities as may be
necessary for their entry into the recipient country and stay therein for the performance of
their work.

6) "Proper Use"

The recipient country is required to operate and maintain the facilities constucted and
equipment purchased under the Grant Aid properly snd effectively and to assign staff
necessary for this operation and maintenance as well as to bear all the expenses other than
those covered by the Grant Aid.

7) "Re-export”
The products purchased under the Grant Aid should not be re-exported from the recipient
country.

§) Banking Arrangement (B/A)

) The Government of the recipient country or its designated authority should open an
account in the name of the Govemment of the recipient country in a bank in Japan
(hereinafier referred to as "the Bank™).  The Government of Japan will execute the Grant
Aid by making payments in Japaness yen to cover the obligations incurred by the
Government of the recipient country or its designated authority under the verified
contracts.’

b) The payments will be made when payment requests are presented by the Bank to the
Government of Japan under an Authorization to Pay (A/P) issued by the Goverimnent af
recipient country or its designated authority.

9} Authorization to pay (A/F)
The Government of the recipient country should bear an advising commission of an
Authorization to Pay and payment commissions to the Bank.
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Draft Final Report Explanation (September 7, 2007)

Minutes of Discussions
on the Basic Design Study
on the Project for Improvement and Maintenance of Ndola and Kitwe City Roads
in the Republic of Zambia
(Explanation on Draft Report)

In February 2007, the Japan International Cooperation Agency (hereinafter referred to as "JICA™)
dispatched the Basic Design Study Team on the Project for Improvement and Maintenance of Ndola and
Kitwe City Roads (hereinafter referred to as “the Project”) to the Republic of Zambia (hereinafter referred
to as “Zambia™), and through discussions, field survey, and technical examination of the results in Japan,
JICA prepared a drafi report of the study.

In order to explain and to consult with officials concerned of the Government of Zambia on the
components of the draft report, JICA sent to Zambia the Draft Report Explanation Team (hereinafter
referred io as "the Team"), which was headed by Mr. Eiji Inwi, Resident Representative, JICA Zambia
Office, from September 1 to September 8, 2007.

As a result of discussions, both sides confinmed the main items described on the attached sheets.

Lusaka, September 7, 2007

N i

Eijt Ini Maswabi M. Malmbolwa

Teader Permanent Secretary

Draft Report Explanation Team Ministry of Local Government and Housing
Japan International Cooperatidn Agency The Republic of Zambia
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ATTACHMENT
1. Components of the Draft Report
The Government of Zambia agreed and acecpted in principle the components of the draft final report
explained by the Team. The mam compenents are shown i Annex-1.

2. Schedule of the Study
JICA will complete the final report and send it to (he Government of Zambia in October 2007.

3. Other Relevant 1ssues
3-1. The Team explained to the Zambian side that the Project will be divided into two (2) phases as
shown in the drafl report,

3-2. Both the Ndola City Council (NCC) and the Kitwe City Council (KCC) agreed and accepted that
their additional requests, such as installation of street lights, procurement of road maintenance equipment,
etc. are excluded from the Project.

3-3. The Zambian side submitted a letter of committal regarding environmental and social considerations
necessary {or the Project from the Envirommental Council of Zambia (ECZ) as per Ammex-2. The
Zambian side should submit the approval in writing regarding environmental and social considerations
necessary for the Project from the Environmental Couneil of Zambia (ECZ) as soon a8 possible by the
end of Septerber 2007. The Team indicated that in case the submission of the approval was delayed, the
appraisal by the Government of Japan would be delayed consequently and not be able 10 proceed the
firther step.

3-4, The Zambian side shall relocate the public utilities, such as electricity & telecommunication lines,
water and sewerage pipes, necessary for the Project based on the contents of the draft report. The tentative
schedule for these activities is shown in Annex-3. .

3.5. The Zambian side agreed to secure and allocate the necessary budget for undertakings to be done ina
timely manner, based on the provisional amount shown in the draft report in fiscal year 2008 to 2010.

3-6. Both sides confirmed that it is necessary to control over-loaded vehicles in order to sustain the
investment and accordingly both sides reconfirmed that the Zambian side should estabhsh suitable
measures for traffic safety and control, especially overloading traffic, which are essential for appropriate
operation and maintenance of the roads improved by the Project.

3-7. Both sides agreed that the Project Cost estimate, as attached in Annex-4, should never be duplicated
or released to any outside parties before the award and signing of all Contracts for the Project.

3-8. The Zambian side requested the Team 1o arrange counterpart fraining in Japan on Road Management
and Maintenance under technical cooperation by JICA. The Zambiun side understands that an official
request for the counterpart training is necessary to be submitted to the Japanese side through the Embassy
of Japan/JICA Zambia Office. %
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Components of the Project

Annex-1

Ndola City Kitwe City
Length Road Name Length
Neo. | Road Name (Km) No. (Km)
1. | Vilanda Strect 0.859 1. | Dr.Aggrey Avenue (South) 0.993
2. | Kaunda Drive 0.295 2, | Euclid Road 0.587
3. | Makoli Avenue 0.881 3. | Zomba Road 0.370
4. | Independence Way 1.726 4. | Blantyrs Road 0.449
5. | Zamhbia Road 2537 5. | Eshowe Road 0.485
6, | Matelo Road 0.383 6. | Matuka Avenue 0.363
7. |Lukasa Road (including | 1000 | 7. | Kantanta Street 2371
Siemens Road) —
g | ChambeshiRoad (Including | 4674 8. | Natwange Road 0.904
Lubuio Avenue)
9. | Livingstone Road 0.375 9, | Mutentemuko Road 1.075
10. | Miseshi Sireet 0.913
11. | Kanongesha Road 0.724
12, | Mulilakwenda Road 0.705
13. | Lilogwe Road 0.623
14, | Independence Service Lane 1.068
12.73 11.63
Total 24.36

Ad-15




Amnexw— 2

DISB02/6/C

24 July 2007

The Director
Environmental Council of Zambia
LUSAKA

Dear Sir,
ENVIRONMENTAL PROJECT BRIEF FOR THE PROJECT FOR THE

REHARILITATION AND MAINTENANCE OF NDOLA CITY AND X1TWE
CITY ROADS

Please be informed that the Japanese Government through the Japan International
Cooperation Agency has continued to give support to the Government of Zambia in
the improvement of Lusaka City Roads.

The civil works for the project are expected to commence towards the end of 2007.
This will cover 11.7 km of urban roads in Ndola and 11.9 km of urban roads in Kitwe,

In view of the above, we would like to submit six (6) copies each of the
Environmental Praject Brief for the Project of the Rehabilitation and Improvement of
MNdola City and Kitwe City Roads for your consideration.

Your usual cooperation will be highly appreciated.

Yours Faithfully,

Davies C, Zulu

Acting Director — DISS

For/Permanent Secrerary

MINISTRY OF LOCAL GOVERNMENT AND HOUSING

¢.c.  The Town Clerk — Ndola City Council
c.c. The Town Clerk — Kitwe City Council

b z
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MLGH/101/34/14
7th September 2007

The Chairman
Environmental Council of Zambia
LUSAKA

Dear Sir

RE: ENVIRONMENTAL PROJECT BRIEF FOR THE PROJECT FOR
IMPROVEMENT AND MAINTENANCE OF NDOLA AND KITWE
CITY ROADS

The Government of Zambia has received a grant from the Government of
Japan to rehabilitate selected urban roads in Ndola and Kitwe.

On the 27% July 2007, my Ministry submitted the Project Brief to the
Environmental Council. It is one of the conditionalities of the project
that the project is approved by the Council to ensure compliance with the
Environmental Protection and Pollution Control Act of the Laws of
Zambia.

It has now come to my attention that the Government of Japan will be
considering the Zambian Projects on 25% September, 2007 and that we
stand to lose out if the necessary approvals are not presented together
with the design documents.

1 therefore, wish to appeal to ECZ to urgently consider the Ministry’s
application, preferably before the 15t September sc¢ that we may
communicate the approval to the Japanese Government in time.

I need not emphasise the importance of this project to the Government
and the people of Zambia.

= P
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I have also resubmitted six {6) copies of the Environmental Project Brief
for Kitwe City and Ndola City Councils.

Your usual cooperation will be appreciated.

Yours faithfully

]

R

T S
Maswabi M. Maimbolwa

FERMANENT SECRETARY
MINISTRY OF LOCAL GOVERNMENT AND HOUSING
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ENVIRONMENTAL COUNCIL OF ZAMBIA

Hend Office Copperbelt Regional Offtee Livingstone Office Chirundu Border Otfice
Comer Suez & Charch Roads tagaranda Road 151 Floor, Stunley Hoose Lusaky Road
£ O, Box 35131 P (> Box 71302 B ). Box 60193 roQ. Box CRLUSY
Lusaka, Zambia Mdolz, Zamhia Livingslone, Zambia Chituntdn, Zambia
Tel 254 130/254023/234039 “Tel: 260-2-621048/610407 TelFax: 160-32-321797 TolFax: 260-1-515261
Fax: 254164 Fax: 10246
necz{famnatznm eczndolafinecz.org,
Lo (1) FL.T 00
September 7, 2007 In rephy please guote
The Permanent Secretary i T

Ministry of Local Government and Housing
P.O, Box 50027
Lusaka

Attention; Mr. P Lubambo

Dear Sir,

RE: ENVIRONMENTAL PROJECT BRIEF FOR THE PROJECT FOR THE
ITMPROVEMENT AND MAINTENANCE OF NDOLA AND KITWE CITY

ROADS

We make reference to the above captioned subject and your letter dated September 7%
2007 in which you submitted to the Environmental of Zambia 2 x 6 copies of the
Environmental Project Briefs (EPBs) for road improvement and maintenance for Ndola

and Kitwe City roads respectively.

We have taken note of the importance of the projects submitted. To this end, we would
fike to inform you that we have in accordence with the Environmental Protection and
Pallution Control (Environmental Impact Assessment) Regulations Statutory Instrument
No. 28 of 1997 commenced the FIA approval process for the said EPBs.

We would like to assure you that we shall work on the documents and shall
subsequently notify you of the ouiceme of the approval process by the end of
September,

We thank you in ant/cipation of your usual cooperatian.

Yours faithfully,

P .

Chibesa Chibesakunda
Acting Director
ENVIRONMENTAL COUNCIL OF ZAMBIA

/- T
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onfidenti
Annex-4
Project Cost Estimate
The total project cost necessary to implement this Project is estimated ai 2,210 Million Yen.
The costs to be borne by both Governments, Japan and the Republic of Zambia based on the
scope of works for both Governments as described in the dreft report of the Basic Design
Study and respective details are estimated as follows on the conditions shown in (3) below,

However, this cost estimate is provisional and would be further examined by the Government
of Japan for the approval of the Grant.

(1) Cost borne by ihe Government of Japan
Total Cost : approximately 2,175 Million Yen

Improvement of urban roads of approximately 24.3km in total consisting of 12.7km (9 Roads)
in Ndola City and 11.6km (14 Roads) in Kitwe City.

Item Roughly Estimate Cost (Million Yen)
Pavement
Facility Road | Drainage
Culvert 2,048
Detailed Design/ 127
Construction & Supervision ,

(2) Cost borne by the Government of the Republie of Zambia
Total Cost: Approximately 1,187 Million Kwacha (35 Million Yen)

@D Advising Commission 76 Mil. Kwacha {(app. 2 Mil. Yen)

@ Payment Commission 90 Mil, Kwacha (app. 3 Mil. Yen)

@ Relocation Cost etc. 1,021 Mil. Kwacha (app. 30 Mil. Yen)
(3) Conditions in Cost Estihmate

@ Time of Cost Estimate: February 2007

® Exchange Rate : 1US Dollar=119.59Yen, 1Kwacha=0.029Ven

@ Construction Period: As shown in Draft BD report

@ Cost estimate is implemented in accordance with the guideline of Japan’s Grant
Aid.

¢ <A
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5. ECZ Environmental Approval

7~ e N\
Head Office Copperbelt Regional Office Livingstone Office Chirundu Border Office
Comer Suez & Church Roads Jacaranda Road 15t Floor, Stanley House Lusaka Road
P. O. Box 35131 P. 0. Box 71302 P. ). Box 60193 P. O. Box CRU31
Lusaka, Zambia Ndola, Zambia Livingstone, Zambia Chirundu, Zambia
Tel: 254130/254023/254059 Tel: 260-2-62104%/610407 Tel/Fax: 260-32-321297 Tel/Fax: 760-1-515261
Fax: 254164 Fax: 610246
necz{@zamner.zm eczndola@necz.org.

In reply bease qudre

September 24™, 2007

The Director,

Department of Infrastructure and Support Services
Ministry of Local Government and Housing

P.O. Box 50027

Lusaka

Dear Sir
RE: Proposed Rehabilitation of Nine Roads in Ndola by Ndola City Council

Reference is made to the above captioned project submitted to the Environmental Council
of Zambia (ECZ) on 11™ September, 2007 for consideration in accordance with the
requirements of the Environmental Protection and Pollution Control (Environmental Impact
Assessment) Regulations, Statutory Instrument No. 28 of 1997.

The ECZ has since reviewed your Environmental Project Brief (EPB) and based on the
information provided in the EPB, comments submitted by interested and affected parties
and our site verification inspection findings, ECZ has approved your project proposal.

Attached to this Decision Letter are conditions of approval.
Yours faithfully,
Edward Zulu

Director 2
ENVIRONMENTAL COUNCIL OF ZAMBIA

cc:  The Town Clerk — Ndola City Council
The Director — Road Development Agency
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ENVIRONMENTAL COUNCIL OF ZAMBIA (ECZ)
DECISION LETTER

1.0 PROJECT BACKGROUND

1.1 PROJECT TITLE
Proposed Rehabilitation of Nine Roads in Ndola by Ndola City Council

1.2 PROJECT PROPONENT
Ministry of Local Government and Housing
Contact Person:
Town Clerk
Ndola City Council
P.O. Box 70197
Ndola

1.3 PROJECT LOCATION
The project sites are in the heavy industrial area for 4 roads, namely, Lusaka,
Chambeshi, Zambia and Livingstone. The rest are located in Ndolas’ Central
Business District.

1.4 DATE OF SUBMISSION BY PROPONENT
11™ September, 2007.

1.5 DATE OF CONSIDERATION BY COUNCIL

24" September, 2007.
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2.0 DETAILS OF THE PROJECT

This project will be fully financed by a Grant Aid by the Government of Japan
through JICA to the Government of the Republic of Zambia through the
Ministry of Local Government and Housing. The project will involve
rehabilitation and maintenance of nine selected roads in Ndola. The following
are the roads with their respective lengths selected for maintenance and
rehabilitation:

Vitanda Street — 0.8 Km; Kaunda Drive — 0.3 Km; Makoli Avenue — 0.09 Km;
Independence Way — 1.7 Km; Zambia Road — 2.1 Km; Matelo Road — 0.4 Km;
Lusaka Road — 1.2 Km; Chambeshi Road — 3.9 Km; Livingstone Road — 0.4
Km

3.0 DECISION BY COUNCIL
3.1 The project is approved subject to the following conditions:

3.1.1 Ndola City Council shall implement the project as stated in the
Environmental Project Brief (EPB).

3.1.2 Quarrying of gravel at Twapia and Mushili Borrow Pits shall be done
systematically.

3.1.3 Ndola City Council shall submit a plan to the Environmental Council
of Zambia for the final rehabilitation of the borrow pits within month
of approval of the project.

3.1.4 Kitwe City Council shall comply in full with the following regulations

throughout the project cycle:

a) Waste Management Regulations, SI No.71 of 1993;
b) Water Pollution Control Regulations, SI. No. 72 of 1993;
€) The Air Pollution Control Regulations of 1996.

2
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1.3

3.1.6

317

Dust suppression techniques shall be employed during construction
phase.

Noise levels throughout project cycle shall be maintained within
acceptable levels.

Culverts should be installed at all stream crossing and the road
should be fitted with effective drainage facilities that will also act as
silt traps.

3.2 The Council advises Ndola City Council to:

3.2.1

3.2.2
3.2.3

324

Obtain any other relevant authorizations such as but not limited to
the following:

a) The Town and Country Planning Act;
b) The Local Government Act;

c) The Water Act.

d) The Road Traffic Act

To give priority to local people when employing the workforce for the
project.

Make available information on malaria control and HIV/AIDS to
employees.

To provided all workers with personal protective equipment.

3.3 Ndola City Council should consider complying with environmental
standards and/or specific limits of particular pollutants as its responsibility.
Thus, compliance with ECZ recommended measures does not absolve
Ndola City Council from its responsibility if such measures do not achieve
compliance with environmental control standards.

3.4 Ndola City Council shall implement the project within three years from
the date of approval. Failure to implement the project within the said
period shall render this approval invalid and the developer shall resubmit
the EPB.
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3.5 The Council may suspend or cancel this Decision Letter without notice
should Ndola City Council fail to comply with any of the given conditions.

------------------------------------------------------------------------

Date Edward Zulu
o Director
Environmental Council of Zambia
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ENVIRONMENTAL COUNCIL OF ZAMBIA

Head Office Copperbelt Regional Office Livingstone Office Chirundu Border Office
Corner Suez & Church Roads Jacaranda Road Ist Floor, Stanley House Lusaka Road

P.O. Box 35131 P.O. Box 71302 P. O. Box 60195 P. O, Box CRU31

Lusaka, Zambia Ndola, Zambia Livingstone, Zambia Chirundu, Zambia

Tel: 254130/254023/254059 Tel: 260-2-621048/610407 Tel/Fax: 260-32-321297 Tel/Fax: 260-1-515261
Fax: 254164 Fax: 610246

necz{@zamnet. zm ccrndolaf@necz.org.

In reply please quote
ECZ/INS/101/4/1
24" September 2007 O oo e

The Director,

Department of Infrastructure and Support Services
Ministry of Local Government and Housing

P.O. Box 50027

Lusaka

Dear Sir

RE: Proposed Rehabilitation of Fourteen Roads in Kitwe by Kitwe City Council

We make reference to the above captioned project submitted to the Environmental Council of
Zambia (ECZ) on 11*" September, 2007 for consideration in accordance with the requirements
of the Environmental Impact Assessment (EIA) Regulations, Statutory Instrument No. 28 of
1997.

The ECZ has since reviewed your Environmental Project Brief (EPB) and based on the information
provided in the EPB, verbal and written comments submitted by interested and affected parties
and our site verification inspection findings, ECZ has approved your project proposal.

Attached to this Decision Letter are conditions of approval.

Yours faithfully,

LA

Edward Zulu
Director
ENVIRONMENTAL COUNCIL OF ZAMBIA

cc: The Town Clerk — Kitwe City Council
The Director — Road Development Agency

24
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1.0

1.1

1.2

1.3

1.4

1.5

" CARING (HTO THE FUTLRE "

ENVIRONMENTAL COUNCIL OF ZAMBIA (ECZ)
DECISION LETTER

PROJECT BACKGROUND

PROJECT TITLE

Proposed Rehabilitation of Fourteen Roads in Kitwe by Kitwe City Council
PROJECT PROPONENTS

Ministry of Local Government and Housing

Contact Person:

The Town Clerk

Kitwe City Council

P.O. Box 70197

KITWE

PROJECT LOCATION

The project sites are in the heavy industrial area for 12 roads, namely, Dr. Aggrey,
Zomba, Blantyre, Eshowe, Euclid, Lilongwe, Kanongesha, Independence Service
Lane, Mutentemuko, Miseshi, Mulilakwenda and Natwange roads. Matuka and
Kantanta are located in Kitwe's Central Business District.

DATE OF SUBMISSION BY PROPONENT

11" September, 2007.

DATE OF CONSIDERATION BY COUNCIL

24" September, 2007

2%

AS5-7



2.0

DETAILS OF THE PROJECT:

This project will be financed by the Japanese Grant Aid through JICA to the
Government of the Republic of Zambia and will involve rehabilitation and
maintenance of the following fourteen selected roads in Kitwe:

Dr. Aggrey Avenue (South) — 0.993 Km; Euclid Road — 0.587 Km; Zomba Road -
0.370; Blantyre Road - 0.449 Km; Eshowe Road — 0.485Km; Matuka Avenue —
0.363 Km; Kantanta Street — 2.29 Km; Natwange Road — 0.904 Km; Mutentemuko
Road — 1.075 Km; Miseshi Road — 0.913 Km; Kanongesha Road - 0.724 Km;
Mulilakwenda Road - 0.705 Km; Lilongwe Road - 0.623 Km; Independence
Service Lane — 1.068 Km

2.0 DECISION BY COUNCIL
2.1 The project is approved subject to the following conditions:

2.3.1 Kitwe City Council shall implement the project as stated in the
Environmental Project Brief (EPB).

2:1.2 Quarrying of gravel at Mindolo Borrow Pits shall be done
systematically.

233 Kitwe City Council shall submit a plan to the Environmental
Council of Zambia far the final rehabilitation of the borrow pits
within one month of approval of the project.

2.1.4 Kitwe City Council shall comply in full with the following
regulations throughout the project cycle:

a) Waste Management Regulations, SI No.71 of 1993;
b) Water Pollution Control Regulations, SI. No. 72 of 1993;
c) The Air Pollution Control Regulations of 1996.

-5 B Dust suppression techniques shall be employed the during
construction phase.

2.1.6 Noise levels throughout project cycle shall be maintained
within acceptable levels.
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6. References

No. Title Style Issued by Year
1 Ter.ms of Reference for a Road Authority (including Power and Report RDA Nov. 2006
Duites)
2 |Economic Review, October 2004 - April 2005 Report Barclays Bank 2005
Zambia 1990 Census of Population, Housing and Agricultue, . ]
3 Demographic Projecttions 1990-2015 Report Central Statistical Office Nov. 1995
4 |Natural condition of Ndola and Kitwe Report MLGH -
5 |A Secondary geography of Zamabia, 3rd Edition Report Longman 1995
6 |Vision 2030 Report Dec. 2006
7 |Fifth National Development Plan 2006-2016 Summary Report m;:lr?it?;()f Finance and National Dec. 2006
s Road Sector Investment Programme (ROADSIP  1997-2007), Report MCT Jun. 1996
June, 1997
Road Sector Investment Programme (ROADSIP), Draft . .
9 bankable Document, 29 October 1999 Report National Task Froce for Roadsip I1 Nov. 2006
10 Roaq Sector Investment Programme (ROADSIP), Draft Annual Report National Road Board 1999
Review, 1999
1 Road Sector Investment Programme (ROADSIP), Quartely Report National Road Fund Agency (JICA Nov. 2006
Progress Report (July to Septmeber 2006),20 Nov 2006 P Zambia Office: JZO) '
Agenda for the Committee of Permanent Secretaries on Road
12 Maintenace Initiative (RMI) on 31 January 2007 Report WB (320) Jan. 2007
13 Agenda for Cooperating Partenrs Meeting, Road Transport, 12 Report Cooperating Meeting (JZO) Sep. 2006
Sept 2006
Road Rehabilitation and Maintenace Project, Mid-Term Review
14 Mission Aide Memoire, June 26-July 14,2006 Report EU(ZO) Jul. 2006
NDF Credit no.428, Terms of Reference on the Study of Road
15 User and ites Implementation, March 2007 Report NRFA(JZO) Mar. 2007
16 2NOITJI;A Notice of Disbursement Schedule, 2006, Feburuary 28, Report Times of Zambia. NRFA Feb. 2007
. . Ndola City Stakeholders,
17 |City of Ndola Strategic Development Plan (2006-2010) Report Development Cooperation Ireland, 2005
City of Ndola, District Situation Analysis (Draft for Final
18 Discussion at DDCC), November 2006 Report Nee Nov. 2006
19 |KCC Budget Estimtes 2007 Report KCC 2006
20 [Construction New News Letter |National Council for Construction Nov. 2006
21 Ndola City Council, Annual Wrok Plan 2007 (Draft),March Report NCC Mar. 2007
2007 (5 pages)
Ndola City Council, Budget Summary, Engineering Services
22 Department, 2006, (1 pages) Report NCC 2006
Environmental Management Unit, Road Department,
MOWS, Initial Environmental Impact Assessment Report for
23 the Porposed Rehabilitation of the Chingola-Kasumbaleasa Report RDA Mar. 2003
Road, Copperbelt Province Zambia, March 2003 (54 pages)
ZCCM-IH, Preparation of Phase 2 of a Consolidated
24 |Envrionmental Management Plan, Project Summary Report SGAB, SWECO, THOMRO, UNZA Dec. 2005
Report,December 2005
25 [Standard Specifications for Roads and Bridges, Decemer 1973 Report Road Department Dec. 1973
Rehabilitation of Ndola Uraban Roads, Funded by World Bank,
26 |Traffic Survey and economic Report, Revised Report, Report ASCO, NCC Sep. 1998
September 1998
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No. Title Style Issued by Year
Road Sector Investment Program, Rehabilitation of 40.19km of Au/D

27 |Priority Roads in Kitwe, Technical Report, Phase I (Results of Report Burrow Binnie Zambia for MCT ulgégsec'
Field Survey & Investigation)

Report on Traffic Survey, Axle Load Survey, Vehicular Speed
Survey, Roughness Survey, Dranage and Land Use
L . . 2004

28 SurveyEnvirionmental Project Brief for the proposed Borrow Report JICA/ Zulu Burrow
Pit Sites Along the Chingola/Kasum
Envirionmental Project Brief for the proposed Borrow Pit Sites RDA, Envirionmental Management

29 Along the Chingola/Kasum Report Unit Jun. 2006

30 Economic Evaluation Report, Rehabilitation of 40.19km of Report Zulu Borrow i
Priority Roads in Kitwe, ROADSIP, August 1998 P

31 |Ndola City Council, Bus Route Map Map NCC Mar. 2007

32 |Kiwe City Council, Bus Route Map Map KCC Mar. 2007
Urban Roads in Kitwe, Lot 2,3 and 4, Final Tender Evaluation

33 Report. November 2004 Report Zulu Borrow Nov. 2004
Contract Document & Agreement for the Accelearated Urban . .

P S Roads and Paving Zambia, BICON

34 |Roads Rehabilitation Programme (226/2007), Rehabilitation of Report Zambia Limited g Oct. 2006
Urban Roads in Kitwe, October 2006
Contract for the Rehabilitation of the Lunda via KTTC-

MINDOLDO to Chingola Road, National Roads Programme .

35 R . . R t T Construct| LTD Oct. 2003
2004. Urban Roads Maintenance - Kitwe Copperbelt Province, epor urner tonstruction ¢
October 2003
Contract, Lot2, Kitwe City Council, Urban Roads Maintenance,

36 |Copperbelt Province, AEP2001, Lot 2 Kitwe City Council, Report Zulu Borrow Oct. 2002
National Roads Programme 2000-2001, October 2002
Contract Document VVolume 3,Drawings, Rehabilitation of

37 40.19KM of Priority Roads in Kitwe, Report Zulu Borrow
Progress Report No.2 Contract Document Volume 3,Drawings,

38 |Rehabilitation of 40.19KM of Priority Roads in Kitwe, August Report Zulu Borrow Aug. 1999
1999
Progress Report No.8 Contract Document VVolume 3,Drawings,

39 |Rehabilitation of 40.19KM of Priority Roads in Kitwe, Report Zulu Borrow Feb. 2000
Feburuary 2000 _ _

40 lz\lod(;);a Lime Company LTD, Local Price List (1 page), March Report Ndola Lime Company Ltd Mar. 2007

41 |Phenix Materials, Kitwe Crusher (1 page), March 2007 Report Phenix Materials, Kitwe Crusher Mar. 2007
Zulu Borrow, Final Report, Rehabilitation of 34KM of Priority

42 Roads in Kitwe, September 2002 Report MLGH Sep. 2002

43 |ASCO, Progress Report No.12 June 2000 Report MLGH Jun. 2000
Joint Response of the Cooperating Partners to the zero draft

44 |FNDP on chapter 8 and its respective sector financing tables, Report JICA Jun. 2006
June 2006 (10 pages)

45 |News Paper, "District now road authority" (1 page) Report JICA Mar. 2007
Mopani Copper Mines PLC, Nkana Division, Rainfall Season

2007

46 12006-2007 (1 page) Report  |KCC

47 |RDA Awards Council Jobs, Feburuary 24, 2007 News Paper |Times of Zambia Feb. 2007

48 | RDA Awards Council Jobs, Feburuary 24, 2007 News Paper |Times of Zambia Feb. 2007

49 Report.for the Establishment of the Kitwe Road Fund, Report KCC i
Executive Summary (17 pages)

50 Core Road Network, Draft Work Programme, ROADSIP Report National Road Board Aug. 1997

August 1997
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7.

Design Data
(1) Existing Pavement Condition Survey Result
(2) Traffic Survey Result
(3) 18-Kip Equivalent Single Axle Load (ESAL) per Vehicle
(4) 18-kip Equivalent Single Axle Load (ESAL) for Design Period
(5) Existing Pavement Structure
(6) Subgrade CBR Test Result and Design CBR
(7) Calculation of Pavement Thickness
(8) Rainfall Data
(9) Project Road Drainage System Map

(10) Calculation of Discharge

(11) Calculation of Velocity and Depth
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (10/32)
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (11/32)
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (12/32)
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (13/32)
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (14/32)
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (15/32)
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (16/32)
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (17/32)
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (18/32)
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (19/32)
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (20/32)
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (21/32)
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (22/32)
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (23/32)
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (24/32)
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (25/32)
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (26/32)
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (27/32)
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (28/32)
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (29/32)
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (30/32)
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (31/32)
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(1) EXISTING PAVEMENT CONDITION SURVEY RESULT (32/32)
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(2) TRAFFIC SURVEY RESULT

Survey Date: March 2007 Unit:Vehicle

Vehicle Type
civ| N Road N @ @ ©) @ ® ® @ ©) @
ty ho. oad Name , Truck/ | Truck/ | (@~@)
Pedestria Bycycle | Motorbike P(.)T:_/ Mini-Bus | Mid-Bus |Large Bus (ZT_'::C:() (;r:c:() Trailer Trailer
" P Xe X | (4/5-Axle)| (6/More Ax)
N1 |Vitanda Street 2,542 342 37 4,638 332 257 58 254 106 56 5[ 5,760
N2 |Kaunda Drive 2,018 422 24 2,716 435 329 36 240 94 26 18] 3,894
- | N3 [Makoli Avenue 2,511 897 48 2,931 2,835 1,497 18 246 55 34 31 7,647
5 [_N4_[Independence Way 1,602 327 21 1,963 176 125 19 169 48 16 15 2,531
« | N5 |Zambia Road 2,131 504 12 2,225 345 50 48 425 122 139 374 3,728
< | N6 |Matelo Road 2,450 758 14 3,103 1,978 915 10 327 53 10 271 6,423
= | N7 [Lukasu Road 1,644 421 8 1,399 73 49 45 146 123 226 381 2,442
N8 [Chambeshi Road 2,174 470 4 2,242 1,625 885 69 281 30 8 8] 5,148
N9 |Livingstone Road 1,946 587 38 1,619 1,584 1,060 40 181 81 40 22| 4,627
K1 |Dr. Aggrey Avenue 8,665 909 50 1,485 141 87 17 234 134 59 72 2,229
K2 |Euclid Road 4,860 645 25 773 77 7 3 85 135 25 22 1,127
K3 |Zomba Road 1,817 216 33 1,401 131 47 9 195 60 9 11 1,863
K4 [Blantyre Road 2,776 265 100 778 121 61 7 95 101 20 9 1,192
K5 |Eshowe Road 2,376 205 56 709 69 47 2 99 49 14 8 997
2| K6 [Matuka Avenue 1,592 17 0 318 1,486 1,383 22 3 3 0 0 3,215
© [ K7 [Kantanta Street 6,024 719 102 3,264 132 49 10 262 44 17 171 3,795
= | K8 [Natwange Road 2,885 406 139 1,873 177 65 28 408 409 82 94| 3,136
Z | K9 [Mutentemuko Road 2,754 286 163 1,476 137 50 36 355 180 81 790 239
K10 [Miseshi Street 2,451 1,358 339 1,957 175 83 59 402 211 131 210] 3,228
K11 |Kanongesha Road 3,668 182 0 728 152 24 66 199 19 8 0 1,196
K12 |Mulilakwenda Road 1,060 163 21 269 3 2 0 21 12 12 19 338
K13 |Lilogwe Road 1,456 392 23 852 79 59 4 124 74 46 29 1,267
K14 |Independence Service 2,372 553 89 1,013 97 30 49 169 87 43 70 1,558




SE-LV

€)

18-kip EQUIVALENT SINGLE AXLE LOAD (ESAL) PER VEHICLE

ESAL @®Minibus @Med. Bus 3Big Bus @2-Axle Truck (®3-Axle Truck (®4-Axle Truck @Trailer Trucks
Axle Load (SN=2) Single Axle Single Axle Single Axle Single Axle Single Axle Tandem Axle Single Axle Tandem Axle Single Axle Tandem Axle Triple Axle
Kip Range in Ton Single | Tandem Triple No ESAL No ESAL No ESAL No ESAL No ESAL No ESAL No ESAL No ESAL No ESAL No ESAL No ESAL
2 00 ~ 1.4 | 0.000 | 0.000 0.000 5 0.00 - - - - - - - - - - - - - - - - - - - -
4 14 ~ 23 | 0003 | 0.003 0.000 5 0.02 5 0.02 - - 5 0.015 - - - - - - - - 9 0.027 - - - -
6 23 ~ 32 | 0.012 | 0.001 0.000 - 4 0.05 - - 1 0.012 - - - - - - - - 3 - - - -
8 32 ~ 4.1 | 0035 | 0.003 0.001 - - 1 0.04 - - 13 0.455 1 0.035 - - 3 0.105 - - 7 0.245 1 0.003 1 0.001
10 41 ~ 50 | 0085 | 0.008 0.002 - - 2 0.17 - - 3 0.255 2 0.17 - - 1 0.085 1 0.008 20 1.7 9 0.072 1 0.002
12 50 ~ 59 | 0177 | 0.016 0.004 - - - - 4 0.708 4 0.708 1 0.177 - - 6 1.062 - - 36 6.372 14 0.224 5 0.02
14 59 ~ 6.8 | 0338 | 0.029 0.007 - - - - 2 0.676 4 1.352 - - 1 0.029 3 1.014 2 0.058 49 16.562 7 0.203 3 0.021
16 68 ~ 7.7 | 0598 | 0.048 0.012 - - - - - - 2 1.196 1 0.598 1 0.048 3 1.794 1 0.048 20 11.96 6 0.288 3 0.036
18 77 ~ 86 | 1.000 | 0.077 0.019 - - - - - - 1 1 - - - - - - 1 0.077 4 4 3 0.231 2 0.038
20 86 ~ 95 | 1590 | 0.117 0.029 - - - - - - - - - - 1 0.117 - - 1 0.117 4 6.36 3 0.351 2 0.058
22 95 ~ 104 | 2.440 | 0.171 0.042 - - - - - - 1 2.44 - - - - 1 2.44 1 0.171 2 4.88 4 0.684 3 0.126
24 104 ~ 11.4 | 3.620 | 0.244 0.058 - - - - - - - - - - 1 0.244 2 7.24 - - 1 3.62 4 0.976 3 0.174
26 114 ~ 123 | 5210 | 0.340 0.080 - - - - - - - - - - - - - 1 0.34 - - 14 4.76 - -
28 123 ~ 13.2 | 7.310 | 0.465 0.107 - - - - - - - - - - - - - - - - - - 12 5.58 1 0.107
30 132 ~ 14.1 | 10.000 | 0.623 0.140 - - - - - - - - - - - - 1 10 1 0.623 - - 17 10.591 - -
32 141 ~ 15.0 | 13.500 | 0.823 0.182 - - - - - - - - - - - - - - - - - - 13 10.699 - -
34 150 ~ 15.9 | 17.900 | 1.070 0.233 - - - - - - - - - - - - - - - - - 14 14.98 - -
36 159 ~ 16.8 | 23.300 | 1.380 0.294 - - - - - - - - - - - - - - 2 2.76 - - 18 24.84 - -
38 16.8 ~ 17.7 | 29.900 | 1.750 0.368 - - - - - - - - - - 1 1.75 - - 1 1.75 - - 15 26.25 - -
40 17.7 ~ 18.6 | 38.000 | 2.190 0.456 - - - - - - - - - - - - - - - - - - 9 19.71 7 3.192
42 186 ~ 19.5 | 47.700 | 2.730 0.560 - - - - - - - - - - - - - - 1 2.73 - - 5 13.65 1 0.56
44 19.5 ~ 20.4 | 59.300 | 3.360 0.682 - - - - - - - - - - - - - - 1 3.36 - - - - 5 3.41
46 204 ~ 21.3 | 73.000 | 4.110 0.825 - - - - - - - - - - - - - - - - - - 1 4.11 2 1.65
48 213 ~ 222 | 89.100 | 4.980 0.992 - - - - - - - - - - - - - - - - - - - 4 3.968
50 222 ~ 23.2 | 108.00 | 5.990 1.180 - - - - - - - - - - - - - - - - - - 3 17.97 5 5.9
52 232 ~ 24.1 - 7.160 1.400 - - - - - - - - - - - - - - - - - - 2 14.32 8 11.2
54 241 ~ 25.0 - 8.510 1.660 - - - - - - - - - - - - - - - - - - - 6 9.96
56 250 ~ 25.9 - 10.100 | 1.950 - - - - - - - - - - - - - - - - - - 2 20.2 8 15.6
58 259 ~ 26.8 - 11.800 | 2.270 - - - - - - - - - - - - - - - - - - - 7 15.89
60 26.8 ~ 27.7 - 13.800 | 2.640 - - - - - - - - - - - - - - - - - - 2 27.6 4 10.56
62 27.7 ~ 28.6 - 16.000 | 3.060 - - - - - - - - - - - - - - - - - - 1 16 4 12.24
64 286 ~ 295 - 18.600 | 3.530 - - - - - - - - - - - - - - - - - - - - 2 7.06
66 295 ~ 304 - 21.400 | 4.050 - - - - - - - - - - - - - - - - - - - - - -
68 304 ~ 31.3 - 24.600 | 4.630 - - - - - - - - - - - - - - - - - - - - 1 4.63
70 313 ~ 32.2 - 28.100 | 5.280 - - - - - - - - - - - - - - - - - - - - - -
72 322 ~ 33.1 - 32.000 | 6.000 - - - - - - - - - - - - - - - - - - - - - -
74 331 ~ 34.1 - 36.400 | 6.790 - - - - - - - - - - - - - - - - - - - - - -
76 341 ~ 35.0 - 41.200 | 7.670 - - - - - - - - - - - - - - - - - - - - - -
78 350 ~ 35.9 - 46.500 | 8.630 - - - - - - - - - - - - - - - - - - - - - -
80 359 ~ 36.8 - 52.300 | 9.690 - - - - - - - - - - - - - - - - - - - - - -
82 36.8 ~ 37.7 - 58.700 | 10.800 - - - - - - - - - - - - - - - - - - - - - -
84 37.7 ~ 38.6 - 65.700 | 12.100 - - - - - - - - - - - - - - - - - - - - - -
86 386 ~ 395 - 73.300 | 13.500 - - - - - - - - - - - - - - - - - - - - - -
88 395 ~ 40.4 - 81.600 | 15.000 - - - - - - - - - - - - - - - - - - - - - -
920 404 ~ 41.4 - 90.600 | 16.600 - - - - - - - - - - - - - - - - - - - - - -
Total ESAL - 0.02 - 0.27 - 1.38 - 7.43 - 0.98 - 2.19 - 23.74 - 12.04 - 55.73 - 234.29 - 106.40
0.02 0.27 1.38 7.43 3.17 35.78 396.42
No of Vehicles 5 6 3 17 5 12 118
ESAL per Vehicle 0.003 0.045 0.46 0.44 0.63 2.98 3.36
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(4) 18-kip EQUIVALENT SINGLE AXLE LOAD (ESAL) FOR DESING PERIOD

2010 ADT (Vehicle/day) Total ESAL ESAL (x10"6)
Road (DMini-bus @Mid-Bus ®Large Bus | @2-Ax Truck | ®3-Ax Truck | ®4-Ax Truck DTrailer per day 2010 -2020
N1 Vitanda St. 363 281 63 278 116 61 64 679 1.42
N2 Kaunda Dr. 475 360 39 262 103 0 0 253 0.53
N3 Makoli Av 3,098 1,636 20 269 60 37 34 486 1.02
N4 Independence Wy. 192 137 21 185 52 0 0 149 031
N5 Zambia Rd. 377 55 52 464 133 152 409 2,190 4.58
N6 Metro Rd. 2,161 1,000 11 357 58 11 30 397 0.83
N7 Lusaka Rd. 80 54 49 160 134 247 416 2,364 4.95
N8 Chambesi Rd. 1,776 967 75 307 33 9 9 302 0.63
N9 Livingstone Rd. 1,731 1,158 44 198 89 44 24 459 0.96
Kl Dr. Aggrey Av. 331 241 91 435 214 122 328 1,924 4.03
K2 Euclid Rd. 84 8 3 93 148 27 24 352 0.74
K3 Zomba Rd. 143 51 10 213 66 10 12 236 0.49
K4 Blantyre Rd. 132 67 8 104 110 22 10 261 0.55
K5 Eshowe Rd. 75 51 2 108 54 15 179 0.38
K6 Matuka Av. 1,624 1,511 24 3 3 0 84 0.18
K7 Kantanta St. 144 54 11 286 48 19 19 299 0.63
K8 Natwange Rd. 193 71 31 446 447 90 103 1273 2.66
K9 Mutentemuko Rd. 150 55 39 388 197 89 86 942 1.97
K10 [Miseshi St. 191 91 64 439 231 143 229 1,655 3.46
K11 Kanogesha Rd. 166 26 72 217 21 9 0 177 0.37
K12 Mulilakwenda Rd. 7 5 50 29 29 46 291 0.61
K13 Lilogwe Rd. 86 64 135 81 50 32 402 0.84
K14 Independence Svwy. 106 33 54 185 95 47 76 599 125
ESAL per Vehicle 0.0003 0.045 0.46 0.44 1.00 2.98 3.36 Both Direction Per Lane

Traffic Growth Rate(%)= 3.0
Heavy vehicle restriction is considered for N2 and NS.
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(5) EXISTING PAVEMENT STRUCTURE
Road No. Road Name Station Surface Course Base Course Subbase Subgrade
N1 Vitanda Street 100m DBST 50mm CSB 210mm — — Laterite
600m DBST 50mm CSB 150mm Crushed Stone 70mm Silt
N2 Kaunda Drive 150m DBST 40mm Crushed Stone 100mm Laterite 160mm Silt
N3 Makoli Avenue 450m DBST 40mm Crushed Stone 60mm Laterite 170mm Silt
800m DBST 100mm CSB 190mm — — Laterite
N4 Independence 620m DBST 60mm CSB 200mm Laterite 200mm Silt
1200m DBST 40mm CSB 100mm Laterite 150mm Silt
N5 Zanbia Road 400m DBST 40mm CSB — — Laterite
700m DBST 35mm CSB 260mm — — Laterite
1500m DBST 35mm CSB — — Laterite
2100m DBST 40mm CSB 220mm — — Laterite
N6 Matelo Avenue 200m DBST S50mm CSB 100mm Laterite 200mm Silt
N7 Lukasu Road 150m DBST 70mm CSB 130mm Laterite 210mm Silt
500m DBST 30mm CSB 170mm — — Laterite
900m DBST 20mm CSB 300mm — — Laterite
N8 Chambeshi Road 700m DBST S50mm CSB 220mm — — Silt
1400m DBST 60mm CSB 190mm — — Silt
2100m DBST 50mm CSB 220mm — — Silt
3200m — — — — — — Laterite
N9 Livingstone Road 200m DBST 30mm CSB 180mm Laterite 210mm Silt
K1 Dr. Aggrey Ave 500m DBST 25mm CSB 80mm Crushed Stone 70mm Silty Sand
1000m DBST 20mm Crushed Stone 240mm — — Laterite
K2 Euclid Road 500m — — — — Sandy Gravel 250mm Silt
K3 Zomba Road 300m DBST 30mm CSB 130mm Crushed Stone 150mm Silt
K4 Blantyre Road 200m DBST 20mm CSB 100mm Crushed Stone 200mm Laterite
400m DBST 30mm CSB 100mm Crushed Stone 200mm Laterite
K5 Eshowe Road 200m DBST 20mm CSB 100mm Crushed Stone 200mm Silt
K6 Matuka Ave 132m — — CSB 280mm — — Silt
K7 Kantanta Ave 500m DBST 45mm CSB 60mm Crushed Stone 100mm Silt
1000m DBST 30mm CSB 180mm Crushed Stone 280mm Silt
1500m DBST 30mm CSB 60mm Crushed Stone 60mm Silt
2000m DBST 30mm CSB 70mm Laterite 120mm Laterite
K8 Natwange Road 500m DBST 30mm CSB 140mm Crushed Stone 200mm Silt
K9 Mutentemko Road 500m DBST 30mm CSB 120mm Crushed Stone 120mm Laterite
K10 Miseshi ~ Street 500m DBST 30mm CSB 100mm Crushed Stone 175mm Silt
DBST 35mm CSB 100mm Crushed Stone 300mm Laterite
K11 Kanongesha Road 500m DBST 35mm CSB 220mm — — Laterite
670m DBST 35mm Crushed Stone 240mm — — Laterite
K12 Mulilaquenda Road 500m DBST 35mm CSB 70mm Crushed Stone 110mm Laterite
790m DBST 30mm CSB 80mm Crushed Stone 200mm Silt
K13 Lilongwe Rd 300m DBST 20mm Laterite 100mm Crushed Stone 140mm
K14  |Independence 500m DBST 35mm CSB 100mm Crushed Stone 150mm Silt
1000m DBST 30mm CSB 70mm Crushed Stone 75mm Silt

DBST: Double Bituminous Surface Treatment

CSB: Cement Stabilized Base Course




(6) SUBGRADE CBR TEST RESULTS AND DESIGN CBR (NDOLA CITY) (1/2)

Road Name Sampling Station Site CBR Laboratory CBR Remarks
Spot CBR Spot CBR Section CBR
Vitanda, N1 Chainage: 0+000 LHS 4 15 11.6 Section Average CBR
Chainage: 0+200 RHS 12
Chainage: 0+400 LHS 5 6.0 Standard Deviation
Chainage: 0+800 RHS 20 4
Kaunda Drive, N2 |Chainage: 0+100 RHS 4 18 5.6 Ave. CBR—S.D.
Chainage: 0+200 LHS 3
Makoli Avenue, N3 |Chainage: 0+010 RHS 6 5 Design CBR
Chainage: 0+200 LHS 2
Chainage: 0+400 RHS 6 16
Chainage: 0+600 LHS 3 7
Independence Way [Chainage: 0+200 LHS 4
N4 Chainage: 0+400 RHS 2
Chainage: 0+600 LHS 13 12
Chainage: 0+800 RHS 4
Chainage: 1+000 LHS 4
Chainage: 1+200 RHS 5 7
Chainage: 1+400 LHS 4
Chainage: 1+600 RHS 11
Matelo Rd., N6 Chainage: 0+100 LHS 6 5
Chainage: 0+300 RHS 3
Livingstone Rd., N9 |Chainage: 0+100 LHS 2 20
Chainage: 0+300 RHS 9
Road Name Sampling Station Site CBR Laboratory CB_R Remarks
Spot CBR Spot CBR Section CBR
Chambeshi, N8 Chainage: 0+020 RHS 9 13.8 Section Average CBR
Chainage: 0+250 LHS 8
Chainage: 0+500 RHS 7 5.1 Standard Deviation
Chainage: 0+750 LHS 6 2+
Chainage: 1+000 RHS 4 8.7 Ave. CBR—S.D.
Chainage: 1+250 LHS 6
Chainage: 1+500 RHS 3 12 8 Design CBR
Chainage: 1+750 LHS 20
Chainage: 2+000 RHS 2 8
Chainage: 2+250 LHS 1
Chainage: 2+500 RHS 8
Chainage: 2+750 LHS 2
Chainage: 3+000 RHS 4
Chainage: 3+250 LHS 3 20
Chainage: 3+500 RHS 2 15
Chainage: 3+750 LHS 2
Chainage: 3+920 LHS 6
Chainage: 4+100 RHS 7
Chainage: 4+600 LHS 1 *:Excluded
Road Name Sampling Station Site CBR Laboratory CB,R Remarks
Spot CBR Spot CBR Section CBR
Zambia Road, N5 |Chainage: 0+100 RHS 4 16 23.7 Section Average CBR
Chainage: 0+300 LHS 3
Chainage: 0+500 RHS 20 10.9 Standard Deviation
Chainage: 0+700 LHS 4 16
Chainage: 0+900 RHS 4 12.8 Ave. CBR—S.D.
Chainage: 1+100 LHS 5
Chainage: 1+300 RHS 2 19 12 Design CBR
Chainage: 1+500 LHS 18
Chainage: 1+700 RHS 3
Chainage: 1+900 LHS 5
Chainage: 2+000 RHS 2 41
Lukasu Rd., N7 Chainage: 0+100 LHS 20 18
Chainage: 0+300 RHS 3
Chainage: 0+500 LHS 2 18
Chainage: 0+700 RHS 5
Chainage: 0+900 LHS 6 38

AT7-38




(6) SUBGRADE CBR TEST RESULTS AND DESIGN CBR (NDOLA CITY) (2/2)

Road Name Sampling Station Site CBR Laboratory C],BR Remarks
Spot CBR Spot CBR Section CBR
Dr. Aggrey, K1 Chainage: 0+250R 36 20.0 28.8 Section Average CBR
Chainage: 0+500 LHS 6
Chainage: 0+750 RHS 27 6.5 Standard Deviation
Chainage: 0+986 LHS 5 8.0
Euclid, K2 Chainage: 0+200 RHS 7 22.2 Ave. CBR—S.D.
Chainage: 0+400 LHS 20 20.0
Chainage: 0+587 RHS 5 20 Design CBR
Zomba Road, K3 Chainage: 0+100 LHS 8
Chainage: 0+200 RHS 20 18.0
Chainage: 0+300 LHS 14
Blantyre Road, K4 Chainage: 0+200 RHS 20
Chainage: 0+400 RHS 11 20.0
Chainage: 0+590 LHS 9
Eshowe Road, K5 Chainage: 0+100 LHS 20
Chainage: 0+200 RHS 11 10.0
Chainage: 0+300 LHS 12
Lilongwe, K13 Chainage: 0+200 RHS 20 3.0
Chainage: 0+400 LHS 4
Chainage: 0+584 RHS 4 16.0
Road Name Sampling Station Site CBR Laboratory CBR Remarks
Spot CBR Spot CBR Section CBR
Matuka, K6 Chainage: 0+015 LHS 9
Chainage: 0+200 RHS 5 5.0 5.0 |Design CBR
Road Name Sampling Station Site CBR Laboratory CBR Remarks
Spot CBR Spot CBR Section CBR
Kantanta, K7 Chainage: 0+026 LHS 20 12.5 Section Average CBR
Chainage: 0+250 LHS 3
Chainage: 0+500 RHS 3 11.0 6.0 Standard Deviation
Chainage: 0+750 LHS 3
Chainage: 1+000 RHS 6 15.0 6.5 Ave. CBR—S.D.
Chainage: 1+250 LHS 2
Chainage: 1+500 RHS 2 19.0 6 Design CBR
Chainage: 1+750 LHS 2
Chainage: 2+000 LHS 4 5.0
Chainage: 2+250 RHS 2
Road Name Sampling Station Site CBR Laboratory C],BR Remarks
Spot CBR Spot CBR Section CBR
Natwange, K8 Chainage: 0+013 LHS 24 20.0 Section Average CBR
Chainage: 0+200 RHS 6
Chainage: 0+600 LHS 3 20.0 0.0 Standard Deviation
Chainage: 0+800 RHS 3 20.0
Mutentemuko, K9 Chainage: 0+200 LHS 4 20.0 Ave. CBR—S.D.
Chainage: 0+400 RHS 26
Chainage: 0+600 LHS 2 20.0 20 Design CBR
Chainage: 0+800 RHS 3
Chainage: 1+000 LHS 2 20.0
Road Name Sampling Station Site CBR Laboratory C],BR Remarks
Spot CBR Spot CBR Section CBR
Miseshi, K10 Chainage: 0+000 RHS 14 15.0 Section Average CBR
Chainage: 0+200 LHS 8
Chainage: 0+400 RHS 5 15.0 4.4 Standard Deviation
Chainage: 0+600 LHS 4
Chainage: 0+800 RHS 11 20.0 10.6 Ave. CBR—S.D.
Kanongesha, K11 Chainage: 0+012 LHS 3
Chainage: 0+200 RHS 4 10 Design CBR
Chainage: 0+400 LHS 4 13.0
Chainage: 0+600 RHS 4 8.0
Mulilakwenda, K12 |Chainage: 0+200 LHS 12
Chainage: 0+400 RHS 20 21.0
Chainage: 600 LHS 6
Chainage: 0+787 RHS 20 15.0
Independence, K14  |Chainage: 0+200 LHS 22
Servic Lane Chainage: 0+400 RHS 5
Chainage: 0+600 LHS 9
Chainage: 0+800 RHS 20 13.0

AT7-39
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(7) CALCULATION OF PAVEMENT THICKNESS

Road No. N1 N2 N3 N4 N5 N6 N7 N8 N9 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11 K12 K13 K14
18-kip ESAL W18 1,420,000] 530,000{1,020,000] 310,000{4,580,000] 830,000}4,950,000] 630,000] 960,000{4,030,000] 740,000] 490,000] 550,000[ 380,000] 180,000f 630,000]2,660,000}1,970,000{3,460,000f 370,000] 610,000 840,000]1,250,000|
Reliability R (%) 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50
Standard Deviate ZR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Combined Standard Error S0 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45
Initinal Serviceability Index PO 42 42 4.2 42 42 42 42 42 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2
Terminal Serviceability Index Pl 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
(PO-P1) APSI 2.2 2.2 2.2 22 22 22 2.2 22 2.2 22 22 22 2.2 2.2 2.2 22 22 22 2.2 2.2 22 22 22
Subgrade CBR (%) CBR 5 5 5 5 12 5 12 8 5 20 20 20 20 20 5 6 20 20 10 10 10 20 10
Resilient Modulus MR 7,500 7,500 7,500 7,500 18,000 7,500 18,000 12,000 7,500 30,000 30,000 30,000 30,000 30,000 7,500 9,000 30,000 30,000 15,000 15,000 15,000 30,000 15,000
Structural Number SN 2.866 2.460 2.724 2.259 2.509 2.638 2.540 2.125 2.698 2.034 1.523 1.413 1.443 1.348 2.070 2.365 1.900 1.805 2.565 1.786 1.942 1.558 2.184

Where,  Logo(W15)=Zg*S¢+9.36XLog;o(SN+1)-0.20+{Log10[ /IPSI/(4.2-1.5))/[0.40+ 1094/(SN+1)*°]}+2.32xLog;o(Mg)-8.07

|ﬁ1z loglo(W18)=] 6.152 [ 5.724 [ 6.009 [ 5491 [ 6.661 | 5919 [ 6.695 [ 5799 [ 5982 [ 6605 | 5869 | 5690 [ 5740 [ 5580 [ 5255 | 5799 [ 6425 T 6294 [ 6539 [ 5568 [ 5785 [ 5924 [ 6.097
Right=] 6.152 [ 5724 [ 6009 | 5491 [ 6.661 | 5919 | 6695 [ 5799 | 5982 | 6605 | 5869 | 5690 [ 5740 | 5580 | 5255 | 5800 [ 6426 | 6294 | 6539 | 5568 | 5785 | 5925 | 6.098

Pavement Layer | Dmigage Lay(e;)Co. Pavement Thickness (cm) and Structural Number (SN) in case Pavement Reconstruction
Road No. N1 N2 N3 N4 N5 N6 N7 N8 N9 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11 K12 K13 K14
AC Surface Course - 0.350 10.0 10.0 10.0 5.0 10.0 10.0 10.0 5.0 10.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 10.0 5.0 5.0 5.0 5.0
Granular Base Course 0.9 0.130 15.0 15.0 15.0 15.0 10.0 15.0 15.0 15.0 15.0 15.0 10.0 10.0 10.0 10.0 15.0 20.0 15.0 15.0 15.0 15.0 15.0 10.0 15.0
Crushed Stone Subbase 0.8 0.110 25.0 15.0 20.0 30.0 20.0 20.0 20.0 25.0 20.0 20.0 15.0 15.0 10.0 15.0 20.0 25.0 20.0 20.0 15.0 15.0 20.0 15.0 25.0
Strucrural Number (SN) of Proposed Pave. 2.94 2.59 2.76 242 2.53 2.76 2.76 2.25 2.76 2.07 1.67 1.67 1.50 1.67 2.07 248 2.07 2.07 2.59 1.90 2.07 1.67 225

Where, SN=al*DI+a2*m2*D2+a3*m3*D3

Pavement Layer | e Lay(car)Cu. Pavement Thickness (cm) and Structural Number (SN) in case Overlay (Utilizing Existing Pavement as Subbase Course)
Road No. N1 N2 N3 N4 N5 N6 N7 N8 N9 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11 K12 K13 K14
AC Surface Course - 0.350 10.0 5.0 10.0 10.0 5.0 5.0 5.0 5.0 5.0
Granular Base Course 0.9 0.130 10.0 15.0 10.0 15.0 15.0 10.0 20.0 15.0 15.0
Subbase (Exist. Pave.) 0.8 - 36.0 29.0 26.0 41.0 27.0 25.0 26.0 37.0 27.0
Subbase Layer Coeff. 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Strucrural Number (SN) of Proposed Pave. 2.97 2.29 2.66 3.36 2.23 1.94 2.43 2.55 2.23




=LV

@®)

NDOLA AIRPORT WEATHER STATION RAINFALL DATA

(Daily Rainfall : mm))

Rainfall | Date [ Rainfall Date Rainfall Date Rainfall _| Date Rainfall Date Rainfall Date Rainfall Date Rainfall Date
6 1996/11/8 23 1998/1/1 7] 999/1/2 76 2000/2/4 4 2001/1/1 72 2002/1/1 7 2003/1/3 2004/4/1
46 1996/11/16 54 1998/1/3] 15 999/1/3 8] 2000/2/6 76 2001/1/2 1 2002/1/4] 5] 2003/1/5 76 2004/4/2
31 1996/11/18 11 1998/1/4 34 999/1/7 10 2000/2/9| 26 2001/1/7, 70 2002/1/7 63 2003/1/6 30 2004/4/3
73 996/11/19] 20 998/1/5] 75 999/1/8 44 000/2/ 32 2001/1/8 62 002/1/ 57 2003/1/¢ 46] 2004/4/6
1 996/11/20| 2] 998/1/6 38 999/1/! 19 000/2/ 86| 2001/ /d 96| 002/1/ 96 003/1/ 2 2004/4/7
1) 996/11/22] 1] 998/1/7 2| 99/1/14 59 000/2/ 9| 001/1/10 34 002/1/ 3] 003/1/ 16 004/4/18
7| 996/11/24| 5| 1998/1/11 4] 999/1/ 98| 000/2/. 0] 001/1/12 22, 002/1/. 62, 003/1/ 004/4/19
1 996/11/27| j 1998/1/12 5| 999/1/20 14 000/2/. 4] 001/1/13 41 002/1/24 8] 003/1/20 4 004/4/20
35] 1996/12/11 36 1998/1/16 16 1999/1/23 54 2000/2/23| 1 2001/1/16| 38] 2002/1/25 69 2003/1/21 4 2004/10/9
2] 1996/12/13 72 1998/1/17 68 1999/1/24 13 2000/2/24] 5| 2001/1/19] 5 2002/1/26 30 2003/1/22 74 2004/10/13
1 1996/12/15 6| 1998/1/21 ﬂ 999/2/1 8| 2000/2/25| 42| 2001/1/22| 7 2002/1/28) 70 2003/1/25| 4 2004/10/22
1 1996/12/19 64 1998/1/28] 21| 999/2/2 79 2000/3/2 Sél 2001/1/24] 10| 2002/1/29 81 2003/1/26 4 2004/10/29
20 1996/12/20 44 1998/1/29 28 999/2/4 36 2000/3/7, 52 2001/1/27| 8| 2002/1/30! 63 2003/3/1 77 2004/10/30
98 1996/12/22 8| 1998/2/1 36 999/2/5 34 2000/3/8 (ﬁl 2001/1/29| 5 2002/2/1 8] 2003/3/8 83 2004/11/10]
10 1996/12/23 30 1998/2/3] 66 999/2/9 56 2000/3/9 37 2001/1/30| 96, 2002/2/2 80 2003/3/10| 11 2004/11/11
25 1996/12/27 14 1998/2/4 2] 1999/2/10 7 2000/3/11 2| 2001/1/31 98 2002/2/4 19 2003/3/11 10 2004/11/12
31 1996/12/30 87 1998/2/12 10 1999/2/11 2] 2000/3/13| 35 2001/2/1 67 2002/2/6 45 2003/3/13| 44 2004/11/13
12 1997/1/8 32 1998/2/13 40 1999/2/12 10 2000/3/14] 90 2001/2/2 8| 2002/2/7 8] 2003/3/15 28 2004/11/15
65 1997/1/9] 95 1998/2/20 21 1999/2/15 32 2000/3/15| il 2001/2/4 25 2002/2/8 12 2003/3/16 d 2004/11/16
2_Q| 1997/1/10 71 1998/2/22 90 1999/2/16 54 2000/3/17| 83 2001/2/7 61 2002/2/9 34 2003/3/17 8| 2004/11/19
99 1997/1/14 66 1998/2/23 20 1999/2/19 36 2000/3/18| 85] 2001/2/13| 85] 2002/2/10! 56] 2003/3/22| 4 2004/11/22
79] 1997/1/15 98 1998/2/25 2] 1999/2/21 81 2000/3/19| 12 2001/2/14] 19 2002/2/15 23 2003/3/23 22 2004/11/25
2§I 1997/1/16 7] 1998/2/27 20 1999/2/23 13 2000/3/20! 10 2001/2/15| il 2002/2/16 20 2003/3/24| 45 2004/11/29
7] 1997/1/21 65 1998/3/1 30 1999/2/25 4 2000/3/21 95 2001/2/17| 8| 2002/2/19 12 2003/3/26] Bj 2004/11/30]
60 1997/1/22 27 1998/3/2] 52 1999/2/26 43 2000/3/22| 50 2001/2/18| 54 2002/2/24. 22 2003/3/29| 22 2004/12/2
41 1997/1/24 10 1998/3/3 30 1999/2/27 24 2000/3/24] 50 2001/2/21 55| 2002/2/27 14 2003/11/6 10 2004/12/3
1 1997/1/26 82 1998/3/5| 12 1999/2/28 31 2000/3/27| 6| 2001/2/22| 11 2002/2/28) 5 2003/11/7| 10 2004/12/4
53 1997/1/27 90 1998/3/8 1 1999/3/1 68 2000/3/28| 5] 2001/2/23| 90 2002/3/3 23 2003/11/16 79 2004/12/8
4 1997/1/31 38| 1998/3/9] 26| 1999/3/2 13 2000/4/3 25 2001/2/24] 15 2002/3/5 12 2003/11/17 12 2004/12/10
82 1997/2/1 22 1998/3/13 20 1999/3/3 8| 2000/4/15| 28 2001/3/2, 23 2002/3/6 8| 2003/11/21 30 2004/12/12
82 1997/2/3] 61 1998/3/15 20 1999/3/5 27 2000/4/16| 6] 2001/3/3 88| 2002/3/7 9] 2003/11/22 7 2004/12/13
21 1997/2/4 50 1998/3/16 90 1999/3/6 10 2000/4/27| 18] 2001/3/5 63 2002/3/8 22 2003/11/24 69 2004/12/14)
10 1997/2/5| 55| 1998/3/18 40 1999/3/7 73 2000/4/29| 47 2001/3/10| 4 2002/3/9 39 2003/11/27 % 2004/12/17
19 1997/2/6| 87 1998/3/19 94 1999/3/9 [ 2000/10/21 12 2001/3/11 19 2002/3/22 35| 2003/11/28] 26 2004/12/18
81 1997/2/8 72 1998/3/22 6| 1999/3/10 52 2000/11/1 8| 2001/3/19] 68| 2002/3/24 35 2003/12/2 49 2004/12/19
93 1997/2/9] 96 1998/3/23 6| 1999/3/12 10 2000/11/8| 56| 2001/3/20| 8| 2002/3/26 13 2003/12/6 4 2004/12/23
5| 1997/2/11 22 1998/3/24 67 1999/3/17 58 2000/11/9] 4 2001/3/23] 6 2002/4/1 89 2003/12/7 4 2004/12/25
5| 1997/2/12 4§| 1998/3/29 11 1999/3/18 8| 2000/11/10 57 2001/3/27| 16 2002/4/3 17 2003/12/10 96| 2004/12/27
88 1997/2/16 17 1998/11/1 22 1999/3/20 12 2000/11/15] 87 2001/3/28| 3 2002/4/5 78 2003/12/15 4 2004/12/28
61' 1997/2/18] 1 1998/11/4 26 1999/3/21 15 2000/11/17 7] 2001/3/29| 9 2002/4/8 4 2003/12/16 19 2004/12/29
1 1997/2/20 19 1998/11/7 93 1999/3/22 39 2000/11/19] 10 2001/3/30| 10| 2002/4/14 Al 2003/12/17 8| 2005/1/1
11 1997/2/21 10 1998/11/8 13 1999/3/25 80 2000/11/23 36] 2001/3/31 6 2002/4/15 45 2003/12/18] 4 2005/1/6
22 1997/2/22 17 1998/11/11 35 1999/3/27 22 2000/11/24] 4 2001/4/1 16 2002/4/16 [ 2003/12/24 80 2005/1/9
84 1997/2/23 59 1998/11/13 12 1999/3/30 47 2000/11/25 60 2001/4/3 5 2002/9/10! 4 2003/12/29 2] 2005/1/10
10 1997/2/24 40 1998/11/21 42 1999/3/31 90 2000/11/26] 34 2001/4/4 15 2002/9/11 92 2003/12/30 30 2005/1/12
30 1997/2/25 5| 1998/11/23 19 1999/4/5 54 2000/11/28 18] 2001/11/2| 14] 2002/9/26 C% 2004/1/3 [ﬁ' 2005/1/13
9| 1997/2/2é 39 1998/11/25 10 1999/10/18 13 2000/11/29] 72 2001/11/4] 24 2002/10/25 24 2004/1/8 17 2005/1/17
7] 1997/4/3] 5| 1998/11/28 36 1999/11/8 8| 2000/11/30 22 2001/11/5| 7 2002/10/27 7] 2004/1/15| 7 2005/1/20
2] 1997/4/5 22 1998/12/2 q 1999/11/11 64 2000/12/1 44 2001/11/8| 99 2002/11/1 38| 2004/1/22 4 2005/1/27
24 1997/4/10 2] 1998/12/4 92 1999/11/12 42 2000/12/3| 12 2001/11/9| ?E' 2002/11/6 10 2004/1/23| 7 2005/1/28|
7] 1997/4/11 36 1998/12/5 34] 1999/11/13 20 2000/12/5| 5| 2001/11/10] 2] 2002/11/7 64 2004/1/24 40 2005/1/29
2] 1997/4/15 61 1998/12/9 §I 1999/11/17 62 2000/12/6 67 2001/11/13 61 2002/11/9 32 2004/1/25| 88| 2005/1/30
28 1997/4/26] 2] 1998/12/10 7] 1999/11/21 83 2000/12/9| 11 2001/11/15] 91 2002/11/16 53 2004/2/1 14 2005/1/3
1€| 1997/10/7 91 1998/12/11 23 1999/11/22 [ 2000/12/10 43 2001/11/20 62 2002/11/21 75 2004/2/4 99 2005/2/
3| 1997/10/10 1 1998/12/14 29 1999/11/23 29 2000/12/12] 24 2001/11/21 16 2002/11/22 49 2004/2/12 6 2005/2/
35 1997/10/11 23 1998/12/15 7] 1999/11/24 27 2000/12/13 30 2001/11/25] 7 2002/11/27 75 2004/2/14| 8| 2005/2/
57 1997/10/13 3| 1998/12/19 8| 1999/11/29 97 2000/12/16) [ 2001/11/30) 20] 2002/12/8 22 2004/2/15 98| 2005/2/
70 1997/12/2 26 1998/12/21 14-| 2000/1/3 39 2000/12/19 11 2001/12/3] 93 2002/12/9 15 2004/2/16| 15 2005/2/14
4 1997/12/4 32 1998/12/24] 78 2000/1/8 48] 2000/12/21 43 2001/12/4] 60 2002/12/10; 65| 2004/2/17 22 2005/2/19
43 997/12/5 61 1998/12/25 55 000/1/10] 7 000/12/22| 10 001/12/6 717 002/12/12 2! 004/2/18 13 2005/2/2
85] 997/12/7 12 1998/12/27 [ 000/1/11 0 000/12/23 65| 001/12/7, 95| 002/12/ 1 004/. /ZEI 4 2005/3/2
56 97/12/ 47 1998/12/28] 80| 000/1/14 6 000/12/24 4 001/12/8 8| 002/12/14 004/2/23 7 2005/3/13|
77, 97/12/ 5% 000/1/ 35 000/12/25| 12 2001/12/12 10| 002/12/. 3 004/2/25 19 2005/3/1
32 97/12/ 7] 000/1/ 75] 000/12/ q 5| 2001/12/17| 25 002/12/21 4 2004/3/2
18 1997/12/20 14] 2000/1/20! 26 2000/12/27 36] 2001/12/18] 25 2002/12/25 26| 2004/3/3
96-| 1997/12/22 36| 2000/1/25 29 2000/12/28] 34 2001/12/19] 50 2002/12/27 15 2004/3/4
55| 1997/12/23 57 2000/1/29 34 2000/12/29 6| 2001/12/21 7 2004/3/5
50 1997/12/26| 82 2000/1/30 4 2000/12/31 8| 2001/12/22] 13 2004/3/6
10 2001/12/24 [ 2004/3/9
81 2001/12/25 10 2004/3/11
5| 2001/12/29 38| 2004/3/14|
13 2004/3/20
3 2004/3/24|
2] 2004/3/27
4 2004/3/28|
71 2004/3/29-|
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61-LV

(9)

PROJECT ROAD DRAINAGE SYSTEM MAP (8/8)



(10) CALCULATION OF DISCHARGE

A7-50

Catchments . Discharge | Discharge Catchments . Discharge |Discharge| Catchments . Discharge |[Discharge|
No. Area A gz:l;;‘ Reinfall Coefficient No. Area A F;:::J(:g Reinfall Coefficient No. Area A F;Zt?;g Reinfall Coefficient
ha mm/hr C cu.m/sec ha mm/hr C cu.m/sec ha mm/hr C cu.m/sec
- .2 49.3 0.80 0570 - 1.0 49.3 0.60 0.082 - 18.8 5 4.7 0.60 .027
- .9 4.7 0.80 0417 - 04 49.3 0.80 0.044 - 17.6 5] 4.7 0.60 .898
= ﬂ 49. 0.80 0. = 04 64.7 0.80 0.058 - 1.2 3 49.3 0.80 131
— .9 49. 0.80 0. - 04 49.3 0.80 0.044 — 17.6 3 49.3 0.50 1.205
=! -6 49. 0.80 0. - 11, 49.3 0.60 0.953 37.8](<—t=14.9min) 0.924
— .4 49. 0.80 0. = 10.7 64.7 0.60 1.154 K9-5 133 3 49.3 0.50 0911
— .4 49. 0.80 0. 51.7|(<—t=14.0min) 0.922 41.9](<t=12.8min) 0.774
- .4 49.3] 0.80 0. Ki-4 54 3 49.3 0.60 0444 K9-6 11 3 49.3 0.50 0.527
— 3.0 4.7 0.60 0. K1-5 32 5 64.7 0.60 0.345 43.4](—t=12.1min) 0.464
N3-2 26| 3 49.3 0.60 0214 Ki-6 1.6 3 49.3 0.60 0.131 K10-1 04 3 49.3 0.60 0.033
N3-3 23 3 49.3 0.80 0.252 K2-1 02 3 49.3 0.80 0.022 K10-2 0.2 3 49.3 0.60 0016
N3-4 1.2 3 49.3 0.60 0.099 K2-2 53 3 49.3 0.60 0435 K10-3 217 5] 64.7 0.60 0.291
N3-5 1.7 3 49.3 0.60 0.140 K2-3 0.4 3 49.3 0.80 0.044 K10-4 04 3 49.3 0.60 0.033
N3-6 1.4 5 647 0.60 0.151 K2-4 30 3 49.3 0.60 0.247 K10-5 0.5 3 49.3 0.60 0.041
N3-7 1.4 3 49.3 0.60 0.115 K3-1 0.1 3 49.3 0.80 0011 K10-6 1.5 5 64.7 0.60 0.162
N3-8 03 3 49.3 0.80 0.033 K3-2 06 3 49.3 0.80 0.066 K10-7 1.0 3 49.3 0.60 0.082
N3-9 27 3 49.3 0.60 0.222 K3-3 6.2 5 64.7 0.80 0.891 K10-8 08| 3 49.3 0.60 0.066
N3-10 0.7 3 49.3 0.80 0077 K3-4 6.1 5 64.7 0.80 0877 K10-9 0.3 3 49.3 0.60 0.025
N4-1 1.7 5 647 0.60 0.183 K3-5 0.1 3 49.3 0.80 0011 K10-10 1.3 3 49.3 0.60 0.107
N4-2 1.7 3 49.3 0.60 0.140 K3-6 1.2 3 49.3 0.80 0.131 K10-11 30 5 64.7 0.60 0.324
-3 0.4 49.3 0.80 0.04 K3-7 1. 64.7 0.80 0.259 K10-12 0.6 3 49.3 0.60 0.049
—4 20 4.71 0.60 02 K3-8 1. 64.7 0.80 0.230 K10-13 4-| 3 49.3 0.60 0.197
-5 20 49.3] 0.60 0.1 K3-9 0. 49. 0.80 0.022 - .8 5 4.7 0.60 0.302
= 0.4 lg.q 0.60 0.0: K3-10 1. 49. 0.80 0.175 - N 5 4.7 0.60 0.183
= 39 4.7 0.60 04: K3-11 04 49. 0.80 0.044 = 0.8 4 0.60 0.066
-8 05 49.3] 0.60 0.04 — 0. 49. 0.80 0.055 — 1. 4 0.60 0.099
=) 39 lg.q 0.60 0.32 - 49 49. 0.80 0.537 =! 0. 49. 0.60 0.02
4-10 3.1 4.7 0.60 0.334 = 40 64. 0.80 0575 — 0. 49. 0.60 0.04
14— 0.4 49.3] 0.60 0.033 — 40 49.3 0.80 0438 - § 5 4. 0.60 0.29
14— 3.1 19.% 0.60 0.255 -5 10 64.7 0.80 0.144 -8 -6 5| 4.7 0.60 0.17
14— 1.8] 4.7 0.60 0.194 —6 10 49.3 0.80 0.110 N 49. 0.60 0.090
4-14 03] 49.3] 0.60 002 -7 1.3 4.7 080 o0.187 gl 49. 060] 0131
4- 1.%| 493 0.60 0.14 -8 1.3 4.7 080 0.187 — 0.2 49. 080] 0022
4- 1.5 4.7 0.60 0.16 = 10 4.7 0.80 0.144 — 2.8 49. 0.60 0.230
4- 03 49.3 0.60 002 K4-10 03 49.3 0.80 0.033 = 30 5 4. 0.80 0431
N4-18 1.5 3 49.3 0.60 0.123 K4-11 10 3 49.3 0.80 0.110 Ki2-4 28 5| 64.7 0.80 0.403
N5-1 19.0 3 49.3 0.60 1.561 K5-1 0.1 3 49.3 0.80 0011 Ki12-5 0.2 3 49.3 0.80 0.022
N5-2 28.§I 3 49.3 0.60 2.366 K5-2 10 3 49.3 0.80 0.110 K12-6 2.§| 3 49.3 0.60 0.230
38.5|(—t=14.5min) 1.848 K5-3 0.2] 3 49.3 0.80 0.022 K13-1 0.2 3 49.3 0.80 0.022
N5-3 17.% 5 647 0.60 1.898 K5-4 09 3 49.3 0.80 0.099 K13-2 1.6] 3 49.3 0.60 0.131
N5-4 28.8 3 49.3 0.60 2.366 K5-5 07 3 49.3 0.80 0077 K13-3 05 3 49.3 0.80 0.055
35.5|(—t=16.4min) 1.704 K5-6 0.2) 5 64.7 0.80 0.029 Ki3-4 58 3 49.3 0.60 0477
N5-5 1.2 3 49.3 0.60 0.099 K5-7 02 3 49.3 0.80 0.022 K14-1 1.9 3 49.3 0.80 0.208
N5-6 11.7 3] 493 0.60 0.961 K5-8 06 3 49.3 0.80 0.066 K14-2 06 5 64.7 0.80 0.086
35.5 [(—t=16.4min) 0.692 K5-9 1.3 3 49.3 0.80 0.142 K14-3 02 5 64.7 0.80 0.029
N5-7 59 3 49.3 0.60 0485 K6-1 41 5 64.7 0.60 0.442 Ki4-4 39 3 49.3 0.80 0.427
N5-8 28.4 3 49.3 0.60 2.350 58.2|(—t=11.7min) 0.398 -5 36 5 4.7 0.80 0518
36.1|(—t=16.0min) 1721 —2 0. 49. 0.80 0.033 —6 34 5 4.7 0.80 0.489
N5-9 17.g| 5 64.7 0.60 1.930 -3 0. 49. 0.80 0.022 -7 0.6 ﬂ 49.3 0.80 0.066
N5-10 10.7 3 49.3 0.60 0.879 —4 3. 64. 0.80 0518 -8 0.3 3] 49.3 0.80 0.033
39.8|(—t=13.8min) 0.710 58.9|(<—t=11.5min) 0.471
N5-11 17.9 3 49.3 0.60 1471 -5 1.9 49. 0.60 0.156
42.1|(<—t=12.7min) 1.2 —6 1.7, 49. 0.60 0.140
— .9 49.3 0.60 07 —7 0. 49. 0.60 0.04
— d 49.3] 0.60 0. — 0. 49. 0.60 0.04
—14 .7 4.7 0.60 0.938 — 8. 64. 050 0.79
55.7|(—t=12.5min) 0.80 7- 7. 64.7 050 0.70
—15 87 4 0.60 0. 7- 10 49. 0.80 0.110
—16 14 4 0.60 0.1 7— 35 49. 050 0.240
—17 19.6 49. 0.60 16 7- 43 49. 050 0.294
46.3|(—t=11.0min) 1.512 K7-6 15 5 64.7 050 0674
N5-18 162 5 647 0.60 1.747 K7-7 65 5 64.7 0.50 0.584
N5-19 16.2 3 49.3] 0.60 1.331 K7-8 1.0 3 49.3 0.80 0.110
455|(—t=11.3min) 1.229 K7-9 32 3 49.3 0.50 0219
N5-20 34 3 49.3 0.60 0279 K7-10 33 3 49.3 0.50 0.226
N5-21 02 3 49.3 0.60 0016 K7-11 16 5 64.7 0.50 0.683
N5-22 107 3 49.3 0.60 0879 K7-12 70 5 64.7 050 0.629
N5-23 107 3 49.3 0.60 0879 K7-13 06 3 49.3 0.80 0.066
N5-24 10.8| 3 49.3 0.60 0.887 K7-14 36 3 49.3 0.50 0.247
N5-25 82 3 49.3 0.60 0674 K7-15 3.4 3 49.3 0.50 0.233
N5-26 6.8] 5 647 0.60 0.733 K7-16 56 5 64.7 0.50 0.503
N5-27 1.4 49. 0.60 0.115 7-17 53 64. 0.50 047
N5-28 6.8] 4 0.60 0.559 7-18 03 49. 0.80 0.03
| N6— 03 49. 0.80 0.0: 7-19 49. 050 0.17
| N6 0.3 4 0.80 0.0: 7-20 49. 050 0.
= o.gl 49. 0.80 00! 7- . 050 054
— 03 49.3 0.80 0.0: 7- .7 050 0.54
= 09 4.7 0.80 0.1 7- .3 050 0.
- 46 49.3 0.60 03 7-24 .3 050 0.24
7- 42 4.7 0.60 04! 7- . .7 050 0.593 |
7- 2.8| 4 0.60 0. 7- 40 49.3 050 0.274
7— 42 4 0.60 0.345 7- . .3 050 0.17
7- 1.9 4 0.60 0.156 7-28 12. .7 050 1.12
— 0.8] 49. 0.60 0.066 7-29 11. .7 050 1.04:
— 0.8| 49. 0.60 0.066 7-30 . .3 0.80 0.099
= 42 49. 0.80 0.460 7-31 11, .3 050 0.794
N8-4 94.6] 3 49.3 0.60 1773 K8-1 1.2 3 49.3 0.60 0.099
245|(—t=28 6min) 3.863 K8-2 64 3 49.3 0.60 0.526
N8-5 61.3 3 49.3 0.60 5.037 K8-3 09 5 64.7 0.60 0.097
30.2|(—t=20.9min) 3.085 K8-4 09 3 49.3 0.80 0.099
N8-6 44.1 3 49.3 0.60 3624 K8-5 09 3 49.3 0.80 0.099
30.0 [(—t=21.1min) 2205 K8-6 6.4 3 49.3 0.60 0.526
N8-7 153 3 49.3 0.60 1.257 K8-7 03 3 49.3 0.80 0.033
33.1|(—t=18.2min) 0.844 K8-8 79 3 49.3 0.60 0.649
N8-8 23 3 49.3 0.60 0.189
N8-9 17.7 3 49.3 0.60 1.454
25.3|(—t=27.2min) 0.746
N8-10 6.0 3 49.3 0.60 0493
N8-11 21.6] 3 49.3] 0.60 1.775
26.9|(—t=24.9min) 0.968
N8-12 6 5 64.7 0.60 0.647
36.9](—t=23.2min) 0369
N8-13 21.6] 5 64.7] 0.60 2976




an

CALCULATION OF VELOCITY AND DEPTH (Side Ditch) (1/3)

No. | Ditch Width| Wall Slope| Roughness | Discharge |Gradient| Velocity |W. Depth |Sec. Area R L t(min) s Remarks
B(m) (1:m) n__|Qm3/seo)| i%/100)| Vim/sec)| (m) @ | m | m [timin[omn[a+w2] P

N1-1 0.65 0.3 0.025 0.570 0.005 1.154 0.596 0.494 | 0.261 | 500 5.0 7.2 12.2| DM-650
N1-3 0.50 0 0.015 0.252 0.010 1.746 0.289 0.144 | 0.134 | 500 5.0 48| 9.8]|DC-500-C
N1-4 0.50 0 0.015 0.318 0.010 1.841 0.346 0.173 | 0.145 | 500 5.0 45| 95| DC-500-C
N1-5 0.50 0 0.015 0.175 0.005 1.229 0.285 0.143 | 0.133 | 330 5.0 45| 95| DC-500-C
N1-6 0.50 0 0.015 0.263 0.005 1.345 0.390 0.195| 0.152 | 330 5.0 41| 9.1]DC-500-C
N2-1 0.50 0.3 0.025 0.263 0.030 1.862 0.246 0.141| 0139 | 310 5.0 28| 7.8]| DM-500
N2-2 0.50 0.3 0.025 0.263 0.030 1.862 0.246 0.141] 0139 | 310 5.0 28| 78] DM-500
N3-2 0.50 0.3 0.025 0.214 0.015 1.366 0.269 0.156 | 0.147 | 390 5.0 48| 98| DM-500
N3-3 0.50 0.3 0.025 0.252 0.015 1.426 0.300 0.177 | 0.157 | 420 5.0 49| 99| DM-500
N3-4 0.50 0.3 0.025 0.099 0.015 1.101 0.163 0.090 | 0.107 | 260 5.0 39| 89| DM-500
N3-5 0.50 0.3 0.025 0.140 0.015 1.217 0.204 0.115] 0.124 | 260 5.0 36| 86| DM-500
N3-7 0.50 0.3 0.025 0.115 0.020 1.275 0.164 0.090 | 0.107 | 160 5.0 21 71| DM-500
N3-8 0.50 0.3 0.025 0.033 0.020 0.855 0.074 0.038 | 0.059 | 160 5.0 31| 81| DM-500
N3-9 0.50 0.3 0.025 0.222 0.020 1.533 0.251 0.145 | 0.141 | 460 5.0 50| 10.0]| DM-800
N3-10 0.50 0.3 0.025 0.077 0.020 1.128 0.126 0.068 | 0.089 | 460 5.0 68| 11.8] DM-500 [Existing
N4-2 0.50 0.3 0.025 0.140 0.015 1.217 0.204 0.115| 0.124 | 290 5.0 40| 9.0| DM-500
N4-3 0.50 0.3 0.025 0.044 0.015 0.855 0.097 0.051 | 0073 | 290 5.0 57| 10.7]| DM-500
N4-5 0.50 0.3 0.025 0.164 0.015 1.273 0.227 0.129 | 0.132 | 270 5.0 35| 85| DM-650
N4-6 0.50 0.3 0.025 0.033 0.015 0.778 0.081 0.042 | 0063 | 270 5.0 58| 108 | DM-500
N4-8 0.50 0.3 0.025 0.041 0.015 0.837 0.093 0.049 | 0071 | 360 5.0 72| 12.2| DM-500
N4-9 0.50 0.3 0.025 0.320 0.015 1.515 0.350 0.212 | 0.172 | 360 5.0 40| 9.0| DM-500
N4-11 0.50 0.3 0.025 0.033 0.015 0.778 0.081 0.042 | 0.063 | 360 5.0 77| 12.7| DM-500
N4-12 0.50 0.3 0.025 0.255 0.015 1.430 0.302 0.178 | 0.158 | 360 5.0 42| 92| DM-500
N4-14 0.50 0.3 0.025 0.025 0.005 0.490 0.095 0.050 | 0072 | 360 5.0 123 ] 17.3| DM-500
N4-15 0.50 0.3 0.025 0.148 0.005 0.827 0.303 0.179 | 0.158 | 360 5.0 73| 123 | DM-500
N4-17 0.50 0.3 0.025 0.025 0.020 0.775 0.061 0.032 | 0.051 | 360 5.0 7.7 | 12.7]| DM-500
N4-18 0.50 0.3 0.025 0.123 0.020 1.301 0.172 0.095| 0.110 | 360 5.0 46| 96| DM-500
N5-1 1.00 0.3 0.025 1.561 0.010 1.933 0.672 0.808 | 0.336 | 580 5.0 50| 10.0| DM-1000
N5-2 1.60 0.3 0.025 2.366 0.010 2.116 0.626 1.118 | 0.385 | 1210 5.0 95| 145

1.20 0.3 0.025 1.848 0.010 2.013 0.657 0.918 | 0.357 | 1210 5.0 100 | 15.0 | DM-1200
N5-3 1.00 0.3 0.015 1.898 0.005 2.296 0.686 0.827 | 0.340 | 460 5.0 33| 8.3]|DC-1000-C
N5-4 2.20 0.3 0.025 2.366 0.005 1.596 0.621 1.483 | 0.424 | 1090 5.0 114 ] 164

1.20 0.3 0.025 1.704 0.005 1.524 0.780 1.118 | 0.395 | 1090 5.0 119 ] 16.9| DM-1200
N5-5 0.50 0.3 0.025 0.099 0.005 0.743 0.233 0.133 | 0.135 | 640 5.0 1441 194 | DM-500
N5-6 0.80 0.3 0.025 0.961 0.005 1.316 0.719 0.730 | 0.317 | 640 5.0 81| 13.1

0.65 0.3 0.025 0.692 0.005 1.208 0.673 0.573 | 0279 | 640 5.0 88| 138 | DM-650
N5-7 0.50 0.3 0.025 0.485 0.005 1.096 0.640 0.442 | 0.241 | 1090 5.0 16.6 | 21.6 | DM-650
N5-8 2.20 0.3 0.025 2.350 0.005 1.593 0.618 1.475 | 0.423 | 1090 5.0 114 | 164

1.20 0.3 0.025 1.721 0.005 1.527 0.785 1.127 | 0.397 | 1090 5.0 119 ] 16.9| DM-1200
N5-9 1.00 0.3 0.015 1.930 0.005 2.306 0.693 0.837 | 0.342 | 880 5.0 6.4 | 11.4 |[DC-1200-C
N5-10 0.65 0.3 0.025 0.879 0.010 1.666 0.629 0.528 | 0.269 | 880 5.0 88| 13.8

0.65 0.3 0.025 0.710 0.010 1.584 0.550 0448 | 0.249 | 880 5.0 93| 143| DM-650
N5-11 0.80 0.3 0.025 1.471 0.010 1.896 0.756 0.776 | 0.326 | 880 5.0 771 127

0.80 0.3 0.015 1.256 0.010 2.685 0.494 0.468 | 0.256 | 880 5.0 55| 10.5 |[DC-1000-C
N5-12 0.65 0.3 0.025 0.731 0.010 1.595 0.560 0.458 | 0.252 | 400 5.0 42| 92| DM-650
N5-13 0.50 0.3 0.025 0.131 0.010 1.034 0.224 0.127 | 0.131 | 1100 5.0 17.7 | 22.7| DM-650
N5-15 0.65 0.3 0.025 0.715 0.005 1.216 0.687 0.588 | 0.282 | 980 5.0 134 | 184 | DM-650
N5-16 0.50 0.3 0.025 0.115 0.005 0.774 0.257 0.149 | 0.143 | 980 5.0 211 26.1| DM-650
N5-17 0.80 0.3 0.025 1.610 0.010 1.936 0.800 0.832 | 0.337 | 700 5.0 60| 11.0
N5-14 1.00 0.3 0.015 0.808 0.005 1.841 0.400 0448 | 0.244 | 980 5.0 8.9 | 13.9 |DM-1000-C|Cross ditch
N5-18 1.00 0.3 0.015 1.747 0.005 2.249 0.650 0.777 | 0.330 | 700 5.0 5.2 | 10.2 |DC-1000-C|Cross ditch
N5-19 0.80 0.3 0.025 1.331 0.010 1.852 0.710 0.719 | 0.315| 700 5.0 63| 11.3

1.00 0.3 0.025 1.229 0.010 1.819 0.576 0.676 | 0.307 | 700 5.0 64| 11.4] DM-1000
N5-20 0.50 0.3 0.025 0.279 0.010 1.257 0.365 0.222 | 0.176 | 700 5.0 93| 143 | DM-650
N5-21 0.50 0.3 0.025 0.016 0.015 0.612 0.052 0.027 | 0.044 | 100 5.0 27| 7.7] DM-500
N5-22 0.65 0.3 0.025 0.879 0.010 1.666 0.629 0.528 | 0.269 | 620 5.0 6.2 | 11.2| DM-650
N5-23 0.65 0.3 0.025 0.879 0.010 1.666 0.629 0.528 | 0.269 | 620 5.0 6.2 | 11.2| DM-650
N5-24 0.65 0.3 0.025 0.887 0.010 1.669 0.633 0.532 | 0.270 | 620 5.0 62| 11.2| DM-650
N5-25 0.50 0.3 0.025 0.674 0.010 1.543 0.633 0437 0240 | 240 5.0 26| 7.6]| DM-650
N5-26 1.00 0.3 0.015 0.733 0.005 1.800 0.380 0423 | 0.236 | 240 5.0 22| 7.2 |DC-1000-C|Cross ditch
N5-27 0.50 0.3 0.025 0.115 0.010 0.996 0.206 0115 0.124 | 240 5.0 40| 9.0| DM-500
N5-28 0.50 0.3 0.025 0.559 0.010 1.480 0.564 0.378 | 0.225 | 240 5.0 27| 7.7]| DM-500
N6-1 0.50 0 0.015 0.033 0.030 1.357 0.048 0.024 | 0.040 | 260 5.0 32| 82]DC-500-C
N6-2 0.50 0 0.015 0.033 0.030 1.357 0.048 0.024 | 0.040 | 260 5.0 32| 82]DC-500-C
N6-3 0.50 0 0.015 0.099 0.030 1.988 0.100 0.050 | 0.071 | 130 5.0 11| 6.1 | DC-500-C
N6-4 0.50 0 0.015 0.033 0.030 1.357 0.048 0.024 | 0040 | 130 5.0 16| 6.6 | DC-500-C
N7-1 0.80 0.3 0.025 0.378 0.005 1.041 0.395 0.363 | 0.223 | 550 5.0 88| 138 | DM-800
N7-3 0.50 0.3 0.025 0.230 0.010 1.198 0.322 0.192 | 0.164 | 470 5.0 65| 11.5| DM-800
N7-4 0.50 0.3 0.025 0.345 0.010 1.323 0.417 0.261 | 0.190 | 470 5.0 59| 109 | DM-500
N7-5 0.50 0.3 0.025 0.156 0.005 0.838 0.314 0.186 | 0.161 | 390 5.0 78| 12.8| DM-650
N8-1 0.50 0.3 0.025 0.066 0.020 1.074 0.114 0.061 | 0.083 | 300 15.0 47 19.7| DM-650
N8-2 0.50 0.3 0.025 0.066 0.020 1.074 0.114 0.061 | 0.083 | 300 15.0 47| 19.7| DM-500
N8-3 0.50 0.3 0.025 0.460 0.020 1.845 0.402 0.249 | 0.186 | 2950 15.0 26.7 | 41.7] DMS500
N8-4 2.00 0.3 0.013 7.773 0.005 3.616 0.942 2.150 | 0.542 | 2950 15.0 13.6 | 28.6

1.80 0.3 0.015 3.863 0.005 2.706 0.709 1.427 | 0.435 | 2950 15.0 18.2 | 33.2 = *Existing Ditch
N8-5 1.40 0.3 0.013 5.037 0.005 3.263 0.921 1.544 | 0.465 | 1150 15.0 59| 209

1.20 0.3 0.015 3.085 0.005 2.593 0.823 1.190 | 0.408 | 1150 15.0 74| 224 - *Existing Ditch
N8-6 2.00 0.3 0.030 3.624 0.010 2.054 0.789 1.764 | 0484 | 750 15.0 6.1 21.1

1.20 0.3 0.025 2.205 0.010 2.107 0.737 1.047 | 0.382 | 750 15.0 59| 209 | DM-1200
N8-7 0.80 0.3 0.025 1.257 0.005 1.401 0.851 0.898 | 0.348 | 270 15.0 32 182

1.00 0.3 0.025 0.844 0.005 1.276 0.565 0.661 | 0.303 | 270 15.0 35| 185]| DM-1000
N8-8 0.50 0.3 0.030 0.189 0.030 1.490 0.224 0.127 | 0.131 | 650 15.0 73| 22.3| DM-500
N8-9 0.65 0.3 0.030 1.454 0.030 2481 0.685 0.586 | 0.282 | 650 15.0 44| 194

0.65 0.3 0.030 0.746 0.030 2.116 0.449 0.352 | 0.222 | 650 15.0 51| 20.1| DM-650
N8-10 0.50 0.3 0.030 0.493 0.025 1.777 0.439 0.277 | 0.196 | 1450 15.0 13.6 | 28.6 | DM-500
Ng-11 0.80 0.3 0.030 1.775 0.025 2.447 0.715 0.725 | 0.316 | 1450 15.0 9.9 | 249

0.65 0.3 0.030 0.968 0.025 2.104 0.562 0.460 | 0.252 | 1450 15.0 11.5 | 26.5| DM-650
N8-13 1.00 0.3 0.025 2.976 0.015 2.636 0.891 1.129 | 0.395 | 1450 15.0 9.2 | 242 | DM-1000
N9-1 0.50 0.3 0.025 0.082 0.020 1.152 0.132 0071 0092 | 920 5.0 133 | 183 | DM-500
N9-2 0.50 0.3 0.025 0.044 0.020 0.942 0.088 0.047 | 0.068 | 220 5.0 39| 89 - *Existing Ditch
N9-3 0.50 0.3 0.025 0.058 0.020 1.030 0.105 0.056 | 0078 | 360 5.0 58| 10.8| DM-500
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an

CALCULATION OF VELOCITY AND DEPTH (Side Ditch) (2/3)

No. Ditch Width | Wall Slope| Roughness| Discharge | Gradient| Velocity |W. Depth |Sec. Area R L t(min) s Remarks
B(m) (1:m) n Q(m3/sec) | i%/100) | V(m/sec)|  (m) (m2) (m) | (m) [t1(min)] t2(min) [ t1+t2 pec-
= 0.50 0. 0.025 0.044 0.030 .07 0.078 0.041 | 0.061 0 5.0 14. 9.2 DM-500
=2 0.50 0. 0.030 0.953 0.030 .21 0.625 0.430 | 0.238 | 1260 5.0 9. 45 DM-500
-4 0.50 0. 0.025 0.444 0.020 .82 0.393 0.243 | 0.184 0 50 8. 3.7 DM-500
K1-6 0.50 0.3 0.025 0.131 0.040 1.692 0.143 0.078 | 0.097 140 50 1.4 6.4 DM-500
K2-1 0.50 0.3 0.025 0.022 0.025 0.799 0.053 0.027 | 0.045 310 5.0 65| 115 DM-500
K2-2 0.50 0.3 0.025 0.435 0.025 1.981 0.361 0.220 | 0.175 310 5.0 2.6 7.6 | DM-500
K2-3 0.50 0.3 0.025 0.044 0.005 0.588 0.138 0.075 | 0.095 280 50 79| 129 | DM-500
K2-4 0.50 0.3 0.025 0.247 0.005 0.938 0.420 0.263 | 0.191 310 50 55| 10.5 DM-500 [*Existing Ditch
K3-1 0.50 0.3 0.025 0.011 0.030 0.658 0.033 0.017 | 0.029 60 5.0 1.5 6.5 DM-500
K3-2 0.50 0.3 0.025 0.066 0.030 1.233 0.101 0.053 | 0.075 | 440 5.0 59| 109 | DM-500
K3-5 0.50 0 0.015 0.011 0.005 0.499 0.040 0.020 | 0.034 140 50 4.7 9.7 | DC-500-C
K3-6 0.50 0 0.015 0.131 0.005 1.223 0.281 0.140 | 0.132 140 50 1.9 6.9 | DC-500-C
K3-9 0.50 0 0.015 0.022 0.010 0.827 0.053 0.027 | 0.044 230 5.0 4.6 9.6 | DC-500-C
K3-10 0.50 0 0.015 0.175 0.030 2.349 0.145 0.073 | 0.092 190 5.0 1.3 6.3 | DC-500-C
K3-11 0.50 0.3 0.025 0.044 0.025 1.015 0.082 0.043 | 0.064 140 50 23 7.3 DC-500 |*Existing Ditch
K4-1 0.50 0 0.015 0.055 0.025 1.541 0.072 0.036 | 0.056 730 50 791 129 | DC-500-C
K4-2 0.50 0 0.015 0.537 0.025 2.951 0.364 0.182 | 0.148 730 5.0 4.1 9.1 | DC-500-C
K4-4 0.50 0.3 0.025 0.438 0.005 1.071 0.601 0.409 | 0.233 290 5.0 4.5 9.5 ] DM-500 [*Existing Ditch
K4-6 0.50 0.3 0.025 0.110 0.020 1.257 0.159 0.087 | 0.105 310 50 4.1 9.1 DM-500 |*Existing Ditch
K4-10 0.50 0.3 0.025 0.033 0.015 0.778 0.081 0.042 | 0.063 150 50 3.2 8.2 DM-500 [*Existing Ditch
Ka-11 0.50 0.3 0.025 0.110 0.015 1.135 0.175 0.096 | 0.112 150 5.0 2.2 1.2 DM-500 [*Existing Ditch
K5-1 0.50 0.2 0.015 0.011 0.030 0.909 0.024 0.012 | 0.022 190 5.0 3.5 8.5 DC-500
K5-2 0.50 0.3 0.025 0.110 0.030 1.448 0.140 0.076 | 0.096 190 50 2.2 7.2 DC-500 |*Existing Ditch
K5-3 0.50 0.2 0.015 0.022 0.025 1.127 0.040 0.020 | 0.035 290 50 4.3 93 DC-500
K5-4 0.50 0.2 0.015 0.099 0.025 1.865 0.101 0.053 | 0.074 290 5.0 2.6 7.6 DC-500
K5-5 0.50 0.2 0.015 0.077 0.040 2.024 0.075 0.039 | 0.059 210 5.0 1.7 6.7 DC-500
K5-7 0.50 0.2 0.015 0.022 0.040 1.272 0.033 0.017 | 0.029 210 50 2.8 7.8 DC-500
K5-8 0.50 0.2 0.015 0.066 0.025 1.656 0.080 0.041 | 0.062 120 50 1.2 6.2 DC-500
K5-9 0.50 0.3 0.025 0.142 0.030 1.567 0.165 0.091 | 0.108 30 5.0 0.3 5.3 - *Existing
K6-2 0.50 0.3 0.025 0.033 0.015 0.778 0.081 0.042 | 0.063 | 420 5.0 9.0 ] 140 - *Existing
K6-3 0.50 0.3 0.025 0.022 0.015 0.677 0.062 0.032 | 0.051 320 50 79| 129 | DM-500
K6-5 0.50 0.3 0.025 0.156 0.015 1.255 0.220 0.124 | 0.130 290 50 39 89 DM-500
K6-6 0.50 0.3 0.025 0.140 0.015 1.217 0.204 0.115 | 0.124 290 5.0 4.0 9.0 DM-500
K6-7 0.50 0.3 0.025 0.041 0.010 0.730 0.106 0.056 | 0.078 180 5.0 4.1 9.1 - *Existing
K6-8 0.50 0.3 0.025 0.041 0.010 0.730 0.106 0.056 | 0.078 140 50 32 82 - *Existing
K7-1 0.65 0.3 0.025 0.791 0.010 1.626 0.590 0.488 | 0.259 550 50 56| 10.6 DM-650
K7-3 0.50 0.3 0.025 0.110 0.025 1.359 0.148 0.081 | 0.100 350 5.0 4.3 9.3 DM-500
K7-4 0.50 0.3 0.025 0.240 0.025 1.699 0.246 0.141 | 0.139 350 5.0 3.4 84| DM-500
K7-5 0.50 0.3 0.025 0.294 0.010 1.273 0.377 0.231 | 0.180 200 50 2.6 76| DM-650
K7-6 0.65 0.3 0.025 0.674 0.005 1.200 0.662 0.562 | 0.276 550 50 76| 126 DM-650
K7-8 0.50 0.3 0.025 0.110 0.005 0.764 0.249 0.143 | 0.140 350 5.0 76| 126 DM-500
K7-9 0.50 0.3 0.025 0.219 0.005 0.912 0.390 0.240 | 0.183 350 5.0 64| 114| DM-500
K7-10 0.50 0.3 0.025 0.226 0.010 1.192 0.318 0.190 | 0.163 200 50 2.8 78] DM-500
K7-11 0.65 0.3 0.025 0.683 0.005 1.204 0.667 0.567 | 0.278 550 50 76| 126 DM-650
K7-13 0.50 0.3 0.025 0.066 0.005 0.663 0.179 0.099 | 0.113 350 5.0 88| 138 DM-500
K7-14 0.50 0.3 0.025 0.247 0.005 0.938 0.420 0.263 | 0.191 350 5.0 62| 112 | DM-500
K7-15 0.50 0.3 0.025 0.233 0.010 1.201 0.324 0.194 | 0.165 200 50 2.8 78] DM-500
K7-16 0.65 0.3 0.025 0.503 0.005 1.121 0.551 0.449 | 0.249 450 5.0 671 11.7 DM-650
K7-18 0.50 0.3 0.025 0.033 0.005 0.537 0.115 0.061 | 0.083 250 5.0 78] 128 DM-500
K7-19 0.50 0.3 0.025 0171 0.005 0.858 0.333 0.200 | 0.167 250 5.0 4.9 99| DM-500
K7-20 0.50 0.3 0.025 0.192 0.010 1.143 0.286 0.168 | 0.153 200 50 29 79| DM-500
K7-21 0.65 0.3 0.025 0.548 0.005 1.144 0.581 0.479 | 0.257 440 5.0 64| 114 DM-650
K7-23 0.50 0.3 0.025 0.171 0.005 0.858 0.333 0.200 | 0.167 240 5.0 4.7 9.7 DM-500
K7-24 0.50 0.3 0.025 0.247 0.005 0.938 0.420 0.263 | 0.191 240 5.0 4.3 93| DM-500
K7-26 0.50 0.3 0.025 0.274 0.010 1.251 0.360 0219 | 0.175 230 50 3.1 8.1 DM-500
K7-27 0.50 0.3 0.025 0.178 0.010 1.121 0.273 0.159 | 0.148 230 5.0 3.4 84 DM-500
K7-28 1.00 0.3 0.025 1.123 0.005 1.373 0.680 0.818 | 0.338 640 5.0 78] 128 | DM-1000
K7-29 1.00 0 0.015 1.042 0.005 1.921 0.543 0.543 | 0.260 640 5.0 5.6 | 10.6 |DC-1000-C
K7-30 0.50 0.3 0.025 0.099 0.020 1.218 0.149 0.081 | 0.100 640 50 88| 138 | DM-500
K7-31 0.65 0.3 0.030 0.794 0.020 1.844 0.532 0.431 | 0.245 640 5.0 58] 10.8 DM-650
K8-1 0.50 0.3 0.025 0.099 0.020 1.218 0.149 0.081 | 0.100 650 5.0 89| 139 DM-500
K8-2 0.50 0.3 0.025 0.526 0.020 1.905 0.437 0.276 | 0.195 650 5.0 57 107 DM-500
K8-4 0.50 0.3 0.025 0.099 0.025 1.316 0.138 0.075 | 0.095 540 50 68| 11.8| DM-500
K8-5 0.50 0.3 0.025 0.099 0.025 1.316 0.138 0.075 [ 0.095 540 5.0 68| 11.8 DM-500
K8-6 0.50 0.3 0.030 0.526 0.025 1.804 0.457 0.291 | 0.200 650 5.0 60| 110 DM-500
K8-7 0.50 0.3 0.025 0.033 0.020 0.855 0.074 0.038 | 0.059 250 50 4.9 99| DM-500
K8-8 0.50 0.3 0.030 0.649 0.020 1.738 0.559 0.373 | 0.224 250 5.0 2.4 74| DM-500
K9-1 1.20 0.3 0.015 2.027 0.005 2.328 0.628 0.871 | 0.347 | 1070 5.0 7.7 | 12.7 |DC-1200-C]
K9-2 1.20 0.3 0.015 1.898 0.005 2.287 0.601 0.830 | 0.338 | 1070 5.0 7.8 | 12.8 |DC-1200-C]
K9-3 0.50 0.3 0.025 0.131 0.010 1.034 0.224 0.127 | 0.131 ] 1070 50 173 | 223 | DM-500
K9-4 0.80 0.3 0.025 1.205 0.010 1.809 0.666 0.666 | 0.304 | 1070 5.0 9.9 | 149
0.65 0.3 0.025 0.924 0.010 1.685 0.649 0.548 | 0.273 | 1070 5.0 106 | 15.6 DM-650
K9-5 0.65 0.3 0.025 0.911 0.010 1.679 0.643 0.542 | 0.272 790 5.0 78] 128
0.65 0.3 0.025 0.774 0.010 1.617 0.581 0.479 | 0.257 790 50 81| 13.1 DM-650
K9-6 0.65 0.3 0.025 0.5627 0.005 1.133 0.567 0.465 | 0.254 | 480 5.0 71| 121
0.50 0.3 0.025 0.464 0.005 1.085 0.623 0428 | 0.238 | 480 50 74| 124| DM-500
K10-1 0.50 0.2 0.015 0.033 0.005 0.755 0.083 0.043 | 0.064 120 5.0 2.6 76 DC-500
K10-2 0.50 0.2 0.015 0.016 0.005 0.604 0.055 0.028 | 0.046 120 5.0 3.3 8.3 DC-500
K10-4 0.50 0.2 0.015 0.033 0.005 0.757 0.084 0.043 | 0.064 100 5.0 2.2 7.2 DC-500
K10-5 0.50 0.2 0.015 0.041 0.005 0.830 0.100 0.052 | 0.074 100 50 2.0 70 DC-500
K10-7 0.50 0.2 0.015 0.082 0.015 1.507 0.110 0.057 | 0.079 190 50 2.1 7.1 DC-500
K10-8 0.50 0.2 0.015 0.066 0.015 1.437 0.100 0.052 | 0.074 190 5.0 22 712 DC-500
K10-9 0.50 0.2 0.015 0.025 0.005 0.740 0.080 0.041 | 0.062 140 5.0 3.2 8.2 DC-500
K10-10 0.50 0.2 0.015 0.107 0.005 1.116 0.190 0.102 | 0.115 360 50 54| 104 DC-500
K10-12 0.50 0.2 0.015 0.049 0.005 0.907 0.120 0.063 | 0.084 140 50 2.6 7.6 DC-500
K10-13 0.50 0.2 0.015 0.197 0.005 1.303 0.280 0.156 | 0.145 360 5.0 4.6 9.6 DC-500
Ki11-3 0.50 0.2 0.015 0.066 0.005 0.975 0.140 0.074 | 0.094 310 50 53| 103 DC-500
Ki1-4 0.50 0.2 0.015 0.099 0.005 1.091 0.180 0.096 | 0.111 310 5.0 4.7 9.7 DC-500
K11-5 0.50 0.2 0.015 0.025 0.005 0.810 0.095 0.049 | 0.071 140 50 29 79 DC-500
K11-6 0.50 0.2 0.015 0.041 0.005 0.830 0.100 0.052 | 0.074 140 5.0 28 78 DC-500
K11-9 0.50 0.2 0.015 0.090 0.010 1.333 0.130 0.068 | 0.089 270 50 3.4 8.4 DC-500
Ki11-10 0.50 0.2 0.015 0.131 0.010 1.505 0.170 0.091 | 0.107 270 50 3.0 8.0 DC-500
Ki2-1 0.50 0.2 0.015 0.022 0.005 0.740 0.080 0.041 | 0.062 330 50 741 124 DC-500
Ki12-2 0.50 0.2 0.015 0.230 0.005 1.346 0.305 0.171 | 0.152 330 5.0 4.1 9.1 DC-500
K12-5 0.50 0.2 0.015 0.022 0.005 0.740 0.080 0.041 | 0.062 320 5.0 72| 122 DC-500
Ki12-6 0.50 0.2 0.015 0.230 0.005 1.354 0.310 0.174 | 0.154 320 5.0 3.9 89 DC-500
K13-1 0.50 0.3 0.025 0.022 0.020 0.743 0.057 0.029 | 0.048 260 50 58] 108 DM-500
K13-2 0.50 0.3 0.025 0.131 0.020 1.326 0.179 0.099 | 0.113 260 5.0 3.3 8.3 DM-500
K13-3 0.50 0.3 0.025 0.055 0.020 1.013 0.102 0.054 | 0.076 370 5.0 61| 11.1 DM-500
Ki13-4 0.50 0.3 0.025 0.477 0.020 1.860 0.411 0.256 | 0.189 370 50 33 83| DM-500
Ki14-1 0.50 0 0.015 0.208 0.030 2.496 0.168 0.084 | 0.100 270 50 1.8 6.8 | DC-500-C
Ki14-4 0.50 0.2 0.015 0.427 0.030 3.103 0.260 0.144 | 0.139 590 5.0 3.2 82 DC-500
Ki14-7 0.50 0.3 0.025 0.066 0.010 0.846 0.143 0.078 | 0.097 150 5.0 3.0 8.0 - *Existing
Ki14-8 0.50 0.3 0.025 0.033 0.010 0.679 0.092 0.048 | 0.070 50 50 1.2 6.2 - *Existing
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CALCULATION OF VELOCITY AND DEPTH (Cross Culvert) (3/3)

No. |Pipe Dia.| Roughness | Discharge |Gradient| Velocity |W. Depth |Sec. Area R L t(min) s Remarks
(m) n__ | Q(md/sec)|i/100) | V(m/sec)| (m) @) | m | m [tmin]emn]ti] P
N1-2 0.718 0.013 0.417 0.005 1.806 0.399 0.231] 0.191 ] 500 5.0 46| 96| DP-750
N3-1 0.596 0.013 0.324 0.005 1.681 0.388 0192 | 0.172] 390 5.0 39| 89| DP-600
N3-6 0.596 0.013 0.151 0.005 1.398 0.245 0.108 | 0.130 | 160 5.0 19| 6.9 | DP-600
N4-1 0.596 0.013 0.183 0.005 1.471 0.273 0.125 | 0.141] 290 5.0 33| 83| DP-750
N4-4 0.596 0.013 0.216 0.005 1.533 0.300 0.141 | 0.150 | 270 5.0 29| 79| DP-750
N4-7 0.718 0.013 0.421 0.005 1.809 0.401 0.232 | 0.192 ] 360 5.0 33| 83| DP-750
N4-10 0.596 0.013 0.334 0.005 1.692 0.397 0.198 | 0.174] 290 5.0 29| 79| DP-750
N4-13 0.596 0.013 0.194 0.005 1.493 0.282 0.130 | 0.144| 270 5.0 30| 80 - *Existing
N4-16 0.596 0.013 0.162 0.005 1.423 0.254 0.114 | 0.134] 220 5.0 26| 76| DP-750
N6-5 0.596 0.013 0.129 0.005 1.340 0.225 0.097 | 0.122] 130 5.0 1.6 | 6.6 | DP-600
N7-2 0.718 0.013 0.453 0.005 1.840 0.420 0.246 | 0.197 | 550 5.0 50| 100 - *Existing
N8-12 0.854 0.013 0.647 0.005 2.016 0.468 0.321 | 0.226 | 2200 5.0 18.2 | 232
0.596 0.013 0.369 0.005 1.721 0.428 0.214 | 0.178 | 2200 5.0 21.3 | 26.3 | DP-750
K1-3 1.100 0.013 1.154 0.005 2.331 0.568 0.495 | 0.281 | 1260 5.0 90| 140
0.854 0.013 0.922 0.005 2.172 0.593 0.425 | 0.252 | 1260 5.0 9.7 147 - *Existing
K1-5 0.596 0.013 0.345 0.005 1.702 0.407 0.203 | 0.175 | 400 5.0 39| 89 - *Existing
K3-3 0.718 0.013 0.891 0.010 2.770 0.532 0.322 | 0.216 | 640 5.0 39| 89| DP-750
K3-4 0.718 0.013 0.877 0.010 2.764 0.525 0.317 | 0.215] 150 5.0 09| 59| DP-750
K3-7 0.596 0.013 0.259 0.005 1.602 0.335 0.162 | 0.160 | 250 5.0 26| 76| DP-750
K3-8 0.596 0.013 0.230 0.005 1.558 0.312 0.148 | 0.153 | 250 5.0 27| 77| DP-750
K4-3 0.718 0.013 0.575 0.005 1.932 0.495 0.298 | 0.212 | 580 5.0 50| 100 - *Existing
K4-5 0.596 0.013 0.144 0.005 1.379 0.238 0.104 | 0.128 | 290 5.0 35| 85 - *Existing
K5-6 0.596 0.013 0.029 0.005 0.871 0.105 0.033 | 0.064] 210 5.0 40| 90 - *Existing
K6-1 0.718 0.013 0.442 0.005 1.830 0.414 0.242 | 0.195| 740 5.0 6.7 117
0.718 0.013 0.398 0.005 1.785 0.387 0.223 | 0.188 | 740 5.0 69| 11.9 | DP-750
K6-4 0.718 0.013 0.518 0.005 1.894 0.459 0.273 | 0.205 | 740 5.0 65| 115
0.718 0.013 0.471 0.005 1.856 0.431 0.254 | 0.199 | 740 5.0 6.6 | 11.6 | DP-750
K7-2 0.718 0.013 0.701 0.005 1.973 0.589 0.355 | 0.218 | 550 5.0 46| 96| DP-750
K7-7 0.718 0.013 0.584 0.005 1.937 0.501 0.302 | 0.212 ] 550 5.0 47| 9.7 | DP-750
K7-12 0.718 0.013 0.629 0.005 1.958 0.531 0.321 | 0.216 | 550 5.0 47| 9.7 | DP-750
K7-17 0.718 0.013 0.476 0.005 1.861 0.434 0.256 | 0.200 | 450 5.0 40| 90| DP-750
K7-22 0.718 0.013 0.548 0.005 1.915 0.478 0.286 | 0.209 | 440 5.0 38| 88| DP-750
K7-25 0.718 0.013 0.593 0.005 1.942 0.507 0.305 | 0.213 ] 430 5.0 37| 87| DP-750
K8-3 0.596 0.013 0.097 0.005 1.238 0.193 0.078 | 0.109 | 540 5.0 73| 12.3 | DP600
K10-6 0.718 0.013 0.162 0.005 1.408 0.235 0.115] 0.132 ] 290 5.0 34| 84| DP-600
K10-11 0.718 0.013 0.324 0.005 1.701 0.345 0.192 | 0.175] 500 5.0 49| 99| DP-750
K11-2 0.718 0.013 0.183 0.005 1.455 0.250 0.125 | 0.138 | 450 5.0 52| 10.2 | DP-750
K11-8 0.596 0.013 0.173 0.005 1.448 0.264 0119 | 0.137] 270 5.0 3.1 8.1 | DP-600
K12-3 0.718 0.013 0.431 0.005 1.820 0.407 0.237 | 0.194] 320 5.0 29| 79| DP-750
Ki12-4 0.718 0.013 0.403 0.005 1.791 0.390 0.225 ] 0.189 ] 290 5.0 27| 77| DP-750
K14-2 0.596 0.013 0.086 0.005 1.197 0.182 0.072 | 0.103 | 690 5.0 9.6 | 146 | DP-750
K14-3 0.596 0.013 0.029 0.005 0.871 0.105 0.033 | 0.064 | 690 5.0 13.2 | 18.2 | DP-750
K14-6 0.596 0.013 0.489 0.010 2412 0.410 0.205 | 0.176 | 480 5.0 33| 83| DP-600
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