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The guidelines provide brief introductions on the planning, costing and construction of soil 

and water conservation structures commonly used in rural road infrastructure delivery. The 

guidelines present illustrations real life examples and work methodologies that assist engineers 

and contractors to develop effective construction and supervision techniques, on the prevention 

and control of soil erosion in road works.

The guidelines provide basic information on techniques for the identification and assessment of 

challenges and planning of mitigation measures related to erosion control works. The guidelines 

also provides tips on, among others:

- the design and construction of waterways and soil erosion control measures in the road 

drainage systems

- soil erosion control measures needed in the upper and lower catchment areas to reduce 

soil erosion and mitigate against anticipated damages from the road drainage discharge

- some solutions for soil erosion control on road sections with specific conditions not catered 

for in standard designs, 

- The use of Vetiver grass to stabilize and heal erosion damages, and

- Costing  of works related to prevention and control of soil erosion  

The Guidelines have been developed primarily to benefit Engineers and Technicians, Contractors 

and their Supervisors, Consultants and other potential users involved in road works who 

are often not aware of the extent of damages caused by uncontrolled runoff from the road 

servitude. Established Contractors, Professional Engineers, District Agricultural Officers, 

Environmentalists, Programme Managers and Planners may also use these guidelines as a 

reference for some of their planning, design and supervision works.

These guidelines are intended to introduce basic soil and water conservation principles and 

techniques, related to road works. They are by no means exhaustive. Those in need of in-depth 

information should, therefore, consult some of the resource materials listed in the Reference 

section in this guideline as well as other standard handbooks, articles and research papers 

written on the subject. A lot of information is also available on soil and water conservation 

websites including:

1. http://www.mainroads.qld.gov.au/Business-and-industry/Road-builders/Technical-

publications/Road-drainage-design-manual.aspx (Good manual on road drainage)

2. http://www.abe.msstate.edu/csd/p-dm/all-chapters/chapter4/chapter4/gw.pdf (Waterway 

design)

3. http://www.in.nrcs.usda.gov/technical/engineering/SpreadSheets/Waterway%20Cross-

Sections%20-%20Beta.xlt (Waterway design)

4. http://www.in.nrcs.usda.gov/technical/engineering/SpreadSheets/New%20Waterway%20

instructions.doc (Waterway design)

5. http://www.dot.gov/new/index.htm   (US Department of Transport has a lot of interesting 

publications too)

6. http://www.vetiver.org

PREFACE
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The Kenya Rural Roads Authority (KeRRA) is at the centre of providing leadership in sustainable rural road 
infrastructure planning and execution, improving rural accessibility and modernising Rural Roads management. 
Mandated by the Kenya Roads Act 2007, KeRRA is responsible of the construction, rehabilitation, maintenance 
and overall management of rural roads in the country. It is KeRRA’s principal undertaking to discharge these 
responsibilities in a manner that is socially and environmentally sustainable, and contributes to the national 
development long- and short-term goals. In realizing this undertaking, one of the critical areas KeRRA has 
been dealing with, since its establishment, is the issue of environmental damages directly related to road 
improvement and maintenance works as well as instituting mitigation measures to address these damages.    

All road works can potentially result in environmental hazard through, for instance spillage of carbon 
products and contaminating the surrounding land, dust and noise pollution, interference with the natural 
drainage pattern resulting in soil erosion, etc. Therefore, all such potential damages and the corresponding 
mitigation measures must be identified during the planning of road works in line with the relevant Government 

regulations. 

One of the most common environmental challenges in road works is soil erosion. If not properly controlled, 
runoff from the road servitude and surrounding land can cause extensive damages both to the roads and 
adjacent property. This calls for the provision of 1) appropriate drainage structures on the road to reduce the 
concentration of water, and 2) suitable erosion control structures to protect the adjacent land. To this end, 
the Ministry of Roads has, over the past several years, been engaged in developing standard methods and 
specifications for erosion control which KeRRA took over and culminated in the production of these guidelines.

This is a very useful document which puts together rationalized guidelines on soil erosion control techniques 
which have been amassed from years of at times bitter experiences in road works. The guidelines promote 
the need for participation of local communities in addressing soil erosion challenges. Experience has shown 
that community participation enhances dialogue among various stake holders and ensures ownership, 

transparency and accountability in public infrastructure delivery. 

These guidelines are useful not only on minor roads but also on all roads traversing rural areas where soil 
erosion is an environmental concern. The guidelines can be used at design stage as well as a guide for field 
staff who usually have little or no basis for the type and sizes of drainage facilities they prescribe, often with 

disastrous consequences. 

Nearly two thirds of Kenya is dominated by livestock keeping where water harvesting options proposed in the 
guidelines would be invaluable not only to control erosion and complete road washouts but also to provide 
water pans for animals during dry spells. Frequent dams on water catchment near roads in semi-arid areas 
would reduce the need for bigger drainage structures, improve the environment and conserve much needed 

water for livestock and other needs. 

I wish to thank Swedish international development cooperation agency (Sida) and International Labour 
organization for the support in preparation of this guideline. My thanks also go to the Authors of the guideline 
for their in-depth study, analysis and preparation of the documents that culminated into the Guidelines.

Finally, I urge all road engineers to make full use of the Guidelines as it will be of great value in conserving 

our environment.

Eng. Mwangi Maingi, OGW
Director General

Kenya Rural Roads Authority

FOREWORD
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ACRONYMS

ALSC At Level Scour Check

CC Catchment Characteristics

CD Check Dam

CH Chainage

DAO District Agricultural Officer

DELDO District Environmental and Land Development Officer

DEO District Environmental Officer

EIA Environmental Impact Assessment

EMCA Environmental Management and Coordination Act

GoK Government of Kenya

ILO International Labor Organization

KeRRA Kenya Rural Roads Authority

MoA Ministry of Agriculture

MoG Ministry of Gender, Sports, Culture and Social Services

MoLD Ministry of Livestock Development

MoR Ministry of Roads

MRP Minor Roads Programme

NEMA National Environmental Management Authority

PA Provincial Administration

RAR Rural Access Roads

Sida Swedish international development cooperation agency

SR Surface Run

UR Unclassified Roads

VI Vertical drop (of a slope)

VS Vegitation System

VtS Vetiver System

WH Water Harvesting 
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1.1 Roads 2000 Strategy

In the early 1990’s the GoK with the assistance from development partners developed a new 

road improvement and maintenance strategy under a generic name Roads 2000. The Strategy 

was based on past experiences on labour-intensive works implemented under the Rural Access 

Roads Programme (RARP) and Minor Roads Programme (MRP) of 1970’s and 1980’s respectively. 

The main features of the Roads 2000 Strategy include:

• the use of labour-based construction methods, which basically means the utilization of 

optimum mix of labour and equipment in the delivery of public infrastructure where ever 

this is found to be technically, economically and socially viable; 

• increased use of local resources, and 

• promotion of social protection issues/dimensions

The Roads 2000 strategy focuses on the improvement of the general accessibility of target areas 

through spot improvement and partial rehabilitation of roads and through a network based 

approach as opposed to the conventional project/route based approach.

In addition to providing an alternative means of road infrastructure delivery, the Roads 2000 

strategy enables the government to address national challenges such as unemployment and 

poverty. That is why the strategy was adopted in almost all National Policies including the 

vision 2030 and recognized as a vehicle for establishing an employment based social protection 

mechanism in Kenya, particularly in relation to the road infrastructure delivery.

The actual implementation of Roads 2000 strategy started in 1993 after a careful preparation in 

the preceding two years, which included undertaking of a pilot (trial) project in the then Kericho 

and South Nyanza districts.

The Roads 2000 programme is basically rolled out through the following three interdependent 

means: 

• Maximizing the creation of productive employment on Road construction and maintenance 

of works

• Provision of technical skills training for staff of implementing agencies, small scale 

entrepreneurs and project workers.

• Mainstreaming of cross-cutting issues such as rights of workers, gender equality, protection 

of the environment and action against HIV/AIDS.

1.2 Environmental Conservation

One of the major features of the Roads 2000 Strategy is to minimize damages to the Environment 

through the use of innovative construction methods and procedures which are less damaging to 

the Environment.

Kenya enacted the Environmental Management and Coordination Act (EMCA) in 1999. The Act 

is intended to integrate environmental conservation in the development programmes to ensure 

sustainable use of natural resources. The EMCA provides for the right of every person to a clean 

1. INTRODUCTION
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and healthy environment and at the same time makes it the obligation of every person to protect 

and manage the environment.

The Environmental Act of 1999 makes Environmental Impact Assessment mandatory for all 

development projects undertaken in the country. The act also allows that where substantial EIA 

is considered unnecessary, a quick assessment (environmental audit) could be undertaken in 

order to develop appropriate mitigation measures. It is imperative therefore, that major road 

improvement works should undergo EIA study before they can be implemented. 

The Roads 2000 programme involves the maintenance of existing roads essentially following 

existing alignments as much as possible and with minimal damage to the environment and as 

such may not require substantial EIA. However, it is of paramount importance to carry out an in-

house environmental self-audit on all Roads 2000 projects and identify potential environmental 

challenges and design mitigation measures.  The Engineer is required to closely look at all 

the potential environmental problems, the scope and severity of each problem and decide the 

actions to take in the course of implementation. He may also decide whether a further detailed 

EIA is required or not. This is usually done in a systematic way using predetermined criteria that 

responds to the prevailing National Environmental Policies. A typical criteria and decision aid is 

attached as Appendix 1. 

Further rapid assessment of impacts can also be done by using an Environmental Impact Matrix 

to determine the levels of adverse impacts and beneficial impacts which may typically result 

from various road improvement and maintenance activities.

A sample of such Road Improvement Environmental Impact Matrix is shown in table 1. 

Table 1: Construction Activity and Environmental Impacts Matrix

Potential Environmental Problems*

ACTIVITY
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 c
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Work site survey and clearance X X X X

Removal, storage and reuse X

Drainage works X

Establishment and management of 

the site camps
X X X X X

Establishment and management of 

the site office & workshops
X X X X X

Construction equipment fleet X X X

Borrow pit establishment and 

management
X X X X X X
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Potential Environmental Problems*
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Production of concrete X X X X X

Construction of deviations (side 

roads)
X X X X

Culvert construction or lengthening X X

Formation and widening of cuts X X X X

Materials haulage X X X X

Placement and compaction of fill and 

shoulder materials
X X X X X

Asphalt based pavement works X X X X

Aggregate stockpiling and 

pre-coating
X X X X

Management of hazards and 

hazardous materials
X X

Decommissioning of work sites X X X

Rehabilitation and re-vegetation of 

all areas
X

* The cross (X) indicates the potential environmental problem which may result in undertaking a specific activity.

One of the major environmental challenges in Road works is soil erosion. The Guideline, 

therefore, focuses exclusively on the prevention and control of Soil erosion within road servitude 

as well as in areas adjacent to it. 

As a consequence of road improvement and maintenance the natural drainage pattern may 

be interfered with. For instance, opening up a culvert might lead to concentration of large 

quantities of water to the outlets often resulting in erosion damages on the land bordering a 

given road. A properly shaped and compacted road surface itself contributes to an increased 

run-off. Increases in the speed of runoff in turn will intensify the erosion of top soil and deny a 

chance for the water to soak into the soil thereby undermining the fertility and productivity of 

the adjacent land while also encouraging wastage of rain water. This shows how runoff from 

road servitude can cause damage to soil and result in the loss of top soil and water. Similarly 

any measure to control erosion will inevitably lead to conserving soil and water. Because of 

this relationship the authors of this guideline use the terms “soil erosion control” and “soil and 

water conservation” interchangeably to describe the same physical phenomenon. 

Traditionally engineers are mainly concerned about the provision of adequate drainage 

structures to protect the road servitude with little/no consideration for the damages caused 
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outside the road by erosion induced by these structures. It is, therefore, necessary to include soil 

and water conservation as a way of protecting the road itself and the area surrounding it. This 

calls for adequate provision of longitudinal and cross drainage structures on the road to reduce 

the concentration of water and for the construction of suitable soil and water conservation 

structures to protect the lower-catchment areas in the vicinity of the roads to be improved. It 

may also require that appropriate soil and water conservation techniques are adopted in order 

to reduce the volumes and intensity of runoff from upper catchment areas. 

1.3 Soil Erosion Problems Along Roads and Constraints in Addressing 

Them

Poorly functioning road drainage is common on roads which are due for maintenance and 

improvement as these roads were either constructed with inadequate drainage system or 

the system is not functioning well any more. Often conditions have changed over time in the 

catchment above the road with more intensive land utilization and deforestation resulting in 

increased runoff exceeding the capacity of the drainage systems. Such roads deteriorate faster 

than expected resulting in high costs of maintenance and repairs, and extensive soil erosion 

damages to adjacent land often with large gullies forming. This problem is often compounded 

by the lack of quick reporting system involving the community and other stakeholders. 

Efforts to improve the road drainage can cause additional soil erosion damages unless properly 

planned and with appropriate soil and water conservation measures built in the plans. 

Currently, the Ministry of Roads (MoR) and Road Authorities are responsible for soil erosion 

control within the road reserves but damages due to runoff from the roads to areas beyond the 

road reserve are most of the time not addressed by any of them and left to the land owners’ 

predicament. There is also no clear policy direction on the responsibility for the control of runoff 

from the road servitude to adjacent land. This uncertainty over the apportioning of responsibilities 

for erosion control measures has effectively restricted the consultations between public bodies 

(responsible for roads) and land owners. In fact, as landowners experience soil erosion damages 

caused by road drainage, they have become unwilling to allow water discharge onto their land. 

This desperate reaction then limits the possibilities of addressing the soil erosion problems in 

amicable and sustainable manner. 

The current situation nationwide can be characterised as follows:

• Many large gullies are being caused by inadequate road drainage, too much water and high 

flow velocity over unprotected soils. As a result, many tons of fertile soil and water are being 

lost and land becoming unproductive; 

• Problems often caused by developments outside the road reserve, i.e., poor farming 

practices on slopes, deforestation, etc., are resulting in siltation and erosion damages to 

roads and land downstream (lower catchment).

• Frequent conflicts with the land owners who are refusing to allow drainage of water over 

their land 

• In the context of soil and water conservation activities along roads, the roles and 

responsibilities of stakeholders such as the Road Authorities, Ministry of Agriculture, land 

owners and the community are not clearly defined and known to all.

The following photos taken in different parts of Kenya depict the most common erosion problems 

related to road infrastructure:
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Photo 6: Gullied road side drain R47CH 

0+300 Rachuonyo

Photo 1: Gullied road side drains on RAR 

6 CH 4+700 Siaya District

Photo 2: Gully in Black cotton soil 

caused by runoff from culverts

Photo 3: Deep gully formed in road side 

drain Road UR I (Kotoo – Akala) CH 6+200

Photo 4: Gully formed in culvert outfall; 

D219 Rachuonyo

Photo 5: Twin culvert outlet, Rachuonyo,  

E215, CH 4+700

1.4 Soil and Water Conservation Measures 

Soil and Water Conservation related to road infrastructure works should preferably start from 

the top of the rainfall catchment (upper catchment) area, with the objective of reducing water 

runoff and silt transportation towards the road. Improved land management practices in the 

upper catchment such as controlled grazing and soil and water conservation on cultivated land, 

water harvesting from roof catchments in homesteads, schools and trading centres, introduction 

of water pans in strategic locations, and planting of trees (reforestation) will retain water and 

reduce the runoff to the road. There is also a need to divert runoff from homesteads and other 

built up areas through cut off drains discharging the water without creating damage to the road.

In the road reserve, the road drainage system (consisting of road camber, side drains, culverts, 

mitre drains) should be constructed in accordance with set road specifications and should as 

much as possible aim at avoiding or reducing the concentration of water flowing out of the road 

servitude. Road structures should also be designed and constructed taking the rainfall pattern 

and intensity, as well as the terrain of the area into consideration. In this respect, Engineers 

should consult with the local communities, during the formulation and construction of soil 

erosion control structures, in order to tap into the local knowledge on historical runoff patterns 

in the areas under consideration.

Erosion control measures include scour checks and check dams in drains and protection of 

outfalls from culverts and bridges; stabilization of drains and embankments by using suitable 

vegetative material. (See table 13). 

In the lower catchment areas (below the road servitude) there must be a plan for safe disposal of 

water either to nearest natural waterway or, if there is a demand, to water harvesting and water 

conservation structures. In the later case, runoff is led to infiltration ditches/pits or storage 

ponds for watering animals, irrigation or domestic use. 

Experiences in Central and Nyanza provinces in Kenya have shown that some types of erosion 

control measures (such as Gully healing and construction of waterways in hilly areas) could be 
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very expensive and care must be exercised in deciding the location, type and frequency of these 

structures. Water harvesting structures could be handy in this situation as they are cheaper and 

easy to construct. A typical water harvesting structure, to collect and use water discharged from 

road reserves, is presented in Appendix 2.  

Unless water can be disbursed into well vegetated areas or natural waterways, it is necessary to 

construct artificial waterways designed to carry the runoff without causing erosion.

Note however, the cost of doing nothing or not investing on soil and water conservation 

structures can be very high in the long-term considering the high investment outlay required for 

improvement of roads and the damages to productive farm lands. Typically the cost of preventive 

erosion control structures is 25-30% of the cost of rehabilitating erosion damages when they 

occur. 

1.5 Outline of the Guideline 

These guidelines provide basic information on techniques for the identification and assessment 

of challenges and planning of mitigation measures related to erosion control works. The 

guidelines also provide tips, among others on:

- the design and construction of waterways and soil erosion control measures in the road 

drainage systems

- soil erosion control measures needed in the upper and lower catchment areas to reduce 

soil erosion and mitigate against anticipated damages from the road drainage discharge

- some solutions for soil erosion control on road sections with specific conditions not catered 

for in standard designs, 

- The use of Vetiver grass to stabilize and heal erosion damages, and

- Indicative cost of soil and water conservations measures for planning purposes 

Additional technical details are found in Roads 2000 Technical Manual: MRP Technical Manual 

(1992); Soil and Water Conservation Manual for Kenya Edited by D.B. Thomas, 1997. 

Note, however, it is generally accepted that the road improvement plan should first of all aim 

at improving the road drainage systems, bringing it up to the standards specified in road design 

manuals, before addressing erosion problems off the road. 
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In practice soil erosion problems related to road works are categorised into three areas based on 

the peculiarities of their erosion problems and the required mitigation measures thereof. These are:

• Upper catchment (area draining towards the road)

• Road reserve

• Lower catchment. (the area below receiving water from upper catchment and the road)

2.1 Upper Catchment 

This refers to the area above the road servitude that is draining towards the road. Runoff from the 

upper catchment areas often leads to excessive wash-away or erosion in the road reserve damaging 

drainage structures. The main factors contributing to this problem include, among others, 

- High runoff rates caused by naturally low water retention capacity in the catchment areas 

due to poor vegetation cover and/or impervious soils and/or hilly terrain.

- Excessive water runoff as a result of poor land management practices resulting in low 

water retention capacity in cultivated fields and grazing land and from built up areas (roofs, 

foot paths & cattle tracks etc.)

- Runoff from cultivated land, grazing areas, foot paths and cattle tracks, etc., adjacent to a 

road, carries sediment and transports it towards the road servitude resulting in the siltation 

of road drainage structures.

- Lack of appropriate soil and water conservation measures 

2.1.1  Responsibility for Control

In case of excessive runoff and silt transport towards the road, land owners are generally 

required to carry out soil and water conservation activities on the their land. The MoA through 

its extension officers is responsible for providing advice on the identification of the control 

measures and supervising the implementation of such measures. 

In some cases, Road Agencies/Authorities construct secondary drains (cut off drains) on the 

upper catchment areas to reduce the amount of water and silt flowing into the road servitude 

and to safely channel these to an appropriate location.

Photo 7: Typical Picture of Upper and Lower catchments, and road 

reserve 

Upper Catchment

Road Reserve

Lower Catchment

2. COMMON SOIL EROSION PROBLEMS AND 

RESPONSIBILITIES FOR CONTROL MEASURES
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2.2 Road Reserve

Typical Soil erosion problems on the roads servitude include:

- Scouring/gullying in side drains 

- Scouring in culvert inlets and outlets

- Gullying on culvert outlets

- Scouring of bridges’ wing-walls and abutments

- Siltation of culverts and drains 

- Slope failures on embankments

2.2.1  Responsibility for Control

The MoR, Road Agencies/Authorities and local authorities are responsible for the soil erosion 

control measures needed on the roads under their jurisdiction. 

2.3 Lower Catchment

The lower catchment refers to the area below the road servitude that is receiving water from 

upper catchment and the road itself. This is where most soil erosion problems occur with serious 

damage on land and other properties. Typical soil erosion problems in the lower catchment 

areas include:

- gullying of culvert outfalls, 

- gullying of mitre drain outfalls

- flooding and silt deposition causing damage to crops and property 

2.3.1  Responsibility for Control

In the lower catchment, responsibilities are expected to be shared as follows:

- Initial construction of waterways with the required erosion control measures (scour 

checks, check dams, and slope stabilization) is the responsibility of the Road Authorities/

Agencies, which should be undertaken as part of the road improvement and maintenance 

works. Planning and supervision of works shall be done by the project Engineers with the 

assistance and advice of MoA extension staff and in consultation with relevant stakeholders.

- Provision of soil and water conservation measures, for retaining and use of runoff from the 

road (terraces, infiltration ditches, ponds, and planting grass) on individual farms is the 

responsibility of the land owner. The MoA extension staff is expected to provide technical 

support in the planning, construction and maintenance of such structures.

- Grass planting in off-carriageway drains and on embankments including water ways to be 

the responsibility of the land owners

- Maintenance of the off-carriageway drains and soil erosion control structures installed on 

their land shall be the responsibility of the respective Land owners
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Box 1: Partnership with MoA in Planning with Land Owners

 Note: In normal circumstances drainage structures within the road reserve are adequate

 to reduce erosion damages provided they are properly sited and installed. However, in

 order to create understanding with the land owners and ensure that the installed drainage

 facilities are not tampered with or deliberately damaged, as is often the case, it is essential

 that the land owners and the local communities are involved in the decision on where and

how water is drained over their land

 Soil conservation is one of the core functions of the Ministry of Agriculture (MoA). The

 Ministry, through the extension officers, provides advisory services and assists the

 community in the planning and supervision of soil conservation interventions. The MoA

 extension officers are also instrumental in mobilizing the community on the need for

 environmental conservation in general and soil conservation in particular. It is, therefore,

 important to establish active partnership with the MoA in the planning, implementation

and monitoring of soil conservation works
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A successful soil and water conservation system requires a multidisciplinary approach and the 

participation of all concerned stakeholders. Besides the Ministry of Roads and Road Authorities, 

there are several other organisations with an interest in the conservation of soil and water as 

well as protecting the environment. These include Ministry of Agriculture, Ministry of Water and 

Irrigation, Ministry of Environment and Natural Resources, National Environment Management 

Authority (NEMA) and Ministry of Local Government, and Provincial Administration and others.

The principal stakeholders and their roles in soil and water conservation interventions related 

to Road Works are briefly described below:

NEMA

Advise and provide guidance on the implementation of environmental intervention

Road Authorities

Road Authorities are responsible for a controlled discharge of water from all types of roads with 

little/no damage to adjoining land and vegetation. Engineers should take account of soil erosion 

hazards in the process of designing, constructing and maintenance of all roads. It is also necessary 

for engineers to consult with the District Agricultural Officer (DAO), District Environmental 

Officers (DEO), with local community and other stake holders in order to assess the real source 

of soil & water conservation challenges as well as identifying sustainable mitigating measures. 

Ministry of  Agriculture (MoA)

The MoA is responsible for advising farmers on appropriate soil and water conservation measures. 

This work includes mobilizing the community to participate in planning and implementation of 

soil and water conservation measures needed in the catchments above and below the road.

Provincial Administration

The provincial administration shall be responsible for the mobilization of communities and 

enforcement of rules and regulations

Farmers/Land owners

The farmers and land owners are responsible for the implementation and the maintenance of 

soil and water conservation measures on their land.

Local Community

The local community is responsible for the conservation of public lands along the road, advocacy 

and to resolve disputes related to the same.

It is important to involve the community in all aspects of the planning, implementation and 

monitoring processes of soil and water conservation in general and erosion control measures 

in particular. This ensures community ownership of the intervention/process, enhances 

transparency and accountability in the implementation of soil erosion control measures and 

ensures future maintenance of installed structures.

3. STAKEHOLDER PARTICIPATION
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4.1 Soil Erosion Control Related to Road Works

The first step in designing erosion mitigation measures is to identify erosion prone areas such 

as high rainfall areas, hilly areas with unstable slopes, deforested areas and areas with easily 

erodible soil types. This is followed by an in depth assessment of the road servitude and the 

upper and lower catchment areas for real or potential soil erosion problems due to runoff from 

the road.

Soil erosion control focuses on arresting active soil erosion and putting mitigation measures 

in place to prevent anticipated damage. Moreover, work on existing soil erosion damages, in 

normal circumstance will not aim at bringing the area back to the state before the damage took 

place, which can be prohibitively expensive to achieve; rather the efforts will be on stabilizing 

eroded areas to prevent further damages and the gradual rehabilitation of the land to productive 

use. 

4.2 Gully Prevention

A starting point for soil and water conservation is to anticipate and prevent the establishment 

of gullies by providing appropriate structures and improving land use in the upper and lower 

catchment areas. The potential erosion problems can be determined using historical weather 

data, topographic and geological Maps, from the land use patterns, visual inspection and/or 

through community informants. The working principle for gully management is, therefore, 

“Arrest before it is established and control it when it exists”.

4.2.1  Gully Stabilization Versus Gully Rehabilitation

As gully erosion has become a serious problem along many roads, there is a need to spell 

out some basic principles for gully control which in its broad sense covers prevention of gully 

formation and healing of existing gullies.

In arresting active gully erosion, the aim can vary from fully reclaiming gullies for productive use 

to stabilizing the gully to prevent further damage. Following are some main strategies for gully 

control in the road drainage system:

 In all works, on upper catchment, road servitude and lower catchment areas, aim at 

preventing new gully formation

 Within the road reserve:

• Active gullies, threatening to destroy the road, must first of all be stabilized to prevent 

further damage. In addition, reclamation work is often needed in gullied road side drains to 

bring the road back to its original standards.

 In the lower catchment

• Control of existing gully erosion caused by runoff from the road drainage structures should 

aim at stabilizing the gullies rather than reclaiming them for productive utilization. 

4. PLANNING PRINCIPLES FOR SOIL EROSION CONTROL 

MEASURES
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4.2.2  Principles for Gully Control:

There are basically two ways for gully control. These are:

i) reduce runoff volumes entering the gully

ii) reduce erosive power of the water flow by installing scour checks and/or check dams 

(drop structures) which create steps that dissipate energy of the water flow allowing 

vegetation to establish and stabilize the gully

It is, in most cases, not possible to reduce the total runoff towards the road. For the planning 

of gully control however, one must always consider options to reduce flow through affected 

sections of the drainage system mainly through adding of culverts and mitre drains but also 

through improved water retention in the upper catchment area by, for instance, planting grass 

or growing vegetation and other land management practices. Soil erosion control structures 

must leave sufficient cross section to accommodate the flow still channelled through the 

stabilized gully.

4.2.3  Stages of Gully Development & Determining Control Measures 

Shape of a gully usually indicates nature and intensity of erosion

• V-shaped gullies having bare sides are still deepening and widening which is indicative of 

active soil erosion.

• U-shaped gullies on the other hand indicate stabilizing gullies often widening due to erosion 

in outer bends of the gully

Figure 1: Vertical and lateral gully erosion

Vertical erosion (deepening 

and widening the gully) Lateral erosion (widening the gully)

Figure 2: Development of discontinuous gully 

into a mature continuous gully
Gullies are established gradually and if not treated 

in time can grow out of hand engulfing large areas of 

land. The figure illustrates pictorially how gullies are 

developed.  

Limiting work on gully control to the uppermost part 

(close to the road) is often not sustainable as structures 

can be undermined. This happens in discontinuous 

gullies (see fig 2) with several nick points (gully heads) 

which if not stabilized, will proceed upwards. Efforts 

must therefore be made to stabilize all actively eroding 

sections including all nick points.

4.2.4  Control Measures in Gullies

The following measures are recommended for the 

control of gullies:
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Table 2: Selection of gully control measures

Type of Gullies Suggested Measures

A. In V-Shaped gullies Install check dams (details under 7.10) and plant grass in trapped 

sediments

B. In U-shaped gullies No work needed in most U-shaped gullies since they do not manifest 

active erosion and usually stabilize on their own. If necessary, however, 

carry out prevention of gully bank (side wall) erosion in bends through 

stone lining and/or establishing suitable vegetation along the foot of the 

bank. Experiences in several countries have shown that planting suitable 

grass like Vetiver in gullies proved to be the fastest and cheapest way of 

stabilising erosion damages 

C. In gully heads • Dam construction downstream of the fall

• Sloping and protecting the channel

• Construction of drop structures (steps that dissipate energy of the 

water flow) 

4.2.5  Gullies in Tracks and Foot Paths

Road drainage is often discharged onto tracks and foot paths which are then eroded as they 

become drainage channels. In such cases one should first explore possibilities to separate 

the two functions (path and waterway) by creating a channel on the side of the foot path or by 

directing water into a new waterway away from the path. If it is not possible to create a separate 

channel for the water, the foot path needs wet stone lining and in steeper sections low drop 

structures made of stones and posts so that people can walk comfortably and at the same time 

having the path protected from erosion. In such cases, the path should be given parabolic shape 

to direct the water flow to the centre preventing erosion on the sides.

4.3 Erosion Control in Outfalls from New Culverts and Mitre Drains

A plan for safe disposal of the drainage water must always be done with full involvement of the 

land owners for them to appreciate the need for discharge of water over their land and to assure 

them of the fact that efficient erosion control measures will be put in place to prevent erosion 

damages to their land. 

In the planning stage, the status of existing outfalls should be carefully studied to establish 

areas with soil types that are prone to gully erosion. Appropriate and proven practices that 

enable effective control of soil erosion should also be applied to discharge runoff from new 

culverts and mitre drains. If on the other hand, gully erosion is common for instance due to 

intensity of rainfall and unstable slopes, there is a need to be cautious in planning the discharge.

Photo 8: Example of V - Shaped Active gully Photo 9: Example of U - Shaped stabilising gully
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In principle, unless culverts and mitre drains discharge directly into a natural water course or 

onto a non erodible area or into water harvesting structures, there is need to construct artificial 

waterways to conduct the runoff safely to valley bottoms where it can join a stream or river. These 

waterways are most of the time aligned straight down a slope (perpendicular to the contours). 

Land owners have to be consulted and agree on the alignment before the commencement of any 

work on the structure. Detailed specifications for the design of waterways are given in table 15.

Opportunities for harvesting and retaining water rather than draining it out of the area should 

also be explored. Small flows from closely spaced mitre drains discharging on gentle slopes 

in permeable soils can be directly dispersed and infiltrated in well vegetated areas with good 

water retention capacity.

Structures for retaining/storing the discharge from culverts and mitre drains include retention 

pits; retention basins; retention ditches; water pans, ponds etc. Unless these structures are 

designed to accommodate all expected runoff, eventual overflow still needs to be directed 

through a waterway to a safe discharge point. Appropriately spaced grass contours around the 

retaining/discharging structures can also be used to spread out the runoff, filter the soil out and 

give water a chance to soak into the ground. 

Water Ponds may encourage overgrazing and erosion. Integrated management of water ponds 

along roads and harmonization of related activities by relevant bodies (Ministries of Agriculture, 

Live Stock, Roads and Social Services, among others) will help in this respect. 

4.4 Method for Estimating Water Runoff Rates from a Catchment

Knowing the water runoff rate is one of the most important tasks in locating and designing 

drainage structures. The runoff rate is also used for the design of many other site features, 

including the size of detention basins, the size and slope of pipes, the width and depth of 

waterways, the type and size of erosion control structures, and so on. There are many different 

methods for determining the runoff from a given site, and perhaps the most popular (and easy 

to use) are the Rational Method and Cooks Method.

Drainage structures and soil erosion control measures discussed in the guideline are designed 

to cater for relatively small catchment areas (normally maximum 10-20 ha and up to 50 ha for 

catchments with low runoff rates). The two are the most suitable for such conditions of flow.

4.4.1  Rational Method

The Rational Method was first introduced in 1889. Although it is often considered simplistic, 

still it is appropriate for estimating peak discharges for small drainage areas of up to about 200 

acres (80 hectares) in which no significant flood storage appears. 

The equation itself is rather simple and requires math no more complicated than basic algebra:

Q = CIA 

 360

Where:

Q = runoff rate (m3/s)

A = area of the site (km2)

C= surface runoff coefficient (dimensionless)

I = rainfall intensity (mm/hr)
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The values for C, I, and A are determined as follows:

Area, A:

Area, A, can be established by direct measurement of the area, from maps and/or by talking to 

owners of the land. 

Runoff Coefficient, C:

Finding the runoff coefficient, (C), is also pretty straightforward. The values are indications of 

the permeability of the surface and therefore how much water runs off the area (as opposed to 

soaking in to the ground or evaporating). So, for example, concrete is nearly impervious, and has 

a C = 0.9. Long grass, on the other hand, absorbs most of the rainwater that hits it, so it is most 

pervious, with C = 0.25. Many sources are available listing this empirical value and your local 

authorities may even have their own tables. 

When working with an area of mixed surface coverage (say, partial pavement and partial grass) 

C is calculated as a weighted average. For instance, assuming we have a 1 km2 site that is 80% 

paved and 20% grass and C values of 0.9 for Pavement and 0.26 for Grass, the composite C value 

is calculated as follows:

C = [(0.80 km2 x 0.9) + (0.20 km2 x 0.25)] / 1 km2 = 0.77

In certain instances C values may be based on historical data for land use (such as farming or 

residential areas) instead of the surface type illustrated above (such as concrete or grass). Table 

of coefficient typically used internationally is presented in table 3.

Table 3: Typical Runoff Coefficient (C) for different surface condition

Ground Cover Runoff Coefficient, C

Lawns 0.05 - 0.35

Forest 0.05 - 0.25

Cultivated land 0.08 - 0.41

Meadow 0.1 - 0.5

Parks, cemeteries 0.1 - 0.25

Unimproved areas 0.1 - 0.3

Pasture 0.12 - 0.62

Residential areas 0.3 - 0.75

Business areas 0.5 - 0.95

Industrial areas 0.5 - 0.9

Asphalt streets 0.7 - 0.95

Brick streets 0.7 - 0.85

Roofs 0.75 - 0.95

Concrete streets 0.7 - 0.95

Rainfall Intensity, I:

Rainfall intensity, I, is measured in mm/hour and varies by geographic location and can be 

found from Intensity/Duration/Frequency curves for rainfall events in the geographical region 

of interest. The duration is usually equivalent to the time of concentration1 of the drainage area. 

1Time of concentration is a fundamental watershed. it is used ot compute the peak discharge for a watershed. The peak discharge 

is afunction of the rainfall intensity, which is based on the time of concentration. time of concentration is the longest time reqired 

for a particle to travel from the watershed divide to the watershed outlet.
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The storm frequency is typically stated by local authorities depending on the impact of the 

development. A 10-yr, 25-yr, 50-yr, or even 100-yr storm frequency may be specified.

Table 4 below indicates time of Concentration for small catchments (derived from Kirpich 

Formula)

Table 4 Time of Concentration (table figures in minutes)

Length of flow (m)
Gradient (% slope)

0.05 0.1 0.5 1.0 2.0 5.0 10.0

100 121 9 5 4 3 2 1.5

200 20 16 8 6 5 4 3.3

500 44 34 17 13 10 8 6.6

1000 75 58 30 23 18 13 10.0

2000 130 100 50 40 31 22 15.0

3000 175 134 67 55 42 30 22.0

4000 216 165 92 70 54 38 30.0

5000 250 195 105 82 65 45 35.0

4.4.1.1  Procedure for the Rational Method 

The following procedure outlines the Rational Method for estimating peak discharge: 

1. Determine the watershed area (in acres or hectares). 

2. Determine the time of concentration, with consideration for future characteristics of the 

watershed. 

3. Assure consistency with the assumptions and limitations for application of the Rational 

Method. 

4. Establish the rainfall intensity in (mm/hr) from Hydrology maps for the locality. 

5. Select or develop appropriate runoff coefficients for the watershed. Where the watershed 

comprises more than one characteristic, you must estimate C values for each area segment 

individually. You may then estimate a weighted C value as illustrated above. 

6. Calculate the peak discharge for the watershed for the desired frequency using the Equation 

for Rational method.

The Rational Formula follows the assumption that:

• the predicted peak discharge has the same probability of occurrence (return period) as the 

used rainfall intensity (I), 

• the runoff coefficient (C) is constant during the rain storm, and 

• the recession time is equal to the time of rise

Other runoff models that are commonly used in East Africa and Kenya Include the Modified 

Rational method and Pikes method for runoff calculation.

4.4.2  Modified Rational Method 

This formula is applicable in catchments with drainage areas ranging from 1.3km2 - 26.0km2. 
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The general formula is:

  

Where: F(a) = 1 - Drainage area (km2)/240 

 C, A, I, are as for Rational Method. 

In the modified version of the Rational Formula, a storage coefficient (Fa) is included to account 

for a recession time larger than the time the hydrograph takes to rise. 

4.4.3  Pikes Formula

For drainage areas of 26 km2 and above Pikes method is used. The formula is:

    

Where: A = Catchment area in Km2, 

 C = selected from table below: 

  = Flow in m3/s

Table 5: Values of Coefficient C in Pike’s formula 

No.   Type    10yr   25yr 50y 100yr

1 Mountain 33.19   45.74   52.77   61.57   

2 Average 14.25   16.89   21.11   26.39

3 Flat 7.70   8.8   10.55   12.31   

4.4.4  Cook’s Method

For the purpose of this guideline, Cook’s method is used for classifying catchment areas for 

estimation of runoff rates. The method requires assessment of following catchment features 

that easy to determine/calculate:

• size (ha)

• ground cover;

• soil type and drainage properties

• ground slope

It should be noted that rainfall intensities are considered the same for high rainfall areas and 

dry area. 

The size of the catchment area can be measured either on a map, directly in the field or usually 

just estimated. For the assessment of catchments, liaise with residents (they would know own 

farm sizes and size of their neighbours’ land and estimate flow patterns and can therefore assist 

in giving reasonable figures on catchment size. They can also contribute own perception of level 

of runoff from an area (high, medium or low).

After collecting the necessary data the Runoff rates are determined using tables 6 and 7 below.
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Table 6: Catchment Characteristics (CC) for determining runoff rates using Cook’s method

Cover Soil type and drainage Slope

Observed conditions C (cover) Observed conditions S (Soil) Observed 

conditions

SL (Slope)

Forest or heavy grass 10 Deep, well drained 

soils

10 Very flat to 

gentle

5

Scrub or medium 

grass

15 Deep moderately 

pervious soil

20 Moderate 10

Cultivated lands 20 Soils of fair 

permeability and 

depth

25 Rolling 15

Bare eroded land 25 Shallow soils with 

impeded drainage

30 Hilly or steep 20

Medium heavy clays or 

rocky surface

40 Mountainous 25

Impervious surfaces 

and waterlogged soils

50

The sum of the three characteristics gives the total catchment characteristic (CC) for a more 

or less square catchment. For long and narrow catchments, CC equals the sum of the three 

characteristics multiplied by 0.8 and for broad and short catchment areas; CC equals the sum 

of the three characteristics multiplied by 1.25.

CC = C+S+SL

Where CC is Catchment Characteristics, C is vegetation Cover, S is Soil Condition and SL is 
Slope (terrain).

Level of land management will be reflected in the cover (land utilization and cover) and if land 

is terraced it is reflected in reduced slope. Proportion of land covered by built up areas has an 

implication on the drainage properties. 

Table 7: Runoff rates (m3/s) determined for small catchments using Cook’s method

Ha
Runoff rates (m3/s) for selected Catchment Characteristics (CC)

25 30 35 40 45 50 55 60 65 70 75 80

5 0.2 0.3 0.4 0.5 0.7 0.9 1.1 1.3 1.5 1.7 1.9 2.1

10 0.3 0.5 0.7 0.9 1.1 1.4 1.7 2.0 2.4 2.8 3.2 3.7

15 0.5 0.8 1.1 1.4 1.7 2.0 2.4 2.9 3.4 4.0 4.6 5.2

20 0.6 1.0 1.4 1.8 2.2 2.7 3.2 3.8 4.4 5.1 5.8 6.5

30 0.8 1.3 1.8 2.3 2.9 3.6 4.4 5.3 6.3 7.3 8.4 9.5

40 1.1 1.5 2.1 2.8 3.5 4.5 5.5 6.6 7.8 9.1 10.5 12.3

50 1.2 1.8 2.5 3.5 4.6 5.8 7.1 8.5 10.0 11.6 13.3 15.1

75 1.6 2.4 3.6 4.9 6.3 8.0 9.9 11.9 14.0 16.4 18.9 21.7

100 1.8 3.2 4.7 6.4 8.3 10.4 12.7 15.4 18.2 21.2 24.5 28.0

For the design of road drainage systems, runoff rates have been generally classified in three 

groups as shown in table 8.
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Table 8: Classification of runoff rates

Summarized characteristics (CC) Expected runoff rate

  45 low

45-65 moderate

  65 high

4.5 Planning, Selection and Design of Soil Erosion Control Measures

The planning including the assessment of need for soil erosion control interventions focuses on 

both existing active soil erosion and anticipated damages as a result of runoff into and/or from 

roads under maintenance or improvement. The following are some of the steps to be followed in 

the planning, selection and design of erosion control measures for active and potential damages: 

4.5.1  Assessment of Soil Erosion Damages and Planning of Improved Drainage System

The assessment of real and potential erosion damages is done through using historical data, 

Maps and visual inspection of the drainage structures preferably by walking along the road 

under investigation, and involves among others:

1. Identify erosion prone areas from historical data, Geological Maps, Weather Maps, etc., in 

order to anticipate and mitigate or arrest potential erosion problems. 

2. Identify sections of the road reserve with soil erosion damages and active soil erosion in the 

road drainage system. Record details of gully erosion in side drains (Form 1 in Appendix 3.) 

and details of scouring of bridges’ wing walls & abutments (Form 2 in Appendix 3);

3. Identify road drainage outfalls with active erosion (lower catchment);

4. Assess conditions along the outfall all the way to safe discharge point such as a water 

course or non erodible area. Record conditions of sections affected by gully erosion (Form3 

in Appendix 3), and 

5. Assess possibilities of improving the road drainage system by rehabilitating existing blocked 

drainage structures, make preliminary siting of additional culverts and mitre drains and if 

necessary providing secondary drainage/cut-off drains on upper catchment area.

4.5.2  Selection and Design of Measures for Mitigation of Anticipated Soil Erosion

1. Identify the sub catchment that will drain towards the new outfall. Determine runoff rates 

(using Cook’s method) and assess level of soil erosion in the upper sub catchment to 

establish eventual need for soil and water conservation measures;

2. Determine type of outfall structure and survey the area receiving discharge. The following 

are the types of outfall structures typically encountered in road works:

a) Flow disbursed into well vegetated area - this is suited only for well spaced mitre 

drains in soils with good infiltration capacity.

b) Natural waterway – Need to record conditions in the waterway (slope, depth, width, 

vegetative cover) and compare with requirements for artificial waterways. If sections of 

the natural waterway cannot accommodate the expected flow these sections must be 

reshaped and stabilized to dimensions as specified in table15 for artificial waterways

c) Artificial waterway – the construction of artificial waterways involves the survey of the 

area under consideration, and recording slopes for different sections of the waterway. 

Design waterway based on expected flow determined under 1) and slope of the 

channel using table 15. Then construct the waterway as per the design. The location 

and alignment of the waterway must, however, be agreed with the land owner before 

any detailed survey, design and construction commences.  
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d) Water harvesting structure – Water will be channelled to retention pits; retention 

basins; retention ditches; ponds etc. either through existing waterway (check 

dimensions and reshape if needed) or through construction of artificial waterways 

(see table 15). Eventual overflow must be discharged through a waterway (artificial or 

natural) to a safe point/location.

3. Recommend species for grass planting in the channels (select from table 13).

4.5.3  Selection and Design of Measures for Control of Existing Soil Erosion

4.5.3.1  In Road Side Drains 

1. Identify the sub catchment that will drain towards the affected section after installation of 

proposed additional culverts and/or mitre drains;

2. Determine runoff rates (using Cooks method for instance) and assess level of soil erosion 

in the upper sub catchment to establish eventual need for soil and water conservation 

measures;

3. Use table 9 to determine required size of side drains and the required dimensions of check 

dam spillways to accommodate estimated flow;

4. For stabilizing U-shaped gully sections, recommend reshaping to dimensions determined 

under point 3) and the installation of stone lining and/or establishment of suitable vegetation 

along the foot of the bank in eroding bends. In case there is a need to reduce the depth, it is 

recommended to install check dams with spillway dimensions as determined under point 

3) above;

5. For actively eroding sections (V-shaped gullies), recommend installation of check dams 

for stabilizing and reducing the depth of the gully. Spillway dimensions set as determined 

under point 3), and 

6. Recommend planting of suitable grasses for channel stabilization (select from table 13).

4.5.3.2  In Existing Outfalls from Culverts and Drains

1. Identify the sub catchment that will drain towards the affected section after installation of 

proposed additional culverts and/or mitre drains. Determine expected runoff rates (using 

Cooks method) and assess level of soil erosion in the upper sub catchment to establish 

eventual need for soil and water conservation measures;

2. Use table 15 to determine required size of waterway and the required dimensions of check 

dam spillways to accommodate estimated flow;

3. For actively eroding V-shaped gully sections, recommend installation of check dams 

considering size of spillways to accommodate runoff as determined under point 2);

4. For stabilizing U-shaped gully sections – leave as is;

5. Stabilize all nick points/gully heads, and 

6. Recommend planting of suitable grasses for channel stabilization (select from table 13).
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5.1 Roads with High Runoff in Side Drains

Gully erosion in road side drains is mainly as a result of accumulation of too high volumes of 

water that cannot be accommodated by the standard design drainage structures. This section 

deals with complicated road sections where it is often difficult to avoid large flows in side drains. 

In finding solutions, it is sometimes necessary to enlarge the drains. Table 9 indicates side drain 

cross sections required for larger flows.

Table 9: Example of road side drain dimensions to accommodate large flows

Catchment Details
Trapezoidal side drain 

Dimensions*

Spillway 

Dimensions ** 

for Ch. Dams

 in stabilized 

drains ***

Size Ha Summarized 

Characteristics 

As per Cooks

method

Indicative  

runoff rate

(rate in m3/

sec)

%-age

Slope 

in 

drain

Bottom

Width

(m)

Top 

width

(m)

Depth

 (m)

Top 

width

 (m)

Depth

 (m)

0-5 Sum  45 Low (0.7) 4 0.6 1.7 0.5 1.7 0.30

0-5 Sum = 45-65 Moderate (1.5)  4 0.6 2.8 0.6 2.8 0.30

0-5 Sum  65 High (2.1)  4 0.9 4.1 0.6 3.5 0.35

5-10 Sum  45 Low (1.1)  4 0.6 2.2 0.6 2.2 0.30

5-10 Sum = 45-65 Moderate (2.4)  4 1.0 4.8 0.6 3.9 0.40

5-10 Sum  65 High (3.7)  4 1.2 6.8 0.6 6.8 0.35

10-20 Sum  45 Low (2.2)  4 1.0 4.7 0.6 4.7 0.35

10-20 Sum = 45-65 Moderate (4.4)  4 1.2 8.0 0.6 8.0 0.35

10-20 Sum  65**** High (6.5)  4 1.5 13.0 0.6 13.0 0.40

20-50 Sum  45 Low (4.6)  4 1.8 8.3 0.6 8.0 0.35

20-50 Sum = 45-65**** Moderate (10)  4 x x x x x

20-50 Sum  65**** High (15)  4 x x x x x

* Drain dimensions arrived at using software by Natural Resource Conservation Service US Department of Agriculture 

** Spillway dimensions from formula: Q = CLD 3/2  ,where Q is discharge rate , L & D are length and depth of the spillway 

respectively, C is a constant which depends on the characteristics of the waterway for instance C = 3.0 for loose rock, 

boulder log and brushwood check dams

*** On slopes 4% and in gullied sections, use scour checks/check dams 

 If installing scour checks/check dams, increase drain depth by the height of the scour check/check dam to remain with 

sufficient spillway dimension

**** Too high flows requiring exceptionally wide drains

Note: Other measures, such as lining the drain, must be considered when a calculated side drain width is above 5.5 m.  

5.2 Roads with Sunken Profile 

Detail on the design and construction of sunken profiles is provided in Roads 2000 Technical 

Manual: MRP Technical Manual (1992) Section G.

5. ROAD SECTION WITH NON-STANDARD DESIGN
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There are four basic options to deal with the situation where a road has sunken profile for more 

than 200 m without the possibility to shed rainwater to the surrounding ground, these options 

should be considered.

Option 1 – Raise road

The objective will be to raise the level of the road, at least in some locations, in order that it may 

drain to the adjoining land.

Option 2 - Line ditches

If the side ditches are unable to discharge every 200 m the buildup of flow in them becomes 

significant and erosion is likely to occur, particularly on steeper gradients. Where option 1 is 

difficult to achieve ditch lining should be considered. The ditch should be over excavated and 

lined with hand packed stones. Consideration should also be given to widening the side drain to 

accommodate the high water flow.

Option 3 - Parallel drains 

In some locations the volume of water in the side drains may be relieved by constructing 

additional drains parallel to the road and several metres outside of the side drains. These should 

be 1 m wide and excavated to a level just below the side drains. Water should be channeled from 

the side drain to the parallel drain by constructing mitre drains between them every 20 m.

Note however, this option creates considerable additional maintenance needs as deep parallel 

drains are difficult to de-silt.

Option 4 - Soak-away ponds

If the soil adjacent to the road is free draining, mitre drains can be constructed to soak-away 

ponds. These may be constructed of dimensions 5m x 5m x 1m deep every 50m along both sides 

of the road. This capacity would be sufficient to hold the water falling on the road from a storm 

of upto 100 mm of rain. 

This option may not be applicable in extremely wet regions where water do not soak or evaporate 

rapidly enough.

5.3  Black Cotton Soil Section 

Details on how to design and deal with roads on black cotton soil can be found in Roads 2000 

Technical Manual: MRP Technical Manual (1992) Section G.

The following are some of the general principles that are applicable to roads on black cotton 

soils:

- Try to raise the road slightly above the surrounding ground level

- Ensure it is well drained in order to ensure the road sub-base/base is kept relatively dry.

- Avoid steep side slopes as they will quickly erode. If unavoidable provide adequate drainage 

structure

- Compact material to reduce voids

- Cover with a thick murram layer as soon as possible

- Establish vegetation on all side slopes as soon as possible

In addition, appropriate cross section must be used in designing roads on Black Cotton Soils. 

For instance, the side drains are about 1 m wider as compared to standard cross section and 

with shallower side slope. Surface water should be led away from the side ditches through mitre 

drains. 
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6.1 Drainage Systems 

A drainage system will normally require most of the following components to function effectively:

6.1.1  Primary Drainage Structures

The following are some of the primary structure used to drain runoff water away from road servitude;

Table 10: Primary Drainage Structures

Type/Name Function

Road surface Camber sheds water from the road surface

Side drain collects water from the road surface and adjoining land

Mitre drain leads the water out of the side drains and safely disperse it on adjoining land

Catch water drain Drain constructed across the slope, catching or intercepting surface 

water flowing towards the road from adjacent land and leading it away.

Infiltration ditch Drains constructed on the contour, catching or intercepting surface water 

flowing towards the road from adjacent land infiltrating it into the ground.

Soak-away pond Ponds, receiving and infiltrating water from mitre drains

Culverts allows water to pass from one side of the road to the other

Water way leads water from culvert outlets and drains to valley bottoms where it can join a stream

6.1.2  Supplementary/Secondary Soil Erosion Control Components 

Table 11: Soil Erosion Control Components

Type/Name Function

Growing vegetation Erosion protection through ground cover and provides stability of slopes and 

embankments through its root system

Hydro-seeding , Geo-textiles These are other options which can be considered for stabilising slopes and 

prevention of soil erosion. However, these options are not covered in this guideline.

Stone pitching 

Stone lining

Erosion protection of drains, slopes and embankments 

Scour checks (raised) Erosion protection in drains holding back silt, reducing water flow velocity by 

creating small waterfalls 

Scour checks (“at level”) Erosion protection in shallow gently sloping U-shaped gullies and drains. 

Reduces water flow velocity, encourage silt deposition & assists in 

establishing vegetation 

Check dams Erosion control in gully/drain; Reduces the gradient, slows down the flow 

and traps sediment to facilitate establishment of vegetation

Gully head control structure Erosion protection of the gully head from the erosive power of falling water 

6. APPROPRIATE STRUCTURES TO CONTROL SOIL EROSION
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6.2 Soil Erosion Measures by Catchment Type 

The soil erosion control measures and related drainage structures are dependent on the 

conditions in the catchment area, which in turn will depend on the geological make-up, vegetation 

cover and the terrain of the area. This section describes the measures to be considered in each 

situation. 

The measures described below have been chosen from the wide selection of measures practiced 

in the past. In selecting measures for the guideline, permanent structures have been preferred 

as compared to temporary ones.

6.2.1  Upper Catchment

Roads are the lifeline for the economic development among rural communities and naturally 

pass through areas with intensive land utilization. It is therefore naturally affected by the flow 

of water from the adjoining land on its upper side. To address this challenge, road authorities/

agencies need to liaise with MoA extension that has the responsibility of conservation of the 

natural resource base. The Environment and Land Development Officer in MoA will prepare 

and supervise conservation and management plans aiming at retaining and conserving soil 

and water in the catchment. The plans will include promotion of soil and water conservation 

technologies like Conservation Agriculture, Terracing, Water Harvesting and water diversion 

technologies and Agronomic practices that enhance conservation of soil and water.

6.2.2  Road and Road Reserve

It is essential to install an efficient road drainage system discharging water “little and often” to 

avoid high flow concentrations providing: 

primary and secondary drainage facilities described in Section 5.1.1 above, including:

• Good camber 

• Side drains 

• Mitre drains 

• Catch water drains & infiltration ditches

• Cross drainage (culverts, bridges, drifts)

other soil erosion control measures such as:

• Protection of culvert outfalls 

• Protection of embankments and drains (vegetation/stone lining)

• Scour checks

• Gully head protection

• Check dams 

• Gabion structures

6.2.3  Lower Catchment

Water flowing from the road servitude to the lower catchment area can either be channelled to 

the nearest valley bottom or be retained for productive use as in the case of water harvesting/

water conservation. Main drainage structures and conservation measures include:

• Stabilised artificial waterways

• Diversion ditches, 
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• Infiltration ditches, 

• Infiltration (soak-away) ponds, 

• Scour checks (“at level” or “raised”)

• Check dams (with aprons)

• Out-fall drop structures 

• Gully head drop structures 

• Complete stone lining (often in steps) of waterways

• Grass Contours and grass lining in waterways

The MoR, with the assistance of MoA, is responsible for the planning and construction of 

appropriate structures to discharge runoff from the road drainage, getting acceptance of the 

land owners for the needed structures and securing commitment of land owners to maintain 

the structures provided.
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The specifications for most drainage structures are included in the road design manuals and 

other standard documents, and as such can be referred to as and when necessary. This section 

details the specifications of selected structures which are mostly secondary types of drains.

    

7.1  Catch Water Drain/Cut-Off Drain/Diversion Ditch

Catch water drains are graded channels with supporting ridge or bank on the lower side. They 

are constructed across the slope and are designed to intercept surface runoff and convey it 

safely to an outlet such as culvert inlets and waterways. Catch water drains can be used to 

protect roads from uncontrolled runoff and to divert water away from active gully heads. The 

catch water drain should not be constructed too close to cut faces of the road as it would increase 

the danger of land slips. 

Table 12: Recommended size and shape of catch water drains

Description Measurement/shape 

Gradient on light sub soil 0.1-0.2 %

Gradient on heavy sub soil 0.4-0.5 %

Shape of Channel Normally trapezoidal

Side Slopes  - for large mechanized farms

        - on Steep land under small holder farming

4:1

1:1 or steeper

Typical Size  - Depth

        - Width

0.5 m

1.0 – 1.5m

Such channels can cater for small catchments (Max. around 5 ha). For larger catchments 

several such drains could be installed.

7.2  Infiltration Ditch/Retention Ditch

Retention ditches are large ditches that are designed to catch and retain all incoming runoff and 
hold it until it infiltrates into the ground. They are suitable in permeable, deep and stable soils 
but should not be constructed in areas prone to landslides. Retention ditches are commonly 
used as an alternative to diversion ditches if there is no place to discharge run off or if there is a 

need, as in semi arid areas, to harvest and infiltrate water for agricultural production.

7. SPECIFICATIONS FOR SELECTED EROSION CONTROL 

STRUCTURES

Photo 10: Catch water drain Photo 11: Catch water drain with good vegetation



GUIDELINES FOR PREVENTION AND CONTROL OF SOIL EROSION IN ROAD WORKS 27

These are level ditches laid out on the contour (often a series of ditches on a slope). The ditch 

receives water from the catchment along its whole length. Overflow should enter a protected 

waterway leading to the next infiltration ditch. Infiltration ditches can also receive water from 

other drains and waterways. Dimensions are commonly established through trial and error. 

However a common used size of infiltration ditches is: 

Top width: - 1.5 m; 

Bottom width: - 0.5 m; 

Depth: - 0.75 m.

7.3  Soak-away Pond/Retention Pits

Soak-away ponds measuring 5m by 5m and 1 m deep have been used to impound road runoff 

where there is no place to discharge water or if there is a need, as in semi arid areas, to harvest 

water for agricultural production. Water harvesting from roads has a good potential in many 

areas of Kenya. Dimensions of infiltration ponds are often arrived at through experience as the 

holding capacity of the ponds is generally dependent on several factors including soil type and 

characteristics, topography, vegetation cover and availability of space. The safety and protection 

of animals and children must always be considered before digging ponds.

Photo 12: Vetiver grass used for 

stabilisation of road embankment

Photo 13: Creeping grass in channel 

and tall fodder grass on the sides

Photo 14: Artificial Waterway stabilized 

by grass

Figure 3: Typical design of diversion ditch (draining water) and retention ditch (retaining water)



GUIDELINES FOR PREVENTION AND CONTROL OF SOIL EROSION IN ROAD WORKS28

7.4  Grassing 

Erosion control builds on the establishment of grass to protect the soil and for land owners to 

benefit from fodder production on protected embankments. Table 13 below gives guidance on the 

use of common grass species. (Typical grass protected structures are shown in photos 12 to 14).

Table 13: Selection of perennial grasses for conservation2 

Botanical name English name Uses Suited Zones Establishment

Bracharia 
humidicola

Creeping 

Signal Grass

Terrace banks, water ways, 

gullies (not productive fodder

1,500-2,500 m Splits 20 cm 

spacing

Cloris guayana Rhodes 

grass

Pasture, terrace banks, 

gullies, road banks (good 

grazing)

1,000-2,250 m Seed or splits

Cynodon spp. Star grass Water ways gullies, road 

embankments (good grazing)

 2,500 m Splits

Eragrostis curvula Love grass Grass strips, road 

embankments

 2,500 m Seed or splits

Panicum maximum Guinea grass Terrace banks, grass strips 

(good fodder and grazing)

 2,000 m Splits

Panicum coloratum 
var. Makarikari

Makarikari 

grass

Terrace banks  1,500 m Splits

Paspalum notatum Bahia grass Terrace banks, water ways 

(no fodder)

1,500 – 2,000 m Splits

Pennisetum 
clandestinum

Kikuyu grass Water ways, gullies (good 

fodder and grazing but a 

weed in cropland)

1,500 – 2,000 m Splits

Pennisetum 
purpureum

Napier grass Terrace banks grass strips 

and along embankments 

of drains and water ways 

(excellent fodder)

 2,000m Stem cuttings 

or splits

Setaria anceps Nandi 

Setaria

Terrace banks grass strips 

and along embankments of 

drains and water ways (good 

fodder & grazing)

1,500 – 2,250 m Seed or splits

Setaria splendida Giant Setaria Terrace banks grass strips 

and along embankments of 

drains and water ways (good 

fodder)

1,500 – 2,250 m Splits

Tripsacum laxum Guatemala 

grass

Terrace banks grass strips 

and along embankments of 

drains and water ways (good 

fodder)

 1,750 m Splits

Vetiveria zizanoides Vetiver grass Road embankments, gullies 

(poor fodder)

 2,500 m Splits

2Soil and water conservation manual for Kenya, 1997
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7.5  Stone Lining 

If a side drain is more than 200 m long 

without mitre drain or culvert outlet, and its 

gradient is greater than 4%, there will be a 

serious risk of erosion. Every effort should 

be made to avoid such situations. Where 

they are unavoidable then consideration 

should be given to lining the ditch invert 

and lower sides with hand packed stones. 

These should be well bedded and wedged 

into place with smaller stones and soil.

Stones to be hand packed and wedged into bed and lower sides of ditch. Thickness depends on 

stone size but ideally 15 cms. Stones in side of ditch to extend 15cms above invert 

7.6  Scour Check (“at Level”)

This measure is usually provided to assist in the establishment of grass in gently sloping 

channels with unstable floors. For this structure flat stones are preferred. The placement of 

stones should be done in such a way that there are minimum voids within the structure. A trench 

0.3 m deep and 0.3 m wide is excavated across the floor of the channel and extended 0.3 m into 

the sides. Stones are laid in the trench until they are flush with the floor. The middle section 

should be lower than the sides to form a spillway. At level scour checks are used in channels of 

3-10 % slope. Spacing varies between 1-4 m depending on slope, flow intensities and stability 

of the soil. 

7.7  Scour Checks (“Raised”)

Where longitudinal drain gradients are steeper than about 4% the water flows at high speed. 

Therefore, if no protective measures are taken, scouring is likely to occur on erodible soils. 

The simplest way of dealing with scouring is by reducing the volume of water (mitre drains at 

frequent intervals). In addition scour 

checks can be constructed to reduce 

the velocity of the water. They hold 

back the silt carried by the water-flow 

and provide a series of stretches with 

gentle gradients interrupted by small 

“waterfalls”. 

Scour checks are usually constructed 

of natural stones or with wooden 

stakes. The level of the scour check 

must be a minimum of 20cm below 

the edge of the carriageway in order 

to avoid the water flow being diverted 

out of the side drains. The interval at 

which scour checks are constructed 

depends on the gradient as shown in 

table 14: 

Figure 4: Stone lining of drain

Figure 5: “At level” Scour checks
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Table 14: Scour check spacing

GRADIENT OF Drain SCOUR CHECK SPACING 

4% OR LESS NOT REQUIRED

5% 20m

8% 10m

10% 5m

7.8  Grassed Water Way

Waterways are needed to conduct runoff safely to valley bottoms where it can join a stream or 

river. Where there is a natural depression or small valley that is well stabilized with vegetation 

(natural waterway) road drainage water can be directly discharged but if there is no such natural 

waterway, an artificial waterway must be installed.

Grassed waterways are usually trapezoidal or parabolic in shape and wide and shallow for low 

flow velocities. The waterway is normally excavated straight down a slope (at right angle to the 

contour).The excavated material shall be deposited at each side of the waterway.

Grassed waterways are recommended for slopes up to 20% but for large catchments would 

become very wide. A waterway 3 m wide and 0.5 m deep on 10% slope can discharge water from 

a catchment of maximum 20 Ha and in extreme cases up to 50 Ha in catchments with low runoff 

rates.

Figure 6: Scour checks (“raised”)

Figure 7: Grassed waterway
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As it is difficult for farmers to set aside land for wide waterways, it is recommended that on 

steeper slopes, deeper and narrower channels with low check dams (drop structures) be used. 

The channel must be given sufficient depth and width to leave sufficient spillway over the check 

dam to cater for the discharge without overflowing.

Grass cover shall be encouraged to grow in the waterway. To support the establishment of grass, 

install scour checks in channels of 4% slope (at level scour checks); on 5-30% slope (raised 

scour checks); and on slopes greater than 30% (low check dams). For surface stabilization 

use plant varieties of low growing creeping grasses in the channel (Kikuyu grass star grass or 

similar) and productive fodder grass on embankments (Napier grass, Setaria or similar)

Photo 15: Artificial waterway on 15% gradient

Photo 16: Artificial waterways 0-20 metres 

section 25% gradient 20-end 10% gradient 

Photo 17: Artificial waterway with 

check dams gradient 10%

Photo 18: Artificial waterway 

stabilized with grass 15% gradient

Table 15: Dimensions of parabolic grassed waterways in small catchments.

Catchment Details Waterway specifications

%-age

land 

slope

Waterway 

dimensions *

Erosion 

control 

measures in 

waterway***

Drop structures’ 

Spillway 

dimensions

**** 

Size 

Ha

Summarized 

Characteristics 

As per Cooks

method

Indicative  

runoff rate

(rate in m3/

sec)

Top 

width

 (m)

Depth

 (m)

Depth

 (m)

Length 

(m) 

0-5 Sum  45 Low (0.7) 1-5 1.6 0.55 ALSC

0-5 Sum = 45-65 Moderate (1.5) 1-5 2.4 0.55 ALSC

0-5 Sum  65 High (2.1) 1-5 3.3 0.55 ALSC

5-10 Sum  45 Low (1.1) 1-5 2.0 0.55 ALSC
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Catchment Details Waterway specifications

%-age

land 

slope

Waterway 

dimensions *

Erosion 

control 

measures in 

waterway***

Drop structures’ 

Spillway 

dimensions

**** 

Size 

Ha

Summarized 

Characteristics 

As per Cooks

method

Indicative  

runoff rate

(rate in m3/

sec)

Top 

width

 (m)

Depth

 (m)

Depth

 (m)

Length 

(m) 

5-10 Sum = 45-65 Moderate (2.4) 1-5 3.6 0.55 ALSC

5-10 Sum  65 High (3.7) 1-5 5.3 0.55 ALSC

10-20 Sum  45 Low (2.2) 1-5 3.5 0.55 ALSC

10-20 Sum = 45-65 Moderate (4.4) 1-5 6.1 0.55 ALSC

10-20 Sum  65 High (6.5) 1-5 9.1** 0.55 ALSC

20-50 Sum  65 High (15) 1-5 19.7** 0.55 ALSC

0-5 Sum  45 Low (0.7) 5-30 1.6 0.55 CD (0.25 m) 0.30 1.6

0-5 Sum = 45-65 Moderate (1.5) 5-30 2.4 0.60 CD (0.25 m) 0.35 2.4

0-5 Sum  65 High (2.1) 5-30 3.3 0.65 CD (0.25 m) 0.40 3.3

5-10 Sum  45 Low (1.1) 5-30 2.0 0.60 CD (0.25 m) 0.35 2.0

5-10 Sum = 45-65 Moderate (2.4) 5-30 3.6 0.65 CD (0.25 m) 0.40 3.6

5-10 Sum  65 High (3.7) 5-30 5.3 0.65 CD (0.25 m) 0.40 5.3

10-20 Sum  45 Low (2.2) 5-30 3.5 0.60 CD (0.25 m) 0.35 3.5

10-20 Sum = 45-65 Moderate (4.4) 5-30 6.1 0.65 CD (0.25 m) 0.40 6.1

10-20 Sum  65 High (6.5) 5-30 9.1** 0.65 CD (0.25 m) 0.40 9.1

20-50 Sum  45 Low (4.6) 5-30 6.4 0.65 CD (0.25 m) 0.40 6.4

20-50 Sum = 45-65 Moderate (10) 5-30 13.8** 0.65 CD (0.25 m) 0.40 13.8

20-50 Sum  65 High (15) 5-30 19.7** 0.65 CD (0.25 m) 0.40 19.7

0-5 Sum  45 Low (0.7) 30 1.6 0.80 CD (0.50 m) 0.30 1.6

0-5 Sum = 45-65 Moderate (1.5) 30 2.4 0.85 CD (0.50 m) 0.35 2.4

0-5 Sum  65 High (2.1) 30 3.3 0.90 CD (0.50 m) 0.40 3.3

5-10 Sum  45 Low (1.1) 30 2.0 0.85 CD (0.50 m) 0.35 2.0

5-10 Sum = 45-65 Moderate (2.4) 30 3.6 0.90 CD (0.50 m) 0.40 3.6

5-10 Sum  65 High (3.7) 30 5.3 0.90 CD (0.50 m) 0.40 5.3

10-20 Sum  45 Low (2.2) 30 3.5 0.85 CD (0.50 m) 0.35 3.5

10-20 Sum = 45-65 Moderate (4.4) 30 6.1 0.90 CD (0.50 m) 0.40 6.1

10-20 Sum  65 High (6.5) 30 9.1** 0.90 CD (0.50 m) 0.40 9.1

20-50 Sum  45 Low (4.6) 30 6.4 0.90 CD (0.50 m) 0.40 6.4

20-50 Sum = 45-65 Moderate (10) 30 13.8** 0.90 CD (0.50 m) 0.40 13.8 

20-50 Sum  65 High (15) 30 19.7** 0.90 CD (0.50 m) 0.40 19.7

*  Drain dimensions arrived at using software by Natural Resource Conservation Service US Department of Agriculture 

**  Too wide for application on small scale farms (need to distribute water to several waterways) 

***  ALSC = At Level Scour Checks; CD (0.25 m) = Check Dams with 0.25m high spillway; CD (0.50 m) = Check Dams with 

0.50 m high spillway (for spacing between check dams, see table 16)

**** Spillway dimensions from formula: Q = CLD 3/2 ,where Q is discharge rate , L & D are length and depth of the spillway 

respectively, C is a constant which depends on the characteristics of the waterway for instance C = 3.0 for loose rock, 

boulder log and brushwood check dams
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7.9 Gully Head Control

Gully head control can be achieved in three main ways:

1. Dam construction downstream of the gully head

2. Sloping and protecting of the gully head

3. Construction of fall structures

Sloping of the head is the most common measure if the drop is less than 2-3 m. The gully head can 

be sloped back to an acceptable gradient for stone pavement (Fig 9) or drop structures of stones and 

posts (Fig. 10) or in wide and steep gully heads with large flows drop structures of gabions (Fig. 11).

Figure 9: Sloping and stone lining of gully head (max. 1.0 m high) Figure 10: Drop structures using stones and posts

Figure 11: Drop structure using gabions

Figure 8: Check dam downstream of gully head 
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7.10  Check Dams: Stone Wall & Stone Posts 

Check dams can be constructed using stones or a combination of stones and poles as per the 

details shown in Fig 12 &13

The dimension of any stone shall not be less than 200 mm, 

and the volume not less than 0.01m³.  No rounded boulders 

shall be used. Posts shall be durable treated cypress posts or 

equivalent. Stones shall be laid down carefully so that voids 

are reduced to the minimum giving stability to the structure.

As sediment builds up behind check dams and eventually 

reaches the top, the check dams will act as drop structures. 

The water flow will then pass down a series of steps. The 

spacing between the check dams should be such that the 

slope of the steps is just a few percent to avoid erosion.

Spacing of check dams depends on the gradient of the drain 

and the height of the check dams as given in the guidelines 

shown in table 16 (this spacing creates 4% slope between drop 

structures).

Photo 19: A series of post stone check 

dams in deep gully 35% gradient

Figure 14: Steps created by check dams

Figure 12: Stone wall check dam Figure 13: Stone post check dam
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1. The top of the check dam must be lower than the level of the adjacent land to leave 

sufficient channel for water to flow 

2. The crest of the check should have a parabolic shape forming the spillway.

3. A check dam must be keyed into an excavation of the gully floor and into the sides of 

the gully. 

4. The gully floor below a check dam must be protected from erosion by an apron with 

parabolic shape protecting the sides of the channel (length of apron 1.5 – 2 times the 

height of the check dam) 

5. Posts should be hammered into the ground to a depth equal to the post height above the 

ground or a minimum of 0.6 m

Table 16: Spacing in metres between check dams 

% slope
Spacing (m) for common Spillway Heights (m)  

0.15 0.25 0.50 0.75 1.00

5 15.0 25.0

7 5.0 8.7 17.5 25 35

10 2.5 4.2 8.4 12.6 16.8

15 1.4 2.3 4.6 6.9 9.2

20 0.9 1.6 3.2 4.8 6.4

25 1.3 2.5 3.8 5.0

30 1.0 2.0 3.0 4.0

40 1.6 2.4 3.2

50 1.2 1.8 2.0

Box 2: Some important rules for the construction of check dams:
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8.1  Introduction 

Artificial embankments or contours made of soil or stones, some of which are discussed above, 

do slow runoff and reduce soil erosion, but these methods of soil and water conservation 

create an unnatural system of drainage that is expensive and more often than not diverts large 

quantities of water from crop and lands. The alternative is the use of vegetation in place of these 

artificial structures, a practice which is commonly referred to as Vegetation System (VS). VS is 

a bio-engineering method that involves the use of materials such as various types of grasses, 

sticks, jute mats, trash bund material, and hydromulch among others. The VS can be used for:

a. steep slope stabilisation

b. silt trapping along road drains and on steep slopes (stand-alone or taking over from 

gradually levelling trash bunds and silt traps

c. gully rehab (on gully floor, gully heads, and steep gully sides), to assist return of natural 

vegetation 

d. long cut-off drains into farms (for irrigation).

With the Vegetation System of soil and water conservation, the runoff slows and spreads out, 

drops its silt load and filters through vegetative strips or hedges enabling a large portion of 

water to soak in to the land along its way. The silt filtered from the runoff builds up behind these 

permeable vegetative cross slope barriers creating a natural terrace requiring no maintenance. 

One of the best vegetative systems of conservation which is extensively used in Agriculture 

and of late increasingly used on engineering projects (roads, water, and other infrastructure 

projects) with impressive result is the Vetiver System (VtS).

The Vetiver System is based on the application of Vetiver grass commonly known by its scientific 

name of vetivera zizanioides or chrysopogon zizanioides. The VtS was first promoted by the 

World Bank as a tool for soil and water conservation in the mid 1980s. While VtS was mainly used 

in agricultural land management, experiences over the last three decades in several countries 

has shown that, due to vetiver grass’ extraordinary characteristics, the VtS also has important 

engineering application such as slope stabilization, gully control, safe disposal of wastewater 

and other environmental protection purposes.

The vetiver system is a simple, practical, inexpensive, low maintenance and effective means of 

soil and water conservation, i.e., sediment control, land/slope stabilization, gully stabilization 

and healing and of recharging ground water. When planted in single rows, the vetiver plants 

will form a hedge which is effective in slowing and spreading runoff, reducing soil erosion, 

conserving water and trapping sediments. Other grass species have also been extensively used 

in the past for the above purposes and some are known to perform very well in erosion control 

and at the same time producing valuable fodder for livestock. However, vetiver grass with its 

unique morphological and physiological characteristics out classed almost all of them by its 

broad effectiveness in soil and water conservation.

Although classified as a grass, for land stabilization purposes, Vetiver plants behave more like 

fast growing trees or shrubs. Per unit area Vetiver roots are stronger than tree roots. The vetiver 

plant has an extremely deep and massive finely structured root system, capable of reaching 

8. USE OF VETIVER SYSTEM FOR SOIL & WATER 

CONSERVATION
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down to 2 to 3m in the first year. 

Experiments have shown Vetiver grass 

roots can reach up to 3.6m depth in the 

first 12 months on fill slopes.

This extensive and thick root system 

binds the soil and at the same time 

makes it very difficult to be dislodged. 

The very deep and fast growing roots 

system also makes it extremely tolerant 

to drought. Vetiver roots can penetrate 

compacted soil profile providing a good 

anchor for fill and topsoil. 

The construction of vetiver system 

requires no engineering knowledge, 

maintenance gangs or farmers with little training can do the job by themselves. Vetiver plants 

need protection during the first 2 to 3 seasons until they are fully established. Once the vetiver 

hedge has been established, it will neither wear out nor require further maintenance other than 

periodic trimming. Experience has shown that, trimming vetiver hedges to a height of 30 to 50 

cm prevents it from flowering and makes it thicken up, thereby increasing its effectiveness in 

filtering runoff and improving ground water recharge.

8.2  Steps for Establishing Vetiver System

The following are steps involved in establishing the Vetiver System:

1. Establish Vetiver nursery. In the planning stage of applying the vetiver system, there is a need 

to establish vetiver nurseries for propagation of plant materials close to the work sites. The 

vetiver plant is usually found throughout the tropics and commonly grown by nurseries. If, 

however, there are no nurseries close-by, or existing nurseries do not plant Vetiver grass, 

there may be a need to establish one in an appropriate location close to the work site.  Such 

a nursery can be established at inlets to dams, water tanks or even into low lying swamps 

and wetlands as water en route to these structures irrigates the vetiver grass, which in turn 

removes silt from the runoff.  Any other established hedges of Vetiver plant in gullies, farms, 

etc., can also be an informal source of the planting material. 

2. Obtain the right type of material from Vetiver nursery or any other source. Dig out and 

remove a clump of vetiver grass from the nursery or other sources using appropriate 

implements (spade, hoe, forked hoe, etc.)

3. Tear handful of the grass, roots and topsoil from the clump. The resulting piece is commonly 

referred to as “Slip”. Although vetiver grass can be planted from single tillers (when planting 

material is scarce), this practice is not recommended because it takes too long to form a hedge.   

Photo 20: Vetiver Grass root structure

Photo 21: A Vetiver grass Slip
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4. Before transporting the slips to the planting site, cut the tops of about 15 to 20 centimetres 

above the base, and the roots 10 centimetres below the base. Cutting will improve the slips 

chances of survival after planting by reducing transpiration level and thereby preventing 

it from drying out. For road works, in most cases, it is better to use poly-pots or strips 

as planting material, to reduce transplanting stress, assure faster establishment, higher 

survival rates

5. Prepare the ground and 

plant the slips in a single 

row on a target area. Take 

extra care when planting not 

to bend the roots upwards. It 

is advisable to plant the slips 

at the beginning of the wet 

season to ensure that they 

get full benefit of the rains. 

The recommended spacing 

for planting slips is between 

10 to 15 centimetres. It 

takes too long for the slips 

to grow together and form a 

hedge if they are planted too 

far apart (say longer than 15 

cm).

6. Protect the newly planted 

slips from erosion and other 

damages. There may also 

be a need to apply fertilizers for quick and good result.

7. Regularly trim the growing hedges. No other maintenance may be required. 

8. For a vetiver system to provide maximum protection against soil erosion, the hedgerows 

should be spaced apart at an appropriate Vertical Interval (VI) or drop. In normal circumstances 

a vertical drop of 1 or 2 metres are required depending on the gradient of the ground.

9. For a known slope (gradient) in percentage of a ground the Surface Run (SR) is calculated 

using the following formula:

For instance, for a vertical drop (VI) of 2 and the spacing or surface run of hedge rows for a 4%, 

12% and 45 % ground slope would be 50, 17 and 5 metres respectively.  

8.3  Advantage of Vetiver Plant

The following are among the many advantages of the vetiver grass and the soil and water 

conservation system made of it:

a) When planted correctly the Vetiver grass will quickly form a dense permanent hedge;

b) It has strong fibrous root system that penetrates the soil vertically and binds the soil to a 

depth of up to 3 metres and can withstand the effects of tunnelling and cracking;

c) It is a perennial plant and requires minimal maintenance;

d) It has a crown that is below the surface, which protects the plant against fire and overgrazing

e) It has leaves and roots that have demonstrated a resistance to most diseases;

Figure 15: Vetiver Plant Soil Stabilization mechanism
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f) Its leaves can be used as a fodder (although relatively low fodder value) particularly when 

fresh and green leaves are used. This can be obtained by regular pruning (between 4 and 

6 weeks interval) which will increase the protein content to a reasonable degree. Dry 

Vetiver leaves are not fodder: they are indigestible  due to high silica content;

g) Once established the vetiver system can withstand drought, flood and long periods of 

water-logging;

h) It is cheap and easy to establish and maintain a vetiver hedge and remove if it is  no longer 

wanted;

i) It will grow in all types of soil regardless of fertility, pH or salinity, and

j) It will grow in almost all types of climate from dry arid regions with average annual 

rainfall of less than 200 mm to very wet areas with an average annual rainfall of 6000 mm. 

It is also known to grow in areas with temperatures ranging from -14o to +55o Centigrade.

The following pictures show some possible application of Vetiver System:

Photo 22: Slope stabilisation

Photo 25: After application of VS

Photo 23: Slope and culvert outlet protection

Photo 26: Protection of slope and drainage structures

Photo 24: Before application of VS

Photo 27: Section with and without Vetiver System protection
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As mentioned earlier, it is of paramount importance to consult with stakeholders directly or 

indirectly affected by the interventions to ensure successful implementation of erosion control 

measures and the sustainability of its use. In particular there is a need for a full understanding 

by the landowners and other stakeholders about the purpose of road drainage and the need to 

have a well designed drainage system in order to ensure sustainability of roads and minimize 

the damage to the adjacent land. 

The road network is important for the livelihood of the whole community it is serving. Each 

member of the community is, therefore, expected to take a share of the runoff and allow water 

to be drained over their land without causing excessive damage to their property. 

In this respect the Ministry of Agriculture through its extension officers is expected to assist 

in educating land owners, farmers and the community at large on improved soil and water 

conservation and management both in catchments above and below the road. The agricultural 

specialists are also expected to supervise farmers in the implementation of soil conservation 

works and the maintenance thereof.

The Provincial Administration through forums like the District Development Committees 

and District Environment Committees will serve as an entry point for the engagement and 

coordination of soil and water conservation activities. 

Following are summary of the steps involved in the planning and implementation of erosion 

control measures and the key stakeholders responsible for the suggested intervention.

Table 17: Steps in planning soil erosion control

Steps Responsible bodies

1. Stakeholder analysis and Identification Provincial Administration (PA), 

MoR & MoA 

2. Assessment of road conditions with emphasis on the 

status of the road drainage system. 

District Engineers and 

Technicians, and MoA

3. Preliminary siting of new culverts, mitre drains and other 

drainage facilities and highlighting areas/points in need 

of special erosion control intervention. 

District Engineers, and MoA

4. Liaise with District Agricultural officers regarding 

initiation of consultation with land owners and the 

community at large. The DAO’s office is expected to 

facilitate consultations with land owners and assist in the 

formulation of detailed planning of conservation measures 

for upper and lower catchment areas. The DAO is expected 

to provide support through the DELDO and Agricultural 

staff from the divisional office concerned with the road. 

District Engineers, MoA, and PA

5. Plan and conduct stakeholder consultation though public 

gathering and/or meeting with concerned stakeholders

District Engineer, PA  and MoA

9. STAKEHOLDERS’ PARTICIPATORY PROCESSES
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Steps Responsible bodies

6. Inspection of the status of existing and planned water 

outfalls, from the road all the way to a safe outlet, 

recording eventual soil erosion damages and suggesting 

erosion control measures. 

District Engineer, MoA, land 

owners and community 

representatives 

7. Assessment of status of soil erosion and runoff conditions 

from the upper catchment to identify eventual critical 

areas in need of improved land management. 

District Engineer,  MoA, 

land owners and community 

representatives

8. After preliminary plans have been worked out, inform 

the land owners concerned about the findings and reach 

agreement with them on the plans. 

District Engineer, MoA and 

community representatives

9. Draw up final plans for the catchment area, siting of 

culverts and drains, siting of waterways and erosion 

control measures in waterways and drains. 

District Engineer, MoA and 

community representatives

Note:  The proscess should be made as participatory as possible to elicit communtiy ownership of the process and activities
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The cost of a soil erosion control structure is derived at by summing the cost of labour, tool and 

equipment, material and overheads like supervision and transportation of the necessary inputs 

to site. In the case of the work being done by a contractor cost will also include some profit. 

Because of this, cost of structures will considerably depend on the above inputs, which are in 

turn dependent of the geographical location, soil type, vegetation, terrain and even weather 

conditions.

Therefore, engineers should assess each intervention individually and build up the rate based 

on the inputs required to construct the same. Appendix 4 gives sample estimated costs for 

various types of erosion control structure and activities as a guide for engineers, contractors 

and consultants. 

10. COST ESTIMATES
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A worked example based on some road projects in Nyanza is presented in Appendix 5. The 

example covers the steps involved in the planning of soil erosion measures including, 

assessment, measurement/estimation of quantities, building-up rate/costs and preparation of 

project proposals. 

11. WORKED EXAMPLE 
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1.  INTRODUCTION

The activities under programmes involving construction of roads and bridges are likely to have 

environmental and social impacts in the project areas.  In order to determine which sections 

of the roads that would attract environmental assessment to identify the impacts and their 

mitigation measures during construction, operation and decommissioning environmental 

screening tool can be used to guide decision making.

The Screening process is briefly outlined in this guide to enable the project coordinator in 

collaboration with the District Environment Officer to identify projects that would attract an EIA

1.1  Environmental Screening 

• Screening is a process of determining whether a project requires EIA or not, and provides 

indication at the level that this should be done.

• Screening clarifies the level of environmental assessment needed and therefore serves to 

cut cost and time

• Screening also ensures that projects with serious environmental impacts also do not 

escape the right level of EIA treatment.

1.2  Environmental Screening 

Projects are classified into category A, B, or C according to the significance of the adverse 

impacts on the environment.  The classification approach clearly spells out which projects 

attract an EIA and those that do not require an EIA and is as follows:

Category A:  If it is likely to have significant adverse environmental impacts that are sensitive, 

diverse or unprecedented.  These impacts may affect an area broader than the sites or facilities 

subject to physical works.  This category of projects or subprojects requires full Environmental 

Assessment.

Category B:  If potential adverse impacts are less adverse than those of category A. These 

impacts are site specific; few if any of them are irreversible; and in most cases mitigation 

measures are readily designed. The projects or sub projects under this category require a more 

targeted Environmental Assessment.

Category C:  If it is likely to cause minimal or no adverse environmental impacts, thus no E.I.A 

required 

1.3  Screening Outcomes

The screening process can have any of the following 4 outcomes:

1. No further level of EIA is required.

2. Further studies are necessary to determine the level of EIA required (Initial Environmental 

Evaluation/Examination.

3. A more limited EIA (Project Report) is required

4. Full EIA required.

APPENDIX 1:  ENVIRONMENTAL IMPACT ASSESSMENT & 

AUDITS
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1.4  Environment Scoping

Scoping is the activity to decide on matters to be investigated as part of an EIA, once a decision 

has been made that an EIA is required. A Terms of Reference for EIA is then developed by both 

the proponent and EIA Expert, based on the result of the scoping exercise.

2.  CATEGORY B PROJECTS SCREENING CHECK LIST

Prepare check list describing how the project complies with the most relevant policy and 

programme/project documents, for example the, National Development Plan, Road sector 

Strategic Plan, District Development plan and the objectives of Roads 2000 programme:

Note that this screening check list is a guide and additional relevant questions can be added 

depending on the specific conditions of road or bridge activity being assessed.  Tick Yes or No 

against the following questions; 

Will the project: YES NO

Adversely affect natural habitats nearby, including forests, rivers or wetlands?       

Require large volumes of construction materials (e.g., gravel, stones water, timber, firewood)?       

Use water during or after construction, which will reduce the local availability of groundwater 

and surface water?

      

Lead to soil degradation, soil erosion or soil salinity in the area?       

Create waste that could adversely affect local soils, vegetation, rivers and streams or 

groundwater?

      

Create pools of water that provide breeding grounds for disease vectors (for example malaria 

or bilharzias)?

      

Involve significant excavations, demolition, movement of earth, flooding, or other environmental 

changes?

      

Affect historically-important or culturally-important sites nearby?       

Require land for its development, and therefore displace individuals, families or businesses 

from land that is currently occupied, or restrict people’s access to crops, pasture, fisheries, 

forests or cultural resources, whether on a permanent or temporary basis?

      

Result in human health or safety risks during construction or later?       

Involve inward migration of people from outside the area for employment or other purposes?       

Result in conflict or disputes among communities?       

Affect indigenous people, or be located in an area occupied by indigenous People?       

Involve the construction of a dam or depend on water supplied from an existing dam?       

Involve the construction of a dam or weir, or depend on water supplied from an existing dam?       

Result in a significant change/loss in livelihood of individuals?       

Adversely affect the livelihoods and/or the rights of women?       

      

      

 

Note:

If there are more Yeses than Nos then the project needs some degree of Environmental 

Assessment.
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The course of action will then be recommended based on the outcome of the above assessment 

and may be one of the following:

 There are no significant environmental or social risks

 No environmental impact assessment required

 Project report required

 Full EIA required

If the conclusion is for the project report or a full EIA then EIA experts shall be consulted.

3.  ENVIRONMENTAL IMPACTS AND MITIGATION MEASURES

3.1  Checklist for Environmental Impact Assessment of Transport Infrastructure 

• Existing transport systems

• Present patterns of circulation or movement of people and/or goods

• Generation of more private and public traffic

• Adequacy of existing road network

• Adequacy of existing parking facilities

• Adequacy of existing traffic management schemes

• Need for and desirability of additional road schemes over and above those which have been 

planned

• Temporary access roads used for the development

3.2  Environmental Impacts and Mitigation Measures

The table below is a guide on potential environmental and social impacts of roads projects:

NO IMPACTS

Direct:  During Construction

MITIGATION MEASURES

1. Erosion from fresh road cuts and fills 

and temporary sedimentation of natural 

drainage ways.

• Limitation of earth moving to dry periods.

• Protection of most susceptible soil surfaces 

with mulch.

• Protection of drainage channels with berms, 

straw or fabric barriers.

• Installation of sedimentation basins, seeding 

or planting of erodible surfaces as soon as 

possible.

2. Ground and water contamination by oil, 

grease, and fuel in equipment yards.

• Collection and recycling of lubricants.

• Precautions to avoid accidental spills.

3. Creation of stagnant water bodies in borrow 

pits, quarries, etc. suited to mosquito 

breeding and other diseases vectors.

• Assessment of vector ecology in work areas 

and employment of measures (e.g., improved 

landscaping, filling or drainage) to avoid 

creating habitats.

4. Environment and social disruption by 

construction camps.

• Careful siting, construction and management of 

construction camps.

5. Destruction of buildings, vegetation and soil 

in the right of-way, borrow pit sites, waste 

dumps, and equipment yards.

• Alternative alignments.

• Harvest and utilization of public domain forest 

resources prior to construction.

• Compensation given to private landowners.

• Restoration of sites to original condition to 

extent possible through reclamation measures. 
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NO IMPACTS

Direct:  During Construction

MITIGATION MEASURES

6. Interruption of subsoil and overland 

drainage patterns (in areas of cuts and fills).

• Installation of adequate drainage works.

7. Landslides, slumps, slips and other mass 

movements in road cuts.

• Route alignment to avoid inherently unstable 

areas.

• Design of drainage works to minimize 

changes in surface flows and adequate to local 

condition, according to prior surveys.

• Stabilization of road cuts with structures 

(concrete walls, dry wall masonry, gabions, 

etc.).

8. Erosion of lands below the roadbed 

receiving concentrated outflow carried by 

covered or open drains.

• Increase in number of drain outlets.

• Drain outlets placed so as to avoid cascade 

effect.

• Lining of receiving surface with stones, 

concrete.

9. Increased suspended sediment in streams 

affected by road cut erosion, decline in 

water quality and increased sedimentation 

downstream.

• Establishment of vegetative cover on erodible 

surfaces as soon as possible.

• Establishment of retention ponds to reduce 

sediment load before water enters stream.

10. Marred landscape (scars from road cuts, 

induced landslide and slumps, etc.).

• Tourist site access roads planned with regard 

for visual aesthetics.

• Grade limitations to avoid cutting and filling 

where scenery would be spoiled.

• Maintenance and/or restoration of roadside 

vegetation.

11. Health hazards and interference of plant 

growth adjacent to road by dust raised and 

blown by vehicles.

• Dust control by application of water or 

chemicals.

12. Contamination of ground and surface 

waters by herbicides for vegetation control 

and chemicals (e.g., calcium chloride) for 

dust control.

• Reduction of use.

• Alternative (non –chemical) methods of control.

13. Accident risks associated with 

vehicular traffic and transport that may 

result in spills of toxic materials (see 

‘Hazardous Materials Management’ 

section), injuries or loss of life (see 

‘public health and safety’ section.)

• Regulation of transport of toxic materials 

to minimize danger.

• Prohibition of toxic waste transport 

through ecologically sensitive area.

14. Creation of a new pathway for disease 

vectors affecting humans and animals.

• Establishment of plant and animal 

sanitation service and related checkpoints.

15. Disruption/destruction of wildlife 

through interruption of migratory 

routes, disturbance of wildlife habitats, 

and noise related problems.

• Siting to minimize impacts.
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Drawing 1: CROSS SECTION A (MINOR STANDARD CROSS-SECTION)
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Drawing 2: CROSS SECTION B (REDUCED CROSS-SECTION)
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Drawing 3: CROSS SECTION B (BLACK COTTON SOIL CROSS SECTION)
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Drawing 4: MITRE DRAINS
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Drawing 5: SCOUR CHECKS



GUIDELINES FOR PREVENTION AND CONTROL OF SOIL EROSION IN ROAD WORKS 55

Drawing 6: DIMENSIONS OF SCOUR CHECKS FOR STANDARD DRAIN
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Drawing 7: MASONRY SCOUR CHECKS

Cross- 

Section

Sizes in mm

Excav (m3)

Stone 

masonry 

(m3)

Apron stone 

pitching (m3)Length Width Depth

A 2400 200 550 0.22 0.25 0.18

B 2000 200 500 0.18 0.2 0.14

Quantities
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Drawing 8: DIVERSION DITCH/INFILTRATION DITCH

Quantities Table 

Diversion ditch/infiltration ditch

Top width (m) Bottom width (m) Depth Excavation volume

(m3/m)

         1.50 0.5 0.5 0.5

         1.50 0.5 1.0 1.0

            2.00 0.5 1.5 2.3
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Drawing 9: PARABOLIC WATERWAY

Quantities Tables 

A Parabolic waterway

Top width (m) Depth Excavation volume

(m3/m)

1.50 0.6 0.6

2.00 0.6 0.8

3.00 0.75 1.5

B At level scour check

Top width (m) Excavation volume

(m3)

Hardcore 

volume

(m3)

1.50 0.10 0.10

2.00 0.15 0.15

3.00 0.25 0.25
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Dimensions of parabolic grassed waterways in small catchments

Catchment Details Waterway specifications

%-age

land 

slope

 Waterway 

dimensions *

Erosion 

control 

measures in 

waterway***

Drop structures’ 

Spillway 

dimensions**** 

Size 

Ha

Summarized 

Characteristics 

As per Cooks

method

Indicative  

runoff rate

(rate in m3/sec)

Top 

width

 (m)

Depth

 (m)

Depth

 (m)

Length 

(m) 

0-5 Sum  45 Low (0.7) 1-5 1.6 0.55 ALSC

0-5 Sum = 45-65 Moderate (1.5) 1-5 2.4 0.55 ALSC

0-5 Sum  65 High (2.1) 1-5 3.3 0.55 ALSC

5-10 Sum  45 Low (1.1) 1-5 2.0 0.55 ALSC

5-10 Sum = 45-65 Moderate (2.4) 1-5 3.6 0.55 ALSC

5-10 Sum  65 High (3.7) 1-5 5.3 0.55 ALSC

10-20 Sum  45 Low (2.2) 1-5 3.5 0.55 ALSC

10-20 Sum = 45-65 Moderate (4.4) 1-5 6.1 0.55 ALSC

10-20 Sum  65 High (6.5) 1-5 9.1** 0.55 ALSC

20-50 Sum  45 Low (4.6) 1-5 6.4 0.55 ALSC

20-50 Sum = 45-65 Moderate (10) 1-5 13.8** 0.55 ALSC

20-50 Sum  65 High (15) 1-5 19.7** 0.55 ALSC

0-5 Sum  45 Low (0.7) 5-30 1.6 0.55 CD (0.25 m) 0.30 1.6

0-5 Sum = 45-65 Moderate (1.5) 5-30 2.4 0.60 CD (0.25 m) 0.35 2.4

0-5 Sum  65 High (2.1) 5-30 3.3 0.65 CD (0.25 m) 0.40 3.3

5-10 Sum  45 Low (1.1) 5-30 2.0 0.60 CD (0.25 m) 0.35 2.0

5-10 Sum = 45-65 Moderate (2.4) 5-30 3.6 0.65 CD (0.25 m) 0.40 3.6

5-10 Sum  65 High (3.7) 5-30 5.3 0.65 CD (0.25 m) 0.40 5.3

10-20 Sum  45 Low (2.2) 5-30 3.5 0.60 CD (0.25 m) 0.35 3.5

10-20 Sum = 45-65 Moderate (4.4) 5-30 6.1 0.65 CD (0.25 m) 0.40 6.1

10-20 Sum  65 High (6.5) 5-30 9.1** 0.65 CD (0.25 m) 0.40 9.1

20-50 Sum  45 Low (4.6) 5-30 6.4 0.65 CD (0.25 m) 0.40 6.4

20-50 Sum = 45-65 Moderate (10) 5-30 13.8** 0.65 CD (0.25 m) 0.40 13.8

20-50 Sum  65 High (15) 5-30 19.7** 0.65 CD (0.25 m) 0.40 19.7

0-5 Sum  45 Low (0.7) 30 1.6 0.80 CD (0.50 m) 0.30 1.6

0-5 Sum = 45-65 Moderate (1.5) 30 2.4 0.85 CD (0.50 m) 0.35 2.4

0-5 Sum  65 High (2.1) 30 3.3 0.90 CD (0.50 m) 0.40 3.3

5-10 Sum  45 Low (1.1) 30 2.0 0.85 CD (0.50 m) 0.35 2.0

5-10 Sum = 45-65 Moderate (2.4) 30 3.6 0.90 CD (0.50 m) 0.40 3.6

5-10 Sum  65 High (3.7) 30 5.3 0.90 CD (0.50 m) 0.40 5.3

10-20 Sum  45 Low (2.2) 30 3.5 0.85 CD (0.50 m) 0.35 3.5

10-20 Sum = 45-65 Moderate (4.4) 30 6.1 0.90 CD (0.50 m) 0.40 6.1

20-50 Sum = 45-65 Moderate (10) 30 13.8** 0.90 CD (0.50 m) 0.40 13.8 

20-50 Sum  65 High (15) 30 19.7** 0.90 CD (0.50 m) 0.40 19.7

* Drain dimensions arrived at using software by Natural Resource Conservation Service US Department of Agriculture 
**  Too wide for application on small scale farms (need to distribute water to several waterways) 
***  ALSC = At Level Scour Checks; CD (0.25 m) = Check Dams with 0.25m high spillway; CD (0.50 m) = Check Dams with 0.50 m high spillway 

(for spacing between check dams, see table 16)
**** Spillway dimensions from formula: Q = CLD 3/2 ,where Q is discharge rate , L & D are length and depth of the spillway respectively, C is a 

constant which depends on the characteristics of the waterway for instance C = 3.0 for loose rock, boulder log and brushwood check dams
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Drawing 10: GULLY HEAD SHAPING AND STONE LINING

Quantities Tables 

A. Gully head shaping and stone lining

Top width (m) Depth (m) Length (m) Excavation 

volume (m3/)

Hardcore 

Volume (m3)

1.50 0.3 3.20 0.80 1.0

1.50 0.3 3.20 1.20 1.5

2.00 0.3 3.20 1.60 2.0

B. Gully Head shaping, stone & posts lining

Top width (m) Depth (m) Length (m) Excavation 

volume (m3/)

Hardcore 

Volume (m3)

Posts 

(running m)

2.0 0.3 3.00 1.50 1.80 33

2.0 0.3 3.40 2.40 2.0 44

2.0 0.3 4.50 4.60 2.70 55

2.0 0.3 6.70 10.20 4.0 77
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Drawing 11: GABION FALL STRUCTURE
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Drawing 12: CHECK DAMS
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Spacing in metres between check dams 

 Height of check dam spillway (m)

% slope 0.15 0.25 0.50 0.75 1.00

5 15.0 25.0

7 5.0 8.7 17.5 25 35

10 2.5 4.2 8.4 12.6 16.8

15 1.4 2.3 4.6 6.9 9.2

20 0.9 1.6 3.2 4.8 6.4

25 1.3 2.5 3.8 5.0

30 1.0 2.0 3.0 4.0

40 1.6 2.4 3.2

50 1.2 1.8 2.0

Some important rules for the construction of check dams:

1. The top of the check dam must be lower than the level of the adjacent land to 

leave sufficient channel for water to flow 

2. The crest of the check should have a parabolic shape forming the spillway.

3. A check dam must be keyed into an excavation of the gully floor and into the 

sides of the gully. 

4. The gully floor below a check dam must be protected from erosion by an apron 

with parabolic shape protecting the sides of the channel (length of apron 1.5 – 2 

times the height of the check dam) 

5. Posts should be hammered into the ground to a depth equal to the post height 

above the ground or a minimum of 0.6 m

Quantities Table

Checkdams

Height of 

spillway (m) 

Top width 

(m)

Apron Length 

(m)

Excavation 

volume (m3)

Hardcore 

Volume (m3)

Posts 

(running m)

Stone wall

0.50 1.25 0.70 0.23 0.73

0.50 1.50 0.75 0.40 0.88

0.50 2.00 0.75 0.57 1.33

Stones & posts

0.50 1.25 0.70 0.13 0.43 15

0.50 1.50 0.75 0.24 0.57 18

0.50 2.00 0.75 0.35 0.81 20
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Drawing 13: TYPICAL WATER HARVESTING STRUCTURE

Trees & vegetation

Water pan

Water trough

Water coming from 

road drainage

Silt trap

Water for irrigation
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APPENDIX 3: ASSESSMENT FORMS
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APPENDIX 4: COST ESTIMATES
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Worked Examples – Constructed around common soil erosion problems and illustrated by 

photos from Roads 2000 Programme in Nyanza.

Introduction

Information gathered on real soil erosion challenges encountered on three roads located in 

different parts of Nyanza Province is utilized in order to demonstrate the use of this guideline. 

The adopted information includes site photographs, condition assessment and some 

recommendation as to mitigation measures3. 

Additional data for the working examples have to a large extent been made up by the authors 
and does not necessarily reflect the actual conditions on the ground. 

Steps in planning, selection and design of soil erosion control measures are described under 

sections 4.4 and 4.5 and are not repeated here.

The three examples illustrate the use of Form 1 and Form 2 for recording assessment details 

and describing recommended measures. Input to Bill of Quantities and cost estimates are 

prepared using information in Appendix 4

The following tables are used in design of the soil erosion control measures:

Tables 6&7: estimation of runoff rates (Cooks method)

Table 9: road side drain dimensions

Table 14: scour check spacing

Table 15:  dimensions of parabolic grassed waterways 

Table 16:  spacing between check dams

Example No. 1

Issue: Eroding side drains

Photo illustrating the problem; E163; Isebania - Nyamtino; 

Kuria District. Both side ditches are heavily eroded - 

gradient 12% 

3Roads 2000 Programme Nyanza Province, Assessment of Erosion Control Measures on Selected Roads Kisumu, Nyango, Suba, 

Homa Bay and Migori Districts in Nyanza Province. Nat Consultants-Consulting Engineers, July & November, 2006

1. Using Form 1. Find Catchment characteristics 

from table 6. Determine runoff rate using 

table 7.

 It is assumed that most water in the side 

drains collects on the road itself with only 

small contribution from the upper catchment 

(contributing catchment - 1 Ha); Estimated flow 

around 0.3 m3/s (1/5 of the runoff from 5 Ha).

2. Fill information for side drain in Form 1. We 

Assume that the affected section is 300m 

long, actively eroding drains; depth - 0.8m 

and width 1.5m.  

APPENDIX 5: WORKED EXAMPLES – CASE STUDY NYANZA 
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3. Proposed measures: 

a. If possible, install mitre drains (suggested; 4  each side)

b. Install stone check dams to stop erosion and raise the level of the drain to the normal 

depth. Find spacing of check dams from table 16.

4. Estimate costs using Appendix 4.
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Example No. 2

Issue: Deep gully formed due to discharge through culvert

Photo illustrating the problem; E1051 Tabaka - Nyachenge;  

Gucha District: Deep gully has formed due to discharge 

through existing 600m diameter pipe culvert. Gradient 20%; 

average gully depth 2m, average width 1.5m. 

1. Using Form 3. Find Catchment characteristics 

from table 6. Determine runoff rate using 

table 7.

 Assume 5 Ha, square catchment 

2. Fill information for gully Form 3. Information 

from observations and assumptions: 

a. section 0-10m; U-shaped gully (s=5%; 

depth=0.75m; top width=1.5m; bottom 

width=1.0m) gully stabilizing

b. section 10-13m; active gully head 

(average depth=1.5m; average top 

width=3m; average bottom width= 1m

c. section 13-25m; U-shaped gully (s=8%; 

depth=1.5; top width=2m; bottom 

width=1.0m) gully stabilizing

d. section 25-45m; V-shaped gully 

(s=25%; depth=2.5; top width=2m; bottom width=0.5m) gully actively eroding

e. section 45-50m; active gully head on drop to stream head (average depth=2m; average 

top width= 2m; average bottom width= 1m

3. Proposed measures: 

a. Treat active erosion and leave stabilising sections as they are

i. Gully head (section 10-13m to be controlled by installing stone check dam

ii. Eroding section 25-45m install stone wall check dams

iii. In gully formed where channel enters stream, shape the gully head and install 0.5 

m steps using posts and stones.

iv. Encourage roof water harvesting in the trading centre

v. Agree with land owners to plant grass and to protect the gully from grazing animals

4. Estimate costs using Appendix 4.
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Example No. 3

Issue: Mitigate anticipated soil erosion from newly installed culvert

Photo illustrating the anticipated problem; URA9 (Ombek.- 

Karogo) Rachuonyo District: New culvert line of 600 mm 

diameter has been installed and is discharging storm water 

into adjoining land. Channel outfall is at a gradient of 12%. 

Length of the outfall channel is 160m

1. Using Form 3. Find Catchment 

characteristics from table 6.

2. Determine runoff rate using table 7.

 Assume 10 Ha long and narrow catchment. 

3. Fill information for gully Form 3. Information 

from observations and assumptions: 

 a. section 0-40m; (s=10% ground slope)

 b. section 40-100m; (s=15% ground 

slope)

 c. section 100-155m; (s=12% ground 

slope)

 d. section 155-160m; (s=50% ground 

slope)

4. Proposed measures: 

a. Construct artificial waterway from 

culvert outlet to discharge safely into 

stream
i. Find waterway dimensions and needed soil erosion control measures using table 

15.

ii. Propose Stone and post drop structures for the steep section/point of discharge 

into stream 

iii. Advise farmers to practice soil and water conservation in upper catchment

iv. Land owners should commit themselves to planting grass in the waterway 

v. Discuss possibilities of harvesting water from the waterway (construction of ponds 

etc.) 

5. Estimate costs using Appendix 4.
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