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SUMMARY

The report describes on investigation into the
problems of soil erosion which are associated with
road design, construction and drainage. Although thoru
arc many advantages to be gained from a high density
road network, thero are frequently adverse effects
duo. Tfirst, to Increased runoff, secondly, the inter-
ception of runoff from higher ground by road drains
which disrupt the natural drainage pattern and thirdly,
tho discharge of concentrated runoff through pipe
cross culverts.

For the purpose of the investigation, a detailed
study was carriod out at two sites where serious
problems had arisen. The first site was in Knrdora
Division of Muranga Oistrict, which is characterised
by o high rainfall and steep slopes which are densely
settled. Here, tho erosion problem was associated
with a class E road. The second site was in Eldama-
Rovine Division of Boringo District which is character-
ised by n loss humid climate and sparser pooulation.
The erosion problem was associated with o class C road.

Tho objectives of tho study were to document
the erosion problem which hod occurred, to eetabliah
the causes and to make recommendations for control and
future prevention methods.

The work undortaknn includod o ground survey
with a telescopic lovbl to determine the volumo of
eoll eroded, measurement of catchment area and estima-

tion of runoff. Observations on the dosign and
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construction of the present water disposal systems
were made and orul Interviews with government officers
and farmers wa-o carried out.

Tho ruin finding la that moat orosion problems
arise either from TfTailure to design and construct
rood drains on engineering principles or from Tailure
to provide pro].er outletr. to carry water from culverts
to the main water courses.

The damage being caused to farm land and the
risk to valuablu proporty caused by sell erosion is
enormous. High level cooperation between the relevant
agencies 1is required for the present control and future

prevention of gully erosion associated with roads.
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1.0. INTRODUCT ION

Whtlo soil erosion has boon an ancient activity
which has boon taking place naturally {reolopic
erosion) without bolng chocked by nan. soil and water
consorvotJnn, 1r a relntivoly rncont science on a
global basis. The consciousness of the whole world
regarding largo acalo soil erosion caused by defores-
tation, overgrazing and other causes has recently
been markedly heightened by the increasing activity
and commitment of the human race on the war against
the rionaco. The approximate Units of the area of
destructive rains ore latitudes 10° North and 40° South
(eludson 1H70). These are the areas associated with
heavy storms, thus limiting nnll erosion as a serious
problem to tropical and sub-trnpical countries, the
majority of which are developing nations. These
have erosive climatic conditions, rugged torrain

ond intensive land uso (Ounne nrtd Pgwony 1076).

1.0.1. High rate of human and livestock populatiw.t
growth (Anon 1975, 197F), and high absolute population
density have increased competition on tre sane lond
for cash crops, food, fodder ond fuel. This has
rosultod In poor land uae management and the probloms
ere heightened by domends from different sectors for
expanding devolopnont and Industrial activities on

similar typos of land.



1.0. 2. A nation with a rapidly increasing humon
population Illka Konya, requires an enunlly rapidly
increasing economic development to be able to supply
her people with the basic human needs. To achieve

o sectorally bolanced nconomia development., the Kenya
ftovornnnnt hae had to employ the Intergrated develop”
ment approach techniques. This is at approach that
requires Tull participation of almost all government
ministries and departments, In a project in ur.y one
nraft. Apart from |Isolated cases like areas within
urban centres, where the density of road network is
high* tho nation’s road construction authority has
alweys been charged with the highest responsibility
of creating accessibility to rural areas. More

nroos orn be in? opened up for human settlement and
farming activities to reduce population density on
the more developed ports. The foregoing explains

the need for an ever increasing, density of rood

notwork.

1.0. 3. The construction of roads in certain oro-"
hos caused acute and in many cases chronic soil
erosion. This experience lias bnen sharod by other
developing countries, whoro roads are a major source
of sol", nroslon (F.A.D. Soils Bulletin 33). Thn
surface erosion from road cut banks triggers rills,
gullies or slides end also blocks ditches olong roads,

e"hrsc bIm"-e-d t"i1U"r" divert run-off causing erosion
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on rood surfaces and lower Till banko (Shang 1976).

The main causes of accelerated erosion following road

construction, which has been mainly observed In

forested areas (Megohen 1977) areil

- Removal of protective cover

- Destruction or impairment of natural soil
structure and fertility
Inc tood slopo gradient* created by construc-
tir.i of cut and fill slopes

- Decreased infiltration rates on parts of the
road itself

- Interception of subsurface flow by the road
cut slope

- Oscroosod shear strength. Increased shear
stress or both, on out and fill slopes
Concentration of generated and intercepted

water.

1.0. 4. The chiQf purpose of this paper Is to find
out the main causos of road-related erosion In Kenya,
look at tt possibility of preventing the same during
design nno construction. Control measures which

may be adopted for problem situations are also
suggested. It considers the possibility of high
level agency co-operation iIn reducing the menace

of road-related erosion.

1.1. Objectives
The objectives of this study ares

1) To produco a document on information about
the increasing problems associated with road

dr——*Hs



vl)

-N—-

To attempt and establish tho oauisi of tho
problems emanating from road drains

To create awareness on the magnitude of

the destructive nature of improperly
desit-ned road drains

To nci.e recommendations for controlling
roadside gullies where they have oocured

To find out the rolo of individuals and

local authorities in road maintenance to see
whore responsibility lies

To nuggoot methods of preventing the problems

associated with road drains.



2.0 rTa'tss ©hcthad

The f.1l-ulnr) method urs adopted in order to
meat the objectives listed in the previous section,

e) r. Durv. v wc.s corried nut In tun problem
ere3, cm In Hondurr, Murangn District end
the ether in Eldermn Ravine, Ooringn Oistrict.
Th survey involved mmmiroin.nt rf catchment
ntL , Rtimatinn of peek dischrrge, survey
rf ension fueturw and enlculntinn of thu
volume nf soil lost.

b) Oml interviews with the fermurs, government
officials, osnuclolly Ministry of Transport
end Communicotians personnel uoro corried out.

(0)) Gtner’l nbaervrtiono on nther problem srops

were nlsr mndc.

The materials used In the Btudy of thi9 project

ore:
)] Quicksot level
il) Quickset stand

ill) Surveying st iff

iv) Steel measuring tope
V) Dot planlmeter
Vi) Tepngrnohlcnl mnpn of thu respective otudy

nrv-s with scale nf 1:50,000
2.0.1. The eafcchnnnt 3ire for the reg under study
wns ostimptci ulth th- help nf the dot plnnlmetur using

thu topogmrhicrl mops. First, wrlking through thu



catchment was don9 to locate the boundaries of the
catchment or water divide. These boundaries were
then tranDforrod to the topographical mop. The
number of planimeter dots within the catchment were
counted. Planimeter dots are separated from one

another by 5 mm. On a scale of 1:50,000i1

1 unit on mar 50,000 units on the ground
5 mm on map (b x 50.000) mm on the ground
(5x5)mm2 on map (250,000 x 250,000)mm2 on the
ground
25 mm2 on map 62500 m2 on the ground
6.25 ha. on the ground ....(1)

Therefore one plonimoter dot reprossnts 6.25 ha. on

the ground.

3
2.0.2. The amount of discharge (Om /o) was estimated

using the rational Formula:

Kin

« 3 Sen @an
whore Design jmaK discharge m3/s
\ - Runoff coefficient. It“is a

function of infiltration rate,
surfccfc cover, surface
retention and intensity of
rninfall. The volue of K is
usually considered dealing
with a saturated top soil at
beginning of rainfall. It is
the fraction of rain that
becomes runoff.



I - Rainfall Intensity for the
design recurrence Interval
and for a duration equal to
the time of concentration In

mm. per hour.

a | Catchment area In ha.
Source! Erosion on agricultural lands, Voatberg, K. S.

1970, (Symbols K, 1. and a adopted by author).
The appropriate rainfall Intensity (1) iIn mm. per
hour to the area was estimated using appropriate
Rainfall Intunsity-Duration-Froquoncy curves for
Muranga Water Supply Reservoir and Nekuru Airfield (See
Figures 16.0 17,0). To enable use of these curves,
the gathering time CT”) was calculated using Draneby-

Williams fo-nuia shown below:

Gin

wherei T - Time rnuulred in hours for
water to flow from the most
remote point of the catchment
area, to the outlet, once the
soil has become saturated and
minor depressions are Tilled.
IT rainfall duration Is oqual
to this time of gathering. It
is assumed peak flow 1is

max imum.

L - Longest dlstanoe from outlet
in km.

0 u Diameter of a circle equal 1in
area to the catchment size In
km.

M - Actual catohment size iIn km2

F - Average Toil of main watercourse

in m per m

Appropriate runoff coefficients (K) were obtained using

Table SO.
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2.0.3. The level of the peak discharge In the road
drains (culverts) was estimated from oral Interview
and deposltod debris. The oross-sectional area of
flow wo8 computed and this In turn was used to
establish the wo-.ar velocities (n/s) obtained at the

drains, using the continuity formula!

0 - A 7= v
3
wherei 0 - dlachirEO (m /s)
vV - velocity (nW/s)
2
a u cross-sectional area (mn )

These velocities were then compared with the recommended
maximum Flow velocities at the discharge channels,
depending on the floor lining of tho channels. The
difference between the calculated and the recommended
velocities, was considered to be causing the problem

of gullying.

2.0.4. Profile levelling of the erosional features
was dono and tho volume of soil lost, iIn cases where
eorth had dotatched and transported away
established A number of cross seotions wore taken
along tho gully and average, cross-sectional area
obtained by nrithmotical mean. The product of the
average cross-sectional area (m2) and the length (m)
gave the volume of aoil Ilost (m$)- Any cultural
feeturos destroyed or threatened to be destroyed by

the runoff were also documented



2.0.5. Ora . interviews with the farmer*. Government
official*, ecpooially Ministry of Tranoport and
Communications personnel, were carried out, in

add! lo.i co field obaorvatione.
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3.0. background information to study area

3.1. Location

The project area iIn Muranga llea at 36°59°
Eaat and 0°54* South, 3 km. frcm Kandara townehip
after croaalng Thlko River along class E rood. On
way to Kianjiru School. It la situated within
Kihumbuini Location.

In Oaringo Olstrict, It lies at 35°51 " Eaat
and 0°0". 40 km. from Nakuru town along the Nakuru-
Eldama-Ravine Class C road. It la situated within

Lembua Location.

3.2. Geology

Tertiory basic igneous rocks with querti-
feldspur gnoissos underly the soils iIn Kandara.

In Idon/i-Ravine, tertiary or older basic
igneous rockt with undlfforentinted basement system

lie beneath he soils.

3.3. Hydrology

Tho Kandara area 1* drained by the Ttoe and
Gathworlga rivers while Eldema-Ravine 1is drained
mainly by the Esegeri river and a number of ephemerol

streams.

3.4. Climate

Kandara aroa rocoives bimodol roinfall with
long rains folding between March-May and short rains
during October-0Oecember. Exception lies with the

tea zom whose long rains” poriod is followed by
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-Gethano™ rains from July-Oecomber. An average of
1500 mm of rain are in receipt annually, which le
considered adequate for most crops (See Table 3.0).

A monomodal rainfoll 1is received in Eldama-
Reviae with most of the rain falling in (laroh-flay.
The averoge annual rainfall rocelved is 720 mm. Thie
amount 1is considered inadequate for intensive ralnfed

farming (See Table 4.0).

UNivti' MY oi Nairobi
library

3.5. Soils
Kandora has generally well drained, deep,
dusky red tc dark reddish brown, friable clay,
with incluoione of well drained, moderately deep,
dark rod to dark reddish brown friable clay over rock.
Eldom* Ravine has well drained, shallow
to moderately deep, dark reddish brown te dark
rod, friablj cloy loam to cloy. In places it has a
humic top soil or gravelly over soft rock. These
soils are little weathered and structure has signi-

ficant amount of weatherable primary minerals.

3.6. Vcretatlon
Original vogetotion in non-existent in
Kandara, as tho land has been put under intensive
farming. Individual farmers have undertaken to
plant trees and fruit treos for timber and fuel,
apart from growing coffee, maize, boans and vegetables.
Some original vegetation of acacia species
can be seen scattered iIn Eldama -Ravine. Evan though,
the original gree&es and shrubs have all been removed

J ®— L _J



to allow growth of crops and regeneration of gross

for livestock.

3.7. Topography

In Kandera, the area around the project site
Is hnovily dl r cttd with a number of ridges separated
by volleys forming many stoop nlopos and crest lines.
The general gradient, measured from topographical
map, la above 20% (a drop of 20 a In every descent of
100 m). Thr altitude Is 1620 m with the hills rising
to 1700 m Bbov® sea level.

In tldaf.ia Ravine, the anell catchment for the
study, hso on ovwrago gradient of ~ibout 7% and the
rest of the area to the north has a general gradient

of 3%. The average slope for the area is 6%.

3.8. Ecological potential

The project site at Kandarc falls within the
transitional * i-coffee zone whlc has a good potential
for most cropc The land is nutritionally exhausted
due to intensive TfTarming. The average farm size is
0.4 - 0.0 ha.

The area in Eldnme-Ravine 1is somi-humid and
economical fTarming 13 only possible during the wet
months. Maize, bi-sne, fTIngor mill t. and sorghum
ere the commor crops. More valuable®™ crop production

Is possible wit* irrigation.
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4.0. LITERATURE REVIEW

Geological soil erosion has been going on
for centuries and ito impact haa not been big enough
to be reflected on national or regional economies.
Man®s widesr.r ad interference with the natural environ-
ment has cauH* accelerated soil erosion whose big
impact on the economics, 1In causing much concern. It
has lad to the destruction of productivo areas causing
a decline an1l a fall 1in civilisation in Mesopotamia,

China. Lebanon (Deasloy 1973), Just to mention a few.

4.1. Oaasloy (1973) notes that the problems associated
with water erosion ore onormous. The major ones boingi
1 Loss of soil which leads to reduction in

production potential and nutritive value of
Cropo.

2) Sedimentation which is iIn itself a major
source of pollution.

3 Loss of water resulting from reduced
infiltration rates and water holding capacity.
Pollution resulting from the chemicals,
fertilisers, etc. iIn the aodlment.

5) Poor public health due to inferior food in
terms of nutrition and direct intake of
pollutants.

Loss of human values. This results from reduced
family income hence a low standard of living,

oauelng the affected people to depend on society.
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4.2. Warburton (1968) had In espsriesntsl roadaida
erosion control demonstration In the shire of Cudgegong.
He observed that roadside erosion In 1t9 various forms
presents a serious problem In the construction and the
maintenance of roads and highways. Whan It occurs

as gullies alongside end encroaching on pavements or
endangering culverts and road drainage it becomes

an eyesore and a serious hazard to the travelling
motorists. The some views aro expressed by Good

and Nobnuer (1976) in their studies on orosion oontrol
Integrated with highway landscape i1n Now South Wales.
They noted that highway construction 1is capable of
rapidly disturbing the natural environment, especially

if planning Is not adequate.

4.3. In the pest, apart from a low density of

road network 1in any one area, roads were built to suit
the capabilltic. of the vohlclo using them and provide
for the needr of tho rood users, limited by the
machinery evailablo. This resulted in roads which
followed land forms that lonst intorferod with the
naturol environment. Good end Nebsuer (1976) have
observed that today, vehicle capability has increased,
road usor demands aro greater and construction machinery
has a higher capability. The result iIs much wider

and straighter road pavements which conform lass
closely to original landform. In obtaining such design,
the ratio of disturbed land to pavement width has
Increased. Reduction of road gradients demands

extensive area* of cut and fill batters.



4 4. In tho Road Design Manual Part 1 (Anon. 1979),
tho Ministry of Transport and Communications has
classified roads into A, B, C, D and E. The non-
claasified poode belong to another category of “other
roads' . All the classified roads have a road reserve,
which either remains os desirable or is reduced,
depending on economlo, Tfinancial or environmental
rooeons. The functions of such road reserves* ares
1) To accommodate  future road connections or changes
in alignment, road width or Junction layout
for existing roads.
2) To enhance the safety, operation and appearance

of the roads (Sua Table 1,0)

Functional Road reserve width (m)
class _
Dosirablo Reduced
A BO 40
B 60 40
C 40 40
D 25 25
E 20 20

Table 1.0. Rond reserves applicablo to the difforent
road claasuo.

4*5_ Hudson (1976) while carrying out some studies

on Inoreasos in flood run-off, he found out that major

roads, increased tho catchment area. Major road

construction changes tho natural drainage patterns

end the natural catchments. Several water courses

belonging to sovnrol catchments may bo closed, divert



runoff along a road drain nnd add it to one water course,
passing the increased flow through a culvert. This Iis
more often dont by construction firms, 1In an attempt to
reduce expcns™ii cn having tc install many cross
culverts. (See Fig. 1). All natural watercourses ore
at the state of netastable equilibrium (Hudson 1976).
This moans that tho sire, roughnoea. gradient and shape
of channel ar<- suitable for the flow volume it has to
carry. A change in flow volume, is an external force
that will foror he channel to return to Its equilibrium

by widening, 'c nnning, increase in gradiont of the

floor, thus resulting Into gully erosion. %

4.6. Bennett (1939) In his studies on noil conservation
found out that concentrated runoff from roads

discharged over farmland caused huge gullies. Such gullies
often cut bock and destroyed tho roadB thomnolves. Under
such situations he suggested that the farmer and the
highway malntunanco agency may develop a Joint outlet

water course that serve* tho purpose of disposing off
runoff from both terraces and the highway. In Kandare
Division, one of the project areas, this had not been

done ond a hugn gully ha* been confined along the berm

and road reserve.

Leslie (1982), while carrying out a survey of
agriculture ond land use in rtachakos District, observed
that the highest order roads appeared to be responsible
for a disproportionate amount of gullying. This means

that tho wide- and moro compacted a road surface is.
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Illustration of increased catcfront area.
In (@) a natural watercourse has been
closed and runoff diverted to the pipe

cross culvert at (ii).
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tho moro its pr.nnncn will increase the local runoff.

Increased runoff increases thG discharge in a drainage

channel making it more capable of eroding the channel

Into a gully.

4.0. Ayres carried out some studies on soil
erosion and i1ts oontrol. He found out that among the
factors which effect the rate of erosion were the high-
way embankments railway embankments and culverts.
These divert w-tor from tho noturol "rninago into often
poorly installed “Ulverts at unno ;rrl pointo. Almost
the same views re expressed by Oamba (1901) when he
found out Hint partly, oxcesslve concentrations of
runoff from ur -rontrolled road drainage into badly

designed waterways caused gullies.

4.9. Whilo conccntroted runoff from the roads has

been found destructive, it can he put iInto some economical
use In tho arid and semi-arid regions of Kenya. Trials
carried out by 3oringo Semi-Arid Area Project (1901)
confirm that water harvesting techniques could be
beneficial iIn terms of crop production, even iIn a

season with above overage rainfall. Runoff from tho

road is collected iIn channels and led onto contour ridges
where It is 1 sounded. Sorghum crop yields more than
doubled when planted on those ridguo. This technique

works best on farms adjacent to the rood.

4.10. Conatontlnoaco (1976),while carrying out studies
on soil conservation for developing countrioa. concluded

that the best and economical policy is to prevent gully



eln-

formation since cost of reclaiming large gullies may

exceed the returns thereof. Mechanical protection works

(Hudson 1976) when properly designed to control

gully erosion must be supplemented with good agronomic

and cultural practices especially if catchmont is

farmland. When tun source of concentrated runoff is

farmland and th- road itself (most common), then

caution must ta- en to convey the flow safely into the

stream. Fost">- (*365) recommsndnd grossed waterways

designed with return period of ten years and if

permanent material 1is used, a return period of fifty

yeors 1is used In design. However. Thomas (1962) Ile

of the opinion that grassod waterways require a lot

of land if they have to discharge reasonable runoff,

thus becoming uneconomical in densely oettled areas. The

same View has h:.nn expressed by Greenland and Lai (1975).

The reasons they give are that

1) Grasse, waterways require more land that could
ba used to produce valuable crops.

2) Thuy slow down farm operations thus iIncreasing
their cost.

3 Cost of maintaTning them 1is high.

With ths reasons given above, underground outlets

ora boooming popular even though oxpenslve initially.

“Tiesa are conduits mado of clay, st-al. plastic, concrete,

aluminium, 1iron or any other material substantial enough

to withstand wei L of aorth cbovo it.
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All nourcoa seem to agrpe that road construction
Increases catcHnr>-it area for runoff and concentrates
the same runcf through cross culverts. While tha
material of the culverto and their size may have beon
constructed according to the civil engineering require-
ments, there seems to hove been little attention given
to tho waterways discharging such runoff beyond the
roed reserve. This is the cose moot commonly observed

on the Kenyan roads.



5.0. RESULTS OF TMF TNVFSTIGATION
5.1. Kandora
5.1.1. Ar”o n T watershed

The wot rrhed (catohmsnt) aroa wan made up of
two diffnronr | nd surfaces, hoth of which contributed
to the runot™ in:r the road drains. One was the road
pavement itself and thu other, the land surface beyond
the shoulders of the road. Though the former surface
was very small co pored to the lattor surface. Its
contribution towards runoff wan thought to be significant.
(See fig. 2.0(d) % (b)).

The watershed area was divided into 1 and 11
(See Fig. 2.0(a))- Aroa 1 was taken to bo responsible
for the initiation and development of 1he gully while
area | and 11 were both responsible for the enlargement
of the same gully. Thoir discharge points were a PiIP®
cross-culvert 3rd end of gully respectively.
Area |

This roo wan repraaanled by two (2) planlmetor

dots and each dot represents *1.25 a on the ground.

2 X 6.25 12.5 ha

0.125 kin (refer to equation (11

Area 1 and IT

Number of planimeter dots

Number of ho. on ground 6 x C.25
37.5 ha

0.375 km4
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Fig 2.0.(@)- Map of Kandam shewing the project Rite, road network,
centres and drainage system.

Scale: 1:50,000.

KEY:
0o Buildings

Hoad network and bridge

YN Rivers and streams

D Project site

Catchment area

001X301 Survey of Kenya Mongu Sheet 134/4
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Fig. 2.0.(b). Sketch map of the project site at Kandara, shewing
position of cross culverts, vrooden bridges and gully
ST Cross culvert in Fig. 11.0.
02 Cross culvert in Fig. 12.0.
f>2 3 s I'tooden bridge in Fig. 13.0,
m’\’ ’ Other wooden btidges

AN
Kihunbuini gully
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5.1.2. Longaat path of flow for runoff.(kmj
This wot datarminad for oach catchment by
walking, following the channels made by surface runoff.
Area had 0.75 Km

Area | and Il had 1.20 K.

5.1.3. Discharge level of oach cross-culvert
The result of oral interviews and obeervation
of tha debrin ware:
Area 1 cro89 culvert flows at full capacity
during peak discharge.
Area T and 11 gully and flows ot half (0.5)

capacity during peak discharge.

5.1.4. Gradient or everage fTall of the path of runoff

This was computed from the topographical maps

using the formuloi

V.- X u slope (W/n
0’7 pe (m/n)

where V.1 u vertical Intorval (m)
Hor. - horizontal distance (m)

Area | had a slope of 0.05

Area I and Il had a slope of 0.08

5,1.5, Time of concentration T8 (hours)

T i1s computed using the formula iIn equation
c

(ii1) (see 2.0.2).
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L u 0.75 km
0 e 04Km (from the
for area
n r2)
m - 0.125 km2
F n 0.05
m ,125)
Tc JFT

m 0.99 hours

From tho Intonsity-Duration-Frequency curve for riuranga,
using a 50-y" return period (profarablo for permanent
structures), the appropriate intensity Cl) ie 85 mm/hr.

The same formula wot applied for area 1 and II.

T - 1.30 hours
c
Intensity (1)- 56 mm/hr
In this situation a return period of 10 years was

used because the gully floor was not a permanent structure.

5.1.6. Estimate of discharge and velocity at outlet
of road drains
Tho pfFak runoff from onch catchment area was

estimated UFinp the rational formula (see equation (11 )).

Kla
°(n-/s) * "TOT

Area 1

Assumptions®™ It was estimated that 85% of rainfall on

the road pavement becomes runoff and that the pavement



contributeu 20% of the total runoff. Farmland contrl
butes 80% of te .el runoff and VJ* of tho rainfall

becomes runoff.

It e {tw * °-85) * Itto * °-, |

0.49 (the runoff ceeffient)

| [ 85 mm/Zhr

n - 12.5 ha
0.49 x 8 x 12.5
0 Y ——— 3To————-
- 1.45 ro"Va

Using continuity aquation (boo oquation (ivi):

0 - Va
£ but n - it r2 - (3.14)0-9¥)2 .
V (/<& a ) ) m
aincr diarwter of culvert is 0.9 m.
1.45 ©
0.675
- 2.28 m/3

The same fTormulae wore used to estimate the peak

discharge onJ velocity for Aroa r and IX. Tho assump-

tions mado in thfs situation were: the road cut slopes,

pavement end barm contributed 25% of total runoff and

65% of the rainfall became runoff Farmland contributed

75% of total runoff end 40% became runoff. Tho wolghtod

runoff coefficient was 0.51.

2.98
°(m3/a)

\% - 1.97 but a =« 1.5 m? since gully
(m/e)

out lot cross-sectional area
is 3.0 m2 and level of flow
at peak discharge 1is half
(0.51.
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5.1.7. Volume of soil lost (m")
The volume was aotlmated by computing the product
of the arithmetic m -an of th« area of the cross-sections
surveyed alon t cully and the length of the long

profile survey jc"-ned cut on tha seme gully

2
0.5m on the ground
(see Fig. 4.0)

1 cm cn the graph

Total cross sectional

area - 50.75 m2

Arithmetic mean m 50.75 r 10
a 5m2

Length of gully

surveyed - 565 m

Volume of soil loot (565 x 5 m3

2625 m3

5.2. Eldama-Ravine

5.2.1. Area of watershed

Runoff from the catchment was drained by two
cross culverts. Considering the shone of the oetohment.
it was assumed that 40% of the runoff was drained by
the Tirst doubl. pipe concrete cross culvert and 60%
by the second orrugated galvanised iron cross culvert

(See Fig. 5 .0.(b) end Fig. 6.0.(a)<(t))=

Number of planlmeter
dots 16

Number of ha. on ground e 16 x 6.2S
112.5 ha

1.125 km2



Fig. ~.ola). Map of Eldama Ravine shewing the project site, road networs,
centres and drainage system.

Scale< 1:50,000.

js™N oie. T
1
b IVEVRK \Y
ravtn3\ y (
m0”00"
15*701E NAKURI

0 0.5 1.0 Km.

Oo Buildings

Itoad netvrork and bridge

Rivers and ephemeral streams

Project site
%

/-V Catchment area
J

Source: Survey of Kenya, Unlning Sheet 104/4
tongai Sheet 118/2
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Fig. 5.0. (b). Sketch map of project site at Eldana Ravine shewing
position of cross culverts and beginning of lenbus

Gully.
KEY
01 - Double concrete cross culvert in
Fig. 8.0.(a).
02 - Single corrugated galvanized iron

cross culvert in Fig. 8.0.(b).



-32-

Fig. 5.0.(b) Sketch map of project site Eldano Ravine
g. -7 position of cross culverts and beginning of lerrfcus

Gully.

0°00*"



Vertical
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5.2.2. Longest path of flow for runoff (Km)
Determined as in 5.1.2.

Totol cotchmnnt had 2.1C km

5.2.3. Olachers- 1.vol of each cmou culvert
Determine”™ nn in 5.1.3.
The double Dice concrPt6é crcs3 culvert and
the corrugated m I vanised iron cross culvert,
flow at three quarters (75%) capacity during peak

discharge.

5.2.4_. Gradient or averago fall nf the path of runoff
(m/m)
Computed as iIn 5.1.4..

Total catchment had a slop* of 0.10.

5.2.5. Timgepf, concenpragion T, (hours)

Computed ea in 5.1.5. A return period of 50 years

was preferred br"_.auso the cross culverts were considered

to be permanent structuros.

TC - 1.90 hours

Intensity (1) = 40 mm/hr.. from fig. 17.0

5.2.6. Estimate of discharge and velocity at outlet

of roed drains

The pok discharge wa3 estimated using the
rational formula as in 5.1.6.
Assumptions! 100% of the rainfall on the tarmac pavement

becomes runoff and that the road contributes 10% of
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the total runoff. The remaining catchment contrlbutea

90% of the total runoff and 50% of the rolnfall becomes

runoff.

The wolghted runoff coefficient (k) (tto K 1,0j =

Ivra x °*5]

0.55

W0ﬁ3faj = G.55 Xx %0 X 112.5

- 6.075 m3/s.(a) 40% of total
discharge flowr i trough the doublo pipe concrete cross
culvert (refer to 5.2.1.). Tie d scharge at this
culvert! - (6.875 x0.4) m3/s

- 2.75 m3/s
The cross-sectional area of the double culverts discharging
at 75% capacity is given by:

o] - rr2 (2) (0.75)

- 3.14 (0.45)2.2.(0.75)

- 0.954 m*

Applying the continuity equation (refer to equation (iv))t
S

V (n/s) i a

2.75
error

- 2.88 m/s. (b) corrugated galvanised
iron cross culvert:
6.875 - 2.75
Q(m3/.) "
W 4,125 mJ/o

Cross-sectional area of this culvert, discharging at

75% capacity (refer to 5.2.3.1 1is given byi



a ° it r2 (0«75)

= 3.14 (0.55)7(0.75)

2
- 0.712 m

Using the continuity eouatlon:

of soil

Vinse)

(0]
a

» 4.125
TTTiT

> 5.79 m/s

Volume of BQIl lost (m3)

The procedure fTollowed to calculate the volume
lost Is the same as in 5.1.7. (re*er fTIR. 7.0.).

Total cross-sectional

area 111.5 m2
Arithmetic mean (111..5 i 5) nm2
« 22 m2

Length of gully surveyed m 300 m

Volume of soil lost e (300 x 22) nB3

6600 m°



Table 2.0.

Watershed
Site Area

ha)
1 ira | 12.S
I and 11 37.5
Eldama- 112.5
Revine

Summary of results

Concentration

Time

() hrs
C.99

1.30

1.90

-30-

Peak
Discharge

m3/s

1.45

2.98

Culvert 1
2.75

Culvert H
4.13

Culvert
Floor
material

concrete*

gully
end

concrete

galvanist.1

iron

Culvert
Outlet
structure

none

M.A.

gabion
matresa

energy

di99lpator

Water
Velocitios
attained
cws)

216

1.97

2.88

6.88

Soil
Lost
Cn3)

2625

6600



Fig. 8.0. (a).

(b).
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RCWD

ct/ / /-/m-/e_hEEEEHD "

0.9 m. double pipe concrete cross culvert, with gabion
at the outlet.

1.01 m. single corrugated galvanized iron cross culvert
with energy dissipating device and gabion at outlet.

Both contribute to gully formation further down (see
Fig. 9.0.).
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Fig. 9.0. Gully 1, resulting froma 0.9 m. dieter double
pipe concrete cross culvert, drops 3 m. before
joining with gully 2, resulting fromJJ
1.01 m. diameter corrugated galvanized iron cross
culvert. The two gullies, (3), contribute
towards the formation of a oorplex digitate jjlly
farther down. (Lembus, Eldna Ravine) (See Fig. 10.0)



Fig.

10.0.
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Digitate gully at Lentous, Eldama-Ravine.

It is 12 m. wide and 10 m. deep. The gully
forms a boundary between two adjacent farms.
However, the farms themselves are being
"eaten" by the gully. Reclamation costs
may be too high.



Fig.

1.0.

-43-

An active young gully resulting fran

0.9 m. pipe concrete cross culvert at
Klhurrbulni, Kandara. The dotted arrow
line indicates a position of a non-
functional pipe cross culvert that is
meant to collect flow along the left
side of the road into this cross culvert
that provides entry road to a village.
Hie gully which is threatening the village
buildings Is 2.0 m. deep, 2.4 m. top
width and 0.6 m. bottom width.



Fig.

12.0.
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‘I'* pipe cross culvert vtere the more than
half kilometer long gully at Klhumbuinl,
Kandara, starts. The gully is confined to
the road reserve even though the adjacent
farms' crops are in danger of being washed
away.



Fig.

13.0.

Cue among the five bridges (made of wood)
which have been constructed by the villagers,
to enable them connect the road. It is no
longer easy to walk across the gully.



6.0.

6.0.1 .

problem

8.1.1.

6.1.2.

D

-
-
o/

-
-
-
o/

DISCUSSION

The artificial causes of gullying in the two

situation# investigated may be eummariaed as:

Keindara

Poor installation of pipu crone culverts.
The u?vnrts Jid not hove energy dissipators
at the outlet.

Concentration of runoff from the catchment
into the pipe cross culverts.

Lock of scour checks and or drop structures
along the roadside drainago channel.
Prop~rly designod and con tructed waterway
to discharge runoff intc twa natural
drainage systom was lacking.

Lock of mitre drains

Cooperation among the road construction
agency, local leaders end farmers in order
to arrive at a lasting solution regarding

the disposal cf the runoff was lacking.

Eldnmo-Ravine

Concentration of runoff from the catchment
into the pipe cross culverts.

Lock of properly designed and constructed
waterway to discharge runoff into the natural
dreimps system.

Thorn are no scour chocks along the runoff

di6Poe».1 channel



6.0. 2. The design of the pipe cross culverts Is based
on peak runoff computed using a Ffive (5) minute
rainfall storm and two (2) year return period

(Anon. 1079) . “Mo results iIn undersize culverts.
Since those a-r r anent structures, a return period
of more than No years (tan yearo, preferably fTifty
years) should bo used to obtain an appropriate size
of culvert to discharge the peak volume of runoff.
The Transport Road Research Laboratory (TRRL) method
uses only approximate peak discharge of small
catchments (less 15 m“) thus leaving out large

catchments of natural drainage systems.

6.0. 3. The concentration of runoff iInto the pipe cross
cOlverts iIncreases the mass and velocity henco the
capacity and competency of tho flowing water. The
velocities attained at the discharge mouth of the
culverts (Tabl_ 2 -0.) both in Kandara and Eldama
Ravine, art ear* only for the floor lining material

of these culverts. The velocities are more then the
safe maxinum velocities, recommendud for the bare

soil discharge channels beyond tho road reserve area
(Tablo 6.0.). Unlaeo adequate prevention methods ore
employed durinp design and construction of roads,

these velocities are capable of causing scouring in the

disposal channels.

6.0. 1. Observations made elsewhere iIn Konya have shown
that ofton runoff is carrlod iIn road side ditches, for

long distances due to lack of suitable natural drainage



ST

channel Into which to discharge it. Scour check and
gabion dams, which are used to prevent scouring. In
such casos a*o inadequately planned. The crest of the
mid-spillway i1f each successful check dam does not
correspond to the lowest point o" the prsceeding check
dam. This leave* come erodibl-" bod which will not be
filled by ncdler-nt deposition. Scour check dams should

be closely rpac d. adequate spillway provided in the

middle end on erosion resistant apron on down«slope side.

6.0. 5. In some densely populated areas like Kandara.

the value of land is so high that farmers are not willing
to have artificial waterways constructed through thalr
small farms. The Kihumbuini gully is confined to the
road reserve though the gully is widening and threatening
boundary fenoes and farmo. This resulted from the
farmers blocking the mitre drains and returning the

wator to flow along the road ruoorvo. IT drainage
problem woi Id v- buen thouRnt out oerlior. properly
designed Cirpoi“!“ channels woul iave been Included in
the road obstruction, would nave involved the farmer

and a noil ru- rvatlon engineer.

6.0. 6. Tho nunb" r of aauses of gullying in the two
problem situations are not the nano. Tho gully in
Kandara 1is aat)dated iiith class P road and runs along
the road while the one in Eldama avlne is associated
with class C road, with tarmac pavomont and runs

perpendicular to the road. In both situations there was
a clear failure to design and construct a proper water
disposal channel for the concentrated flow, into the
natural drainage system.
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7.0. RECOMMENDAT IONS

7.1. Control

7.1.1. Tho aide ilooab of the gully if too steep

(greater thea ST3! should be battered and gentle slopes,
which can be .Ichod and grass seeded obtained. The
gentle slope encourages volunteer species, then

perenniol grasses like Kikuyu grass [Pennisotum clando-
etinum) can bo planted. This is followed by an appropriate
series of scour chock dams in the side ditches. Depending
on the sevority of the erosion, and the class of the

road, the dams can be temporary or permanent, so long

as they can hold back sediment.

7.1.2. Wherever possible, the gully should be lined
with proporly placed riprap. This will prevent the floor
from scouring tnd should continue into the natural

stream.

7.1.3. In some oases, it may be necessary to line the
gully floor with hard core to provont further gully
floor arosion. It is more expensive but will definitely

control the. gully floor erosion.

7.1.4. Under special circumstances. whoro cost 1is not
prohibitive and on major roads, construction of an
underground conouit should be done. In this case,
special energy dissipating duvlces should be built

at the outlot to ecxxivodetfi® tho hiKh wator proi»urOi
developed. This is expensive but may form a small

percentage of the cost of constructing high class roads.
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Such drainage device should bo Included In the tender
document.
7.7, Prpvrntion
Gullv i evention In the design and construction
of roads la thn bast and most economical policy since
the cost of ro=.lo"mlng lorge gullies, once formed, may

exceed the ret"irns.

7.2.1. Whore ooosiblo. all roada should be designed
to follow crest lines of the natural terrain. This will
reduce the flow in tho olde drains since there will

be no higher land draining into them.

7.2.2. All cut slopos, should be provided with a
diversion ditch Ccutoff drain) to divert flow iInto
suitable culvp*-t thus, avoiding the steep erodlble

slopes (See fig. 15.0.).

7.2.3. The fTill glopea should inevitably be seeded or

planted with suitable grasses.

7.2.4. Drop Iniof-9 and hBad spillways on the trpter
end of cross culverts should be provided. This will
prevont gully formation on side dltchos and adjacent
agricultural land. Drop outlet structures should be
provided at lower end of discharge to lower the flow

to a stable gradient.

7.2.5. The number of mitre drains should be iIncreased
so that tho volume being dlsoherged by a single mitre

drain is reduced . The momentum of such water flow



-51

will not be capable of detatchlng and transporting soil

particules.

7.2.6. Where 1t iIs absolutely necessary that catchment
area must be Increased by concentrating surface runoff
into one cross culvert, water spreading channels should

&e provided at the lower end of the culvert. These will
share the discharge through the culvert. The momentum

and erosive velocities which are destructive will be
reduced. The system may be applicable to places

where economics of land allow (See Fig. 14). The spacing
of the channels will play a major role in achieving the

non-erosive momentum and water velocities.

7.2.7. The "Public Roadn and Roads of Access Act" should
be amonded to givn responsibility in whole or part fo
the local road construction authority over poorly
designed water Jispoool channels. This will enable the
authority to he Keen on water discharge channels before
such water reaches a natural stream or river. More
often, disposal channels from road drains do not follow

the original natural water courses.

7.2.8. In semi humid areas liko Idama-Ravine, surface
water runoff may be stored in properly designed surface
dams. Such water can be useful for livestock consumption
and even aomo limited irrigation for kitchen gardening,

after the rains havo stopped.

7.2.9. There is absolute neod to design road drains

based on anticipated velocities. Everything possible



14.0. Spreading channels
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should be done to reduoo concentration of runoff, design
road drains which will not scour either by meona of

drop structures or hard core lining if grass alone is

not adequate. Any good design must satisfy the continuity,

(equation (1v)1l and Manning’s (equation (V)1 equatlonai

2 1
V s8 R*S7
n
R - hydraulic radius m
S - bodslope of channel m/m
n u roughnoss cooffiont

7.2.10. Erosion problems should be reflected in the
planning and design of a road so that necessary measures
to conserve the soil 1is stipulated in the drawings

and instructions in the tender documentation. The
consultants charged with the tender documentation should
seek advice of a soil conservation onginaer, who must

be equipped with knowledge of agriculture.

7.2.11. A high Ilevel of cooperation Is assentlal during
planning and designing of a road f.f erosion problems
resulting from rood irolns are to bn reduced. The Ilocal
administration. Ministry nf Transport, and Communications,
Ministry of Agriculture, Ministry of Water Development.
Ministry of Livestock Development, Agricultural Engineering
Department of the Univorslty of Nairobi, Ministry of
Environment and Natural Resources and tho farmers have

a big rola to play In reducing tho problems.



0.0. CONCLUSIOr

6.0. 1. Adequate water droinage -fron the road pavement
is an integral part of an engineering design of a

good road. Water being drained from the road pavement
cauaoo some soil erosion at the outlets of the road
drains. Every effort should be made to control the

amount of orohlon.

6.0. 2. Further work could be carried out to give the
specificetioil a and ascertain the cost of implementing
iona of the control and prevention methods suggested

in specified oroblem areas.
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15.0. Cross section of a road

Construction width

toad width

Carriageway

Verge

Cut-off ditch

Berm

Back slope or slope of cutting
Side ditch

Shoulder

Shoulder

Side slope or slope of embankment
Berm

Side ditch

Original ground surface
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Duration, hrs.

Rainfall Intensity
Relationships for
Reservoir.

- Duration -
Murnnga Water

Frequency
Supply
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M 4 M
Duration,

Rainfall

1

hrs.

Intensity

Relationships for

S

» > S * 10

Duration

Frequency

Nakuru Airfield.



3.0.
Table 3.1.

Table 3.2.

Year

Month

OzZ0o0nWruL=r=T0w

Total

OCZoMWr>LL=Z>m TG

Total

Source: Divisional

Annual

Kerlara station

-60 -
Halnfall

1960 and 1981

RuchL "“atlon 1980 and 1981 (below)

Quantity frm)

150.05
10.00
06.50

171.50

382.50
75.00
10.00
65.00
50.80
91.25

530.86

144.78

1701.14

111.25
11.25
61.25

104.14

222.25
41.25
25.40
8fi.no
29.70

118.59

207.31
44 .45

1094.94

Days
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1981
Quantity (M)

40.64
25.80
251.10
426.50
383.50
33.80
29.40
38.10
13.10
137.70
74.90
129.70

1584 .24

15.24
16.51
265.43
232.40
382.80
49.53
62.23
53.24
21.59
207.01
138.43
137.16

1581.57

Extension Offlea Kandara
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Tafclo 4.1.

Toble 4.2.

Year

Month

OZ0OMWM>PULLIZIP>PEZITG

Total

oOozZonruu=Ezr=Ta

Total

Source!

Annual
ofF

£l1dama-Rsvine Olvislan

Kablmol

Ecageri Station 1980 and 1981 (below)

Quantity (m)

24.50
0.0C
40.30
127.00
173.50
51.40
C.00
54.70
74.00
3“.00
9C.50
0.00

C71.20

408.40

Rainfall

data for

Station 1980 and 1981
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g

Quantity (mm)

0.00
30.00
140.00
132.00
159.70
55.40
60.00
61.00
80.00
52.00
25.00
35.00

830.10

0.00
0.00
170.00
155.20
120.70
62.50
162.60
85.20
130.00
67.20
17.70
29.20

1001.10
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Table 5.0. Value. cf runoff cueffiftient IK) for uue In rational

formula

Type of catchment Large Small and steep
1. Rocky and I-npormeablo 0.3 1.0
2. Slightly p--ms iblu. bare 0.6 0.0
3. Slightly pcmc Dlc, partly

cultivated or covered with

vegetation 0.4 0.6
4. Cultivated absorbent soil 0.3 0.4
5. Sandy absorbent soli 0.2 0.3
6. Heavy fore3t 0.1 0.2
Sourco: Wator Oavrilopmunt Division. 1970
Table 6.0. Maximum oafo velocities in bare channels

Typo of floor material Velocity (Ws)
1. Vory light slit sand 0.30
2. Light loose sand 0.50
3. Coarse m4il 0.75
4. Sandy sell 0.75
5. Firm olny loam 1.00
6. Stiff cl’iy nr stiff gravelly soil 1.50
7. Conrst. yr-vcle 1.50
0. Shale h t@. 1, soft rock eto 1.00
9. Hnrd aarent;,d congromamta* 2.50
«10. Hard rock 3.00
11. Masonry 3.00
12, Concrete 3.00
Source: Hudson. . (76) Soli Consarvr.Mor.

= Roid Dcrlpn Manual, M.O.T.C. C1'\9)



a.0. Long profile survey of land surface of Kihumbuini

Gully, handara

Station Distance

™
1 00
2 15
3 30
4 45
5 60
6 75
7 100
8 115
9 130
10 145
1n 160
12 175
13 190
14 205
15 220
16 235
17 250
18 265
19 280
20 295
21 310
22 325
23 310
24 355
25 370
26 385
27 400
28 415
29 430
30 445
3 460
32 475
33 490
A 505
35 520
36 535
37 550
38 565
Check

5.S.
an

0.83

2.30

1.90

1.50

0.3Q

2.91
2.45
3.14

1.69

0.35

0.10

?2.,I;

39.2”
mo! .

- 67.07

Thg orithnetic ofack-

63

1.S.

2.80

3.44

4.05

3.42

3.75

2.34

4.35

?.1*
4.58

3.93

3)

F.S.
an

4.80
5.70
5,26
5.41
4.65
4.75
4.88
5.12
6.37

S.48

5.20
3.69

106.34

ECF.S.)

H.I. R.L. Remorks
am am
100.83 100.00 On B.n.
98.03
9B.33 96.03 T.P.1
94.89
94.53 92.63 T.P.2
90.48
DO.85 09.27 T.P.3
07.43
87.24 95.44 T.P4
01.69
83.09 82.59 T.P.5
80.75
01.25 78.34 T.P.6
78.92 76.37 T.P.7
76.94 73.80 T.P.8
72.47
71.52
72.25 70.57 T.P.9
68.58
67.12 66.77 T.P.10
64.84
63.47
61.35 61.25 T.P.11
60.50
58.44
56.89
58.73 54_.95 T.P.12
54.88 52.65 T.P.13
52.23 50.34 T.P.14
50.60 47.94 T.P.15
46.25
47.97 15.40 T.P.16
44 .56
43.39
*3.89 41.32 T.P.17
39.96
10.28 38.69 T.P.10
38.03 36.59 T.P.19
32.93
32.93
-100.00
- 67.07
Loot R.L. - First R.L
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Table 7.1. rosa-ooctlon survey of Klhunbuini Gully. Kar>dara

Inst. Staff Dlatance B.3. 1.S. F.S. H. 1. R.L. RomarKs
Stn. Stn. i ©) ml Q@ @) m
A ol 0.0 0.25 100.25 100.00 B.M.
a2 0.8 0.PO 99.56
a3 1.4 0.93 99.32
07} 1.7 0.85 99.40
aS 1.8 0.63 99.62
b bl p.a 0.48 100.48 100.00 B.M.
b2 "\90 2.58 97.90
b3 14 2.18 98.30
b4 2.0 1.90 98.50
b5 3.0 1.33 39.15
b6 3.5 0.23 100.25
c cl 0.00 0.60 100.60 100.00 B.M.
c2 0.5 1.15 99.45
c3 1.0 1.50 99.10
A 2.0 1.0S 99.55
CS 3.5 0.85 99.75
ch 4.5 0.80 99.80
c7 5.2 0.21 100.39
d di 0.0 0.15 100.15 100.00 B.M.
dz 0.8 1.35 98.80
d3 1.3 2.40 97.75
da 2.0 2.10 98.05
ds 2.5 1.75 98.40
dG 3.0 0.20 99.95
el 0.0 0.80 100.80 100.00 B.M.
0? 1.0 2.0C0 98.20
3 2.0 1.70 99.10
(0% 3.0 1.44 99.36
05 4.0 0.95 99.85
a6 4.5 0.70 100.10
1l 0.0 0.08 100.98 100.00 B.M.
2 1.0 3.08 97.90
3 2.0 3.18 97.80
T4 3.0 2.33 98.65
TS 4.0 1.90 99.00
16 S.0 1.53 99.45
7 6.0 1.10 99.88
K *1 0.0 0.22 100.22 100.00 B.M.
g 1.0 2.47 97.75
IS 2.0 1.62 98.60
3.0 0.02 99.40
[03) 4.0 0.30 99.92
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Tabl* 7.1. cont.

Inst. Staff Distonco B.S. T.S. F.S. H.Z. R.L. RamarKa
stn. stn. an) m @ @ ™ an)
h hi 0.00 0.31 100.31 100.00 B.rt.
h2 1.5 2.61 97.70
h3 3.0 2.63 97.68
M 4.5 1.83 98.46
hb 55 1.18 99.12
h6 6.5 0.27 100.04
1 11 0.00 0.39 100.39 100.00 8.M.
12 1.0 2.44 97.95
13 1.0 3.19 97.20
14 3.0 2.79 97.60
15 4.5 2.39 96.00
IB 6.0 0.21 100.18
n 0.0 1.72 101.22 100.00 B.n.
J2 1.0 2.87 96.35
I3 1.4 3.07 98.15
Ja 2.5 2.32 98.90
J5 3.0 1.87 99.35
3.7 100.22



Toble 0.0. Lony profile survey of lend surface. at Lembus Gully,

Eldama Ravine

Station Distance  *.S.

o) au
m n.ss
1 00
2 15
3 30
4 45
5 60 2.%7
6 75
7 90
0 105
9 120 194
10 135
11 150
12 165
13 100 1.59
14 195
15 210
16 225 2.08
17 240
18 255
19 270
20 285
21 300
2.0S
Check -28.38
-15.33

3.67
4.17

The arithmetic dxC".: 7 CB.S.1

F.S.
Q)

4.88

4.40

2.99

6.11

10.00

28.38

- £ (r.s.)

M.
an

100.95

96.54

96.10

94.70

90.67

R.L.
an

100.00
100.22
98.71
98.19
97.38
96.07
95.78
94.84
94 .37
94.14
93.87
93.64
93.23
93.11
89.30
89.01
80.59
88,11
86.78
83.77
81.77
80.67

00.67
-100.00
- 19.33

Remarks

On B.M.

T.P.1

T.P.2

T.P.3

T.P.4

taot R.,L. - First R.L.
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Tabla 8.1. Cross-section survey of lambus Gully, Eldams Ravins

Inst. Staff 3i*tnnco B.9. 1.S. P.S. H.L R.1. Remarks
Stn. St. an) an m @ m m
a ol 0.0 0.24 100.24 100.00 B.n.
e2 1.0 1.04 99.20
0? 2.0 1.24 99.00
4 4.0 0.89 99.35
ab 5.0 0.74 99.50
«F 6.0 0.13 100.11
b bl 0.0 0.17 100.17 100.00 B.N.
b2 1.0 1.43 96.74
b3 2.0 1.67 98.50
™ 4.0 1.05 99.12
b5 0.0 2.17 98.00
b6 7.0 2.17 98.00
b7 7.4 0.45 99.72
C d 0.00 1.62 101.62 100.00 B.n.
c2 0.5 2.42 99.20
o3 1.0 2.97 98.65
c4 2.5 2.32 99.30
c5 * 2.8 1.43 100.19
d di 0.0 0.79 100.79 100.00 B.N.
d2 1.0 1.99 98.00
d3 1.5 4.19 96.60
4 2.0 2.99 97.80
d5 2.5 1.69 99.10
dB n.c 0.68 100.21
0 al 0.0 0.81 100.31 100.00 B.N.
02 2.0 12.31 88.50
«3 r.o 12.31 88.00
4 6.0 B.B1 92.00
g5 11.0 5.01 95.00
sO 12.0 1.21 99.60

NS0



