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ABSTRACT

The primary objective of this research was to
devel op and eval uate an acceptable instrunment for
field neasurenment of infiltration.

Many situations arise in civil engineering,
irrigation and hydrol ogy where it is desirable to
evaluate infiltration of water into the soil under
either ponded or rainfall conditions. An exanple is
inthe prediction of the rate of surface runoff. During
a given stormrainfall intensities in excess of infil-
tration rates give rise to surface runoff. S nce a
| arge percentage of the rainfall infiltrates into
the soil, the accuracy with which the surface runoff
can be predicted is therefore dependent on the eval uation

of infiltration.

Infiltration is the novenent of water through the
soil surface and into the soil and is distinguished
from percol ation, which is the novenent of water through
the soil profile. It is the source of soil noisture
needed to sustain the growh of vegetation and of
the groundwater supplies of wells, springs, and streans.
Through infiltration the soil surface divides rainfall in-
to overland flow, and soil noisture and groundwat er.
Sone of the sources of water are: rain, dew, frost and

irrigation.



The maxinumrate at which water will enter the soil
in a given coalition is known as the infiltration capacity.

The infiltration rate is the rate at which water ent-
ers the soil during a rainstorm and it nust equal the
infiltration capacity, or the rainfall rata, whichever is
|l east. It has the dinensions of volunme per unit tinme
per unit of area. Infiltration rates nay be determ ned
experinental |y by nmeasuring the surface runoff from a
smal | test plot subject to either natural or sinulated
rainfall. The nost inportant itens influencing rate of
infiltration have to do with the physical characteristics
of the soil and the cover on the soil surface, but such
ot her factors such as soil noisture, rainfall intensity,
tenperature are al so invol ved.

A conprehensive review of literature regarding the
factors affecting infiltration and the nethods of
measurenent is included in this thesis.

Infiltrati on measurenments have been conducted by
different nethods in the past by observing runoff from
natural or artificial rainfall or by observing the rate
of fall of ponded water. The nost suitable nethod of
nmeasuring infiltration will depend upon the intended
application, the equi pnment, and other resources avail -
able. Since there is no single accepted nethod for

neasuring infiltrationrate, it is of particular



Interest therefore, to derive a standard net hod of
infiltration neasurenment in the "Local" Soil, However,
to find a sinple but reliable infiltration neasurenent
many exi sting nethods were examned and due to various
reasons stated under chapter Il of this thesis two

nmet hods were investigated and fromthe results obtained,
It was determned that the buffer cylinder infiltrometer
net hod was the nost reliable, and al so give the hi ghest

degree of accuracy.
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CHAPTER 1

Introduction

{-0-

The purposce of this study is to find a method of
infiltration mecasurcment in the Local Soil., Thercfore,
investigetion wos necdced to provide a simple but relia-
ble typc of infiltroncter and to usc this infiltrometer
to determine the infiltration, in the local =oils,

There are various ways by which water will penetrate
end move thfough g particular soil, VPhen woter is applied
to @ s0il in the form of rainfaoll or irrigation, the water
will move downwards due to the capillary zction, The
gravitational forces will cause an additional downward
movement of the scil water. Similarly, duc to cvaporation
from the soil surface as wll as weater uptake by plant roots
the so0il weter will move upward s well as in any other
direction, Temperature differenccs in the soil or salt
concentration will also causec the movenent of soil
water, However, for the purpose of thie study the
term 'Infiltration' will be linited to the vertical

downward novement of watcr inte the scil.



The realistic planning of watcr manepiement and
conservation activitics requires accurate information
regarding the ratc at which different soils will take
in water under different conditions, The rate of water
ecntry into the soil flouctuates widely between soil types,
and also wide differences can be found within a single
soil type, depending upon the soil moisturc level and
the water and soll manegement practices cmployed,

It will be shown from thec review of past literature
that most of the present methods of measuring infiltration
in the soils are too difficult ~nd slow to carry out, and
often ineccurate, But one thing is certain, and that is,
that it is from an underctanding of water movement that
we can learn how to solve such problems as how to supply
crops with adequatc water and nutrients,

Finally, watcr itself is oan importent pert of plants,
forming approxinately 85% of the fresh weight of growing
plents, Thus water is not only a plant constituent, but
is also a carricr for mineral nmutrients, and prses en-
tering the plant, It is essential thercforc, that the

optimum rete of supplying water to the plante should be



determined which is governed in turn by the infiltration
rate. Thereforc, rescerch studies are nceded to provide

o practical nethod of infiltration messurcement in the soil;
Hence the primary objective of this research is to develop
and cvaluate an accepteble intrument for ficld measurement
of infiltretion.

The areaeg choosen for the experimental programme
werc at the Ahmadu Belleo University, Zeria, znd the
Collepe of S8cience and Technology, Kaduna Polytechnice,
Kaduna,

S8amples of the soil from various dcpths were
examined in the So0il Mechanics Laboratory of the
Department of Civil Enginccring of the University.

Other tests such 28 soil structure, swelling, moisture
content and soil colour were undertaken at the same time
to obtain the soil conditions ncecessary for this study,
These arc shown under eppendix III. As a rcesult of these
studices and from 2 considerestion of the methods supggested
in the literature, it was decidcd thet the best method

to bc used was the buffiecred cylinder infiltronmcter.

The buffer compartnent ies to compensate for the

lateral subterrancen flow of water in the plot,



Further, it became apparent thot previous workers had
used cylinder infiltromecters with cxcessive wall thicknesses
snd from thc present cxperiments it would eppear that a wall
thickness of 0.0L2 inch ( 1/24") is sufficient to provide
a light yet robust instrument, Further, these infiltrometcers
can be manufacturcd very casily from ncetal sheets and,
thercfore, much cheaply than the solid cylinder infiltro-
netors, They are z2lso much lighter which is an important
consideretion in ficld work,

Elcven cxperimental sites were located for infil-
tration measurcment studies. At each of the cleven
gites, two c¢ylinder infiltromcters werc buried fiftecn
fect apart for mecasuremcnts., At onc particular site an
attenpt weas made to use 2 rainfall simulotor as o device
of infiltration mcasurement. However, due to intcrmittent
and somctimes proloncd power failurcs sand the difficultics
involved in obtaining water supplics for the cxperimental
plot, it wee impossible to carry out this experiments for
more than one site within this period before the experi-
ments were shifted to the ground of the College of Scicence
rnd Technology, Kadunn Polytechnic, Kaduns,, for further

studica between November, 1669 and Junc, 1970.



During the period under considcration at the
ground of the Polytechnic, soil samples werce collccted
and examined ot the £0il Mechanics Laborntory of the
Polytechnic, and a total number of sixty-uix experimento
(thirty-six buffered nnd nan-buffered cylinder
infiltrometiers, cighteen inflow and outflow infiltrom-
eters with the standard sprikler devices, nnd twelve
inflow and outflow infiltrometers with actual rainfall)
were carrled out. Detailc arc shown under Chapter ITI
of this study. o

In addition, n separate bounded plotting results
for cach of the experiments carricd out is mode
available by the author in the Department of Civil

Enginecring, Ahmadu Bello University, 2Zaria,



CHAPTER 1T

Genersl Consideraticn

Infiltration is & process in which wnter enters,
penctrates, or wets the scil, It is caused by rain,

irripation water, liguid waste disposal into the ground,
ground~water replenishnent or recherge, and by seepapge oOr
leakane lossces from reserveirs and ditches. It is of
great importance to the irripgetion enginecr, hydrologist,
¢ivil engineer and, to some extent, the public health

enrineer.

. In general the problem of characterising infiltrsition
is one of describing the movement of water in an unsaturated
s0il. Different types of socils will, however, rcact 4diff-
crently under infiltration measurement, AL

é In a dry soil, ontrapped aip.bubblos will change
their volume when water enters the soil, and as infil-
tration continues some air will be dissolved in the watep
and a snell proportion will be released, The rate of
absorption or relecase of this entrappcd air greatly

affects the rate of infiltration.

“ : During the infiltration process soil swellinp occurs

C.Z. heavy cloy soils on wetting end drying will chango

their velume, This will be a graduszl process.
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Finally, in N orthern Nigeria, due to the long period
of the dry season, the soll 1s heavy cracked and the rate of

infiltration when the rains bepgin can be very high, However,

this aspect of the problem 1s net conaidered in this thesis.
During the rainy scason when the soil is wetted and rewctted
by heavy rainfall, infiltration may cause leaching. The amount
of water which must be leached through the root zone to keep

a favourable salt balance is an important factor in irrigation
infiltration processes,

Historical Backrround on Woter Infilltration Studies -

Infiltration has received a great deal of attention in
the past and many research workers have investipated methods
of infiltration neasurenent with particular reference to
agricultural land. Bach of these methods has been developed
to mect a apecific need and is usuvally not widely adaptable.

4 revicw of literature on infiltration neasurement showed
that the carliest method was duc to R.E, Horton in 1933, He

used the transporting properties of the soll surface as they



werc affected by the impact enerrpy of falling rain -drops
and thus obtained factors fc and kft, which were also
dependent on rainfall intensity, for his equation - see
equation (7) under this thesis.

Horton stressed the importance of corrclating infil-
tration to rainfall runoff data and concluded that for
a given soil, the infiltraticn ratc varied between the
maximum value when the soil was dry end a ninimun value
aftor .wettin;; and packing. This was the first time that
the importance of the study of infiltration rates was
realised.

Lewis and Power (1938) enunerated a number of factors
affecting infiltration as (a) factors influepcing infiltr-
ation rate at a given tine and point i.e. texture, structure,
and organic matter., (b) factors influencing the averape
infiltration rate over a considerable area and period of
tine i.e. slope, vegetation, and surface rouchness.

About 1939, a study of the influencec of verctative

factors on infiltration rates was nade by Duley and Rusell.



In the sane year Browing discovered that certain soils would
change appreciably in volume when subjected to change in
moisture content and that the effect would be preater in
the surface than in the subsoil.

The effect of the entrapment and escapce of air was
studied by Free and Palmer (1940).

In 1941, Moorec studied the effect of temperature
on infiltration in scils. He found that as temperature
inereased between 5%mnd 30°C,, there was a corresponding
increase in infiltration rate. There was a rapid increase
in infiltration rate from 30°C to 35°C., after which a
rapid decreasc occured,

The influence of products of nicrobial activity on soil
structure and infiltration was investigoted in 1942 by
Mc Calla, who determined that the addition of nicrobial
deconposition products of plant residues resulted in o narked
increase in the water stability of the soil structure which
increased the infiltration rate of these soils.

All these researchers used cylinder infiltrometers
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except Duley 2nd Domingo (1943) who used o sprinkling
infiltrometer device to determine the effect of decom-
position products and microorgenisme on the rate cf
in“iltration of a layer of soil. They observed that
microbial by-products would increase infiltration in
the soil,

Around the same time Bodman and Coleman made their
experiments on infiltration using metal cylinders which
they filled with dry soil. They obtained distribution curves
for different zones - see figure number 1,

Zone 1 - this is the saturated zone in which the curve
is formed at the initiesl stages of the infiltra-
tion process and the depth does not increase as
infiltration progresses.

Zone 2 - this zZone is characterised by a sharp
decrease in the moisture content with depth.

Zone 3 - this is the zone in which the moisture
content remeins constant with depth.

Zone 4 - this is the zone in which the moisture

content decreases rapidly with depth.



SATURATION

flé.4.
BORDMAN AND COLEMAN DISTRIBUTION CURVES.

where @ - the moishure content of fle hunsmission Bone
z - e distence £ fe welling
1- e tine ?m
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Zone 5 - this is the zZone in which the change from wet
s0il to dry soil tekes place over a very short
distance. However, it miet be remembered that
these results were obtained for thorouphly
disturbed soils,

In 1245, Phillsbury and Appleman studied the effect

~of orpganic matter on the surface soil infiltration,

A gtudy of the influence of earth worms on infiltration
was made by Hopp and Slater (1948). They discovered that
earthworms will increase infiltration.

Tt was in 1952 that Richards defined infiltrotion of a
80il as the meximum rate at which 2 soil, in a given cond-
ition, at a pgiven time, will absorb water impounded on the
surface at a shallow depth when an adeguate border is made,

Pillsbury and Richards {1954) investigated the effect
of the addition of different amounts of ammonium sulphate
end organic matter on the infiltration of a soil, They
discovered that when a moderate application of ammonium sul-
phate was made, it resulted in g sipnificantly highcr infil tpe
ation rates,

Conclusion.

In conclusion, there are many factors affecting

infiltration of a soil which may either increanse or
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deerease the rete of infiltration e.g. chemical leaching
and deposition, air pockets, the weather, the activities
of man, plants, animals, insects, and microorganisms.

It is therefore, in our present stde of knowledge, not
possible to predict infiltration rate from ordinary

s0il mechanics analysis and therefore it is essential
that ptactical measurements are made in each area to

determine infiltration capacity and rate.

2.2, Meesurements for ‘‘ater Infiltration.
(1) Historical Backpround.

The role of infiltration measurements for infiltr-
ation of water into the soils have long been recopnised
by research worker,

In 1928, Lewis and Neal studied the infiltration
of water into soils using o series of pelvanized iron
tanks 36 inches decp and between 3 - 20 inches in
dizmeter., The water tank was provided with an outlet
pPipe ond a set of geuges for obtaining the soil surface
elevation, No unifermity in the retc of infiltration
was obtained by this method, cven after wepeated epplica-

tions of wanter.
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The studics of infiltration characteristics of
forcset soils was made by Auten in 1933 using rings, 2
inches deep and 12 inches in diameter, buried in the
ground, He found thet water absorption was most rapid
a2t 1 inch depth and gradually deccrceaged with depth; but
this is not indicative of the full infiltration process
since as described on scetion 2.1 - there is a great
change in water content with depth, ectc,

Pecrse and Wooley (1936) inveatigated the effcet of
plant cover on infiltration using 1sq., ft. metel f rames
placed in the soil. They allowed water from a reservoir
to flow from the upper edge over the plot, collecting the
runoff nt the lower edge, and thereby noting the difference
between application and runoff which wos assumed to have
been absorbed as infiltration, It wns eventually evident
that the plot wes too small to evalunte accurate infiltro-
tion rates under thesc conditions,

Lewis (1937) performed experiments on infiltration
of water in the soil using metal cylinders pressed 4
inchce into the soil with a closcly packed soil around
the outside of the cylinder. A weirhed amount of water

was poured into the rings and the time it took to disappear
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was noted., He observed n definite relationship between
infiltraticn and meisture content of thce top foot of secil,

Nelson and Muckcnhein (1949 uscd 8 inch dinmeter
rings buried 2 inchcs into the ground with a 16 inches
diemeter buffer rings. They maintaincd a & inch content
head of water, and woater intcke was measured only in the
centre ring, the outer rine thus providing a buffer arca.

The effect cof lateral movement of wrnter infiltration
wes investigated by Marchall and Stirk (1950). Using both
buffered and unbuffered rings between 1 to 10ft., in diameter,
they discovered thoet the minimum infiltration of a2 given
s0il will dccrensc with the increcasing size of plot, and
that buffered plote pave more consistent results.,

Tisdall (1951) uscd 12 inches dicmcter ring
infiltrometers to investipgnte soil moisture ss it affects
infiltration, He found that the lower the initisl soil
moisture, the higher the infiltratiocn, and thnat the longer
the time of woter application, the less would be the
change in soil moisturec,

Recently Wilkinson and Kowal ¥(1968) carried out
field measurements on infiltration ratcs. Their results

indicated that the infiltration rate wvaries from 0.12 to
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1.5 inches per hour undcr similn~r conditions, The
cxperiments performed on two different sites did not
provide cenoupgh dnta to Ping out the ugefullness of this
mcthod of a practical approach to the infiltration method
of mecasurcment, Only = limited ~rca wes investipgated,
8ce appendix I» Therefore, testa are needed ot several
creas nnd o continuntion of inriltrometcr nethod is

followed in this research.

® DR, Guy E. Wilkinson (Associnte Professor) and DR.
J. Kawal, (Head of Soil Science Loborctory), Institute of
Agricultural Research, Ahmadu Bello University, Samsru,

Zeria,
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(ii) Existing Mcthods of Messurements.,

Due to the grect number of factors effecting the
infiltration process, infiltration capacity (the maximum
rates, usually expressed in inches per hour, feet per 4Ady,
or cubic feet per second per acre, &t which infiltration

can occur at the land sufface) cannot be predicted with
much accuracy unless prediction are based on field
meesurements of infiltration under various conditicns.
Most of the methods being used for the determination of
infiltration are included in the following list of
methods:
(a) measurement of differcnces in soil moisture

(v) measurement of the rise in the weter table.



(e)

(a)

(e)

(1)

()
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e

measurement of the surface inflow and outflow
for n catchment area and noting the infiltration
cepacity from the differences between the two.
The weter cen be cpplied artificiclly or nntu-
rally from nctunl reoinfall,

the appliceticn of sprinkling devices or

ponded weter to en experimentzl plot in

measured quontities nnd noting the inflow and ocutflow,
end therceby computing the roate of infiltration.
A special form of this is the simple buffer
cylinder infiltromcter,

the plncement of 2 catch-besin called a
lysimeter undcr # laboratory semple or ot

somg depth below the land surface to measurc

the infiltrating water a2t that point,

the use of o fenernl solution of the infil-

tration equnrtions for an arca,

the usc of water-shed hydrogreph methods,
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(a) © Mesasurenent of Differences in Scil Meisture:

At the end of the 19th century the capillary tube method
of neasuring the risc of wrter wns introduce., In 1907,
Buckingham crpued thnt the flow of water through soil is
bagsically the same as the flow of elecetricity in a wirg,
and concluded that the driving force for wrnter flow in soils
is the difference in the attroctive forces between water
and soil 2t voarious points in the soil,

QOther people comnected with this work nre:- Gardncr and
Richards (1920); Gardner ~nd Widstoe (1921); Richards (1931)};
Bodman and Coleman {1943); Childs and Collis - George (1950);
Klute (1952); Taylor and Henser (1953); Miller and Miller
(1955, 1956); Philips (1955); Doy nnd Luthin (1956); Gardner
(1956); Bruce and 'Klute (19%6); Philip (1956); Grrdncr ~nd
drymach (1958), The effect of their investigations resulted
in the method o¢of messuring infiltration for the vertical
one~dimensional system, In gencrol, the method adopted
wag 1ln relation to water movement into s0il profiles.,

The most important thing in wnter flow in scoil is thet there

is a major difference between saturated and uncatursted- flow,:

Then a goil is saturated, grovity causes water movement,



(b)
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Water columns under the influcence of gravity push water
through the pore spoces in the soil, Here, the larger the
pore the faster the flow for a given size of moving force.
\then soils sre not completely wetted, althouph gravity
is alweys acting, the major forces rre due to adhesion and
cohesion, Under these circumstances the degree to which
columns ore filled with water is as important to flow
as is the moving force. The dircction of flow is determ=—
ined by the direction of the moving force - water moves
in all directions into dryer scil. Hence the limitation
on the usc of this mcthod for field measurement of
infiltration.

Mecasurement of the rise in the later Teble.

The effect of the water tcble is of great importance
in soil infiltration, A loose, permenble soil will have
a higher infiltration coapacity thoan a tight elay soil.
If much of the pore spare is filled with water, infiltration
cepacity is usually less than when the soil is relatively
dry. 1If the porec space of the surfoce soil is completely
filled with water, further dcwnward movement of moisture

is controlled by the subscil permeability. If the water



(e)
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table is low with uniform rcot zones containing the
ordinory initial amount of soil water, the distance to
the water toble may mean only a small change in the initial
infiltrotion rate, and the effect of the surface layer will
be to control the infiltration capacity.

In 1957 Youngs compared the moisture prefiles for
constant water infiltration into columns draining to
a water teble with thosc predicted by equation used by
Philip in 1955, He found that his theorctical and
experimental profiles agrced to a moderate degree.

From the above, thc distonce to the water table
is of little or no consequence, but an inerease in
pondcd depth mey materially increase both initial and
ultimate infiltration rotes; hence the method cannct
be widely adopted for ficld infiltration measurcncnts,

Measurement of thc surfaces inflow end outflow for a

catchment zores o~nd noting the infiltrntion capocity

from the differences betwcen the two using sprinkler.
The water infiltration of the soil moy be determined

through measurements of the flow into ~2nd out of a level

area under considerstion, If the intake rate is uniform
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throuph the catchment areca, the absorption of water

by the eg0il will bec uniform for equal pericds of time,
The emount of woter flowins into and out of the arcea
must be properly recorded nnd controlled., Vhen direct
measurcments sre not fecsible, intake eylinders can be
used with success.

The following are the rescarch workers who have been
engeroed on this topie: Laws nnd Parson (1943), Mayer
(1958), and Bertrend and Porr (1961), alternctively, it
is surrested that a ponding nrea sen be constructed in
the field and actuecl mcasurcment made of the runoff which
will be subtracted from the rainfall to provide infiltra-
tion. However, this methed is very difficult to control
and also 1t is dAifficult to mekc measurement in the open
in the rain, due to the discomfort of the situation,

In most of the studies, commereciazl spray nozzles were
tested for rainfall drop size, drop distribution, and
kinetic energy at various combinations of pressure and
heipght. One of the major problems is to cdepim a sprinkler
which may provide similar characteristics to those of

naturel rainfesll,



i Sprinklers have been found to provide reasonable
H'résults in producing infiltraticon, .They still have to
be developed further for different types of scils and
gsurfece roughness, cte,, if they are to be accepitcd as

a standard item of cquipment in this method of measurcment.

(a)

' The applicstion of sprinkling devices or ponded woter to

an_experimental plot in measured guantities and noting the

inflow and outflow, ond thereby computing the rate of
infiltration.

_% ' (i) Applying sprinkling device.

% ~ 8imulated rainfall or wnter applied in a form similar

to natural prainfall, hag become an effective means of

applying water in the investigations of wnter infiltration

measurement. ) | |  $.
Sprinkling devices are penerally used to simulate

rainfall and have been studied and used in the past.

Some of the early methods were quite primitive, and many

rainfall simulctors failed to produce neotural rainfall-type

storms,

j In 1930, Lodermilk investigated the influence of

forecst litter on runoff, percolation, ete.,, using
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artificial rainfall from nozzlcs that sprayed upwerd

and allowed the rain to fall upon the experimental plot.
Further studies werc conducted by different pecple

at different times. Among them were Duley and Hays

(1932); Diseker and Yoder (1936); Nesl (1938); '"oodruff

et al. (1938); Sharp and Heltan (1940); and Duley and

Domingo (1943). In most of their cxperiments, it was

discovered that direct rainfall energy relationships

would be practically impossible to calculate., The drip

tower and drip screen minfall applications were later used

for infiltration measurements by Tllison and Pomersne . (1944);

Ellison and Slater (1945); and Elliscon (1947). The mecthod

adopted was to use a tenk with holes drilled at about 4 inch

centres, Water was supplied tc the drip tower. A screen of

1 inch mesh chicken wire was placed directly below the tank

and cheese cloth was spread loosely over the wire so that

it would be pressed into the opening. A short piece of

yarn was hung from each pocket to form weter drops of

uniform diameters.
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Different yorn sizes were used to obtain vapious uniform
drop sizcs. .They fﬁund that natural rainfall charscter-
istics were not well simulated.

A good portable rainfall simulator was developed
reecently st Purdue Univefsity (U.S;A¢) to produce artifie
cial storms of approximately the kinectic energy of high
intensity natural rainfall, _The simulato: is used_to
coﬁﬁaré:the soll lose, water loss, and infiltration fates
of treatments on standard size reatangulaf runoff plots,
this fo utetct;y a laboratory nothod and would ¢ake time
to inétall.

Advantages of Simulated Rainfall

Control - Plots and equipment can be inspected ond
where nececsseary ecorreeted prior to and during operation,
in ecntrast t¢ natural rainfall studies ﬁhen reinfall time
and pericd cannot be predieted,

N .ﬁéfious measurenents and ~bservaticns which a;e
difficult ~r impresible during natursl rainstorms may be

readily obtained during simuleted storms,



éimulated reinfall may be applicd at selecfed intensities
for selected durations, and at sclected treatmont conditicns,
Such c¢ontrrl is much greater thon with netural reinfell.,
Adaptability - Simulated rainfall is resdily adaptable
to 1aborétorf fésearch. Such studies will present the
pessiblility frr major advances in thg understanding of basic
processes,

Character'ilstics cf Natural and Artificinsl Rain Drops.

: The effects of drop size cn infiltraticn were evaluated

.ﬁy Lawé (19&1) and Levine (1952). The results were determined
in termé Qf épparent drop diameter., The apparent déeﬁwdiémeter
wgs a funct;on of phe cetual drop diameter, the angle of impact,
asd the velocity of the drcp o Hence no simipe relationship
exists between apparent diameter and actual drrp diaﬁéfér.
A}though the applicability of the.results is limiped, they
afeﬂétill useful iﬁ comparing the effécts of the varicus

operating conditions, It was found thot drop diameters

decreased with increasing pressure and o
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some extent with decreasing nozzle diameter. It was

observed that increasing the drop size resulted in a
statistically significant decrease in infiltyration

cépacity for the soil tested, They concluded that the
decrease in infiltrsticn capacity that resulted was due

in part to a physical compactigh of the surface soil,

and in part to a sealing of the surface layer, These methods

are, however, not easily applied in the field.

7£: (ii) Ponded “nter Applied to an Experimental Plot

| Various types of ponded water, in the form of cylinder
infiltrometers, have becn used in the study of water
infiltfa;tién 6f‘ soils, Usually, metal rings or compariments
were driven into the soil to depths ranzing from a few
inches to more than a foot, sc that lateral flow of water
from the pings could be held to a minimum. The methods

of adding water to thesc cylinders included such principles
as constant heads, falling heads, and sprinkling application.
In the earlier studics only single rings were employed and
much of the date indicated 2 high depgree of varisbility,

probably due in part to the uncontrolled lateral movement

o

of water from the ring.



28

In later stgdios double-ring or nulti-ring devicgs were used
so thrt latersl or divergent flow could be minimiséd by means
- of & buffer ares surrounding the central compactment. The
gouble ring device system is usually accepted as & good
ﬁompromisé beiween thé requiremeﬁés of acéﬁracy and ease of.;.
ﬁse. They are gencerally refered to as buffer cylinder
;nfiltrometers which is the term adopted for this thesis.
Measuremenfs of water?infiltration in the centre wefe suppesed
t0 be indicative of the verticol component of flow.
_Some of.the_egrlier research works have been @gntioned

under chapter 2.2, of this thesis.

Limitations

Method of Placcment in the Soil - most of the metheds of

placement cause a certain depgree of disturbance of natural
structural conditions, and the resulting disturbances mani-
fested as shattering or compaction may cause o large variastion

in woter infiltration between applicated runs.

f The Interfrce between the so0il and the side of the metal
ring may cause unnatural scepagse plances which may result in
abnornelly hish wotcr LIfiltr: tion,

Variability of Dbit~ cnusced by ring plecendhs could be'overtone




29

by lca91ng the rings in ploce over an cxtended period, beore,

or during n @&ndes of megacurencnto, .

The Problem of Entrapped Air inside the soil column,
caused when a eonstant head of water is applied upon the
surface and the inabiYity of air to escape from the soil under
conditions of saturated flow usually creates an internal air
cushion which results in 2 impeded dowvnward flow movement,

Advantages

Buffers are used to abscrb or to reduce the effect of
lateral flow on infiltration, so that the oudflow from the
inner cylinder is a more accurate measure of the verticeal
infiltration capecity of the soil,

The equipment canb e developed rapidly. The procedure
in the field is simple. It can be accurately installed and
readings quickly made.

It can be used to determine the infiltration character-

istics of irrigated soils with 2 good accuracy.
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Thues practical applications are possible.
The records can be kept in a permanent form for future
use where necessary.

The placement of a catch~basin, called = Lysimeter,

under a laboratory sample or at the same depth below

the land surface to measure the Infiltrating Water at

that point.

This method is similar to the large ring devices; however,

larger areans are utilized., Plots usually range in area from
10 sq.ft. up to ¥ acre, and are provided with a border
arrangement so that water canbe applied to the basin,
providing an impounded condition. A given amount of water
is applied to the basin, and the water infiltration is
recorded,

Huberty and Pillsbury (1941) and Parker and Jenny
(1945) found that small basins have similer limitations in
the accurate evaluation of enter infiltration as found

with cylinder infiltrometer. The larger basing have this
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same limitation, and in addition they are nct practical
because of the large amounts of water needed for infiltration
measuremnents, and the required topography of the experimental
area,

(£) The use of a genersl solution of the Infiltration

equations for an area.

Since the infiltration process is a fact finding one,
practically all the existing egquations which attempt to
describe the infiltration process relate the water infiltra-
tion to some fractional power of time as indicated in chapter
w (b).

Many research workers have derived numerical techniques
for the solution of the poverning egquations for the rate of
infiltration.

Many review articles discussing the advances in modern
infiltration theory have been published by Swatzendruber
(1966), Gardener (1967) and Skaggs, Huggins, Monke and
Foster (1968). But the technigues for the solution of these

equations and the characterisation of infiltration are not yet
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Therefore, many years are necessary before adeguate data can
be obtained for accurate water infiltration measurement using
this mefhod.. And alse from the above, it.can be seen that the
method will be greatly influenced by changes in soils and

vegetaion, thus giving rise to many soil perameters which will

!
I

be wery difficult to obtain under field conditions.
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CHAPT IIT
Hele A _method of water infiltration meagurement

in the soil.

Various recearchers have developed methods and
equipment for the determination of reliable
infiltration ratcoc for different coll conditions.
Useful information has been obtained to correlate, in
particular, the effect of duration of water
applicntion to phycical changes in coil moicture
content. It ic the writer's intention, therefore, to
derive a oimple but reliable standard method of
infiltration rate mensurencnts, Hence after a
comprehenscive review of the different mcthods of
mensuring water infiltrntion in the soilso, it iso
congidered that a continuntion of Wilkinson's work
dhouid be followed and buffer cylinder infiltromcter
methods of measurement be ndopted for the project.
As a comparison, a rainfall gimulator was also
used on an experimentnl plot to determine

infiltration capacity.
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The main reason for choosing the buffer cylinder
infiltrometer was because of slight differences and difficult-
ies that might arise in the use of other methods, 8ome of
these difficulties have been listed under chapter 2.2.0(%1)
of this study.

Further, after considering its limitations and the great
advantapges which this method has over other existing ones, it
is conaidered that this method is the best.

This method may not give values which are close to
actual infiltration values as meagured under natural field
conditions, but consistent results can be obtained easily
end the results can be interpreted to provide the kind of
information that is required on infiltration,

It is suggested that a future programme of the study

should be devised to compare the results of buffer cylinder
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infiltrometers with actual infiltration rates, However, at

the moment it would not appear that any of the existing methods
which are available provide results which are reliable,
Therefore, for the moment, cylinder infiltrometer results

have to be accepted. It is also suggested that as a further
progremme the electricol methods of determining infiltration

rates at different scil depths should be investigated.

3.1 A, Experiments carried out at the fhmadu Bello University
Zaria.
(1) Location and extent of area of study

Lt the initial stage, the area of the study covers

approximately 550 acres of the total Ahmadu Bello University
property and it is situated approximately 5 miles from the
town of Zaria lying between the Federal Building Research -
Works Division and the extremity of the Zaria airfield, mile
L4, and the South Eastern boundary of the present Ahmadu

Bello University site, mile 6.
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To the South West the Kubani River forms a natural boundary,
while to the North East the area is demarcated by the main
Funtua ~ Zaria road. It is located approximetely at Latitude
11° 10' N and Longitude 7° LO'E and most of ite elevation lies
at about 2195 feet above mean sea level,

(i1} Physical environment

Climate - The average annual rainfall for Samaru in the
H péfiod 195461 ﬁas recorded nt the Institute for Agricultural
~ Researeh, fhmadu Bello University, Samaru, Zaria., as 43.63
inches, occuring mainly between the monthsof June and September;
bu£ usuélly variable wdth.a well marked dry season betwean.
November and March., Average humidities varied between 13.7%
in January to 90,6% in fugust. The maximum air temperatures
vafies from a mesn minimum of 57.7°F in Janmuary to a mesn
maximum of 97.50F in fpril. The annual mean maximum temper-—
ature for the period 1954 - 61 was recorded as 77.2°F,

Geology - The area under consideration is entirely

underlain by varizble granite gnheiss, outerops of which are
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apparent to the East and also in valley bottoms. Also
ocecuring along the rock are narrow banks of finer grained
material and veins of quertz, in some casef WP to 18 inches
thick,

Topography - The major portion of the area hes a gentle
slope running South Westwards from the Kaura Neamoda railway
line to the Kubeani river with the anpgle of slope increasing
rapidly as the river itself is eapproached, The secondary
slopees occur regularly throughout the area into the main
velley system which feeds the Kubani river.

(iii) Site Locations

Preliminary inspection was made by walking over the area
looking for signs of unusual surface disturbance and stones
that might damage the cylinders,

A rough sketch of the area was made and offset measurem-
ents were taken to locate the infiltration stations, as shown

in appendix IV,
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F (iv) Soil Charvacteristics of the area
: Vine deseribed the soil material 28 consisting of several

feet of.deposited silty sand overlying sedentary decomposed
rock {usually granitic gneiss), and illustrated the grbup by
referencé to a profile. This conslisted of 2 feet of preyich
iIbr.-'cm'.fn sandy loam overlying 3 feet of pale brownish yellow
sandy loam with a mixture o7 lLoamy material at 5% feet with =
little graﬁitic prit, slightly worn gquartz stones and occasion-
ally ironstone concretions marking the base of the transported
layer; lying above the scdentary disintegrated granité. The
goil types were described as Jamaa and Jama series; Yelwa series,
Funtua series, Yagun series, lIronpan soils and true alluvial
soils, | | |
(v)  Equipment.

Fguipment used for the experiments are: -

! (a) Cylinder Infiltrometers

Cylinder infiltrometers with ponded water will be used
in these experiments for mesasurements of water infiltration
and buffer - area would be provided so that lateral flow could

 be minimised during the operation,

Lol
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(1) Eoquipment used for cylirder infiltrometer experim-

ents
Metal - Cylindcrs. Melal cylinders were constructed of
smooth steel %49 minimize ckin friction. 4 sharpened cutting

edge was provided at the base of each cylinder. The cylinders

were made to the Tolloving dimensions:

Internal dismeter of cylinder 12 inches
Height of cyiinder 12 "
Plate talcltacsu : £ 1
Cplay cutting edge of cylinder ¥

Wateor and walep bucket. Water was obtained from the
stand pipes previousiy located around the project area.

AL bueket of 14 pintc cenacity was used to obtain water
for both the intoie eylinders and thélr buffered zones.

Dimingg device. A stop cleck and a table clock were
provided at the cite of the experinent as timing devices,

Driving platc and hammer, L metal plate and a 161bs.

sledge hammey werc uscd as tamping devices to drive the metal

cylinders into tie ground,
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Spirit level, A spirit level was provided as a levelling

device while tamping the intake cylinder into the ground,

Micrometer scrgw gauge. A micrometer screw gauge was

fixed to a metal plate and placed over each of the cylinders
to obtain the necessary readings for the intake data.

Installation of Cylindersg,

The exact location for each ecylinder was examined
carefully to see that there was no surface disturbance, a4t
each infiltration site, two metal cylinders were set in place
fifteen feet apart and they were pressed firmly ihto the seoil.
A driving plate was then placed on top of each cylinder. The
plate was then tampsed with the slcdrce heanner to drive .he
eylinder.inta the soil,

The spirit level was then used to plumd the cylinder top
as tamping contimued until the cylinder reached the desired
depth of 7 inches,

A puffer pond was then constructed by building up =a

6 inches dike around the cylinder,



Lo

After driving in the metal cylinder, a period of at
least two days was left before operation so that the effects
of soll disturbance were minimised,

(ii) 7Field methoddmeasurement

The following methods of operation were carried out:
The buffer pond was filled with water to a depth of
3 inches on each of phe. ¢ylinders, and the depth
was maintained throughout the observation ﬁeriod.
Burlap was placed inside the intake cylinder as a
puddling protection on the so0il.

The intoke cylinder was then filled with water to

a depth just touchlng the sharp-end-point of the
micrometer screw gauge previously set in place at
the top of each cylider,

The puddling protection device was then removed from
_each of the intake cylinders,

The measurement of the water surface elevation of

each of the cylinders was then noted.
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Subsequent micrometer psauge readings and the time
at which the observations were made were then recorded.
Also, -ndditional measurements at periodic intervals
were recorded as shown on Table Numbers 2 to 7 cylinder
infiltrometer test data from which the results obtained
in Table Number 2 were plotted as shown on graph sheet
Numbers ZLBUC 1(a) - 2(b). In order to solve equation
(5) under this study, the same data were replotted on
semi-logarithmic - scale sheet numbers ZABUS 1(ia) -
2(ib) as shown under chapter 4,0 (B) of this thesis.
The rest of the data sheets were listed in
table numbers 3 to 7 i.e. ZLBUS 3(a) - ZABUS 11(b)

and they were included in appendix Wt of this thesis.
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Table No, 2
inde rfi roncte (¥ y GLABUC 1("! - b .
Cvlinder Infiltroncter lt{;J ; } = 2(n) 1(1)

- v 1 ~ T
Plapscd ~ =
Ting F;; ? 0 apepr— t rj :) ol INTAKD
3 ey b g el niTAE + 3 53
31 (Tfinutcs). O o Eh | r) 3] *E-.—c Dcpth
b o [—Toines ||fud S 73 [ortnll EuBE  |a% |Tmo/me
@ - ‘, 1. ops _U m cl | . L, £ 1 S : -4 : ) B
ey rlsf e tetll 2 S 2 s, B | [F 2 &A]InedS 2
8.00 - - 5.86 - - - 86 i = .,
Y . M )
8.05 5 5 1.32 1
8.10 ) 10 0,84 1
8.20 10 20 .66 i
38,30 10 20 24
8.45 15 45 .15:5
9.00 15 0 .40
9,30 30 20 )
10.00 30 . 1.120 + 30
60 180 .35
&0 L2240 33
18] 300 222
60 360 .33

- - 5,86 | =~ - J15.86 - - -
5 5 574 ¢0.42710.12 t1,4405.72 10,14 0,14 11.68
L 10 1] 5.65 09 | .21 | 1.08115.50 | .13 | .27 | 1.56
10 20 5.50 |15 | .36 | 905,42 | 17 | .44 11,02
10 30 5.3 1.1 oo .90 1 5.27 15 t ;59 10,90
15 4 5.7 __ 1 18 | .69 | ,7205.10 t 17 | .76 | .68
15 60 4,08 J9 1 .88 1 76014.95 [ 17 1 .93 | .68
30 "—)0 : .73 .25 1 113 050_“_"1,16? 026____1,1 o‘g 052
20 1120 1} 4,49 1 .24 1,37 1 .48H4,42 1 .25 11,44 | .50
60 | 180 4,07 42 11.79 | 42 14,05 | .37 11.81 .37
2, 60 | 270 3,68 39 12,18 | .39 || 3.61 34 1245 | .34
1,00 | 60 ! 300 3,32 __ | 36 12,54 36 1 3,29 32 12,47 1 .32
. 60 | 360 2,96 36 12.90 | .35*2.97 .32 [2.79 ] .32
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(iii) Results of the experiments using cylinder infiltrome-

ters at the fAhmadn Bello University, Zaria

The results obtained from the curves under the
experimcnts using cylinder infiltrometers at the Lhmadu

Bello University, Zaria are as follows:-
Joble Yo. 7 (1),

Tabuletion of the reoults ucing eylinder infiltrometere

at thc Ahnadn Bello Univorcity, Zaria,

Initial Rate ‘. Firal Rale Lﬁ

Table No Particulars- - (fxg.) Ine hre. (AMg.) Ins/br
2 ZABUC 1{a) - 2(b) 1. 41 0.38
3 ZIBUC 3(a) - 1(Db) 2. 13 . 0.28
b Z/BUC 5(a) - 6(b) 1. 80 L 0.49
5 ZIBUC 7(a) - 8(b) 1. 74 t 0.18
6 ZIBUC g9(a) -10(b) 1. 70 0.23
7 L zrBuc M (a) ~11(D) 1, 62 BRI

| )

From the rbhove tab’2, 1t may be observed that all the
six infiltration rates are gimilar except in the case of
tables mumbers 2 and 3 where the highest average final
rate of Q.33 inch per hour and the highest average initial

rate of 2,13 inch per liour was recorded respectively.
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This discrepancy is due to the initial moisture content of
the soils because the experiments performed under these
two tables were conducted during the hot month of May as
against the rest of the experiments conducted in the months
of June and July when the rainy season wag just started.

(b) Sprinklers — Inflow and ocutflow infiltrometers.

A sprinkling device in the form of a bath-shower
sprayer will be used as a standard item of equipment to
simulate rainfall and to permit the inflow and outflow on an

experimental plet, and thereby computing the rate of infiltra-

tion,

(1) Selection of sprinklin; device

A bath-shower sprayer was selected after careful consideration
for its uniform drop distribution over the plot area, and its
rainfall intensity renge was similar to natural rainfall,

(ii) Design and construction of the infiltrometer

After the selection of the sprayer, the next part of the

research was to design and construct a suitable infiltrometer.
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The size of the iInfiltrometer was dictated by the opera-
tionél characteristics of the sprayer at a head of 6ft.
3”i£cﬁes. Therefors, a metal plot frame Llo% f40x 4" in
déﬁfhhﬁas designed-bearing in mind that it must be portable,
.practical, economical in construction, easily installed and
.for successive application on different sites,

The plot frame was egquipped with a flume disipgned for
measﬁring.the diacharge by mcasurin;t thc loss in hend csuaed
by forcing a stream of water through the throat of the flume.

Pesign of flume |

Affé; cgﬁéid;ration of the actual rainfall at the
Institute of Agriculture, Ahmadu Bello University, Zaris,
the following assumptions were made in order to design the
flﬁme;' S _

(a) 2 maximum rainfall intensity of 1 inch
per hour,
(b) a maximum infiltration of O.4 ineh per hour

at maximum runoff.
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Therefore, the maximum runoff will be
1.0 = 0.4 = 0,6 inch per hour,
Taking a metal plot area of 16 sq.ft., we can now find the
volume of water discharge per hour in cusecs as
0.6 x 16 = 0,0002 cusecs.
T2 3500
Using table 6,9% it is now possible to read the upper
head, Ha = 1%5 inch and this gives the minimum throat width
of 1 inch for a minimum discharge of 0.009 cusecs; this

head is considered quite adequate for this case.

Water ond water connection.

WWell weter was used for the experiment and the water
was pumped directly by a Beressford submersible pump fitted
to a 1% inch galvanised iron pipe., The pipe was reduced
and connected to the % inch near. the sprayey, at which
it was reduced and connected to the 3 inch end of the
sprayer, 4 1% inch end type flow meter was installed

for recording the inflow from the well into the frame plot,

'Trble 5,9~ Irrir tion rrineiplc uni Fyieticc oy
‘o Isrculson ona V, e ianoen refcro.
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The wholc operation wao controlled electrically by
a Sumo hand nuto starter, type AB 7&2/1E., H.P. 0.3,
ﬂ.mpﬂ. 2.2., CYCIC’ 50. » {‘.Ilfi VOlt- 250.

(iv) FPield mcthod of meagurement,

The metnl frame was dreiven fluch with the top of
the soll uvsing a tapper to a dcpth of 2 inches so thot
no lcakage oould occur during the run with the runoff
flume attached to the slotted front of the plot frame,

The ground which had been made level wn3 checked
to see that the area bhounded was perfectly level and
had no disturbance of any typc.

The sprayer wng centered over the metal frame
with the cpray from the sprayer directed on the plot
and the surrounding berder - aren., The drops of thisgs
unit are rnther large and f&ll a distance of about

6 ft. 3 ine.
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Evoporation wes considered negligible,

L. polythene tent was mounted in peosition to prqtect
the spreyer from wind and to reduce evaporation during the
flow measuremeﬁts.

Data obtained from the meagurments are recorded for
computation in the inflow and outflow infiltrometer deta
sheet -~ Table No 8 ZLBUS (1 - 6) and ére plotted as shown

in the preecding graph sheet,



Table Lo, 8: ZABUS(1 = 6)

I - Infiltration rate (in/hr,)
‘151' the intoke dischar~o,
g.~ the outflow discharsc.
i to- timc in minutes,

AvE.~ thoe averare time in minutes
In/hr ~ Inches per hour

Inflow and Outflow Infiltroneter data.
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- {1) 2) (2)
[LLAPSID TIME (4 kqis ‘
baare [ - o i 1
s q q Ins
V?d‘ é‘;to 16 ];L:L‘ff’.’. In;/ L © i.[lr?]?lsfl qi 9, / hr.’; ql qO
Time MinutedSq.ft, R | h'ﬂ In‘:}ﬁ‘,{ 16;2;‘1 Ilﬁ‘zé’:/ Iﬂi 1 %%q . Iﬁ/ }1;8/
8,02 Start - - - - - - - - -
8.24 22 0 - "Ho.83)- - o831~ {1 - ln.aal -
8.27 25 3 14 ‘ ,r 10,03 10,8010 ,, 10,07 (0,76 j)ss .03
8.50 48 26 37 1] ,, ©0.19 }0.641 ,, j0.21 }o.62 |{,, L1
9.20 78 56 87 - ,0.28 0.5514 ., 10.30 [0.53 ]}, 7
10.04 118 96 | 107 ys 10,34 | G494 ,, 10.36 [0.47 1i,, .21
11,10 188 166 | 177 ,s §0.43 10.4C L ,, l0.42 [0.41 |I,, .32
12.%0 268 246 | 257 vy 10.43 (04010 ,, [0.45 {0.38 ({,, .34
14,10 358 336 347 ‘ vy 10,43 | 0.404] ,, 10.45 10.38 [}, .34
16.10 ATG 196 1467 0,8%10,4% 1 0.4040,8310,45 10.38 ji0,8% 0.3
N (1) (5) (6)
8.02 | Start | - - ” -] - - -1 - - -1 -} -
8.24 22 0 - 0.83F - - llo.83] - - [p.83] -~ -
8.27 25 3 14 ,, 0.0t }Jo.82]) ,, .05 }0.78 §] 3, .08]0.75
8,50 48 26 %7 ., l0.11 to.t2yl ,, .17 lo.66 |} ,, 10.19]0.64
9,20 78 56 67 ., 10.16 |o.67]l ,, f0.28 }0.55 ¢ ,, l0.28[0.55
10.04 | 118 g6 | 107 v, 10,22 lo0.6t1( ,, 10.35 lo.48 |} ,, 10.31]0.49
11.10 | 188 166 {177 ,y 10.28 [0.55} ,, 10.42 10.41 {i,, l0.4110.42
12.30 { 268 246 1 257 sy 10.30 10.531 ,, {0.43 {0.40 || ,, {0.43{0.30
14.10 | 358 336 | 347 ss 10.30 |0.53 ,, [0.43 [o.40 8l ,, [0.4310.40
16,10 | 178 456 ) 167 h0.83 0,30 }10.53(10,8310.43 10,40 ;)0.83]0.43 j0.40
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(v) Reoults of the experiments using sprinklers at the

Ahmadu Bello University, Zarin,
In viev of the limitcd wnter appliention upon the cxperi-

mental plot, the author has been limited to six experiments
for this nrea. However, the rcoults obtained are included
herewith in ordcr that the data might be noade available to
other reccarch workcro,

It can be seen from the recults that the infiltration at
any given time dependc on the water nvailable for infiltration
and on the infiltration enpacity of the coil. If the effective
rainfall ic greater than the infilteation capacity, the cxcesc
fillc deprcosions and flows over the land curface,

During a gtorm, thc f-capacity ic not conctant.

The average initial infiltration rate is 0,78 inch per
hour ~nd the average finnl rate is 0,45 inch per hour,

Thercfore, an cxperimental infiltration rate - time
rclationchip can be obtained from oprinkler data.

3.1e Be Experiments carriced out at the Kaduna Polytechnic,

Kad .

With refcrence to verbal inoctructionc from the Head of
the Department of Civil Engineering, .hmadu Bello University,
Zaria., 2 further study of this method wao carried out nt
the ground of the College of Scicnce nnd Technology, Koduna

polytechnic, Kaduna., betwoen November, 1969., and June, 1970,
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(1) Degcription of the Site

The College of Science and Technology is on a latitude
10°-- 32! Worth and longitude 07° - 26' East on the Northern
gide of the tomn of Kaduna to the West of the main Lagos -~
Kano railway line. The area is fairly smooth and has small
slope towards the South until it reaches a deeply and
irrepularly gullied valley with progressively larger marks
of scouring and efosing clearly showing heavy runoff toward
the stream which joins the River Kaduna, to the South
approximately two miles away.

The site is bounded on the Northern side by the land .
containing the house of the North Central State Military
Governor, and by the Military Hospital and depot. The
boundary along the Eastern side runs 3000 feet from, and
parallel to, the main railway line, #And on the South and
fest is bounded by the residential areas of Tudun Yada and
Sabon Gari. The average elevation of the site is 2010 feet

above moan nos lovel.



The average anmual. rainfall in thc peried 1965 ~ 69 was
recorded as 56.93 inches., occuring mainly between the month of
Maprch =snd September., but usually variable with a well marked
dry season between November and Febraary.

(i1) Boils and test results

Field work was carried out by using anger method to seven
feet below the ground surface., Undisturbed scill samples were
collected for testing in the College of 8cience and Technology
laboratory, The gectlon ghown on Tigure Number 3 includes the
deseriptirms nf tha enconintered socils.

(11i) Current Mield Experiments

In Chapter 2,2(ii) references have been made to field
experiments suitable for the measurement of infiltration rate.
Therefore, cylinder infiltrometer and inflow and outflow infile-
trometer experiments will be continued in (.e ground of the
Kaduna Polytechnic by the author.

(iv) Experiment and tests.

(a) Cylinder Infiltrometers

An experimental test was performed on the site to find
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out whether a metal cylinder with %E inch thick walls
could be suitable as against the % inch wall thickness
used for the first cylinder infiltrometer teats.

The result of this test was favourable, and therefore,
a meteal cylinder with ] inch wall thickness was adopted

2l

for the later experiments.
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Gaupes e

Five hook gaugee that ean be read to 0.05 inch were
designed ~nd used for the tests instend of the mierometer
serew gnupgeo uged in the first experiments, Thic was made
possible by making 2 trinngular cnginecr'o cenle and a
piece of welding rod with a flat brass csoldered to the rod
about 3 inchec from the other cnd to prevent the ghure from
turning in the groove and to scrve ag the measuring
index point., Detains are shown in figure 4e

Testo,

A total number of twenty-four cylinderc were made to
cover the thirty-cix cylinder infiltrometer tects.

The tests were mande ag follow:=-

Buffercd nnd non-bufferced cylinder infiltromcter tects
at a depth of 12 inchec repeated ceven and cipght times
recpceetively.

Ten buffered tcots were repented nt inerensing depth of
cylinder penetration of 1%, 2", 3", L, 5", 6%, 9v, 12v,
15", and 18",

The test was repented threc times at the optimum depth
of 6 inches

Five tesoto using the center cylinder at the same optimum
depth and increasing the diameter of the outer eylinder (15",
18", 24", 30", and 36").
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Table No, ’

Cylinder Infiltromctcr data,(Von-buffered)
k(1) - (&)

Flapsed - = T
. ~. ) bt O u NTAKE
r Er?g.lnutc:-.ﬂ B2 A& 8 - e Jricomcsm
2 (=] D 3 & —
Since|Since || § P &5 g (Pepthi{B - 5 & .5 @ | Dopth
last ‘ber, NEu B B5 |/ 6858 §E.5 | Ins/
readrjof tcsy EE f‘i\f‘f Tna, & e (£ 282 s, |80 | nr.
- - 12,00 | - - - 12,00 - - =
5 5 11,875 | _0.125{ 0.12511.50 {]11.913 |0.087 | 0.087 |1,04
5 10 10.792 .083] .20811,00 |111.847 | .066 | ,153] .80
10 20 10,667 J25t 3331 75 111,737 1 .11 2631 .66
10 30 10,579 2088} .421) .53 1111,647 @ .09 22921 +55
15 45 10,472 21071 528! .43 11,5371 .11 24631 .4
15 60 10,385 0871 . 615] .35 |111.437 1 .10 5631 .40
30 90 10,260 251 ,7:01 .25 111,272 | .1651 .728].3
30 { 120 b 10,945 1  ,115; .895{ .23 U 11,147 ) 1251 L8531 .25
] 60 | 160 10,015 A3 1 .985] ,13 {110,972 § 1751 1,028] ,175
' 60 _|_ 240 9,015 .10 | 1,085] .10 4110,802 | .17 | 1.198] .17
60 | 300 98151 .10l 1,185 10 10,6521 15 | 1,348} .15
60 | 360 Q715 1 .10 1 1.285] .10 |V10,502 | .15 1 1.4%8Y ,15

1 2

e e e —————— e — —

8,00 | - - 12,00 - 1 - - 12,00 | - - |

8051 5 (5 W 11.917 1 0,083 | 0,083{1,00 {{ 11,894 |0.106 ]0.106 {1.27
8,10 5 10 _Jl. 11,856 | 062 | .1451 .75 1{11.807 { .087 | .193 11.05
8.20 1 10 20 11.7%5 | .10 2281 60 |111.671 1 1361 .329 | .82
8,30 1 10 | 30 11,672 | 083 323 .52 111,558 1 1131 .442 1 .70
8. 4% 15 1 45 11,562 L1 24381 46 11,406 | .152 , 594 L 61
9,00 15 £0 11_,.;_6_2 .10 5381 .30 g 5k R 135 .72_9_- <54
9,30 1 30 § 90 11,292 | .17 o8l .34 111,046 | 225 1 .954 | .4

10,00 | 30 | 120 11,142 15 .858] ,30 {110,851 1 .195 {1,149 | .39
11.00 | 60 | 180 10,896 | 244 | 1,102] .2441110.521 | .33 11.479 | .33
12.00 | 60 | 240 10,698 |+ .20 1,302 .20 10.271 425 1,729 1 .25
1.00 | €0 | 300 10,498 ¢+ _,20 1,502] ,20 11 10,071 | .20 (1.929 | .20
2,00 ! - 360 10,298 | 20 1,702] .20 9,871 | ,20 V2,129 ] .20

. 3




Tablc No. 9 NDK 5 = 7
- - INT/XE INTAKE
B Q@ Lo 3, &
v ine 5 S8 o £ 5 e s
o 8 548 B ; e § B2
0 - 1 - o 00 o D
QF* cany = 0 93 Ins, A A [ ST D
83,00 ~ 12,00 - -
8,05 5 11,923 0,07 0,09
810 1°5 11.868 0.055 371
8.20 110 11,785 .083 281
8,50 110 11,719 L066 P &
8.45 115 11,631 L,088 2489
9,00 115 11,556 0751 . 589
9,30 ] 30 11,432 124 . 752
10.00 130 11,325 107 . 880
111.00 |60 114150 175 1,105
il12.00 &0 11 00N .15 1,280
1.00 60 10,85 I 1,43
2.00 |60 10,70 L 1,58
12,00 “
11.875 10.125
11,787 L0868
11.654 N33
11.546 . 108
| 11,216 .13
11,316 J0 |
| T 16?4
i 11,011 14
| AR 5
{l 10.55% .21
| 10,383 37
it 10,213 43T
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Table No, %

Cylinder Infiltromctor data, (Buffcred) BK(1) - (4)

)|

psed . =
g 5 INTAKE .., “&| INTAKE
g g 59 & Be 2
o Iinutes) = 5} = 23 H
b o pince Since }f g Eu’ﬁ ~ pPepth 18~ g = e
2§ past bec. 3'3:3 . 1 ﬁ s [Tns/hr Hag B 2% g
S & lrendr, fof tesf[2 882 T gmﬁ A0 O | Ins, o
= 0 b - £ Tiner o = TN L T
. -~ - 12,00 o 12,00 -

T 5 [ 11.854 | 0,146 10.146 |1.75 111,904 10,096 | 0,096

2 10 11,752 ,102 | .248 11,23 111,835 | .069] ,165

10 20 11,622 13 318 | .78 411,710 [ 12541 .290

288 IR)18

10 20 11,522 10 478 60 _1111.620 | .09 +280

g

-

18 45 11.422 310 578 :40 11,514 1 1064 .4

8 o8 50 ol @ Vel Vel (a0] o] [o4] o5 o) [0

.00 15 60 11.335 | .087 | .665 | .35 |111.426 | .088] ,574
230 30 90 11.235 .10 L765 | .20 111.313 ¢ . 113] .687
10.00 20 120 1] 11,184 051 816 L4102 1§11,245 068 2 195
11,00 | 60 180 11 11.08% 101 | .917 1 <101 11,143 | .102] .857
12,00 &0 240 1] 10,98% J0 11,017 | .10 |111.043 | .100] .957
00 60 300 |} 10,88% Jo 11,117 1 .10 J110,943 | .10 11,057
L0 60 1 360 W 10,783 | ,10 11,217 | .10 JI10. 843 4 .0 | 7.¥07

1 2
= - 1 12,00 - e 12,00 | = -
5 11.877 1 0.123 10,127 {1.4791111.883 10,117} 0.117
8§ 10 11,79¢ L086 | ,209 |1,025]111,780 | .103 220

10 20 11-651 -1‘ .j_‘ﬁrq 585 11-626 _-_154 03?":'

10 1 30 1 112526 1 2125 1| 2474 1 275 111,293 | 133]_ 507

15 45 11,395 2131 605 | 52501 11,34% | .15 =657

15 60 11.295 210 «705 | 40 1111.218 | .12 . 782

90 11,170 25 | 830 | .25 111,043 .1'}5 957

20
30 120 11,070 .10 930 | ,20 1110,918 | .125] 1.082

60 1 180 11 10.945 | .125 |1,055 | .1251110.743 | 1751 1.257

' 240 ]| 10,820 | 125 |1.180 | .125]]10.593 ]| .15 | 1.207 |
300 || 10.695 | 125 |1.305 | .125[]10.443 | .15 1 1.557

B@'g

1 360 1 10,570 125 11,430 | .1251110,293 1 .15 | 1,707




Table No, 19

Elapscarine o T -
Minutcs) Bo o TITAKE P o 3 N7 KE

s 0o & 0 i O

o Since [Sined(b & w'™ D ;3 f: o
B o liast |vee. |IB 55 v (R s
2 & [reads.fof ||8%7T B Y 583 8 B e
o & test |12 8 8F | s, |E0C 22 RE] Ins, |SmT
8,00 = - 12,00 . % 12,00 - -

2 06 5 5 11,833 | 0.16710.167 11,897 | 0.103] 0,103
8,10 5 10 1. 747 LN161 ,283 11,814 } _.085] ,186
8,20 10 20 11.551 LH661 ,449 11,701 A . 299
8.%0 10 30 11,426 J25) 574 11,611 .09 2989
8.45 15 1 45 11,276 15 1 724 11,501 11 199
9,00 19 60 11,164 12) .B36 11,416 .085 584
9.30 | %0 90 11,039 | .125] .361 11,293 | _,123] .707
10,00 30 120 10.951 08 11.041 14259 .08 187
11.00 | 60 1177 10.821 | .13 {1171 11,093 | .12 | ,907
12,00 1 60 |240 10,711+ .11 }1.281 10,983 | 11 | 1,017
1.00 80 30Q 10.601 b ot . - § 1 10,683 10 {1.117

:'l 2,00 60 260 10.491] atl 11,401 4. 10,7183 10 1.217
6

8.00 ~ - 12,00 - -

8,05 5 5 11.885 1 Q.115]0,115

8.10 5 10 11,789 L0061 .2t11

8,20 1 10 | 20 1.619 | 171 %81

8,30 1Q 30 11.489 <13 411

8,.5 15 15 11.314 1751 686

9.00 15 60 13177 1371 ,823

9,30 | 30 | o0 10.987 1 .19 |1.013

10,00 30 120 10.862 + 12511558

11.00 60 1 80 10.682 .18 11.318

12.00 €0 1210 10.5%2 215 11,468

1.00 60 | 300 10382 .15 11.618

2,00 60 | 360 10,232 15 11,768
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Table o, 14k
Cylinder Infiltrometcr data: (Duff‘g:n;d with increcasing depth of
penctration) BI/IK 1 - 2
Dlapsed ~. INTAKS e INTAKE
g Pime (Mins.) E g E & g E.
fig 8 Eas o Dorth [ £ 8 s PR
2 5 EYT 5 %5 Tno/mlft %5 & §58 [/
et l“E B 1 ins. |8 S 2 8 RS | Ines B 28 "
B.001 - | Y VST I D = 11.00 |- = - -
8.05] & g 10,95 | 0,05] 0,05 0.60 0.90 | 0,10 | 0,10 1 1.20]
g10f s 10 10,90 { .05} .10} 604 10,835 | ,07] ,17 | 0.84
8,201 10 20 10,60 { .10] .20} .60f§f 10.73 | .101 .27 { L0
8,301 10 30 10,75 { .05} .25} _.30ff 10,63 1 ,10] .37 | .60
CasT 45 |45 10,70 | 05| <301 200 10.53 | 10 | 447 | 40
q 00! 15 60 10,55 4 451 451 604 10,39 | 141 .61 1 ,56
9.0 3% | 90|l _10.50 1 05| ,50] .10 10,02 | .32 { 93 | .64
10,00{ 730 | 120 0.20 | .30| .80 L60Off 11.00 | .38 1,31 .76
. _ 10,62
11001 60 + 180 10,00 | ,2011,00| .20 9.97 { .65 | 1,96 .65
f12.00] 60 } 20 .82 { ATI1.471 ATl 1.0} STT1 2,73 | .77
s 10,23 .
1.00| 60 | 300 .68 | 15| T2 T | B3 T
.00 B0 | 360 95 LBl L3 9.8 i o v | 3 -
1 2
| Y I 11,00 [ - | = -
1805} 5 5 11,80 §0,2010,201 2,40
a0l &1 1048 10,70 + 10} .30} 1,20
'l e S e & “16 £ = | .05 g35 ““
i 8-30 1% ;55_ 10‘ e - ?;-) 0‘1‘0 _1_30
1 -'5 1 -t .’r
E;_E;o 15 160 10,48 1 ,OT] =24 '2205
—_———t 1
10,001 30 | 120 10,33 071 47|
12,001 60 | 240 10.08 | 121 .32
[ 1,001 60 1 300 0.37 | 111,07
[Z.o0l 60 {360 I 9.7 1 a1003.12%

>




- — e ——

Flapsed Tine
(Minutes)

o

Table Yo,

11

BI/TK 4 - 5

o O e e D

LITAKE

(o 8 demeg ST e s »

69

INTAKE

| Depth

il I,I\ e
5o
! = Since [Since !E g-;-'- 3 Depthyl & ¥
I! E last 1 beg. i SRy = Ins/ ‘é’{’.
. 1 . opd -
g " ST E b
€8 D o

g & , Ha8 o3
h--a-‘-qq ------ S8 ]- e -.1”1... .].1.‘9.0
[805 5.1 "5 Wi0.90°
310 1 5 ¢ 10 110,88 4
i _2.20 | 20 _4 10,86
}___a" % 30 L 10,64 |

- —

-....9.' ....__:’_Q._.i___ 90 109.6_Q. 3
10.00 30 120 10.52
11,00 | 60 1 180 10,43

ulgi 10,28
e T T3 Hiosr

4

201

.

4
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Table lo. 1

B1/DK 6 - 7.
y 4
Tlapscd N L | .
Time (Min )8 € & INTAKE He g INTAKE
" > 3 = -~ ]
e © ¢ I QO a v
E . |SincelSince - B ~Peptnlg - 535 | Depth
e last | ber. § g'g g r'f»‘i:é Ins/ § g%? Ins %E Tng/hr
A 6 read] oftesf = & fi— | 1ng. rSf‘ o hr W= & o * | So—
8.00 - p 11,00 - 4{ 11,00 - - -
8,05 5 5 10,8%3 10.167 |0,167 2.00 §10.892 0,108 1 0,108 |1,30
8,10 5 10 10.696 1371 .304]1.6% 810,817 | ,075 | .185 | .90
8,20 10 20 10,488 208 | .51211.25 110,690 | .12 312 | .76
8,30 10 30 10,322 | ,166 | .67811.,00 §10.589 | .101 ] 213 | .61
8,19 15 45 10,135 1871 8651 .75 0,464 | 125§ .538 | .50
9,00 15 60 9,973 162 11,0278 .65 0,359 | ., 109 ,643 | .42
9,30 30 9 11 9,753 | .22 11,247} .40 j}10.204 | .155 ,998 | ,31
10,00 | %0 {120 9,603 | .15 11,397 | .30 0,08 | ,124{ ,922 | ,249
60 1180 (] __9.353 .25 1;647]:,25 j' 9.88 .20 11,122 1.20
12,00 60 _| 240 9,203 o905 11,7971 .12 39,723 1571 1.279 1
1 60 | 300 9.103 J0 11.,8971.10 19,573 | .15 | 1,429 |,15
I %'% | 60 1 360 9,003 0 11,997 1,10 §9.423 1,15 [1.579 1,15




Table No. 1,1_

BI/IX 8 - 10

. Elapsed Time R o g AAEIN IFe d mowe

g (Minutes) £ 3, - 5B

E Q Since Since E% h‘.%’c ..c:,"‘ Depth B *&88 .'f,’:,: Dept
g £ A D B £ 2 s/ ||H4 98 2 sl Tng/
S flast beg. cQaan g gl A 8 0od| Tns E Ok Bt
© & |pends, | of testfd & EE Ins 2830 (I S 3 o—| hr.
8,00 - |- Il 11,00~ | = - 11,00 | = - =
8,05 5 5 10,90910,091 | 0,091 11,10 110,875 }0.125}0,125 |
8,10 5 10 10,817] .082 1 173 1 .98 110,779 1,096} .221
8,20 10 20 10,6771 .14 3132 1 .65 W10,639 §,14 | 361

8,30 | 10 30 10,56 | 117 43 1 .70 10,519 1,12 1 ,481

8,45 15 45 10,4221 138 1,568 1 ,554{110.%69 {.15 | .631
' 9,001 15 60 10,30 1 ,122 2690 | ,49 (110,244 1,125 ,756
9,30 30 90 10,11 | .19 880 | .38 {jio,064 1.18 | ,936
10,00 1 30 ] 120 9,9551 ,155 1 1.0%5 | .31 i1 9,924 1,14 11,076
11,00 () 180 i 9,7074 .248 { 1,283 | ,248l1 9,694 .23 11,506
12.00 60 | 240 9,509] .198 | 1.481 | .198]] 9,494 i.20 {1,706

1.00 60 %00 90,4041 105 | 1,586 | ,10511 9,294 {.20 |1,906

2,001 60 260 a,2991 105 1 1.691 § ,105119,094 1,20 06

.8 9
11,30 = - -
10,853 10,147 1 0,147 [1.75 1]
10,7134 .11 257 11,34

10,5681 175 A3%2 11,05
10,4284¢ ,14 { 572 85
10.259% § 175 o147 219
10.108 | 145 .892 58
2,888 .2 & 44
} 9.713 1 .175 1.287 239 |
9,460 1 253 | 1.54 =2
9,240 } ,22 1,760 022
9,04 | .20 1,96 | .20
f a4 _1.20 2,16 1,20
10 ‘

e SIS SE - S
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Table Ko,~ =

Cylinder Infiltror ter data

(Buffercd with the optimum depth of penetration and constant heced)

“2/pk (1) - (3)

L i G f_: ‘I mE
o PmRElre 3| wmee  Mme d T
N : 8" R hopt)
E i Sincce Since E 7 ;5-,:; > bevth gt gﬁ P P !
' & fast | beg. ||ExTE iBa [P e 4T H {5 g | e
228 [roat or ||S8%53 BB oo/ 18839 me |BEE| w
o _test IS B Ins. |G 99— | hr e 8 Fie] O B—
' 8,00 e % 11.00 - - - 11,00 - - -
805 [ 5 5 10,937 | 0,063 | 0.063 10,75 |]10.94 1 0.06 10.06 .72
. 8,10 5 10 10.887 | 05 | ,113 10,60 i{10.89 .05 11 |.60
8,20 10 I 20 10.812 0751 .18810.45 |10.82 07 18 1.43
8.30 1 10 30 10.747 1. .0651 .2531 .39 j110.76 06 .24 1,36
8,45 | 15 45 10,675 0721 .3251 .23 ]110,685 0751 .315] .30
9,00 {. 15 60 10.605 | .0 3751 .28 [}10.623 | .62 2y it ) T
- 30 9 i 10,485 1251 .50 .25 {110,513 11 od .22
30 120 10.%365 .12 62 .24 110,423 ,09 577 | .18
60 | 180 10,135 23 ¢85 .23 110,25 217 747 1 417
60 210 9,905 {_ ,23 |1.08 .23 1110.103 .15 .897 .15
60 | 300 9,675 25 119,31 .23 119,953 15 11,047 1.151
60 1360 9.445 23_11.54 .23 |1 9.803 15 11,197 1,158
1 2
2 - 11,00 ~ - w

10,95 0.05 ;0,05 61

2
10 10.909 041 021 « 50

-

o o oo ‘bn
BBBRR

20 10,846 063§ .154 .38
0

5

5

10
. 10 | 3 10,795 +_ 0511 .2051 .31
8,45 15 15 10.730 0651 2701 .26
92,00 15 60 10.675 055 1 .3251 22
9,30 | 30 90 10,590 0851 4101 .17
10,00 30 1120 10,51 .08 A4901 .16
111,00 0 1180 10,36 15 .64 .15
112,00 60 1210 10.21 .15 19 1 .15
1,00 60 17300 100 A5 .94 .15
2,00 | 60 1760 T .15 11.09 .15




Tablc T‘.’D.l‘j

Cylinder Infiltromctcr data.
(Buffered with the optimum depth of penctration and varyings -‘.\_,-pth)

/oK (1) = (3)

o a] DT&e Jovscrvedtiniliina )1 B & ] DVAKD \
e s 5 }SFE“TVC‘“iHC e |1 |
BoO e & i JTime ] ejovlinceilg L g o — Y i
g 84 - Depth ',-| last |beg. ||2 um B 1.5 @ J:J('pth|
- - g+ o {Ing/ i 3 0o g 0 v a lIns/ |
2 88| s {8 885 | readgy of e 9 0w | ypo  |ABH Tyl |
HO i PR i S T '_ i 1 toatii~— 'M_:___u =8 2 . ||
12,00 | - - - | 8.00 - - 0.50 - - -
11,942 10,05810,058 10,70 I[—H'OB 5 5 10,417 | 0.08310,083 |1,060 }
111,892 { 05 | .108 | &0 8,10 { 5 10 10,359 0581 1411 .70
i 11.817 | ,07 L 18% 1 .45 8,20 10 20 10,266 093] ,234) .56
111,759 | 0581 ,241 | .35 |_8.30 10 | 30 1] 10,20 .066] 300} ,40
11,684 | 0751 316 s 30 n 8.4 15 45 10,11 .09 39 1 .36
1622 120620 578 | .25 (2200715 160 ] 10,047 | 069} ,450] 278
) 1 t Q. = -
e e e e I I Ml N 2T ) %
! Tt oas 15 ',”',; - 10,00 | 30 1 120 9.803 J13] 6971 .225
R B W 11,00 1 60 | 180 9,603 | .20 | .897] .20
s Theoes o] 2060 Tet0 1 9291 107170041107
R T T a _1.00 | 60 ' 300 9,30 | .10611,110] .10
10,910 125 1- 90 125 1} o (QJ_EO 3;_28‘1 .106 1!216 106
1 . 2
82 af INTAKD
e 3y B
MO I S Ins
= e & :) Ins. E '.')5 !}11*./
ol - R & 2
110,00 - -~ -
9,904 10,096 |0,006 [1.15
9,822 | .082] ,178 | .99
9,712 g1 .28 1 4
9,629 L0831 371 t ,50
19.537 | ,0001 ,463 | .37
19,462 L0175} .538 | .30
i1 9,349 131 651 | 225
19,264} ,0851 .736 | .17
032,199 JJO51 .B41T 1T .10
l"g,054 | ,105] .946 | .105
h 8,949 051,051 | 105
L8,844 10541.156 | .105}i
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Table No 14

Cylindor Infiltrom:tor data,

(Fnlarsin~ the buffer arcn with inner cylinder at the optimum depth of
penctration and usins varicd water hunris{

SBO/DK 1 - 3 .

'

Flapsad ~. “ THTAKE
et Time (Min.) Bo &
o ince |Sinccl| B '? & l_: Dept
E . linet | bec.ll 8 58 W
w H P = el Ins/
o« | prendrd of oo o E 85l nr
O & test. H2 S 22 |Inss |5 3 .
5,00 - - 11 12.00 - P .
8,05 5 st 11.93 0,07 |0.07 0.84
8,10 ) 10 11.85 0,05 10,12 60
8,20 10 20 11 11,792 0581 1781 .35
8.30 | 10 3Q |} 11.751 0411 ,2191 ,25
8,45 15 45 | 11,694 L0571 .2761.2
9,00 | 15 60 11 11.644 .05 .326 | .20
9,30 |30 90 || 11.564 08 | 406 | .16
10,00 30 120 §| 11.2494 .07 476 1 .14
111,00 60 180 § 11.394 ¢ 100 576 1 .10
il 12,00 60 240 294 | .10 1 .676].10
1.00 60 300 It 11.194 JO_ ' TI6 ] .10
200 1 60 | 360 |} 11,004 .10 | .876].10
1

Elapsed ~ X ST AT ~. ITAKE

d Timc;?ﬂinutcs E % :é’ LFT“E{_h E ': 12:1 H. - —
£ Sinao{ Sincell 8 ¥ & = _~pepth & £ & o S~ -
88 [ast| ver. BT L g5 4 |Ineuff 8 Y §§ o Ins/
SE Lh-arfeshe |28 52 ms, [SS8|M 1080 me, (A5
8,00 - - 10,60 | -~ - - 110,60 - - .} =
2,05 5 ; 10,598 | 0.102 {0,102 h,23110,509 10,021 [0.081 ]1.10
2,10 5 10 10,515 L0831 185 1,00110.428 . 071 ,162 | .86
8,20 110 | 20 10,374 Jd41 1 326 | .85 110,32 1081 .,270 ' .65
8,30 | 10 30 10,264 1 11 4361 .70 110,23 | 0841 .354 | ,503
8,45 1| 15 45 10,127 2137 ¢ 573 1,55 10,126 Rl 464 <45
9,00 1 15 60 10,015 J121 .685 ] .45 110.034 002 ] .556 | .37
.30 | 30 90 0.865 215 8351 .30 19,889 1451 ,701% 29
10,00 1 30 1120 __9.740 125 | .960 | .25 19,764 Jd251 .826 | .25
11.00 | 60 1180 9,540 .20 11,1601 .20 19,534 23 11,056 | .23
12,00 | 60 (240 9.433 107 11.267 | ,107] 9,324 21 |1.266 | .21
1,00 1 60 1300 9,327 06 11,373 ) ,106] 9,124 .20 11,466 1 .20
2,00 | 60 | 360 9,221 1 106 11,4791 ,106]8,924 | .20 }1.666 | .20




'
Table No, I¥

1)

EDO/IK 4 - 5.

f

Elapscd S o INTAKE
s Mime(iinutos) 412 3 5
‘é B f oo _.. bepth
d o Sinec{ Sincc §-g{54§~ %%.E Ins./
S Llogt | oePBaglz S 22 me, BS 2| ¥
8,00 - - 10,00 - - -
8,05 5 .5 9,90 {0,10 0,10 11.20
1 8,10 o1 10 9,82 08 | .18 | .95
8,20 10 20 0,679 § 1411 .321, .85
8.0 10 30 9.5 10 21291 .65
8.45 15 45 9,446 | 1251 554 | .50
9,00 15 60 9,346 | ,10 | .684 1 .40
92.30 30 _a90 9.196 15 804 { .30
10,00 30 120 _ 9,081 | .115f .219; .23
11,00 1 60 180 8,974 { .10741.026} .107
12.00 £0 249 8,869 1 ,10511,131} .105
1,00 60 300 8.764 | .1051{1.2%6 1 .105
2.00 £Q 360 8,659 | . 10511,341¢{ .105
8,00 - i 9.80 = red - 4“
8,05 5 5 9,717 1 0,08310,083 [1.00
8.10 5 0 0,635 | 0821 .165} .99
8,20 10 20 0,508 | 1271 ,2921 .76
8,%0 10 _30 9,100 108 .400] .65
8,415 15 A5 9.274 | 1261 526 5043”
9,00 15 60 9,159 1 115} 6411 .46
19,30 | 30 ) 8.996 | .163] .804; .32
10.00 30 120 8,866 1 .13 ) 0341 ,26
11.00 60 180 8,666 | .20 11.134] .20
1,00 | 60 300 ,|_ 8,316 1 .17511.4841 .175
2.00 | 60 360 't 8.141 1 .17511,6591 175
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(1) Results of the experiments using cylinder infiltrometers

st the Kaduna Polytechnic, Kaduna.

The results obtained from the curves under the experl-
ments using cylinder infiltrometers at the Kaduna Polytech-

nic, Kaduna,, are as follows:-

‘Table Hos 15«
Tabulatien of the results using cylinder infil-

trometers at the XKaduna Polytechnie, Kaduna.

J——

Initial Rate FPinal Rate
Table ‘ Particulars (&vg) .Ins/hr - (Avz) . Tns/hrl
No,
10 NBK 1 - 7 1.20 0.16
11 BK 1 -7 150 0.12
12 BI/DK 1 -10 1.39 0.18
13 & 14 BO/DK 1 - 3 % 0.82 0.15
4 BO/DVKE 1 - 3
1% ] EBo/pDk 4 T 5 1.07 0.14

Aé il lustrated above, it may be observed ﬁhat all the five
é infiltration rates are sinilar, the highest gverage 4nitinl
! Infiltration rate is 1.50 inch per hour, and the highest average
final rate is 0,18 inch per hour. The slight diserepancy is
due to the initial molsture content of the soils e.g. the
lower the initial soil moisture, the higher the infiltration rate.

i Buring theec .tests, the author determined the optimun depth of
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penetfation when inercasing the depth of cylinder penetrotion
from one inch to eighteen inches. The depths of penetration
between one inch and four inches indicated that lateral movenent
of water in the soile could not be controlled and the infiltration
rates fiouctuated wildely during the exXperiment. e.g., in many cascs
the rates were constant for either the early or lzater periods of
the expérimcnt and never reached their steady statcs;

Further observations indicated that between five and scven
inches ponetration the rates were constont over the cntirc test
of 360 mimate duration aﬂd reached thelr steady states; It was
also evident that increasing the depth of penetration from five
inches ho& no effect on the infiltration rates. Hencc, an average
depth of 6 inches was choosen as the optimum depth of ponéfratioﬁ.
#lso, 12 inches Cismoter was choosen for the same rcascn.

Finally, an experimental infiltration rate~~time relationship

can be obtained from the cylimler infiltromcter data,

&b) Sprinklers ~ ILiflow and Qitflow infiltrometers,

The s:rulated raintall experlments were repeated using the

former stnlard sprinkles devies ox a standard plot, and altering

i
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the rates of woter application.

In these experinents, cighten tosts wore carkied out using
the rates of application of 1.2Q inech per hour, 1.00.-inch per
hour, ani 0.83 inch por‘hour."

Finnlly, during the roining scason, the asctunl rainfall
pates of 1.20 inch per hour,_l.OO inch per hour, 0.95 inch per
hoﬁr, 0,85 inch per heor, Q.82 inch por hour, and 0,80 inch
pcr hour,, were used for the data obtalned on Table numbcr.lé.

The following rainfall rates werc used for the date obtained
on Tnble numbcr 20:~ |

0.35 inch per hour, 0.98 inch per hour, 1.30 inch pérlhouf;

0.80 inch per hour, 1.00 inch per hour, and 1.10 inch per hour, .~
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T-ble Vo, 16
Inflow and Outflow Infiltromctors
(Rate of woter spplication I 0o in /hv)
e (1) - (8)

. N . W .. "
) {ilopsed ming ‘qi—qoi :
3 éto 16 lave “ 1% i1 Ins . Igs/
e Minu-{ 99, £t} l1inu- Ins/{ Ins hr
O é_ ' tes hr hr
o c3 : >
8.02 |Stort] - - = - - 55[ -
8.24 22| o - | 1.00] - - - ‘
8.27 25| 3 | 14 »s | 0.42]0.58 || ,, {0.18 | 0,82 331 0.67
8.50 48| 26 | 37 ., + 0,60l0,20 || ,, lc.47 |0.53 611 0.39
9,20 78 | 56 67 vs | 0.,70(0.30 sy [0.58 | 0,42 701 0.30
10.04 | 118 | 96 {107 ,» | 0.76{0,24 || ,, |0.64 | 0,36 74 | 0.26
11,10 | 188 | 166 {177 e | 0.79]0.21 ,, lo.68 | 0,32 .76 | 0.24
12,30 | 268 | 245 |257 ., | o.800.20 §} ,, l0.70 | 0.30 77| 0.23
| 14,10 | 358 | 336 {347 ., | o.80fo.20!l ,, lo.70 { 0.3 ,, |0.77 ] 0.23
16,10 | 478 1456 {267 |} 1.C0) ©.8010.20 |} 4 o0l0,70 | 0.30 0.77 ] 0.23
_ 4 (5) B
T 8.02 [stort] =] - =T = -} = 1|~ - =
l 8.24 22 £ ¥ (I - - 1.00} = - =
| 8.27 o 3{ 14 |l ,, | 0.22}0.78}| ,, }0.27 | 0.73 0.38
| 8.50 a8 | 261 37 |l,, { 0.51]0.49l,, [0.50 | 0.50 0.52
r o w | 56| 61 ||,, | 0.65/0.35| ,, |0.60 } 0.40 0.59
10.04 | 118 | 96 {107 i ,, | 0.73] 0.27}| ,, |0.66 | 0.34 0.63
11.10 ¢ 188 | 1661177 H ,, | 0.77| 0.23}{ ,, 10.69 | 0.31 0.65
§ 12.30 | 268 {246 {257 |1 ,, | 0.79) 0.21ff ,, |0.72 | 0.28 0.68
1i.10 | 358 |336 1347 |{,, | 0.79( 0.214 ,, {0.72 | 0.28f ,, |0.68
16.10 | 478 | 456 | 167 |{1.00 | 0.79] 0.21}1.00|0.72 | 0.28} 0.68
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Tnflow ~nd Cutflow Infiltrometcers
(Ratc of wnter ~pplication 0.83 in./hr)
kpeJ (1) - (6)
(1) (2) ' (3)

— et e s e f v Q
RTAPSTD TI I = x;q-—-’l
V Ll oll :—J_-‘- = i -’qi 10); : 1 a 1.1‘— Oﬁ q. "10
| .o Foz Ui 1 sl U | o (I'ineg "1
? i: bt o .1 ) AVG ! q. qo/ i hr% i 1 ‘S{;r: T *puz‘ I{.;J 1:;;/ N l
2 B Muinued o2 [0 lins/he fgorté || h J16 ga -
35 ‘%}{;““ T )tes In:;,_ér 3}' i - i D 3 | 5 {
O B o A  E ) Qe | ey e = - -
8‘02 "1t."i‘t e 4 o o i e ~ _ 4 _ (\.:‘xB -
n oA 5 | 0 - 0.8 = - IO.CSI J 6o 0.1410.69
o g | . 0,07 |0.76 i ,, j0.21 l0.62] ,, |0.14 e
8.2T 1 25 | 31 14 | 7 0:29 }0.54 |} ,, 10.31 |o.52{| ,, 0.27)0.56
8,50 1 18 | Efi 'EI | * ¥ 1 r."l 0.42 {{ 1y 0.37 {0.46 »» |0.3910.44
:r §,20 78 56 67 o | ;]-;C ‘-“-;- !' 0.41 1o a2 s 10.480.35
A PAE e BT e IR T P
111,10 168 ! 1668 1717 re Ve 22 "‘_;" | e 0.47 ‘O 36 an 0,5510.28
' 5 ot oagl 257 |} 0.56 10.27 ’ . 5> 1
12,30 |1 268 | 246} 257 Wy ,, 0.56 |0.27 0.49 {0.3401 ,, {0.56{0.27
14.10 [1358 | 3361 347 & 0’8z | 056 ,5'5 I 0.83 | 0.49 |0.34 |0.83]0.56{0.27
L1510 J§ 470 | 4561 467 § 9.0 | 9aoe 1027 § l ——r=
(4) (5) . S
— e s [T [ & QB = | @ = - -
: r'.O? Start - - (hrrj - n !i ;1.!{35! o - IU.H3 -
8,04 22 0 - ¢- 0.17 10.66 ,s 1 0.23 10.60 I s 1OITIO
! 8.27 05 ? '1"-; d 0.28 0:’35 i s l(}.j{’ 0.4T1 4, 1031
1 8.50 || 48 . 67 iy l 0.34 10.49 I ,, }0.44 10,39 | 20 ]0-39
2.2 o 1 & .. | 0.3810.45 || ,, |0.50 {0.33]f ,, lo.24
008 g1 {1 T § x| 2B 1 j 0.52 {0,311 ,, {0.47
by 44 . 0.42 0.4 . .52 -
11,00 14188 JI00L 31T H ax | 0.45 10.38 | » 10.53 10,30t ,, 10,50
12,30 || 268 246 :}:}:; Y o touslos ko | 0.53 {o.301! ,, 10.51
14.10 {i 358 336 %4 re \'. :,v o -': 4 %! o I—_‘- 0 20 | 0,83%;0,5110.32
H 16.1O_JJ:78 |156] 467 j 0.83 | 0.46.19.57 | 0.83 0.53 |0.30{0.85 i §
L i “4- e Y ’
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Tnble No. 18

Inflow nnd Outflow Infiltromctirs

(Pnte of watcr applieation 1.20 in /hr.)

87

sk (1) - (6)
| ) | I ¢ I (2) (3)

' iiELABSﬂD TIE i} (g:=a,9 Lq;-q, e~ |
TR me y 9 |9,) .

= . :H ) qo/ fInp/ |1ay , a, ) I Igg 9 13~/ I§i
e : AVG Ins/ {Ins/hr{ poer |} Ins/ |Ins . " hgf
g | % 0 LS Minu-{i hr 16 Sqpf BT | hr BT 1/ o ..o
_35-4 *Ilinutcs %1’; tes R big A § B £4 1 16?%"
Il 8.02 '] Start - - - - - - - - - {= ="
8.24 | 22 of - if 1.20f - - 1,20 - - 120 - - i
8.27 25 3| 14 ’s 0.51 0.69 'y 0,55' 0.54 ! re 0-16 0-74;

{ 8.50 48 | 261 37 s | 0.63] 0.57{] ,, | 0.66} 0.54j ,, {0.63{0.57
9,20 78 561 67 . 0.72§ 0.48 o | 0.72§ 0.48]} ,, |0.71]0.49
10,04 | 118 + 95, 107 o 0.7T! 0.43 se { 0.T8) 0,421} ,, }0.75|0.45'
f11.10 | 188§ 1664 177 ,» | 0.80{ 0.,40|: ,, |0.82}0.,38|{ ,, |0.79{0.41'
112.30 268 | 2461257 §¢ ,, 0,672 0,38 y» + 0.831 0,371 ,, {0,80}0,40!
12,10 ] 358 | 336! 347 ,» | o.82} o.38{| ,, {o0.83}0.37}} ,, 10.80]0.40!
[j16.10 i| 478 | 456|467 |{ 1.20] 0.82{ 0.38|| 1.20] 0.83| 0.37}1.20{0.80]0.40

. , {4 (5) (6)

8,02 [ Stort -1 = - - - I - - - -1 - 1-
8.27T 25 | 3| 14 pr | 0511 0,691y ,, | 0.4610,74 1 ,, | 0.49(0.71
8.50 | 48 26| 37 4 ,, | 0.6170.59¢ ,, 0.58[ 0.62{! ,, {0,59/0.61

| 9,20 7 1 56| 67 || 4, | 0.7040.50¢ ,, $0.6510,554,,0.690.51
10,04 | 118 9% 107 i ,, 1 C.7410.4641 ,, 10.10l0.501{},,10.75/0.45.
11.10 || 188 | 166 {177 4 o, | 0.7710.34 ,, 0.74 1 0.46 1} 5, | 0,77)0.43
12.30 | 268 246 1257 | ,, 0.80 ¢ 0,40 y» 10.7610.44 {},,]0,78[0.42!
1,10 | 358 | 3363347 || ,, | 0.80]0.40 ,,!OJTPL3 vs | 0.78]0.42
16.10 || 478 156 | 467 4 1,20} 0.80 § 0.40 }}1.20 | 0,77} 0.43 |},29 0.78{0.42
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Tablc No.1

Inflow ~nd Outflow Infiltromctcrs

(Actunl reinfall ratc.- 1.20, 0.82., 0.85., 1.00., 0,80 and
0.90 ing/hr,
PR (1) - (6)

(1) (2) - (3)
o " LA m I ' !
LLAPSED TR = i LQi—qo i ; [ qi_q qi-qo
. 16 e 1R h;?a/l 1 % fImefle, o Ilii/
- | 8. I8 s ‘[ns/h:-'lm/hr A Ins/| Ins/hn pcr1' i Ins/ S
9 g i Minu- tes 1 3 hr. ! hry . p
|l 2A i|tes ~ | sq.ft [ sq.TH) nr16 sqy
D : i | BEELDY
8,02 | Stort - - - ] - F - ! % 1= = ® }
g.2: | 221 o] - {{1.0! - 1 - |lo.sd = : - lo.esl- |- ¢
8.27 1 25 | 3] 14 e | 0000, fo.r o iy, 10.1140.74 |
1 0] 481 26| 37 || 3 lom2jousll ,, | o.37toust ,, f0.300.55 fi
] 9.20 i 78 | s56{ 67 s | 086103411 ,,] 0.5200.30}f ,, {0.48/0.37 ||
I 10.04 : 118 96 | 107 . 09510.25 ! ,,1 0.5910.,231) ,, {0.58]0.27
f 11.10 |} 188 | 166 {177 'y I ¢ 02]o.181 ,, 1 0.62}0.2014f ,, 0.64}0.21
1230 | 268 | 2161257 [| 4, | .03 0.4714 ,, 1 0.64}0.1811 ,, 10.65/0.20
14,10 }| 358 | 386 | 317 sy 10380974 ,,| 0.64]0.184} ,, 10.66{0.19 }i
| 16.10 i 478 A5§J 467 |} 1.20 | ¢.05 | 0.17 {1 0,83 0.64 | 0.18 ||0485,0.66/0.19 |:
o (4) (5) (6)
Start | -1 - - - - - - - Nt=-1-1- 1
22 -1 - {{1.00 | - - 0,80 - - 110,90 - | =~
25 51 14 |l s, [0.2000.80 1, | 0.10]0.70 Il ,, 1o.15}0.75
48 26 | 37 pp | 0450 £0.50 (|5, | 0,267 0,54 ff ,, 10,41]0.49
1 78 56 | 67 »» |0.6410.361} ,, | 0.29]0.411 ,, |0.53]0.37 {|
10.04 {| 118 96 1107 »» 10.7110.29 4} ,, | 0.48j0.,32{! ,, ]0.60{0,30 |
11.10 188 166 11?7 13 s 0.72 }0.28 ) 0.5310,27 e 0.6310,27 )
12,30 }} 268 246 1257 || s 0,78 1 0.22 |! 45 ! 0.56] 0.24 ¢! ,, }0.64]0.26 i
14.10 | 358 336 134T | s 1 0.79]0.21 s | 0.96)0.24 11 ,, |0.65[0.25 |
16.10 || 478 156 I¢57 | 1.00 } 0,79 |C.21 |}0.80} 0.56 } 0.24 {090/ 0,65[0.25 [
. — | | '
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T~ble No.

20,

Inflow ~nd Outflow Infiltrometero
(poinfall rotes - 0.95., 0.98., 1.30., 0.80,, 1.00.,”nd 1,10 ing/hr)

KFR 1 (a) - 6 (a).

91

.1(_"1) 2({1) 3(3)
— — T-* l]’ ‘]

T M ] , . Ao kij-a
Gl et TI.E do [di~@ fai %?13 qii-qu %%18/1?1'5/ 1°
2ime 01‘.0 IGIJ.YE- --QE/ Inc/ T Ins/| hr [nc/hd hr | . &ns/hr

uin- | 87| ¥l Zas hr. |Ino/hy hre per er
;lth] ftb -t051 hI‘. - CI‘ 16 sq' 1 iq.
16 sq4 1 ft.
02 Starg - - - - - - : 0-93 - : "': 1':3q ': :
8-2‘-]- 22 0 - 0." - - ‘" 0. a 0.60 ' D'.ha 0.88
8.27 | 25| 3 1 . g'gz. 3'32, v {073 ou8| v ben 0.63
8'28 ?3 ?2 2; (- 0.6 0.314 " |o.71 0.27)] " b.o o.gg
2 | » : '23 " 10,78 0,208 " 10.98 0.
ey 8 S o.35] 050 v {0260 0r3ad v [0l 0:26
11.10 | 188 | 166|177 " 10.75| 0.20 a0 Ol B
HEE M B e
1. * ¢ , . .2
16,10 | L78 | L56|L67 || 0.¢5 O:ZH__0.18{0.3§ 0.83 0.16 {1.3q1.08 0
u(a) 5(a) 6(za)
: x - - oy 4 -
a -I1.0 w <M1
2o | 22 3 1u IIO'EO 0.17} 0.63] ) 0.2q 0.80] .38 0.72
ires 3 6| 37 v lo.34] o.u6] " |o0.38 0.63] * Jo.u9 0.51
g.gg %g §6' g? 1 O:h? Q. 535k o 0.571 043 v .g_&( 813;%
. " v 10,68 0,321 " . ‘
0.04 | 118 gg 107 : g.gg g.gg < 0.2 0.37 " o0 g
i e ot v 10.63| 0,170 " |0.77 0.23) » |0.83 0.27
E'%g %?3 %%2 %2; L 0:6% 0.174 J 0.771 0.23§ * (0.83] 0.27
6.10 | 178 | 156467 |l 04’0{0.63] 0.17]1.0 50'71_?'23 1.1d0.83| 0.27
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Recults of the cxperimentc ucing cprinklcerc and actual

rainfnll rates nt the Enduna Polytcechnic,

The recultc obtnined from the curves under the experimento
using oprinklecrsc nnd the nctunl rninfnll ratcc nt the Kodunn

Polytechnic, Kaduna,, are ns follows:-
Toble No. 21.
Iabulation of the recoults using oprinklcrg and actunl
rainfall rates at the Kaduna Polytechnle, Kaduna,

~ble | Particuloro . Initinl Rate] Finnl Rate
??No. (Ave) Ins/hrd (Awg) Ins/hr.
16 KPSN 1 - 6 0.70 0.26
17 KPSJT 1 - 6 0.65 0,23
18 KPST Y =~ 65 0.67 0.40
19 KPR 1 - 6 0.75 0.21
1 20 KPR (1) =-(6a) 0.70 0.21

From the above, it may be obscerved that all the five

infiltration capaciticc are oimilar, The clipght discerepancy

between the values obtained for the netunl roinfall pates

i.ce KPR 1-6 and KPR 1 (a) = 6 (a), nnd thocc obtained for the

rect, from the cprinklers, is due to the rain drop impach

upon the experimental plot,

Furthermore, it can be seen thnt simulnted rainfall eompares




9

favourable with the actual rainfall and in fact is a valuable
research tool having the potentigl to greantly inerease our
knowledge of soil infiltration. It is generally more effilelent,
controlled, and adaptable than natural rainfall. It can
therefore roplace natural rainfall.

(@) Conclusions to the e:veriments carried out ot the Ahmadu

Bollo Univereity, Zaoria., and the Kaduna Polytechnic, Kaduna,.
Experinents were conducted using the cylinder infiltro-
meter nethods, actunl rainfall, and sprinkling devices were
used for inflow and cutflow infiltrometers on different sites
at thce Ahmadu Belle University, Zaria,, and the Kaduna
Polytcchnic, Kaduna,.
Fromn the results of the above cxperiments, it is
evident that the results obtaoined for the eylinder
infiltrometers and sprinklers (inflow and outflow infilt-
roneters) are very different i.c. the results for the
cylinder infiltrometers are too high; but from the linmited
literature so fnr, it is possible to say that one can
usc the correction factor on the results obtalned for
the cylinder infiltromctersc; Hence to got the correction

factor, the results obtained for
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the cylinder infiltrometers, sprinklers, nnd the rctuesl
rainfall rates were compored, It was found that the corre-
ction factor was constant i.e. the curves have a linear
relationship.

Thercfore, assuming that the values obtained for
the actunl reinfall rates are correct, and taking an average
value from fijures KPR (1) - (6) and KPR 1 (a) - 6 (&2)., we
have an average initiesl inf'ilteation rate of 0,73 inch per
hour, and an average final rate of 0.2 inch per hour used

in the following analysis:

Table No 22

Analysis for correction factor on cylinder infiltrometer

results for the experiments crrried out nt the Ahmedu Bello

University, Zario,, =nd the Kaduns Polytechnie, Koduna,

I, = Cylinder Infiltrometer,

IR - Actual Rainfall
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A Analysis for cOrre jon factor on_cylindcr

Pl e -

infiltromcter results for the bxgunjmcntgﬁgggpicd

e e —— - S -— o

out_nt the madu Bello UQQXE;E}EXJ“ZHEQLL

. ——— .- - —

i Initinl Rate
Figure -PPrOX
No. 1 1; l Ic/IR
" lng/nrfins/hrg _C
7000 1(a) 1.20 | 0.73 0.61
w 1(b) 1.32 | " 0.55
n oo(a)l 1.4k " I L5 6
v 2(b)| 1.68 " ‘ O.uly § 0.32 " 0.66
v 3(a)l 1.80 " o.41 | 0.36 " 0.58
n 2 (p) 1.56 B | 0.47 §0.37 " 0.57
n Lin} 2.52 w ! 0,29 |0.2L . J.88
W L(py 2.6L p v | 0.2B 0.16 " 031
n B(a) 1.92 " | 0.38 0.16 v 131
5 2.04 w | 0.36 | 0.21 . 1.00
v 6(n) 1.k " 0.51 [ 0.25 " 0.84
W elp) 1.80 | " | ol jO.15 i 1.62
«w 7(a) 2.16 } " | 0.34 }0.12 o 1.75
v 7{b] 1.92 " . 0.38 | 0.17 e 1.24
w 8(af 1.32 v | 0.55 10.25 L 0.84
n 8(b)l 1.56 " | 0.47 }0.28 " 0.75
n g(a)l 1.56 i | 0.47 0.28 " 0.75
w 9(p)| 1.44 w | o0.,51 |0.21 w1 1.00
n10(a)| 2.04 " | 0.36 0.24 o1 0.88
"lOEb 1.80 W o.l [10.19 v 1.1
”11(:_1) 1.26 " } 0.L7 Q.15 u '| 1.1.6I,O
. v11(b)| 1.68 " | o.uly 110,13 w1 1.6
| 912 (Z1.B5L
VG, L. C.L L 0,99
1
| \
| I _.#.L_ﬂ_ ==
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B, Analy-is for correction factor on cylinder
infiltrometer rcsultc for the experiments carried
out nt the Kadunna Polytcchnic, Kaduna,

Initiol Rote Finﬁ_l Rate
PpProx. Lpprox,
Fi e
Nou | 1 To/1g , SR (. Io/IR
Ino/hre Ins.” ~, Ins/h
NBK 1] 1.50 0.49 0.10 | 0.21 2.10

o 2| 1.04 0.70 0.5 | ¢ 1.40

" 31 1.00 i 0.73 0,20 | % 1.05

% 4t 1.27 " 0.57 J 0.20 K 1.05

. 5] 0.92 " 0.79 0.15. . 1.40

o 6] 1.20 # 0.64 0,15 " 1.40

" 71 1.50 ! 0.49 0,17 " 1.24

BK 11 1.75 " 0.42 0.1C " 2.10

" 21 1.,15 o 0.64 0.10 s 2.10

. 3{ 1.48 8 0.49 0.13 « 1.61

" L1 1.40 " 0.52 0.15 o 1.40

" 5{ 2.00 " 0.37 0.11 " Y91

" 6f 1.24 " 0.59 0.10 " 2,10

" 7| 1.38 . 0.53 0.15 " 1.40

BY¥/DK 1| 0.60 " 1.20 0.13 " 1.61

N 2| 1.20 " 0.61 0.64 " 0¢33

e 3| 2.40 " 0.31 0.10 ' 2,10

» L 1.20 " 0.61 .07 " 3.00

" 5| 0.84 " 0.87 0.06 " 3.50

" 61 2.00 p 0:37 .10 5 2.10

" 7] 1.30 " 0.56 || 0.15 o 1.40

” 8| 1.10 " 0,66 0.11 " 1.91

" 9] 1.50 ! 0.49 0.20 ! 1.05

® 10} l.f5 " 0.42 0.20 " 1.05

BO/DK 1| 0.75 " 0.97 0.2% " 0.91
! 2| 0.72 " 1.01 0.15 " 1.40
" 3| 0.61 " 1.20 0.15 " 1.40

BO/DVK1| 0.70 " 1.04 0.13 " 1,61
& 21 1.00 " 0.73 0.11 v 1.91
" 31 1.15 ” 0.64 0,11 H 1.91

EBO/DK1| 0.84L " 0.87 0,10 0 2.10

. 2] 1.23 " C.59 0.11 " 1.91

" 31 1.12 e 0.66 0.20 i 1.05

i Li 1.20 » 0.6% 1Y 0,11 " 1.91

" 5] 1.00 " Q.73 0.18 & 1:1%

23,12
I.vg. Dl66 1.6!.2
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Frou tlic forcroln; cnalysioc, the zuthor has cdeternined the
correction factors by which cylinder infiltrometers have to
be multiplied for the soils 2t the ihmadu Bello University,
Zarin., and the Kaduna Polytechnic, Kaduna,

It may bc observed that the correction factor for the
soils at the Xadune Polytechnic, Kaduna is slightly higher
than that obtained for the soils ot the Ahmadu Bello University,
Zaria.,, which may be due to diffcrences in the moisture
contents of the soils e, the lower the initinl soil moisture,
the higher the infiltration, and that the longer the time
of water application, the less would be the change in soil

moisture,
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CHAPTER _ IV

Theoretical Considerntions

.. —

£, The flow of water throu:h soils.

In chapter 2,2.(ii) of this thesis the author has
listed past research workers who have been connected with the
flow of wnter throu;h the scil. They used the capillary tube
method to measure the rise of water in the soil, It was
found that the capillary risc experiments with dry soil
behaves quite differently from water in pglass tubes, 4t the
same time the following classification for scil water was
made without physienl meaning: capillary water, gravitational
water, and hygroscopic wnter. Later the capillary flow
phenomena was used to obtain the physical laws,

Therefore, it is important to discuss the physical laws
which diseribe the transport of matter and energy through
gpace.

The physical lawe for the flow of water through soil

are listed below:
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(a) Physical Leows
Chn's law for the flow of elcctricity,
v - v ——————————————— —-—a-——(")
Ie = qge/. A 2
F =3

where Ig— the clectricnl flux,

he= the cross sectional area of the conductor
= the density of conductor

Vi ~and Vo= the electrical potential at two
points

L - the distance between these points
R =~ the elcetrical resistance of the material

Fourier's law of heat conductivity.

t-t
q = 1@ 1 2 P = _{2)

e

L
where q - the hecnt flux,

ﬂcr the cross seectional aren

D - the thermal diffusivity,

t1& t2- the temperaturcs at two points of
distance

L from cach other,

Fricks law of diffusion

CTC

. D o i

W 0
whcre 93" the flux of the diffusing material

At— the cross scctionnl area

C1&C2- the concentratione of the diffusing



101

material at two points and

L - the distonec between the two points

D - the thermnl diffusivity.

Darcy's Formlor,

A century ngo the French sanitary cngineer Hency Darcy

invcestipgated the flow of

water through saturated sands for

the water supply of Dijon. He published (1856) his

experimental formular -

q=
where q -
&
5
% nd -

—Axg’-"i-eﬂ seaassaintiEd

the flux of wnter through the
material

the eross sectional area

of the porous sond

the woter conductivity of
the materinl

the total water (pressure

and grovity) at two points.

The sign is negntive since the flow tnkes place

in the opposite direction.
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The important physical principlc common to all
above empirical laws is the genersl trensport law
which states that the flux of matter or energy is
equal to the product of a conductivisy (or resistance)
term ~nd o driving force term, The driving foree
con be a potential gradient (¥lp=-¥2), n pressure
gradicnt (111—5-225, a concentration gradicnt
((ii-f—cz), or n tempcrature gradient (E—E—-tl),

It is important therefore, to state than no Tlow
problem con be properly analysed without
considering both the conductivity and potential

gradient,
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Infiltration of water through soils

Many attempts had been made in the past to evaluate
infiltration capzcity and rates with a number of input
parameﬁérs. Often these parameters are the cocfficienta of
alpgebraic equations which relate the infiltration capacity to
time or soil meoisture content.

Under this chapter, a number of infiltration equations
are listed. Trom the list, the choice appears to be between
a potentially accurate but dirficult to compute method and.a
simplified but apparently reasonably accurate mcthod.fér whicﬁ
input information is much more easily obtained. Practical
considerations often favour the latter, Therefore, equations
(5) and (7) were solved. B

In solving the squationg, the author has attempted to g.
evaluate the two eguations on the basis of experimental data

from the experiments carried out under this study to obtain

numerical values for the parameters in the sinplest

form,
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(a) Infiltration Eguations

The Infiltration equations »re

Kotiakov (1932) equation

Kotiskov suggested

vhere I - total infiltration, inches per hour,
t - time, hour
p-a constant depending on time t,
£ - a component of =2 seclution,

In 1958, Bwatzendruber ond Hubeats found that this formula

Tits expewimertal data but wili £411 unless one assumes g,
/
o¢, %3 be functime of time &= 3, at t #0), @= 1, at t o).

Horton's equation (1940).

.. —

= gt
T j‘t_o g%t = %pp *L (gyo- ap,) r1 P ]_____46)
. : ) =

where I - total infiltration, inches per hour,
Qpg = final infiltration, inches per hour
9if - the initial woter infiltration

;; - a constant depending on time t.

- effective 'veid ratio

-
I

time, hour.
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This cquation works quitc wcll if the timc period , t,
is considcepatc but, rcquircs the detormination of too nany

paranctcrs for its casy solution,

Horton's Egquation (1943).

T=1f, + (rO -~ rc) c

s RPN ¢ )

whure f - the infiltration ecapacity at tine, t,
%J— the infiltration capacity at time, t=o.
Qz- the infiltr:tion cnpacity nt gt.edy stote,
kg~ thc rtec of dcerzrec in f-cipacity depcndent
on the soil wnd its surfacc conditions,
e - thc natural-log bnoc, usually 2.72
t - the tinc.
when t =0g, Kyt = gg_ﬁgzﬁ cessnesseadl71)
wvhere o - the mass infiltration in cxecss of thet

at tho 1 ®ete,

This cquation ic gener:lly known as the "Algebr-ic
infiltration cquation' =nd it ~»ocars guitc rclisblce. The
cquntion bears little rescmblanec to the Horton cquation; but

fits the Kotinkovw (]932) cquation quite well,
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The equation for total infiltration -
I = St% + At e 4.

where 8 -~ th¢ function ¢f thc initial

moisture econtent of the profile,
A -~ the constant rclated to

perneability and length in
the onc-dimensionnl systenm,

t - the time, hour,
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Van duin corrcectly assumcd th:t the transmission
zone is thc one which controle the infiltration proccss.
The moisturc content of this zone is constatit with time
rnd depth, and so is the unsaturated conductivity (k).

He further nssumed thnt the soil wnter ot the cdee of
the wetting zonc (zonc 5) is constant with tinc and he
negleeted the existence of free witer at the surfacc,
The only conponent of the totcl potential is the
gravity.

The cquation for the total infiltration -

I =98 @§3)0‘55................(9)

the moisture content of the

wvhere -
transnission zonc,

the soil constant,

s}
1

t - thc tinc, hour

k = thc¢ unsatur:tced conductivity.
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ot the Ahmndu Bello University, Zaria,

The author is hereby considering the use of analysis
to solve equation (5) of this study using the data obtained
from the experiments carried out at the Ahmadu Bello
University, Zaria.

Infiltration ratcs are plotted on semi-logarithmic-
scale papers on the vertical axis «nd time on the horizontel axis,

The resultant curves arc rcepresented by straight
lines as shown under figures ZABUC 1 (ia) to ZABUC
2 (ib). Therefore, thc infiltration rante I in inches
per hour ¢an ncw be found by applying the Kotiakov
(1932) infiltration cquation. Thus, by applying

equation (5), we have -
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-k
I =Pt
where F - a constant depending
on time {t)
t - time in hour
< - a component of a sclution.
In the following analysis, constant 93) is found
as the intercept made by the infiltration rate
line a2t unit time, amd (o9 is the slope of
the line.
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(ii)

11h

~sults of the cxperiments using theorcticnl

analysis to detcrmine infiltration rotes on the

- — B e LW 8 ——

data obtained from cylinder infiltromcters at

the _Ahmndu Bello University,

-

Zoapin,

Table No, 2

Cylinder Infiltromctcr Annlysis for infiltration ratc,

Fipure No. ﬁIns./hr. Y houq < |I inches per hour

k’z;‘“x'rm‘c 1 (in) 1.50 T 10,385 1.55-0-009

v 1 (ib) 1,60 " 0.356| 1.6t-0.356
¥ 2 (1ia) 2,70 " 0.454] 2.7t-0.454

u-" 2 (ib) 3.80 L 0.625 3,8t-0.625

—

Thercfore, from the forcgeing, the valuc of the

infiltration prate, I in inches per hour at time (t) can

be found if the valucs oi‘)& and o< are knovm,

the Mnin Campus of the Ahmadu Bello University, Zaria, were

shown in Tables numbers 2 to 8. It is hercby concluded that the

Conclusions to analysis using cylinder infiltrometer

data,

results obtained from the above nnalysis indiented elosc

comparison with thos¢ obtained from ficld cxperiments.

The datna for the infiltration rates of variour arcas arouncd
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(iii) Theopeticol onalysis using Svrinkleps -

Inflow ond Outflow infiltrometers, at the

Kaduna Polytcchnic, Kaduna,

In order to solve equation (7) of this study,
thc author has used the results obtained by plotting
the data in Tables 16 to 19 (inflow nnd outflow
infiltrometers) to obtain the neccesary nnalysis

shown in Tables 24 to 27 for the infiltration
capaecity for the ground of the Kaduna Polytechnie,
Kaduna,

The cegquation is as follows:-

£ = f5+ (Lo - £o) o FEL
wherec f - the infiltration copacity at

time, t = o,

® = the infiltration copaecity ot
steady state,

Kt- thc rate of deereansc in
f-capanecity depcndent on the soil

and its surfaee econditions



¢ - the naturnl - log base,
t - the time,

From the curves obtained by plotting the
above mentioned data, the only unknown thercfore,
is B which is the maes infiltration in excess of
that at the fe ratce.

Therefore, from equation (71i), we have =

Kft=£mf§_&

from which

116
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(1V) Results cnd Conclusions to analysis using Sprinklers -

Inflow ond Outflow infiltrometer datg at thce Kaduna

Polytcehnic, Kaduna,

é The anslysis obtaincd by plotting the data in Tables 16 - 19
(inflow and outflow infiltromotcrs) arc shown in Tables 24 ~ 27.
Thus, the infiltration capacity in inches per hour was determined
for cach test by appl:sing the Horton (1943) infiltrntion
equation— sce cquation (7) under this study.

! The initial moisture contients were not cqual for all cases;
also the differenc:. in the curves is highly dependent on
surface conditions,., Thus, the differences in curdoce conditions.
afe algﬁ'féfiécted in the eguations.

i At least for theorcticnl consideration, the analysis
appearcd to bc the best method of deternining the ability
of the infiltration egquntions using the experimental data and

to dctermine values for the infiltration ¢apacity for

diffcecrent soila and conditions.
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CHLDTER V.

5.0 Conclusiong to_tho cxperiments earried out at the SLHhmadu

! Bello Univerpity, Zarin., and the Knduna Polytcchnic,

Kaduna o

The experiments from different sites indiented the infil-
trotion rateq in irches per hour ucing cylinder infilirometers
and the rote ~ Inflow and ocutflow on o sctandnrd plot. In the
latter cage, cnch intenaolty was continucd cufficicontly long
for the rate of runoff to become scnoibly constant.

I The 1ateral position of the curves depend nninly on the
intinl ooil moisturce nnd the gencral schape of the curveo dopend
ont the codl type, nnd other conditions sueh ag cover, cte,

It was difficult to control lateral subterrancan flow of
water between the depth of ponctration of one ineh and fonmr
inches, Thic problem however, did not affect the depth of
pcenetration from five inches uwpwards,

The optimum depth of cylinder penctration was determined
and thio occured at 6 incheo depth of penetration.

Buffered eylinders reached thelr steondy sotates at a
pcriod carlicr than non-bufferced eylinders,

It was obgerved thnt varying the hend 6f water incide the
inner eylindcr produces little or no chanpge in the amount of

writer intake of the coils under conciderntion.
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At the beginning of cnch teot the rnte of infiltration
wag conaistently highji but at later periods 1t became constant
at a lower ratce. This may be duc to the $0ils mearing theilr
gaturation point.
| In moot of the tects, the infiltrntion rates reach thelr
qtcady states between 4 and 5 hours.

.% The initial infiltpation rote roangec boetwoen 0.90 and 1.50
iﬁchcs pur hour,, and botween 0.17 and 0.32 incheg per hour for
the ratc at the stendy otate. The Inttor comporcs favourably
with thosc obtained by Dr, Guy E, Wilkinoson undor Appendix 1.
The soils achicved neaply complote saoturation, since the final
f-capacity curves lovel off at about the same point for most

of thce cxperiments, The original moicturce content woap found

to have no sipgnificont cffcet on the rates at thoe ctendy
stntcs, but the moisturce contunt doca nffeet the initiol
infiltrntion rete, v.g. tho higher the wmoisturce content the
lower the initial infiltration ratoe. Thus, 3he infiltration
capacity io lower during the rainy ceoncon than the dry ccagon.

It was found that the greater tho rainfall / water
appliceation, the logo the rate of infiltration., and tho
greater the rate of applicntion, tho greatce the proportion

ol the runoff.
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in invectigation wosn conductod to cXperimentnlly
cvaluate infilteation cquations proposed by kotinkov and
Horton. Expcriment:l data were obtalned foam recunt ficld
Studles conducted by the author for this thepié, On the
bagcis of the results, the author found that adcguate
Predictions of infiltration rates can be obtained from
cither of the two cquntionu, but thc analysic obtainced
by using Horton's cguation appears 0 be morc roliablc
nnd ean be used to determine. the infiltration enpncity,
which iz the maximum pato nt whieh infiltrrtion enn
ocecurc at the lond surfacc, Also very good roprecontationa
of the infiltration capacity - time rclationship enn be
obtaincd by using the nprinklcrs to ocbtain data for usu with
Horton'c cguation,

Finally, the two cquationc preodict stendy ctate
infiltration ratouo and ecapacity that agrec cloooly with

cxperimental vnaluca,
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CH/.PTER VI,

6.0 A SUMM/RY,

The bricf studico reported herc point to the
uscfulness of epoecifie information on the infiltration
characteriotice of ocpucifie loeal citco.

Charactcerictics of infiltration ratcs and the recponoc
of diffcrent citeo undcr various conditionc arc so vari:d
that no uniform rclationchip could bc eatcpgorienlly ctatced,

Studice of infiltr~tion ratcs of various arcas chould
includc n knowlcdpge of how coil dcpth, coll moicturc, coil
cover, coil texturc, coil structurc, oil cwelling, and
scagonal changes in phycieal conditions affcet infiltration,

Expcrincntc werce conducted using the eylinder
infiltromcter mothod., Later cxperimentc werc performed in
which cprinkling dcviccc for inflow and outflow
infiltromctirs were uced on differunt siteo.

Lic n rcoult of the cxperiment, it wao cvident that
the optimum deptho of penctration had n rangc of 5 - 7
inchco with a mean of 6 inchco. The cffeetive optimum
dcpth wac dependent on the condition of the curfacce
and thc type of coil,

It wasc cvident from the rcoults that infilteation
only octaprtc when the coil is wetted, nnd that the
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infiltrntion roten deerencce with time aftor wetting, i.ce
the rete of woater infiltration gradually dropo until it
approachcs a conctant vrlue, Also, it wno chown that only
during thosc portionc of the infiltr~tion patc when the
runoff ic conctant, and nfter saticfactory coil
saturation, cnn the infiltration ratc be detceemincd
dircetly and with 2 dcgrec of nccuracy.

In the studics, the author has concidercd the
theorctical analycic of infiltreation rate uiing the
oimple knowlcdpgce of overland flow, IExperimentnl data for
the golution of Kotiakov nnd Horton cquntionc woerc
obtaincd from thce cvxperiments conducted by cylinder
infiltromcters and cprinklcrs.

Numcricnl techniquec for the colution of *wo
cquations and thc charnctericntion of infiltration no
proposcd by thce author can now be npplicd to ficld sealce
problcmo, Perhape a greater barricr to numcrienl
solution for npplicd problcmc iac the larpe amount of
computntion time ncecocoary to dotermine infiltration
for thc vaprinblce conditions existing within o catehment
arcne. Thio barricr could be overcome by thoe unce of

infiltration datn such 2o thooc uoed in this study.
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The author has a2lco considcrcd the moethod of
¢liminating the crror which may rpccult from the offeet of
watcr preocurc on the infiltration rate by using buffercd
zonc,

It wao cvident from the recults that infiltration
capacity varicc from timc to timc, 2ccording to the
complcx interaction of a large number of variables. The
influcneing factoro enn be brondly celacoificd ns for
cxamplce through a ctorm, or through a ccrice of roinfallc
nagc chort tcrm varintionc and thooc whooc main cffeets
arc upon thce longer term vorintions of infiltration
capaclty from onc scacon of thce yenr to anothcer. Thuo, it

ic difficult to acseos their individual quantitative cffcct.
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B. Conelucionc and Recommentations,

On thc bacic of thce rcoultc cbtaincd from thic study
the followings conclusions werce formulatced:

i knowledpe of how the accummulatcecd amount of infilt-
ration varico with timc has been derived out of the eylinder
infiltromcter mcthod., Thic method ean be uced to predict
the rainfall - runoff rclationchip of a wster-ched arco,

In scurfacc irripntion, for cxample, it i dcociratble
to xnow the rclationchip between accummulated infiltration
and timc to dctcrminc how mach varintion in innudation timc
can b¢ purmitted within a certnin agricultural ficld to
maintain irpipgotion cfficicncy over a given
pcriod of time, /ilso, it ic the relntionchip between
rainfall intcncity and the infiltration cnpncity which
dcterminco how much of the falling roain will flow dircctly
ovur the pround surfacce into ctrenmc and rpivers, nnd how
much will cnter the coil where it will be retnaincd for
scomc period of time before being cither pacced downwardoc ao
pcercolation, or rcturncd to thce atmoophere by the proccsoes
of cvaporation and trancpiration, The infiltration capacity
should bc ac grent as poscible, to aveld soll crocion, to
build up ground-vatcr pupplicu, md to nllicvintce curfacce
drainagce problemo, Converccly, the infiltrntion capacity

should be as omall nc poosible, oo that the greatcest poscible
k runoff will occur to fill curfacc rceocrvoirs, It will clco
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bc of great use in all typec of cngincering works cuch ac
sewage dicpoocal works, cte,

It was found that the beoot cylinder infiltromcter cuitable
for thc cxperinent wno that of 12 incheo diamcter and having
an overall hceight of 12 inchcc which can be buricd at least 6
inchca inte the pground. The cylinder made with 0,042 inch thick
~-nc¢os gave pood reoulto. It ic therofore, the opinion of the
author that come cconomieal bencfito can be obtained in the
standardization of infiltraion mcavurcment by using a cylindcr
of thic thickncas ac apainct the onc madc of 0.25 inch in thicknco:

/g a reoult of thic cxperiment it wnio cvident that the
cylinder infiltromctcr mcethod of mcecacurcment io the simplcect
as it rcquirce simplc cxperimental instpumcents,. It ic further
cvident that the buffered cylinder infiltromcter is better
than thc non-buffercd cylindcer infiltromcter.

In comparing the beot eylinder infiltromcter with the
becot inflow and outflow infiltromctcr, the nuthor found that
the beot eylinde~ infiltromcter wac morce adaptoblce and under
normal conditionc would give better reoults, Alco it wac found
that for practical rcasonc the beot inflow and outflow infil-~
trometer with the standard cprinklor deviec showed bettor
application and adaptability thon that with natural rainfall,
beeause of the genernl experimental control nnd other factors
which must be convri”mpcd beforc a relinble reoult can be obtaincd.
fLloo, rainfall timc nnd period can not be predicted,

Furthermorc, it would appcar that for the latcritic ooil
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of Zarin nnd Kadunn, thc cylinder infiltromcter corrcction fact -
~ors may be uged ns a pguide and for good reoultc, the corrcction
factor of O.LL for initial and 0.99 for finnl rates would apply
for Zarin, nnd the corrcction faetor of 0.66 for initial and
1,65 for final reotco would apply for Knduna. However, it mart be
cmphasicsed that these results ean only be accepted for the Baria
and Xaduna latcritic coilo. The corrcction factor for other poils
such as the fiky soilc of Lakc Chad er thoe alluvial plain of
Bagcita must be determined coxpoerimentally.

It ic suggestcd'that previous reoultc obtained using ring
(eylindor) infiltromcters mipht benefit from the application of
a cimilar corrcction factér, in vicw of thelr apparently high waluc:

On the vagic of the rcoultc obtained from the theorctical
analysis of thisc study the following conclusiong were madc:-

Accuming o homogeneous, decp soil with a uniform initinl
moisturc content, the infiltration ratc and capacity can be
predicted from the regult of cxperiment and by ucing cquations
(5) and (7) undcr thic theois,

For cquation (5) thrce parameters muct be detcrmined., They
arc:-

a conctont dcepending on timo 9@ ), timc (t), nnd thc slope
of the linc (o).

Similarly, for cquation (7) aloo, throec paramcters must be

known. Thooo nrci=
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a conotant dependent on the coil and itc curface conditionc
(Kpg), time (t), and painfall intenoity,

It may be obaocerved that the two cquations pive ade-matc
fitc to the infiltration data, An indicntion of thc compar&tivc
ability of thc cquationc to fit the cxperimental data is given
by the infiltration analycic im tablc 23 and tables 24 to 27.

Finally, in Amcriea, wc have had dcocigno of infiltromctcerc
for ovcr 30 ycarc, but therce has never been n ctandard docipn,
The author favours stondardization covering minimum recquremento
and hercby advocatces onc standard dcocipn - the 0.0 inch
thiek cylinder infiltromcter, with an intcrnnl diamctber of
12 inchec and overall height eof 12 ichcoc, In particular, the
ostandard infiltromcter chould be consictent with sood
practice, and should bec ablc to be erceted at the lowest
poscible coct, wheih ic descirable and nccccoary for all

projects where initial cost ic of primary importancce
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Apperdi:c 1.

Table Mo. 28.
The index of physical condition ng the WOT-Iun infiltration

By TR, Guy

L, "ilkinson.
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Length of gamba fallow and water infiltration{ gamba frllow rotations-

rroundnuts) .

— i e . .

Fallow Crop | OSlock 1 Block 2 | Block 3 Block '
Ins/hr Ins/hr Ins/hr Ing/hr TETAL . ;
2 yrs. 1 0.24 0.28 \ 0.38 0.12 :
2 0.16 0,20 0,34 0.10 t
i
3 0.21 i 0,28 0.31 0,17

0.61 0,76 1,03 0.39] 2.79
i
3 yrs, 1 0.25 0.38 0.31 0.24 i
2 0.28 0,59 0.41 0.3% :
3 0.23 0,56 0,46 0,732 "
0.76 1,53 1.18 0.91| 4.38 |
E
6 yrs 1 0.73 0.29 0.39 0.23 }
|
2 0.31 0.27 0.30 0.27 !
3 |-046 | 0.30 Q.42 | 0.22 |
1,20 0.86 | 1.11 0.72]  3.89 'l
I
| |
Py B ) & | 5% 12, 2.02 | 11,06 |
1
e e SR (R SEN) S—
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Appendix 1ll,

goil Charncteristic as it affects Infiltrntion Measurcneonts,

Thogc characteristics that dircetly affect infiltration
nrc soil texturs, soil structure, soil structurce ond
s0il nmoisturce content. Othor factors influencing
infiltration orc soil ew#ling and goil colour.

They arc as followgy-
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(1) Zoil Texture
This is the srading of the size porticles in a soil. The
particlecs range in size frorm fine gravel to clay. GCenerally,
the ren~c iz betweon curtain limits which havo been fixed at

dismeters ard clnesificd os follows:

Cley - 0.002 mm.
Silt 0.002 =~  0.05 ,,
“nnd 0.05 - 2.0 ,,
Gravel 7 2.0 o,

The texture of n soil ns o vory important influcnce on the flow
of doil w.ter and nlso detecrminvs the depth of soil water it can
store in a 7iven dopth of soil.

Soil mny be scpnrated for toextural classification by the
followin~ methoda:

Sigving - this mathod is used to separate coarsc sand, 0,2 mm

8icve is uwsed for this purpose.

Pippette or hydromcter.— for obtoining finc fractions such as

silt and cloy,
Decantation ~ for use on finc samples such as finc sand,

The amount of watoer transfeor to plants is prestor in moderately
finc tocturc then in coarsc tecture soils, expecinlly in humid
remions,

The textural classification chart is used afier the mechanieal

analysis to obtain the teé®turanl prnde and the results obtained arc

shown in tablc number 1.



Seil Charscteristic

Tnble Yo, 1

as it affects infiltration ncasurepents,
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. G (04 ] L+,
% | o Scil Soil Soil 25 A
.-1 = ] T:—;;{' e ';C >01 45; g . :: -
SI1EI B & § Structure] Colour " EW "o
-l ol ~ o 3] O o
o [=] (&) ) w2 — = 0 J U?fi_

1 1 8 4 88 Sangd -

2116 | 6 |78 }} Sandy loan Palo brown
: ;g ?3 'g? ;\:jy Tl_on;:- Blocklike :ﬂl_;LI:odwn/ 7.50 46,0
4 || 3andy loan o -ue re
5428 | 2 |70 || Sandy elay loan vosue red/
6126 N6 58 San d:’ loan rodish ycllow
211} 6 |5 |99 || S5-nd )
21 2015 |75 |l sandy 10en Palo brown
31 1819 |73 || Loan sand .. _{Palc brown/
Blocklike
4| 17h2 |71 || sandy 10am R e g rc;d/ 7.18 42.0
51 27] 4 {69 |{ Sandy 1 A varue red
6] 2612 172 |} Sandy Lgll - redish ycllow
311 518 (87 {f Sand bate hos
31 12} 6 |82 || Loan sand — P~le browny .
4 ) 1613 |81 |} Loon sand j"{i::;‘;“ {~revish white 7.23 \ 44.0
51 25| 10 {65 | Sondy Clay loan|#t0C%++¢C i
6 1 2318 (69 j| Sandy loon Greyish yollow )
41 [ 102 |90 || 5an2 e %
2| 17113 |70 |l candy loan dhan
312118 |71 }§ Sandy loan Pale brown/
4 | 24 ] 6 {70 || Sandy loan Blocklike fvauc red 7.40 44.6
512714 |69 § Sandy clay loan P
6 35_! 4 |71 § Sendy clay loan Vorue Ted
511 12110 |78 | Loan sand =y
2 | 1810 |70 | Sandy loon shacio bl
20,5 175 || Sandy loan o )
4 | 22{10 |68 “ Sandy lomn Platoy |Sroyish whiia 7.20 40.0
51| 28] 4 {68 || Sandy elay lomn | CHlum Cro
[ 301 6 164 Hl Sondy elav loan oy
61 91 2 |89 || Sand Pelo by
2 ] 161 8 |76 }f Sandy loan B
5312016 |T4 || Sandy loan Pale trown/
4 | 2812 |60 || San?y loan Blocklikelva uc red 7.22 4%,3
5112710 | 63 landy loan R
6 | 28] 5 177 }] Sandy elay loan QTG F9

The above results indiented o

by Vire,

fovouranble conparison with thosc described
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£0.00% wvam CLAY.
1oe

&, ©:002-06.08 o SuT.
1w ©95-20 , s

50 40 30 20 o

T SANO i PERCENT.

TEXTURAL CLASS, FICATION CHART. 4,
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(ii) Soil Structurc.
Soil structurc iz the breskins down of soil into

structural units, anl roefers to the desrce to which individual
soil portieles arc ~rouped together to form azereszates. It
is built by wettine »nd drying, freezinz and thowing, or by
combinations of thésc conditions. Also penctrating roots build
soil structure by romoving water from the soil, which cnuscs
drvins and pcrmits subscquent wettine, The srouping of
particles into structurnl units occurs in all soils, Fine
materials have no structurcs since structurc is the woy soil
is divided into picecs or particlces.

Soils in vwhich tho porticles arc uniform in sizc will mve
lnrgc spaces botwoon the particles, but thosc in which the
gize of the grain verics preatly will be more closcly packed,
and therefore, the volumc of porc speccs betwoen the groins
will be restrictod., Hence the overall structure is a resultant
of the arransonent ~nd bondine of individual soil particles
into structural units. Soils with pood structurc will have
a hi~h porosity.

Charactcristic structural units mey be platclike, prisin-
like, blocklikc, column, spherical, mathy, an’ bherechy,

Minally, avgrepation has o s#reat offcet on infiltration,
and the presence of large agpregatce increases the smount of

pore spacc in the soil, which is desirable in azricultural
soils,
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The results obtained from the laboratory observations for
smmples collected wore listed in Table Number 1, which indicated
thot the soil structurc is mostly blocklike, and of a ~ood
structure.

(iii) Soil Colour.

Soil profiles which differ in their mincral constituents will
aleo normally differ in their colour and reflectivity, This
differcnce may be found br ficld observation.

The colour must select, indentify snd generalize the soil
in which it is relatced beforc onc can describe and moke comparison
betweon different soil types. Also it will indicate the limits
of onc type of soil to the other and the srea coverced. Thus,
colour enn he amployed effeetively in soil interwmretation,

The results obtaincd from the ficld observations on the
samples collceted were listed in Toble Number 1,, and these add
to the clarity of the soil types undor differcent stages.

(iv)  Soil moisturc contcnt.

Soil moistwre will reducc or limit the infiltration ratc.
The roduction is duc to the faect that moisture couscs soil
swellin; and thorcby roduccs both the pore space and the rate
of wnter movoment,

So0il moisturc may be classificd as hydroscopic, capillary,

or gravitationnl moisture,
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Hydroscovic moisturc -~ water held tishtly to the surfacc of

s0il particlcs by cohesive forces,

Capillary moisturc -~ watcr held by forces of surfacc tension as

continuous films around particles and in the capillory spaccs.

Gravitational moisturc - watcr that movea freely in responsc

to aravity and dreine out of the soil,
Mcasurcmont of soil moisture can be denc by dircet weishing,
ncutron scatterins, and tonsiomotors,
The soil moisturc contents determined under leboratory tosts
were listcd in Table Number 1.
(v) So0il swclling
S0il materials such as elays awell while absorbin~ water and
ghrink upon dryine, This is duc to the cxpanding micropores whon
enlarged by inflow of water causcd by e sradicnt of free cnergy.
They receive wotur by surfacc nbsorbtion or capillarity. The
swclling effoct on the soil particles will reduee the rate of watcr
novement into the soily this is because upon swellins undor confined
conditions, the larsor porcs arc narrowed and gascs may also
teaporarily clog the soil pores.
The s0il samples collceted for laboratory cxperiments gave the

results shown in Table Number 1,
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Appendix 1V,

e Locnticr for thoe cxperiucnts o

(1]

1

Bello University, Zorio,
The site loertion for the oexperincnts nt the Ahnadu
B¢cllo University. Zarain., has been discusscd under
Chopter 3.0 (1ii) H»f this study.
The nucessary Arowing is chown on the following

page = aee drowing nunber 1.
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Appendix V,

8it _location for the xcperimcnts at the

Kadunn Polytechni, Kaodunne

The sitc loention for the cxperiments at the Kodunn
Polytcehnie, Kndunn., hes been discusscd under
Chopter 3.1, B, of this study.

The ncccssory drawing is shown on the following

page -~ scc drawing munber 2,
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Cylinder Infiltroncter dnta

Table

Apoencix V1
No. 3

ZABUC 3(m) - 4(1»)

o 3(a)
™ = L7 = P o, :
;}iﬂs“l e w e HE o | INLXE
k: (Miguizs). M5 - R C— -f——fJfﬁ e
= 0 P Depthia © A
b Sinco] ince || 8 , 1 & 585 Sy s
29 = o BT & H PalIns/me S 6 F
o | laat 20 of wl 0 O T 5 (o g 3 o IE".B
O E reacg, tostjj= S B~ £D§;_J(”qt1 hos L
| =
8.00 - - 5,86 = = S
8,05 5 5 5, 0,15 pP.15 {1.80 §5.73 10,13
810 5 i0 5 A5 1 .30 11,80 $5.60 13
8,20 10 20 5 1% «43-10.78 § 5,45 16
8,30 10 30 .16 59 | ,96 5.27 A7
8,45 15 45 4 1 .73 1 .56 15,08 .19
9-00 1_5 60 n15_ !88 .60 !:‘Im ‘20
9a30 E 90 ae 'n13 150 ‘;_._53 035
0.00 30 120 26 1,39 { .52 #4.18 2 24
1@ 60 180 -‘lr 1 -8‘1- .4:5 30?3 r_is
12.00 £0 240 A1 12,25 | .41 §3,32 o4
1.00 60 300 .36 12,61 | .36 12,95 a2l
2,00 50 | 360 000 [0.9t [ 236 [ 2,55 | 37
1(a)
5.00 = - - - -
8 05 5 R 0,21 LAY 0,22
8,10 5 in 20 1 .41 421
8.20 10 20 .9 .70 A 55
8 - "SO _1_0 _.m - 21‘ - 94 - 32
8,45 1 1% 45 30 11,24 25 5
9.00 15 &0 230 11.54 25 11,60
9.%0 30 g0 .34 11,88 .31 11.91
10,00 30 120 .32 |2.21 : 30 12,21
11,00 60 180 .36 12,57 .35 12,56
12,00 60 24 31 12,88 27 12.33
1.00 £0 300 24 13,12 L16 12,99
2 00 IRETI. W24 13,56 =215 | 3.15




Table o.4
Cylinder Infiltremetor data ZABUC 5(a) - 6(1)

5(z2) -~ 5(b)
Elapscd TITAKE -. THTIKE }
Tinec B 0 o b " 1 <y l
=t (P'inutus.) ?f,"’ o Zg} 5' i m '-E w ‘ .
P IS 58,7 |8 36" |58 | pontn
E & SincelSince % g 5':: r;li:: Depth i(.) L E‘i ol cp i
3 g |1a8% tbop, EE€T5 . B me/hrll BET 5|Ins 'E’*r Ins/hr,
o = Teadg.] of test " ¢ o« Ins,] 30 g 9 (2 @ ‘“
P < Y ot o <IN o T
8,00 | - - 5,86 -~ - - 5.86 = - - !
8,051 5 5 5,70 p.16 10,16 1.92_ 11 5.69 _P,'7 10,17 12,04 i
8,10 B 10 5455 15 231 11.8 5,53 .16 293 1.92
8.20 | 10 20 5,27 .28 | .59 |1.68 5.33 1.20 | 5% N
8,% 110 30 5,01 .26 B85 |1.56 5,14 .19 ]2 1
8.45 118 45 1.66 .35 11,20 {1.40 4,86 .28 {1.00 |1
9,00 {15 60 A32 34 11,54 11.%6 4.59 1,27 11.27 11
9,30 130 90 3.29 .33 11.87 0,66 #4.29 1,30 1,57 |O
10.00 | 30 120 3,67 32 12,19 | .64 3,99 1.30 11,87
11.00 1 60 180 3.28 .39 12,58 | .39 3,63 1.36 12,23 |
12.00 { €0 210 3.08 £20 12,78 | .20 2.29 34 12,57
1.00 { 60 300 2,92 A6 12,94 | ,16 3,08 |.21 (2.8
2.00 {60 360 2,76 o158 15,10 1 .16 2.77 121 12,99
6(‘.:)
800 1- = 5,06 - 86 - g l
80515 5 5.74 0,12 .11 0,15 11,80
8.101s 10 5.6% 4% g8 | 13 | .28 [1,56 1
8.20 10 20 h.4% .20 536 50 11,32
8,30 110 30 5425 218 5.16 .70 11,20
B.45 115 A5 5,00 _1.25 4,87 229 11,16
9,00 118 60 i P 4.61 1,25 11.04
9,30 {30 90 4,46 adl 4,23 1,63 10,76
10.00 | %0 120 4,17 29 11,69 1,58 1§ 3.88 225 11,98 | ,70
11,00 160 180 3.7 240 12,09 | .40 3,42 246 12,44 | .46
12.00 160 1240 344 33 12,4 23 _$£3,00 1 .33 12,77 1 .33 d
1.00 160 300 3.19 25 12.67 | .25 2,86 13 12.90 | .13 i
2.00 160 360 2294 1 220 12,92 1 .25 2.73 13 13.07% sl |
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Cylindor Infiltroncter data. ZABUC 7{a) = B(b)

6

a 7(v)
Tapsod 1) . INTAKE 1
i N —~ TAKD ., B
5 rine Be 2 823
"E I'Iinutss). +':‘ ,:5 ] \ £ S ! . { Depth
Since | Since A &€ o AR - e £ 2 | Ine/}
¢ 3 ifL = o }‘r:. s ¢ % @ | pepthl| B & g B s iy
A el ne Cile o o 5] Ins 1 Pk QG o D
o K rcn:'!':‘_fﬁlf tost '_';'__E' "_: '3 o (_B ,u: hns/}u‘ ;H .E‘ t;‘:‘ Ins, D iR
8,00 | - " 5.86 | = . 5.86 1 = + = -
8.05 5 5 "5.68_|'0.18 10,18 12,16 ;15,70 0,16 | 0,16 11,92
8.10 5 10 |] 5,52 A6 34 11.92 115,53 ki 23 12,04
8,20 10 20 5,28 | .24 .58 11.44 115,31 22 1 .55 11,32
8, 30 10 30 ,|Q_5.o5 Sa% 81 11,26 1} 5.11 201 .15 11,20
8,45 15 A5 1.65 L0 1 1,21 :1.60 114,76 35 11,10 11,40
5,00 15 60 2,28 371 1,58 {1.48 114.75 311 1.41 11,24
3,30 30 90 3.86 ._1—2 zgm 098‘1 "'.rc 937 1_02{3 09?‘1
10,00 30 120 ! 3.4 36 1 2,36 1 .72 113.73 .35 1 2.13 270
11.00 60 180 3,07 LA0 | 2,76 A0 1) 3,34 o 35 2,52 +39
12.00 £0 240 3,02 05 | 2.81 { .05 |13,06 428 ; 2,80 .28
1.00 60 300 3,00 021 2,831 ,02 |12.89 A7 1 2,97 .17
2.00 1 60 360 2,98 021 2,851 ,02 1}2,72 2371 3.14 12
8(a) 8(b)
2.00 - — 5. .06 - . - 5.86 - - -
8.05 5 5 5,75 41 0,11 1 0,11 }1,32 {15.76 0,13 | 0,13 11,56
8,10 g 10 5,65 .10 21 11,20 i1 5.65 11 24 11,32
8,20 10 20 5,48 17 .38 11,02 ]15.46 .19 1,14
8.30 1 10 30 5.33 .15 53 10,90 (5,28 .18 .61 11,08
8,45 15 4 5,11 L 22 75 1 .88 115,04 .24 .85 10,96
9,00 15 60 ts21 1 .20 .25 ! .80 {14.82 .22 | 1,07 .88
9.3%0 30 ac 158 £33 1.28 .66 s 47 335 1412 . 10
10,00 30 120 4,27 31 1.59 02 114,16 &5 1.7% .62
11.00 60 180 3,89 38 1 1.97 | .38 1l 3.76 40 | 2.13 140
12.00 60 240 3.59 20 1 2,27 . 30 3241 L35 2,48 239
1.00 60 300 3.34 25 12,521 .25 113,13 28 | 2,76 .28
2.00 a0 360 3.09 25 277 .2h 112,86 28 1 3,04 428




Table No,b

Cylindor Infiltrometcr data, ZABUC 9(a) - 10(b)
9(a) 9(b)
| DY gc i~ 2 '
Pooflmn HEFRC) [T 0ER
- PR Sincgoince o S [5 B alDepth fus - '
-~ e P 0y . gt F Optho
a H last (ber. " QO Olyng 3 p.sl In:s/hr. @ e Eﬂ Ins, g 0
g (= readry ety = b S 2 C::: ':' ,g L) O™ !13/}11‘
8,00 | - - 5.86 | = |- - 5,86 | - |- [-—
8,08 5 5 5.73 0,13 10,13 1 1,56 |1 5.74 0,12 10.12 ]1.44
8.10 o) 10 5,65 10 | .21 11,20 || 5,62 1871 .24 11,44
8.20 10 20 5,46 2191 4011,14 115.32 { .20 | .6C 11.20 .
8,30 10 20 5,27 J91 .5911.,14 (i 5.23 491 .63 11,14
8,45 15 45 5.02 .25 | B4 11,00 1 4.96 271 ,90 {1,08
9,00 is 60 4.78 24 11,08 { 0,96 4.72 24 k.14 10,96 |
9,30 10) 90 4,42 36 11,441 .72 4,28 A4 h,58 | 98
10 .00 z0 | 120 4,09 33 1L TLE 466 15, 87 41 11,992 | .82
1.11.00 60 1 180 3,68 41 12,181 .41 1} 3.5 .36 1.35 | .36
12,00 60 240 3,32 1 .36 | 2,54 .36 1l 3,21 230 1. 2.651 .30
1.00 60 1| 300 3,04 _}_._2_8 2,821 .28 |l 3,00 2112,86] ,21
2.00 60 | 360 2761 2813101 ,28 12,79 211 3,07] .21
10(.’1)
8,00 i &} 5.86 - -
8.05 5 5 5.69 {017 10,17
5.10 51 10 T 5.53 <101 <37
8,20 101 20 | 5,31 221 .55
8,30 10 130 ]1H 511 2 15
8,45 15 4 45 4,87 24 1 .99
9,00 15 | 60 1.66 | .21 11.20
30 L9, . 4.3} 2 Y1.82% . f
10.00 30 _1.120 1,03 31 11.8%
1100 60 1180 3,60 A3 12,26
12,00 60 1240 __3.25 35 12,61
1.00 60 {300 3,01 .24 12.85
2.00 60 1360 2. 77 24 13,09




Table No, 7

Cylinder Infiltrometer data, ZABUC 11(a) - 11(d)

_ 11(a) 11(b)

Mapsecd . “ﬂ

7 iﬂc \s“: O ;; 5 NTAKE @ U; IN’E .“K B
g | (1iputes ‘i "‘ét Rt T :J 15

Sit‘&ca Sinecc E‘; ] ~~ Nenth & I"Jd —~ 3
g .[,: readn, of t\.,# :l':{ E E:j, Tns. L ,?:_H_' hr. ,'_ § E‘:E-], S g-gh‘i I‘."'.S/
8.00 - - 51% s _—iie 5-86 -+" -: -
8,05 515 575 10.13 10,13 11256 1 5,72 | 0.14 10,14 11.68 |
8,10 51 10 5,61 121 ,25 11 5,59 12 1 .26 [1.44 ¥
8,20 M| 20 Ba3T .24 39 11 5 50 23 1 .49 11,38 [
8,30 10 | 30 5.16 1 .21 1 .70 11.26 |l 5.14

3 Je i 122 .71 1.12

8,45 1 151 4 4,86 1,30 | 1,00 11.20 |l 4.72 32 1,03 11,28 |
b0 1 151 6o 7.58 1 w28 11,26 11,12 I 4ut3 1 .29 11.32 11,16
q.30) 30 1 90 A.18 L0 11.68 j0.80 |} 4,01 42 11.74 B4
10,00 30 1120 3,80 | .38 2,06 | .76 il 3.63 38 | 2,12 1 .76
11.00 | 60 1180 530 1 206 12.50 L oa6 1 3.23 | 240 | 2.52 [ L4
12,00 60 {240 3,01 33 12,85 | .33 112.97 .26 | 2,781 ,26
1,00 €0 1300 2,86 1| .15 3,00 1,15 |l2.84 13 | 2,91 | .13
2,00 60 1360 2.7 A5 3.5 1.15 12,71 13 ) 3,04 1.13
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