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ABSTRACT 

This thesis reports the results of a study undertaken 

to evaluate different techniques of simulating infiltration on 

hydraulic models. Different materials including chamois, plastic 

foam, porous plates, and drilled plastics were tested to determine 

their suitability for construction of watershed models. 

The results of a study of the hydraulics of overland 

flow are also included in this thesis. Some of the effects of the 

pertinent variables of time, slope, and soil intake on the geometrical 

properties of the water surface profile are given. In addition, 

field data on overland flow profiles are included in the Appendices. 
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INTRODUCTION 

In arid and semi-arid regions more effort is made each year 

toward optimum utilization of our water resources. In other pa.rts of 

the country large sums of money are lost annually due to flood damage. 

To permit better utilization of our available water resources and to 

determine peak flows and their frequencies, it is imPerative that 

hydrologic studies of these areas be conducted. 

To obtain better utilization of our water resources and to 

reduce Peak flows it is necessary to have a complete understanding 

of the phenomena occurring in the nydrologic cycle. Much can be 

learned of this phenomena by reviewing a number of the runoff hydrographs 

that are contained in hydrologic records. However, for many parts of 

the country long term hydrologic records a.re not available. 

On an ungauged basin, the runoff hydrograph of a particular 

storm can be approximated by one of two methods. Either a recorded 

hydrograph for a similar storm occurring on an area with approximately 

the same physical characteristics can be used, or a synthetic hydro

graph can be developed from empirical data collected from a different 

area. However, neither of these methods have proven completely 

satisfactory. Therefore, engineering Qydrologists are looking for 

more acceptable and accurate methods of obtaining the runoff hydro

graphs for ungauged areas. 

One method that appears to offer some potential for this 

purpose is the use of hydraulic models which are scaled according 

to the physical characteristics of the basin in question. The success 
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of hydraulic models for this purpose depends on whether the hydrologic 

phenomena of precipitation, overland flow, and infiltration can be 

successfully simulated. This thesis gives an insight into the basic 

criteria concerning the overland flow regime which must be followed 

in establishing a physical model of the system and reports the results 

of several tests conducted on various porous materials which may be 

used to simulate the infiltration capacity of the soil. 
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LITERATURE REVI»l 

Overland Flow Phenomena 

Precipitation falling on the earth's surface may either be 

intercepted and thus evaporated, infiltrate to the soil, or flow 

overland to the channel system. If the rainfall rate is less than 

the infiltration rate of the soil, all the water will either be 

absorbed by the soil profile, held as interception by the vegetation, 

or evaporated. Rainfall which falls at high intensities produces water 

in excess of the soil and vegetal storage, detention, interception, 

and evaporation requirements. This excess water may flow down the 

sloPes in thin sheets and small streamlets to the stream channel as 

overland floY1. Upon reaching the channel, overland flow combines with 

groundwater flow and channel precipitation contributions to form 

streamflow. (See Fig. 1). A graphical representation of streamflow 

showing the discharge rate as the ordinate plotted against time as 

abscissa is known as a hydrograph. 

PRECIPITATION 

SOIL SURFACE 

DEPRE SSIONAL STORAGE 

OVERLAND FLOW 

CHANNEL PRECIPITATION 

GROUNDWATER FLOW 

STREAM 

FIG. I RUNOFF PHENOMENA 
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Many factors influence the overland flow regime. A list of 

some of the more important of these are: 

(1) Overland flOW" discharge, Q. 

(2) Soil intake rate, I. 

(3) Topographic factors, 

(a) General slope of the land, s. 

(b) Resistance to flow due to vegetation and soil 

surface, r, and 

(4) Liquid properties, 

(a) Fluid density, p . 

(b) Fluid viscosity, P. , and 

(c) Surface tension, ~ • 

Of the above, perhaps the most important variable influencing 

the overland flow phenomenon is the soil infiltration rate. The 

infiltration rate of a given soil is dependent upon many factors; for 

example, the texture and structure of the soil, the vegetative cover, 

the moisture content, the salt content, soil temperature, and others. 

Because of the interrelationship between the geometry of the overland 

flow profile and the infiltration rate, the shape of the overland 

flow profile re£lects to some extent, the intake characteristics of 

the soil. 

In recent years, a considerable amount of research has been 

devoted to the stuQy of the variation in the infiltration rate with 

time for different soils. In these regards, several formulae have 

been used to describe this phenomenon. Among the most common of 

these relationships are the following: 
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I = Ktn Kostiakov (1932) and Lewis (1937) ••.•• 1 

I = c + ke-mt Gardner and Vfidstoe (1921) and 

Horton (1940) ••••• 2 

_1
I = ct 2 Kirkham and Feng (1949) •••.•• 3 

I = a + bt
J 

2 Philip (1957) ••••• 4 

where K, n, c, k, m, C, a, and b are constants whose magnitude must 

be established for a given soil in a given condition. For further 

references on the subject of infiltration, the reader is referred to 

the works of Kohnke (1939), Horton (1940), Free, Browning, and 

Musgrave (1940), Edlefsen and Bodman (1941), Bondurant (1957), 

Christiansen, Bishop and Fok (1959), and Shull (1960). 

Although there is still a need for research on the process 

of infiltration, the need for research on the mechanics of overland 

flow is probably greater. Meyer (1958) summarizes this need as 

follows: 

It appears that in many cases the information 
relative to infiltration is considerably better than 
that concerning the mechanics of the surface flow 
involved•••• Despite the inadequacies of simplified 
empirical equations, the information needed for the 
use of rational flow equations has not been adequately 
developed. The need for this information is great and 
immediate and warrants the attention of every irrigation 
engineer. 
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The ~1echanics of Overland Flow 

As pointed out above, the overland flow regime is a highly 

complicated process. Butler (1957) gives a relationship for the 

discharge per unit width for overland flow in an equation of the for.m 

••••• 5 

where q = rate of discharge of overland flow per unit 
width, 

d = average depth of flow, 

k = retardance coefficient, and 

m, and n = exponents. 

When laminar flow exists throughout the entire length of the flow path, 

the values of m and n are 3.0 and 1.0 respectively. When the flow is 

turbulent the values of m and n will be 1.67 and 0.5 respectively. 

Unfortunately, however, it is difficult to characterize exactly the 

type of flow which exists in overland flow. Flow can be either 

completely laminar, completely turbulent, transitional, or a 

combination of these. One criterion which is commonly used to 

distinquish the type of flow, is the Reynold t s number. The Reynold I 5 

number, N ' which represents the ratio of viscous to inertial forces,R 

is defined by 

N = VLe ••.•• 6 
R P-

where v = velocity, and 

L = a characteristic length factor. 
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One of the problems encountered in attempts to apply the Reynoldts 

number criterion to the overland flow regime is in selection of the 

characteristic length factor. For flow in pipes the length factor 

is usually taken as the dia.meter of the pipe, and in open channel 

flow~ the hydraulic radius. For overland flow, however, the di~~eter,

spacing, and flexibility of the plant stems govern, to a large extent, 

the tyPe of flow which may exist. Therefore, the use of a single 

characteristic length, for example the depth of flow, would be 

inadequate to distinguish zones of laminar and turbulent flow. It 

follows therefrom, that the Reynold's number is not a sensitive 

criterion for defining these flow boundaries. 

For reference purposes the work of Jeffreys (1925) and 

Horton et ale (1934) suggest that the transition between laminar and 

turbulent flow is N 310 and 548 to 773 respectively. These works R = 

were conducted in flumes using the depth of flow as the characteristic 

length. Bowman (1960) conducted an investigation of overland flow 

through simulated vegetative growth. Using the average stem diameter 

as the characteristic length, he found that turbulence resulted at 

Reynoldts numbers as low as 29.5. He concluded that most flow through 

vegetation is turbulent. This opinion is shared by several other 

hydraulicians, for example, Horton (1945) and Chen (1959, pp. 150). 

Overland Flow Regime of Surface Irrigation 

The factors which influence the flow of water over a border 

strip are reflected in the rate of advance of the wetting front. The 

rate of advance has been found to follow the relationship, 

....• 7 
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where t = tii':'le, 

L = length of advance, and 

C and m are a coefficient and an exponent respectively~ whose 
magnitudes vary with soil and physical conditions. 

Much work has been done on the rate of advance of the wetting front 

down a border irrigation strip. In these studies, attempts have been 

made to describe ma.thematically the length or rate of advance as a 

function of such properties as, soil intake rate, slope, and the physical 

properties of the :"border strip. Inasmuch as these studies represent an 

application of the theory involved in the overland flow phenomenon, 

some knowledge. of this phenomenon can be obtained from a review of 

these works. 

Le\~s and Milne (1938) 

In 1938, Lewis and Milne derived an expression for the advance 

of the wet front dovm a border strip as a function of time, rate of 

flow, depth of water, and infiltration characteristics of the soil. 

By assuming that the soil intake rate varied exponentially with time, 

they give the equation for the rate of advance of the water front as, 

.Jl. - Q- -wn~(""::I-+-Y""{-) (1 e ) ••..• 8[ - -ktJ 
c 

where ~ = length of advance, 

Q = inflow to the strip, 

w = width of strip, 

n = con8tant, 

I = final intake rate,c

y = depth of flow,
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n(1 + Y)d.A= c , an 
y 

e = base of natural logarithms. 

On the other hand, if the variation in depth of infiltration is 

assumed to vary with time as 

-nt)d = at + 1 (1 - e •...• 9 
c 

the equation of the advance becomes, 

where a = coefficient, 

a + '1 n + yo
c , and = 
2y 

ex. = I(a + I n + yr)2 - 4anyc 
2.y 

These equations, although highly creditable do not include the direct 

effects of slope, nor do they consider surface roughness as a separate 

variable. Irrigation engineers have not generally accepted these 

equations, primarily due to their mathematical complexity. 

Hall (1956) 

Hall presented a simple, numerical method of predicting 

the rate of advance in a border check. The equation of advance, 

developed from the principle of the law of conservation of matter, is 

cd + F 
o 

••••• 11 
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where: 6x. = increment of advance, 
~

Q = input rate, 

b = width of border, 

bt = time increment to travel x.,
J. 

a.,a. , = factors determined from intake properties 
~ 1-..L. of the soil, 

B,c = constants, 

Yl = depth of saturation at X after first time inc~ement,o 

do = normal depth of flow" and 

F = depth correction factor. 

By assuming that the depth of flovl is a function of the distance 

down the check, Hall assumed that the resistance to flo\'l offered by 

the vegetation is constant throughout the length of the border strip. 

Ree (1949) has observed that Manning's fln lt varies over a wide range, 

depending on the depth of flow, shape of the channel bed, and the 

vegetative growth. He found that as the product of the velocity and 

hydraulic radius decreases,the value of Manning's "n" increases. 

Therefore, the resistance to flow dOWl1 a border strip is not constant 

and thus, the validity of Hall's equations may be seriously questioned. 

Gray and Ahmed (1964) 

Gray and Ahmed wrote the equation of continuity for a wet 

front moving down a border strip which can be solved for the constants-

of the intake equation if the rate of advance for a consta.i1t inflow 

and two or more values of storage during the advance are known. The 
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equation is of the form 

qT = K Tn+l+1/m ¢(n,l/m) + s ••••• 12Cm(n+l) 

where q = discharge per unit width, 

T = time, and 

s = storage, 

C and m = coefficient and exponent of equation 7 , 

K and n = coefficient and exponent from intake equations, and 

¢(n,l/m) = m - n+l + + ... 
l!m+l 

+ 

In this analysis, the soil intake rate equation vJaS expanded by the 

binomial theorem to obtain the expression for the volume of intake. 

Equations of Overland Flov{ Profiles 

More recently, studies of the overland flow regime have 

been directed toward describing the shape of the overland now profile 

based purely on hydraulic considerations. Overland flow is both 

unsteady and sPatially varied because of the nature of the supply 

and the fact that this supply is gradually depleted by infiltration 

as flow occurs dovm the slope. As neither rainfall nor infiltration 

is necessarily constant with respect to time or location it is very 

difficult to express the overland profiles mathematically. Tinney 

and Bassett (1961) at ;~ashington State University, and Robertson 

at al. (1964) at Oklahoma State University have studied the shape 

of overland flow profiles on impervious planes. Chen and Hansen 

(1963) at Utah state University and Kruger and Bassett (1963) at 
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Washington state University have recently conducted investigations 

on flow down a pervious plane. Because of the significance of these 

works to this thesis a resurn~ of these studies are given below. 

Tinney and Bassett (1961) 

Tinney B.i.'1d Bassett studied the movement of a shallow 

liquid front in a flume over impervious beds with different degrees 

of surface roughness. They found that v.rhen a liquid is introduced 

slowly into a channel, it decelerates and acquires a long, gradually-

tapering profile which a.fter a certain time becomes stablilized. 

Thereafter it advances at a constant velocity equal to the average 

velocity in the upstream uniform section. The authors also found 

that for laminar flow the terminal shape of the front is a function 

only of the normal depth of flat.; correspondh'1g to the given discharge 

and bed slope, and can he defined in equational form as, 

-l( d) d_et__ sin Q = tanh D -"If" ••.•• 13 
D 

where ~ = coordinate of measurement of d with the 
origin at the tip of the front, 

D = normal depth of flow, 

sin9 = slope of the flume bed, and 

d = depth of flow in the front. 

For turbulent flow, the shape of the front is dependent 

upon both the slope and the relative roughness of the channel bed. 

For this case, the shape of the gradually tapering two dimensional 

front over an Lmpervious bed is defined by the equation 

= tanh-1 (_d_) _..s!... ••.•• 14D D 
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in which n = Manning's lin", 

n a = J),fanning t s Itn tI for a particular turbulent 
profile that is determined experimentally, and 

b = an exponent, the magnitude of which is deter
mined experimentally. 

When nand b from equation 14 were taken to be 0.020 and 0.667 o 

respectively, TmneJr and Bassett found that a single dimensionless 

curve could be plotted to represent all the turbulent fronts (See 

Fig. 2). However, as these profiles are for flow over it-npervious 

planes, this equation cannot be used to describe the flo,"l profiles 

that occur on the slopes of a watershed. 

Robertson et ale (1964) 

Robertson et ale carried out investigations of the runoff 

process from impervi.ous surfaces to which '.vater was supplied by a 

rainfall simula.tcr. Using the Law of Conservation of Momentum, they 

developed an equation of flow of the form, 

1 - g 
2 .s!z = (S -Sf) - 2gR + Rvsin9 •.... 15 

gy3 
dx 0 

gy 2 ,gy 

where S = channel bed slope,o

Sf = energy line slope,

R = rajnfall rate, and 

9 = channel bed slope in degrees. 

The authors report good agreement ,between the overload flow 

profile as computed by Equation 15 and the profile measured in the 

flume. In most instances the predicted profiles were slightly below 
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the observed. This result was attributed to the effect of rainfall 

on the resistance coefficient. For hydrologic investigations, the 

method of employing rainfall simulators to study overland flow problems 

is probably a more feasible approach and provides more realistic 

results than studying the phenomenon by introducing the flow at one 

end of a flume. 

Chen and Hansen (1963) 

Chen and Hansen were among the first to develop an equation 

for the shape of the overland flow profile 1AJhich included the effects 
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of both rainfall intensity and infiltration rate. In developing the· 

equation they ignored the effect of raindrop impact on the Profile. 

They write the equation of continuity in the form 

dZ+~+y~::R-I ••••• 16 
~t ax. OlX 

in which R is a constant rainfall intensity and I a constant 

infiltration rate. Assuming the flow to be turbulent, and the 

Boussinesq momentum coefficient = 1.0, the equation of momentum can 

be written 

v (R-I) .., ;)v 1 sr! ••••• 17~:: S - S - dX 0 f g y - g~x - g dt 

Equations 16 and 17 were solved simultaneously with q = vy 

to develop the equation for spatially-varied unsteady flow of the form 

s 
~=_.......-o _

~x 1 _ (y /y)3
c 

2 ••••• 18+.£... 
g 

where y =,depth of flow 

y :: critical depth
c

y = normal depth, and
n 

C :: Chezy's roughness coefficient. 

The authors report that although their data and that of 

Bassett et a1. (1963) tends to support the validity of Equation 18, 

more data and further analysis is needed so that it may be applied 

in engineering practice. In future investigations, attempts will be 
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made to include the effect of a varying infiltration rate on the flow 

characteristics. 

Yet another mathematical study is that reported by Kruger 

and Bassett (1963). In this study the numerical solutions of the 

,equations of continuity and change in momentum using a digital computer 

have been proposed. However, their solution considers only the case 

of a constant infiltration rate. 

Watershed Models 

Impervious ltlode1s 

At present there is tremendous interest in the possibility 

of using physical models to study hydrologic processes. To the author's 

lmowledge, none of the studies conducted to date have succeeded 

completely in constructing a physical model, to include all nydrologic 

phenomena. However, there has been a considerable amount of work 

carried out on the use of models to study single phases of the hydrologic 

cycle, for example, rainfall simulation. Some of the most notable 

investigations involving the use of rainfall simulators are those 

reported by Che~, (1963), Chow (1963), Meyers and McCure (1958), 

Mutcher and Moldenhauer (1963), and Turner (1965). 

One of the first and perhaps the most intensive investigations 

on the use of watershed models was conducted by Mamisao (1952). In 

this study ¥.amisao attempted to determine the effects of various 

cultural practices on the reduction in magnitude and rate of runoff 

from a 129 acre watershed in Iowa. This work was conducted on a 



17. 

4 feet by 8 feet concrete model having a horizontal scale factor of 

1:450 and a vertical scale factor of 1:240. Layers of burlap were 

pl~ced on the model to act as a roughening agent and to remove the 

excess runoff that infiltrates into the soil. 

In developing the prediction equation for his model, 

N:amisao assumed that the primary variables to be considered were, 

(1) Runoff, Q 

(2) Rainfall intensity, R 

rp'(3) ... JJIle, t T 

(4) Pertinent length, _E L 

(5) Pertinent width, w L 

(6) Pertinent height, h L 

(7) Surface rougrilless and vegetation

resistance, r

(8) Infiltration capacity of the soil, I 

-~
(9) Density of water, p 1J~ -I

ML-lT-l(10 ) Viscosity,,J-A-

(11) Surface tension, 6' MT-2 

(12) Gravity, g LT-2• 

These variables were reduced to nine Pi terms to form an 

equation of the form, 

Q 3,fl I h \v 12 
f(Rt 12.- 1/1

~= 7: , gt2 , R
, 

.~
, ;e '~t ' 

6t
--2 

, r) ..... 19 
R~

According to Equation 19 the following requirements are needed for 

similitude, 
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R t 
mm !!i ••••• 20= /e~m

~m .P 
= ••• (Froude Number) ••••• 212 2:rt gta m 

w 
m w= ••••• 22 

,Rm .L 

h m h = ••••• 23..em -' 
I 

I....ill = ••••• 24R R 
m 

,Pmlm2 pL2 
= ••• (Reynold's NUmber) ••••• 25 

~iltm ~t

3
~ml::m e.R3 ••• ~~eber's Number) ••••• 26= 2 2
6. t 6tmm 

r = r ••••• 27 
m 

where the subscript m is used for model terms. 

Equations 20 to 27 define the design conditions which must 

be imposed between model and prototype in order to have a scale model. 

In l'Iamisao's model, inasmuch as the length and width scales were 

different, the model "Was impervious, and the same fluid was used in 

both model and prototype, it was necessary to apply distortion factors 
~

to several of the design conditions. There were applied to the 

conditions described in Equations 23, 24, 25, 26 and 27. Hence, 

because of these distortion factors, a prediction factor d I 



appears in the prediction equation as sl~~TI in Equation 28. 

Q 
••••• 28 

Mamisao comPensated for the combined effect of the distortion factors 

by modifying the surface roughness, so as to make the prediction 

factor c/' , equal to unity. 

In spite of these distortions and the inadequate simulation 

of the infiltration process, Mamisao found a close similarity in the 

time of rise and fall of the hydrographs of the model and prototype. 

Perhaps the most important result of this study was to indicate the 

potential and feasibility of conducting hydrologic investigations 

with physical models. 

Since the work of l"lamisao, and especially recently, a number 

of investigations have been initiated to develop techniques of 

modelling the rainfall-runoff sequence that occurs on a watershed. 

Some of these studies incorporate the use of fiberglass models and 

rainfall simulators Chery (1963) and Chow (1963) However, to 

date, none of these studies have advanced sufficientl~y" for publication. 

Granular Models 

The works of l~ller and Miller (1955a, 1955b, 1956) indicate 

an approach tr~t might be used in simulating infiltration on a watershed. 

They have investigated the use of granular material in the modelling 

of flow through porous media. They used a homogeneous, isotropic, 

and permanent media and a liquid which is uniform in its surface tension, 
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contact angle, density, and viscosity to produce expressions for all 

macroscopic properties of unsaturated now. According to their 

analysis I the following laws of similitude must be observed for a 

scale model. 

,Rm = mi ••••• 29 

d~P = P ••••• 30 m ~d
m

.PI:: ~ <Sm KK = ••••• 31 m ..,Rm~d U 

d6'~ .f; t 
t = ••••• 32 m dm <:fm)-l £2 

<frnpi ••••• 33 
n  ~m c:f'\n 

where ,P = length ~L

n = a scale tactor 

p = pressure - 1.fL-IT-2 

K = conductivity - LT-l

..d = diameter of grain size = L 
. ML~-lA = dynamic viscosity =

d = surface tension = MT-2

t = time - T.

Kraijenhoff Van de Leur (1962) has applied these scale factors for 

saturated flow. He constructed a model consisting of two narrow 

sheets of glass which enclose a uniform width of 1 .. 2 em. The model 

is being used to study two dimensional symmetrical flow to stream 
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channels and drains. He has found that so far all the requirements 

of a granular sca~e model can be fulfilled by using a synthetic 

medium and a liquid having the proper density, surface tension, 

viscosit~(, and a contact angle equal to zero. 

Hele-3ha':r Hodel 

A somewhat different approach to the study of overland flow 

was conducted by Bondurant (1960). He investigated the feasibility 

of llsing a Hele-Shaw model to simulate overland flow down a border 

irrigation strip. In this model, water intake by the soil was 

simulated by using a compressed fibe1"'glass filter materia.l in the 

lower one-half of the glass flume. Bondurant considers the functional 

equation to be of the form 

f( g ____.t_x = , c 
, J s 31+H ;-cr-1.---13-' / Mig I g / gM3 

o 
Co> 

where M= CWlilllative intake; 

c = Chezy's roughness coefficient, and 

v = Kinematic viscosity. 

Although the results of Bondurant's investigation have not been 

published, it is reported that he achieved some degree of success 

with thi s model. 

One of the greatest limitations in conducting hydrological 

investieations \dth physical models is the simulation of the 

infiltration process, which in turn has a ccmplex relationship '\rlith 

overland flow. Because of this interrelationsi1ip there would appear 
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to be two alternative approaches which could be used in physical 

models to simulate flow, these are: 

1) Establishing overland flow on a physical model by 

actually simulating the infiltration process; or 

2) Modelling the overland flow on an impervious model by 

modifying surface roughness, and simulated rainfall to include the 

effects of infiltration. 

To date, investigations have failed to define the complex 

profile of overland flow on a porous bed havil~ a variable infiltration 

rate. Neither, have investigations conducted on the use of physioal 

hydrologic models successtul~ simulated the infiltration process. 

The object of this thesis was to provide information on both of these 

problems. 
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OBJECTIVES 

The prliuary objectives of this study were: 

(1) To stud;:,' the hydraulics of the overland 

flow regime" and 'VJ"here possible, to 

establish relationships betlleen pertinent 

variables and geometrical properties of the 

surface profile, and 

To investigate different techniques of 

slllulating the processes of overland flow 

and LDfiltration on physical models. 
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INV1~STIGA'l'IOI{S, RESULTS, AND DISCUSSION 

It is apparent from the material presented in the literature 

review, that· there has been a considerable number of studies conducted 

on the moveme nt of water over porous beds. Nevertheless, ve'r'tJ 1itt1e 

data has been published on the shape of the flow profiles. The shape 

of the flow profile is a function of a number of variables, L,cluding 

the slope, discharge, infiltration rate, and flow resistance. It was 

decided because of the availability of data, and for simplicity, to 

begin the study of flow profiles by studying the flow profiles of an 

advancing wet front down a border irrigation strip. It '~s anticipated 

that the results of this study would be useful in establishing criteria. 

for use in constructing a model of the phJrsical system as well as to 

provide some insight into the hydro~"na.mic aspects of the flow phenomena 

and the effect of certain variables on this phenomena. 

Collection of Data 

During the summersof 1962-1965 tests were conducted on 

several border irrigation systems in saskatchewan. All border strips 

vlere cropped to an established forage crop of either. alfalfa or an 

alfalfa-brome grass mixture. The border strips at each location 

differed from those at other locations in either length, ~ddth, slope, 

or soil type. A number of different inputs were used at each location 

to give data over a range of flow discharges. This data is presented 

in the works of Ar.med (1963) and Hill (1965) I and in Appendix D or this 

thesis. 

In conducting the field tri~ls, a constant inpnt was applied 

to the strip and the tollowing observations recorded: 
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1. Input~

2. Eate o.r advance, and 

3. Change of depth. 

Parsh3,11 flumes were used to measure the input into tile 

border strip. The rate of advance was determined by recorcting the 

time at which the "'let front reached successive stations at specific 

intervals along the irrigation strip. Depths of fIov.}" at these stations 

VIere obtained by direct measurement of the distance to the water 

surface from an established reference point. A typical set of curves 

representing th.e shape of the \~rater surface profile at different 

lengths of advance for a consta.nt input is shovm in Fig. 3. Sirnilarily, 

the effects of different input rates, soil types (or infiltration rates), 

and slopes on the geometry of the 'f;JC1ter surface profile are shovm in 

Fig. 4. In order to study the effects of certain variables on the 

shapes of these profiles", the da.ta was reduced to dimensionless plots 

(see Appendix A), by plotting the ratio of d./D against ..P/L (see Fig. 4) 

in which 

d = depth of floV>r neasured at a given station on the 
border strip, 

D = depth of flow measured at the upstream end of the 
border stri.p, 

,L = distance from the tip of the advCl.ncing front to the 
station at which the depth. rlcilt 'i',ras measured, and 

L = the total length of advance of the wet front at the 
time the depth ltd lt was measured. 

This method of presentation of data is similar to that used by Tinney 

and Bassett as shovm in Fig. 2. H01frever, unlike the 1-Torle of these 

authors, the plots do not contain a factor to compensate for the 

differences in resistance to flow tha.t \ATould be encountered on 
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different border strips. The variation in the shape of these dimension

less plots reflects the influence of such factors as time or length 

of advance, discharge, slope, soil intake rate, and surface roughness 

on the shape of the overland flow profile. A discussion on the 

relative influence of each of these variables on the dimensionless 

plot is given below. 

Change in Shape of v;Jater Surfa.ce Profile 1ATith Time 

The changes in the shape of the longitudinal water surface 

profile which occur with time are Sh01'ffi in Fig. 5 and Figs" B....l to B-5 

in Appendix B. In these figures, it can be seen that the profiles 

become flatter as the time from the beginning of irrigation increases. 

It is believed that this change in the geometry of the water surface 

profile can be attributed to the effects of the infiltration rate and 

the hydrodJrnamic aspects of flow. 

For practical purposes, the geometry of the longitudinal 

profile can be divided into two segments; a tapering wetting-front 

section, and aYJ. upstream section of varied flow with gradually 

decreasing depth. The taperjng profile of the wetting front is 

probably the result of the combined effect of a 1rdde variation in the 

soil intake rate 1rlrdch occurs along the length of the segment and the 

fact that a buildup in the hydrostatic head is required to maintain 

flm\' agajl1st the resistive forces offered by the vegetation and soil. 

As Sh01rffi in li'ig. 5 as the irrigation time increases, the 

shape of the longitudinal profile tends to become flatter; that is, 
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the "retting front extend s over a shorter percentage of the total 

length of advance. Also, the water surface profile approaches a 

reasonably static position in the trans~ssion zone, that portion of 

the water surface profile upstream of the wetting front. This is 

caused by the withdrawal of water by infiltration, which in time, 

can be assumed to approach a relatively constant rate. 

Discharge 

Increasing the discharge in a border strip increases the 

depth of flO\v and the length of advance in a given time. As sho1r'm in 

Fig. 6 and Figs. C-l to C-4 in Appendix C, the predominate effect of 

increasing the discharge is to produce a flatter water surface profile. 

This would be expected inasmuch as at the higher discharge, the front 

traverses a longer length of advance, and the relative proportion of 

water infiltrating per unit length to that flowing is also smaller. 

Ll1 an attempt to exclude the effect of the length of advance on the 

dimensionless cl~ves, a plot was prepared of two discharges at approx

imately the same length of advance (see I"'ig. 7). The results suggest 

that the shape of the overland profile is relatively independent of 

discharge rate provided comparisons are made using the same length of 

advance. 

Slope 

Steeper border strips give longer lengths of advance and, 

therefore, flatter dimensionless Plots. As can be seen from Fig. 8, 

the slope has little effect on the dimensionless plot for the same 

length of advance of the water front and soil intake characteristics. 
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It call be seen from Fig~ Ie that the soil ~1take characteristics of 

these tHO border strips are similar. 

Lnfiltration Rate 

An attempt was made to determine the effect of the infiltration 

rate on the geometry of the "Hater surface profile of an advaneing front. 

Dirnensionle ss plots were prepared for the sarr.e leneth of advance on tHO 

irrif3ation strips vJith different soil int.ake' characteristic s (see Figs. 9 

a~d 10). It ca~ be seen that the strip ~dth the lower infiltration rate 

has a flatter surface profile. HOvlever, there v!as not a sufficient 

amount of data available to determine the actual effect of infj_ltratton 

on the 1!JClter profile. lin attempt was made to sirnula,te infiltration 

the laboratory &~d in this lmy study the effects of infiltration on the 

-v-rater surface profile. This portion of the investigation \v'"ill be 

discussed later. 

Resistance to Flm'[ 

Tirilley and Bassett found that surface roughness did not ~ave

a considerable effect on the geometry of the vlater surface profile of 

fIohT" at a constant velocityJ dm-m an impervious plane. Hm-rever, as 

the velocit~r of advance dovm an irrigat.ion strip is not constant" the 

vegetative gro~~h w~ll have some effect on the shape of the water 

surface profile. As there v-J8,S not sufficient time in this study to 

investieate the relationship between resistance to flO1'1, c<'lused by 

vegetation on 3..11 irri..~a.tion strip, and the geometry of the l,vater surface 

profile, a studJT of this relationship is required. 

From the previous discussion, it is ap~~rent that the exact 

interrelationship of the factors affecting the shape of the 1~ter
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surface, ar8 imperfectLy understood. However, this study indicates 

that further work on this investigation is warranted. To determine the 

effect of the factors discussed above, it will be necessary to measure 

the Ik1.rameters involved, especially the depth of flow, more precisely 

than was possible in this stuqy. 

Simulation of Infiltration 

As was pointed out in the previous discussion, although a 

number of investigations have been conducted on~odelling of a water

shed, none of these ha s been successful in simulating the infiltration 

process. Actually there would appear to be several possible ways in 

which this might be accomplished, for example, 

1) The model could be constructed of a material whose ph:rsical 

cl1nracteristics change with t~~e in such a manner that the rate of 

absorption of water by the material follows the tLll€ variation of the 

infiltration rate of tli.e soil. 

2) ~The luodel could be constructed of a porous material and 

equipped with a device which would vary the suction on the model. By 

varying the suction, and thus the flow through the material, the 

infiltration rate may be depicted. ·The equipnent which would perform 

this task maJT include a number of individu~lly controlled vacuum pumps 

or. one vacuum pump" used in conjunction With ·'solenoid or parabolic values 

could be used to vary the suction. Another possible method would be the 

use or a cam to control, through flexible tubing, the head causing flow 

throueh the pervious model material. 

3) Some device could be employed on the medal to change the 

physical properties of the nuid, and thus change the rate of flow 
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through the pervious surface of the model, thereby simulating the 

infiltration process, or 

4) The use of an impervious model on which the rate and 

pattern of the excess rainfall by the rainfall sjmulator could be 

manipulated to account for the variable infiltration rate. 

At the present state of knowledge, it is impossible to 

suggest which of the above techniques, if any, offer the greatest 

potential for simulation of the infiltration process. To be sure, any 

material or technique which is employed for this purpose should suffice 

certain basic requirements: 

1) They must be able to simulate the time variation in the 

infiltration rate re~lired by the prototype, 

2) They must be capable of simulating different curves on 

different portions of the model simultaneously, and of simulating differ

entinfiltration curves on the same portion of the model 1-Thich may occur 

duriruJ different storms, 

3) The rates of flo\*l through different samples of a material 

under the same pressure difference must be consistent, 

4) Any material used to construct the model must be easily 

molded and should have surface roughnes s characterist ic s similar to 

the prototype, and 

5) All apparatus should be as simple and inexpensive as 

possible. 

The evaluation of the materials tested to determine their 

suitability for simulating infiltration on a physical model was made 

in accordance with the above criteria. 
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LYJ."estigation of Haterials 

In. the following pages of this thesis, some results are 

presented from investigations l'Jhich vTere conducted on several different 

materials to evalua.te their suitability for si nmlating the infiltration 

process on ph:/sical models. 

Chamois 

The rate a.t vJhich wa.ter is absorbed by a. chamois 1L.11der a 

constant head wa.s found to decrease with tinle as sho'JIm. in Fig. 11. hIhen 

these curves are plotted on logarithmic paper (see Fig. 12) jx 1~S found 

th'9.t the variation in flo-;.,r rate ",litb time over a large range of the data, 

could be approximated by a straight line. That is, the equations of 

flm·I through the chax:iois are of the ferm 

•.•.. 35 

in 1A!hich q = floyi rate, and 

+ •t = vlme. 

The exponential varia.tion in .rlOH throu.gh the chamois with tiJne,as sholAm 

by Equation 35, is similar to the soi.l intake rate (see Equation 1). 

For most soils, the rate of change of the int'lke rate falls \~i.thin the 

range from -0.30 to -0.50. It lIa.S found the slope of flow curves, ffi, 

for the ch.1.mois "'Jere approxirnatelJr -0.40. 

The restl1ts of the tests also pointed out several disadva.ntages 

of using chamois to simulate the infiltration process 011 physical models. 

Perhaps, the major limitation of the use of this material for this 

purpose is ca.used b3T the l'lide differences in floll characteristics that 

occur in different samples of the material or in the same piece of 
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material. It can be observed from curvesl and 2 that the flow rates 

through these two pieces of material, initially air dry, differ by as 

much as 100 Per cent although there is a tendency for this difference 

to decrease with time. This inconsistency in the flow properties would 

make it difficult to construct a model on which the intake proPerties 

of given parts could be controlled. The effect of moisture content on 

the material is shown by curves 1 and 3 of Fig. li. These tests were 

conducted on the same piece of material, Curve 1 gives the flow rates 

with the chamois initially air dry" "Whereas, curve 3 gives the results 

of a test conducted with the chamois initially moist. The difference 

in the two curves is not unlike the difference which may occur in 

natural soils when in either a wet or dry condition. That is, an 

increase in moisture content causes a pronounced shift in the curve 

downwards. Possibly" then, one may be able to manipulate the intake 

properties of a chamois to cover a wide range of soil intake conditions 

by permitting the material to become wetteduridercontrolled. conditions. 

From this standpoint" use of this material would have some advantages. 

However, another limitation of the use of chamois for the simulation 

of infiltration is the high rate of flow that occurs through this 

material. 

In spite of the disadvantages" the use of material such as 

chamois for the purpose of simulating infiltration on a physical model 

appears to have considerable potential, inasmuch as it shows a natural 

tendency for its flow properties to decrease 'with time in a manner 

similar to that of 80il. This would· eliminate the necessity of additional 

equipnent to perform this task; Further, this material is easily formed 
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to adopt the physical features of the watershed and the roughness of 

the chamois is more comparable to the required model roughness than 

most materials used in model construction. Unquestionably, the 

possible advantages indicated by chamois warrant further study~

Flow of Fluids through Small Capillaries 

The search for a material with more consistent and lower 

flow rates'led to the testing of materials containing small capillaries. 

For laminar flow, the discharge through a capillary is given by the 

Hagen-Poiseui11e law which states that 

•••••• 36 

where d = the diameter of the capillary, 

h = the head loss, and 

J = the length of the capillary. 

From this equation it can be seen that the flow rate varies directly 

with the head loss. Substituting the Reynolds number (see Equation 6), 

into Equation 36 gives the Darcy-Weisbach formula which states that 

2h = 64).V2 =:f .R. V •••••• 37 
NR d2g d2g 

where is the roughness coefficient. 

From Equation 37 it is apparent that for laminar flow 

•••••• 38 

Colebrook (1939) has found that for turbulent flow 

1fo<. Nn •••••• 39 
R 
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in which n varies from 0.0 to 0.3. Substituting this value for 

turbulent flow into Equation 37 gives, 

...... 40 

From this equation it can be seen that 

if n = 0.0, then, h o£ V2, and 

if n = 0.3, then, h IX. V1•7 • 

Therefore, it is apparent that for turbulent flow 

...... 41 

where m varies from 1 to 1
2 1.7· 

Therefore, the type of flow through a porous material containing small 

capillaries, can be determined by observing a plot of the flow rate vs. 

head loss. 

Ceramic Plates 

The first ceramic material tested to determine its suitability 

for the construction of a model watershed was obtained from Soi1moisture 

Equipment Co. This ceramic material had a bubbling pressure in excess of 

one bar. Several tests were conducted on these plates at different heads. 

The results of these tests indicate that the flow rate through the plate 

is a linear function of the head applied (see Fig. 13). This indicates 

that the flow through the capillaries is laminar. 

The variation in flow rates which occurs through these plates 

could not be adequately determined because only three of these plates 

were obtained. Fig. 13 shows that the rate of flow through two of these 

plates was similar, but there was a considerable difference between the 

flow rate of these two and the remaining plate. However, as the quality 



42.

0:: 
J: 

L&- 0 5 10 15 20 25 30 

HEAD - IN. OF MERCURY 

FIG. 13 FLOW RATE THROUGH SOIL MOl STURE 

CO. POROUS PLATES VS. HEAD• 

. 

0:: 
L&J 3.0a. 

z-
I 2.0 

LrJ 2... 
<l 1.00: 

;: 3
0 
..J 

J: 9 
0: 

0:: \ATE X 

L&- 0 5 10 15 20 25 30 35 40 

L&J 
a. 0.3 . 
z-
I 0.2 

L&J 
to
<X 
0: O. I 

~
0 
.J 

" 

HEAD - IN. OF WATER 

FIG. 14 FLOW RATE THROUGH FISHER CO. 

POROUS PLATES VS. HEAD. 



43.

control exercised during the manufacturing of these materials is fairly 

extensive, the flo1'! rates through different samples of this material 

could be expected to be more consistent than most ceramic materials. 

Unquestionably, a sufficient number of these plates, having uniform flow 

characteristics, could be found to construct a model. 

The main disadvantages of using these plates, however, would be 

the hi~h cost of cOilstructing the model of this material arid the difficulty 

of molding the material to conform to the shape of the w&tershed. The cost 

of the plates is ~)50.00 per square foot, h01rleVer, the cost of molding this 

material to the required shape ,,[auld add to this figure ·considerably. 

Because porous plates would appear to have certain possibilities 

for s:i.mulating infiltration on level or flat surfaces, for example surface 

irrigation systems, several additional tests were conducted on less expeilsive 

plates to determine whether these plates would be suitable for the intended 

purpose. Cerarnic plates with a thickness of 1/4 inch, costing ~)2.40 per 

square foot were obtained from Fisher Scientific Co. and tested. The results 

of these tests are shown in Fig. 14. It can be seen from the fi§~re that 

the rate of flow is directly proportional to the suction, therefore, the 

flow is laminar. 

As these plates were inexpensive, a Ilumber were obtaL~ed and tests 

conducted to determine the magnitude of the variation in the rate of flow 

which might be expected through these plates when a constant pressure "',tas 

applied to them. It was found that the average deviation from the mean was 

approximatel~r 20 per cent of the mean valuE9. This suggests that these plates 

are not manufactured with sufficient quality control to be acceptable for the 

construction of a model. 
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Plastic Foam 

In an attempt to find a material that could be easily 

molded and yet e~~ibit satisfactory flow properties, a series of 

tests were performed on a sample of plastic foam. The results of 

some of these tests which are shown in Fig. 15, indicate by the 

shape of the curves, that the flow through the pores in the plastic 

foam is turbulent. This figure also indicates that the flow rate 

through this material is considerably higher than any of the other 

rraterials tested. If plastic foam was used in the construction 

of a watershed model, some method of reducing the flow rates might 

be required. Possibly, this could be accomplished by compressing 

the material or by applying a small pressure rather than a suction 

on the model. 

The plastic foam material does exhibit several desirable 

properties which warrant further investigation of the material 

for model work~ The main advantages of the plastic foam is that 

the material is inexpensive and easily molded. Another advantage 

of using plastic foam is that variable thicl:messes of this 

material could easily be used in the construction of a physical 

water release from soils, thereby evaluating lag effects of this 

component. Also, the flow rates through different portions of 

this material appear to be fairly consistent. A study on the use 

of plastic foam in the simulation of the flow of ground water and 

interflow also warrants further study. 
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Others 

Brief summaries of some of the tests conducted on other 

materials during this investigation are given below. These preliminary 

investigations were conducted by studying the hydraulic properties of 

the material to determine whether the material may have possibilities 

for use in model studies. 

Aloxite Porous Underdrains 

One test was made on an Aloxite Porous Underdrain, manufactured 

by the Carborundiurn Company, which is composed of fused crystalline 

aluminum oxide grains held together by a ceramic bond. It was found 

that the flow rate through the material was approximately 1,000 inches 

per hour under a head of 2 inches of water. Because of the high 

discharge properties of this material arid the fact that it would be 

difficult to mold, further study of the material would not seem to be 

warranted. 

Blotting Paper 

Tests were conducted to determine the suitability of using 

blotting paper to· simulate infiltration. However, the blotting paper 

deteriorated rapidly when wet, so much so, that the test could not be 

ccmpleted. 

CUNO Pore Filters 

A CUNO pore filter disc type l2D15 was obtained from Peacock 

BrOSe, Montreal for testing purposes. These asbestos-cellulose discs 

are inserted in a steel housing and used to filter liquids. The rate 

of flow through this felt-like material was found to vaFi' from 3 to 15 

inche s per hour under varying heads of 1 to 43 inches of water. Further, 
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the rate of flow through this material was found to vary with time in 

a marmer similar to chamois. However, the biggest disadvantage in 

the use of this material is that it tends to deteriorate and decompose 

after prolonged periods of wetting. For this reason further studies 

were not conducted. 

Insulating Fire Brick 

A test was conducted on a 1/4 inch thickness of insulating 

fire br ck. At a head of 4 inches of water, the flow rate through this 

materia was 350 inches per hour. As this flow rate is much higher 

tr~n de ired, and because the material was brittle, and therefore 

hard to mold, it was concluded that insulating fire brick would not be 

suitabl for the construction of a nydraulicmodel simulating the 

infiltr tion process. 

Drilled Impervious ~aterials

The inconsistencies and variations in the flow properties 

of the "fferent materials tested indicated that it may be more suitable 

ible to construct a model from a material which could be pre-

to provide a given range of infiltration rates. In these regards, 

conside ation was given to the use of lucite or transparent plastic sheets 

uld be drilled ~dth a given size and spacing of holes to accom

modate pecific discharge requirements. 

A series of tests were established to investigate the discharge 

from s Ie holes drilled through a 1/4 inch sheet of lucite. In these 

tests, rill diameters of 0.020, 0.040, and 0:0625 inches were used. 

Fig. 16 gives the rate of flow through these holes at different heads. 
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As shovvn in the figure, the discharge through these holes increase 

vfithhead and the size of the hole. It can be observed from the 

figure that the head discharge relationship through any given hole 

is not linear although there is a trend to~~rd linearity in the 

relationship for the largest diameter holes. TIns indicates that 

the flow is turbulent, and therefore the Hagen-Poiseuille equation, 

(Equation 36), cannot be used to compute the flow rates through 

the small diameter holes. This means that the equipment would have 

to be calibrated prior to use. 

To investigate further the feasibility of using drilled 

impervious materials to simulate the infiltration process, a strip 

of lucite approximatel~'" six inches by 40 inches Has drilled vlith 

0.025-inches diameter holes placed on a 3.0-inch grid. Sand, 

mixed with epoxy resin, was applied to the surface of the lucite 

strip to act as a roughening agent. Three chambers were constructed 

on the bottom side of the lucite strip so that trrr-ee different 

suctions could be applied to the strip simlutaneously to simtuate 

different infiltration rates. In conducting these tests, Aerosol 

(di oclyl sodium sulfosullinate) \.vas used as a wetting agent to 

overcome tIle surface tension effects. 

Some of the results of the tests cond.ucted on the flume are 

shovm in Figs. 17 and 18. In the tests of Fig. 17 the suctions used 
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on the three different chambers were selected so as to simulate the 

infiltration curves A and B of Fig. 10. It can be seen that the 

dimensionless plot of the water surface profile subjected to the lower 

suction, and therefore lower infiltration rate, has a flatter curve. 

The same was true for irrigation strips with lower infiltration rates 

as is depicted in Fig. 9. The curves of F'ig. 17 are for inputs equal 

to the infiltration rates, whereas Fig. 18 shows the effect of a greater 

input. The abrupt changes in curvature of the curves in Figs. 17 and 

18 are probably caused·by the abrupt changes in the infiltration rates 

that occurs on the flume. The abrupt shape of the front on the flume, 

in contrast to the tapering front on an irrigation strip, is due to 

the increased effect of the surface tension forces on the shallow flow 

occurring on the flume. 

As available laboratory facilities did not permit precise 

measurement of the depth of flow on the flume, the relationship between 

the infiltration rate and the geometry of the water surface profile 

could not be determined. However, this investigation does give 

indication that this method could be employed to give a better under

standing of this complex relationship. 

Investi~ation of Methods to Change the Fluid Properties 

The first method investigated in an attempt to change the 

properties of the fluid to simulate the soil infiltration rate was by 

changing the temperature of water. Inasmuch as the viscosity of water 

varies inversely with temperature, it can be presumed that the rate of 

flow of water through drilled holes in an impervious plate would increase 
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as the temperature of water increased. HE~nce, it may be possible, 

to simulate infiltration by controlling the temperature of the vlater 

introduced to a system, so as to decrease the outflow from the holes 

with time when under constant suction. 

In an attempt to determine the change in the rate of flow 

that may be obtained by inducing temperature changes of water, a 

simple test was conducted using a lucite apparatus containing 9-0.020 

inch diameter holes on a 1 inch grid. In this test, the flow rate of water 

due to a constant hea~was measured at different water temperatures. As 

shown in Fig. 19, the flow rate through the holes with water at l420 F 

was 1$36 times the flow rate with water at 42oF. This difference is 

not sufficient to accommodate the variations in infiltration rates vdth 

time which would be expected. However, further cooling of the water 

to temperatures near freezing could produce a significant reduction in 

the flow rate and henc~, considerably widen the flow range. Unfortunately, 

1420 F is perhaps tl~ upper boundar.y of temperature used without causing 

damage to the lucite apparatus. 

One other important feature sho\v.n in Fig. 19 is the fact 

that the flow rate tends to vary exponentially with the temperature 

of water. This suggests that one needs only to produce a linear 

temperature change in water temperature with time in order to obtain 

an exponential change in the flow rate. Variations in the flow rate 

required to simulate different infiltration curves might be accomplished 

by the addition of additives to the water. However, there would be a 

number of problems to overcome Defore this method would be applicable. 

The mixing apparatus required to control the water temperature would be 
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difficult to construct. Also, some method would be required to pre

vent the cooling of the front as it advances down the model slope. 

Several tests were also conducted to determine the difference 

in flow rates of oils of different viscosities. These tests were 

conducted on an S.A.E. 5 oil and an S.A.E. 50 oil. The results are 

given in Fig. 20. From the results obtained using the S.A.E. 5 oil 

it can be seen that the discharge measured at a head of six inches 

of mercury falls considerably above the extended part of a straight 

line drawn through the other points measured in the test. Inasmuch 

as it was shown earlier that theoretically the flow rate - head 

curves cannot have a concave upward shape it was assumed this point 

was in error (possibly the result of a temperature change) and that 

the flow of oil through small capillaries is laminar. 

It can be seen from Fig. 20 that the flow rate of the S.A.E. 

5 oil is much greater than that of the S.A.E. 50 oil. Therefore, it 

would be possible to obtain a wide range of infiltration rates by 

mixing the two oils. A mechanism similar to the variable dosage 

sprayer described by Brunskill (1957) could be used to accomplish the 

mixing. The number of mixers required would depend upon the required 

number of infiltration curves to be simulated simultaneously. If 

necessary, a wider range of flow rates could be obtained by varying 

the temperatures of the oil, however, this would greatly increase the 

complexity of the system. The main disadvantages of using different 

oils in the simulation of the infiltration process are the problems 

this would create in the simulation of rainfall. 
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SUMMARY AND CONCLUSIONS 

A study of the factors affecting the geometry of the water 

surface profile indicated that the predominate factors are time, slope, 

and soil intake rate. A dimensionless plot of the water surface profile 

becomes flatter with an increase in time and slope and a decrease in 

the rate of soil intake. 

A number of materials were investigated to determine their 

suitability for simulating the infiltration process on a hydraulic 

model. The rate of flow through chamois was found to vary approximately 

with time to the -0.4 power, which is similar to the change that occurs 

in the infiltration rates of soils. This property could possibly simplify 

the simulation of the infiltration process. However, the flow rates 

through chamois were found to be much higher than desirable and different 

samples of the material exhibited different flow characteristics. The 

flow rates through different samples of plastic foam, although higher than 

through chamois, were found to be more consi.stent. Of the materials 

tested, the material with probably the most suitable flow characteristics 

was an impervious material containing small holes drilled at appropriate 

spacings to give the required flow rates. 

Methods of changing the fluid properties of a liquid to simulate 

the change that occurs in the infiltration rate of soils with time, were 

investigated. The changes in the flow rate of tap water due to a change 

in the water temperature of 1000F was not sufficient to simulate most 

infiltration curves. A much greater range i.n rates of flow could be 

obtained by using oils of different viscosities. 
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RECONMJt;NDATIONS FOR F'URTrrl~R STUDY 

This study has L~vestigated the properties of various materials 

that might be used for simulating infiltration on a model watershed. 

Although it appears that the drilled plastic was the most suitable 

material tested, further investigations are required on different aspects 

of the construction and operation of a model watershed. After these 

investigations have been conducted, the material with properties most 

in accordance with the requirements, as indicated by the different 

investigations, can be chosen. Some of 'the investigations required 

are: 

1. A study is required of methods for cha.nging the infiltration 

rate on a model. 

2" A technique for simulating grcund 1vatE~r flmV' must be developed. 

3. An investigation is required to determine the effect of vegetation 

on the geometry of the water surface I~ofile, and the type of 

surface required to siJJlUlate these eff'ects on a physical model. 

4. A study is also required to develop a technique for simulating 

runoff from snowmelt. 
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APPENDIX A 

Dimensionless Plots for the Same
Length of Irrigation Time
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APPENDIX B 

Dimensionless Plots for Different
Lengths of Irrigation Time
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APPEJ.'\JD IX. C 

Dimensionless Plots for Different
Lengths of Advance
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APPENDL{ D 

1~rater Surface Profiles of Tests 

Conducted in 1965 
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