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SUMMARY

This thesis is concerned with the problem of measuring'mhe}’
infiltration capacity of watershed séils iﬁ a country such as
Thailand. The literature relating to the measurement of infiltration
by instrumental methods is reviewed, and the conclusion reached that
a small portable rainfall simulator might be the best instrument for
thise purpose.

The design, construction and calibration of such a rainfall
similator is described, and the results obtainea from its use in a
variety of test conditions are presented and discussed, the
conclusion is that the instrument as designed and construcfed proved
a satisfactory means of determining infiltration capaéity under the
range of conditions in which it was tested and that with slight

modifications it could be of considerable use in. T#ﬁil?md}
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CHAPTER I

INTRODUCTION

I.1 The Importance of Infiliration

" The infiltration capacity of a so0il is generally believed to
be one of its most importantrhydrological characteristics. As has
been pointed out by Kittredge (1948), Colman (1953), and many
others, it is this capacity which detgrmines the proportion of any
given rain event that becomes immediate surface runoff and which can
4therefore cause erosion and contribute directly to the generation of
flood pezks. Consequently in areas where erosion and flooding are
gerious problems as they are in‘mw own country of Thailand, the
introduction of land management systems that can increase infiltration
rates is a matter of considerable importance.

Infiltration was first defined by Horton {1933) as the process
involved where water soaks into, or is absorbed by, the soil, | This
definiticn serveé to distinguish it from the term "percolation" which
is referred to as the free downward flow by gravity of water in the
zone of aeration. Both terms ﬁay be used in the same sense, but to
avoid equivocation the latier should bhe reserved fo? the movement of
water below the surface layer of the soil. The maximum rate at
which a specified soil when in a given condition can abaorbArainfall
is defined as "infiltration capacity". When the rate of supply of
water to the soil is less than this maximum rate, the rate at which
water enters the soil, then, is termed "infiltration rate". As
long as infiltration is proceeding at a rate higher than the rate
of supply at the soil surface during a storm, all of the rainféll
will infiltrate into the soil so there will bé-no surface runoff.
Only when the supply rate exceeds the maximmum rate, will surface

detention or runoff occur.
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1.2 PFactors Affecting Infiltration Capacity

Infiltration takes place in a coﬁplex environment at the
terrestrial surface, The infiltratioﬁ capacities of most'soils
are therefore characterized by high variability, Many experi-
ments ﬁave been undertaken over the years to determine the
factors that have most effect on this variability, and in general
terms these are now well known, - Excellent reviews of the factors
affecting infiltration have been pudlished by Free, Browning, and
Musgrave (1940), Shermen and Musgrave (1942), Kittredge (1948),
Colman (1953), Parr and Bertrand (1960), Johnson (1963), Musgrave

and Holton (1964), and the summary that follows is based mainly on

these reports.

I.2,1 Nature of Soil Surface

One of the major factors affecting the infiltration raté is
the nature of the soil surface, This is controlled by many
interacting factoxrs su&h as vegetation cover, compaction, swelling
and shrinkege of the soil due to molsture changes, surface sealing,
and frost. _ |

The vegetation cover is perhaps the most important §f these
influences, It helps to retard surface flow, protects the soil
from being beaten by raindrofs, and increases the permeability of.
the soil surface by creating passages along root channels (Ward,
1975)« .Evidence from many experiments has shown that soils under
the cover of vegetatidn always have higher infiltration capacities
than those for the same soils without such cover, This evidence

also suggests that density of vegetation cover is more important
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than vegetation type (Kittredge, 1948, Bruce and Clark, 1966).

Compaction of the soil surface 4is well known for greatly
and rapidly reducing infiltration capacity, This may result
from raindrop impact, the tramping effect of man and animel, and -
compression from agricultural and other machinery particulérly
on soils with fine texture such as silts and clays (Ellison,
1945).

Since most solls contain colloids they are prone to shrinkage
vhen dry and swelling when wet, This shrinkege and swelling can
have & considerablé effect on the porosity of the soil surface.
Shrinking can result in oracking which means that dry clays, for
example, can have very high initial infiltration cépacities;
Swelling on the other hand reduces pore spaces and can be the
major cause of the extremely low infiltiration capacities that
characterisey clay soils when wet,

In the absence of an adequate surface cover, rairdrop impact
can breék dowvn s0il crumbe into particles of different sizes, |
Subsequently a slaking action is created; particuiarly in ring
textured soils, and these particles may be washed into the surface
layer of the soil, cloéging pores and greatly reducing the
infiltration capacity (Lowdermilk, 1930). In addition, some
soils which have experienced prolonged dry conditions may suffer
a surface sealing from dust, and this, too, can reduce
infiltration capacity (Colman, 1953).

Soil wettabili;y is anothexr factor that affecis the
infiltration capacity of thé poil surface, Some soils with
" abundant organic matier spnd dried materials may resist wetting,
and water is often found ponded on the.surface for some consider-

able time, As a result the infiltration capacity is considerably
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reduced (Jamison, 1945), This effect 18 offset to some degree,
however, by the fact that ponded water on the soil surface creates
hydraulic pressure which induces higher infiltration than might
otherwise occur (Buower, 1963, Dixon, 1975). \

Freezing of the soil moisture at the surface, due to_the
effects of frost also reduces infiltration capacity; but unless
the soil is frozen to Qonaiderable depths, this reduction occurs
only at the beginning of the rain event because surface frost
generally melts quickly under the influence of rain (Wisler and

Brater, 1959).

I.2.2 FNature of the Underlying Soil Mass

The second mejor factor affecting infiltration capacity is
the nature of ithe underlying soil maas, As with soil surface
conditions, this, too, is determined by a wide range of complex
and inteiacting factors, the moat 1mpor£ant being porosity, soil
moisture content, nature of the soil profile, organic matter,
and biotic effects,

Porosity is one of the most important factors which
determines the rate at which the water may move into the soil.
of partiéular importance is éhe mumber of large pores of above
capillary size existing throughout the soil mass through which
water is able to move under the force of gravity. This seems
to be more important then totel porosity of the soil, Total
porosity of the soil, however, may well gerve to indicate the
" potential capacity for retaining'uaier, but not neceasarilj the

rate at which water may move into the soil. TFor instance, esoils
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rich in élay have high porosities, but because most of the pores
are very small they &lso have very low permeabilities, Sands,
on the other hand, have lower porosities, tut contain more large
pores which permit a rapid flow of water through . them,

Pore distribution is also of considerable significance,
Most soils are generally composed of particles of different sizes
ranging from coarse sand, to fine sand, to silt, and to clay.
These particles may exist ‘in the soil mass as single grains or
primary particles such as pufe sands, or they may flocculate into
tiny crumbs or secondary particles. The pore spaces in the. soil
mass which are the result of the arrangement of these pa.rticies
will therefore be different in slze depending upon size and shape
of the particles (Baver, 1956, Russell., 1961). Soilse which are
composed of large single ‘gra:lns will have pores of greater
diameter than soils_ made up of fine particles only, thu= the
infiltration of water into the larger pore soils is greater than '
the small ones, &ll other things being equal,

.As the result of flocculation, however, a clay soil may
possess large aggregates which may behave very much like sinéle
gra.ins_ of similar size, These aggregates may form suffj;oient
large pore spaces to permit a high rate of infiltration, w}nether
such & soil can maintain a high rate of infiltration depends upon
the degree of the aggregate stability and the permanency of the
pore aize. Aggregates often disintegrete whéen wetted, thereby
rapidly reducing the non-capillary porosity (Musgrave and Holton,
1964). . Thus it is obvious that both structure and porosity of
soils are dynam:lc characteristics, .

In natural conditions the existence of a uniform moisture

content throughout & soil profile is impossible, The relation
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of infiltration capacity to the moisture content of the s0il has
been discussed by Horton (1933), Neal (1937), Wilm (1941), and many
others. There is general agreement that infiliration capacity of
a soll varies inversely with the moisture content. Dry soils
generally have high infiltration capacities because (&) most qfiéﬁAi;}éeff ;X
large pores are filled with air, not water, and (b) because the
movement of water into them is offen speeded up by capillary forces
which pull water downwards from the surface (Colman, 1953). As
rainfall continues, however, the moisture content increases, the
pore spaces in the soil mass afe gradually filled with waier and {he
apace available for subsequent water flow is reduced. Consequently
the rate of water intake by the soil decreases, and ultimately the
s0il becomes saturated and the minimom infiltration capacity is
reached, In soils such 28 silts and clays colloidal swelling may
also reduce pore spaces and lead to an even more rapid decrease in
infiltration capacity,

| The nature of the soil profile is also & factor affecting
‘infiltration capacity. Water cannot continue to enter the soil
more rapidly than it can be transmitted downwards through the
‘least permeable layer in the profile., Repeated cultivatigh of land,
for example, can result in pan formation of the soil, The initial
infiltration of such soil depends upon thé ability of the upper soil
layers to take in water, but once it becomes saturated, the trans-
mission rate through the subsoil then regulates the infiltration
capacity-of'the whole profile. In contrast, if the uppermost soil
layer is the least permeable, then the infiltration capacity of the
soll is limited by the movement of water into this layer from the

surface (Musgrave and Holton, 1964).
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Organic and biotic effects have considerable influence on
the infiltration characteristics of the soil mass. Organic .
matter helps ‘o bind, lighten, and expand soil aggregates which
in turn_helps to create large pore epaces (Brady, 1974); whilat
biotic activities such as the presence of earthworms and other
burrowing creatures also provide non-capillary porosity in the
soil mass (Werd, 1975). Both influences tend to increase the
infiltration caepacity of the soil,

Other factors influencing infiltration capacity in the under-
lying soil mass are entrapped air and temperétnre. Unless air
which is already present in the soil mass can escape freely when
water infiltrates into the soil resistant forces will be éreated
and the rate of infiltration will be retarded as reported by
Christiansen (1944), Vachuad et al. (1974), and Dixon (1975).
Infiltration capacitiy is also influenced by éoil temperature
which changes water viscosity. Higher temperature increases the

infiltration capacity as shown by Musgrave (1955).

I.2.,3 Characteristics of the Fluid

Infiltration capacity is alsc affected by the fluid itself,
Turbidity resulting f¥om clays and colloids can decrease
infiltratibn rate due to clogging of the pore spaces, Contamin-
ation of the fluild by salts is often found, pa;ticulaiiy in
alkall soils, which may affect the viscosity of the fluid and
form complexes with the soil colloids uhich? therefore, affect
the swelling rate when wet, The temperature of the infil trating

water is also significant, for it affects’ its viﬁcosity and can
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either increase or decrease the infiltration rate (Musgrave and
Holton, 1964). |

I,2,4 Time Variation

It is apparent from the preceding account that ‘many of the
factors affecting infiltration vary with time, and that thé
infiltretion capacity of a soil is a dynamic rather than a statie
property., Such variabllity falls into several quite distinct
time scales,

In the short term it is quite normal for infiltration capacity
to be high at the beginning of a period of ra.in,_ and to fall
rapidly to & much lower, relatively stable rate, as shown in
Fige 1.

The initial rates can be very high, often exceeding 100 mm/hr.
(Bruce and Clark, 1966). But such rates occur for only a shoit
reriod of time, and.in most soils the flatter part of the curve is
reached in an hour or so, The rates experienced in this part of
the curve, however, are much lower ranging from 6.3.75 mm/hr. in
sandy soils down to ¢.1,25 mm/hr, in clays (Musgrave, 1955).

This variation is mostly influenced by rapid changes in nature of
the soll both surface and sub-surface conditions with time,

Many of the factors affecting infiltration also exhibit
longer term variations and trends, For example, seasonal changes
occur in many localities due to changes in vegetation, tempera";uré,

and s0il moisture conditions. Wisler and BRrater (1959) found that
the average summer infiltration capacities of soils in the Range
River basin in Michigan were 3 to 4 times higher than they were in
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Figure 1. Form of infiltration relationship with time,

£
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winter., Longer term trends can also be expected to occur in
response to systematic changes in soil or vegetation character-

istics werllong periods of time,

I.2.5 Land Use

It is apparent from the preceding discussion that infiltration
capacitj is mainly controlled by soil conditions and vegetation
cover both of which can be greatly affected by mants activities,
Soil conditions, for example, may be affected by cultivation,
fertilizing, and drainage practices which may, in turm, change
the paturel structural aggregates of the soil profile., The
general relationships between land use and infiltration capacity
are fairly well established. We know, for instance, that lands
where grazing is conducted nearly always ha.ve low infiltration
capacities, We also kmow from work by Sherman and Musgrave
(1942) that good grazing management can give average infiltration
rates T to 8 times as much as those on poorly managed pastures,
Similar resulte were found by Shali (1967), and Peason, et al,
{1975)« We further know from data publisbed by Musgrave and
Holton (1964) that bare scil generally has the loweat, and good

woodland the highest, infiltration capacity as shown in Table I,

Table I Land Uses in Oxrder of Associated Infiltration.

(After Musgrave and Holton, 1964)

1. Fallow f ‘ 8, Pasture, fair
2. Row crops, pcor rotation 9. Woods, poor
3, Row crops, good rotation 10. Pasture, good
4, Pasture, poor 11, . Woods, fair
5« Legumes after row crops 12, Meadows

k6.“ Small grains, poor rotation 13, Woods, good

Te Small grains, good rotation
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In many cases, however, those atiempting %o manage land
use to achieve specified hydrological objectives need to have
more specific information than this. They need to know the
rates at which water will actuelly infiltrate into the ground
under different land uses in any given locality. fThis
information can generally be cobtained only by interpreting
infiltration measurements in the area concerned,

Unfortunately, such measurement .is far from easy, and
despite much research and experimentation in the United States
rand elsewhere, no general egreement has yet been reached as to
the best instrument for this purpose. It is difficult, there-
fore, for workers in developing countries such as Thailand to |
know how best to set about collecting infiltration data.

" The purpose of thisg thesis is, therefore, to review from
the literature those instruments which have been used to measure
infiltration and then to describe the comstruction and evaluation
of a prototype rainfall simulator which appears to be an

appropriate instrument for use in conditions similar %o those
found in Thailand,
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CHAPTER _IT

METHODS OF INFILTRATION MEASUREMENT

IY.1 General Methodologies

There are two major methodologies in the defermination of
infiltration, One is the direct measurement by instruments -
the infiltrometer method, the other is the indirect aprroach by
which infiltration capacity is evaluated from rainfall and run-
off data, the so-called hydrograph analysis method.

The indirect method can only produce generalised infiltratioﬁ
date for entire catchment:aéeas. Thege may be suitable for

‘engineering purposes (Horton, 1940) but as Parr and Bertrand
V (1960) pointed out such data are of very litile value for land
management purposes, For this reason the method is not

considered further in this thesis,

11,2 Direct Measurement

The direct or infiltrometer method can be divided into two
categories according to the manner of the application of water,
These are generally described as the flooding, and the rainfall

simlator approaches,

I1.2,1 . Flooding~-Type Infiltrometers

The main principle of this method is that infiltretion
capacity can be determined bj ponding water in an open-endéd

container resting on, or driven into, the soil and measuring the
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rate at which water is lost from it.

According‘ to Hills (1968), this technique was probably
first used by Muntz (1908) to study infiltration between
irrigation cansls, but few details are available to indicate
the exact nature of the equipment he used, The first papers
to contain such details are those published by Burger in 1927,
and 1929, In these he reports results obtained using an open-
ended steel cylinder with an area of 100 cm?, This was driven
into the so0il, filled with water to a depth of 10 cm,, and
allowed to stand until 811 the water had soaked into the ground.

In forest land with & good humug cover, this process
occurred in ;jusf over one minute, In arable fields it tock as
long as 3 hours a.nd. 38 minutes., Burger considered that his
method gave acceptable results, although he did suggest' that they
might have been more accurate if he had used a long cylinder.

Simple open ended cylinders were also used by Katchinsky
in 1930, These consisted of graduated glass tubes, 3 cm. in
diameter, with open ends which were inserted ihto the ground
through & bor;-ehole 6 cm, deep. Known amounts of water were
pe'riodical{y added and infiltration data were averaged, Similar
experiments were reported on by Auten (1933) and Stewart (1933),
and by Auten again in 1934, although thie time he used square
rather than round enclosures, 0f these works, however, only
Katchinsky recognised that the resulis obtained using simple
instruments like these might be affected by lateral seepages,
and in 1936 he published a second paper in which he reported on _
experience gained uéing a cylinder surrounded by a "buffer zons".
This comprised an inner cylinder separated from the soil body by

a surrounding channel which was also filled with water but from
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vhich seepage was not measured. He concluded that lateral

seepage was important and that his earlier results over-

estimated the true infiltration capacities of the soils concerned,
The problem of lateral seepage was also recognised by

Muﬁgrave (1935). He attempted to overcome it by jacking 15 cm,

diameter metal cylinders into the soil until they reached the

B-horizon. The lower end;) of g%;éf'cylindef was sharpened to make

it easier for driving into the soil, and to avoid too much soil

disturbance., Musgrave also introduced the method of maintaining

a constant hydraulic head in“the cylinder by using a dispensing

grajuested burette located above it. The purpose of this practice

" was not ciearly explained but it was well understood that the

‘method was 1o equalize the driving force ﬁt all times., The buretie

served as ; water feeder tube from which infiltration capacity was

determined, The instrument alsoc incorporated a screen to prevent

.dust falling on the ponded water and possibly affecting the éoil

surface beneath, Musgrave considered the results of this work to

be highly satisfactory, and this method was widely used in the

United States during the late 1930's (Musgrave and Free, 1936,

Free ‘et al, 1940)..

Other researchers, however, were less certain about this kind
of inatrumeht.‘

Kohnke (1938), in the first paper to consider the flooding
infiltrometer as & useful standardised instrﬁment for determining
infiltration capacity believed that any such instrument should meet
three requirements. These are that it should provide downward
penetration of water into the soil; it‘should‘not impede the
lateral flow of water becsuse this is part of the natural

infiltration process; and it should not create air pressure greater
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than that occurring naturally. Hg developed a flooding
- infiltrometer which was different from that of Musgrave's by
utilizing a block unit composed of 16 compartments, each of
which was 20 cms. long, 10 cm. wide, and 7.5 em, deep, When
set in position, the compartments were driven 3 - § em, into
the soil. The four centre compartments were used to measure
infiltration, while the other twelve served as a-buffer area,
Each compartment was supplied with water in a manner devised by
Muasgrave, anq:;erforated disc was also provided to exclude dust,
This arrangement was probably the first instrument in which the
buffer zone was introduced to minimize air confinement{ in the
soil, and to provide an appropriate lateral flow of water under
the plot. Kohnke did not, however, produce conclusive evidence
that the use of & buffer zone gave significantly better results
then instruments not using this technique, He could only
suggest that the use of éuch 8 zZone appeared to givé Jower end
.less variable results. |

A simpler, and more convenient type of buffered infiltro-
meter was devised by Nelson and Muckephirm (1941), This was
the double ring infiltrometer consisting of two concentric rings
of galvaniged iron - the inner one having a diameter of 20 cm.,
and a height of 12,5 cm., the outer one a diameter of 40 cm. and
a height of 7.5 cme. Both rings were pushed 2.5 em, to 5 cm, into
the ground, and & hydraulic head of c. 6 mm. was maintained in
both rings by Musgrave's method, They found that virtuslly no
lateral flow from the central ring occurred with this treatment;
" and that it disturbed the soil much less than the use of either
Kohnke's or Musgrave's type of instrument,

Further information on the effect of ring size and buffer
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area on the resulis obtained by using flooding infilirometers

was produced by Marshall and Stirk (1950). After experimenting
with several sizes of single and double ring iﬁfiltrometers, they
came to the conclusion that: (a) increésing the size of the buffer
area decreased lateral flow below the ring, (b) increasing the ring
diameter decreased the rate of infiltration, which meant that the
lateral movement of water through the plot boundary was probably -
small in relation to the large amount of water applied, ,

The 1950's saw a move towardé work intended to rationalise
and control the soﬁrces of error involved in using ring
infiltrometers, Schiff (1953) in a etudy usinéiznfiltrometer to
determine artificial ground water recharge rates found that the
rate of inteke was affected not only by changes in hydraumliec head
within the instrument, but also by the length of the wetted sodl
column benecath it - a factor not considered by earlier workers.

Aronovici (1955) also studied the effects of hydraulic head
on infiltration rate, He found that changes of infiltration with
time using ring infiltrometers could be attributed prominently to
the changing characteristics of tﬁe head of water in the soil
column beneath them, He also found that incr;asing the size.of
the infiltromeiter ringas decreased the rate at which water entered
the soii, a gimilar result to that obtained earlier by Marshall amd
stirk (1950).

Another important problem that received attention was that
concerning the number of measurements needed to characterize the
infiltration capacity of an area. Burgy and Luthin (1956, 1957)
conducted tests with both singie and double ring‘infilfrometers.
They found that an average of six came within 30% of the true mean

when no restricting layers were present in the soil., They also
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found no significant differences between the results obtained by
the two different typés of instrument used, In the discussion of
this paper, however, Schiff, as quoted by Parr and Bertrand (1960),
pointed out that these results occurred because the soils. were too
permeable for lateral seepage to be an important consideration.

He would not expect single and double ring infiltrometers ‘to produce
identical results in less permeable situations, Slater (1957) also
studied this problem using sets of 15 single ring infiltrometers
11.25 cm, in diame ter, and fourd that 48 replications on each test
were needed to ensure an accuracy of = 10% of the mean at the 95%
probability level.

Vork simed at achieving a better understanding of how ring
infiltrometers work continued during the 1960's, Olson and
Swartzendruber (1960), for example, used a laboratory sand model
to determine fhe ring sizes for accurate infiltration measurement
by double ring infiltrometers, They found that & buffer width of
at least 30 cm, was required before the infiltration rate through
the inner ring could be 'regarded as a reasonable accurate measure
of the true infiltration capac:ffby. At lesser ring widths, measured
infiltrati;n greatly exceeded the true rate, In a second paper,
(swartzendruber and Ols;on, 1961 (2)) they concluded that a double
ring system with ring diame-t;er of 100 -and 120 cm, was large gnough
to overcome the problems of site variability in most situations.
They realized, however, that it was not always practicable to use
.a system as large as this, and in a third paper (Swartzendruber and
Olson, 1961 (b}) they suggested that for most purposes an instrument
with inner ami outer ring diaxﬁeter of 20 and 30 cm, respectively
.would prove satisfactory. fhe importance of cylinder size was also

stressed by Johnson (1963),
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The problem.of soll disturbance as the infil trometer was
pushed into the soil alsol received attention at this time.
Indeed,.ﬁrie (1962) went so far as to suggest that "the thickness
of cylinder material probably has more effect on the validity of
measurements than the diameter™, After testing various designs
he suggested that "an 20 cm. (8 in.) cylinder made from 12-gauge
metal equipped with a ring on top represents a very suitable piece
of equipment®, The need to use thin-walled cylinders was also
emphasised by Davis|and Fry (1963).

Following the publication of & series of paper on the theary
of infiltration by Philip (1957, 1958), Bouwer (1963) used 5
buffered infiltrometer to explain, theoretically, the effect of
hydraulic head in the rings on watexr movements under the
infiltrometers., Details of equipment used were not stafed, but
the work was centred on the depth of cylinder penetration, the
diameter of cylinder, and the level of water being maintained in
it, The conclusions were that; differences in water levels‘
between the inner and the outer rings caused an error in measuring
infiltration, and that this error could be reduced by increasing’
the depth of cylinder penetration into the soil. Shull (1964)

also studied the effect of cylinder penetration, and found that
30 cm, diameter cylinders at depths of 6, 12, 18 and 24 cm, gave
significantly different results at the 1% probability level.
He recommended that the depth of insertion should be carefully
controlled and standardised.

Although most of the work undertaken in the 1950'3 and 19601's
had been concerned with double ring infiltrometers. Hille {1968,
1970) did not consider that it had demonstrated conclusively that

this form of flooding ipfiltrometer héd any great advantages over



18.

the earlier single ring type, particularly for use in areas that
were not flat, He pointed out that most of this work had been:
carried out to provide answers to irrigation problems and that
the workers concerned had not been faced wiih problems that occur
when one tries to install a large ring infiltrometer on sloping
terrain, In his view these coﬁld lead to greater errors than
those occurring from the absence of a buffer zone, After exten-
sive field and laboratory tests he concluded that a thin-walled,
single ring, :i.pi‘iltromete:r: 10 cm. in diameter, carefully pushed

5 cm, into the grourd was a perfectly adequate means of measuring
.differgncea in the infiltration capacities of the various soils
occurring in his research waiershed.

Hills? conclusic;ns about the usefullness of single ring
infiltrometers are supported by Williems et al, (1969), who found
*.'.;ha.t when single and double ring infiltrometers were used at the

| same place at the éame time they gave very similar results,

The most recent publications concerning flooding infiltro=
meters suchl as Vachaud, Gaudet, and Kuraz (1974); and Dixon (1975)
"have been ;I.argegly concerned with the effects of entrapped air on
measured infiltration rates., Both have shown that results are
likely to sex_-iously underestimate the true infiltration capacity
| if air cannot escape' freely from the soil as ini"iltration proceeds:

a fact already known from work by Powers (1934).
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I11.2,2 Rainfall-Similator Infiltrometers

As the name suggests, this approach attempts to determine
infiltration capacity by applying water to.the area under
iuvéstigation in the form of “"artificial rainfall®™, Vhier is
applied to the ground at a rate exceeding that at which it can
be absorbed, and the infiltration capacity is taken to be the
difference between the rate at application and the rate of run-
off, The "artificial rain" as generally produced either by
pressure sprays, or ﬁy gravity devices producing controlled rates
of dripping.

The earliest rainfall-simulators were very simple,
According to Wisler and Brater (1959) one of the first simulators
was that defised by Horton before the First World War. It
consisted of & simple sprinkling system with a number of radial
horizontal pipes rotating on & vertical axis 1.8 metres above the
ground, Horizontal spray Jjets attached to the pipes in order
to spray water into the test plot below, It is not lmown, hnw--
ever, whether he efer published the results of this work, Another.
early device was that used by Lowdermilk (1930). This_compriqed
two horizontel 2.5 cm, pipes fitted with qpecial Skinner overhead
sprinkling nozzles (No.,2). These nozzles were spaced at 60 cm.
intervals on each pipe and were so placed as to stagger the jeis
30 cm. apart, The device sprayed water upward under pressure on
plots ranging from 10 to 1,000 sq.ft. Rainfall intensity was
averaged from nine small rain gauges located on the test plot;
but other characteristics of this artificial rsin, euﬁh as drop
size and distribution, were not studied. Duley and Hays (1932)

reported on infiltration experiments in which the water was applied

e
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by men with watering cans, This method was also used by Duley
and Ackerman (1934). Other early equipment was described by
Nichols and Sextor (1932), Feal (1937), and Craddock and Pearse
(1938).

These early instruments had ‘mamr deficiencies. The
*artificial rain® they generated bore litile resemblance to natural
rain either in drop size or velocity. Tﬁey were often cumbersome
and inconvenient to use - Craddock and Pearse's equipment, for
éxample, required 13-ton truck to transport it, and two men half
a day to set it up - and they were unréliable. Nevertheless they
did suggest that a better measure of infiltration capacity might be
“obtained using this approach then by the flooding infiltrometer
techniques,

Accordingly the U,S. Depariment of Agriéﬁltu:re sponsored a
series of research programmes aimed at solving these problems,

Thia research resulted in the production of a series ‘of gimiators

in the late 1930's and early 1940's based jrimarily on the use of
spray nozzles, and known as Type A, B, C, D, E, F, and FA reapectively,
='I'b,lessle nozzles were often described by their trade name: such as
nSkinner Catfish nozzlen", the "Grinnell 1,5 nozzle", and the "80100_
veejetn, | ' | |

Type A to C were not considered particularly satisfactory and
1little is known about them. Type D, E, and F, however, were |

. considered & major improvement in earlier devices and were used in
 many subsequent iInfiltration studies.

The D-type apparatus consisted of four stationary 1.5
"Mulsifyre™ nozzles mounted on an overhead frame which allowed
water to be applied to a plot 1.8 m, wide by 7.2 m, long, and to

an 0,45 m, strip adjacent to the gides and upper end of the plot,
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daumuards
The water was sprayed upwards and fell directly onto the plot.

It was used by Beutner, Gaebe, and Horton (iggo) to evaluate the
effects surface soil conditions and their management on erosion
and infiltration. They congidered that it produced a satisfactory
distribution of water, and that the drop size was comparable to
actual rainfall,

The type;E apparatus was developed by Brost and Woodburn in
1938, 1939, {Parr and Bertrand,1960) and Brost and Woodburn again,

- (1942). It used upward pointing "Smiling Cat" nozzles, to spray
water onto a 1/100 acre plot, and specialised in stﬁdying the
effects of small drop—size rain,

The type-F apparatus was based on a nozzle (the "Type-F
nozzle") designed to produce a high energy spray of low intensity.

' Phe nozzle produced large drops, 3.2 to 5.0 mm, diameter, with a
low impact velocity and a kinetic energy less than 65%‘of that of
natural rain. The water was sbrayed upwards and allowed to fall
in an arch-like pattern from a height of zbout 2.1 m. onto the test
plot, which was generally 1.8 xls;éiﬁ; with a_surrqunding.0.9 m,

. buffer zone (Diebold, 1941, Mutchler and Hermsmeier, 1965).
The type-FA apparatus was the same as the type-F exoept that it
used fewer nozzles with a lower pressure and employed m plot sige
only 30‘x 75 cm. with a buffer zone of 45.cmy. (Diebold, 1941).
A further version of this apparatus was the Rocky lMountain
infiltrometer which used a plot of 60 x 120 omr. (Wilm, 1941).

Wwilm (1941) considered that most of these newer infiltro-

' meters gave satisfactory estimates of "relative" infiltration, ﬁut
in the tests he carried out he fbund that his resuits'were too
variable for any assessment to be médeﬁof the accuracy with

‘which they measured true infiltration capacity. Horton (1940),

. SU-\N;
however, was less : . -==2 of their value. He felt that none of these
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imﬁuments generated sufficiently "fine"™ rainfall for them to
give realistic resultas, He also felt that the effect of plot
size on infiltration had been inefficiently investigated., -His
own view was that lateral seepage could seriocusly affect the
results from installation using small plots, in just the same way
a3 it affected the results of flooding infiltrometer experiments.
Horton's comments about the nature of the "rainfall" produced
by their similators had in fact been anticipated by the U.5, Soil
Conservation Service's research programme, for in addition to
investigating simulator .design it had also involved a study of
~ natural rainfall characteristics and their relation to
infiltration. The outcome of this work was a series of important
papers bsr J.0. Lawa, In his first paper (Laws, 1940) he reported
on a detalled comparison of five differerit rain applicatora, He
found that drop size ranged from ¢, 1 mm, to ¢, 5 mm. in diameter,
He also found that as the drop size increased the infiltration rate
decreased by as much &s 70%, and that erosion losses increased by as
mich as 14200%, He was able to show these graphically in temms of
.energy‘ of rain per unit of area - the E/A index of rain erosivity.
This index depended solely; upon the drop size and v-;.ocity of the
spray end increased with increasing drop aize or increasing drop
velocity, The experiment led Iaws to conclude that the drop size
of rainfal)] had an important effect on eroaion and runoff, and that
artificial rain apparatus must actually simulate rainfall so far as
timp size was concerned, Jlaws also suggested that to adequately
desoribe rain so far as erosion and infiltration were concerned it
was necedpsary in addition to know the mize and veloclity of ifa tirop.
- In his second publication Laws (1941) described technigues for

using & still camera to take photographs of falling water drops
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produced from glass tubes of small diameter, The drops of known
sizes were allowed to fall in still air from different heights
ranging from 0,5 to 20 metres. He also measu¥ed the drop sizes;
This enabled him to produce the information summarized below in
Table 2,

In addition, Laws also made observations of natural raindrop-
velocities and found that there was a tendency for the velocities
of natural raindrops falling from great heights to be lower than
the velocities of similar sized waterdrops falling from only 20
" metres indoors. He suggested that this might be due to the
turbulence of-the atmosphere through which the raindrops passed,

It is apparent from Table 2 that small water &rops need only
" & short distance of fall to reach their terminel velocity, A
drop of 1.25 mm, diameter, for example, takes only 5 metres to
reach its terminal veloeity of 4.85 m/sec. Lafge drops, on the

other hand, require greater distance - ofer 10,5 metres in the
case of drops of 6,1 mm, diameter (not shown in Table - p,720).

A third paper (Laws and Parsons, 1943) was concerned with
characteristics of natursl rainfall.: It described the range amd

-digtribution of drop sizes associated with rainfalls of different
intensities, and showed that medium d;r:op size increas'ed'by a
factor of 3 over the range of intensities studied. :

As the result of Laws’work it became apparent that of the
instruments described earlief only Types P and gé_produced artificial
rain that bor'e mich resemblance to natural rain, In & thorough
test of both instruments Wilm (1943) estimated that the errors
resulting from differences between the rain they generated and
_natural rain would account for only 6% of the total errors involved

in using them to determine infiltration capacity, Errors due to

\
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Table 2 Velocities of falling water-drops of different sizes

(velocity in metres per second;

1.25
1,50
1.75
2,00
2425
2.50
275
3,00
3425
3450
375
4,00
4,50
5400
550
6,00

0.5

2.65
2.76
2,84
2489
2.93
2,96
2,98
3,00
3,02
5403
3.04
3405
3,07
2409
3,10
3.10

af ter various heights of fall (after laws, 1941)

diameter, D, in millimetres)

0475

13,15

3426
334
3.40

5045

3450
3454
3458

3,61

3.64
3.66
3467
3.70
3.72
374
375

1.0

3+52
5+64
3.74
3.83
3491
3498
4,04
4.09
4.12
4.15
4.18
4.21
4.24
4,27
4.29
4.31

1.5

3497
4,18
4.34
4,47
4457
4.65
4.72
4.79
4.85
4,90
4.95
4,98
5405
5.11
5416
5420

2.0

4.21
4450
4,73

4,92
5.07"

5019
5.28
9637
5445

5.52

558
5.63
572
D79
5485
5.590

): |

245

4.43
4,82
5,10
5429
Se44
5457
5469
5.80
5489
5+98
6,06
6,12
6.24
6.33
6.40
6.46

340

4456
4,99
531
955
5.74
5.89
6,02
6.14
6425
6.35
6,44
6452
6.66
6,77
6,86
6.94

4.0

480
5425
5.64
5091
6.14
6434
6.52
6.68
6,82
6.95
7.07
717
7436
7450

7.61

7.69

50

4485

5439 -

5460
6.15
6.42
6,67
6.89
7.08
T+25
740
T53
T+65
785
8.00
8,11
8,20

height of fall, H, in metres;

6.0

4.85
547
5092
6430
6,63
6.92
7.16
Te37
T+56
7.73
7.68
8400
8.21
8436
8.47
8455

8.0

4.85
5451
6.08
6455

6.90

T.22
750
TeT5
7496
8.15

Be31

Be46
8,70
8.86
8497
9,01

20

4.85
5.51
6,08
€.58
T.02
T4l
T.76
8,06

B.31

8452
8.71
8.86
9.10
9.25
9.30
9430
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site variability, lateral seepage and other factors were far more
important, He concluded that further improvement of the rainfall
generating aspects of these instruments was unnecessary, Further
evidence to support the use of the type F and FA infiltrometers
was provided by Duley and Domingo (1943) who found that the bﬂffer
zones recommended for use with these sprayings was wide enough to
prevent lateral seepage from being a signilfica.nt source of error.

These findings led %o the widespread adoption and use of the
F and FA type infiltrometers, apd the results of many studies
involving its use vere published during subsequent years (e.g.
Woodward 1943, Izzard and Augustine 1943, Rowe 1948, Packer 1951,
Dortignac 1951, Turner and Dortignaé 1954, Dortignac and Love 1960,
1961),

Not all workers in the field, however, were convinced tiza.t
the spray-rig was the final answer to the rainfall-simuletor
problem, The apparatus was quite complicated, it required power
to generate the pressures needed to_ force water through the nozzles,
and there was some doubt about the rainfsll pattern it produced,
El1ison and Pomerance (1944) suggested the generation of water
‘d.ropa by gravity as an alternative, They devised an infiltrometer
based on the use of a _drip tower and drip sereen., A tank with
holes drilled on 10 cm., centres Bupj:lied the water to the drip
tower, A screen of 2,5 cm., mesh chicken wire was placed directly
below the tank and cheesecloth was spread loosely over the wire so
-that it would be pressed inte the openings. A short piece of yarn
was hung from each po;:ket to form water drops of uniform diameters,
| biffe;ent-yarn sizes ‘ﬁere used to obtain various uniform drop sizes
- ranging from 3,5 to 5,1 mm, in diameter. Drop velocity was

controlled by varying the height of the apparatus, and intensity by
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varying the head of water in the supply tank, The drip screen
was oscillated to distribute drops evenly over the plot.

Ellison and Pomerance's apparatus was cumbersome, but the
results it produced were encouraging and led others to experimeni';
furthexr with this approach. | |

Woodburn, 1948, Bisal, 1950, Osborn, 1953, Goodman, 1952, and
Barnes and Costel, 1957, all devised instruments based on the |
"hanging yarn" principle, For the most part, these too, were
large in size, That rroduced by Barnes and Costel, for example,
involved using a tower c. 5 metres in height, and vhile it could
be transported on a % ton truck, it was clearly not a great
improvement over the type-F spray-rig in terms of its portability.
It also required alaxrge volume of water to operate it for any length
of time,

A much smaller instrument was designed by Adams, Kirkham, and
Nielsen (1957). It consisted of a small supply tenk resting on a

wind shield 1 metre above the soil surface., Drops were produced

Sy

by glase capillary tubes protrw‘iing thrbugh +the base of this <tank,
Rainfall intensity was controlled by the depth of water in the tank,
which in turn was co:?brolled by & pressure head regulator. The
drops were allowed to fall onto a circular plot of 14.38 cme in
e - Qlameter, and were protected from wind effects by the wind shield
?\xextending from the ground to the base of the supply tank. The
instrument could be carried by one man, and required only 5-10
litres of water per measurement., According to the authors it
Troduced rain whose kinetic energy was similar to that of natural
rain, Its disadvantages wm that it produced drops of large
(5.56 tm. diemeter) uniform size, and that it took no account of

lateral seepage.
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A mumber of important papers relevant to rainfall ei:_zmlator
design were published in the late 1950t's and early 1960's.
First of all Wischmeier and Smith (1958) showed conclusively that
one of the most important factors controlling the disposition of
rainfall was its kinetic energy, This paper led Meyer and McCune
(1958) to reappraise the performance of the type-F infiltrometer
‘which was then widely used for infiltration studies, They found
that the "rain® produced by this instrument has only c. 60% of the
kinetic energy of natural rain for any given intensity. They
therefore developed & new rainfall simulator based on en 80100
veejet spray sys;tem vhich they called a "Rainulator®, This
produced "rain© whos_ie kinetic energy was c. 76% of natural rain at
an intensity of 62,5 .nnn/hr. It also produced drops whose aiz'e
distribution and velocity were similar to those of natural rain-
fall, and could be eont:.;olled t0 vary the rainfall characteristies
during the course of an experimental run, Like many of ite
rredecessors, however, this spray-rig was complicated and expensive
to build and operate, It was also suitable for use only in large
u.nifor:m areas, for it required a plot size of c. 25 by 3 metres.
'Its usefullness as & field instrument, was therefore rather
limited., Meyer and McCune's success in generating more realistic
rain than that achieved ‘befo:r:.e led to renewed experimentation with
spray-rig design., Most of this effort was aimed at devising a
small, simple, portable version of Meyer and McCune's apparatus,
One such instrument was that described by Bertrand and Parr (1961).
It consisted of a single nozzle spraying water downwards from a
height of 2,70 metres onto a plot 1.143 sq. metre. Rainfall
intensity was controlled by changing the nozzle, The instrument

could be assembled quickly by two men, was light in weight, and did
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not use large volumes of water comparing with Meyer and McCune's
instrument, Other portable gpray-rigs were dgscribed by Rogers,
Barnett, and Cobb (1964), Swanson (1965_), Hudson (1965), amd
Bubenizer and Meyer (1965).

None of these instruments, however, reproduced rainfall as
accurately as Meyer and McCune's apparatus, and for tﬁe most part
they were no real improvement on the-older type-F infiltrometer.
In addition to stimulating work on spray-rig design, Wischmeier
and Smith's findings {Wischmeier and Smith, 1958) also stimulated
work on gravity-operated rainfall similators. The most importent
outcome of this work was the development of a hand portable rain-
fall simdator by 1,S, McQueen in 1963, McQueen's instrument was
devised for research work in the dry wildlands of the Western U.S.A.

The following specific requirements were set up to guide instrument

design:

LIS Thé accuracy and constancy of measurements should be equal to
or better than other infiltrometer systems currently in use.

2. It should be portable. It is to be tramsported in field
vehicles such as pickup trucks, carryails, or seden delivery trucks,
"It should be portable by hand %o inaccessible sites if necessary.
3. Water requirements should be as small as possible, consistent
with accuracy requirements,

4. Tt should not disturb the surface structure of the soil during
installation or operation,

5« It should provide a means for preventing lateral movement of
water »past' the plot boundéry, ar, for measurement of and cf:rrecfion
for such lateral movement,

6., It should provide for eollection and méasurement ;)f water and

sedimente splashed out of the plot separately from water and
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sediments accumlating oﬁ the plot. Water should be allowed to
aécumulate on the plot only to the depth necessary to cause run-
off under natural storm conditions,

Te Energy oi‘ simulated rain should correspond 1o the average.
énerg level of nmatural storms,

8. Rainfall intensity should be controlirble ovér a wide range
and should be stable at any intensity_ chogen for a glven test,
9. Installation amd operation of 't';he ins trument should be rapid
and convenient. Data obtained should require little or no.
computation, |

10. The instrument should operate satisfectorily under adverse

conditions, such as high winds.

McQueen c¢onsidered that only an infiltrometer designed salong
the principles suggested by Adams, Kirkham and Nielsen (1957) had
any hope of meeting 'bhese‘ requiremsnts. Hie own version consisted

of a .Bupply tank resting on a tripod at a height of 1.5 metres
above the ground, Drops were formed by drilling capillary-size
holes through the bottom of this tank, and were allowed to drop onto
"8 circular plot 14.38 cm, in diameter, The boundary ofmthis plot
was a thin walled metal cylinder ¢, 15 cm. high, To avoid distur-
bance this was not inserted into the so0il, but was surrounded
instead by a bentonite seal, The instrument generated rain at
rates varying from 25 mm, to 400 mm, per hour, at a constant drop
_ size of S5+61 mm, diameter, Tests showed that the instrument
compared very favourably in performance with its possible rivals
in terms of kinetic energy generated,'im'm”,-pcwer requiremsnts,
| portability and cost (see Table 3), McQueen accepted that the

small plot area would cause errors due to lateral seepage, but
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Reference

Method of rain-

drop production

Drop size
(di&m.in mm.)

" Normal app-
lication rate

(mm/hr )

Range of rates
(mm/br )

Drop-fall dis-
tance (metres)’

Energg of rein
(3/em“/em of

rain)

28,1

MceQueents U.5.Forest
Service
"Rocky Moun-
tain®
(Dortignac,1951)
Dxrops form on Typ-F nozzle
plastic sur-
face around
metal pins
5e6 Produce wide
range of
drop sizes
100 100
25 - 375 50-90, Extr-
emes of range
resgult in un-
even distri-
bution
1.5 Variable
0+137.81ightly 04153
less energy
per unit of
rainfall than
natural rain

- of the same

intensity

Soil Cons,
Service
(0sborn,1950)
Dreps form on
pieces of
yarn attached

to muslin
gscreen

5

150

20 - 250

4.3

0.453
Exceads thun-

der storm of
180 mm/hr,
intensity in
detaching
capacity

Comparisons between infiltrometers (after McQueen, 1963)

Agricultural
Research
Service

(Barnes &

. Con$il,1957)

Drops form on

rieces of yarn
5 cm, in lengtl
attached to
mislin screen

5

75

50=-75 ratea

.depends on

nozzle size
used

2.6

0.154
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Table 3 (continusd)

Reference " McQueen's U.S.Forest Soil Cons, Agricultural
Sexrvice Service Reszearch
"Rocky Mountain" Service

(Dortignec,1951) (0sbom,1950) (Barnes &
Costil, 1957)

Egquivalent 475 5245 130.0 5245
natural storm - ‘ . ,

(ma/bx )

Area of plot 193.3 1857.6 139342 3715.2
(sq.cm.) '

Water Require- 5 =10 3,000 1.000 250 - 300
ments (Litre
per hour)

Manpower require 1 2o0r3 2 2
rents per unit

Sampling frequency 4 -5 1 =2 3 -4 2 w4
measurements per -
unit per day

Man hours per i -2 6 - 16 4 -8 4 -8
measurement
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felt that this was not a major problem.

Another method of forming ;irops was devised by Chow and
lHa:cbaugh (1965). This consisted of a number of polyethyline
tubes 0,575 mm. in diameter placed at 2.5 cm, centres in the
bottom of a pléxiglaas tank 60 cm. square by 30 cm, deep, It
could produce drops 3,2 mm, in diameter which is a more realistic
size than those produced by other methods, This technique was
‘used by Blackburn, Meeuwig and Skau (1974) in a mobile infiltro-
meter designed for use on rangeland., This instrument, though
moBile, was much larger than McQueen's, and involved using a
120 cm, square tank held 2,10 metres above the ground. The wnit
was built onto a two-wheel trailer which also carried the water
supply tanks., The simulated raindrops reached about 70% of
terminal velocity.

A small version of this instrument was described by Munn apd
Huntington (1976), and was found to give good results when used in
rugged mountain country in California, The raindroi:—producing
unit was supported on a light weight frame 2,5 metres high which
also held a 20-litres water tank. The plot size was 61 cm, square,
It was reported that the é_quipment could be operated by one man,
and that used thus an average of 4 plots a day could be sampled,
But clearly the instrument's portability is somewhat reduced by thé
need to carry water sufficient to fill a 20-litres tank held 2,5

metres above the ground several times a day,
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II.3 Discuseion

It ie apparent from the pu:eceding review that although most
of the infiltrometers decﬁbed are adequate for certain purposes,
- they all have important disadvantages,

The advantages and disa_dvantages of flooding iﬁfiltrometers
have been summarized by Hills (1970). Points in favour of this
method are its compactness, portability, ease of installation,
simplicity of design, low cost of construction, and the water

usage, Its limitations are:

1. Soil disturbance during installation.

2., Waler seepage down the cylinder-soil interface,
3+ Lateral flow of water through plot bourdary.
4. Air entrapped within and beneath the cylinder,
5. Effect of hydraulic head.

6. Lack of rain-beat characteristics.,

Most of- these limitations have been recognised for a long time,
For example, Katchinsky (1936) recognised the lateral flow problem,
and Kohnke'(l%a) was greatly concerned with the effects of air
entrapment on water movement below the cylinder, The development
of the double-ring infiltromete:n‘:r;by Nelson and Muckenhirn (1941)
and the various experiments carried out by Marshall and Stirk (1950)
and others to determine the effects of ring size on measured
infiltration rate were all intended to reduce the errors resulting
from these difficulties, It is doubtful, however, whether any of
these pro'blems, have been, or can ever be, completely solved..

Another problem with the flooding infiltrometer is its

unsuitability for use on sloping surfaces., The instrument was
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devised originally to provide infiltration data for the better
management of soils in irrigated areas, which are generally flat,
It is difficult to install a flooding infiltrometer on & slope
~without causing & bit of s0il disturbance,
Also the use of this method in such areas means that the
" upper and lower parts of the plot area are flooded to different
depths, which almost certainly leads to increased errors, This
problem is particularly restricting in the case of double ring
infiltrometers, which many people believe to be the best instrument
of the flooding type. |
Scoil disturbance and lateral seepage are also problems that
affect infiltration measurements made using rainfall simulation
techniques. Bui those who advocate this approach agree that it
reproduces natural conditions far more‘ accurately than the
flooding infiltrometer, They consider that infiltration is grea.ﬂy
affected by :hhe nature of the rainfall itself, and that measurements
involving ponding of water on the soil surface axre found to be
inaccurate, It is apparent from the preceding discussion, however,
that the rain produced by these instruments often differs ma.rke;dly
from natural rainfall in texus of drop size, drop distribution,
terminal velocity, and kinetic energy. ‘
Mapny rainfall simulators alsc suffer from the disadvantages
of large size, large water usage, high cost, and complex design.
Hills (1968) considered that rainfall simulators had no
obvious advantages over flooding infiltrometers, and advocated use
of the latter because of their greater simplicity, lowex cost,_ and
ease of 't;z"a.nsport over rough ground, For many situations thié
advice is probably very sound, Put there are situations where a

portable rainfall simulator such as that described by McQueen (1963)
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might be a better choice, Examples of such situations are sloping

- sites, with soils which are particularly susceptible 'ho‘disturbzmce,
sites where erosioﬁ by raindrop impact might be expected to affect
infiltration ra.tés, and si'bea‘ where raindrop deformation occurs as,
for instance, below a forest canopy. Many sites of this nature
occur in Thailand, For this reasson it was decided to build and test

& rainfall simulator modelled closely on the design recommended by

McQueen.
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Chapter III .

DESIGN, CONSTRUCTION AND CALIERATION OF A RAINFALI-~SIMULATOR
INFILTROMETER

The purpose of this chapter is to describe the work involved
in designing, constructing and ca.libra'liing a rainfall simulator
similar to that developed by I.S, McQueen (1963). It is logical,

therefore, to start by describing McQueen's instrument in some

detail.,

J1T.1 Issential Parts of the Instrument

As Fig,2 indicates McQueen's rainfall simulator consists
essentially of five pa.rta:-. '
(1) A reservoir and control unit; (2) a rainulator; (3) a
supporting tripod and wind screen; (4) & base unit containing a
splash shield; and (5) a system for measuring rmoff water and

gediment,

I1T.1.1 Reservoir and Control Unit

This major part performs three functions; (1) 1%t supplies
water to the rainfall simulator or raimulator; (2) it indicates
the quantity of water supplied; and (3) it controls the hydraulic

head ard congequently the rate of application of the rainulator,
| In essence the unit is a calibrated Mariotle bottile with an added
bubbler tube to extend the controlled level below the reservoir to
provide for greater sensitivity. The unit is ocalibrated to

measure the depth of water applied to the plot in both inches and
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Figure 2. Diagram of MoQueen's apparatus (1963).
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centimetres, the calibration being computed from the ratio of the

square of the plot diameter to the square of the reservoir

di ameter,

¥1T.1.2 The Rainulator

The function of this unit is to generate raindrops in a
‘uniform, controlled mauner, It consists of a transparent tank with
& plastic base through which are drilled capillary-size holes on
1,25 cm. centres. The bottom of each hole is countersunk to form
a drop control surface, and to prevent water dripping through it
. 400 guickly each hole is partially blocked by a wire pin of slightly
smaller diameter. MoQueen found that several combinations of hole
and wire size could give satisfactory results; but recommended that
holes should be drilled with an American gauge drill Fo, 57and

 blocked with wire gauge No.19. |

I111,1.3 Supporting Tripod and Wind Screen

The Iimtrumnt is supported over the infiltration plot by
adjustabie tripod legs similar to those used to sﬁpport surveying
-instruments. The wind screen is a length of 15 em, 0.D. plastic
tube about 1.3 metres long hung in an aluminivm ring sufported by

the txipod 'lega. A bullg-eye~type level is mounted on the support
“ ring to ahéw- when the wind screen is vertical, A steel rod of
1.25 c:n. diameter extends up from the support ring to hold the
- reservolr and control a.asémbly. The rainmulator is fitted into
the top of the wind screen, and the instrument set up so that the

raimlator hase is 1,5 metres above the ground,
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I111.1.4 Base and Splash Shield

This consiats of an open ended metal cylinder about 15 cm,.
high, and of the same diameter as the wind shield, This is

designed to be sealed to the soil surface with a sealing material
such as bentonilte claj.

11T.1.5 Runoff-water and Sediment Measuring System

Excess water and suspended sediments are withdrawm from the
pPlot into a calibratedl cylinder by a simple suction device, 1In
order to provide for asccurate measurement of sediment volumes, .the
cylinder bottom is an accurately machined cone shape, This
-cylinder is calibrated to measure the depth of water and sediment

removed from the plot in the same manner as the water reservoir,

ITI.2 Proposed Modifications to McQueen's Apparatus

It is apparent from the data presented earlier in Table 3 that
McQueen's rainfall simulator compares very favourably with othexr
portable rainfall simlators in most respects, One major fault
with the instrument, however, is the fact that the data it produces
relate to & very small unbuffered plot area, This undoubtedly
leads to errors due to lateral seepage past the plot boundary,
McQueen recﬁgnised thia, and suggested that this could be accounted

for quite adequately by using a correction factor proposed by
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Marshall and Stirk (1950).

The literature relating to flooding infiltrometers indicetes .
that this is a questionable essumption, and that beiter results
would be obtained using a buffered plot, Work by Olson and
Swartzendruber (1960) indicates that a buffer zone half the
width of the plot diameter is sufficient to reduce lateral
secpage to & negligible amount, Accordingly it was decided from
the onset to modify McQueen's design by enlaxgipg the rainulator
and the windshield so that simulated rain would fall on both the
plot and a 7.5 cm., band surrounding it,

A second modification was also decided on at an early stage.
This was to reduce the height of the rainulator above the ground
from 1,5 to 1.0 metres, One resmson for this is tha.t most Th&is
are not tall, and that it would be difficult for them to use an
instrument which involved filling & water reservoir almost 2
metres above the ground, The other reason is that the canopy in
many of Thailandt's forests is very low and it would be difficult
to install apparatus as tall as that suggested by McQueen.

I1T.3 Design and Construction of Rainulator

/

It is apparent from McQueen's paper that the raimalator is
the most difficult part of his instrument to design and build.

I'E seems loglcal, therefore, to report first on the design &nd

' construction of this part of the infiltrometer,
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II13.3.1 _Preliminary Investigations

The design of any rainfall simulator cannot proceed far with-'
out devising & method for measuring the size of the drops it
produces, Techniques which have been widely employed for this
purpose are the flour method, and the filter paper method. It is
now generally recognised (Best 1950, Mason 1957) that the second
method is better and more convenient. The method involves dropping
water onto filter paper scaked in a solution of Bz'gyno-Ciresol Green

L. m—te

'disso]_._v_c_ed in a})_s__solute alcohol, and then dried a.t room t_empera‘bu:ce.
A number of _‘;.;ha.tman No;1 filter papers were prepared in this way,

- the ratic of Bromo-powder to liquid aleohol used be:[ng one teaspoonful
- per 250 ml,, and were placed in a sealed plastic box to keep the
-humidity constant,

A calibration graph was produced by allowing drops of known
volume to dr_ip on to pome of these treated filtez; papers and
measuring the size of the apoté they produced., Drop volume was
measured by sucking water .into a precision made fine glass capillary
tube, and measuring the length of the water cb;umn. This water was
agspumed to form a apherical drop when forced out of the tube onito
the filter paper, The graph of drop dimmeter versus spof diameter
produced in this way is shown in Fig,3. All calibration graphs of
this type are liable to some error. However, the data in Fig.3
- ~ecompare very favourably with those available in the Universityt's
. Department of Meteorology (Dr. K, Weston, personal communication),

and are not belleved to be seriocusly at fault,
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Figure 3. Relationship between diameter of water drop and
the spot it produces on treated filter paper
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IT11.3.1.1 Drop-size Experiment

As wes mentioned earlier in section III.%1.2 McQueen recommended
that the holes in the raimilaior should be drilled with an American
gauge drill No.57 and blocked with wire of gauge No,19., It is
clear from his paper, however, that in some cases other combinations
of drill and wire size might give better results, To clarify this
point drop size 'tests were carried out, .

In the first test a hole was drilled into the centre of a
perspex disc ¢, 5 cm, In diameter and 1,25 cm, in thiclmesa wiing a
No .60 drill. This was then reamed successfully with drills Nos,

59, 58 and 57 as recommended dy McQueen, The bottom of the hple
was countersunk to form a'drop control surface, 'The disc was then
inserted into the bottom of an open ended perspex tube, and sealed
to it with Bostik-Blu-Tak to preveni water leckage. A No.19 gauge
stainless steel. hook was inserted into the hole such that its
lower end extended ¢, 6 mn, i>e:|,ow the bottom surface (Fig.44).

This drop forming unit was then clamped to a stand and filled
with tap water (Fig. 4B). Drops were allowed to fall from it
without being measured until it appeared that-the pin and drop
control surface were completely wetted. After tha.t’drops were
allowed to fall onto treated filter papers placed about 5 cm, below

‘ _the dropper. The papers were.dried, and the spot diameter determined
by averaging measurements taken across two axes at right angles to
each other(P‘iate 1). Thirty-one drops were measured in the first
experiment and the mean diameter was found 1o ‘be 557 mm, which was
very close to the drop size mroduced by McQueen,

Similar experiments were carried out using several other
combinations of hole size, wire size and width of countersinking.

" The results are shown in Table 4,
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Figure « The drop forming system,

(not to scale)
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Plate 1. Drop size measurement by the filter paper method.
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Table 4 + Drop sizes produced by several combinations of hole size,

wire size and width of countersinking,

Prill No., Diameter of Gauge Wire No. of drops Average
countersinking No. caught Diameter

(mm) (mm)

57 1.6 19 20 4,40
57 3,2 19 20 5420
57 4.8 19 20 528
57 6e4 19 20 5457 -
55 6e4 .18 24 5665%

55 1.6 18 39 5455

55 342 18 39 5.72

55 4.8 18 : Al 5475

55 604 - 16 37 5,73

* Hand drill

Table 4 indicates that the diameter of the countersunk hole on |
the lower surface has an important effect on drop size, and that drops
only 4.4 mm, in diameter couid :'be rroduced using a gaﬁge 57 hole,

- gauge 19 wire and a countersinking ofl1.6 mm., The smellest drops
that could be produced using a 55 gauge hole and gauge 18 wire, on
the other hand, had a diameter of 5,55 mm,

On the evidence of these experiments the use of a 57 gauge hole
and a 19 gauge wire as recommended by McQueen seemed Justified,
Unfortunately, howevei', despite extensive enquiries- in Edinburgh and
elsewhere, it proved impossible to obtain gamge Fo.l9 wire in
sufficient quentity at the time it was required, As & result
this method of forming drops had to be abandoned in favour of the

less satisfactory combination of a 55 gauge hole and 18 gauge wire,
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I11.3.1.2 Seven-hole Rainulator Experiments

The pext stage in the development of the instrument was the
construction of & small multi-hole rainulator. This was done |
firstly to check tha.t' the techniques used were precise enough to
ensure that each hole produced drops of the same size; secondly
to ensure that the rate of dripping from each hole was the same at
any given hydraulic head; and thirdly to determine the relationship
 between hydraulic head and rate of ;:a.in Froduction,

A seven-hole rainulator with the holes drilled at 12,5 ma,
centres as recommended by McQueen was considered adegquate for this
purpose, A new perspex disc was prepared, drilled and ge&led into
the bottom of a perspex cylinder as described in section ITI.5.1.1
(drop-size experiment). It was then attached to a stand and linked
to & water supply tank and & pressure head regulating device as
illustrated in Fig.b.

The first test was undertaken with countersunk holes 1.6 mm.
in diameter, as this had been found to produce the smallest drops

in the earlier experiment with a siﬁgle hole device, The results
were very unéatiéfactory. It-was found that the amount of counter-
sinking was too small to prevent drops of water flowing laterally
across the bottom surface of the disc and coalescing with each
other, Doubling the width of the countersunk hole effected some
improvement, but the problem persisted until this width had been
increased to 6.4 mm,

It was also found that the shape and length of the piece of
pin extending below the disc also had an effect on drop character-
istics. Drop eize was found to vary according to the roughness

and length of the pin end: the longer and rougher the end, the
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Fi e & Diagram of the seven-hole rainulator operation,

(not to scale)
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Only when the lower end of each pin was carefully

- filed and smoothed to a point of the same length did each hole

produce similar sized drops,

between 4 and 6 mm.

‘larger drops,

The optimum length was found to be
Pins shorter or longer than this resulted in

When characteristice had been standardised in this

way it was found that each hole produced drops averaging c. 95.55 mm,

in diameter, which is very similar to those produced by the same

combination of hole and wire size in the one-hole experiment,

Once the dreop-size problem had been resolved, dripping rate

tests were carried out.

The waterilevel in the rainulator was

set and maintained at various levels by means of the pressure head

regulating system shown in Fig.S.

When required water level had -

been established the instrument was allowed to drip for 1-2 minutes

to wet the drop control surfaces,
produce five drops was then measured,

using both tap and distilled water,

sumnarized in Table 5,

Table 5,

Height
(cm)

2.5
540
745
10.0
12,5
15.0

The time taken for each hole to

The tests were carried out

The results obtained are

The relationship between the hydraulie head and the rate

of dripping.
Tap Water
Rate of Standard
dripping deviation
sec/drop
3644 10.3
13,6 2.96
10,8 2,10
8.4 1.61
7.0 1.40
54 l.32

Distilled Water

Rate of Standard
dripping deviation
sec/drop
22,6 4.54
12,2 3.18
9.1 2,06
6.6 1,22
546 L.57
4.7 0.99

Remarks

Seven-hole rain-
ulator, drill Ro.55,
6.4 mm, counter-
ginking, and No,18
guage wire, Drops
drip very evenly for
distilled water, It
rather uneven for tap
water due to small
bubbles on the pin
surface,
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In Table 5, they show firstly, as one nmight expect, that the
rate of dripping increases as the hydraulic head becomes greafer,
With tap water, for example, the holes averaged only one drip per
36,9 seconds with a head of 2,5 cm., compared to one drip per 5.4
. Beconds at 15,0 c¢m, Secondly, they show that there is some -
variation between the rates at which different holes drip, This is
. quite large at low hydraulic heads, but diminishes greatly once the
héad exceeds 5 cm, This variation is due partly to differences in
hole characteristics, for at the early stages in parficular it was
not. eagy to drill holes exactly to the intended dimensions. It is
also due partly to the formationlof air bubbles around the pins,
The experiment was conducted in & warm laboratory, and as it
proceeded an increasing number of small air bubbles was found around
the pins and holes, This had most effect at low hydraulic heads
because these measurements took the longest time. Measurements
made using distilled water were not affected by this problem which _
accounts for the faster rate of dripping particularly at low hydraulic
heads, The results of this test suggested that variability between
holes, and the bubble problem would not cause difficulties provided
the hydraulic h;ad exceeded ¢, 5 cm,

The final phase of this preliminary work was, thérefore, to
~determine the relationship between hydraulic head, hole density amd
rainfall intensity. This was done by measuring the volume of water
dripping through the 20.4 cmz. rainulator at different water levels
over a period of gbout 30 minutes, The tests were made using both

tap water and distilled water. The results are given in Table 6,
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Table 6. Reainfall intensity test for the small device

Tap Water Distilled Water
Height
(cm) Intensity Intensity
(om/hx) (mm/hr )
2.50 3644 58.4
540 92.4 99.0
T«50 120.8 144 .4
10.00 155.6 198.2
12,50 184.0 252.0

15,00 224.4 305.6

They show that 7 holes per 20.4 ¢m?. (c. 1 hole per 3 cm2.)
results in rainfall intensities for tap water ranging from 36.4 mm/hr,
at a 2,5 cm, head to over 220 mm/hr. at 15 cm. Somewhat higher
rates were obtained using distilled water, The intensities produced
by hydraulic heads of from 5 to 7.5 cm. at this hole spacing were
considered quite satisfactory for rainfall intensities of this
magnitude are quite common in Thailand for short periods of time,

The result of these tests indicated, therefore, that it wouwld -
be well worth while building & larger rainulator to the same

specifications,

I1I3.3.2 The Full=gcale Rainulator and its Auxiﬁary Parts

The size of the final version of the rainulator was determined
'by the requirements discussed earlier in Section IIT,2. These were
that the instrument should be large enough to generate rain over a

plot similaf in size to that used by McQueen plus a surrounding
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buffer zone egqual in width to the plot radius. The resultant
diameter im 31,4 cm, A perspex disc of this diameter was cut

and drilled at 12,5 mm, centres, as described earlier, and stain-
less steel hooks were made for each of the 434 holes, This disc
was then sealed into a galvanised iron cylinder 18 cm, from the

top and 10 cm, from the bottom. On the outer wall of the cylinder,
directly level to the disc, a metal ring was sealed in order to rest
it on top of the wind shield., Against the inner wall of the
cylinder, above the disc, two scale-rulers opposite each other

were pla:ced. _ . '

The work undertaken with ithe seven-hole rainulator-indicated

‘that a reservoir of ¢, 10 litres capacity would be needed to
operate the full-scale version of the rainulator if fregquent
refilling was to be avoided, A reservoir of this capacity was
made from a perspex tube 14.65 cm. in diameter end 60 cm. in length,
gealed at both ends with circular perspex blocks, These blocks
were drilled to take a tap attachment at the bottom, an airflow
tube and sealable water inlet at the top. The reservoir was
calibrated sc that the depth of rain applied to the plot:area
could be read directly from it, The spacing of the calibration
marks was computed from the ratio of the sgquare of the digﬁetera of
:the rainulator and the reservoir respectively:-

Scale factor . (piameter of rainulator)2

(Dismeter of reservoir)2
(31.4)2
(14.65)°

= 4.59
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Figure 6. Diagram of the rainfall-simulator infiltrometer.

(not to scale)
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Thus & water level drop of 4.59 cm. in the reservoir indicates
that 1 cm, of. rain has passed through the rainulator onto the
ground beneath,

The pressure head regulator was made from perspex tubing 50 cm,
long and .-_‘4.l50._m in diameter, Both ends were sealed with perspex
discs, The upper disc was drilled to take inle{ and cutlet tubes
and a rubber bung which could be removed to allow the cylinder to
be filled with water. The lower disc was drilled to take a tap
attachment so that it could be drained easily if required.

The reservoir and‘regula.tor unit were attached to the rain-
ulator and linked o each other by plastic tubing as indicated in
Fig.6e The manner inl which this part of the simlator works is
shown in more detail in Fig.7. This figure shows at dynamic
equilibrium a pressure head regulator (S}, water reservoir (M),
connecting plastic tubing (U) amd supply tank (J). From the

. supply tank water drops are falling at a steady rate under an
equilibrium head h, shown. A vertical tube (V) in the pressure
head regulstor is copen to the atmosphere_at its upper end,

In order to maintain the head hl’ vater must be supplied from

" the resexrvoir (M) into the supply tank (J). s water leaves the
reservoir, a partial vacuum is created in an air space B at the top
of the reservoir. This vacuum causes water, whichloriginally stood
--~4n-the left (vertical) arm of the plastic tubing (U) to the level F,

to be sucked down to point A where the air which follows the

falling water is sucked into the reservoir (M) and rises as

bubbles (not shown) up to the air space B to relieve the vacuum.

45 air flows from plastic tubing (U) down to A and bubbles up %o

the air space B, a partial vacuum is created in the plastic tubing

(U); eand hence, a partial vacuum is also created in an air space C
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Figure . Diagram of the instrument in dynamic equilibrium,
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in the pressure head regulator, The vacuum in C causes water,
which originally stood in tube (V) to the lével G in the pressure
head regulator S, to be pulled down to point D at the base of tube
(Vv), causing air to be sucked into the water of the pressure head
re.gu.lator and to rise as air bubbles (not shown) up to air
pressure C (the air then flowing to A and bubbling up to B,
permitting water Yo leave the water reservoir (M) to maintain the
head hl)'

At dynamic equilibrium the water in the pressure head
regulator stands to height hy above the point D. To determine how
h, ard h5 and hence hl are related, one proceeds as follows:

At equilibrium the pressure Py at pointe E of the level of
the water in the supply tank is, if P, is the_pressure et p§int A,
d £h9 density of the water, and g the acceleration of gravity,

- giiren by
Pg = deh, + Py

At point D the pressure P is, if P, is the pressure at C,

D C
given by ‘
But PE and P, are both atmospheric pressure so that Pp= PD; -

that is
clgh:2 + PA = dgh3 + Pc
Furthermore, since dynamic pressure losses of air as it moves

through the plastic tubing (U) are negligible, so that P, = PC'

Therefore A
dgh2 = :1gh3
By = By
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The last equation, &although showing how h2 is related to

1
observed from figure T, however, that if h3 is decreased (by

h3, does not show how h, is related to h2_and h3, - It will be

releasing water from the drein cock at the bottom of the head
pressure regulator in Fig.6t), h, will rise; for otherwise, h2
would not stay equal to }:n.5 ag demanded by the physical situation.
Thus, decreasing h5 decreases h2 and hence increases h1_- end vicé
‘versa. In view of the equation, h2 = h3, it is also clear that
the head h1 may_be controlled by raising or lowering thg water
reservoir and pressure head regulator together as a unit (Adams‘
et al, 1957).

This part of the apparatus was then completed by attaching
three adjustable tripod legs to the rainulator so that it could be
supported at the required height above the ground, and adding a
windshield made from lightweight p&éstic pipe 1 metre long and
32 Cmm. in-ﬁiameter. The windshield was provided with 2 removable
windows 15 x 20 cm. in sizg on the opposite side 40 cm, from the
bottom to allow access to the plot, and facilitate observation of
the plot area while the apparatus was in use,

Base units 16,59 cm, in diameter were made from galvanised
iron sheet for delimiting the plot area, this éize being éhosen to
give a plot area identicél in size to that used by McQueen.
fhree units were made; one for use on flat ground; +the others
-eut at 10° and 20° 8lopes respectively foi use on sloping ground,

“Bach unit was fitted with removable crossbars 80 that it could be
positibned exactly in tﬁe centre of the windshield, and with a
~metal ring to hold the hose from the runoff collector umit firmly
in place (Plate~2 A, B), '

This collector unit was made from & perspex tube 4,5 cm, in
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Plate 2. Base units and installation.
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diameter and 60 cm., in length sealed at the bottom end and
graduated so that the water collected in it could be measured
directly as runoff depth over the plot area, The top of the
unit was blocked with a rubber bung containing 2 holes through
which were passed tubes connected respectively to the base unit
and to & rubber gas - pump. The unit was attached to a metal
stand so that it could be supported vertically for use in the
field as shown in Fig.6 and Plate 3(A, B).

For convenience, full specification of the instrument and

its parts are given in Appendix I,

I11T.4 Testing and Calibration of the Full Size Instrument

Once the various parts of the rainfall simulator had been
constructed they were assembled in the laboratory so that the
instrument's performance could be tested under controlled

conditions,

I1I1.4.1 Drop-size Test

In view of the variability in the performance of individual
rainulator holes during earlier experiments (section III.1.1) the
instrument was subjected to detailed drop size testing. 1In the
first instance 33 drops were measured at random by the filter
paper method., As Table 7 indicates the results were very

satisfactory,



Plate 3, The instrument in field use.

The instrument on a flat site.

The instrument installed on a

sloping site,

1°8%
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Table T. Result of drop-size measurements of the rainfall

gimulator.

Diameter of drop Diametexr of drop Dismeter of drop
(mm) (mm) (rm)
5490 5470 : 5054
5408 5.90 5459
5.38 5458 2055
5.40 5e56 554
555 5.58 - 5e58
5«55 . 555 : 557
557 5456 5458
5«58 554 5¢56
5458 | 5458 5458
5452 5455 5457

555 5458 553

None of the drops measured was largéer than 5.90 mm, nor
smaller than 5,38 mm, in diameter, The mean value of 5.8 mm,
is almost the same as that recorded in earlier tests involving

the 7-hole experiment rainulator. In a second test 385 drops

- were caught at random in & testiube, The volume of water

caught divided by the number of drops producing it again showed

an avei-age drop diameter of 5,58 mm.

I111.4.2 Representativeness of Plot Area Catch

As described in section IIT.3.2 the reservoir was calibrated
%o giire a direct reading of the depth of water reaching the ground
beneath the rainuiator, Much of this water falls on the buffer

zone, and clearly changes in reservoir level will give an accurate
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' measure of the water landing on yhe plot area only if water fallé
at the same rate from all parts of the rainulator base, To test
this 8 flask of exactly the same diameter as the base units was

" made, 'This was placed in the cAentre of the rainulator, and the
depth of water caught by it in a series of 10 minute tesis at
different hydraulic heads was measured and related to reservoir

‘Bcale readings.

| Table 8. Scale reading on reservoir in relation fo depth of

‘rainfall caught on the plot area for 10 mimutes,

Hydreulic Head Change-in Reservoir level Depth in flask

(cm) (mm) (mm})

7.0 79

2 Tel 8.2

' 7.0 8.0

9.5 11.0

3 9.5 10.9
' 9.5 11,0 !

— 12,0 13.4

4 12.0 . 14,2

12,0 13.4

12,7 15.1

5 14,5 ' 16,4

15,2 16,8

17.2 o 19.0

6 . 17.2 - 19.0°

' 17.0 19.1

As Table 8 shows the results of the depths measured in the
flask was very similar to those deduced from reading the reservoir

scale, The consistent underestimation by the reservoir readings
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was almost certainly due in part to the difficulty of reading the

scale to an accuracy greater than t 0,1 mm,

I111.4.3 Consistency in Water Delivery Rate Over Time

The rainulator was also tested to ensure that it gave a
reasdnably constant delivery rate over an extended period of time,
This Qas done by measuring the a.ﬁmunt of water falling on the plot
area over a series of 10 minute intervals at different hydraulic |
heads., Again, as Fig.$B shows, the results were very satis-
factory, at all rates, the instrument's performance at the end

of the tests being the same as that at the beginning,

III1.4.4 Relationships Between Hydraulic Head and Rainfall

' Intensity ;

The wse of a rainulator requirés information relating the
hydraulic head to the intensity of the rainfall it produces,
Thie information was obtained by measuring the water falling to
the plot area at Qifferent levels in the supply tank. | The
" resultant calibration curve is shown in Fig.9. This indicates
that the instrument is capable of producing rainfall intensities

rranging from ¢. 35 mm/hr to c. 145 mm/hr,
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Pigure 8. The relationship beiween hydraulic head and
delivery rate over a 60 minute period, Temperature
22.5%. Tap water. Measurements taken at 10 minute

intervals.'
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" Figure 9,. Relationship between hydraulic head and rainfall

intengity using tap water at temperature 22,5%.
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IIT.4.5 Calculation of Xinetic Energy

As was described earlier {Chapter II), the kinetic enérgy
produced by & rainfall simulatoer is an important aspect of itis
performance, This can be calculated from the formula

KB B%I\Nz

Where KE is kinetic energy in joules,
M is mass in kilogrammes,

¥ is velocitj in metre/second.

Data published by Cunn and Kinzer (19493) show that the mass
of a drop of 5.58 mm. in diameter is 92,000 micrograms — 9.2 x 10  kg.,
and that the terminal velocity of a drop of this size falling from a
height of 1 metre is 4.30 metres/sec. (Laws, 1941). Thus
KE = 4 x9.2x 1070 x 4.3

= 8.5 x 104 joules/drop.

-As Table 9 indicates the energy generated by the gsimlator
ig less than that produced both by McQueen's instrument and by
natural rain of the same drop size. However, thie difference ;a
probably only of real significancé wnen using the insirument to
study erosion by raindrop impact, and this topic is not of major

concern in the present study.



Table 90

Simulator
type

McQueen

Edinburgh

53

Comparison of kinetic energy to MeQueen's instrument,

Plot
area

(o;?)

2167

i:‘,':'»l 216

Drop
diam.

(mm)

5.61
5.58

Height Drop
of fall wvelo-
city

(m) (m/sec)

1.50 5.2
1.00 4.3

KE/ - KE/unit
drop area -
: depth

(7Y (3/ha/em)

12x1074  14m10°

8.5x10™4 9.4x10°

Equivalent
natural
rainfall

(mn/nr) -

1.5
0.51
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Chapter IV

EXPERIENCE GAINED USING THE SIMULATOR TO MAKE JNFILTRATION

MEASUREMENTS UNDER LABORATORY AND FIELD CONDITIONS

IV.l Introduction
The purpose ofAthis chapter is to report on work undertaken
with the instrument in a variety of laboratory and field situations.
Before proceeding with this report, howevér, it is important 4o
understand the prpcedures used to make the meagurements concerned.
The first step in each study was to choose a plot and install
the approﬁriate base unit around it = the unit used being determined
by the angie of slope. The cylinder wﬁs placed on the ground and
pressed gently into it by hand to position it firmly. ~Any
vegetation around the outside of the unit was pulled away so that
cylinder was in directh?Ptgéﬁﬁ with the soil. The soil around the
unit wés,then cut gently with a very thin knife to a depth of about
1 em. and the unit pushed gentlf into the soil to about this depth.
Care wab takén 40 keep the upper surface level. The outside cylin-
der wall was then sealed to the soil with model clay to pfavent
leakage.
Crossbars were then fitted to the base unit and metal rods
inserted into the ground at the four outer ends to locate the
_ precise position for the windshield. The crossbars were removed
...and the windehield placed in position and levelled. The water
supply tank and rainulator were then inserted into the top of the
windshield and made firm by appropriate positioning of the tripod
F legs. jvéhe reservoir, control, and water removal units were
placed in level position and conneoted together as illustrated
earlier in Fig.6, and the reservoir and regulator filled with water.

To start an infiltration measurément, water was poured into the
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rainulator unit to a level higher than that required to give the
des;i.red application rate, When the water in this unit dropped to
a level required to produce the required intensity the reservoir
control unit was opened and adjusted to maintain that level.
Measurement then proceeded by pumping excess water from the plot
-a8 it accumulated and recording the quantity water applied to,

and removed from, the plot at 5 minute intervals, Speeial
record sheets were prepared for this purpose (Table 10).

When & test was completed, the flow from the reservoir was
stopped, and the instrument emptied, taken apart and moved to the
. next site,

Once some experience had been obtained, the instrument could
be assembled and set up in about 15 minutes by one person if the

area was flat, or in about 25 minutes if it was sloping.

IV.2 Measurements made in the laboratory

Partly because of unfavourable weather conditions and partly
to gain experience of using the instrument under the easiest '
circumstances, the first studies were carried out in the laboratory,

Three such studies were underteken,

IV.2.1 The Effect of Bulk Density on Infiltration Capacity

The first experiment was to investigate the effect of soil
compaction on its infiltration capacity. Soil from the same
source was sieved with a 2 mm, mesh sieve and left to dry for 2

days. It was then packed into 35 cm. square wooden boxes
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Infiltrémeter Data Sheet

Da‘tetooooool.c.c...co..ooo..ldo-ﬂl.l'i't.l..

Location'I.-'..C‘I....'......'.l.-....‘.....

Larld Use:....‘.."......I'..'.....l‘l....‘.‘

‘SOil Conditioni.....;........-...---........

Surface GOVt esessnasssetnstsssnsstssoscsssnanss

..!........'.C.'...l...‘...'....‘.l..l......

Slope Angles..vess

Soaie Reading Water Applied Infiltration
Runoff
" Time| Tank |Res. Remzrks
Ace.| A\ AN Acc. cm. | mm/hr

0
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containing holes at the bottom to allow free drainage of water

passing through the soil. The soil depth in each box was

standardised at 6 cm. but each sample was subjected to varying

degree of compaction such that the bulk densities ranged from

“Ce 0.9 to ¢, 1.2 gm/ecec, Each box was then placed under fhe
rainulator, the base unit was installed as described above, and

" pubjected to one hour's rain'at an intensity of ¢, 95 mm/hr.

Five samples of so0il were studied in this way. The results

are summarised in Fig.10 and Table 11 and detailed in full in

Appendix 3,

 fPable 11, The relationship between bulk density of a soil
' and the average infiltration capacity.

No.  Bulk. density Average infiltration
gn/cc. capacity for 1 hr.
- (mm/hx.)
1 0.894  54.8%
.2 1.05  37.60
3 1.11 39.87
4 1.14 36,98
5 1.15 30,18
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Figure 10. Effect of bulk density on infiltration capacity

of & soil.
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The‘y show that in all cases the initial infiltration capacity
was very high - well over 100 mm/hr, - but that it decreases
rapidly as the experiment continued, all 5 curves following the
classical pattern 1l;ustrated at the beginning of this thesis
(Fig.l). There is considerable veriation, however, in the level
to which the infiltration capacity had fallen by the epd of the
experiment, which, is clearly related to bulk demsity. The least
compacted soil (bulk density 0.89 gm/cc.) was still absorbing
wafer at over 40 mm/hr, after 60 minutes, whereas in the most
i compacted sample {1,15 gm/cc,) the rateLﬁ;%}on;y 12 mm/hr, The
" average infiltration capacity over the entire expefiment ranged
from 55 mm/hr. for the least compacted to 30 mm/hr, for the most
compacted so0il, The results indicate that only small differences
in bulk densiiy can greatly affect infiltration capacity,

This particular experiment did not reveal any problems with
tﬁe similator, It did, however, indicate that it was not easy
_to mske all the relevant observations at exactly 5 minute intervals
as‘planned. Some of the séatter in the grephs in Appendix 3 is
undoubtedly due to observational error resulting from this cause,
which is why smoothing the data to produce Fig.l0 was considered

acceptable,

IV.2.,2 The effect of soil moisture content on infiltration capacity

As was described in Chapter I, the initial moisture content of a
goil is one of the factors that can affect its infiltration capacity.
To investigate this the boxes were filled with an equal weight of

air dried soil from the same source as that used in the bulk
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density experiment above., Each was then wetted to a different
level by means of a water spray and left for 20 minutes., It
was then placed under the rainulator, and just befere rain was
applied a sample of soil was taken from which its moisture content
w@s determined later by gravimetric methods.. Rainfall was
a.ppiied to each sample at an average rate of 116 mm/hr, for 60
minutes, and the excess water removed and measured at 5 mimute
intervals,

The resulig are summariged in Fig.il and detailed in full in

Appendix 4. ‘They indicate, as expected, that the rinfiltratiozll

~capacity of soil when wet differs quite considerably from that when

it is dry. This difference is particularly noticeable at the
begimming of the experiment, The initial infiltration capacitigr
of the dry soil (9.75% mbish&e content) was considerably in excess
of 120 mm/hr,, whereas that of wet soil (42.28% moisture content)
was just under 80 mm/hr. As the rain continued, however, these
differences diminished, and at the exi of the hour the capacities
we_i-e very similar, hging about 40 and 35 mm/hr. reépectively.

These terminel rates are very esimilar to that for the uncompacted

8041 from the same source in the previous experiment (section

iv.2.1).

No imstrumental diffiéulties were encountered during thias
_experiment, and the results contained no inconsistencies ox
“deviations that could be explained only in terms of errors due to

leakage from the plot cylinder, or some similar cause,
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. Figure 1. Effect of moisture content on infiltration

capacity of a soil. "
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IV.2.5 The effect of rainfall intensity on infiltration capacity

Another factor which can affect the infiltration capacities of
dry, unprotected soile in particular, is rainfall intensity,
This is because the higher the intensify of the rain the more
quickly it is gi)le 1o puddle the surface of the soil, thus reducing
its infiltration capacity. To see whethe:_: the infiltration capacity
of the soil ﬁsed in the 2 earlier experiments was susceptible to this |
effect, samples of the same bulk density and ﬁoisttﬁé content were
Placed into wooden boxes as described above (section I?.Z'.l), and |
subjected to one hour of ra&in., A differr;mt rainfall intensity was

used for each sample, the range being from 75 mm. to 105 mm, per

- houx,

The results are sumparised in Fig,12and detailed in full in
_Appendix 5« They are more difficult.to interpret than those
obtained in the previous experiments, but they do suggest that the
infiltration capacity of this particular soil becomes lower | as'
rainfall intensity increases, This différence, however, appears
to diminish as the period of rain becomes longe_r,' and at the end of
60 minutes the rates are very similar. It is interesting to note
that the terminal rate of c. 40 mn/hr, is again the same as that
obtained mreviously using uncompacted soil,

) No further discoveries were made about the apparatus and its
operation during this experiment. The similarity of the results
to those of earlier experiments did however increase confidence

that the simulator could be used meaningfully for this kind of

laboratory work,.
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Figure 12,. Relationships between rainfall intensity and
infiltration capacity for a soil with a

constant bulk density.
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IVv.%3 Measurements made in the field

IV.3.1 Experience gained using the simula"bor on the
Departments nursery area

In ordexr to gain experience of using the simulator in field
conditions the first outdoor tests were conducted on a small
nursery plot next to the Department 'of Foresiry and Natural
' Resources.,

The experiment was set up as described at the .beginning of
this chapter over a relatively dry soil which had been graded and
prepared for use as & Beed bed. Rain was then applied to the
area for 110 minutes at an average intensity of 122.5 mm/hr., the
water accumulating in the plot area being sucked out and measured
at 5 minute intefvels as hefore, After 115 minutes the- ins trument
was turned off and taken away, The plot cylinder, however, was
. left in place, =~ Twenty-four hours later the raimulator was again
set up over the same plot, care being taken not to disturd the
cylinder, Rain was then applied at the seme rate of c. 120 mn/hr,
for 100 minutes, and the excess water collected and measured.

"The results are summarised ianig.‘l,B;_ and given in full in
Appendix 6, As one might expect 'hhe infiltration capacity of the
80il when dry is considerably higher than when wet. During the

first run, for example, the capacity-diminished frcm ¢. 129 mm/hr,
| at the start to c¢. 55 mm/hr. at the end. The second run, which is
essentially a continﬁation of the first 1£‘tmt the soil had not
~ had time to dry much in the intervening 24 hours, shows much less
change, falling from only c. 45 ma/hr. at the start to c. 30 mu/hr,
‘at the end., An interesting feature of this curve is the gradua.l

increase in the infiltration capacity during the laest hour, -
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Figure 13, Graph showing infiltration capacity for a soil

- when dry and at field capacity.

X DPry
1.0 ® Fiel@ capéoity
120 1
N
N
=]
]
~ 100 ¢t
>
=
i
3]
]
0,
3
80
§
=
o
ot
-
-
—
= 60t
e
L L]
L0
®
®
207 _
®
0 ot 20 B " B0 T 80 7100 7120

Time (min) .




61.

- It is possible that it is due to some inherent soil characteristioc.
But it is also possible fhat it ig due to lateral seepage from the
plot area. This might be caused by water from the plot area
penetrating to thé-subsoil at a faster rate than that from the
surrounding buffer zone., However, no evidence of this was found

when the soil was dug up for investigation.

IV.3.2 The effect of burning on the infiltration capacity
of a sourhope on Winton soil association

Burning is 2 practice believed to cause a significant reduction
"in infiltration capacity. If hoth removes the protection effects
of the vegetation cover, and hakes and seals the soil surface.
An opportunity to investigate the effect of burning arose when
disease necessitated the use of this method to desiroy an area of

grassland, mainly Agrostis stoloﬁifera, on the Edinburgh University

experimental farm at Boghall.

Two plots were studied, one inside the burnt area, the other
outgide it, in én ungrazed sasture. Both were located in a flat
field on the intergrade 3;;1 of soliflucted andigtic drift over
Winton- subsgoil horizons, {(The Soils of The Bush Estates, Mid-

" lothianj Edinburgh Centre of Rural Eoonomy, 1969) at an altitude
.of c. 200 metres above sea level, and both were studied on the
same day after an extended period of dry weather.

Each plot was prepared and measured as described at the
beginning of this chapter. Water wag applied to each plot at a
‘rate of c. 95 mm/hr. for 2% hours.

The results are summarised in Pig.l4 and listed in full in

Appendix 7. It ie apparent from Fig.l4 that the capacity curves
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obtained were more complex than those resulting from earlier

experiments, For instance, during the first 30 minutes at

each site the infiltration capacity increases; thie behaviour

contrasting markedly with the initial rapid decrease noted in

‘earlier mea.éuranents. Again the subsequent decrease after this

firat half hour is iﬁ‘egular and produces & convex rather than a

concave curve as in the work represented earlier in this chapter.

Part of this behaviour can be explained by the very dry nature of

the soil at the beginning of each measurement, The initial rise,

for example, pro‘ba.biy reflects the fact that the soils are dry

.enough to repel the first water aspplied to them. The rize in each

curve after about an hour, hbwever, is more difficult %o explailn,

It is possible that this increase might be due to the effect of

e{,t‘.cr./ oY
raindrop impact having a progressive loosening of Athe soil surface

after an hour or Bo, leading to & temporary increase in infil{ration

capacity. But it is also possible that the main cause is lateral
seepage, but no evidence of this could be found when the so0il was -
dug up afterwards, But while the measured infiltration capacities

may not be whoily accurate, it is clear that the burnt plot has a

--substantially lower infiltration capacity than the unburnt one

during the second half of the measurement period. In retrospect
it is a pity that water was not applied to each plot for a longer

period to see whether the curves would assume a more normal shape

once the soil had been thoroughly wetted, It ie apparent from

this experiment that even on the burnt plot very heavy rain would

{(over 40 mm/hr.) be needed to cause surface runoff,
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IV.3,3 Seasonal differences in the infjltration character-
istice of a shallow upland soil

The summer of 1976 was exceptionally hot and dry. Conditions
were ideal therefore to study the effect of drought on the
infiltration'éharacteristics of the then acid brown earth soils
of the Pentland Hills on the outskirts of Edinburgh. The gite
chosen was located at an altitude of c. 300 metres above sea level
on the south east side of the Pentland Hills above Boghall Fa:rm.

Two plots were measured under drought conditions on September

6th, 1976, one covered with close grazed grass of Agrostis tinnis,

Festuca ovina and Rhitidiadelphus loreus, the other was bare soil

in the vicinity of a rabbit warremn, A third plot, also grass
covered, was measured 3 months later after several weeks of heavy
sutumn rain, All 3 plots had surface sloping at c. 20°, and
brgﬁnic matter content‘c. 19.2%,

The results obtained by applying rain to ‘each plot for 13
hours at an average intensity of 95 mm/hr, are summarised in
Fig.l5 and given in detail in Appendix 8, The most startling

- feature of these results is the remarkable contrast between the
late summer and late antumn infiltration curves for the grass

| coverlplots. The autumn data show the sharp decrease and flat
recession of the classical infiltration curve, The summer data,
on the other hand, show a rapid increase in infiltration capacity
"during the first 1-1% hours, followed by a gradual recession there-
after. The e;planétion for the initial rapid increase is that

the organic matter at the soil surface was so dry that it repelied-
much of the first rain falling on it. Only when it had been

wetted for some time was water able to penetrate through to the
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freely draining soil beneath. The curves failure to fall rapidly
as the experiment proceeded was aue largely to lateral seepage,
It was found that omce water had penetrated about 4 cm, into the
soll it flowed laterally out of both the plot area ﬁnd the buffer
zone., [Even after 24 hours of rainfa)l application the soil below
5 cm. under the root zone was completely dry, One can only assume
that although heavy rain falling on such a soil might infiltrate
through the.sﬁrface, it would then flow rapidly downslope as
"interflow" and would reaehAa stream channel almost as rapidly aé
" if it had become Surface runoff, | .
The curve for the bare soil plot exhibits the S shape curve
 characteristic of a dry soil with a high organic metter (Allison,
1947)., This results from a gradual increase in soil permeability
as the orgénic matter is slowly rewetted by the.rain infiltrafing
into it. |

| Contrary to expectation, no real difficulty was encountered
in erecting and using the simulator on a steep slope., The only
problems that arose were due to buffetting by the wind, and to
dust. The latter problem was eesily solved by covering the
rainulator with cheesecloth during the course of a measurement

Tune.
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IV.%2.4 Effect of surface cover removal on infiltration capacity

Surface cover is one of the factors that affect tile infiltration
capacity of a soil. To investigate this and to evaluate the
efficiency of the instrument, two experiments (on September 3rd, 1976)
were conducted on the gleyed soil of the colzium association above
Boghall Farm at an altitude of c. 300 metres above sea 1e§el. The
area was flat and the sites were about 10 metres apart with a

veget:ation mainly of Merdus stricta and Anthoxanthum odoratum,

The surface cover of one plot was left untouched while the other had
the vegetation entirely removed from the plot and surface area
leaving the soil bare, The instrument was installed as before and
each sample area received applied rain at a rate of ¢, 80 mm/hr, for
a 2 hour period, The results thainéd are ‘summarised in Fig.l6,
~and given in detail in Appendix 9. _
During the first hour, the infiltration capacity of the plot
with undisturbed cover was slightly greater than that of bare plot
but for the. second hour it was almost the same, The e:;planatioﬁ'
of this may be thét the surface cover prevents raindrop :unpa.ct by
interception'and subsequently slowly release the water to the sgoil,
giving a higher initial infiltration capacity. In addition a
proportion of the water applied is absorbed such tha;t it cennot
readily be collected by pumping it out. The difference of
c. 20 mm/hr, in the capacities of the plots may also be partly due
to surface sealing by raindrop impact on the bare plot resulting
in a lower infiltre.tion;' However both plots exhibit the c¢lassical
decreé._se of infiltration capacity with time, Both plots show an
| increase in infiltration capacity after 45 minuteé and subsequently

reach almost the same level by the 60th minute during the next 10
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minute period then decrease again. This trend is difficult to
interpret bpt they may be ceaused by lateral seepage due to the
 greater hydrsulic head of the plot cylinder compared to bhe buffer
zone, 8s described before., On the other hand, it may be coincidental
due to fluctuation in rainfall rate and the manner of withdrawal of
water from the plot,

A marked feature of the resulits is the gradual increase in
infiltration capacity with time during the second hour, This,
perhaps, could be duze to the escape of air initially trapped under
the wetted area which would increase tﬁe resistance t§ water
movement (Christiansen, 1944), Alternatively, the more likely
explanation is lateral seepage of water through the roet zone, as
when the soll was excavated after the experiment, there was a wide
wetted area in this zone to a depth of 3,5 - 4 cme, It is c¢lear
that in this situation thé effect of removal of vegetation cover is

of short durzation.

IV.3.5 Experiment made on the Alluvial fan

In view of the possibility of lateral flow gseriously influencing
the measured infiltration capacity, an experiment hes been conducted
on ah area of fine textured soil on a flat allﬁvial fan, The soil
selected was observed to be of uniform structure and the site
allowed for eésy installation of the instrument., Two plots were
chosen in a sheep-grazed field at an altitude of c. 200 metres above
sea level (on September Tth, 1976)., ‘The vegetation was improved

grass ﬁasture'of Lolium perenne and Poa trivialis which provided

 about 25% cover on one plot which the other was bare, Both plots

bhad an intensity of about 100 mm. rain per hour applied over 2 hours
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with measurements taken every 5 minmutes, The results are
"~ summarised in Pig.17 and given in detail in Appendix 10,
| The infiltration capacity of both plote was fouﬁd 40 be very
. similar and with parallel fluctuations. Characteristically the
infiltration shows a rapid decrease in the first 4 hour and then e
gradual increase for short periocds of 10 to 20 minutes, The
initial decrease was because the soil was dry and hard and it
took some time to weil before allowing easy penetration of the
‘soil. The bare soil plot had a slightly higher infiltration
capacity than the plot with approximately 25% of surface cover.
One reason may be that as raindrops repeatedly strike the bare
goil surface gt the same points they tend to pehetrate into the
surface so that water could infiltrate from these shallow holes
both downwards and laterally and so ipcrease infiltration.
Another reason might be variation within the soil itself, _

The gradusal increa.se‘of the curvés after haelf an hour was
noted again, as in the previous repor£ed_experiments. To explain
£his pért of the curves the rainfall applicafion rates were drawn
for‘comparison as shown in Fig.l?i It is apparent that the slight
increase between the 30th and the 40th minuté periods might really
be due to 1atera1 fldw, but it is glso possible that this effect
could be due to considerable fluctuation in rainfall application
during an adjustment of the instrument, The infiltration caﬁacity
may be controlled alternately by the subsoil layer characteristics,
After each run was over, the soil under the plot and the btuffer
area was dug up to a depth of 15 cm. where the wetting front could
" be observed to be al apparently fhe game level under both} It is
'very difficult, howgver, to decide exactly whether there is lateral

movement of water across the plot boundary in the earlier part of
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Fi e 17. . Infiltratiou oapacity of an alluvial soil in
relation to rainfall ‘applioation rate at Boghall

Farm in Summer 1976,
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the run, but if it does occur, it is negligible and ‘lasts for
only a short period, The amouht involved and the duration could

be assessed if a very precise set of values is required.

IV.,3,6 Investigation of lateral water movement

The question remained as to whether the lateral flow of water
across the plot boundary is the principle problem in using the
ins trument., An opportunity arose durix_:g‘thé sutumn of 1976 to
study this problem on 3 plots on the same =2lluvial site described
in section 3.,5. As these experiments were designed to test ‘the
lateral flow only, rainfall intensity was not considered, the base
unit installation and time interval of water withdrawal being
changed for the last two plots,
In the first plot (November 17th, 1976) rain was applied at an
average intensity of 77 mm/hr, fO;I:‘ 135 mimutes; the base unit and
installation being as for previous experiments while vwater was
- -yemoved at 5 minu'f;e intervals, To test the effect of hydraﬁlic
head and the method of sealing the—base wnit with model clay, in
the second plot '(November 19th, 1976) the base was pushed into the
soil to & depth of c. 1 cms and the soil gently firmed both within
and outside the wall, Excess water was pumped out at 2,95 minutes
although still recorded at 5 minute intervals. This method was
repeated in the th:.rd plot (November 19th, 1976) but particular
attention was paid_ to infiltration c apacity in that as scon as
infiltration éapacity increased and subsequently decreased the

- instrument was removed and the wetting front examined by digging

up the soil,
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The results are summarised in Figs. 18, 19 and are given in
full in Appendix II. The first plot showed a rapid decrease in
infiltration capacity, dropping to zero in 30 minutes followed by
aﬁ increase before becoming moré oxr léss steady. Th;s parallels
the resulis obtained in summer (¥ig.17) but the slower reaction may
" be due to the higher soil moisture content at this time. The
vattern of infiltration followed the classic curve with minor
fluctuations. In plot 2 infiltration capacitf decreased from more
than 50 mm/hr, in the first 5 minutes to only 9 mm/hi. in 10
minufes later which was about the minimum rate, This may have been
influenced by changes in the rainfall application rates but the
infiltration then levels off, ahowing that the water in both plot
and buffer zone reaches the bottom of the cylinder at nearly the
same time. Subsequent fluctuations probadbly are due to windy
corditions and subsoil variation. TUpon digging up both plots the
wetting front was very difficult to distinguish due to the general
-moistness of the soil,.

The last plot (November 19th, 1976) had rainfall applied at an
average rate of 101 ém/hr; for 45 minutes. As shown in Fig.19
there is a rapid decrease in the first 10 minutes which by coﬁparison

.to the rainfall inteqsity is not a very sharp decrease as an
infiltration.dharacteristic. A constant rate at & slightly higher
level was then established from 10-35 minutes followed by a further
increase at 40 minutes but the rate then fell again, Clearly
infiltration capacity is unaffected by rainfall rate, the changes
‘having to be explained in terms of the soil characteristics, The
“soil was examinéd td a depth of 5 cm., no differences in colour or
consistency being detected upon rubbing, between the plét and uffer

. zone although both appeared moister than the soil outside the
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Figure 18. Autumm infiliration capacity of an alluvial
soil at Boghall Farm, 1976.
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Figure 19. Results from an investigation of lateral water

movement in the use of the infiltrometer.
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. instrument. It was, however, very difficult to ascertain that
there ﬁas definitely no lateral flow but the adoption of the 2.5
minute interval in water removal and the lack of a model clay sesl
made the instrument more sensitive to 1at§ral flow than in earlier

experimenta.

. IV.4  Discussion

The aim ofrfhe expefiments in different field conditions was
. to evaluate the use of the instrument rather than to fully
characterise the soils tested. For the latter purpose'greater
?recision and replication would be required. . It is however worth
discussging the effect of {he unuegually dry summer of 1976 on the
infiltration capacity of some of the soils. For example on the
high organic Brown Earth (see Fig. 15) the bare moil plot. showed
“an initial decrease and later increase iﬁ infiltration capacity.
This was due to the resistance of wetting of the dry}éfégﬁiéﬁqgtter
rapd-not to the functioning of the instrument. This was demonstrated:
by digging a hole._and pouring water into it which took a considerable
time to drain. Jamison (1945) reported that the surface layer
-wﬁich was richer in organic matter became much [<ss
wettable than the subsoil and that this zcted as a water—-impermeable
resistaﬁt roof over the subsoil layers and prevented the wetting of
the deeper soil layers., It is also reasonable to expect variation
in the infiltratiog capacity throughrdifférent soil layers as even
in late autumn the subsoil remained dry despite heavy rain.
An interesting feature of the infiltration curves is the frequency

“of a gradual increase during the first hour of mosi experiments.
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' Fof example this is particularly true for section IV.3.4 (Fig. 16)
between the 50th and TOth minutes. This anomaly might be due to
lateral seepage. Differences in hydraulic head may result in
water from the plot reaching the base of the cylinder before that
from the buffer zone, or the effect of the model clay seal may
prevent water in the bufferzone from flowing down the outside
surface of the oylinder, as it does inside the plot. The amount
of this lateral flow may be assessed as shown in Fig. 20 from the
infiltration curve at points A and B if the expected minimum rate
V(as‘shown by the dotted line) is drawn from A to B. It howefer,
points A and B do not occur during this period of the run the
assessment will 5e very difficult.to make and the above suggestion
may n&t be used without field experience and soil inveétigations.
It‘proved difficult to establish this feature ewven though the |
wettiﬁg front wae examined in each plot as no observable differences
between plot and bhuffer zone were found,

Vibration from wind makes it difficultlto read the scales on
both the reseévoir and water supply tanks and was a source of error
. on-several ococassions. Dust entering the supply tank m#y clog the
rainulator hoies while weather condifions may cause fluctuation in
the. flow rates as shown in Fig, 17 which is very different from
laboratory tests (Fig. 8). Furiher-variation in i;filtration

;capacity may berdue to the method of withdrawal of excess water
from the test ploet, as some is left in the rubber tubing and there
‘may be some variation in the pumping intervals. Despite these
sources of error it is possible to obtain results which are
poﬁparahle between experimehts and are similar to already published

infiliration curves.
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Figure 20. Diagram showing an estimation of the amount of

lateral water movement from the base unit.

Infiltration capacity
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CONCLUSION

Attempis have been made for years to accurately measure the
rates of intakelof water into soils, or infiltration. There are
many well known factors affecting infiltration which cause serious
problems in the field soil measurements. Different kinds of
instrument have been constructed and developed beginning from a
very simple method of pouring water into a tube and timing its
disappearance into the soil to the ﬁost coﬁplicated syztem of rain-
fall simulation, but very few have shown satisfactory results,

When natural rainfall characteristics becaﬁe more widely’known
in the 1940's, the subsequent development of instrumépts was largely
baged on the duplication of those rainfall characteristics which had
been found to have major effects on the soil surface, Although
mumerous instruments have been developed for thisApurpose no single
method has yet attained universal acceptance., The best known rain-
féll similation infiltrometers for watershed reseérch are those based
on the type-F nozzle (P. 21, 23 ):and for agricﬁltural work those
developed by Meyer and McClune (1958) and Bertrand and Parr (1961).
However, these instruments are'very big and expensive and were not
suited for work in forest watersheds which often have inadequate
‘access. A small, portable rainfall-simulator developed by I.S.
Mbéueen (1963) has proved to be very efficient for this purpose,

"but this apparatus fails to prevent lateral water movement, and it
is rather tall for use in forested areas, |

A similar portablé rainfall-éimulator has been designed and
developed based on McQueen'se model but with modifications to meet

the above stated defects and in addition to allow its use on sloping
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land. The design allowed for sufficient water to simulate high
intensity rainfall, such as is frequent in areas like Thailand,
for a period in excess §£ one hour.

The preliminary tests with a pilot model were found to be
very satisfactory. During these laboratory tests, some problems
such as air bubbles and characteristice of water which affected the
ratio of rainfgll were also found.  These problems, however, are
not considered smerious in use of the largqr field instrument for
which rain water, the usual source of domestic supply in Thailand,
has been showm to be perfectly satisfactory.

The construction and calibration of a rainfall-similator
_infiltrometer has been described. | After being tested in the
laboratory, it proved verq satisfactory with raindrbp production of
5.58 mm, diameter and height of fall of 1 metre. Lateral movement
of water was found to be negligible., It is able to produce
controllable rain ranging from about 35 mm/hr. to 145 mm/hr. which
is congidered to be a satisfactory performance for use in tropical
countries.,

The instrument was tested in the field both on slopes and flat
topography during one summer 5;& winter. It could not completely
avoid the problem of soil disturbance, and it is not posesible to
install a cylinder on the ground without some degree of disturbaﬁce,
however this should be minimal iﬁ areas of uniform soils such as in
Thailand. Lateral mbvement of water across the plot boundary in
field use still may ococur on dry soils for a period if measurements
based on McQueen's method are made, but for longer periods of over an
hour the infiltration capacity of the s0il may be readily assessed
from the stabilised infiltration curve. . The amount of water that

moves laterally during the test may also be estimated, This matter
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can be resolved by withdrawing excess water from the test plot
over shorter periods than those used by McQueen, and by leaving
the outer wall of the cylinder without sealing. These problems
are unlikely to be of consequence in Thailand where most forest
goils are not very dry and there are few of rock outcrops allowing
the oylinder tube to be driven eae?ly into the moils.

The air bubble problem was not found after using the
instrument in the field, as the large amount of water was not
easily affected very mich by elight temperature change. Under
Thailand oonditioﬁs, therefore, it is anticipated that the
instrument will be able to be used successfully. Thé materials
used in construction should bé perfectly transparent so as %o avoid
errors due to misreading of scales which can'oﬁly be seen at an
angle if the tank mides are opaque. In the consiructicn of fhe
"rainulatort it is &ery difficult to attain uniformity of hole and
pin size so that the possibility of using standard capillary tﬁhing
for drop formation- (Adams et al, 1957 and Chow et al, 1965) should
be invest;gated.; However a rainmulator plate of pefspex gives

.poor control of ﬁniform drop size as the surface is readily
wettable with a low surface'teneion allowing water to.oreep out
from the countersinking, partioularly when the surface is moist and
not perfectly smooth.

Another interesiing cqndition, which McQueen did not mention,
is the evaporation of water frqm the test plot during the run which

condengeg and clings to the bottom of the rainulator and therefore

- results in a coalescence of drops with even a glight rige in

temperature, This effect would be a serious problem for this
type of drop fromation if the instrument was. used in tropical areas

where high temperature is often present. An alternative wind
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shield is needed which might provide ventilation in the lower part
but which.would not affect the dropping rain in an area where wind
is not frequently strong such as- in Thailand,

Weather conditions also influence the regulation of rain
intensity by means of the hydraulic head. It was found that even
if the same hydraulic head was employed different intensities were
achieved on days of bright sun or cloud. This effect may be due
partly to temperature differences which lead to changes in the
viscosity of water as has been shown by Musgrave (1955). An
slternative possibility is that the instrument is affected by
changes in atmospheric pressure as well as the effect of high
temperaturé on bright days on the vapour pressure in the water
reservoir, These effects may alter the dynamic equilibrium.and
possibly the water level in the supply tank. Such changes in the
supply tenk level are difficult to read (p. ‘ﬁﬁw) and adjust for
when using the instrument in the field with changeable weather
bonditions. Such errors due to environmental effects have been
described before (Mech, 1965) but do not form a serious limitation
to the use of the instrument in view of the heterogeneity emcountered
in the soils under examination.

To take account of these possible sources of error in field
operation, the imposed rainfall should be set at a higher rate than
required and thereafter adjustgd, in accordance with the prevailing
conditions and previous experience gained in the use of the
instrument, A further improvement can be obtained by making the
water reservoir vertically adjustable to eﬁable fine control of the
hydraulic head and conseqﬁently the rainfall intensity (Adam, 1957).

' The instrument, as designed and comstructed, yroved a

satisfactory means of determining the infiltration capacity of the
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soils on which it was tried., The further modifications proposed
here, both in construction and use, would materially enhance its

effectiveness for use in conditions such as those found in Thailand,.
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Appendix 1.

Infiltrometer, List of materials, details

Rainulator:
Perspex disc diam,
Thickness
-Total holes
‘Holes over the plot
Hole size
Countersinking size
Stainless wire gauge no.

Wire gize

Supply tenk:
Galvanized sheet gauge no,

I.D.
Length
Water capacity at normal rate (5 cm,)

Number of scale attachments

Reservoir:

Perspex tube diam,
Thickness

" Length
Water capacity
Height above the supply tank
Perspex regulator tubing diam.
Water Iefill-opening diam,
Stop cock no, |

" Drain cock diam,

Supporting metal frame

31.4

1.2
434
129
04145
0.6
18
0.124

i8

31.4

28

14.65
0.3
60

10
0.6

6.6
62

37

cm,

Cl,

cm,

Chle

Cin,e

Cllle

Cllls

litres

Cille

Chie

cli,

litres

cm.

cm, -

Clg

cm,

(1.D.)
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Pressure Head Regulator:

"Perspex tube diam,

Thickness

Length

Water refilling bore hole diam,
Stop cock no,

Drain cock diam,

Inlet and outlet perspex tubings

Number . of metal support fasteners

Shield:

. Wind

Base

Plastic tube diam.
Thickness
Height

Stabilize metal supporter length

units:

Galvanised metal sheet gauge no.
Diameéer

Height

Area

_ Tripod legs:

Length
Adjustable metal tips (pointed)

Screws

4.5
0.3
50

19
0.6

32
0.3
100

50

18
16,6
20

216,32

150
20

0.6

Cili,
Chle
Col,

Cllie

cm. (0.D.)

cm, (I.D.)

Clle
Cln,
CIl,

Clle

c,
Clile

CH™ ,

Cll,

C,

“cm, (0.D.)
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Runoff water collector:

Perspex tube diam,

Length

Rubber hose

Inlet and outlet perspex tubing!
Stop cock no,

Number of rubber gas pump

4.5
60

0.6
0.6

43

Cllle

Cn,

Cl,

(1.0.)

(1.0.)
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AEEndix 2e T

Rates of delivery over an extended period of time at
temperature 22.500. in relation to water caught at the plot

-

porition in 10 minmte intervals,

‘Hydraulic Changes on 'Vol.cm3. Depth Acec,. Average drop dripping

head (cm.) Res, (cm.) cm, Cile sec/drop
0.6 142 0.66 +«66
0,60 140 0.65 1,31 60 - 75
1.0 0,60 142 0.65 1,96
0.61 142 0.65 2,61
0.64 144 0,66 3,26
0.63 142 0.65 3.91
1.00 220 1,03 ° 1,03 .
; 0,97 224 1.04 2,07 30 - 45
2.2 0496 . 224 1.04 3.1
' 1,00 223 1.04 4.15
0.98 222 1.03 5.18
1,00 - - -
1.20 280 1.29  1.29 ,
1.25 285 1.32 2,61 25 - 30
3.1 1.25 285 1,32 3,93 '
1.15 260 1.20 5,13
1.25 285 1,32 6.45
1.20 - - -
1.45 338 1.56 1.56
1,50 340 1.57 3.13 18 - 25
4.0 1,48 340 1.57 4.70
1,50 335 1.55 6.25
1,50 340 1.57 7.82
l.46 544 1.59 9.41
1.80 410 1.89 1.89
 1.80 410 1.89 3,78
1.80 - 414 1,91  5.69
540 1,80 415 1,92 - 7.61° 15 ~ 20

1,82 4.0 1.90 9.51
1.85 - -



Hydraulic
head (cm.)

6.0

140

92.

Changes on Vol, cm?. Depth Acc,

Res. (cm,)

2,08
2,10
2,12
2,10
2.10

2,30
2435
2.41
2,35

475

477
478
472
477

240
235
545
540

Clile

2,19

2,21
2,21
2,18
2,21

Cll,

2,19
4.40
6,61
8,79

2,50
4,97
7+49
9.99

Average drop dripping

sec/drop
10 = 15
8 - 12



Infiltration capacity (mm/hr)
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Appendix 3., Scatter diagram of the bulk density experinment.
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Scatter diagram of the bulk density experiment,

x. S 1.14 gm/cc
® s 1,15 gn/cc
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Infiltrometer Data Sheet- -

29 . 5 + T6

Dot essesassnsessscssssssessscasssscscsacnsse

Locationzo.....‘..............'..I...........

Land USQS..-ooo.ocooo.oo.-oooco-o;odooo....,

Bulk density experiment -

Soil conditions.?...........'...'.....I......

Surface CoOVeIr'leeansscessssatrsvesssvavcssnsannse

ﬁxparimsnial.sla;a.fw...E."l-....-..............

Slope Anglet..sevs

+

. Scale Reading Water Applied Infiltration
: Runoff
Time] Tank [Res. Ramarks
Acc. | A | A Acow om. | mm/hr

1225 6430 | 0430 |- - - Soil particles

12,30 5.30 | 0,50 - | 1.20 | 1.20 | 1.20| 144 are very loose,
12,35 5,20 | 1,12 |0.120,12 | 0.72 | 1.92 | 0.60] 72 | when water is
12,40 | 5.20 |1.87 |0.4500.35 | 0.75 | 2.67 | 0.42| 50.4 | pumped out

12.45 5020 | 2461 | 0.86[0,41 | 0,74 | 3.41 | 0.33] 35.6 from the plot
| 12.50 5.20 304-4 1.26 0440 0,83 4424 0.4-5 51.6 there are some

12.55 | 5,20 | 4,14 [1.63/0.37| 0,70 | 4,94 | 0.37] 44.4 | soil particles

13.00 | 5.20 [ 4.94 |2,04[0.41| 0.80 | 5.74 | 0.39| 46.8 | being sucked

13,05 520 | 5,70 | 2.42|0.38| 0,76 6,50 | 0.38] 45.6 ‘out, this may

13,10 5.20 | 6.45 | 2.8110,39| 0,75 7425 | 0.36| 43.2 cause the

13,15 5020 | 7222 | 3.20/0.39| 0.77 | 8.02 | 0,38] 45.6 reading of

13.20 | 5.20|7.95|3.59)0.39| 0.73 | 8.75 | 0.34| 40.8 | runoff water

13.25 520 ] 8,72 | 3.98|0.39 | 0.77 9,52 | 0.38] 45.6 in error °

13,30 | 5.20| 9451 | 4.37[0.39| 0.79 | 10,31 | 0.40| 48.0

Total 4437491
Rainfall intensity | 95,2 mm/hr,

Q
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Infiltrometer Data Sheet

29°, 5, 76

Datet iviceesressscscnsossatsssssnsnscnsannsnss

) Loca‘tionz..l.‘..-..‘.-..-l..I..........‘.........

Land Use:.........‘....;a......}...a........

Bulk density experiment

‘SOil COndition:.,.....-......-,.--o-----o---

SUrface COVOIrlessassesasscscssnssosscccsoscces

Experimental data for S2

. A S S GO RSP EEAEIT TR ENEEE PSRN SRS

SlOPB Anglez......

Scale Reading  |Water Applied | Infiltration | !
o Runoff
Time| Tank |Res. Remarks
Ace.] A | A\ | Aco. | eom. | mm/hr
14.58 i | 5.50 |0.80 - -
15,00 | 5430 {o.98 - | o8 | o0.38 Soil depth
715,05 5420|1485 - 0,97 | 1.35 | 0.97 ] 116.4 6.5 cn,
| 15.10 | 5.20 |2.55 | 0.13j,13 | 0.70 | 2,05 | 0.57| 68.4
15.15 | 5.20 |3.30 [0.47[0.34 | 0.75 | 2450 | 0.41| 45.2 | Soil sanple
15,20 | 5,20 2208 |%9 0,44 | 0.78 | 3.58 | 0.34| 40.8 | taxen £rom
1%.25 520 | 4,83 [1.4910,58 | 0,75 4,33 | 0,17| 20.4 the saﬁe place
15430- 5420 |5.61 12.01lp,52 | 0,78 | 5,11 | 0,26 31.2 and sieved
15435 | 5420 | 6.40 |2.59]0.58 [ 0.79 | 5.90 | 0.21| 25.2 with 2 mm,
15.40 | 5.20 | 7.15 |3.17]0.58| 0.75 | 6.65 | 0.17| 20.4 mesh sieve
15.45 | 5.20 | 7.90 {3.75|0.58| 0.75 | 7.40 | 0.17| 20.4
15,50 | 5.20 | 8.69 |4.41{0.66| 0.79 | 8,19 | 0.13| 15.6
15.55 | 5.20 | 9.49 |4.97|0.56| 0.80 | 8.99.| 0.24| 28.8
16,00 | 5.20 [10.22 |5.58[0.61| 0.73 | 9.72 | 0.12] 14.4
Total 5+58{5.58

- Rainfall intensity

954 @m/hr-

¥
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Infiltrometer Data Sheetl

Da-'te:..-....2?.-‘.5.-'.:{§.o-....--............-.

'LOca'tionl..---........--..-..-........-..'...

Laxld Usez...‘....0...l..........".“......‘..

Soil Condition:...Durs, depsity experinent .

,S‘ur‘face COVOIr'l esstscsserssssstssascvcsncscvants

vevessesass DXPETimental data for Sy

LI BB BB BB R R N N R I

Slope Angles...e.

Scale Reading Water Applied infiltration
Runoff
Time| Tank |Res. Remarks
heo | AN} A\ | Acoe | cm. | mm/hr
16.45| 5.80 | 0,05 - - Soil taken
_16.50] 5.20 | 0.50 - | 1,05 | 1.05 | 1.05] 126.0 from the same
16.55| 5.20 | 1.2610.15:[0.15] 0.76 | 1.81 | 0.51| 61.2 area as §)
‘ o and §,
17.00]| 5.20 | 2.05(0.450.30] 0.79 | 2.60 | 0.49] 58.8 -
17.05| 5.20 | 2.80/0.87{0.42| 0.75 | 3.35 | 0.33 39.6
17.15| 5.20 | 4.37]1.990.59] 0.77 | 4.92 | .18 21.6
17.20| 5.20 | 5.15/2.5410.55| 0.78 | 5.70 | 0.23] 27.6
17.25] 5.20 | 5.90[3.11[0.57| 0.75 | 6.45 | 0,18 21.6|
17.30] 5.20 | 6.65|3.680.57| 0.75 | 7.20 | 0.18[ 21.6
17.35| 5.20 | 7.45|4.29 l0.61| 0.80 | 8.00 | 0.19| 21.8]
- 17.40| 5.20 | 8.20[4.8410.55| 0.75 } 8.75 | 0.20} 24.0
17.45] 5.20 | 8.94]5.430.59] 0.74 | 9.49 | 0.15] 18.0}-
17.50| 5.20 | 9.73}6.02[0.59] ©0.79 }10.28 | 0,20{ 24.0
Total 6.0216.02] cm.

-Rainfall intensity 94.9 mm/hr.

4]
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Infiltrometer Data Sheet

30 .5 76

Da‘te:I'_ct_-p.oc...ro.tl.g.q.""i

P ESASS S eSS

Locationg....J..'....l.I._..l..-..---.....’_.‘.-..

Land Use=-‘.‘.aoo-oqoo-o.p_‘o‘oo.-_ooroo_od‘oo-o_.o...

Soil Condition:...Bulk .densily .sxraxinent....

S‘lrface cover‘.........-.......0'...........
Experimental data for

.'-‘...0.....Q.l....‘.......l..l......-O....

S4

o
Slope Anglet.seces

Scale Reading Hater.Applied Infiltration
‘Runoff '
Time! Tank |Res. ' Remarks
Aco.| A\ YAN Aco. cm, | mm/hr
12,05 | 5.95 | 0,00 - - - -

_12.10 | 5.10 | 0,00 [9-03 |0,03|" 0.85 | 0.85 |0.82 | 98.4
12.15 | 5.20 | 0.97 [0-23 [0,20] 0.87 | 1,72 |0.67 | 80.4
12.20 | 5420 | 1.71 [0.58 [0.35] 0.74 | 2.46 |0.39 | 46.8
12,25 | 5.20 | 2455 [L.08 0.44| 0.84 | 3,30 |0.40 | 48.0
12,30 | 5.20 | 3.35 [1.54 |o.52| 0.80 | 4.30 [0.28 | 33.6

12,35 | 5020 | 4,14 [2.11 [0.5T| Q.79 | 4.89 (0.22 | 26.4
12,40 | 5.20 | 4.95 [2.66 |0.55| 081 | 5.70 |0.26 | 31,2
1245 | 5.20 | 5.72 [3.23 0.57| 0477 | 6447 {0.20 | 24.0

12,50 5.20 | 6.52 [3.88 |0.65] 0.80 | 7.27 0.15 | 18.0
12,55 5.20 | 7.274+42 |0.54] ©0.75 | 8.02 |0.21 | 25.2
13.00] 5.20 | 8,05P*%4 [0.62] 0,78 | 8,80 {0,16 | 19,2
13,05 | 5.20 | 8.80 5,65 0.61| 0.75] 9.55 {0.14 | 16.8
15,101 5.20 | 9.58P26 |0.61] 0,78 |10.33 | 0,17 | 20.4

Total. .26 | 6.26| cm.

Rainfall Intensity 95.5 mm/hr.
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Infiltrometer Data Sheet

Da‘be:.\..._._.,,.,.':.0......-_-....-.-...-..‘g...‘..A...

Locations eeeccceacsssnsosscecscsnsssssnnnscese

Land USCtececsscsossssssssncscsccssssdsssssase

S0il Conditiont..

Bulk density experiment

'Y EEEEEEE =N MR NN NS BN NI ENE LSRN

Surfaca Covei‘:....-........-.....-.-.......'.

Experimental data for

........O‘.‘....'..‘..'..........I....'.-“.

,_o

Slope Angles sesevee

Water Applied

Scale Reading Infiltration
Runoff
Time| Tank {Res. : Remarks
Aco.| A\ N\ | Aco. cm. | mm/hr
14.15 | 6.00 |0.10 - - - -
14.20 | 5.30 {0.27 |0.020.02 | 0.87 |0.87 [0.85 |102.0
14425 | 5.20 (0,92 [0.24 0.22 | 0.75 | 1.62 [0.53 | 63.6
14.30 | 5.20 |1.66 [0.57 0.33 | 0.74 [ 2.36 |0.41 | 49.2
14.35 | 5.20 |2.45 1.03 10,46 | 0.79 [3.15 [0.33 | 39.6
14.40 | 5.20 |3.30 |1,67 0.64 | 0.85 | 4.00 |0.21 | 25.2
14045 5020 4.00 2.24 0.57 0070 4070 0015 1506
14.50 | 5.20 |4.80 [2.94 Jo.70| 0.80 | 5.50 [0.10 | 12.0
1455 | 5420 | 5.60 |3-58 j0.64 | 0,80 | 6.30 [0.16 | 19.2
15.00 | 5.20 |6.40 [4.26 0,68 | 0.80 | 7.10 [0.12 | 14.4
15.05 | 5.20 |7.10 [4.94 Jo.68| 0.70 | 7T.80 |0.02 2.4
15.10 | 5.20 | 7.92 {5.61 [0.67| 0.82 | 8.62 [0.15 | 18.0
15.15 | 5.20 |8.72 l6.32 [0.72| 0.79 | 9.41 [0.08 9.6
15.20 | 5.20 | 9.5L |7.00 |0.68| 0,80 [10,21 0,12 | 14.4
Total 7400 qm.

Rainfall intensity 94.{ mm/hr,
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Appendix 4.

Results of the experiment to determine the effect

of mgistqée oon?gnﬁ jon infiltration capacity.
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Appendix 4.

Results of the experiment to determine the effect

of ]moigtu::e c_qiz_'_bf'_n_'ﬁ_ “jon infiltration capacity.
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Infiltrometer Data Sheet

2748476

- DAatEtessverrsesnnssassssssssssesssrssscasass
Location:... Hoisture gontent experiment.. ..,
:Lmd UBe:‘....‘.................-...‘....'..'

' So0il Condition:..Melatnre, sontent. SI5%.....

Surface cover:.........l.........'..‘...‘.._‘

Soll core 103 cc,

LK 3K O S B B BN B BN R BN B BN B BN AL B B BN BB B N BN B A B RN B L BB BB B N N I I

o
Slope Anglet...ceces

Infiltration

- Scale Reading Water Applied
‘ Runoff

.Pime| Tank -|Res. } Remarks

‘ Ace.| A\ 2\ Acoe. cm. | mm/hr
14.15 6,00 |0.00 Soil sample ig
14,20 | 5.60 |0.4 | 0,80 | .80 | 0.80| 96.0 | 103 ce.
14.25 | 5.80 |1.60 1,00 |1.80 | 1.00 1 120.0

14430 580 | 2,75 : | 1,15 | 2,95 1,15 | 138,0 Water' reaches

14.35 5080 [3.70 [0,140.14| 0.95 |3.90 | 0.81| 97.2 | the bottom at
14,40 | 5.80 |4.70 {0.48 .34 1.00 | 4.90 | 0.66| 79.2 | 14.51.hr. .
14.45 580 | 54,65 |0.,94 0.46 | 0.95 | 5.85 C.45 | 58.8
14,50 | 5.80 {6465 |1.40 0.46 | 1.00 | 6.85 | 0.54| 64.8
14.55 | 5.80 {7.65 |1.90 .50 | 1.00 | 7.88 0.50 | 60.0 | Rainfall intensity‘
15,00 | 5,80 |8.62 |2,45/0,55 | 0.97 | 8.82 | 0.42| 50.4 | 117 nm/nr.
15,05 | 5.80 |9.58 [{2.98[0.53| 0.96 | 9.78 | 0.43| 51.6
15.10 580 [10,55 | 3,57 055 | 0497 {0.75 0.38| 45.6
15.15 " | 5,80 N0.52 |4.2000.63 | 0.97 PB1.72 | 0.34] 40.8
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Infiltrometer Data Sheet

Da‘be:--.2?.'.80.706.-0000........o....ll.ochoot-.-

Locatjon:..Greenhouse, Mojgtyre.qqniqenh .q3neniment.

Land Uses......--..-....-..o-.-o...d...-...'.

. Soil Gondi‘tion:..45%2.%.nrg.r...-.--.........

Surface Cover:......;.-..........-..--......

$oil Goze 103

FEE EE RN AN NN NN NN N

..c.cg...............

SlOPG Mgleg ssaeae

Scale Reading Weter Applied | Infiltration
Time; Tank {Res. Runof? Remarks
B Aco.| A\ JAN Acoc. | om. | mm/hr -|
11,55 6420 0.00 (0,0
12,00 6,00 |0.75 [0.32(0.32 | 0.95 | 0.95 | 0.63 75.6 | Moisture
| 12,05| 6,00 | 1,71 .0.71 0,39 | 0.96 1,91 0.57 6844 content 43.28%
12.10| 6.00 | 2.64 |1.0710.36| 0.93 | 2.84 | 0.57 | 68.4 |
12.15| 6.00 |3.63 |1.47]0.40| 0.99 | 3.83 | 0.59] 70,6 | Rainfall intensity
'12,20| 6,00 | 4.60 [1.89{0.42 | 0.97 | 4.80 | 0.55| 66.€ 116 m/hr,
12.25( 6400 | 5,59 [ 2.35]0.46 | 0.99 5.79 | 0.53| 63.6
12,.30| 6.00 | 6.54 [2.85[0.50| 0.95 6.74 | 0e45| 54,0
12.35] 6,00 | 7.49 |5.36]0.51 0.95 | 7469 | 0.44] 52.8
12.40] 6,00 |8.45|3.880,52| 0,96 | 8.65 | 0.44] 52.8
12.45| 6.00 | 9.45 [4.53[0.65| 1.00 | 9.65 | 0.35] 42.0
12,50 6,00 [10.45 | 5.22]0.59| 1.00 | 10.65 | 0.41| 49.2
12,55 6,00. [11.44 | 5.83[0.71] 0.99 | 11.64 | 0.28] 33,6
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tnfiltration capacii‘.y (mm/hr)
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Appendix 5. Scatter diagram of rainfall intensitly in

relation to infiltration capacity.
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Date:..,.....?!

6:76

105,

Infiltrometer Data Sheet

LR N NN NN NN NENENNFTYENRE]

Loca‘hion:........-.....-.....-.-...o.o.....o

Land Use:.....'..‘.......I.....‘....‘:....‘...

Soil condition’..-.....'.....?-..............

Surface Cover:.............--................

. Rainfall intensity data.

LR R S AL IR N I I A A I B B N B B B RC RN N N R RN N R S N RN RN R

Slope Angletaeceeae

Scale Reading Water Applied | Infiltration
‘ Runoff
Time! Tank |Res. Remarks

Acc.| A\ 2\ Aco. cm, | mm/hr

15‘15 6‘00 0.00 - - - - - -
15.20 530 | 0,30 = - | 1.00 1.00 1,00 120,0
15425 5030 | 1.12]| - - | o.82 1.82 0.82 95.4
15,30 5030 | 1.95| 0.02|0,02| 0.83 | 2.65 0.81 97 .2
15435 5430 | 2482 | 0.30] 0.28| 0.87 3,52 0.59 70.6
15,40 | 5.30 | 3.70] 0.67/0.37| 0.88 | 4.40 | 0.51 61.2
15.45 5-36 4,50| 1,05 0,38/ 0.80 5420 0.42 50.4
15,50 530 | 5.42| 1.54] 0.49| 0.92 6,12 0.43 5146
_15.55 5430 | 6425| 2,01 0.47] 0.8 | 6.95 | 0.36  43.2
16,00 5,30 | 7.16] 253 0.52] 0,91 7.86 0.38 45,6
16,05 5430 | 8.04] 3,08 0,55 0.88 | 8.77 | 0433  39.6
16,10 5.30 | 8.92| 3.63 0.59 0.88 9,62 0.3% 39.6
16,15 5030 | 9.82] 4,18 0.59 0,90 | 10.52 0.35 42,0

Raih :nt%nsitﬂ_ 105.4 mm/he.

o
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Infiltrometer Data Sheet

'fate:.......ag{tfui...;................;....
Locationiescsssessssssscsssncscrsscnsncsscrne
LNA USCleceoceeseasssssssssessssssadssscrans
S0il Conditionst.esscercccssccccsscnsccsvones
Surface Cover:...................;.......;..

Rainfail initensity. .d'oa';tpo.cclooo-oooo

PR R R NI A I I NN B L A
4

Siope Anglet.ceces

Scale Reading Water Applied| Infiltration

Runoff

Time| Tank |Res.
Ace. | AN | /A | Aco. cm. | mm/hr

Remarks

10,20 | 5.50 | 0,00

10.25 | 5.25 | 0.25 | - -1 0.50 | 0.50 | 0.50| 60.0
10,30 | 4.80 | 0,50 = -l 0,70 | 1.20 | 0.70| 84,0
10,35 | 4.80 | 1.30| - - 0.80 2,00 | 0,80] 96,0
10,40 | 4.80 | 2.,00| - - 0.70 2,70 | 0.70| 84.0

10645 | 4480 | 2.73 | 0.05[0405| 0.73 | 3.43 0.68| 81l.6

0.10.50 | 4.80 | 3.50( 0.24]0.19| 0.77 4,20 | 0.58| 69.6

10,55 | 4.80 | 4.25| 0.47|0.23| 0.75 4.95 | 0.52 62.4

11.06 | 4.80 | 5.00| 0.75\0.28] 0.75 | 5.70| 0.47] 56.4

11,05 | 4480 | 5,731 1.04/0.29] 0.73 | 6443 | 0.44| 52.8

11,10 | 4.80 | 6.45| 1.35 0.3} 0.72 7.15 | 0.41] 49.2

11.15| 4.80 | 7.25| 1.70 0.35 0.80 | 7.95| 0.45| 54.0

11.20 | a.80 | 7.97| 2.04 0.34] 0.72| 8.67] 0.38] 45.6

fain intenslity 86:? mm/hr,

0
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Infiltrometer Data Sheet

Date=¢--o.-.oocooao.é:?é...l......'l._Olntooooo.

Locationz..............“‘...‘..‘....‘......

- Lend UBez iceescesscsnssctnstsrtnsernsssicssssses

soil condition’....-.‘...............I......

S\lrface Cover:...........-.....-.....-......

N L S § o IR 25128 B A L) 1 R

| Slope Angles......

Scalé Reading Water Applied | Infiltration
Runoff
Time| Tank |Res. _ Remarks
Ace. ] AN\ | A Aco. | om, | mm/hr
16,30 | 4,00 [0.40 | - | - -
;6.35 3,60 |0.65] - | - |0.65 | 0.65| 0.65| 78.0
i6.4o 3,20 | 0.85 - - 0,60 1.25 | 0.,60| 72.0
16.45 | 3.20 |1.40 | = | - | 0.55 | 1.80 | 0.55| 66.0
16,50 3.20 | 2,05 - - 0,65 2,45 | 0.65| 78,0
16,55 | 3,20 | 2,72 | =) - | 0,67 | 3,12 | 0,67] 80.4
17400 3420 | 3435 - - 0.63 375 | 0.63( - 75.0
17405 | 3.20 | 4.00 |0.03[0.03| 0.65 | 4.4 | 0.62| 74.4
17.10 | 3.20 | 4.64 | 0.18 0;15 0,64 5.04 0.49| 58,8
17,15 | 3420 | 5.28 [0.39[0.21| 0.64 | 5.68 6.43 51.6
17.20 | 3.20 | 5.90 | 0.62{0.25| 0.62 | 6.30 | 0.39] 6.8
17,25 | 3.20 | 6,50 | 0.83]0.21f 0.60 | 6.90 | 0.39| 46.8
17.30 | 3.20 .| 7.10]1,13/0.30| 0.60 7.50 | 0:30| 360
Rain LntenTity 75{ mm/hr,

©
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Infiltrometer Data Sheet

Date=....;.....g?‘T%TQO.."‘......;......-..

Location:........-.--.....-q.-o-.-;..--....o

Land Use;-.ooooa.-oiooooot--o-onooqd--oloooo

-Soil condition:..‘..........-.......‘........

Surface COVerleveassscstssssosssnsssnssssosvcoe

-0. LN W] .B?é‘l}gg}loj}r}?er}qi‘?xa%ﬁe.‘ I N B N N BB B W NN )

Slope Anglet.essees

Soale Reading Hate:r Appiied Infiltration )
Runoff
. PTime| Tank |Res. Remazrks
Acc.| D 2\ Acoc. cm, | mm/hr -
14.25 5.80 +0.05 - - - - - -
14.30 5040 | 0,40| - - 0.85 | 0.85 | 0.85 | 102,0
14,35 5,40 | 1,20| = - 0,80 | 1.65 | 0,80 96,0
14440 5.40 | 2,00| - - | 0.80 | 2.45 | 0.80 | 96.0
14.45 5040 | 2,80 0.06|0.06] 0.80| 3.25 | 0.74 86.8
14.50 | 5.40 | 3.60| 0.31}0.25] 0.80 | 4.05 | 0.55 | 6640
14,55 5.40 | 4.42| 0.58/ 0.27|— 0.82 | 4.87 | 0.55 | 66.0
15;00 5640 | 5423 0,90/ 0.32| 0.81 ] 5.68 | 0.49 | 58.8
15.05 | 5.40 | 6.05| 1.28 0,38 0.82| 6.50 | 0.44 | 52.8
15.10 5640 | 6486| 1,660 0,38 0.81{ 7431 | 0.43 51.6
15,15 5,40 | 7.65] 2,10 0.44] 0,79 8.10 | 0.35 42,0
15,20 5,40 | 8.45| 2,59 0.49] ©0.80 | 8.90 | 0.31| 37.2
15.25 | 5.40| 9.25| 3.09 0.49 0.80| 9.70 | 0.31] 37.2
Rain ii.ntensi‘l:y 97 mm /fhr,

o)
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Appendix 6.

Results obtained on the Depariment of Forestiry

& Natural Resources! nursery aref.



Date:

Location:

1648,

-9 @9 ¢

110.

Infiltrometer Data Sheat

0ld nursery

-

?.6...................‘...‘...'..

'Y EEREEEEENEEE - EEE E N I N I N NN N NN NNENENE]

Laxld'USﬁ:.-oaoo--o.oo.oooo.....n-.a-do.......

Soil condition! -qur&leoq .3- odiaypo P??Yi?‘!s. XL

Surface Cover:...Dor

e soll

rimental data for dgy

o8 o0 e P asddesessP BT e RN a2 2SO 2t dresaee

CRCIE S IR B B B BN OE R DR N B B BL BN BN O B BN BN

soil

o
‘Slope Angle:Fig%...

Refill

Scale Reading Water Applied Infiltration-
Runoff ‘
- Bime| Tank |Res. - . Remarks
Acoc.| /\ 2\ Acae. cm. | mm/hr
17.10 6.50 [+0.35 Rajnfall intensity
17.15 | 6.00 | 0.30 135 | 15| 1.5 ¢ 122.5 mm/hr.
17.20 | 6.00 | 1,30 1,00 | 2,15 | 1,00| 129.0 | It takes approx.
17.25 6,00 | 2,35 1.05 320 | 1.05 2 min, to refill
17.30 6.00 3430 | 0.03 Q.03 0.95% 4,15 | 0.92( 118.2 the water reservoir,
17.35 6.00 4.40 | 0.,20]0.17 1.10 5e2H 0.93
-~ 1740 6.00 | 5.40 | 0.45/0.25] 1.00 6425 | 0.75| 100,.8
17.50 6,00 | T«55| 115/ 0438 1.10 8,40} 0,72 87.0 of the éoil is
17.55 | 6.00 | 8.65| 1.44/0.29] 1.10| 9.50| o.61| 1.084 gn/ce.
18,00 6,00 | 9.65] 1,79 0.35] 1.00| 10.50| 0.65| 87.6 Moisture content
18.05 | 6.00 [10.70| 2.16 0.38] 1.05| 11.55| 0.66 of the s0il is -
18,10 | 6,00 {11.70( 2,53 0,35 1.00 | 12.55| 0.65 7846 20,059_%
T + .
18,15 6,00 1.80] 3,00 0.47 1,65 13,60 0,58 .
18.20 |. 6,00 2.80] 3.47 0.43 1.00| 14.,60] .0.57 69.0
i
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Infiltrometer Data Sheet

Date:...}étgtzé

CR NN N RN N N I NN R BB B O BB NN N B BN NN ]

9}% nmurse

' T EREEEEEERE NN NN NN N BN I N N I N

Location:..
Land USeteeecssatscsssecsssasossrcssisssccnee
" Soil Condition:.,3?9??9;}.??¥?.?§%2&93?......
Surface Covers....B2re, 801l ... ........

Experimental data for dry soil

[EEEENNEERN XN I I I I TN NN NN S NN I N I I R B B BN N

Slope Angle

Jlat

L N N N

Refill

Scale Rgadiné Hater Applied Infi}tration
: : Runoff ' '
- Pime] Tank |Res. . | Remarks
Ace | AN A\ | Ace. om. | mm/hr
+
18,25 6,00 | 3.80{0.4510.45| 1,00 | 15.60 | 0.55
18,30 6.00 | 4.80]0.9410.49 | 1.00 | 16.60 | 0.57| 63.6
18,35 6,00 | 5480]1.40|0.46 | 1,00 | 17.60 | 0.54
118,40 6,00 | 6.80{1,8510.45]|1.00 | 18,60 | 0.55| 65.4
18,45 | 6,00 | 7.75|2.250.40 | 0,95 | 19.55 | 0.55
© 18,50 | 6,00 8.75/2.7300.48)1,00 | 20,55 | 0,52] 64.2
.- 18B.55 6,00 | 9465 6,90 | 21.45
- 19,00 6,00 | 10.65| 0,92 1.00 | 22.45 | 0.98| 58.8
+



- Date:

Loca‘bion:....W.Nﬁi'-'??n.-uuu--.u.-..-...

il12.

Infiltrometer Data Sheat

17.8.76

L B B B BE BN A BE BN B B B BN B BN OBE L BE RE N BN N BN S OE BN B BL K K O B BN O NK BN N )

o
Slope Angle:????..

Larld Use=.............‘.........l..“....-...

. Soil condition:.?...Q..‘..;..............I..

Surfacae Cover:...g???.

soil

LI B B BN BN K L BN BN BN L AR BN BL IR BN IR L BN NN )

L 30 0 B B B B B N B BB B L BN B NN OB BN AN N B RE N BB BN NN NN B BN BE O N B R B BN N

Refill

Soale Reading Water Applied Infiltration
Runoff _
Time| Tank |Res. : : Remarks
: Acc. A A Aco. Chi, M/hr .
.
16.35 6440 |+0.,95
16,40 6400 | 0,60[0,70 | 0,70| 1,05 | 1.05 {0s35{ | Rainfall
16.45 6,00 | 1.63[1.48 | 0.78| 1,05 | 2.08 |0.25| 36,0 | intensity
16,50 | 6.00 | 2.6812.36 | 0,88 1.05 | 3.13 | 0.17 124.1 mn/hr,
16,55 | 6.00 | 3.73[3.33 | 0.97] 1.05 | 4.18- | 0.08 | 15:0
‘ r + '
17,00 | 6,00 | 4.78|0.65 [ 0,65 1,05 | 5.23 [ 0440 | - B.D. apd M.C.
17,05 | 6400 | 5.88]1.73 [1.08] 1.10 | 6,33 | 0.02 | 2552 | of the soil
17,10 6,00 | 6.93]2.59 | 0.8 1.05 | 7.38 | 09| = were not
17.15 _| 6.00 | 7.98|3.27 | 0.68 1,05 | 8.43 | 0.37 (33,6 investigated
-+ N
‘ 17.20 6.00 8.98 0.82 0.82 1.00 9‘045 0.18 : becauBe the
17.25 6,00 | 9.98(1.61 | 0.79 1.00 | 10.43 | 0.21 | 23.4. cylinder was
1730 6,00 | 10.,98[2.48 | 0,87 1.00 [ 11.43 | 0.13 | 1eft at the
T 17.35 | 6400 | 1.05|3.24 o.7é 1,05 | 12.48 | 0,29 25.2. seme place
‘ + . .
17.40 | 6.00| 2.10{0.83| 0,83 1.05 | 13.55 | 0,22 over night
" 17.45 | 6.00| 3.15/1.65| 0.8d 1.05 | 14.58 [ 0.23| 27.0
+
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Infiltrometer Data Sheet

Datessc.. ”:9‘:'(6. o

L BN B BN B AR BN BE B B N 2 B BN BN SN DL BE B B BN B BN AN I I 2

Location:.. .9."'1. .IT".'T':SP

H’......'........;..‘..
Land Usez.............'...........--a_-.......
SOil Condition:.?....--.........--..-.-.....

Surface Cover:..?%l:e..8.0.1}-."...---------....

LI O A B A N BN I N O RN R N BE B A B BN RN B AR A R BN BRI LN

o
Slope Anglesiiat ..

Scale Reading Water Applied | Infiltration

Runoff

.Mime|{ Tank |Res.

Remarks

Acc.| A\ N\ Aco. cm. mm/hr
17.50 | 6.00 | 4.20 |2.49|0.84| 1.05 | 15.63 | 0.21
17,55 | 6.00 | 5.20 3.12{0.63| 1.00 | 16.63 | 0.27 27,3 :
16.00 | 6.00 | 6.23 | 3.890.77] 1.05 | 17.66 0.26
18.05 | 6.00 | 7.25 0.80]0.80| 1.02 | 18.68 | 0.22| 28,8.
18,10 | 6,00 | 8.25]1.54|0.74| 1.00 | 19.68| 0.26
18.15 | 6.0 | 9.25 | 2.32]0.78 1,00 | 20.68| 0.22 28.8

*  Refill-
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Appendix Te.

Results of experiment to determine the effect of
burning on the infiltration capacity of &

Sourhope soil on Winton soil association.



2.9.76

115,

Infil‘tromete‘r Data Sheet

Date:.‘............l.-...........‘..........

Locations ..

Land Use:

Boghall Farm

" E YT EEEETEEEEE N RN N I N AN BN NN R

Grass land

Plot No.1

........-‘..............l.‘........

A‘SOil Condition:;-.P?X.--.-;-..-..-..........

t

Surface Cover:..???E?q-.....-.--.o.....-....

Experimentsl data of,

P89S e e

unburnt gr

as ;sland.

L B B N BN O BN BN BRI

0

Slope Angle: .I:‘];a.‘l': .

Scale Reading

‘| Water Applied

Infiltration
Runoff
Time| Tank |Res. Remarks
' LI VAN BRVAN Aco. cm. | mm/hr
10.45 | 6.60 [pe Scale reading and
20,50 | 5.90 | 0.10 | 0.16/0.26| 0.80 | 0,80 | 0.64 water applied in
S . J em,
10,55 | 5460 | 0455 [ 0434| 18| 0,75 1.55 | 0.57| 72,6 Moisture content
11.00 | 560 | 1.30 0.48|0.14| 0.75 2,30 | 0,61 of surface soil |
6 6 61| 76 (0-4 cm.)
.0 .60 | 2.10 | 0.61/0.13] o0.80 a0 | 0. 76.8
11.05 [ 5 3 3 T 23.43 %

111,10 | 5.60 | 2,90 | 0,74|0,13| 0,80 | 3,90 | 0.67 and subsoil layer
11415 | 5460 | 3.65( 0.86/0,12] 0.75 | 4.65 | 0.63] 7840 ( ‘12%  cm.)
11.20 | 5.60 | 4.45|1.01[0.15| 0.807| 5.45 | 0.65 24.87 %

. 11.25 5-60 520 | 1,10 0.09 0.75 6.2 9‘66 78.6 BUIk denSitY-103’
11,30 | 5.60 | 5.91| 1.18/0.08| 0.71 | 6.91 | 0.63 .42 gn/co.
11.35 5.60 6.65 .25 0.07 0.74 7065 0167 78.0 ‘Organic matier
11.40 | 5.60 | 7.45! 1.42/0,17] 0.80 | 8.45| 0.63 %
11445 | 5.60 | 8.20| 1.56/0.14] 0475 | 9.20 | 0.61| 74.4 Average Tainfall -
11.50| 5.60 | 8.95| 1.68/0.12] 0.75 1 9.95| 0.63 91 mmn/hr,
11.55 | 5.60 | 9.65 1.78J0.10 0.70 | 10.65[ .60 73.8
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Infiltrémeter Data Sheet

76

Date:'...O..z..lg...‘.....‘........l......-..CI..

Locations .. Boghall Farm Plot No.l

...............l..‘..‘...l.......

Land Use:.(FF???&?%E%%..-.......-..o...-....

Soil cohdition:...I).x..y..‘.......I.....‘Il..l..

Surface Covert...pPPP?P?....--.......-......

Q.....'C.....'-"......I...Q......I.‘..'..-.

o
' Slope Angles. Elat,

Scale Reading. Water Applied | Infiltration
Runoff )
Time| Tank |Res. Remarks
Aco.| A\ VAN Acc, cm. | mm/hr
12.00| 5.60 | 10.42/1.89{0.21| 0,77 | 11.42 [ 0,66
12.05| 5.60 |11.15|2.04|0.15] 0.73 | 12.15 {0.58 | 74.4 Water infiltrated
into the soil
12.10] 5.25 - |2.10l0.061 0.72 | 13.22 [0.66 - .
. more than 15 c¢m,

12.15| 5.60 | 2.40{2.21|0.11]| 0.75 | 13.97 |0.64 | 78.0

12.20| 5.60 | 3.15|2.340.13| 0.75 | 14.72 {0.62

12.25| 5.60 | 3.91l2.44{0,10| 0,76 |15.48 |0.66 | 76.8

12.30| 5.60 | 4.65| 2.54/0.10] 0.74 |16.22 0.64 |
12.35] 5.60 - |2.60|0.08] 0.75 | 16.97 |0.69|.79.8

12.40| 5.60 | 6.15|3.69]/0.09| 0.75 | 17.72 | 0.66

12.45| 5.60 | 6.852.77]0.08| 0.70 | 18.42 |0.62 | 76.8

12,50, 5.60 | T.60| 2.85/0.08| 0.75 | 19.17 0.67

13.00] 5.60 | 9.05| 3.04[0.10] 0.70 | 26,62 0.60

13.05 5.60 9.80 3.12 0.08 0075 7 21.37 0.67 76¢2 -
. 13.10] 5.60

13.150 5.60 |11.25| 3.41}0.29] 1.45 | 22.82 1.16 | 69.6
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Infiltrometér Data Sheet

Dateseeeed et ieeeatsstnsnrsnssennseracsannns

Location:...Bo8 B21l ... . Flot Fo.2 .. .... Slope Angle.Fl.t..o
- Lend US€teesssesssssscsnccsscsscncccioscsccse

Soil Condition:..DFy. 2% suxfsce soil . . ....

Surfa-ce Coverx...F-e?'?lxamqﬁp.}............

Some litter scatters .on the surf

LN BB O RO N NN B N ..............'

Scale Reading Water Applied | Infiltration

Runoff '
Time| Tank |Res. Remarks

Aco.| A\ JAN Aco. cm,. | mm/hr

"13,55 | 6.70 | 0,00 ‘ Scale reading and
14,00 | 6,00 | 0.30|0.17/0.17| 1.00 | 1.00| 0.83 water applied in cm.

) '6. . - 6 -2 082 ‘B b4 .6 -
14,05 _ 00 | 1,12 | 0.46|0.29 0 1.82 ] 0.53| 81 Moisture content of

14,10 | 6,00 | 2.00| 0,70|0.24| . 0.88 2,70} 0.64 surface Boil

14.15 | 6,00 | 2.85| 0.930.23| 0.85| 3.55| 0.62| 75.6 | (0-4 cu.)

18,07 %
and subsoil layer

14.20 | 6,00 | 3.70| 1.14/0.21| 0.85 4.40 | 0.64

14.25 | 5.90 | 4.45] 1.35/0.21] 0.85 | 5.25]| 0.64 76.8 (  12% cm.)

14.30 5,90 | - |1.55/0.20] 0.90{ 6.15| 0,70 - ' i6.85 %

. . 6.30 . W2 0. . - M ¢ ‘ |
1435 | 5.90 | 6.30| 1.75/0:20| 0.95| Tel | 075} 870 | 5y gensity

14.40 | 5.90 | 7.18] 1.95/0.20] 0.88 | 7.98| 0.68] 81.6 | 1.22, 1.15 a&mw/ce.

_14’45 2090 Organic matter -
14.50] 5.90 | 8.85| 2,40/ 0.45] 1.67] 9.65] 1.22 73.2 %
14.55| 5490 | 9.75 | 0.90 | 10.55

Average rainfall -
15.00| 5.90 |10.55| 2.81/ 0.41] ©0.80 | 11.35]|1.291 77.4 '

101 o/ ee

15.05] 5.90 |11.45] 3.06 0.25] 0.90 | 12.25| 0.65
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Infiltrémeter Data Sheet

Date:..-....a.g.:r ........‘.....‘I...........C

LOC&tiOﬁ!con-n&h-.--o.o.-c-.-coo-.oP}Q?.NQ’?

La»l'ld Use=comeodoqk?.e-a'.ooo---..ooood.oo--oco

Soil Conditiont.e... .ry.

Surface Covers.... early

bare soil

" FEEREEENRERERERENEE N N NN NN J

at surface 9011

Some litter scatters on the surface

.'C....l."""..‘..........Il..‘.......‘...

IR R NN N

' o
Slope Angle:.Ela%,

- 16.20

‘Scale Reading Water Applied | Infiltration
Runof?
Time] Tank |[Res. Remarks
: Aco | A | A Aco. cm, | mm/hr
15.10 5.90| 0.85 |3.30]0.24| 0.85 | 13.20| 0.61 | 75.6
Rai
15.15| 5.90| 1.65 [3.57{0.27| 0.80 | 13.90]0.53 aindrop may
' , ‘ vary in size due
15.20 | 5.90! 2.45 {3.87/0.30| 0.80 | 14.7 | 0.50| 61.8
to water vapour
. [ ] [ L] * - » 0. ﬂ(
15.25 5+90 | 330 14,16 10.29 | O & 15-55 26 } coating aﬁqbottom
15.30 | 5.90 | 4.15 |4.44|0.28| 0.85 | 16.40 | 0,57} 67.8 | ¢ 4y, rainuiator.
15.35 | 5.90 | 5,00 |4.74l0.30! 0.85 | 17.25 | 0.55] 66.0
15.20 | 5.90 | 5.84 [5.03i0.29| 0.84 | 18.09 | 0.55
15.45| 5.90 | 6.61 {5.35/0.32| 0.72 | 18.86 | 0.45 | 60.0
15.50 | 5.90 | 7.47 [5.71 [0.36] 0.86 | 19.72| 0.50
15.55 | 5.90 | 8.30 |6.07 0,36 | 0.83 | 20.55 | 0.47 | 58.2
16.00 | 5.90 | 9.14 |6.39 (0,32 | 0.84 | 21.39 | 0.52
16,05 | 5.9019.95 |6.76 10.37| 0.81 | 22.20 | 0.44 ] 57.6
16.10| 5.90 h0.80 |7.23 [0.47| 0.85 | 22.05 | 0.38
16.15 | 5.90 | 8.81 |7.60 0.37| 0.81 | 23,86 [0.44 | 49.2
5.90 | 9.64 10.42 [0.42 | 0.83 | 24.65 {0.41
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Infiltrometer Data Sheet

Date:...?f?!?é
Hall

Burned area

Plot FRo.2

LoCAtiONl s eesesnsssssnsssssstassssnssnasssase

.O.....C......-..l.........'..

Land Use=-ooooo-o.oooooo.-oo‘oo-00.60...--..

Soil Condition:.DXY 2t surface, soil

- e 88 00e e

Surface Covers .. Nearly bare soil

Some litter scatters on the surface

’.l.........l..............I................

0

- Slope Angle:jEU¥@.

Scale Reading

Water Applied

Infiltration
Runoff
Time| Tank |Res. Remarks
. Aco. A A ] 'AOO. CMe, M/hr
16,25 5.90 | 10,45/ 0.84{0.,42 | C.81 2565 039 48,0 Scale reading and
16,30 | 5.90 | 11.2711.250.45] 0.82 | 26.32| 0.37 water applied in on.
16,35 580 12,00/ 1.74[0.45| 0.83 27.15| 0.38]| 45.0

Wetting fronit

15" cm. after the

run.
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Appendix é.‘

Results of experiment to determine the effect of
seasonal differences in the infiltration

characteristics of a shallow upland soil,
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Infiltrometer Data Sheet

Da—te:-00006:?:z6oo¢ooo.¢0.-o.oooo_ou.oo-...oa.o
o
Location: .ng.Hcac']ils H}}J’)o-.o?l’?t o1oooaoo.oooo Slopa Angle:].(.).-.z.o.. :

La.n.d Use:.. .E:)t.le.e.n o&roazzoi.ngc P'Pc 'ctlom; 01114101 - .BFQW.Earth. ’

Soil conditionio?nne-airJ'yom-ooooo-o-o-oooooo

Covered with dry coll, sp.

Surface CoOVeTrleesessssacssnsstscssescssasansssna

..-....Il.....l...l...................'......

f Scale-Reading Hater Appiied Infiltration
' Runoff '
Time| Tank |Res. Remarks
Acc.| A\ VAN Aco., cm, | mm/hr
11,00 6,60 | 0,00 Scale reading and
. water applied in
: 11.05 - - 0050 - .
~ : cm, - |
11,10 5485 { 1,01 | 097 067 1l.T6 1.76 | 079 | 4744 Moisture content
11,15 5.85 | 1,90 | 1.1 0.43] 0.89 2.65 | 0,46 . of surface soil
. (0-4 cm.)
11.20 585 | 2,65 | 1.44 0.39 0.75 3440 | 0.37 | 49.8 :
: . 8.90 %
11,25 | 6,10 [3.80 | 1.94 0.46 0.90 | 4.30 | 0.44 end subsoil layer
11,30 6,10 | 4.61 | 2,37 0.43 0.81 5011 | 0.38| 49.2 ( 10%  em.)
. 11.80
11,35 6,10 = 2,79 0438 | _ #
3145 | 6.10[7.14 | 3.6 0.78 | 7.50 | 1.17  ew/ec.
| ' Organic matter
-+11,550 6.10 | 7.92 | 0.5Q 0.50 0.78 B.28 | 0.,28| 33,6
N 1 4 18.5%, 13.5%
11,55 6,10 | 8,81 | 1,0% 0.59 0.89 9.17 | 0.34 '
‘ ‘ . _ : Average rainfall
12,00 6,10] 9,60 | 1,5% 0.50 0,79 | 9.96 | 0.29]| 37.8 - .
- i . 100  mm/hr.
12,05 6410 [10.44 | 2,12 0,57 0.84 | 10.80 | 0,23 '
12,10 6,10 [11.40 | 2,74 0.64 0.96 | 11.76 | 0.34| 34.2
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Infiltrometer Data Sheet

Date:l.l...6.....'7."...........-..I............

Location:.... B0 Bedd. (Bill)........Plet.1.. Slope Angle:lpr?Q.o

Larld Usetti...I .F }%‘qgﬂ‘.m.eli}lﬂj’.]-l’ mwn Eart}l

Near]l

Soil Condltion:........x.-...-..............

Covered with dry coll. SBDpe

Surface cover:..I........l............'.'...

[ EEE N EENEEEEEENFFE NN NI N N N I N B I BB BN N I NN N NN

Scale Reading Hater Applied | Infiltration
Runoff
Time| Tank |Res. - Remarks
Acc.| A\ AN Acc. om, | mm/hr
12.15 {6.30 - [3.22 |0.48 Reading taken in
: - - 10 min.
12,20 [6,10 | 1.65[3.72 [0.50| 1.65 |13.41 | 0,67 | 40.2 min. av the
12.25 [6.10 | 2.50[0.55 |0.55| 0.85 |14.26 |0.30 beginning of the
‘ : run, runcff water
112,30 |6.10 | 333 [1.05 {0.50| 0.83 |15.09 |0.33 | 37.8
, . was still collectec
12,35 16,10 | 4.1011.62 | 0.57| 0,77 |11.86 | 0.20 in 5 min. (at 11.0°
" 12.40 [6.10 4498 12,19 [0.57] 0.88 16,74 | 0431 3066_ At first grasses
12,45 | 6.10 | 5.82[2.,76 | 0.57] 0484 |17.58 | 0.27 are very dry,
12.50 | 6.10 | 6.62(3.30 | 0.54| 0.80 |18.38 | 0,26 | 31,8 |therefore, water-
: ‘ drops siriking the
12.55 6,10 Teld2|3.89-| 0,59 0.80 19,18 0.21
' s0il become runoff.
13,00 6,10 842270.,55 | 0,55 0.80 |19.98 0,25 2746 .
Ag water—drops
.13.05) 6,10 00[1,07 { 0.52] 0,78 | 20,76 | 0.26
35405 101 9 T > 7 ! , penetrate the grass
13,10] 6,10 | 9.82|1.55 | 0.48] 0.82 | 21,58 0034 3640 |cover infiltraiion
13.,15| 6410 | 10.72[2,09 | 0.54 ' then becomes more
) uickl thig perio
13.20| 6.10]11,60/2.60 | 0,51 1.78 | 23,36 | 0.73| 43.8 |THO? perof
i occurs about 10-15
min affer the-pun,

¥
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Infiltrometer Data Sheet

_Dates 609276

'FENERNER A A EENNEE R E R X NEN A B B BN N NN I NN N

B.,H. up Hill Plot No,2

Loca.tion:..-..........-........-..-.........

Lend Use: . .SBoep, grazing on hill slope of Brown Earth soil

LI B W

Soil Condition:.._.P?y.....;---...--.-.......

ee 888
Sllrfa'ce cover“..l.. .?ﬂ%?%‘%.?‘g..‘-.‘...

.- ‘...........'...............‘.......'.I.....

Slope Angle: ?_?o son

K-

Scale Reading Hater Aprplied | Infiltration

Runoff
Time| Tank ;Res.

Acc.| A\ 2\ Aco. cm. | mm/hr

Remarks

14.00 |6.60 |0.00

14405 | 6,05 |0.45 | 0.55(0.55| 1,00 | 1.00 | 0.45

14,0 | 6,05 |1.25 |1.05/0.50| 0.80 | 1.80 | 0.30| 45.0
145 6,05 [2.05 | 1.40{0.35| 0.80 | 2.60 | o.a5

14,20 6,05 [2.90 | 1.76]0.36] 0.85 3445 D.49] 564

24,25 |6,05 |3.- | 2.070.31 -

14.30 | 6.05 |4.50 | 2.34 0.27] 1.60 | 5.05 | 1.02| 61.2

14.35 6.05 |5.30 | 2.58 0.24( 0,80 De85 0.56

24.40 | 6,05 |6.10 | 2.82 0,24f 0.80 | 6.65 | 0.56] 67.2

24445 | 6.05 |6.90 | 3.2d 0.2d 0.80 | 7.45 | o0.52

14,50 6405 | TeT0 | 3432 0,22 0,80 8.25 0.58] . 66,0
14,55 | 6405 |8.55 | 3.57 0423 0.85 | 9.10 | 0,62

15,00 | 6.10 |9.30 | .29 0.29 0,75 | 9.85 | 0.50 67.2

1505 6,10 0.451 0.20 , -

Scale reading and

water applied in

Clle

" Moisture content

of surface goil
(0~4 cm,)

11,32 %

and subsoil layer

+

( 10" om.)

9.99 %

Bulk density O.T4,
1.03 @/CC.

Organic matter

16.86%, 11.45%

Average rainfall'

95 ma/r,

1%.10 6,10 | 4435 |0.67[ 0029 1,85 | 11.70 1.23 73.8
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Infiltrometer Data Sheet

Date:...'..06‘2‘16..'...........C............

LocatiOHE-?’E‘Jﬂe;@;}o-onooo-onnja$ﬂaﬁp’2---
Sheep grazing on hill slope of Brown Earth soil

Land UBe:‘-co-oo.-oto’oo.coo.-..-.od-oc.ooo-
Soil Condition:...gl 0...0;."......'!.....0
Surface Covers..10%% COYST,,655%n X285, . ...,

LI R B B OF B BN B B BB B R N N BN R BNIE BB K L BT N BN R N RN N O N NN RN N N R

o
SlOpB Angle=g¥zooo

Scale Reading Hatef Applied Infiltration
Runoff
Time| Tank |Res. Remarks
Acc.| A\ AN Aco. cm, | mm/hr
: . . 1
15,15| 6.10 | 5.05(0.91 | 0.24| 0.70 |12.40 | 0.46 Surface soi
abundant with 0.M.
15.20 610 | 5,901,102 [ 0.,21] 0.85 | 13.25 | 0,64 | 66,0
. ¢« 4 cm. deep,
(15.25| 6,10 - - - = . underlying soil is
15.50 6.10 7.43 1-56 0.44 1055 14078 1,09 6504 |still dry. Water .
15.35 | 6010 | 8.20{1.74 | 0.22] 0477 | 15.55 | 0.55 Truns down.slope as
15,40 | 6.10 | 9.00[1.94 | 0.20| 0.80 |16.35 | 0.60| 69.0 |interflow c. To = 80
. : ' cm. from the plot.
15,45 6410 | 9.75{2.14 | 0,20{ 0,75 |17.10 | 0.55 | 66,0
It took some conside:
15,50 - - - - _ ble time for the sub.
15.55| 6.10 | 4.00(2,50 | 0.36] 1.48 | 18.58 | 1,12 | 67,3 |®0il to take in wate:
' when holes were dug.
wdBeB0] 6410 | 4.75|2.70 | 0,20] 0475 |19.33 | 0455 | 6640 |strong wind causes
difficuity in readin;
16,05{ 6.10 2.89 | 0,19 '
16.10 6,10 | 6425|3,07 [ 0,18 1,50 26.83 1,13 67.8
16,15 6,10
16.25| 6,10 7.-72 | 3.48|0.41| 1.47 | 22,30 |1.06 | 63.6
16,30 6.10| 9.15(3.86 0.38 1.43 ] 23.73 | 1.05| 63.0



Date:...-...

.
ra¥
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Infiltrometer Data Sheet

24.11,76

.I.....................-........

. . ‘ ' [+
Location:...EBP.EP?}}.?.!I}}}..s}:b.e.g‘.&‘."?'?%z.... Slope Angle:..aq,.
Lend Use:...onimproved, sheep grazipg. . .,

Soil Conditions..

Moist

.'..0..-.....‘.....-0".'..

QoI

grass covett.....

Surface 00var:...}99?.5?...

a88 cover.

..'.-.'-.'..l...............O-‘.........-...

Scale Reading

Water Applied | Infiltration

Runoff
Time| Tank |Res. . Ramarks
Aco.| AN | A\ | Ace. cm, | mm/hr
" 11.45| 6.50 [0.00 Scale reading and’
11.50| 6.00 |0.45 |0.45[0.45| 0.95| 0.95 | 0.50| 60,0 |Water aprlied in
11.55| 5.80 |1.05 |0.810.36] o0.80| 1.75 | 0.44| 52.8 | °™
- ' ' Moisture content
12.00| 5.80 [1.75 {1.39]0.58| 0.74] 2.49 | 0,16
of eurface soil’
12.05 5080 2-63 1.98 0.59 0.84 3.33 0.25 24-60 (0_4 cm.)
12.10| 5.80 |3.42 |2.52]0.54| 0,79 | 4.12 | 0.25 o 4
12.15| 5.80 [4.31 [3.07|0.55[ 0.89 | 5.01 | 0.34] 35.40 | and subsoil layer
12.20| 5.80 |5.1 }0.5610.,56} 0.79 | 5.8 | 0.23 ( ome)
12.25| 5.80 |5.55 |1.17{0.61| 0.85 | 6.65 | 0.24| 28.2 | #
' ' Bulk density
12.30| 5.80 1.78 |0.61
, 0.70 egnfoc.
12. » - - - - V L V - »
| 35{ 5.80 |7.59 [2.40]0 627 1.64| 8 29 0.21 24.6 _Orgainc matter
12.40| 5.80 2.98 [0,58 %
12.45| 5.80 [9.30 [3.570.59| 1.71 |10.00 | 0.54| 32,4 |-Average rainfall
12,50} 5.50 [10.12]0.60|0.60]| 0.82 |10,82 | 0.22 £ 99.8  mm/kr,
5,80 110,9311,2210.621 0.81 111.63 | 0,191 24,6

12,55




Dateteeecens
Locationt...

Lend Useteasss

Surface 00ver:...1CQ%
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Infiltrometer Data Sheet

TN

grasgland.

o9 & 08B0

SOil Gonditionz....}'Io.i.a.t.'..;..-.-............

greengrass,

LR J 'EEXEENEREBEERENN N NNNESRJEJENESEN}:ZS ]

Autumn

sdsens

{

...‘.......‘........I.....

TR I R I N K B BB BRSO N

...

..C...........-.".....l.....................

' o
Slopﬁ A.ngle: . -ggo .

Scale Reading _ Water Appli;df Infiltration
Runoff .
Time| Tank |Res, Remarka
Acc.| AN AN Aca. cm. | mn/hr
13,00| 5.80 |0.8411,.83]0.61] 0.84 | 12.47| 0.23 stang windse,
13.05] 5.80 | 1.63|2.43]0.60| 0.79 | 13.26| 0.19} 25.2 Difficulty in
13.10| 5.80 | 2.47/3.11]0.68] 0.84 ! 14.10| 0.16 reading and
meaguring the
- ‘ level,
13.20| 5.80 | 4.1510.6110.61! 0.88 | 15.78| 0.27 )
Subsoil at approx-
13.25| 5.80 4.95 1.26|0,65] 0.80 | 16.58] 0.15! 25.2 imately 5 om. is
- 13.30 5.80 1.85 |0.59 still dry. Water
13.35| 5.80 | 6.65(|2.470.62]| 1.70 | 18.28{ 0.49] 29.4 infiltrated down
13.40{ 5.80 | 7.48|3.100.63| 0.83 | 19.11| 0.20 _slope of approx-
imately 50-70 cm.
13.45| 5.80 | B.29]0.,65 [0.65| 0.8L | 19.92| 0.16| 21.6
13.50| 5.80 | 9.09[1.28 [0.63| 0.80 | 20.72| 0.17
13.55| 5.80 | 9.93]1.9210.64| 0.84 | 21.56} 0.,20] 22,2
14.00| 5.80 |10.83{2.61 |0,69| 0.90 | 22.46] 0.21 -
14,05 5.80 |*7.92]|3.20 0,591 0.82 | 23.28) 0.23] 26.4
14,10 5.80 | 8.77[3.85 [0.65] ©0.85 | 24.13] 0.20
* .
Refill
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Appendix 9.

Resulte of experiment to determine the effect of

surface cover removal on infiliration capacity.



‘Datet.«

Locations

301

128,

Infiltrometer Data Sheet

-v.......‘......-o-o-..!occ.o‘u.t

Boghall

Buryp,.Begball.Farw,.Colzium Ass,.

Land Use:..almprqvqi ah%qn.gnaaxng*¢J¥Uxh.L.

Soil Condition: . N&aTly 41, Jath mabiling in subsoil.

Surface COVGI‘S - - - oco].'g ngraﬂsosc -ccol‘rleﬂri 'U'.O%). LA R

......ﬁﬁ..'..-"....'....

...........0........

Slope Angle:.Flat,

Scale Reading Water Applied | Infiltration
.- Runoff
Time| Tank |Res. Remerks
Acc - A A Acca CM, rﬂrn/h.r
10.5d 6.60 0.00 | Scale reading and
N ' water applied in cm,
10.59 6.10 | 0.301 0.30| 0.30 0,80 0.80 [0.50
. ‘ ; - Moisture content .
" 11,00 6.10 | 1.00 | 0.80| 0.50 0,70 1.50 0.20 42.0
. of surface soil
11,05 6.0 1.6 1.32; 0.52 0. 2e2 0.23 .
5 6.05 9 52| 0.75 5 (0 - 4 om.)
11,10 6.00 |.2.41 | 1.86|0.54{ 0. { 3.02 | 6.23]27.6
2.4 54/ 0.77 { 3 .23 | 27 21.7 %
11.15 and subsoil layer
' - ' ‘ 12% ) 25.29
" 11.20; 6,00 3.85 [ 2.99]1.13|1.44 4.46 0.31 | 18,6 ( ) 5429 %
. . Bulk density 0,81,
11.25/6.00 |[4.50 |3.55]0.56]|0.66 5.12 |0.,10
: ' 1.10 gm/cc.:
11.30]6.00 - 0.56 |0.56 - - . )
, " Organic matier
11.35|6.10 |6.00 {1.04|0.48(1.40 6.52 0.36 |18.4 14.6 %, 8.08 4.
11.40(6,10 6.70 1.87 [0.53[0.T0 T.21 8.17 |20.4 Average rainfall
11.45) - - - -1 - - 82  mm/hr.,
i Strong wind shakes
- 11.50(6.10 |8.15 [2.65 [1.08}| 1.45 8.66 0.37 |22.2 :
‘ the instrument at
11.,5516.10 {8.80 |3.20 .55 0.65 0.10
: : . 11.30 hr.
12.00{6.10 |9.53 [3.76 P.56| 0.73 10.04 |0.17 {16.20

¥Ave, fOr 15 min.



129.

Infiltrémeter Data Sheet

Date:...‘...3:?:7@...........‘.I...-......“ ] ] O
i Ass, le: Flat .
Location:...?? ???%.???9%.395@%%%.@%?@:.Qngiﬁ: 1? Slope Angle

Land Use:...SD9eP, grazing, unimproved guaggland
SOil Condition: ..’I.I??'I:]:y..d.l:y..........'. YRR

‘ _ .
Surface Cover:....%99%.99??3%.??3¥.t@¥%..53%55

.....'....l.ll.‘.......C..........QI...I...'

Scale Reading Water Applied | Infiltration

' Runoft Remarks
Time] Tank |Res. ; ©
Aco.| A VAN Acc. cm, | mm/hr

Water infiltrated
12,05 6.10 110,20]0.55|0.55 0.67 10.71] 0.l2

into the soil only

- 10.86 1.06 0. 1 " 0.66 11.37 0.15 16.2 .
'-12.10 £:10 2 : 3 = 5 cm. from the

surfacé. Water took

12.20| 6.10 | 2.51]2.05/0,99] 1.31 | 12.68} 0.32] 19.2

considerable time

12,30] 6.10 | 3.90(2.9916.45| 0.70| 14.07| 0,25 27.0 through the root

to the real
12.35| 6.10 | 4.563.47]0.48] o0.66 | 14.73| 0.18| 21,6 |*°7° *° *he Te

: soil mass, most of
12,40 ‘6.10 - - - -

watér applied moved

12.45| 6.10 | 5.90/0.97]0.97{ 1.34 | 16.07] 0.37| 22,2 [taterally in the
root zone. :

12,50 6,10 - - -

When a hole was

12.55 | 6.10 | 7.26 [1.89[0.92] 1.36 | 17.43] 0.44| 26.4 | & and water was
poured into it then

quickly into the
[ - 0.8 1. 18.80 0.48 28-8 . .
13.05]| 6.10 8 63[2.78 9 37 . Soil ae exmected.

13.10] 6.10 | ~ [3.59]0.81} -

13.15| 6.10 | 9.94]0.24|0.24] 1.31 | 20.11}0.16] 9.6
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Infiltrémeter Data Sheet

Date’."’l..s..g..:risﬂﬂﬂ...‘.......l'...........

Location:..?oghall Burn

L L IR B BE LB BB

Lend Uses .. SPeEP,

LI I

3 . Bogha

g?azing,.unim

11 Far

asesews

proved g%

m, Golgium Ass.

Plot 1.

assgland -

LA N )

Soil Conditions..Nearly Ay . . ..i.iciieecnes

1004 cover

S‘Lu‘face Coverteiceasnsaasaesn

. very thick

L2 B B B BB AR R )

grass

.‘O...................-..‘C......'.....C'...

Slope Anglﬁ: FJ\att¢ .

Scale Reading Weter Applied | Infiltration
Runoff
Time| Tank |Res. Remarks
: Aco.| A\ FAN Aco. cm, | mm/hr ‘

13,20} 6.10 [10.55[0.67]|0.43] 0.61 0.18
7_13.25 6.10 8.00(1.08|0.41| 0.62 21.34] 0.21 23.4

13.30| 6.10 8.60|1.,51(0.43] 0.60 21.94 | 0,17 20.4

13.35 - - - - -

13.40{ 6.10 (10.00{2.40|0.89( 1.40 23.34 | 0.51 30.6

o



Date:.....212‘7

Location:.. ...

6
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Infiltrometer Data Sheet

‘.................‘l..l‘.-.....

Z near s

-.......‘.....

Boghall

n

FPlot 2

LR ] 2 ee s e

Land Use: ..shee .E‘?‘?i{‘gs omygﬂ. 19'?1-.....

Soil Condi‘tion:..p.ry..-.....--..-o-.........

Flat °

S]-Ope Angle. esee e

Surface Covers.Bare, 801l cgver is removed out before
.l..l..?ﬁ....."......'..............-COOOO
Scale Rezding Water Apprlied Infiltration
‘ Runoff
Time| Tank |{Res. Remarks
: Ace. [ AN | A Aco, cm. | mm/hr
14.00 6.60 0.00 Scale reading and
water applied in

14.05 - - - - - - PP

” cm,

14.15 5,90 | 2.50 | 1.55|0.55] 0.75 2,20 | 0.20| 24,0 | of surface soil

' (0-4 cm,)

14,20 - - - | - - ‘ 19.04 %
5’-4125 6020 3.12 2057 1.02 1.32 3a52 0;30 18.0 and BU.bSOil layer
14,30 | 6.20 | 3.82] 3.11]0.54| 0.70 | 4.22] 0.16 19.2 | (12" em.)

14.35 6.20 | - | 0.63] 0.63 - 15,58 %

14,40 6,20 | 5.20] 1,07/ 0.44 1.38 5,60 | ©0.31] 18, | Bulk density 0.75,

6420 | 5.86| 1457 0,50 0.66 6.26 | 0,16 1.90 gnfcc.

14.50 | 6.20 | 6.52] 2.11] 0.54| 0.66 6.92 | 0.12| 16.8 | grganic metter
25,00 | 6.00| 7.75| 3.14 0.52] 0.71 | 8.35| 0.9 22,8 | Average reinfall

15.05 - - -1 - - 80 mm/hr,

15.10 6,00 | 9.11| 1.0 1.05] 1.36 9.71{ 0,31 18,6




Date:
Locations: .. 02 near stream - Bogh

Land Use: .Sheep, gT

349476

20 ¢ 8O P A E N OREOP S EA TS EPH IR

azi
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Infiltrometer Data Sheet

ngy unimpro

all Burn

LI B B O B N

ved land

ssdnoennseee

.}pfw 2

Soil Condition:...P?Y.....----...--.........ﬂ

Surface Covert..

the experiment.

R R R R N e N R N N N E N NN NN NN N NN Y NN ]

Bare moil cover is removed out before

TE EEREERERENRERE N NN I N NI B NN N NN NN ]

[}
Slope Anglet..eee.

Scale Reading Hatef Applied | Infiltration
Runoff
Pime| Tank |Res. Remarks
Ace.| AN | A\ | Acos cm, | mm/hr
1.55| 0,50
15.20 | 6.00 |10.44 | 2.03|0.48| 1.33 | 11.04 | 0,35 | 21.0
- - - 2.48| 0,45 - ,
* ' * Refill to 0.00
15,30 | 5.95 | 1.25| 2,98/0.50] 130 | 12434] 0.35 | 21.0 | yery strong wind,
‘ 3,42 o 49 difficult to read
~ ~ * * ‘ the scales,
15440 . 2455 0.45) 0.45] 1430 13.64 | 0,36 21,6 ‘
2:40] 5.9 > : : . Hater infiltrated
15.45 - - 0.85 0,40 _ into the so0il ¢. 4
- 5 c¢m. despite soil
15,50 | 5495 | 3.85| 1.36 0.51| 1.30 | 14.94| 039 | 2344 | .0ne. yerelarge,
B 1.77 0441 air entrapped under
T neath might impede
16.00] 5.95 | 5.18| 2420 0.4} 1,23 16,17 0439 23.4 water moving down-
2.6d 0.46 wards or because of
wetting resistance
16,10 5095 | 6443 3.0 0437 1425 | 17.42] 0.42| 25.2 |of dry soil itself,
- Dry dust floating up
pver the water surfac
when poured, into the
naly
the hole duge.
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Appendix 10,

Results of experiment made on the alluvial fan.
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Infiltrometer Data Sheet

Bate:‘...']..9..:7.6.......‘.‘....‘....-....‘.’.

. o
Loca‘tion: . -.H-)gb'-a!']v'-m sseeveres .?]..O.t. .N.'O... sesw Slope A.ngle: .g%. P
' i
Land Use:.. .IP?'F???(}:{'%GL .f.o.:.r. :;.h.e??.gz"a;z. .z:g. cee
" egrass
’ Soil condition'.?..DH..-...‘...............-
Surface Covers. B???.Ef?j:l. :".:i.tp. some .]::E‘EE%!':S. .
Scale Reading Ha‘bei‘ Applied | Infiltration B
Runoff | | .
Time| Tank |Res. : | Remarks
Aco.| A\ VAN Acc. om. | mm/hr ‘
k.3 .
10,30 6,50|40,05 | = Scale reading and
‘ , water applied in
10435 5.60| 0,07 | 0.52|0,52| 1,02 | 1,02 | 0.50 cm,
© 10,40 5,70{ 1.04 | 1.22{0.70] 0.87 | 1.89 | 0.17| 40,2 | Moisture content
. of surface soil
10.45 5.70] 1.86] 1.92| 0,70 0,82 2.71 0,12
(0-4 cm.)
. 10,50 5.T70] 2.70| 2,59 0,67 0.84 | 3.55 0,17 1T.4
' 16,08 %
10,55 570 3455| 30311 0.72] 0485 | 4.40 0.13 and subsoil layer
11,00 5,70 4.36] 4.04 0.73] 0.81 | 5.21 | 0.08] 12.6 | ( cm.)
11.05 5,70| 5.21| 0.6 0.68] 0.85| 6.06 | 0.12 %
11.10 . 5.70] 6.03| 1.394 0,70 0.82| 6,88 0,12 17.4 Bulk density
11.15 570] 6.85| 0,29 0,71 0.82| 7.70 0.11 1,31 en/ce.,
11.20 5,70 T.62| 2,79 0.6 OC.77| 8.47 0.11] 13.2 Organic matter
11,25 5.7 8.50| 3.4q 0.69 0.88| 9.35 | 0.23 6 - %
11,30 DeTd 9.25 4.1¢ 0,70 0.751 10.10 0,09 16.8 . .
. Average rainfall
11.35 5.7d 20.08 0.64 0.6 0.83 | 10,93 | 0.1 | o
_ 99  m/hr,
11,40 570 10,90 1.3? 0.67 0,821 11,75 0415 18,0

* Water level is 0.05 cm. above the 0,00 level.

»
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Infiltrometer Data Sheet .

Date:.....lﬁﬁﬂni............................

Location:.. Roghadl . Tamm, . ....... .. V30t Haal.. "~ Slope Angle:.:....o
Land Use: . JUOFOyed. 1and for, sheep. erezing....

'S0il Conditions.eesee B ovseneceorrocrsanas

“Surface Cover:.D5are, 8eil with pome, littexs, ..

L B B IR B B B B BN N BB AR B BE BN N B BE NN R SR BN BE A B B NE O NN N I BN BN NN

Scale Reading_ . | Hater Applied Infiltrafion

, Runoff
Time| Tank |{Res. Remarka

Acc.| A\ FAN Acc. cm, | mm/hr

Error may be caused

"11.45| 5.70 | 1.36 | 2.02|0,67| 0,76 | 12,81 | 0,09

: by difficulty in
11.50| 5.70 | 2,17 | 2.65]0,63| 0,81 | 13,32 | 0,18 | 16.2

scale reading-duel
11.55| 5.70 | 2.98 | 3.32|0.67| 0.81 | 14.13 | 0.14

wind shakes,
x .

12,00 5,70 | 3.80 | 0,69 0-69 0.82 | 14.95 [0.13 | 16,2 Some drops flow

o across the rainulator
12,05| 5.70 | 4,62 | 1,38]0,69| 0,82 [ 15,77 | 0,13

surface and join with
12.10 5070 -. 2003 0.65 - - - -

the others, this

: results from the
12.15] 5470 | 6422 | 2,69[0.66| 1,60 | 17.37 | 0.29 | 17.4

evap. of water applie«

. 12,20| 5.70 | 7.08 | 3.38|0.,69 0.86 | 18,23 | 0.17 which condenses and
-+

- , lings to the bott
012,25 5.70 | 7.90 | 0.69|0.69| o0.82 | 19.05 |0.13 | 18,0 [CT1TRES FO “he bottom

face of the rainulatm

12,30] 5470 | 8468 [ 1.35(0.,66| 0478 | 19,83 | 0,12 The instrument also

12.35] 5.70 | 9.50 | 2.04|0.69| 0.82 | 20.65 | 0.13 | 15.0 |S@ffers from dust

clogging the rainulate
12,40 5.70 |10.34 | 2.72|0.68| 0,84 21,49 10,16 | . r holes which results

uneven flow rates.

h 12,45 5.70 {11.20| 3.39i0.67| 0,86 | 22,35 | 0.19 21.0

: +
12,50 5,70 {Refilll 075{0.75 - - -

12,55 5.70 | 7.60| 1441(0.66 - - -
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Infiltrdmeter Data Shoet_

Date:...z:?‘.".sﬂ..ﬁ...........l.‘..l.'l.d;.l..
Locations..@qahﬂl}.y???...........?}9?.13?21...
Land Use:..lmEroved, land fox, sheep, grazing....
SOil Condi'tionz......m..o..-..-...........

Surface Covert .-.B.B‘.r.e. ??:’1‘].' ."P;t.}i Some, }}????E.' ees

..C..'.......‘................“......'.I...

Slope Angle:..??i.

Scale Reading

Water Applied ‘Infiltration

13.15

Runoff
Time| Tank |Res. | Remarks
: Ace. | AN | A Aco. cm, | mm/hr |
. 13.05 5470 9.25| 2,79| 0.69 0,80 24,00 0.1l 16,2
13,10 5.70 10,10 | 3.52|0.73 0.85 24,85 0,12 '
5.70 110.95 | 4.23|0.71| 0.85 | 25.70| 0.14] 15.6

©
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Infiltrometer Data Sheet

Date=....7..-9:?.6....-.-......’............'..‘.
. o

Looa'tion:..P?g.gea;];.w.;--u----Iil.ont--z..... SlOpB Angle: .]l%..o

Lend Use: .. mproved grass, land fox sheep grazing

Soil Condition:...T%s Aldlviel seil _ . _ .

Surfa.ce Covers....2.%..-........--....-.....

" Scale Reading Hater Applied | Infiltration 5
, Runoff '
Time| Tank |Res. Remarka
UL IVANE BRVAN Aco. cm, | mm/hr

14.20 | 6,60} 0,001 - Scale reading and
14.25 | 7.00 | 1.55 |0.70(0.70 | 1.05 | 1.05 | 0.35 .| water applied in
~ : cm,

14.30 6.10 | 1,77 {1.65(0.95} 1.12 2,17 | 0.17| 31.2 Moisture content

14,35 5;70 2,30 | 2,54]0.89 | 0,93 3,10 | 0,04 of surface soil
14.40 | 5,60 | 3.10|3,10]0,76| 0,90 4.00 | 0.14] 10.8 (0-4 cm,)
x | 19.62 %

14,45 %60_1| 3,9610,85[0,85] 0,86 4,86 | 0,01

* and subsoil léyer
14,50 5060 | 4.80 | 1,65|0.80| 0.84 5.70 | 0.04 3,0

( ; 12+ Cmo)
14.55 5.60 | 5.70 | 2.49]0.84| 0,90 6.60 | 0,06 21.75 %
15.00 5660 | 6.55| 3.29(0.80| 0.85 7.45 | 0,05 6.6 | Bulk demsity 139,
15,05 5460 | 7.40| 0,82[0,82| 0,85 8.30 | 0,03 1.23 - cCa

;5.10 5.60 8.29 1.65 0083 0.89 9019 0.06 504 Orga.nic matter

. 15.1-5 5.60 - - - - - . ‘ 607%’ 5.7 % '

" 315,20 | s5.60 | 9.82] 3.05/1.40] 1.55 | 10.72 | 0.13] 7.8 Average rainfall

15.25 | 5.60 |10.78| 0.85|0.85} 0.96 | 11.68 | 0.11 104  my/he,

- 15,30 560 111,621 ),61 0;76 0.84 12,52 | 0,08 11.4
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Infiltrometer Data Sheet

Date:.....1'9..‘..................I.......-.....

Boghall Farm Plot 2

Loca‘tlon: E R E N ERERXENE NN N IS N I NN N AN N N NN NN

Land Uses .= mproved grassland for sheep grazing

..l.‘.. aesassstoassved

| SOil condition’ - P?y,cﬂ}lozvo];%l- .S.O.il. essnssasese

S'urfa-ce Covér:....2%.....-.--.-.-...........

- A
PSR B RN R R O R R R A R RN BN BE AL B NE BT R BN R BE BN L B NN B N NI BN N AR N

Slope Angle;

OJ:%. .00

t . Scale Reading Water Applied Infiltration
' Runoff
Time| Tank |Res. - Remarks
Acc.| /\ AN Acce cm, | mm/hr
15,35 | 5.60 | 1.80} 2.45( 0,88 0,590 13.42 | 0,02
_ 15.40 5460 2.65| 3.28/ 0.79| 0,85 14,27 | 0,06 4.8
‘ ' x
15.45 1 5,60 | 3.50| 080, 0.80| 0,85 15,12 | 0.05
15,50 | 5.60 | 4431 | 1.61] 0.81 0.81 15,93 | 0.00 3.0
a 15,55 | 5.60 | 5.11| 2,40 0,79 0.80 16,73 | 0.01
16,00 560 6,00{ 3.24 0.84] 0.89 17.62| 0,05 3.6
< :
16,05| 5.60 | 6.85| 0.8( 0,80 0,85 18.,47| 0.05 | —
16.10 5660 T«TO| 1.59 0.79 0.85 19.32| 0,06 6.6
16.15| 5.60 | 8.60| 2.4d 0.81 0.90 | 20.22| 0.09
C L edbo20| 5460 | 9.42] 3417 0.77 0.82 21.04| 0.05 8.4
' x
16,251 5.60 | 10.26 0.84 0.83 0.84 21.88] 0,01 |
16,30 5,60 [ 11,111 1.59 0.76 0,85 22,73} 0.09 6.0
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Appendix 1l.

Resulte of experiment to investigate lateral

waier movement.
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Infiltrometer Data Sheet

17411,76°

Date:-....".l....‘.................-......‘.

Bog Hall Farm Alluvial fan Plot No.1

‘o
Loca‘l‘-iont.... S e P I ISP SN EBEEOELPREIEINTEEERILE Slops Lnglﬁ:F:Ji%t..

Land Use: ... 0590 §5az%ing,, Jwproved grasslend
Soil Condition:.7.11‘25.3.1'5............._---.....
Surface Cover:....é%......n..........-....

L L BE BB B I BN OE BN BN O N NN B NN RN R O B BN N K B BN BN BE O BN A BE B NE BN B OB BN BN A BN N BN )

N Scale Reading Water Applied | Infiltration
Runoff '
Time| Tank |Res. Remarks
ClAce ] A | A Aco, cm. | mm/hr
10.45 | 6.00 | 6,00 : - - © Scale reading and
‘ _ . water applied in
© 10,50 5,50 | 0,30 {0,44(0.44| 0.70 | 0.70 | 0.26| 31.2

. Chi,

10455 5650 | 1,02 [1.2310.77| 0.73 | 1.43 " Moisture content
11,00 5650 | 1,70 l_-79 0.58| 0.68 2,11 | 0,10} 12,0 of surface soil
11,05 5.50 | 2,32 | 2.38(0.59| 0.62 | 2.73 | 0.03] 3.6 (0-4 em.)

- | o 6o " | 33.17 %
11,10 5¢50 | 2,95 | 3.,00|0, 0.64 | 3.37 | 0.0 L3 and subsoil layer
11,15 5635 | 3.60 | 3.66]0,66] 0.65 | 4,02 | 0,00 0,0 ( 20" cm.)
11.20 | 5.30 | 4.15 ]| 0.62{0.61| 0.65 | 4.67 | 0.04] 4.8 33.40 %
11.25 5.50 4080 1.20 0058 0.65 —5.32 0007 804 Bulk density
11,30 5.50 | 5.45| 1.79]0.59| 0.65 | 5.97 | 0.06] 7.2 |1+31s 1.27 ew/cc.
11,35 5,30 | 6.10] 2.40/0.61| 0.65 | 6.62 | 0.04] 4.8 Organic matter

C11.40 | 5.30 | 6.70] 2.95/0.55] o0.60 | 7.22 | 0.05] 6.0 - %
- . o- | » . - .6 . .- ' 6.0 : ot .
1} 45 530 | T435] 3455{ 0.60 0 5 T«87 | 0.05 Average ¥ all
11.50 | 5.30 | 7.95| 4.15/0.60| 0.60 | 8.47[ 0.60] o 77  on/br.
11,55 | 5430 | 8.63]| 0.65 0.60] 0.63 | 9.10] 0.03| 3,6
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Infilfrometer Data Sheet

7 Date:. oal -.:o].-];:?é

.............'....-.......‘..

Location= . :.ng.g?‘];].' .F:aorﬂ sse s -}ryla]i senseonead 191; NO.1
S

8

10) graz....'.PrOVEd ?3331

Land USe=| aBase seseen 6.....-.'0
SOil Condition:.-szs-.-......--....-....-....
-Surface Cover:..g%.........-...............

LR B B R A N Y B B R B A A I A RN B B R B O BB R IR B N B N R NI N

]
Slope Angle:.Elat.

Scale Reading' Water Applied Iﬁfiltration

Runoff

Time| Tank |[Res.

Acc. | A | A\ Acoc. cm. | mm/hr

Remarké

Water isg collected

in 5 min. intervals,

‘base unit is sealed

to the soil with

model clay.

Soil was dug up

to invesiigate to

the depth ofl2t em.

no tface of hollows

or decayed materails

however, it was very

difficult to determin

the wetting front

under both areas’

12,00 | 5.30 |9.25 | 1,19 0.59 0.62 | 9,72 | 0,05 | 3,6
12.05 5.30' 9.88 | 1.80 0.6) 0.63 |10.35 | 0,02 | 2.4
12.10 | 5.30 10.51 2.40 0.60 0,63 |10.98 | 0,03 | 3.6
12,15 | 5.30 b1.22 | 3.01 0.6 0.65 |11.63 | 0.04 | 4.8
12.20.| 5.30 {0.63 | 3,61 0.60] 0.6 |12.26 | 0,03 | 3.6

112425 5.50- 1.25 3.62 0,62 0.64 '12.90 0.02 | 2.4

‘.12;30 530 1;50 Le24] 0.62) 0.65 | 13.55 | 0,03 | 3.6
12,35 5430 |2.55 | 1.84 0,60 0.65 | 14.20 | 0,05 6.0

12040 5.30 [3.19 | 2.43.0.59 0.64 |14.84 | 0,05 | 6.0
12,45| 5.30 |3.82 | 3.04 0.61 0.63 |15.47 | 0,02 | 2.4
12,50 | 5430 [4.47 | 3.66 0,62 0.65 |16.12 | 0,05 | 3.6

22.55] 5.30 |5,07 | 4.260.60 0.60 | 16,72 | 0,00} o0

640

which were applied.

" 33,00] 5.30 |5.72 | 4.8d 0.60_0.65. ] 17.37 | 0.05

equal rain and fdr

long period of time,
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Infiltrometer Data Sheet

Date: 19.11,76

S0 03 B FPTB LI B PO PP LB RSP D P RERES S

Bog Hall Farm Plot No.,2 Alluvial Fan

Locationt.....-.-.-.-.-....-................

)
Slope Angle;. flat -
Land Use: Improved Shee zing‘...;_‘.‘

as o0t bRt - LN R N

Soil condition:.f.@?%%?oc.oo.;oo'otooctu.o.c

Surface Cover:..-ég%....-.......-....;.......

L X B AE B O B N RN BN BN R AN NE RN NN BN BE BB B N BE BN BLBE BE B N BB B O N B NN

Scale Reading Hater Applied Infiltratipn
Runoff
Time| Tank {Res., Remarks
Acc.| A\ 2\ Acc. cm. | mm/hr
L ] 60 0.
10445 09 _ ©0 Scale reading and
.}0.50 5055 0045 0045 0.45 0’90 0‘90 0.45 . 54.0 waterAapplied in
10.55 | 5.55 |[1.32 [1.17(0.72| 0.87 | 1.77 | 0.15| 18.0 | cm.
11.00 | 5.55 |2.15 {1.92]0.75| 0.83 | 2.60 | 0,08] -9.¢ | Moisture content
111.05 | 5.55 |3.01 |2.63 0,71 | 0.86 | 3.46 | 0.15| 18,0 | OF Ferface soil
' ‘ J ‘ (0—4 om. )
11.10 555 - 5435 (0,72 - - -
x 34.91%
.11015 5055 4070 0;76 0.76 1.69 5.15 0.21 12.6 Bulk denSity
11,20 | 5,55 | - li.47l0,71] - - 1.56 em/cc
11.25 | 5.55 |6.31 |2.15(0.68] 1.61 | 6.76 | 0.22| 13.2 | Rajnfall rate -
11,30 | 5.55 [7.2 ] - 0.81 | 7.57 95.5 mn/hr.
C11.35 | 5455 [ 7.89 [3.53[1.38| 0.77 | 8.34 | 0,20 12,0 | Very strong wind,
: % . reading can not be
- 11.40 5¢55 | 8,64 | 0.TO0[0.70 )| 0,75 9.09 | 0,05 640 |done in every 5 min.
- _ ‘ as designed, but
11.45 5655 | 9437 11,40 0,70 0,73 9.82 | 0.03 3.6 .
: —] excess water is .
11,50 | 5.55 P0.14 |2.08/0.68| 0.77 | 10,59 | 0.09] 10,8 |Pumped out in 2§ min
+0,00 ‘ | intervals.,
- 11.55 555 [Refill| 2.7710.65 -
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Infiltrometer Data Shesat

Da‘tez..................-..-.o-u--.--......_.

) Location= .?95 -IEa-lol. .F:a.or;n- . .?]l-?t‘ -Nlot.-zo LR %}mal Fan Slope Angle: .F,,l.a'.#. .

Land Use: ..I‘ﬂnnqv.e.d. SW?P.Wﬁz:hi&---uu--u-
Sqil Gondi‘tion:.._M.o.i.s.t........-..............

Surf&ce cover:‘...4%..........'...'......I.

L K LI I I O BN IR B R B B IR B RN LR B R B B B BN N N

 Scale Reading Hater Applied Infiltgation

Runoff
Time| Tank |Res. - Remarks

Ace. | AN | A Aco. cm. | mm/hr

. 12,00 5. 55 1060 5045 0068 1.60 12019 0-27 1602 Water inf:i.l'tré'.ted
X . . ' .
12,05 5655 | 24331 0.70/ 0.70] 0.73 [12.92 | 0.03 | 3.6 {into the soil to the

. depth of 12 -~ 15 om.
12,10 555 | 3.06| 1.40 0,70 0.75 | 13.65 | 0.03 3.6 |but at this level

the soil was very
difficult to-

12,20 5.55 | 4.59| 2,771 0.65] 0.77 |18.18 | 0,12 | 14.4 |distinguish from
.3.’2.25 555 | 534 3447 CaTO| 075 | 15.93 | 0.05 6.0

12,15 | 5.55 | 3.82| 2.68 0.68| 0.76 |14.41 | 0.08| 9.6

that nearby because

subsoil was rather

— wel. No hollows

but some rock

outcrops scattered

_ . _ in subsoil.
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Infiltrometer Data Sheet

19,11.76

Da.tezCQGOCOOOOQO..C..-OOCOI.'........‘...QUO

Location:....Boghall Farm, Ploi

L IR B ) .-....'3...'..'....
Land Use:..... J2RECTed, grassland,, sheep, grazing
Soil Condifion:.foM-o.i.BF...........----...--..

s‘lrfa'ce cove;‘:.'.sﬂ L3 B IR BN B BN BN BN BN BN N BN B IR BE BE B NN O B N N N ]

L I I R I NI B B O BN B BB B BB B R B B I AL B BB A B B A B N

o
Slope Angle: Fiak, .

Scale Reading Water Applipd Infiltration |
) Runoff
Time| Tank |Res. i Remarka
{Ace| AN | A\ Acos cm. | mu/hr
- 13.05 6.30 (00,00 Scale reading and
13,10 | 5.60 | 0,20 0,65/0.65] 0.90 | 0,90 | 0.25| 30,0 | water applied in
13,15 .60 | 1,08 | 1.51(0,86 0.88 1.78 0,02 244 T ch,.
13,20 | 5.60 | 1.91| 2.29|0.78| 0.83 | 2.61 | 0.05| 6.0 Average rainfall
101 mm/hr.
13,25 560 | 2,78 | 3.,11|0,82 0,87 2448 0.05| 6.0 :
. ' | Water is pumped out
3.3‘;30 ) 5.60 3.63 0.790¢?5 0.85 4.53 . 0.06 7.2 i 1 . .
| - , n 23 min. intervals,
13,35 560 | 4447 | 1,58/ 0.79] 0.84 | 5.17 0,05/ 640 | no sealing materail,
% ind
13,40 | 5.60 | 5.32| 2.38/0.80] 0.85 | 6.02 | 0.05| 6,0 |F-TORE ¥Wind and cold
_ , weather.
13445 | 5460 | 5499 2496/ 0,58 0.67 | 6.79 | 0.09] 10.8 Soil was dug up
13,50 | 5.60 | 6.80| 3.70/0.75| 0.81 | 7.60 | 0.08f 7.2 [? Wde arvea to cover
the plot and buffer
Ereas, wetting front
at c. 5 - 10 Cm. was
investigated by 7
smoothing {the
vertical surfgde with
thin knife,only
darker colour nearly
| thesame level wuas '

‘observed,



