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, .Y = 0,65 X - 0.005 (inches) (r = 0.938)
which agrees very well with the previous yearis
Y = 0.61 X - 0.04 (inches) (r
The equation from the pooled data of both years is
Y = 0,61 X - 0.02 (inches) (r = 0.948)
When sufficient information is available to determine a

0.948)

{l

suitable moisture depletion curve; and to establish the relation between
surplus and run~-off, the method allows fairly accurate estimation of both

occurence and quantity of surface run-off from rainfall records.

11.4.2. Soil Loss from Field Scale Plot.
As it has been shown both in the case of pure splash, and

for combined splash and wash-off ercsion on the smsll soil %rays, that
the main factor controlling erosion is the parameter (K.E.>» 1), this
is the obvious starting point for analysing the soil loss from the
field plot. The data is plotted in Fig. 11.10. and gives the least
squares regression

Y = 0,083 X ~ 2,6 (r = 0.943)
where Y is the soil loss in 1b., and X is (K.E. > 1) in ergs x 103/cm2.
The correlation is so good that this relationship is sufficiently
precise to estimate soil loss, but again the possibility of improvement
from subsidiary variables was considered. Variables clogely related
1o enérgy, and so tested as multipliers, were 130, the total rain, the
amount of rain at intensities grcater than one inch per hour, and the
duration of the storm, but none of these improved the correlation,
It was found in the previous section that run-off was influenced not
only by the amount of rain, but slso by the preceding rainfall, and so
as Tun~-off is to some extent independent of the rain in a particular
storm, it was combined in a multiple regression of the form

Y (soil loss) = £ (energy) + f (run-off).

'Listing variations from the regression equation on (K.E.> 1)
against quantity of run-off, and against average rate of run-off, both
showed a positive association, suggesting that either might be useful
as the secondary variable. Ezekiel's graphical method of successive
approximations {173) was used to cobtain a correction term for both
factors.” These are shown in Figs. 1l.l}.and 11.12. and are of very
similar form. The nature of the correctionis quite logical.

When the quantity of run-off, or average rate of run-off, is small,
all the soil detached during the storm is not transported, giving

low recorded values of soil loss. When the volume, or rate, is high,
the run—off acts as an eroding agent and picks up extra soil as well
ags that detached by the splash process. Either quantity or average

rate of run—off is equally eofficient as an estimator of this secondary
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effect. When allowance igs made fér the run-off effect, the regressions
(Pig., 11.13. and Appendix 12) become
T, = 0.0775 - 1.0 (r = 0.973) (run-off quantity)
and Y, = 0.0774 - 0.1 (r = 0.982) (run-off rate).
The differences are not significant and both give a very satisfactory

i}

]

explanation of the relationship. For the conditions of these experi~
ments, this method of introducing an allowance for the secondary effects
of run—-off is evidently more suitable than empiricel multipliers like
Wischmeier's "130“ index.

An interesting variation of the run-off effect appeared during
the 1961/62 scason. During unusually heavy November rains, a miniature
gully formed on the bare plot (Plate 11.1.). This concentrated the
run-off water, and increased its velocity and scouring action. The
secondary c¢ffect of the additional soil loss caused by scour was thus
more important than when the rurn—off was in the form of sheet flow in
previous years. However, the main relationship between soil loss and
(K.E. > 1) was still dominant.

The conclusion is that soil loss from the field plot is very
largecly determined by the (K.E.> 1) factor, with a secondary variable,
of minor imporitance, which depends upon the physical conditions con-
trolling surface flow. This sccondary variable only has a significant
efféct in the cascs a) when there is so 1little surface flow that the
detached soil is not all transported, and b) when the surface flow is
canalised by surface conditions so that is hos appreciable scouring

action.

11.5, THE U"DESIGN STORM" FOR A RAINFALL STIMULATOR.

The possibility'was discussed carlier of establishing a "design

storm" for a rainfzll simulator by dotermining the type of rainfall which,
in the long term, causes most erosion. A tentative solution to this
problem is shown in Fig. 11.14. A linear relation has been established
betwoen arosivity per unit rainfall and the cenergy parametfer (K.E. > 1).
(Fig. & from Figs. 11.2. and 11.10.). The relation between (K.E.> 1)
and intensity rises rapidly to approximately 3 inches/hour and then levels
off. (Fig. B from Fig. 8.19.). The relationship of erosivity per unit
rainfall to intensity therefore has the same form (Fig. C). Rainfall
records show that the relation between quantity of rain and intensity is
of the form shown in Fig. D. Combining Figures C and D gives the total
erosion for any given intensity (Fig. E). At low intensities the
iacrease in (K*E. > 1) is greater than the decrease in gquantity of rain,
s0 the product B x @ increascs. At high intensities the opposite occurs
and E x @ decreascs. The peak of B x @ determines the critical level

of intensity at which most erosion occurs. The exact value depends

upon the shape of Fig. D, and maywry slightly, but it will be close to

the point at which the (K.E. > 1)/intensity relationship changes, i.e.
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Plate 1d.1.

-215-

The bare soil plot of the mosquito gauze experiment.
(Plot 20, Experiment I/3). The small gully formed
during November 1961, after considerable erosion in
the previous eight seasons. The soil level is

about 6 inches below the originel level.
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about 3 inches/hour (Fig. 8.19.).

11.6. SUMMARY.

The sequence of analyses has shown that working progressively
from the simplest case of sand splash to that of soil loss on a field
scale, the mechanical process is essentially the same. The effect
described variously as the raindrop impact effect, splash erosion,
or particle detachment is the primary agent in the erosion process, -
piimary both in time and in importance. The sxtent to which rainfall
has the power 1o cause this effect is defined as the erosivity of the
;‘ain9 and may be quantitatively estimated from a function of the
kinetic energy of the rain. This is a major step forward and means
that the amount of erosion can also be estimated from rainfall data,
once the relationship is established between this potentiai ability
to cause erosion, and the actual erosion which occurs for a particular
set of soil conditions or soll erodibility.

Expressed mathematically, it has now been shown that

Erosion = b {K.E.> 1) + a
and the a and b constants have been evaluated for each of the set soil
corditions in the analytical experiments. As these conditions range
from simple splash to field erosion it is highly probable (though not
yet conclusively prcven) that the form of the equation will apply %o
all conditions, that is all erodibilities. But the constants will be
different for every set of soil conditions, and the quantity of ercosion
caused by a given erosive power will vary for different soil types;
slopes, or vegetative covers.

In Part IV this information forms the basis for the design
of an artificial rain making device which will allow the assessment of
any erodibility under suitable constant erosivity. In Part V the
information is applied to some of the results from the field scale
experimental plots to estimate the erodibility of practical soil and

crop conditions.
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PART IV, RAINFALL SIMULATORS.

CHAPTER 12,

REVIEW OF PREVIOUS RAINFALL SIMULATORS.

12.1. HISTORICAL DEVELOPMENT,

At an early stage in the history of erovsion and run-off
research, 1t was appreciated that the results of field experiments
could and should be augmented and amplified by studies using
artificial rain, either in the field or in the laboratory. Since
the early nineteen thirties many types have been developed and
constructed, and although the literature contains more references
to the design and operation of simulators than to results obtained
from their use, nevertheless several machines have been successfully
used for various specific purposes. The early interest indmulators
arose from their potential use as infiltrometers, i.e. to‘study water
intake rates, ratherthan to measure soil loss. Early types of
infiltrometer measured the intake of water enclosed in an open—ended
cylinder pressed into the soil surface. (Musgrave 205; Musgrave
and Free 206). Refinements of this technique included the use of
an outer cylinder to provide a buffer area (Nelson and Muckenhirn 207),
devicesd to maintain a constant shallow head of water, and a metered
water supply (Cox 208). This method is still widely used for
practical field tests of infiltration rates for irrigation studies
(Haise et al. 209). Realising that standing water with an
appreciable head is an artificisal condition, Pearse and Bertleson
(210) applied the water in the form of a thin laminar flow at the
top edge of a small sloping plot and measured the run—off in a
collecting device at the lower edge. However, unless the water

is applied as falling drops the effects of soil structure degeneration
| and surface sealing are not included, and only comparative infil-
tration rates may be obtained. In addition Free (211) and
Hendrickson (212) showed that the turbid water from natural or
simulated rain has much lower infiltration rates than the clear
water nomally used in ring infiltrometers. The next stage in
the development of infiltrometers was therefore to apply the water
a8 simulated rainfall, and after this had been done it was realised
that such 8 device could equally well be used to measure soil
erosion effects. The United States Soil Conservation Service and
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Forest Service developed a number of spraying type simulators during
the nineteen thirties. Some of these aimed at putting down known
guantities of water, others controlled both quantity and intensity,
and this led to discussions of the relative merits (Kohnke 213)

and the first comparative tests in 1940 by Laws (13). Realising that
the size and velocity of the drops has a profound influence on
splash erosion, Laws went on to his classie studies of drop velocity
(39) and of drop size distribution (119). Using this knowledge

of the characterisiics of natural rain, V.D. Young designed the

Type F nozzle (Wilm 214) which was used extensively for many years,
and only superseded a few years ago by the Meyer simulator (121,
215, 216, 217) which is based not only on suitable drop size and
velocity, but also on erosive power. :

Parallel with this dovelopment of spraying type simulators,
mainly for field use, several other methods were introduced, usually
for laboratory studies, or for a specialised purpose such as rapid
field tests of relative soil erodibility. In the present investi~
gation the object is to apply the new knowledge of subtropical rain
to design a general purpose field simulator forlocal use, (the design
requirements are given in Chapter 13), but since design features of any
simulator may be applicable to these requirements, it is convenient to
Vreview the more important carlier types according to the method of drop

production rather than by considering their purpose.

12,2, QSIMULATORS WITH TINDIVIDUAL DROP FORMATION.

12.2.1. Thread Droppers.

The rainfall applicator of Ellison and Pomerene (218)
was designed initially for laboraitory studies on the nature of
splash erosion, and enabled Ellison to carry out his pioneer studies
in this field (14). Water was allowed to drip (later sprayed)
onto a screen of opern~mesh wire netting covered with muslin. At
each pocket where the muslin sagged into the wire mesh a length
of cotton yarn was fastened underneath so that the water soaking
through the muslin formed drops which fell from the yarm. Various
thicknossos of yarn , wool, and other threads, were used to give
different drop sizes, and the whole apparatus could be suspended from
the 1aboratozy ceiling at any chosen height. To give a suitable
distribution of rain on the soil samples at floor level, the drop-
forming tray was vibrated by a motor-driven rocker. This fairly
successful design was also used by Woodburn (196) in laboratory

studies of the effect of soil structure on splash erosion, and



@ 20

by Goodman (219) to test the effect of chemical soil conditioners.
A larger machine using this methed of drop fommztion tc rain onto
soil tanks of 1/1,000 acre was usced by Basu, Puranik and Ballal
(220, 221,), in India. Although Ellison's first simulator was
designed for laboratory studies he later (27) designed a larger
version mounted on a truck for field usec. A telescopic frame
carried the shower hesd and gave a drop fall of about 15 feet,

and the rain could be applied to a plot 5 feet square. This
design was successfully used in Texas to test both erosion and
infiltration (Ellison 2223 Sreenivas ct al. 223). Osborne (224)
cbtained new deta on ground cover with an improved version of the
apparatus, also in Texas, and this same model was later transferred
to Wyoming for infiltration studies of forest lands, (Raﬁzi and
Zingg 225; Barnes and Costel 226).

The main disadvantage of this apparatus, and indeed of
any system which depends only on gravity to give the drops velocity,
is that it is seldom practical to use heights of fall of the order
of 25 feet, as is necessary to achieve the terminal wvelocity of
nabtural raindrops. A second problem with field instruments is

that screens must be provided to avoid interference by wind.

2le2e2. Nozzle Droppers.

As an alternative to forming drops on hanging threads,
many workers hove used small diamster tubes or nozzles from which
individual drops of constant size are produced. The simplest
variation consists merely of allowing single drops tofll from a
burette, as used by MeCalla (227) and Rai et al. (228) in laboratory
tests of structure. Large drops of the order of 5 or 6 mm.
diameter are formed and usually fall only a few foeet. Vilensky
(229) used a combination of tests to assess erodibility using both
single drops and a spray to measure aggregate breskdown. To measure
the breskdown of structure under conditions approaching those of
tropical rainfall, Pereira (230) required a high impact effect, and
allowed drops of 6 mm. diameter to fall through 2 metres onto soil
samples, assuming that extra large drops zchieving 50% of their
terminal velocity would have an c¢ffect comparable to smaller drops
falling at terminal velocity. Ten jets, made from thick walled
capillary tubing, applied rain at the rate of 6 inches/hour for
ten minutes to small test cylinders a few inches across. A very
similar principle was used by Adams (231, 232) for a portable
simulator designed for field tests of soil erodibility in the
undisturbed state. In this instrument one hundred nozzles in the
shower head gave drops of 5.5 mm diameter from glass capillamy
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