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CHAPTER I
INTRODUCTION

A particle of sediment is a particle of rock fragment cr a minersl
and it is the hy-product of erosion (Gottschalk, 1964, p.14) Its
movement, particularly by water, is of great impurtanse to Man, Not
only does this movement lower the land surface by several metres per 1000
years (Judson, 1968, p,358) and modify the hill slopes (Gerlach, 1968,
Pe129) but it also affects the < velopment and the progress of any mation
new or old (FA0, 1965, ,.3) In fact, its uncontrolled removal by water
in nature is a scourge causing videspread damage to cultivated land in
Africa and Medagascer (Charreau, 1968, p.241) and its deposition hes
already cost Americans millions of ddllars ammually (Gottschalk, 1964,
pe3)

It is therefore not surprising to find that the study of this
movement and the resulting sediment yield, "which implies a consideration
M&MMM*MM,&MWm
the important notiom of the magnitude and frequency of denudation
processes" (Douglas, 1968, p.2), has attracted not only the geomorphologists
but also the agriculturists, the economists, the hydrologists, the geologists,
engineers and technologists, In the process several methods of sediment
collection have been thought out and employed for the study, These
methods can be broadly classified into those which depend cm the
sediment load of the stream or river water and those which study the
sediment yield on the site itself,

SEDIMENT LOAD SAMCLING
Tvo examples of the methods which depend on the sediment load



of the stream or river water are the measuring of the amount of sediment
collected at a reservoir or at a lake after a known period of tige
(Judson, 1968, p.3€3) and the moasuring of _ediment suspension in the
river water at different spots along the river (Douglas, 1968, p.l)
These methods give the amount and the rate of erosion of the river basin
upstrean of the sampling station but neither of ihem will show the
relative contributions of either bank nor the local effects of rain-
water on different parts of a alope. They are not meant to,

COLLECTION FROM SITE

The method which depends on the sediment yield at the site itself
usually employs a frame to mark off the area from which the sedisent
is ©o0 be collected. This method hes been used quite frequently in the
tenperate regions., An example of its use is given in the study of a
slope in Spitsbergen (Jahn, 1960, p.54)

While this mythod may have been satisfactorily wsed in the
tenperate countries where the intensity and the smount of rainfall rre
very much less than those within the Troples, one wonders if in Malaysia
this method msy not result in having to collect too much run-off,
Taking the ares within a frame to be 1 square metre and a rainfall
intensity of 5 cm in 15 minutes as may be expected in West Malaysia
(Douglas, 1968, p.6) and assuming a coefficlent of run-off’ of 0.2
(Cnarlton, 1964, p.53) or 0.25 (Low, 1964, p.30) one vould have
spprexinately 10 or 12.5 litres of run-off respectively in a 15-uinute

Licefrictent of runmoff = M (Ayres, 1936, p.86)



rein, One would need & fairly large coutainer at the dovnslope® end
of the frame to hold that amount of run-off and thea would probably
need only a small portion of that for analysis®. PFurther, while a
10-1itre eollection may not be too bulky if only one sample ia
required from a slope, it becomes quite inconvenient if s few samples
are required similtanecusly from different'frames' vithin/ares or  /*he
stream besin.

Thus both methods have certain dravbacks and it is these that
prompted this student to experim_nt with a very much modified form of
the “frame® method,

ATM QP METHOD

The method used in this graduation ewercise was to induce a
run-off and a sediment yield at pre-determined spots on & slope, using
& controlled input of a wniform quantity of distilled water in the form
of & simlated rainfall, By this, it wes hoped that the method would

(a) eliminate the veriability of the amownt of run-off

csused by & vardability of the amouat of rain,
(b) eliminate the variebility of the intansity of the

rainfall,

(e) eliminate the variability of the scidity of the
input reinvater,

(@) show *he relative local erodilility at different perts
of a slope, and

(e) show the relative effects of a d fference in the
main vegetation cover on the slope.

2300 Appendix I

3 tellzen to have used the "frame method® in his Mindanso
mm'nwmo...rcm(um.ua.m)



AIM OF THE TESTS

The induged run-off and the sediment yield were collected and
analysed for their volume, the amount of sediments that could be
filtered with a filter paper, the pll velues of the run-off and the
amount of dissolved minerals, These variables were tested for
eorrelations not only among themselves but also against the slope angle,
the altitude above the stream ghamnel and the distance from the middle
of the stream in an attempt to compare the validity of the observations
and hence the metnod, with the observations established by other methods,

No attempt, however, was made to estimate the probable natural
sediment ylelds of tho two areas rudied, from the mean sediment
¥ields of the observations, This wvas because the simulated rainfall
wes about 123 times the maximum probeble intecsity for West Malaysia,
T0 estimate the probable natural sediment yield by propertional
decrease will be to oversimplify the complex relationship between
ralufall and sediment yield,

Further, the student does not claim that the eight variables
used in the tesls to be comprehensive nor the tests conducted to be
exhaustive. The student nevertheless hopes that the resultc obtained
from this experiment vill serve as an introduction to others to
conduet further and more exhaustiive experiments with the method
described,



CHAPTER II
THE EXPERIMENT

LOCATION

Two areas located approximstely one mile (1.7 Xm) nerth of the
Universily of Malaya leteorological Station were studied, These areas
(nml)mwmnttoamopontpmbdwthwlm
and are part of the same hillslope face on the right bank of a stream.
The common bedrock is the Kenny .ill Formation (Morgan, 1970, p.18)
Sedimentary rock with beds of shales alternating with sandstone.
Cuterops of this bedrock were seen at a levelled building site
(Plate T) a short distance downstresm and also at the spur across
the stream valley,

The soil of the two ereas is & latosol soil but the land use
and the vegetal cover for the two aress were different, These two
areas wers ascordingly designated the "Rubber Estate Slope" and the
*Lalung' Slope” to differentiste them and to indicate the main
Yegetation as well,

THE RUBBER ESTATS SIOFE
The Rubber Zstate Slope was the earlier of the two sreas studded,
Iv measured 100 feet (30,480 m) upotrean from the upstream cdge of the
open space below the power-lines and 120 feet (36,576 m) upslope®. At
the foot of the slope is a floodplain of varying width (Flate II) and

- —

“Lalang 1 the local sans for mserets eylindriss

%or 111ustration of this term and other similar terns as used in the
context of this graduation exercise, see Appendix I.
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PLATE I

OQUTCROPS CF KENNY HILL FORMATION SEDIMENTARY ROCKS AT A
IEVELLED BUILDING SITE A SHORT DISTANCE DOWNSTREAM

(A) shows a shale bed outerop., (B) shows an erosional channel

Taken 2.3.1970




PLATE II

FLOODPLAIN OF VARYING WIDTH AT RUBBER ESTATE SIOPE
(LOOKING DOUANSTRE! M)

The sticks in the stream channel indicate the points ifrom which
transects upslope were nade

Taken 2.3.1970




first, and second order stresm shannels cut through the area,

Although the area bad been planted with rubber trees (Hgves
Iresiiiepsis) for over a decade the slope form had remained relstively
wsltered (Flate III). There were some evidence of ercsion in the form
of gullies and saturel subterraneen drainage tunnels ("pipings®) neer
the streen chaniels cubting the sres. There was mo sign of slusping.

mmmmum”ﬁmmm
edge of the open space sud only 45 feet (13.716 m) upslops Lecause
mmm(zﬂ-}”mﬁt“ummw
meuhw-mmm The slope
1tself ves largely covered by lalang, otber grasses (3sleris Levears
end faspelum), mmmnmum
-smwwm The slope
form is shown in Flate V.

Amdﬁ-mmdhmm
dthesltuottbnnl!—ﬂ”dﬁﬁmm
is shoun in Fipuwre 2, nmumummmmm
mmmnafﬂ&'ﬂnunmmwu.
at 30° to 34°, Each of the two slopes bas § sites with a slope angle
of the 25° to 29° class. Purther, each of the two distributions has &
second but lover peak., In the case of the Rubber Estate Slope this
second peak is &t the 35-39° class while at the Lalang Slope it is at
the 10-14° alass.

The Lalang Slope appeared to be influenced by humen activity.



FIATE 111

A SECUND=DRDER STREAMSCHANNEL ARD THE 810Oi Bl O M AT
RUBUER ESTATE SLOFE

fooalopafumnuncmugmoreuyagmmmum
at the right middle distance of the photograph
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PLATE
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(A) shows position of slumping
position of break

(B) shows approximate
of slope.
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FIGURE 2. Frequencies of Slope Angles of the sites of

the Experimental Statiuns at the two areas

understudy.
For example, wooden pegs were used for impaling turfs of grass onto the
slope to reduce if not to prevent erosion, In spite of this there was
evidence of slumping. There were no stpeam channels dissecting the
irea and there was alsc no floodplain, There was however a clear
break of alopol at most places along tha footslope about 5 feet (1.524 m)

from the middle of the stream channel.

EXPERIMENTAL STATIONS
The experimental stations were demarcated sites from where the

13« Appendix I



observations were made. A sketeh of o demereation aylinder' is shown
numa.nnmm.mmmm-ma
mean interncl dismeter of 8.17 om (3 0,04 en) end & mean height of
7.20 eu (2 0,05 m). Bach eylinder was ;laced normal to the slope
mummwmmm-ﬁh-h—rmm
s plece of plank placed over the top rim wntdl the cylinder was buried
to the level of the foot of the spout.

— e,

FIGURE 3 Sketch of & Cut Gylinder
SITES OF THE EXPERIMENTAL STATICNS
At the Rubber Hstate Slope, a systemetic pattern was intended.
Transects upslope were mede from the points &, 5, C, D and & shown
in Figure 4. The distance of 20 feet (6,09€¢ m) between successive
points vas arbitrarily chosen and the profile along these points is
shoun in Pigure 5. The profiles along the transects are shown im

-
MMQihM, see Appendix II

pedl, | BA
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Figure € (A to F). An intended 20-foot interval between the stations
along & transeot so that the sites of the experimental stations will
follow a systematic pattern, was nol precisely kept because of
interfercnce by the presence of gullies, stream~channels, "pipings®,
& floodplain of varying width end footpsths,

The sites of the Lalang Slope followed the systemstic sampling
petiern s shown in Figure 7. The letiered points, R to ¥, in ths
diegram again demote positions along the middle of the stream channel
with point R farthest cdownstresm, The distance between successive
points followed tha‘ between the Rubber Estate Slope points and the
profile slong these points is shown in Pigure 8, The cholce of § feet
(1.524 n) from the midstreem as the first line meross the slope face
for the setting wp of the stations was made to eorrespond with the
clear brealk of slope, The 20~foot interval between the stations along
a transect upslope was, as nentioned earlier, L0 ensure regular sampling
slong the langth of the slope, The profiles along these transdets awe
showm in Pigure 9 (R to W).

VEGETATION WITHIN THE STATIONS

ilthough in this exercise the vegetation within each station had
not been ineluded as & variable it must, however, be pointed out that
this vegetation cover was not uniform for all the stations, There was
& vide variety of small plants and grasses, Moss covered a varying
proportion of the surface vithin six of the stations et the Rubber
Estate Slope, These were Al, 3 and 5, B2, 3 ond D3', Dead lalang

ISul‘imoi'.und'l.
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LALANG SLOPE
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mmc-mnmmum«mmumuxus,
llw’,cluhblhAMllnﬂz)hﬁdm. Further,
the stations in the same avea had three other plents, Agerstum
ganyzeides vere found in EL and Gl, jeopsria duloes in B3 and Igypia
Eatpells io O4. Tvo plonts, the Mlkanla oopdata and the famgum podogus
were found just outside of the stztion wall of A3.

At the Lalang Slope the berest surface within a station wes that
at V1 which hed only two plants of Saggjolepis syoguroider and no moss
cover at all. In the rest of the stations dead lalang leaves or stalks
were present, 1In some, other plante were found in additicn to the
lalang leaves or stalks, Syperus gallingeri was found in 51, a young
Straits Rhododendron in $3, very young shoots of ilternanthers in Ul,
pespodium capiiatup and Lygopodium practically covered the soil surface
vithin U2, Gldeplandris plrifolia was fownd i U2 ax 3, Pistrislylis
spatheoea in V2, Borreris lseviceulls in V3, Perzeris setidess end
Seleria in V1, Pesmodium bifolius in W2 sud Groten hirtus in W3,

FIELD TECHNIWE
mmmummnwmm

they were left uatouched for 10 days to allow the soll particles to
resetile within the stations. Then 300 840ep & tiaful, of distilled
water vas poured onto the soil within esch station. This was dobe
by firet pouring thepater into & funnel st the end of which vas
attached & tightly olipped rubber tubse The rubber tube had o small
sprinkler hesd (about 4.2 on disseter) at the other ends The vater
vas allowed to flow from the fuanel ouly on releasing the spring elip
on the rubber tube. Before this was carried out an open polythene bag
mwmm-muuwumqm-m

ol
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GHAPTER III

RESULTS AKD DISCUSSIOH OF RUBBER
ESTATE SLOPE OBSERVATIONS

MEAR VALUES
umxmm-m‘wmmmm-’ofmm

mmhotthwxuhh'mh-‘d’mwmm. A
rwlwuumofwwmuswurumeuur)

TABLE I

mvmmmsrmmumam
MMBMTHERUM&STAESLOB

A AL g
Sediment Min, Yield
Firs 2740667 21805 7067 Co
b | Gz [R5 LTk | am | disae
sooont | 23607 | 2e6ag6 | 639D 7 33
G | (F1.7310) |(F0.4413) &) | e
Third 06 | 0,952 | &am7 | 7.0 | 0.9646
Gvoen | (0.1909) |(o.3a2) Gioa) | @ouron)

mmdumuhﬁrwbﬂmlmm

MM*A@MD&MM&MMgm.

lu ..F vhere ll”““ﬂ”“ﬁ“‘ﬁhh”h
mwmwumummw.m:-w.



mm*d&hﬁomwmwbhfﬁ‘

mmwm“mm-.awumddmm
,,w;ammuuqu—nm

sodl, Both contributed to s higher o
4n & smell voluse of run-off. The similarity of the volume

«Mmm.—d-ﬂmmmm;m

L. e I,,_,.gmmuumm-m—‘u
vk mm.-thn-hda-—llunl.ct
_ a4 m,,,.m-ntmu-dmmm~m

- I_....ma“uhmh&:-
mmum-damumummm

- - .'hm“‘W“lm

P - - -‘ | h,.m
= ot "E& vith (n = 2) degrees of freedom
-2 -



the stations, mldoa‘muthnﬁonhthonﬂtdmhm..

mdvuhmhuhwotdhtnhdnw.

Acidity
umuua“wumw

thwuunofthmm«tb‘u& At the first
peading the preceding dry spell probably had resulted in a low soil
moisture contents, Thus when the distilled water was showered onto the
mmnwumwmumwmm
in the soil. At the second reading an increased antecedent moisture
mwummmmwnmmwm
mmuWMWmmmm‘m
of soil water. The slight decrease in the seidity of the run-off at the
wmmmmmu.m«nmh
mm«mmmnmmmmm.m
udcwutb“td'adﬂom”t. Surprisingly,
this decresse in the acidity of the soil water apperently did not mean

.wuwwdtxwmu«ummm

present in the soils

Dissolved minerals
mmvd-ltorthdhwlndumnh. show en increase

Wu‘mm. A simllarity of the standard deviation
f““dmmmmhm The increase in the mean
ﬂmmmmuiﬁwwmthm”ﬁm-“
mwmmmmwmmrmthmm.
wwuhpﬂl“*whu““‘“m
ww“ummmnmnﬁ.nmmh

&



second and the third readings, which would have inereased the capacity
of the s0il water to dissolve the minerals present in the scil,

Total sediment yleld
m-anm-fwthototd-dwtywshwnmm

siailar to that for the filtered sediment. This is not awprising as
the filtered sediment wes the main component of the total sediment yield,

INTIR-READING LINEAR CORRELATION TESTS
The data for four of the variables from each of the readings

mwrormumumm«mmmm
readings. The results ere ghovn in Table II.

TABLE II
CUEFFICIENTS OF LINEAR CORRELATION BETWEEN READIRGES
OF VAR AT THE RUEEER ESTATE SLOFE (WITH THE
ILITY LEVEL WITHIN BRACKETS)
o, -
yerisble 1st ve 20d 1st vs 3rd 253 ve 3rd

4 | mmeote 0.4036 (0.025) | 0.2097 (0,15) | 0.2252 (0,10)

Filtered 0.3979 (0.025) | 0,1364 (0.25) | 0.48¢8 (0.005)
3ediment
7 Dissolved | =0.1950 (0,20) | 0.2353 (0,15) | -0.2287 (0.15)
lMinerals
Total 0,3961 (0,025) | 0.1377 (0.25) | 044856 (0.005)

Sediment
field

ummummm-nmmmmm
mﬂﬁ.%ummmmmau
significant level of 0.023. The correlation coefficient for the dissolved

- 26~



minerals although recurded at the 0,20 level of significance was very
close to the 0,15 level of significance with the "t" value being 0.004
below that for the 0,15 level of significance, The correlation
coefficient for this variable was the only negative correlatien in
mlmltwhdmﬁtbhnhtbwum
tests.

*n the test between the first end the third reading nome of the
coefricients of correlation was significant at the 0.10 level or better,
All the coefficients of correlation were positive and below 0.5.

In the test between the sevond reading and the third reading for
the four verisbles, three of the variables gave lLuter-reading coefficients
of correlation significant at the 0,10 level or better. C(nly the
coefficient for the dissclved minerals was significant at the 0,15 level,
mmmmmwmwma
correlation.

The sbove resiilts suggest that there was a gradual change in the
soil conditions and this affected the run-off, the amount of filtered
sediment and the total sediment yleld, This also resuited in the first
u.«mmmamnmwu.mm.um
closer to those of the third, But the conditions giving the first
mmmwmmmummmu
un...rmmermuu-tmornmmchu

than 0,10,

Wnnmmcmxam
ghwmmwmnh together with their

maw..m“hmmo One of the most striking



TARLE IXX

COEFFICIANTS OF LINBAR CORRELATION BETWEEY SCM: OF THE VARIABLES AT THE
wmmrunm(mnmmmmmmmmm

- Dependent Independent Variables*
" | varisbles 1 2 T i 3 i
Slope Angle Altitude Dist from Strm Run-off
he | Runeoff 0,0099 (£0,25)| 0,0550 (<0425) | 0,054k (<0425) -
0.1300 { 0,25)| 0.1647 ( 0.20) | 0.2389 (0.25) - B - -
0,1880 (0.20) | =0.1637 (0.20) | =0.,1215 (<0,25) - - o -
5 Filtered «0,0407 ((0.5) 0.5“ (0.005‘ 0,5569 (0-005) 0,0519 (400”)4 o ~0.022) (M) .
- -0.3215 (0.05) | 0.4337 (0.01) | 0.4668 (0.005) | 0.2545 (0.20) - 0.1845 (0.20) -
0.0556 (<0.25)| 0.2232 (0.15) | 0.2337 (0.15) | 0.0962 Kw)ﬁ - 03004 (0.20) | -
7. | Dissclved 0.2468 (0,20) | =0.1545 (0.25) | =0.1345 (0.25) 0.1310 (0,25) | 9.0515 (<0.25) Mi&ﬂ) -
02045 (€0.25)] =0.1931 (0.20) | +0.1543 (0.25) | ~0.3228 (0.05) | 01245 (<0.25) | 0.4a96 (0.025) -
0,255 (0.10) | 040096 (<0,25) 0,006k (<0.25) | =0.307 (0.05) | 0.0548 (<0.25) | 0.2433 (0,25) -
8. | Total Sediment | ~0.0269 (0,25)] 0.5635 (0.005# 0.5578 (0.005) | 0,0530 (<0.25)] 0.9956 (0.0005)| ~0,0417 (<0.25) | 0.0754 (<0.25)
_— co.3m6 (0.08) | 0u3%0 (0.00) | 0.4662 (0.008) | 0.1936 (0.20) | 0.9999 (0.0005)| 0.1856 (0.20) | 0,117 (<0.25)
0.0570 (€0,25)| 0.2231 (0.15)| 0.2336 (0.15) | 0,093 (<o.a!o.un (0.0005)| =0.3005 (0.10) | 0.0604 (<0.25)

s ———

“The numbers attached %o each variable will also be the same for Tables IV, VIII and IX.



featwres in the results is the geseral low level of significance of the
coefficients, Of the 63 coeffigients only 19 are significant at the
0,10 level or better. This suggests that there vas no simple linear
correlation between most of the pairs of the varisbles tested., The
other features are discussed under the appropriate coefficients of

ecorrelation,

Run-of'f
In the correlation tests for the run-off, there was a higher

eorrelation value at the second reading than at the first for each of
the tests. The level of significance was also higher for these
coefficients. There vas & change to the negative correlation in the
coefficients for the run-off - altitude and the run-off - distance from
the stream tests, at the third reading. The coefficient of correlaticn
mmwmmm@hw)mu
imrove at this reading. This suggests that the correlation between
these two variables improved with the lesseaing of the amount of sedimeat
yield, and that the smount of disturbed sedimcat at the first reeding
had & mesking effect on the sorrelstion between these two varishles, It
MWMWMM%MM“‘&
other two varisbles was not a simple relationship,.

Filtered sediment
rumm«mmwmwwu

end each of the other variables listed show six coefficients significant
at the 0,10 level or better. In the correlation test between the
mmmmmmm.mmzmm“
reading vas negative but signifiant, This means the steeper the

-”-



gradient, the le-s the filtered sediments. This suggests thst in that
area the steep slopes had less materials to be eroded than the gentle
slopes.

The coefficients from the tests between the filtered sediment
and the altitude and the filtered sediment and the distance from the
stream show a similar pattern, The first reading gave the highest
coefficients while the third gave the lowest. It appears that both the
correlations (between the filtered sediments and the altitude, and
between the filtered sediments and the distance from the stream) were
similarly affected by the lessening of the disturbed sediments within
the stations.

The coefficients of correlation between the filtered sediment
and the run-off show a low valus for each of the readings, This
suggests that the amount of filtered sediment in the run-off did not
depend solely on the amount of run-off, In the coeffisients of
correlation between the filtered sediment and the pH value the third
mw.npm-.uumm This suggests that
the more acidic the run-off the more filtered sediments there would be,

Dissolved minerals
The coefficients of corruletion between the dissolved minerals

mmmmu.mmun,mwm
for the first and the third readings. This contrasts with the
mmmm«mmmmmm, The
correlations between the dissolved minerals and the altitude, and the
dissolved minerels and the distance from the stream, show a similar
contrast. These and the correlation between the dissolved minerals

-3 -



mmmwm.hwmwmofmdmamw
from the latter.

mmmmwmmmmw
.w.mmuawmmatmmumm
readings. mmmzmm«dmwmum
MWMu&mMﬁmﬁ.muﬂ“
rmmumumumawm-mnmm
moisture content of the soil at the second and the third readings,

In the last eorrelation test for the dissolved minerals, oaly

tbunndndeanitiwmuu. This again
wuﬁhunmmmwmumam.

Total sediment yield
nmmﬂumuamnuummmmm

fmmmmmu,awrmmumgmmv
ccp.tmb-mmoommummmmmw
sediment., This close relationship is further emphasised by the high
mutwmmummmmmmmm.
his is not surprising as the filtered sediment vas the major componsnt
of the total sediment yield, But this does not mean thet the other
w,mmwm.m»m«mmnm
yield at als Their effest is seen in the lowering of the correlation
values geverally. There was, however, no significant correlation
mmMMtn.ummMnim. Thus the



MULTIFLE CORRRLATION' TBSTS
The data were tested fur thelr multiple -correlations, This

is because of the general low ¢orrelations in Table III and also in
nature it is seldom, if ever, that one varisble is affected directly
and solely by another, The results are shown in Toble IV, The
ccefficlents of correlation are generally higher and the relative
effects of the scldity and the filtered sediment can be seen.

In the correlation Ry 123, that is, between the run-off and
the combination of gradient, altitude and distence from the streanm,
the soefficient at each reading 4s of a higher valus than the
individual linear correlstion for the same veriables as shown in

Table III.
The correletion figures for the filtered sediment show a

decreasing value., The first reading gave the highest correlation while
the third the lowest, The smount of deerease vas not uniform, This
pattern is similar to the figures for the filtered sadiment and .
altitude, and Tiltered sediment and distance from the stream correlations
mnmm,wmwddmmum
from the stream, A surprising feature in the resulls in Table IV is
that the first readings give correlations at @ higher level of
.Whmuathmddmmnmm.
the results elso show small but significant incresses from one

combination to another.

J‘.,.n..... f : vhere Ig = "5&'%*00..0“
and X, , Xp «eeX, are independent
variables, (Yamane, 1967, p.764)

e e



TaELE IV

CORFPICLANTS OF MULRIPLE CURISATION S TWiaN SOME OF IEB VARTARLES
AT THE WBBER ZUTATS JLOPE (wWITH (v 4
SIGNIFVICANCH WITHIN BHZ MRACKISS

» T Depentens T Combinatien of Varisbles
Ca ———— .
Vartable (x) n 123° s 2% | % 1258 %, 123456
be | lunmoff 005676 (0,50) - - -
0,26408 ((U,50) - - -
229793 {<0,50) $ - o
5 | rideered 1. o Jo.61220 (9.00) saus (oem)| . - O.6213 (0.05)
sedlmont g ' : :
T |0.A8T82 (0400) | 0u5057h (0420) - 0452507 (0.425)
0429603 (<0430) | 9,30948 (<0.50) - | 0679 (0.50)

7 |vtasadved L 0,098 (<0,50) | 0,3u548 (<0030 | 9,350 (<050) | 0u30897 (<0.30)

L oaass (@) | 0,026 (0050) | Gunsss (0.50) | 0,536 (0,38)
L [oumm (00 | usm (0uas) | Guasess 00) | 0usass (9.8)
8 [2otel ceatment 0,609 (0u0) | 060130 (01025) | 099594 ( 0,005) | 0,60036 (0,05)
0 Jousns (0) | oususa7 (9,30) | 0.9999 ( 0,005) | 0,548 (0,25)
0,29683 (0,50) | 0,309634€0,99) | 9,99958 ( 0,005) | 0.42827 (0.50)

< A T i o SRR . o
| “See note at Table ITX




The correlation figures for the disrolved minerals show
flustustions which reflect the different effects of the additional
variable on the combinations of the other varialles, They further
show the complexity of dissoved minerals as a function of the other
verisbles. mmxo.ummmhunl,mu--m
value for the three readings, both Ry j54, and Ry 154, show an
iner ssing value, This inereass with each reading, howewer, was not
continued with the addition of the pH varisble in the combinations,

In the correlation figures for the total sediment yield the
dominance of the filtered sediment as & component can be seen in the

carrelations Ry 10,5 B 193456 20 R 205450 17 VM4 g 10045 000 B
considered to be 1,0 already, The remaining correlation Pigurce alse

show a pattern similar to that for the filtered sediment in the same
table.

TWO-WAY VARIANCE ANALISIS ‘
Two-vay yarisnce snalysis’ tests were carrisd out on five of

the varisbles for the three readings and the results are shown in
Table V.

Run=of f
The run-off showed significant results for the "between altitudes”

-

S

1 ._ﬁ' vhere & = number of rows

Teow s
b = pumber of coluans
(D))

and S = sun of squares
T ™ 30
T (o)

(!“. 190. PQM)
3



TABLE V

LIVELS OF SIGHIFICANCT OF TWO-AY VARIANGE
mmxswwtmmmmm:mn

—e: !mmlumlmm
; Alt. | Trane, | Alt, | Trams, | Alt, | Trans,

Run—-off 0.25 025 0.25 0625 0.10 0.5
mtarod 0.005 0.” 0.10 0.10 OOm OQm
Sadiment
o 0.25 | 0,005 | 0.10 |0.005 | 0.50 | 0.25
Dissolved 0.25 0.50 0,025 | 0.005 0.50 0.50
Minerals
Total 0,005 | 0.25 0,10 | 0,10 050 | 0.5
Sediment
Tield

et

tests 1n two of the thres readings. The first at the 0,025 level of
WMhMWMmgmM
m«mwm.mmmma&m
mmﬂtumm.mmwmm‘nw
mmmwmmdt&tﬁ. The other

eWwﬂtht&WMan&wt ‘

significance, This aguin was due to & large residual variance estimate.
mmmr«mm-mmmﬂ.mm
no siguificant results saggesting & lack of a pattern for ihe run-off

in the area.

Filtered sediment
mmmmmwm«uuam

three "between altitudes® tests. The first reading result suggests
-35-



nwmamum.mmmw.tmw
staticns. rh.uoondrudtnem\ntmltmwmdth
0,10 level. mmﬂtmmwm'mmtw.
m,mmﬂumtmlmruﬁnahthatucpuoe
experiment muedmuunmuwmmmawocm
muwmmnmwwuwmthmmm
mummmaamwamtyatmmn@.
stations. mmdthmpﬂwmmntummw
nnmutimmdthnmsstﬂlhadmbutﬂuutb.uun.m
sover. The only difference between the campus slope and the Rubber
Estate Slope is the sbsence of & floodplein at the sampus sloves AS
amh,uummu.tmm:hmuwaumnum
to the presence of the floodplain,
wmmw-um.mmummm
mmwmmwvmbmmxmmm
matmmlmlaawuo.w. !h...m

wmtmmsvmtmatmwm.

Astdity
In the "between altitudes® tests of the pH values only the

mnawcsmd.mdtua-mmmw. This result
suggests & griater aoidity downslope.

The "betveen transests® tests showed that two of the resdings
gave significaqt results. These were the first and the second readings
moruu.hm.tmo.oosmx. These results suggest that

mmﬂfmmdmmumtnmﬁnuuu.

e

lige Appendix IV
-,‘-



significant resulls, In this reading both the "between altitude" and
the "between transects” tests showed results significant at the 0,025
andtbco.wilmhuapuuvdy. mnmuuwmm
was an grester asount of dissclved pinerals at the fodtslope .uﬁ—

espoocir 11y those at the upstream transests,

Total sediment yield
wmwuummmywmtmmﬂ-“

mmmm%m.uwwtwmnu
"hetween transects”. mp.mm-mnummmw
sediment. maqnnmmm»wammwm-
mmmx«mwmm.

SUMMARY _
rumuammummmmwmum

(he soil at the Rubber Estate Slope had changed from reading to resding,
Further, ummmmwmmmu-um
rn-orrorthoodhmtywho

Jltiple correlations gave higher figures and the results
sucgest, the dmportacee of the effest of & coubination of varishles,
The dissolved minerals and the seidity of the ruc-off appear to have
complex affects on the amount of rus-off and sediment yield.

The results of the twowmsy variance anelysis on the sediment

mwnmmumummwm

O"-






CHAFTER IV

RESULTS AND DISCUSSIONS OF LALANG
SLOPE OBSERVATIONS

Mhmtmi(lui).
mwﬁmammwwm
of run-off. mr—m.mummmﬂum

seen. umnwwmmm:rhmumm

TABLE VI

MEAN VALUES AND TFS STNDARD DEVIATIONS OF THE
RUN=OFy ANALYSIS FROM THE LALANG SLOPB
Taneoff | Filtered = 1os, | Total Sediment
Reading sediment Min, Yield
& (4 geus) | (o gm) RS
First 267,778 049542 6,7389 4.83 0.9168
(822,€393) (22,4642} |(20.2292) (£3.26) (32-:“)
(m.im) (20,73€1) (20,1029) | (%6.23) (tg.m)
Third 258.9445 0.1972 €,1600 4439 0,2017
(£30,0166) (20,3236) (20,3683) | (23.58) | (20.3238)




puzzliag features. These will be discussed under the appropriate
variables.

mm“mwMMumummu.
capacity than that for the Rubber Estate Slops. The three readings
also show an inereasing infiltretion capacity. This pattern differs
mummm—nuuwmumnmdmu--m
wmmw.ttupwnmwwuu
mmmammwmmmumwmm
19e,p.m)mmmmmnum-umuwum
vegstation.

rhofntmdodi-nt-hwamucmm. This is
not swrprising and is to be expecte ', It reflects the decreasing
amount, of distur><d soil vithin the stations due to removal by the
shover at each reading.

The pil figures shov a flustustion that is rather pussling, It
mmmzmuumwmmunmm
in the Rubbes Estate Slope. As no analysis for the actual mineral
m«wmummuummumm
wmmumm The higher figures for both
mmmmmmnmwmmmu
sunM(m.xm.p.w-yuumumuc

munodvawhtbupchnnt.-
uMﬂMm.WWamm

nu.'upgmumnuu-ptmum

(MIm'POm)o
mmmzmuamsm-ummm



same four varisbles as in the Rubber Estate Slope inter-reading
correlation tests. mmnumummmmm
mmwwﬂmeQWM
high. mwmu&mmmnaw

TABLE VII

GORFFICIEZNTS OF LINEAR CORRELATION BETWEEN IEADINGS
avugnnutnuumm (WITH THE
PROBAB

WS, | Verdadis 1ot ve 20d T 3 ve 3d
4. | Run~off 0.8799 0.9110 0.9195
( 0.,0005) ( 0,0005) { 0,0005)
5, | Filtered 0.6570 0,7837 0.7004
Sediment (0,005) ( 0,0005) (0.005)
. | Dissolved 0.,0821 0,2964 =0
’ 0,6070 0.7694 0,686
8. | Total (0.005) ( 0,0005) (0,005)
Yield




thtmwwmmwmwmmumu
mtmwwmmmmmumorm-m
were very small. Mmdnmwhtbmmm
the soil. m-a-wwmummmmm
mWdemvdehhbhmv The
mmﬂbmu@wﬁuh&tﬂvmmmmw
mmmwupuumu-mummm-mm
mmwwmﬂmmmumm
readings. Mmﬂ“'“ﬂmwﬂudmdﬁ
wmmmmmmunmumum
mnummwmmmmnmmmm

and the second readings.

mn-n.mr.mmxummu
nmemw.mmme

Mmmnmun.wwmuum

the tests for the run-off,

mr-offanddutd., and run~off and (listance from the stream

show a similarity. nmmﬁntMNmthlmt

mmuwmmw. The drop in the
Mummmm&uhmmmm

further observations and iuvestigations.



TABLE VIII

COEPPICIANTS OF LINEAR CORRELATION BEPWEEN SOME OF THE VARTABLES AT THE
LALANG SLOPE (PROBABILITY LEVEL IS INUICATED WITHIN THE BRACKETS)

Independent Variables

® | D 1 5
O,
Variable amlm Altitude Dist from St Rm-‘ffb l Filt.Sediment
be| Runeoff 0,544k (0,005) | 0.4478 (0.025)| 0.4261 (0,05) - -
0,6318 (0,0005) | 0.6281((0.0v5)| 0,617 (0.005) - o
0.7045 (0,0005) | 0.6011 (0.005) | 0.5658 (0.005) - -
5| Piatersd %W (0.2) | 01830 (0.25) | 02545 (0.28) | 0womé ouz)| -
o.x‘é” (0.25) 0.0451 (<o.as.)ll =0,0088 (<0,25) | 0.0709 (<0.25) -
o,.up (€0.25) | «0.2452 (0.20) | =0.2501 (0.15) | 0.1232 (<0.25) *
'#'-:.;;_ | | i
7.| Dissolved i@p«o.zs) «0,1712 (o.zs). ‘-o.nas, (<0.25) | 0.2148 (0.20) | 0.5852 (0,005) | ¢
progeon q:*g (€0.25) | «0.2569 (o.:n)_'__‘. | =0.2496 (0,20) | 0.1185 (<0.25) | 0,0088 (<0,25)
0.0285 (<0.25) | 0,187 (0.25) | 0276 (0.25) | 0.1211 (<0,25)| 0,058 (<0,25)
6.| Zotal Setiment o 0,256 (0.25) | ~0.2132 (0,20) | 0,0998 (<0.25) | 0.9573 (0.0005)
0,0429 (<0.25) | ~0,0109 (<0,25) | 0,079 (<0u25) | 0.9999 (0.0005)| 0,177
«0.2429 (0,20) | =0.2800 (0.15) | 0.1244 (<0.25)| 0.9999 (0.0005)| ©




Filtered sediment
The ouffhimdmnhtmmtbmtmdm”

pmmlwmmwlmlorawnmmﬂo.u.
Maelwmmwthmmmmm
mpummmmum.bmmomuum
which the former was tested. This belief sppears to be supported by
the results from the multiple correlation lests,

disturbed soil within the stations.

-“-



MOLTIFLE CORRELATION TESTS
Tb-mnlhoftho-luphmhummumnhsuh

Table IX,

A potable feature of the results is that the correlation values
mmwumm.mwumm
those for the linear gorru.ation. These higher values suggest the
4nfluence of the combined effects of the varisbles. The correlation
mmmzfn‘.m-mmm-mmuwmhm
m.wmwnwumunmwa
wmmawdmwmmmmm
umMowaMmumwwmsmm
with each shower of water. :

mmauﬁmmmmmmmmu
mmmmmmmmmmﬂm
the second reading gave the lovest values, This feature is somewhat.
-mumzummmummmmmm.
rumnurummmumnmmmm

Wofthluidityefmi-orf. The coefficlent for Ry ..,
ummmmtmn5w The second reading shows a
-mww,mth-wwmwmnmm..
W.do-mm‘”tmin-uuntbotbrmm.
m....nmrmmututmmwmmuum
lov mean pil valus for the chind reading
rhoc-r-humrorthoduoolnd
features. mtmumtmmml.,mmy’m
Maptmvu‘muﬂwﬂlswd%m. The

the
wm“,’wug’.mm highest correlation

sdnerals show two main

-‘5-



TamLs IX

CORFFICLANTS OF MULTIPLE CORRELATION BETWSEN SOME OF THE VARIABLES
AT THE LALANG SIOPS (WITH LEVELS OF SIGVIFICANCE
WITHIN THE BRACKADS)

Dependent Combination of Variables e
Yo, o . : : -
Variable (x) x, 123° x. 1234 %, 12345 x. 12346 xo 123456 x. 1234567
b, Huneof'f 0-55“03 (0025) - " - - -
0.68779 (0005) - - - - -
OOW (0.025) - - - - -
5, 0.4575 (0.25) | 0.50005 (0.50) - 0.57700 (0.30)
0,37656 (£0.50) o.37699:j‘:(<0.s'9) - 0,39756 (<0,50)
0.55227 (0.25) | 0.56242 (0.25) - 0.56489 (0.50)
7 0.3625 (<0.50) | 0.45183 (<0.50) | 0.6788 (0.28) | 0.62150 (0.28)
0.4697 (0.50) | 0.50278 (0,50) | 0.50451 (€0,50) | 0.51680 (<0u50)
0.26922 (<0,50) | 0,28030 (<0,50) | 0,322 (<0.50) | 0.30261 (<0.50)
6. 0.51684 (0.25) | 0.51508 (0.50) | ©.99620 ( 0,00 058401 (050)
0.3772% (<0.50) | 0.37730,(<0.50) | 0.59997 ( 0.005)] 0.39792 (€0,50)
0.5502 (0.25) | 0.56058 (0.50) | 0.999% ( 0.005)| 056317 (0.50)

*See note at Table III




nl..andthturdtbm-t. mmmmnmuﬁm

WhthMmMuthWotium.
mmlﬁdtumhmnm »n the total sediment yield

TaBLE X
LEVELS OF SIGNIFICANCE OF TWO-WAY VARIANCE
MISG‘MMTHS SLOYE

1st Resding 2nd Reading 3rd Reading
Werdebies o T Trans, | AL, | Trems. | Alt, | Trans,

Filtered 0.50 0,50 | 0.50 | 0.50 0,90 | 0.50
Sediment

pil 0405 0.50 | 0s50 | 0.50 0,50 | 0.50
pissolved 025 0,10 | 050 | 0425 050 | 04025
siinerals

Total 0.5 0.50 050 0.50 0.50 0.50
sediment

Yield




Run~off
orwu-uumm-orrmum-umnum-mn

thcmmmm.wmm. This was at the 0,025
level. tusn-ﬂtaumunwutbmtotm-ecvm

an ingresse in altitude.

n-mmmmammmmwuuwm.

Aeldity
mmu@uwmuummmmm.

Dissolved minerals
mmmtmuummmmmm

transects” tesis. thm\atatmo.mnvdmmmm

among the variables. The
mnw,auwawmmmmam

vetter reflested 8s & multiple correlation
mmamwummmmum

oo



Mmduofmtvcuuodumtcwwmtmwmhw

towoftbouetthoothcm.
mnltlplomhumumtmum:mmx
nimmdwamotm“uw»%-m

lipear correlation results is seen.
muo-mnrhmndq-hhnmtuh-mwww
mrmmmdtWMmmeﬂh.

one from the first reading and the other from the third reading,



GHAFTER V

SUMMARY OF RESULTS
"‘“’“ﬁﬂmmmnnuauma

both the aveas understudy, there were evidence of shanges in the solil
conditiors from reading to reading. mmmuum
(Bear ot a1, 1965, pJl) The dissolved minerels at both aveas also
wumupm-tm--m”u*“
Mﬁ&m”uhm”wdm' s
“W“ﬂn“mmll 230 Jowy et
correlations gave higher cervelation figures. This
smportance of the effects of combining the variables, It
mw‘mm‘MMMuM“
mm'mwumm, This complex
MMMW%M.MM
slope angle and precipitation bas been observed by other writems
"“"”“’M’M”ﬁ‘opﬁ:mmmﬁﬂ
Allen, 1969, ped)
fhare vers also differesces in the revdlts, the most strikisg of
uhidﬂthlamnmmw‘w“*“.
nmmmwm”” ubility st the Wi
“Wh&ummna-rpm-nﬂ. Another
correlation at the Lalang Slope

the mltiple

- 50 -



FTEST
The results were further tested with the Ptest' and the results

of the tests are shown in Table XI, In these results a variation in
the levels of significance can be seen.

TABLE XI

LEVELS OF SIGNIFICANGE ON COMPARING THE VARIABLES
OF THE RUBBER BSTATE SLOPE AND THE LALANG SLOFE

No. | Variable ;_lc?;ml 1st Reading [2nd Reading |3rd Reading

1. | Slope Angle 0.05 - -

2, | Altitude 0.25 - -

3. | Distance from Stream 0,005 - -

oo Run-of'f £0.25 0.01 0,005

5, | Piltered Sediment 0.25 0.005 0.005

6 |8 0,005 0.005 £0.25

7. | Dissolved Minersls 0425 0,10 0.25

8, | Total Sediment Tield 0.25 0,005 0,005
Slope Angle

mmmmmudauawummmm
the test result showed that the @ifference

T 2 Mnl-mofwh
the first sample -

!;’ g. = Standard deviation

"'LT" - the first sample
o .’.::QMMII
» s -swmmc

2 the second sample

(m.l”.lhm)



wmtmmwwm-mdmtmmmm

same universe (distribution)

Altitude

The altitudes of the
onge only for the same reasol, rhmdtmaimmmwum
were not very different

-ummmunmumnuw

o.uwmnmmmmmw
from one another,

pistance from stream

mwmmmanmmmmkw

results,

mm-off;tthoﬁutrudmutm

m-mmmwum-pmmmm

Filtered sediment

mrsdumthc

ummmmm.zwwmmmmwu
mummnumm—m.m

mmm-mmx«-w
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present within the
experimental stations. ;mwumntb*""‘“‘: g
the observations.
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APPendix i

Some of the terms used in the Text
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APFENDIX IX
PREPARATION OF THE MILK TINS

Mwmummumm
their internal dismeters and their heights. Then & key type of tin-
q——wumwmmmmmumm
rm-uunnm«mmu-&-lctunqnucu

formed. rhndua@dnmhal.hnuﬂ&!uﬂb,

mmtummz.snmmwammmw
opposite the seam, fhen two cuts were made along these lines 8o that

mmmmmmmuwmum.

spout.



24 hours at 200°7, mm.mrmwuummm
mmmn.mwmmnwunm

balance.
rhommdr“fmw:nmvﬂumﬂﬂl-a
.-no.mlo(zoo.c.)mtutdmtuplnlu. The rest wes

WM&M«MﬂM. Adjustuent was made

nmmuumo-zo..o.mmmmpamtm.

emount of filtered sediments,



APPENDIX IV

GEUMCRIECULOGY OF THE GAMPUS
by ilong iah Yeong

ABSTRACT

An experiment at measwring tle sediment yisld of a slope was
conducted at a streteh messuring 180 feet along the stream and 45 feet
wslope, of the northern floodplainless bank of & stream flowing
between the Geology Department and the Arts Block of tho University
of Malays, Kuala Lumpur. The ares was & rubber estate which had not
been tapped for at least a decade. The soil was latosol soil derived
from a sedimertary rock of alturmating beds of shale and sandstone.
In the experiment the run-off and sediment yield was induced with a
carefully eontrolled 300 c.c. QMMQQM
and thesediment were collected from 25 sites, each worked by a
pre-cut gylinder made from a discarded milk tin, along 10 tramoects.
apart. The distance between two ste‘icns along a transect was wlso
20 feet,

mnuwmwmmh-m
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the "upperslope” stations. ‘
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