According to the X-ray analysis, the blackish micro-matter are

_ composed of micro-quartz particles, less than silt-size in diameter, and clay

minerals, such as kaolinite and montmorillonite,
The origin of the'se inorganic fine particles is'est'imate'd as follows,

(1) Deoompomtwn, solution and outﬂowmg from the Kaolin-beds over
geologic time.

" (2) Washing outof the existing abandoned open pits during heavy rain.
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{3) Decomposmlon solution and outﬂowmg of mte;smtzal packing clay

minerals, altered minerals and iron oxide and 50 on, of the grains of quartz
and feldspal composmg the arenitic red sandstone and arkose sandstone
beds, which are the geologic components of the basin.

- (4) The secondary fine par ticles produced by the re- d1ssect10n process of the

a]}uwal deposits of the plain.

As fm the blackish color, carbonization of remains and/or gleyzation of
subsurface soil layer are considerable, but the reasons for these are not

apparent.
Reference Data on Supplied Debris Quantity

Soil erosion is controlled by many factors such as the latitude of the
area, the climate, the precipitation and its intensity, the geology, the
landform the soil type, the vegetation cover, and the level of human
socioeconomic activity and so on,

~ Accordingly, it is quite difficult to pursue an average annual quantlty of

erosion.

Fluvial transportation load is a weighty index, showing the rate of
erosion in the basin,

Attempts to measure the annual quantity of surface erosion and the
annual denudation depth have heen made since long ago, but discussion and
data on these problems are unavoidably rough and variable and are only

© sufficient in estimating general tendencies of regional erosion,

A example is shown in Fig, $5.5.1 and Table 55.5.1,55.5.2
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~data from“Putamorpholegy” TAKAYAMA S 19?5
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- Table 85.5.1. Rivers of the World and Their Annual
Sediment Load over 108ton/year

e s e : L Annual Specific
Name of River -|° _ g:::;;:; catci;];;:;: % | Sediment and Sédilzent Load
| . e e 108ton ton/Km?
: .Ti.ye YéiloW ﬁvei_‘ China - - 81.3 -__2.0.8 ; 3,090
The Ganges India | 955 160 . 1,675
The Yangtze China Q941 s 283
mver
The I_ndus:.' ] Pﬁkist_an’ - 96.9 4.8 : 495
| Thé Amazon | Brauil 578.0 4.0 6o
| 'the Mississippi. | USA 3221 34 105
Thehxawaddy .Bu;‘ma ' 43.0 33 67
| TheMissotitl | USA 137.0 2.4 175
TheMckong | Thailand 79.5 1.9 238
T?.le‘Cbl_c.;r‘Qc:{o“‘A UsA 637 15 935
| The Red .~ Vietnam 1.9 14 1,176
::The Nile Egypt 298.0 1.2 40

- “Table S5.5.2 Annual Sediment Load from the Continents.

' Nan_i'e"of Continent

Ared 104kim?

Sediment Load 108ton

North_Auie_ﬁq_a | 2,073 19.6
South America 1,941 12.0
Afvica 1,993 5.4
| Ausiralia 518 33
: Eu_ﬁ)_pﬁ o 932 - 3.2
Asia 2,692 169.1
Total 10,149 201.6
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According to Fig., '85.5.1, Paraguay belongs to- the zone of
50~100ton!km2/y 0.5~1. Oton/ha/year T - B

-~ after [ MILOS HOLY EROSION AND ENVIRONMDN’J‘ J
: _orlgmal '1‘1 anslabed by S. Okamura & Haruyama 1_980

Regardmg soil‘erosion by surface run off on siopes, some observed
values are shown in Tables 85 5.3, S5 4 and S5. 5 5, S

Tabie 85 5. 3 Lffects of Grddxent on Soﬂ Loss hy Bennet

SOI[:I"yp‘:'l. Qbs?rv. Px‘ecij)_itatibﬁ ) ‘Le-ﬁg’th' | Gradient | e Sml Loss '

and ‘period |- N oo e Crop o .

. . : (mm} . - (m) {m} . (tlha) :
Locality |. (year) o _ L _ SN _ E

| silty Loam 9 966 | 221 | 80 | e | -'-1158 8.
Ohio oo b e | 224
R S 20.0 N -

FineLoam | ~ 10 | 1,02 | 221 | 87 | cotten | 501
Texas | 8 p.n002 | - .} 185 ). o 13838

Loam 1| 1% 216 | 31 | e | a1
Missouri 10 49 | 221 | 80 | 1140




fl‘gblei 85;5.4 Liffects of Slope Length on Soil Loss by Bennet

'ESOil Lypé Obsei'vabiun Precinilatl ) _ . '_
an& locality Delmd %ec1;11 ation Crob || Length. Gradient | Soil loss
R y _ (yeal) : (n_m]) o ' (_m) %) (t#ha)
_ .,Is;l_i_ty 1.._(')a_m__ 1 19:;3-3‘; 684 1 .comn 480 8 28.9
flowa e S T | 403
R 192.0 526
FineLoam | 1931-36 | 800 | cotton e | 42.5
' :Ok]ahomz:i“:l B A S A N IR : E 55.6
R E ' 44.3 . 993
FineLoam | 1931-36: | 1,038 | ‘colten | . 110 8 459
Texas: oo p o0 oL - 221 G . 68.9
S | L 443, B U1/
Silty Loam - 1933-36 820 - corn 11.8 16 159.0-
Wiseonsin, |- T _ ' ' 779 S B : 248.0
Y EE e ' 443 4 1 2866
|sillyLoam | 1934-35 | - 851 | com | 204 10 - 56.8
Montana . ' 54.9 ; 133.7
g _ . : : 82.2 . 164.0

Table S5 5 Lffects of Cultlvatlon Method on Soil Loss bv Cherkasov

A ment of vid e ~ Amount of Soil Loss
re i nt
trange entofridge (i/ha)
‘| Contour line method -+ . 1. A &
Slope of gradient 4.4% ' ' . 122
Slope of gradient 16% S 212

The above mentmned data on falmland ShOWC- very deviated values

dependmg on the observatmn condxtlons Iegardmg all the factors of

gr adlent slope length and cultlvatmg methods and makes it very difficult to

demde on the allowable rate of soxl eros1on in farmland

Accm dmg to the measurement at a test 31te cornposed of fmested fr esh
' -S.S(ul in. the. . SA the normal goil loss 1anges in rate from 0.25 to

1 48t/ha/year which corresponds to Lhe rate of natural soil genesis.
In the U.S.A, the allowable rate of erosion ranges from 2.5 to
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12. ot/hafynax SORE s : :
In Czechoslovakla the allowable rate of erosion for the t;haﬂow sml'

layer (<80em) is 1t/ha/year, that of the (30~60cm) 1aye1 is 4tJha/yea1 dl’ld:

that of the 60~120cm deep layerlc‘- lﬂt/ha/year ' :

_ However, it is well known that t;he f01 est plays a very 1mportant mle m

“the pr esexvamon of soil, In 1ecent yeals the washmc—out of the sm'face sml |
layer and the deser tification accompanying ovet cuttmg of tropmal forests
has become a global pr. obIem | -

The effect of vegetatlon cove1 is Well 1nd1cated by the experlmentatmn
~ carried out in Tanzama East Aﬁ ica by agr oup of Swechsh researchexs
‘vieasured amounts ‘of soil loss after a rain in each type of envnenmcnt
forest, gr assland mlllet farm and the bare ground of the same area, mth a

_ gradlent of 3. 5%, are as follows (Flg S5, 5 2) o

" Runo l‘fcde g ﬁc':i'eni;'. - Amounts of soil less
R o (t/ha)
Forest : ; 0.4 ' S {
Grassland | 19 S
Millet farm. - 260 - | . 781
Bare land _ 504 - ' 146.3

Fig.S5.5.2 Accelerating SdiI'Efo_siqn' by Lbss (}f Vgg_,eta_tiqn Co_v;(er -

= after FLaan Envnonmenﬁ Repmt_i '

HISHL



| ‘Ina supposmg sense the above nxpeumental value w111 be applied to the

- 'Lake Ypacarai basin, -
o The mf'lowmg area of the lake (now tempm ally limited to the Pirayu
“ basin and both the east and the west suies of the Lake) is alinost 500Km?2.
' Supposmg that the amount of soil loss is 40t/ha, which is the medium value
of g:assland 'md millet farm, after the same scale rain as during the
experlment(amount of pleclpltwtlon Is obscure), 2 ,000,000t0ns of soil (about
1,200,000ms3, at a specifie gravity of 1 1) will be washed out, Actually, a

:moxe reduced amount of soil will be expected because of the expanded gently
sloped grassland

_ As an example the results of observation and expemmentatmn camed

' out in Oklnawa Island in Japan at a small basin which is composed mainly

of 1ater1tlc soil (red sml) of Paleozoic beds origin and is located on a pineapple
"hlll lepe are shown in Table S5.5.6. '

- Taken from “Report on Control and Counter
Measure Plan for Outwashing ef the Red Soil”

Okinawa Development Agency

Table Sa 6 Amount of Outwashmg of Red Soil after Rainfall per Unit

Area
. m¥/Km?
Dateof Rain | 82823 | 1028 | 1120 | 1221 | 83826 | 925
| AmountofSoil | 260.0mn | 115.0 90.5 53.0 168.0° 98
| Loss | R :
Area I 696 | . 91 | = 208 3.4 4.0 21.6
6.55Km2. |
Areall . | 836 | . 73.| 192 16 | 26 | 298
- ?24Km2 ' o

_ In this small basin (13. BKmZ) composed of by Areal and Ii, a value
amount of 8, 400m3/yeax (608.6m3/Km?/y) was obtained.
' “Thisis convel ted to 10. 3t/haly, at SpeCIﬁc gravity of 1.7.

asin has a gradient of

b
In osin that all pmeapple farmland in this .
Supp g f outwashed soil of

15%, the experlmental formula shows the amount o



577t/ha., Supposing that all slopes were regulated at a gradieni'under 5%, ,
the formula shows greatly decré‘ased amounts at-143 "3m3/Km2 (2='4tlh'a) i

In all cases, 1t 18 clearly shown that the degxee of vogetatmn cover and
the Bre adient of land will have notable effects on the outwa%hmg of 5011

T entatxvely, the past amounts of erosxon m the Lake Ypacaral basm are
estimated as follows. ' C

Though. the mechamsm and/or permd of folmation of the ‘Lake are
| unsolved, conmdermg the geologlc time scale, total amounts of produced and
transported debris achieve huge quantltles Namely, itis eqmvalent to the
volume cqual to the depressmn of grabennhke land for! m and also the eroded
volume from the older mountams up. to the present gently undulatmg hllls

According to a very bold rough estlmatlon, the eroded: mountam volume:
:based on the topographic proﬂle within tne hmlts of 550Km2 (exdudmg the '
Yuquyry basin and the Salado basin), is indicated at amounts of about:
1.5~2%1011im3, and isincr edlble at the scale and!or gradlent of the present_'

basin. ' - - ‘

As mentioned a'bove_, althoﬁgh the béginn.ing age of this land form’
formation is obscure, supposing boldly that the erosion ‘process had: been
started in the late Cretaceous or early Tertxary age, which are estlmated to
have been under violent geofectoriic movernent and orcured about 70m11110n
years ago, and contmues upto present the followmg value is obtained.

15X 10“1113 7>< 107year/550kn12 3. 9m3/km2/year o
=0. ﬁton/kmc‘a/year
-»O OGthha/year.

ThlS value is unexpectedly smaller than that of . Okmawa Isiand :
Although the above estimation is almost meaningless due to the fact that it
is based on mostly supposxtmn, it was tned in order to get closer to the .

degree of erosion,
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CHAPTER VI

FUTURE STUDIES

_Reli'ability of Estimated Numerical Value

Water quality surveys on water pollution are scarce. Thus, this report

' 'has 1ehed toa large part, on on-site 1nvest1gat1on and a few surveys due to

o | the lack of available data.

62

. Therefore, it is beheved that there will be many areas within thlS data

'that will. requu e revision.

~ After all, for benefit in the future, much 1mportance is attached to

:mdlcatmn by numer ical values.

'On the Orlgm of Water Pollutlon

"No area of r emalkable water pollutlon discharge was found in the basm

' At the time of flooding, the SS denmty in the 1nﬂow1ng 11vers increases, but -
~this is not a Chaldcterls'{dc phenomenon in a basin as 1t can he seen

anywhele o

- It is generally known that SS, dul ing flood, for the most part, settles
around the mouth of rivers. Thisis 1ecognlzed by the rise of the riverbed in
the lower reaches of the inflowing river,

"It is appropriate to state that the origm of water pollutlon in the lakeis

_ from the lake itself and not from the basin, judging from the situation of the

o _ ba&m ThlS will be a theme to prove in future studies.
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Produced toad-fromf A Purlfied ¥

. Purifled .
polnt sovress .

[Treated. " - '
v _ S .. _ ‘ {Ordinary tima}
Output load from 3| lnilow Yoad to rivers || |intlow lood to lake
paint. sourcas —»  in ordinary tima »  in ordinary tima
Produced load from| L > Stored lood | - 5| Stored foad Tolal Inflow oad
non-polnl $OUrces-: ' “In basing _ ' in rivers 1¢ take
{Purlted
A
Gutput _3°_ad from [ . = - Infiow load 10 lake
non-polnl  sources : _ in flood. tlme

{Flood time)

F1G.$5.1.1 | NFLOW PROCESS OF POLLUTION  LOAD

Eost Basin
A 75.2kmt

Swamp Areg
s A8k

Ypacaral Lake -

A 59 6km?

Plrayu River Bosin
A 351 © km?

West Basin
A 60 2kt

: Yuquysfy River Basin

A 328.2km°

F16.55..(BINFLOW MODEL OF POLLUTION LOAD
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