@ goil.

this gives rige to'lateral erosion. Furthermore, during flooding, covering

| ,f_by eurface run- off is qmck tor esult

The ma301 1ty of the Regosol is sedlment at the bottom of the Lake

) "consnstmg of transpmted partlcles 1esu1t1ng from the erosion of
surroundmg plateaas and mountaing durmg the period when the Lake

was wulely expanded “The transpm tmg of these partlcles still occurs

daily.

~ The main source of supply is Paleozoic sandst,one bed and its surface

The 23 samples of Regosol type show a pH of 4. 19-7. 03, w1th an'

o avexage at 5.20. The soﬂ texture percentages are sand at 75-85%, silt at

25%, clay at less than 10% %o, lying within the S-LS-SL range, closely

o resembhng 11thosol and a portlon of dcrlsol (Flg Si. 3.1, Fig. S1.3. 2)

335

: The accumulatmn curves resemble each other, whu:h mdlcates that
the gram«smed partxcleb must be quite similar in size, in spite of such a _

. wide dlstrlbutmn range.

Planosel

L ThlS is dlstnbuted in the zone along the Plrayus main course, in

| _;_the rwerbed of the Yuquyry s mam tr 1butary and in most ‘of the Lake’s

downstream swamp. The soﬂ 1s sxlty, w1th a color range of blackish gray-
blacklsh brown graylsh bl own and is loeated in the relatlvely low areas
of lowland zones. ' S

The surface layer, ’oezng of low-permeablhty, is rich in humus and

:presents at Iower pomts a progressed glelzatmn In the lowland, north

of Ypacarai; and in the Yuquyry riverbed, this is either directly

- excavated or rmxed with “Kaolin” to produce tile and brick- makmg

L mater;als for ceramlc pzoducts Land is often abandoned after

:i.excavatmn The land is used for pasture Durmg txmes of flooding, the

: 'land easﬂy becomes submerged which leads to the behef that the amount

of soil lopsened and washed away is large

The 14 samples of Planosol type has a pH of 3 65 7.48, w1th an-

7""average of 5. 02 The so;.l textule pel centage is sand at 35- 70%, sﬂt at 35-

65%, clay at 5- 35% with a relatwely vndely scattered range of SL-L-SiL-

- 8iCL (Flg 81, 3 1,Fig. S1.3.2)
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3.4

Investigation of the Results of the Grain _Size Analysis

The grain size accumulatxon curve is consohdated in the soﬁ types |

and is shown and estimated by average soil type, in Fig. SI 3.1.
- Lithosol and Acmsol show comparatxwly smular curves, with an'

accumulation level at 40 50%, at a diameter 0. 25-0. 5m1n (1n<>d1um sand)

Regosol has an accuraulation pexcentage of .60- 70% at 0 1-0, '.Smm

(ﬁne sand-meditum sand)
Planoso} is accumulated at 30% at 0.01-0. Oamm(sﬂt) and at 20% at

0.1-0, Amm (fine sand-medlum sand)

| Based on the abeve, it is 1nfer1ed that thhosol and Acrisol are
residual products of relatively high areas at th_e_s_xt_e_, _rei_lgcnng_ pa_rent_

-~ rock characteristics with an abundance of particles of a relatively large

nucleus, however accumulated Regosol, in the process of being
tranSported to lowlands by water, is sorted and even finer part.lcles are
washed out.” Ah eady along the water courses, transnorted Planosol shxfts
into fine silt. : O o
As for the accumulatmn curve, that of Regosol is weﬁ consohdated

however those of other types are quite scattered.

Inferring from the trlangulatwn dlagram, the sml texture range for
Regosol resembles the dlstnbutmn range of Lithosol and apartof Acrisol,
and the Pldnosol range, as compared o that of’ Acrlsol ‘shows a
decreasing sand amount and an mcreasmg sx}t and clay amount From .
this, the following movement process can be deduced

Lithoso]l ———b Acrlsol S Planosol

NS

Regosol

The samphng points gram size d1str1bution plotted on the soxl map '

is extremely appl ox1mate, however the followmg tendenmes can be seen;

(1) In Lithosol areas where there is vegetatmn co'Ver, because--
_weathered»xmmature sail is mcluded an average acmmulatwn ourve
_shows a tendency for a large dzameter haWever where the vegetatzon '

cover is peor base rock’ composxtmn is easﬂy reﬂeeted
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3.5 |

"(2'). As for Acmsol becatse ‘rhe sampling point installation was b1ased

Citis dlff‘icult to make out_any tendencles - However, apprommately
‘-speakmg, at the top of the mountain. range, more than indicated on the
L ;r:avex age curve, the fine partwle distribution is large and; at the bottom,

the par tloles are fairly coarse. ‘Thatis to say, that there is a tendencey for

| the washmg away of fine pa1 ticles.

. _(3) Regosol in the Puayu basm lowland zone upstream area, more
' than as inferred on the average curve is scatte1 ed and can be estlmated
o as mcludmg various types of mattels ' '

In the mldstream area near Pirayu it is close to the comparatwely

_'avex rage curve and the downstream. area near Ypacarai, as compared to

the avex age curve, has a fairly coarser tendency
Thatis to say, the particles sent from the surroundmg slopzng area,

: as. they travel from the lowland upstream area, are sorted and, between
the midstream area and the downstream area, still bemg SOI"tbd there is

a tendency for the finer par tlcles to be se.nt into the Lake and the fairly s

_coarse par tlcles to be left behmd

- (4) Planosol among the four soﬂ types, has an accumulatmn curve wsth

the 1a1 gest dev1atmn Because of th1s, the uendencles in the field were not

-definable

To speak w1th extreme boldness, at the upstream area, as compared
to: the mean curve, is the finer 31de and the mid-to downstream area

E shows coarse particle side grain size dlsi:nbutlon Within the swamp, the

tendeneles are not very clear, As for the elements in the Yuquyry'
riverbed, thoy are neax Iy on the fine side.-

Relati onshlp-betwoen La_ndform and Soﬂ Types -

Soﬂ types are controlled largoly by the area’s parent rock
characteristics’ and topoglaphy The. relai;mnslhm between the study

_a1 ea’ s topography and soil type is shown schematlcally in Flg $1.3.3.

: The thhosol found on the steep slopes within the plateaus and
hllls and the Acrlsol found on gentle slopes are residual soil. '
In contrast to thls, Regosol, found on lower slopes of hllls, fiood plalns and
valley boti;om plams and Planosol found in lowiands and marshes, are

_ transpoz ted soﬂ

Accordlng to the soﬂ partlcle movmg accumulatlon process, as
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stated above, it-is thought that soil- paxtlcle movement goes in a

Lithosol *Acrlsolw’Regosol*ﬂ?}anosol direction, however, this is
thought to include both dally movmg sedxment. (gmdually going from

upstream to downstream in the order of coarse - fine partlcle sediment)
and flooding period movmg sediment (coarse partmle movmg sedlment .
until downstream area). Even for the final coarse compgsition of the soil |
(Planosol) in the Lake lowland, combmmg the. da;ly matenal and that
durmd floodmg, the tendencles are seen to vary largely '
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. CHAPTE-RA
» FUTUR_E OBJECTIVES

In thls S/R—l i,he vaz fous surveys ca1 ried out for the understandmg of the
natur al env1ronment m the basin were dlscussed Howevex ample conclusions,
due to tlme and’ human hmltatmns as well as ir affic accessnblhty, were not
achleved ‘thus showmg the necessmy of future supplementary surveys. Apart
from these, through this survey, there arose hany more ob,]ectwes proving clearly

.'necessary for the future Tn the followmg, these objectives have been consohdated
and explamed strongly put forth for hencefol ths successrve executlon

.(‘1'_) LANDSAT False Color Image Analysxs |

Accmdmg to the analog and the digital analysas of the LANDSAT

" “false color i imdge;, the abﬂlty to obtam umﬁed accurate speclfic data-on
‘the surface of w1de areas-is well known and already even in Pa1 aguay
apphed results are. bemg obtamed *1. -

“In th}.S study, monochrome alrphoto inter pretatmn techmques were -
| apphed to geology, soil, vegetatmn and land use surveys and results on
each were obtame& Howevel for the monochrome as the present
transport accessnblhty was. 1nsnff1c1ent there are’ aspects where
suffiment covermg could not be accomphshed Thls weak point is
su;)piemented by apphcation of LANDSA’I‘ 1mages w}nch is extremely
~ effective in attemptmg to glasp the relatwe dlfferences in hard—to-
. ';understand 1and surface, subsurfaco strata molsture contents, the
’ vitality degxee of vegetatlon and the large geotectomc structure.. As
| : _-_smtable ground truth has alr eady been obtamed in this study, extz emely
' peakmg, a moxr e accur ate soil map, relative hyciratlon map, vegetatlon
., map, vegetatlon act1v1ty map and land use map could be obtalned
L w1thout car rymg out a f'ield survey but rather only by 1ndoor work.,
| These maps would offer v1tal mformatmn when cons1der1ng'
vegetatlon dlstrlbutlon, erosion control and proper location for the
drawmg up of a synthetlc I eg&onal protectxon plan

_#L LAND CONDITION STUDY
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for the master pl'm on the ir rlgation and drainage project in the athacent area to
the YACYRETA DAM 1984 '
MINISTRY OF AGRICU LTURE AND LIVhSTOCK
- d APAN INTLRNATIONAL COOPERATION AGFNCY

| (2'): Topog"aphm Map Modlﬁcauon Plottmg

'I‘he 1/50 000 topogr aphlc map used in this study was baséd mamly
on aerial photographs dating from 1965 1978 and plottlng done in 1970. .

From that pomt to the present, many basin changes—especlally land -
use forms and ¢ity transformations- have come about, and needless to -
say, are not indicated on the topographlc map. Especlally, the roads,
mlem-topography, land classification and vegetatlon have not been -
sufficiently expressed. ' o

For this study’s use, roads have been suppiemented by poss1ble '

ranges, however not suiﬁmently enough

From now on, in order to devise water quahty preservatlon in the
basin, drawmg up basic land use plans and land preservatmn plans will
be a prereqmsxte however the foundation for thai; wﬂl be a topographw
map w}nch accurately 111ustrates the present wnitmns

' ‘_ It is possxble to accomphsh the modzficatlon plottmg by’ usmg the
1/40,000 monochrome photographs taken duung this study (Feb.  1988).
| However, it is also possxble to use color photogr aphs taken more 1ecent1y :
to obtaln ever more detalled 1nformation C S

' Espemally, in this region with its low flatlancl and gentle slopes, at
the tnne of devising new plans minute topograbhlc expression is
necessary, thus leadmg to hopes of makmg even smaller spaces between .
the contour lines, ' o

The completion of the topographlc map is the nucleus of the
national plan and if the present collectwe modlficatlon plottmg for the
' Asuncxon metropohtan area is done effects will be extremely Iarge

@) Soil Survey

in this study, from the pomt of view of the s0il as supply source of .
the “Lake pollution”, rough soil classzficauon and a survey on physmal

properties were carried out, as opposed to say, a goil survey from the pomt E
of view of the far ming and forestry industr ¥,
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7 AS a part of the coming water quahty preservation policy, it is

necessary for basw and proper land use plans to be established,

_ Especxally as so11 erosion control, preventlon of mﬂowmg’ sand into
-the Lake, proper e::tabhshment and land v1ta11ty restoration and
' "mamtenance for f'orests and iarmland will most llkely be very 1mportant

- 1tems, there WIH ar 1se the pr oblem of forest functlon restoration and
~ proper crop selectlon aoool dlng to proper Vegetatlon species. As a base, it

is necessary to pr ofoundly grasp the land production _ch_aractenstlcs

"In order to do .th.ie, it is 'ne:cessér'y r't.o'_' eCooiﬁpany the survey
B 'eonduoted' in this study;' from the considered poing of view regarding the
‘ forest and farmmg industries, and other development industries with a

N land clasmﬁcatmn survey 1nc1ud1ng chemical aspects Accompanled also
o by LANDSAT 1mage ana1y31s would be even more effectwe '

In thls study, pal tlcxpatlon from the proper Lounterpart was not'

o e.ttalned and on top. of this, it was forbldden to carry the essentlal soil in

tod apan t'hus it oan t be said that sufﬁment reﬂults were obtamed In the

.. nextstudy, these pomts Wﬂl be improved upon and, by the installment of

a soil Iaboratory in Paraguay, .along w1th a suitable amount of people

' from mamly Agriculture School of Asuncion National Umvers,lty, it is

| 'hoped that the executlon wﬂl follow closely the set out plan.-
- (4) .Groundwater Survey

The most 1mmed1ate and 1mportant issue for the Lake and its basin,

o is the assurance of potable water One of the largest objectlves of the

' water- q_uahty preservatlon plan is the guarantee of the water for

' ,drmkmg purposes. In. regardmg the surface water amount and the water
quality, henceforth the development of groundwater is the most
1mportant measure. '

, In thzs geologlc sur vey, by surface survey and photo mterpretatron,
'_ fon]'.y 8- s&mmal 'y of the basm formatlon geology was grasped and
important probleme st111 remain ansolved concerning sub geologic
structure Judg’ments pr esombmg Lake formahon mechanisms and future
change tendencies and basm groundwater existence possibilities.

Especlally, as alluvial deposzts and. water plants cover the central
=pla1n upstream in‘the Lake and the swamp in the downstream, it was
. dlfﬁcult to obtain much mformatwn from the surface survey.
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Here as basic content of the groundwater survey, the execution of )

the followmg surveys is etrongly recommended

. Survey of the ex1et1ng shallew wells _
(seasonal gmundwater level water quahty analysxs, electr:.c

| conductmty, efe.)

Electric prospectmg (Remstlv;lty method) about IKm mesh

Drilling sur vey (1 50~300m/}101e, about 3, OOOm m tetal)

Pumpmg test

For the depth and locatmn of drxllxng, the LANDSA’I‘ lmage, the: '
SENASA drilling data , surface geologlcal survey results ‘were used for - |
reference and the electrlcal prospectmg w111 most hkely be mcluded as

well. . : : :
rurthermore, this drlilmg wxll help to clarlfy sc1ent1fic matters

such as the sub-geologic’ stratlgraphy, geostructure and subsurface '
resources (ceralmc material, rock regource matemal) whmh is consxdered
an 1mportant contubutmn to Paraguay natlonai geologu‘al eurvey ;

research.
(5) Lake-bdttom Dep’dsit Survey

There are many unclear aspects concernmg the Lake 8 natural
envxronment o ' o

Questions are raised regardmg the Lake’ s fcrmatwn mechanlsm,
changes followmg formatlon sedimentation speed, chemlcal ‘physical
and biological propertles of sediment, clay nuneralogy characterlstlcs,
pollutant propertles and behavior and sand balance R

In partlcular to know the sedlmentatmn speed is of great
importancein determmmg the hfespan of the Lake and, accozdmgly, the -
- usage limitations concerning water. supply and is also a” problem _

extendmgtothe root of water quahty preservatxon meaeures‘. B

- Above-water drxllmg and columnar bottom samphng should be_'
carried ouf in.2-3 places, and by the C14 method measurement to -
determine the age of the sediment, wouid be perﬁ}med It would be good '
if this drilling were hnked to groundwater survey..
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©) Soill -Erosioo Am'olmt;- Sulrvey

’l‘he surface soﬂ erosmn in. the Lake and ltS basing advances

' "normally by var lous types B speclally remaz kable is that found on the

left bank of the Plrayu on the Lake 5 west bank and throughout the
entue Yuquyz Y basm o _

_ - The cause for this i is probably maxnly forest clearmg and farming

| and housmg developmant in sloping areas. However, soil dlscharge,
other than bemg’ a factor in decreasing farm product1on it also aidsin the _
| , shortenmg the llfespan of the Lake asitisa cause for sand inflowing and-
' outﬂowmg to ‘and from the Lake. ' '

Moreover, on & macroscopic worldwide scale, it is & factor i in the
_ problem of advancmg desertification, w}nch wxll pose ‘a danger in the

- near futuze for South American countries’ such as Chlle, Bolivia and the
_ _western part of Parag'uay '

_ _ In thls basm to understand the yearly amount of erosion and that -
o entermg and ex1t1ng the Lake is, of course, & central aspect in Water _
' -quahty p1 eser vatlon and sand dlscharge measures, ' ' o
_ ' In this basin, it 3.s hoped that by thmkmg about so1] geology and
f'eross.on type, the yearlv dlsoharge amount can be learned and thus, _
- proper dlscharge prevennon measures can be apphed o
| However, a8 an physmal problem, in order to succeed in the above,
-proper fac.‘zhties snrvey perlods and orgamzatlon are necessary for, as of
-yet credxbie data has bepn djfﬁcult to obtam '
L Accordmg]y, _here in the fi nal report for the pro_]ect as hnked to' :
'proposed enmronmental protectlon educatlon the people of the country

'_ are requested to undex stand the g:awty of the discharge problem, which - )

could be ta_ughi; through lectures, appeals and continuous FR.
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_ Fig.SL.L7 Bathymetric Chart of Lake Ypacarai
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Fig. S1.1.8 Cross Section of Lake Yp_acarai
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