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SUPPORTING REPORT I
. METEOROLOGY, HYDROLOGY AND HYDRAULICS

CHAPTER 1

GENERAL

Purpose of the Stud)’

The purpose of thls study, entltled Meteorology, Hydrolggy, and

. Hgdrauhc consmts inthe foliowmg two points:

. (1) to collect data recoxded at ex1st1ng observatones and at observatory
_ ustatmns newly set—up for thls study, which wlate 1n an overall sense to the -
' 'meteor ology of Lake Ypacaral Basm and to the hydrolngy and hydraulics
~within the Lake and its 1nflow1ng and outflowing rivers ; to arrange this

o ‘data fer pollutmn sunulatxon

'(2) to analyze the data and distmgulsh characterxsucs of the studled 1tems ;

- to offer thls as mformatlon for other on-gomg related surveys

1.2

'stg;a'y Procedure

‘ :'The "pr.o'cedure 'f'ofmul'ated for the Study is as follows :
(1) I}ata Collectxon

AII the ex1stmg data (datmg from 1950 and on) on atmespheric
temperature, humidity, rainfall, sunshxne hours, evaporation, wind
dlrectmn and velacity and water lével of Lake Ypacarai which was recorded

- at Lake Ypacm al vicinity obgervatories (Asuncion, San Lorenzo, Caacupe, _

B Carapegua and San Bernal dmo) were collected.



(2) | Installation of Observation Stations" '

Meteor ologual observation stations and water level gaugmg statmns
were installed {for atmospheric temper ature and pressure, humldlty,
ra:nfaH solar radiation, wmd dlrectlon and velomty, water Ievel and

temperature),

3) Observation

Observations were carrled out contmuously (March 1988 February

: 1989) at the observatlon stations. These observations included: specxﬁc
- random d1scharge measurement in the mﬂowmg Pirayu River and Yuquyry

‘River, and the outflowing Salado River.
(4) Compilation‘ and Analysis 'ofData |

Compxlatmn and analysis of exxstmg data and the data recorded f‘rom_
these recent observations were performed - ' o

The followmg chapters chscuss the above procedure and: other
observation details ; 'Chapter 11, 1tems 1)- 3) chapter I, item 4) and the.
overall meteorology of the Ypacaral Lake Basm and Chapter v, the
Ypacarai Lake and the hydrology and hydraullcs of the mﬂowmg and_
outflowing rivers, :
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LHA P'I‘ER 2
DATA COLLE C’I‘ION AND OBSERVATION
Data Colle.,txon

In the vmlmty of Lake Ypacaral Basm there are 4 meteorologxcal
observatones, one each atAsuncmn San Lorenzo, Caaeupe Carapegua, and
the San Bernardino water Ievel gauge. As for the Asuncion observatory, the.
facilities had been moved flom Almada to Sajonia and then to the

" Stroessher A;rport Theref‘ore that data dates as follows :Armada - before

1964; Sajoma 1965- 1968, mternatmnal airport - from 1969 tomesent* The

:*'locatmns of the observatories and the. water level gauge are shown in -

e F1g'ure-82 1

F1 om the existmg data at the observatorxes and gauge, the selected data

: _,Was that of the Iongest posmble time pemod and that thh relates to the
. _followmg 1tems, thought to be essentxal for thls study (see Table-S2- 1)

;(1)? 'Atmospherlc Tempei ature

- ' (2)‘ Hum1d1ty

2.2

(3) Rainfall

| “ _i'Suhshihe Hour’s’__ .

(5) --Evaporatmn

{8) Wind Direction and Velocxty ) ' | :
() ‘f:-W ater Leve} of Lake Ypacara1 (elevatlon of Omon staff 62.20m) -

lnstallatmn of Observatmn Statmnb

For this. study, the 11 meteorologlcai and hydwloglcal observation
stations shewn in Table 82.2 were set—up in the Lake Ypacarai Basin (see

' Fxgure SZ 2 fm the lacatmn of these stat&ons)

The coIlected exlstmg data was assembled along w1th the recent data

ielatmg to, the followmg ltems

> ‘_-,;_(1) Atmospherlc Temperature 310r:at10ns -

(2) Humidity : 2 locations ° _
~ (3) ‘Atmospherie Pressure ; Zlocatlons

o (4). Ramfall 6100at10nfs
""'f(e’i) SolarRaélatlon llocatlon -



(6) Wind Direction : 1 location

{(7) Wind Veloeity : 3 locations
(8) Water Level of Lake Ypacarai and Rivers: 7 Iocatmns

(9) Water Temperature : 1 location

Next are discussed the reasons for location selection of each st;atmn, the

observation items, and the observation pex md

San Bernardino Central Observation Station

The San Bernardino Station was chosen as central station due to its
close proximity to the Lake, and, moreover, to the water pbllu,tiqn pmblem
which has become exceedingly notable in San Bernardino., For each
observation item - atmospheric temperature, rainfall, solar radiation, wind
direction and velocity and water level and temperature of LakeYpacarai -
the daily maximum, 'miniinum mean and'cumulative values were obtained
as well as the instant value were listed sequentmlly on a chart, 'This water
level observation by the Central Station was carrled out in order to
supplement the observation results of the aftermentioned Lake Ypacarai
Water Level Gauging Station. The Om elevation at the observatwn facility

is 62.84m,

Ypacarai and Arvegua Metearological Observation Stations

Two meteoralogical stations were set- up, one edach in Ypap.arai and in
Aregua, close to the Lake, in order to assist the Central Station. . The
ohserved items were atmospheric temperature, humidity, atmospherzc
pressure, rainfall, and wind velocity. Eachitem along with its instant value
is listed sequentially on a chart.

San Lorenzo, Pirayuand Paraguari Rainfall Gaug;iigg_S.tations

Along with the stations lsted above, three ramfall gaugmg statlons,
one each at San Lorenzo, at Pirayu and at Paraguarx, were set-up in order to '
grasp the complete rainfall situation in theLake Ypacarai Basm '

Lake Ypacarai, Yagua-resa-u Rwer Yuqavry River, and Salado Rlver'
Water Level Gauging Stations : : :

- For the water level observatmn of Ypacarm Lake one more-man.l
water level gauging station has been set-up at the same lIocation as the San



2.3

: Bernardlno Central Satlon (Om elevation : 62 39m) To determine the

mﬂowmg water quanhty from the basm to the Lake, a station was set-up at
Yagua-resa-u Rwer (main branch river of Pirayu Rwex) and at Yuquyry

-Rwex

To check the outflowmg quantlty, a statlon was set-up at Salado River. All
of these- were set-up near brldges on main roads for ease in maintenance
managemeut However due to the back water caused by high water in
Pax aguay Rlver, no obser vations were performed at Salado Station and on
June 7th it was dlsmantled Thus, no data was obtamed from ‘the Salado
Statlon

Y pucu Rlver and Salado Rwer Water Level Gauglne: Staff

As reserve facﬂltles for the water level gauging statmns, water level

'gaugmg staffs were placed at Ypucu River (a branch of the Pirayu RlVer)

and at Saiado River,
ObS'ervation' '

At the estabhshed observation stations mentxoned in 2.2, meteorologlc
and. hydrologlc observations were conducted from March 1988 until

February 1989.

. Fro_m Apm}. 13 until June 23, '1988, discharge measurement was
conducted at Yégua-reéa w which is Pirayu River’s main branch river, at
Ypucu which is Pirayu River's branch river, at Yuquyry River and at Salado
River. A rating curve was prepal ed concerning the Pirayu and Yuquyry
Rivers. '



Date Pirayu Ri;rer_ | Yuqdyry_. Salado
1988 Yagua-resa-u|  Ypuew River . {  River "~
wmt 3| o | o | o | o
April 19 O Q- G ey
IMl.\*lay 4 O O O Q
May 19 o 0 o o
J_uné 1 O e o -
June 13 O Q | O_ _ -
June 20 - - = O '
June 23 | - - '.'O B B

- Note: O Signifies discharge measurement wasg conducted.




CHAPTFR 3
METLOROLOGY IN- 'l‘HE BASIN

s The study area’ in the Lake Ypacara1 Basm is s1tuated east of the
-Paraguayan capltal Asuncmn at 25°S 57°W, w1th a climate classified as sub-
tleplcal spring is September November sunnne1 is December - February, Fall
is- March - May and winter is June - ‘Augiist. ‘The mean daily temperature in
summer is approxnnete;y 27°C in winter is 18°C, and yearly is 23°0 ’I‘hough the
ramfall (yeax 1y & 1500mm) tends to be heavy in the summer and hght in the
_mnter, there isno ramy nor dry season dlstmguxshed

- Next, the meteorology. of Lake Ypacarai basin, will’ be dlscussed following
the data frem reeent. and existing observatlons

3. 1 Atmospherlc temperature

Data was collected on the mean, ‘maximum e.nd mlmmum dally-
temperatures in Asunclon, San Lerenze, Caacupe and - Carapegua _
‘ However, as there 1sn’t much vamance between these "areas, Asuncmn
'can be considered the reglell representatlve of the basin. atmosphenc
temperature (the mean monthly and mean monthly- values of maximum
and minimum dexly temperature in Asuncion from 1965 on, and the
r:ormal year mean are mchcated in Flgure S52. 3)

As undeistood from FlgmeS? 3 the nmmal year value shows the
'mean monthly temperature at 27°C during the summer, at 18°-19°C
durmg the ‘winter, at- 20° 25°C during the _spring and fall, and at
22.9°C fer the year. According to the mean monthly value of mazximum
~and: mmlmum daily temperatme, theze is a *5°C variance which
changes peralle} to: the mean. monthiy temperature. This is a dlstlnct
:'charactemstl.c that as dally change is large seasonal change, by
_companson, is relatively small.

As for yea: ly ﬂuctuatmn, 1egard1ng the mean monthly
o temperature and mean monthly values of maximum and minimum
- daily temperatmes for each month the *5°C difference is easily seen,
- and the fact that the temperature each month of the year doesn’t
'_necessamly feilow the normal year value can be understood. Because of
_ thzs the mean yeariy temperature 1s vir tually fixed.



3.2

3.3

| 1965 on, show a notable change of a high in March and

Only the monthly mean value of San _Bernal‘cﬁno iszllustrated in
Figure $2.3. Although the datas reveals a tendency for the tﬁlﬁpﬁf_aﬁ‘??e to
increase in the ovder of Ypacarai, Aregus, San Bernardine, no -esgeptial
disparities are recognized, The recent observations' on __méagn -_;mﬁﬁthly '
terhpéi*am ve of San Bernardino, compared ‘wi'th_ those of Aﬁuniﬁﬂﬂff{?ﬁl

a low in May

and July,
Humidity |

The daf,a' on the mean monthly 'humidity'. value in '_Astncinn,.._igﬁﬁ
- 1969, was collected. The yearly value, as shown in Figure S2._4,=
indicates that the highs occur in Mareh - June at 72%, t}_ze_qus :in'
September - December ‘at 65%, and the yearly mean at 69%, ..._.Yearly
variation is wide since for the same menth, there can be a-29%_hlig'he‘r
or lower difference, which indicates a *6% difference in the yearly

mean . Thus, humidity expresses no clear seasonal tendency, _
The recent results from the observations on maximum, minimum

and mean daily humidity in Ypacarai and Afeg’ua:'a_re shown in Figure

$2.8. Although Ypacarai, compared with Aregua, shows a higher value,
no substantial disparity is recognized. _ '

The humidity observation in Asuncion shows tiie"'.yéafly ‘mean

- with about the same tendency for fuctuation ( see Pigure $2.4).

Aimospheric Pressiire

The existing data on atmospheric pressyzr'é has not been collected.
The recent data on maximum, minimum and mean  daily -\atmo'spheric-

‘pressure- at 'Ypacara_i and Aregua are similar, - Since -‘Ypaéarz_ii ‘and

Aregua values are almost the same, only the monthly mean of Ypacarai_
is illustrated in Figure 82.5. - ' S '



34 Rainfall. :

o The exzstmg data on dally rolnfall at Asunmon San Lorenzo,

Caacupe;. Carapegua was - collected. The monthly xamfall amount is
~* shown in B‘zgure 82. 6. :

"I‘hero 1s a tendency noted upon regardmg Figme 82.8, where at

| any locatmn ‘the 1amfa11 is large ( 150mm) from December Aprd and
| small (70 SOmm) from June Septembex ‘However, aithough summer
_-‘-i_mxght be regaxded as 1a1ny season and wmter as dry season this
fdlfforence is - hardly notable The yearly amount of rainfall at Asuncion
s 1394mm, at - Ban Lorenzo, 1525mm, at Caacupe, 1589mm, and at
‘ Carapegua, 1586mm. There are no greater differences than the slightly

lower amount at’ Asunclon

However regardmg the ohange durmg the yearly penod the

:monthlv amount and the yearly amount vary Wldely The collected

data shows the ~maximwn monthly ramfall amount “at Carapegua at -
573.4 mm (Apul 1986} and the maximum yearly amount at San
Lorenzo at. 2456. 3 mm (1965). Comparing the rainfall values of the same

"month in the same yea1 for dlfferent locations, it can be seen that they vary
. mdely mdlcatmg strong local ramfall charaotemstlcs '

"The 1é'o‘ent' data on"nionth’ly rainfall in San Bernardino, Ypacarai,

:‘ Alegua Saii ‘Lorenzo, Pirayu and Paraguan is shown in Figure S2.7.

'."1As can be undelstood from the figure, the approx1mato seasonal ohange

' tendency for 1a1nfall observed at each 1ocat10n doesn’t differ from that

recorded in the past However Judglng on a month fo month basis, the

.-ralnfall aynount in March and July, compared with that ‘of the normal

o year‘ is extremely small wheleas the ‘amount in Apr11 is nearly two

;tlmes that of the normal yea1 And because of the nature of the

""'"locahty, even w1th1n the same basm, a notable disparity is seen in the

3.5

way 1t rams and m the amount in each area.

Sunshme Homs and Solar Radlatxon

o Sunshme Hours

The exmtmg data on the monthly sunshmo hours in Asunclon,
San Lorenzo, and Carapegua was. collected Since there is no



3.6

" there are some months which vary eon

the areas, the normal yearly value  in

significant difference between 1 yoars
: is shows in hgure 52.8.

Asuncion, the selected rep: esentative area,

As can be undeistﬁﬂd by loakmg at the normal year value, the
swpmer period from Decembet - February has 250 hourq{month, the
winter per jod from June- August has 170 hours/ month and the yearly
average stands at 2530 hours. Coxnpamng yearly pemods by months,
siderahly, shout two tunes and
difference for the yearly permd Con31der1ng this,

might cause a 20%
be con31dereti as very dzst,mct

the sttpulated seasonai tendency cannot

Solar Radiation

For the .recs,;n’a staﬁy, instead of sunshme houts, the dady Solar :

radiation in San Bernardino was observed, -

Figure 52.8 shows the monthly mean values.. As can be undersmod hy-
looking at Figure 828 the solar 1ad1atmn data and the existing data
on sunshine hours show pr 0p01t10na113f the same seasonal changes

'E!iaporation '

The existing data on monthiy eVaporatmn in E:an Lme.nzo and :
Caacupe were collected. Howevet, the facilities needed for eonductmg
pregent observations have not yet  been “established. The yearly

“evaporation value in San Lorenzo is approx;mate}y B8O mm, whereas

thay in Caacupe differs substantially at 1910 mm. The reason for this.
is based less on the regional d;fferences than on. the dlfferences in
observation wethods, This is to say that the observatmn m San
Lorenzo was carried out using & smail pan, whereas for that in
Caacupe, a piche - evaporimeter was used. According: ta the ‘gbserver,
there were problems with both methods, however the accuracy of the -
latter was higher. Accordingly, because of uncertainty m the values,
the Caacupe values were chosen for use in thls study. 'I‘he normal
yearly value for Caacupe is shown in Flguze S2. 9

Regarding the normal year value in I* gme 82 9, 1(: is hlgh from-
October - Decertber at 200 mm/month and low from’ Aprxl June - at |
120mm/month, However, there is wide yearly variation as in® the

sunhshine hours Therefore the dxscussad seasonal tendencxes cannot be_
considered as being so distinet, '

q- 10



3.7 Wind Direction and Veloeity

- The monthly data of wind dlrectmn and velocxty recorded at
ASllIICIOII (international airport) duung 1986 and 1987 was collected and
is shown in- I‘lgule 52.10. The summary of the monthly results 'at San

- 3Bema1dmo is shown in Figure 82, 11, :'

. As for t‘}e wmd duection at Asuncmn there is hardly any change

on the monthly scale Over ‘a one- year period, the northeast and south

_wmds are very prevalent whexeas, the west winds are hardly worth

noting.  The recent results at San Bernardmo show 'practically the

same’ tendency that thloughout the observatxon period the east-

. northeast wmds and the south—southwest winds were prevalent. As for

. .wmd veloclty, it increases in the followmg order: Ypacarai, San

Berna1d1no Aregua and Asuncmn This is due not to regional

dxﬁ'elences, but rather to the condltlons of locatmn of each observatlon
station. '

I-11



CHAPTER 4
HYDROLOGY AND HYDRAULICS IN THJ LAKE AND RIVERS

Lake Ypacarai, the area under observation, is sandwiched in between
two mountain ranges, the Los Altos to the east and _the_ Yaguaron to the
west. Spread across a wide valley- bottom plain, the Lake has normally an
area of 59.6 km?, a maximum depth of 3 m, and a flat configuration. The
two principal inflowing rivers are the Pirayu river coming from the south
(branching out between the Yagua-resa-u River and the Ypueu River) and
the Yuquyry River originating in the west and entering the Lake by an
indirect round-about route. As for the outflowing rivers, there is only the
Salado River (however, during flooding, the west of the Salado River widens
into a swamp, out into which a fair amount of water flows) which "Cai‘ries
the Lake water to the Paraguay River. The name and thé area of each
basin connected to the Lake is shown below (sée F‘ig’uré 82.2). R

T '
~ River Basin - Catchinent Area (km?) - Remarks
_Pirayu River Basin 353.7 | Yagus-resa-u and
Tnflow | ___|¥pucu Rivers -
river Yuquyry River Basin 343.9
basing East Basin - 75.2
West Basin - 60.2.
Total 833.0
Lake Ypacarai 59.6 |at ordinary time
Salado River Residual Basin 191.4 no inflow to the
Lake '

In the following section, from the resuits of 'the'.rece'nt, obserﬁations of
the water level, vqlume, and temperature of Lake Ypacarai, including tﬁe"
water level and discharge of the inflowing and outf'iowin.g rivers, data on

the characteristies and fluctuation conditions have been collected and
discussed, : B

H-12



4.1 Water Level and Volume of the Lake

- Fluctﬁation gharacte_riStics of water level of Lake Ypacarai and relation
between Lake water level and water volume are stated as follows,

F]uct_uation Characteristics of Water Level

'T'hé, data on mohth‘ly water level fluctuation, recorded by the Navy
from 1985 on, in ‘San. Bernardmo, are shown in Table $2.3. The mean
yeally water level at'1 .20m, experlences little seasonal ﬁuctuatmn yet
iarge_yearly fluctuation occurs, Furthermore, as the _correlatmn_between
monthly water level and rainfall is low, it is inferred that the Lake

' :watel level is influenced not’ only by the inflow amount but also by the
state of the outlet to Salado Rwer

The daily - water levels of the Lake at San Bernardlno and the
inflowing Yagua -resa-u_and Yuquyry rivers, are indicated in

Fxgure S2. 12. Understood from Figure 82. 12 is that the lake

' Water level rises 31mu1taneous1y ‘'with the inflow rivers level. Once

‘risen, the Lake water levél does not lower readily even when the river

level drops The largeness of the area contributes to the reason,

_ however more. cr1t10a1 is the blockage of flood debris and islands of

vegetatmn whxch obstructs the outlet to Salado Rlver

Inczdentally, ]ast year the watel level of Paraguay River was the
highest ever next to the 1983 record.  For the peak shown in mid-July,
the area: affected by the back water of Paraguay River to 3Km down
stream from the outlet of Salado River, the Lake water level compared
to that of P_afagﬁay River was still 2m higher. Furthermore, at that
time, the Lake outlet to Salado River was in a state of virtually

uniform .ﬂo_w. Therefore, the Paraguay River water level can't be
thought to have any effect on that of the Lake,

| 'Reia'tién bett&teen Wétér Le\}el and Water Volume

- Based on recent data, Fxgure S52. 13 was drawn up, 111ustrat1ng the
"-_relatmnshlp between the water level and water volume of Lake
- Ypacarai. The volume stands at 115, 3%10%m3 when water level is
average (Naval staff reads 1.20m, EL 63 49m) At the t1me the surface
area was 59. 6Km2

g-13



4.9 Water Level and Discharge of Rivers

This secnon discusses the characteristics of the water level and the
discharge of the principal mﬂowmg rivers (erayu River and Yuquyry

River) and the outflowing river {Salado River),

Inﬂowing rivers (Pirayu and Yuquyry Rivers)

The recent data on daily water level recorded by the ‘automatic
water level gaugés installed at Yagua-resa-u River and Yuquyry RIVGI"
( for location see Figure 82 2) are shown in Figure 82 192,

Understood f‘rom the figure is that although the type and amnunt _ "
of rain differ in each of the observed areas, the Water level of the
Yagua - resa-u and Yuquyry Rivers are similar, There exmts a one or
two - day lag between the rainfall peak and the peak of river water :

Ievel.

: Next is a chart 111ust1atmg the relatlonshxp between the water.
level and discharge of the Pirayu and Yuquyry Rlvers '

This is based on data from dlSchaxge measurement'éon&iic‘ted at’
Yagua - resa -u River and Ypucu River (6 txmes) and at Yuquyry Rl\'et “
(7 times) at water level gauging stations or by water level staffs {see
Flgure 852.14). -

(D Plrayu vaer_
Q= 8.76(H-0.04)2

Q Dzscharge of Yagua-ress-u and Ypucu Rivers (m3/3
H = Water level at Yagua-resa-u River (m)

Note ; The area of the upstream basin is 311.2 km2 o
{(2) Yuguyry River E

Q= 3.76 (H-0.32)2

I 14



Q = Discharge (m _3/5)
H'= Water Level (m)
-'N_oi_;e : The area of the upstream basin is 275.3 km 2

‘The daily discharge of ‘the. Pirayu and Yuqﬁyry Rlvers, calculated
usmg the above formula, and the total dally dlscharge from all basins,
calculated using the follcwmo formula

T=(QP + QY) + =i
R ._(Q ) AP+ AY

QT = Total discharge from all basins whose water is drained
- into the Lake. (m%day)

| -‘_QP Dlscharge of P1rayu River at the water level gauging
o station (m 3/day)

| QY Dlscharge of Yuquyry vaer at the water Ievel gaugxng
' statum (m3/day)

. AT- ’I‘otal catchment area of the LaLe (833 km 2)

AP = Catchment area of Pirayu River upstream of the water
level gaugmg station (311.2km?2) o

AY = Catchment area of Yuquyry River upstream of the
' water level gauging station (275.3 km2)

Outﬂowmg Rwer (balado Rwer)

. The water level gauge recently 1nstalled in Salade River as
'descrxbed in 2. 2 was dismantled on June 7.

This was due tc the back water caused by Paraguay River’s high
Watcr Vlrtually none of the obselvatxons could be carried out. Thus,
no water level data on Salado vaer was obtalned

_ However al the same location as the water level gauging station
dlscharge measurement was conducted a total of 5 times:

I —15



4.3

| Date 1988 Discharge m¥,

April 13 17.2
April 19 ' 11.8
May 4 S %
May 19 172
June 20 156

Note : The water Ievél was also observed, however due to the
backwater influence, it is impogsible to draft a rating curve,

Water Temperature

The recent data on mean monthly mammum, mlmmum and mean__
water temperatures in San Bernar dino is shown m Flgure %2 15

~ Comparing Figure 82, 15 and Fzguxe S2 3 there is a g‘radual'
seasonal change and a minimal daily change comparmg ‘the Lake
Ypacarai water temperature to the air temperature Because of the
shallowness of the water (2.5m ), compared to that of any lake, the

. water temperatule will tend to be. more sens:.tzve t0 the air

temperature activity,

H-16



("HAP’I‘ER 5

CHARAC'I‘ERISTiCS OF OB SERVATIONDATA
DURING THIS INVE STIGATION

5.1 Meteorologlc and Hydrologlc Sltuatlon between March 1988 and Febxufrry
. 1989 | o -

As IIlEtEOI’OlOglC and hydlologle observation equlpments were
jmplemented from February 1988, the' characterlstlcq present over a one
year. perlod (Mar, 1988 Feb :1989) of the meteorologle and hydrologic

' swuatlon in the lake area are gomg to be explazned

o (1) Ramfaﬂ

The average of annual ramfall around the lake resulted in 1 485mm
'_after rev.xsmg by the ThleSSen method data observed at six points, -
e ’I‘he average over the past 38 years in Asuncron is 1394mm and that of
the past 24 years in San Lorenzo is 1525mm. o ' o
. The preclpxtatlon during the observatlon penod could be cons1dered as
the average because the percentage varies greatly from year to yeat, -
. Throughout the year, the . prec:p1tetlon is hlgheet in Ap: il at 192-
'_ 388 5mm aud is lowest in July atI-5mm.

_ (2) Lake Water Level

, The ‘water levei has been. contlnuously 19- Blcm hlgher than the
I --average of the past 20 years. - '

- :-(3) Temperature

_ Compamng the obse: vation data from ‘the ‘past 38 years in Asuncion
(please remember that it is not so easy to estimate due to different location),
-the aver age temperature in March 1988 was the hlghest ever. The May and
July 1988 averages were the lowest. 'This is. to say that the temperatures
_durmg observatlon were abnormal compared with the average year.,

I =17



5.2

(4) Wind Velocity

The wind velocity was the highestin winter (J uly-Septembgr) when the
south wind prevailed. This could be also reported as the tendency of the

average year in Asuncion.

Study done on the Big Flood of Jan, 1988

From Jan. 13-16, 1988 there was heavy rainfall around the Lake, this
could have helped purify the lake water. In this case, the overall situation
in Jan. 1988 should be _studied hydrologically. S

(1} Rainfall

Rainfall obse1 vation data taken near the bagin (not in the basm) is

‘shown in Tab. S2.4. At Asuncion Alrport itis 110mm from Jan. 13 - 186, and

161.5mm is close to the average in January (incidentally, in April at’ any of

the observation points, the ramfall was measured at 200- 400mm as 2
_ mamthly average). : o : : :

n Caacupe, the- 1a1nfall was 226mm from Jan, 13- 16 whlch is falrly
high, This shows that the rainfall can be highly concentrated in :certa;n
areas and hardly present in others 'simultane‘ousiy Therefdre, in the basin
there could have been heavy rainfall possibly but as there e:nsts nodataon
this it cannot be verified.

(2) Lake Water Level -

The variation in the lake water level during flood is shown in Tab,
§2.26. It varied from 1,68m, the Jevel on the 13th preceding the flood, to
2.60m, which is an increase of 0.9%m. Incxdentally, let’s estimate the
precipitation as if the water didn’t flow out of the lake,

AHAL =R-f Ap -s!R-AL

H :variation of lake water leve]

Ay, rarea of lake = 59.6Km2

Ap :area of basin = 833Kmz2

B :total amount of precipitation
f :run-off coefficient

{ignoring evaporation amount on the surface of thelake)

18



'If AH 0. 92m andf 0.3, Rwould be 177mm

In other words, if the water dldn t outflow at all, about 180mm of
rainfall in the basin would be necessary. ‘

- One reason consider ed for the water level mcrease is that the Salado '
‘which outﬂows from the lake was blocked by deposxts of f'loatmg-leaved
~ ‘plants. |
- From the data we can Iealn that ‘ehe water level did not decrease from
the 161;11 {o the 20th of Jan. Tican be bel1eved that the reason the water
level decreased afier the 20th was duetoa human-buﬂt outflow canal.

' (3) Study on the Cause of Punficatmn

_ Fxrst of all, 1t is con31dered that there could be a proper amount of
ramfall whlch does not appear in the observation data from around the area.
“Asa ﬁrst reason for this, itis con51dcred that the lake water was diluted
_ because of the heavy ramfall ' ,
‘As a second reason, it is cons1dered that due to a heavy amount of
washout phytoplankton and its corpses settled at the bottom of the lake.
: As a third reason, it is considered that the surface of the bottom deposit
was flushed out when the water level decreased suddenly because of the
| excavatlon of the outﬂow canal '

In any case the probabxllty of the same natural phenomenon occurrmg
3 could be once over. sevexal years. However, it is. thought that this
| phenomenon suggests that not only the lake water level but the quality
' could be controlled posmbly by installing a water gate at the outﬂow canal

opemng
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Table §2-4 Precipitation in January, 1988

ASUNCION CAACUPE CARAPEGUA
DAY mn, . DAY mm. DAY mm.
5 12.0 5 12.4 5 9.4
12 0.6 13 153.0} 13 15
79.8 14 41.0 14 77,4 Y915
13 ! ‘ 226.0 ‘
14 174 Y1108 15 20 16 12.6
16 13.6 16 30.0 21 - 224
21 2.4 | 21 0.5 22 55 .
22 0.3 22 8.8 24 6.3
30 95.4 95 9.0 25 5.6
26 0.8 .81 . TLE
— 3@ 454 | |
TOTAL 1515 302.0 2125

Table §2-5 Water Level inthe Lake in January, 1988

g

O B e B T M
8 1.73 0 20 2.54 —a
173 | %o o1 230 | - 24
10 173 +0 29 1.90 ~ 30
11 1.72 1 23 1.85 -5
12 169 =3 24 "EE E
13 | 188 | -1 25 * %
14 210 | +42 | 26 1.84 =1
15 950 T+ 40 % | 185 1
16 | 280 + 10 28 TR
17 280 90 29 1 1.84 -1
18 2.60 0 30 1.83 -1
19 2.56 —4 31 182 | -1,
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