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CHAPTER 5 HYDROLOGY

S.1

5.2

(D)

2)

River System and Drainage Basin

The study area is bounded by the Rio Grande in the cast, Rfo Piray in the center and the
Rfo Yapacani in the west. Catchment areas of the Rio Grande, Rio Piray and Rio
Yapacani are about 106,000 km?, 10,660 km?® and 9,960 km” respectively. - Fig. 5.1.1
shows the river system and drainage basins with their catchment arcas in the study area.

Major rivers in the study area are as follows;

Central Part: Rio Piray main stream and others

Eastern Part: Rio Chané, Rio Pailén, Amoyo Los Sauces, Qucbrada Chané,
Quebrada El Toro, Quebrada Las Chacras and others

Western Part; Rfo Palometillas, Rio Palacios, Arroyo Tacuaral, Arroyo Jochi,

Arroyo Yapacanicito, Arroyo Tejeria and others

Metco-hydrological Observation Nelwork

Fig. 5.2.1 shows the metco-hydrological observation network in and around the study

area.
Rainfall Gauging Stations

There are 34 number of the rainfall stations in the study area as shown in Table 5.2.1
(1). They are the stations of SENAMI, SEARPI, CETABOL - JCA, CAICO,
CAISY and others. Among these stations, Santa Cruz - Trompillo and Vira Vieu
Aeropuerto are the general metcorological stations.

Water Level and Discharge Gauging Stations

Table 5.2.1 (2) and (3) shows the existing water level and discharge gauging stations in
and around the study area. There exists only four water level and discharge gauging
stations in the study area. The existing stations are as follows; '

Rio Piray: . Puente Eisenhower
La Belgica
Rio Grande: no gauging station
Rio Yapacani: Puente Yapacani of National Road No.7
Rio Chané and its tributaries: no gauging station



(1)

()

&)

Tribwtary of Rio Palacios: Rio Palometillas at National Road No.7
Other rivers: no gauging station '

Along the Rio Grande, there are abandoned stations at Pucrto Pailas and Abapd.
Abap6 locates about 150 km upstream from Puerto Pailas,

Available Data

Daily Rainfall Data

Tabie 5.2.1 (1) shows the collected daily rainfall data.  Number of the rainfall gauging
stations that have daily rainfall data older than 1975 or 1976 is ten stations. Among
the ten stations, following four stations were selected as the principal stations for the
Sludy because they have mather long record of rainfall data.

5806 Santa Cruz - Trompillo” ¢ 52 yearsrecord -
61NP Saavedra : 44 years record
Colonia San Juan de Yapacani - :/ 35 years record
Okinawa I : 26 years record

Hourly Rainfalt Data

Available hourly rainfall data relating to the above principal stations are listed in below;

2SNP Santa Cruz - Oficina : 1973~ 1994 (21 years record)
S1NP Saavedra - © ¢ 1951 - 1994 (44 years record)

Okinawa 1l - ' : 1986 - 1994 (8 years record)

As the Santa Cruz - Oficina and Saavedra have rather long record, these data were vsed

to analyze hourly rainfall pattern.
Daily Water Level and Discharge Data

Collected daily water level and discharge data are listed in Table 5.2.1 (2} and (3).
Water level and discharge of the Rfo Grande are not observed now. Water level
measurements of the Rio Yapacani and right ributary of the Rio Palacios (station: Rio
Palometillas) have been started since 1994, |
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5.4

5.5

5.5.1

(1)

General Meteorological Condition

Table 5.4.1 shows the general meteorological condition in the study area.  There are

dry season and wet season in the study area.  Dry season is from April to October and
rainy season is from October 10 March,  Transition seasons are March — April and
September - October.  Average annual rainfalls of the western, southern, northern and
eastern parts are 1898 mm, 1356 mm, 1301 mm and 1274 mm respectively.

Rainfall Analysis
Rainfall in 1992 Fioods and 1983 Floods

Fig. 5.5.1 and Fig, 5.5.2 show the daily rainfall of January 1992 Floods and March
1983 Floods respectively.  Characteristics of the rainfall of 1992 Floods and 1983
Floods are described below,

Rainfall of 1992 Floods

The rainfall recorded in the year 1992 was 2 to 2.5 times of the annual average ycar.
The rainfalls recorded in Janvary, February and December were 2 to 3 times of average
monthly rainfalls. Those of April and May in 1992 weie 2 to 4 times of average
monthly rainfall. Hence, the study area was in a rather saturated condition during
rainy scason of 1992. Furthermore, run-off rate and run-off coefficient during storm
rainfall were rather high in 1992. ‘ '

As for the recorded daily rainfall of 1992 Floods, continuous rainfall with duration of
about 4 to 6 days was observed in the whole area. [Furthermore, heavy rainfall
concentrated in three days were recorded at all four principal siations.  Therefore, the
rainfall of 1992 Floods is characterized as continuous heavy rainfall with duration of
three days.  The amount of the continuous rainfall and daily maximum rainfall were as

follows;

Station Conlinupus Rainfall  Daily Maximum Rainfall
Saavedra L . 4536 mm - 220.4 mm (Janvary 14)
Okinawall =~ .- -~ . . 3740om 194.0 mm (Janvary 15)
Colonia San Juan de Yapacani 2933 mm . 196.5 mm (Janvary 15)
Santa Cruz - Trompillo 168.1 mm 57.1 mm (Janvary 13)



(2)

Rainfall of 1983 Floods

Amount of rainfall of 1983 Floods was small.  Hence, it could be concluded that the
rainfall in the sludy area was not the major reasen for the floods.

5.5.2 Frequency Analysis

1

2)

&)

Probable Maximumi Rainfall

Probable maximum daily rainfalls were calculated by wvsing the data of annual maximum
one day to seven day rainfall of the four principal stations. Gumbel Method was used
for the analysis was. Table 5.5.1 shows the summary of probable maximum daily

rainfa]ls_.

Return Periods of 1992 Floods and 1983 Floods

1) 1992 Floods

Return periods of the storm rainfall of 1992 Floods were asslcss.cd as folloﬁws; |

Station Return Period

Santa Cruz - Trompillo: = - 2105 year
~Saavedra: .. : ) . over 100 year

Okinawa 11 - ... 5010100 yecar

Colonia San Juan de Yapacani: S t0 10 year

2) 1983 Floods
The return periods of the four principal stations were less than two year.

Summary of return periods of January 1992 Floods and Marc_:h 1983 Floods are slioxv:l
in the Supporting Report A. ' . "

Rainf_a}l lmensily Curves

Frequency analysis by Gumbel Method was conducted using the annual maximum
hourly rainfall of Saavedra and Sania Cruz - Oficina.  Rainfall intensity curves of these
two stations were made as shown in Fig. 5.5.3and Fig. 5.54. ' '



5.53

Design Rainfall

Design rainfalls of the four principal stations of Saavedra, Santa Cruz, Okinawa Il and
Colonia San Juan de Yapacani were made.  The design rainfall is three day continuous
rainfall with post peak.

Rainfall intensity curves of Saavedra and Santa Cruz were used for making their own
design rainfalls, The rainfall patiern of Saavedra was also applied for making the

| design h.yétograph of Qkinawa Il and Colonia San Juan de Yapacani. This is because

5.6

5.6.1

I

(2

the correlation of annual maximum one day rainfall of these two stations with Saavedra
are higher than those of these two stations with Santa Cruz.

Fig. 5.5.5 shows the design rainfalls of ten year return period for Saavedra, Santa Cruz,
Okinawa IT and Colonia San Juan de Yapacani. Design rainfalls with retern periods of
2, 5, 10, 20, 30, 50 and 100 year could be referred 10 the Supporting Report A.

. Rainfall Runoff Analysis

Rainfall runoff analysis was conducted for Rio Chané Basin and Arroyo Yapacanicito-
Jochi-Tacuaral-Tejeria Basin.  Unit Hydrograph Method by U.S. Soil Conservation
Service (SCS) was applied for the rainfall runoff analysis.  Procedure of the analysis
by SCS Unit Hydrograph Method is illustrated in the Supporting Report A, Fig.
5.6.1 and Fig. 5.6.2 show sub-catchments and runoff poinis and Table 5.6.1 shows
the SCS parameters of the runoff points. |

Rio Chané Basin

- Design Rainfall

Dcsign rainfalls with return periods of 2,5,10,20,30,50 and 100 year of Santa. Cruz,
Okinawa Il and Saavedra were used for the runoff analysis.

Runol‘ f Discharge

Th_é calculated peak runoff discharges are shown in Fig. 5.6.3. At the major paints,
the peak runoff discharges are as follows;



~ Probable Peak Runoff Discharge (m [g)

Return Period (Yc’u)

- :10-Year 20-Year - 50-Year -
Rio Chané (downstream) 1270 . 1510, o 1820 -
Rio Chané {upstream) 1200 1420 . 1700
Rfo Pail6n {(at Road 9) 1340 1580 1890
Qda Chané {(at Road 9) c 390 460 540

Fzg 5.6.5 (1) shows the calculated specul' ¢ dlschargcs of Rio Chane Basm Specific
discharges at the most downstream of Pfo Chané are about 0.2 to 0.8 m’/s/km
These specific discharges coincide with the tendency of the specific dlschargcs of the
Rio Piray that was calculated by SEARPL

5.6.2 Arroyo Yap_acazlicitb-Jochi-Tacuaral-Tejcria Ba‘sins

(1

(2)

Desi'gn Rainfall

Design rainfalls with return perieds 2, 5, 10, 20, 30, 50 and :100 year of Col. San Juan
de Yapacani were used for the runoff analysis.

Runoff Discharge

Fig. 5.6.4. shows the calculated peak runoff discharge of each runql’f pqinl; Fig,
5.6.5 (2) shows the calculated specific discharges. At the major runoff points, the
probable runoff discharges are calculated as follows;

Probable Runoff Discharge (m/s)
Return Period (Year)

10-Year 20-Year -~ 50-Year
A. Yapacanicito {downstream) 540 6030 740
A. Yapacanicito (upstream) 220 250 290
A. Jochi (mid-stream) - 270 - 310 360
A. Tacuaral (mid-stream) ‘ 330 380 440
A, Tejeria (downstream) 210 240 - 280

Tendency of specific discharges of this bat;m is almost same as that of the Rio Chané
basin. ' ‘ '



5.7

Flood Analysis

Flood analysis was conducted for the Rio Chané Basin and Arroyo Yapacanicito-Jochi-
Tacuaral Basin. The aim of the flood analysis is to evaluate the hydraulic effect of
flood mitigation and drainage improvement measures in these areas. '

5.7.1 Ily(!:raulic Models

Hydraulic models were made for Rio Chané Basin and Arroyo Yapacanicito-Jochi-
Tacuaral Basin. Model structures are composed of river and drainage systems as
shown in Fig. 5.7.1 and Fig. 5.7.2. Inundation areas and. retarding basins are
included in the river systems,

Rainfall runoff of each sub-catchment is calculated by SCS method and assuming lateral
inflow. Hydraulic calculation was done by un-steady flow method. The hydraulic
models were calibrated by comparing the simulated flood conditions with actual flood
conditions of 1992 Floods.

§.7.2 Simulations of Rio Chané Basin

Simulations of Rfo Chané Basin for without project condition as well as with project
conditions were conducied. Without project conditions include the JICA's seven
bn'dgé project.  With project conditions are composed of Alternative 1 and Allemative
I1 of flood mitigation and drainage improvements. The simulated inundation areas
with depth for 2, 3, 10, 20 and 50 year floods are shown in Table 5.7.1 to Table 5.7.3.
Fig, 5.7.3 and Fig. 5.7.4 show those information for 10 year floods. Fig. 5.7.5
shows the simulated peak discharge of the Alternative [.

Immd'ation conditions of Ria Pailén, Quebrada Chané, Chané - Chacras and Okinawa
Drainage will be very much improved by either of Alternative 1 or Alternative IE.

However, in spite of the river improvement along the Rio Chang, flood water level of
Rio Chané will slightly increase by Alternative I This will be caused by the
increasing of flood discharge from the upstream basins due to the river and drainage
improvements as well as the backwater effect of the Rio Piray, Furthermore, as the
river improavement of Rio Chané is not included in the Alternative 11, the flood water
level along the Rio Chané will increase.  The amount of increase in flood water level
for Rio Chané by Aliemative II will be 0.5 m 10 0.9 m for 10 year floods.



5.7.3 Simulation of San Juan - Antofagasta

5.8

Results of the simulation for San Juan - Antofagasta are shown in Table 5.7.4 to Table
5.7.6 and Fig. 5.7.6 to Fig. 5.7.7. Fig. 5.7.8 shows the simulated peak discharge of

the Allermative 1.

Inundation conditions of San Juan - Antofagasta will be very much improved by either .
Alternative I or Alternative 11 for the reaches in which river and drainage improvement

wilt be done.

‘Drought Analysis

Eastern part of the study area has a problem of drought.  In this study, analysis for
drought rainfall was conducied. - Table 5.8.1 shows the summary of probable drought
rainfalt by log-nomial distribution for Santa Cruz-Trompillo, Saavedra, Okinawa Il and
Colonia San Juan de Yapacani. _

In recent years, 1988, 1994 and 1995 are classified as drought years. Drought scale
of four month rainfall for the four (4) rainfall stations are as follows;

Drought Scale {4 Month Rainfall)

Station Ist,  2nd 3rg,
" SC-Trompillo 1994 1988 1995
| | o (49.4) (34.4) - (18.9)
Saavedra ' . 1988 1985 1993
| | 2000 (Bl9) - (3.5
Okinawa If : 1995 1988 1993 .
(16.5) (12.8) (5.7)
Col. San Juan de Yapacani ©~ 1988 1995 1993
| | | (>200)  (145.6) ' (28.6)

Remarks: values in parenthesis are rétum periods of drought.

According to the analysis, it can be concluded that the recent drought scales are rather
high.
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TABLES5.2.1  LIST OF HYDROLOGICAL GAUGING STATIONS AND
| COLLECTED DATA (12)

. }. LISTOF MMA[,L GAUGING STATIONS AND COLLECTED DAILY RAINFALL DATA

Station | Station Name Location Eleva- Obsenvation Started Data Coltected
No. Latitude Longitude  Jtion Manual Automatic Beginning, End
(FL.o | Doy Mon.~ Year[Day Mon Yearjfuy Mon. Year [av Mon Year

1. DATA FROM SEARP]
09NT  [San Podro de Terevinto  [E77 437057 [63° 26° 450] ¢ 10 1988] - - 6 10 1988] 31 12 9H
20NP | Villa Dicgo 17435727 |63°31° 25 380 1 3 issy - - P05 1988) 21 12 19
22NP [Montero - Ciwndad - - : 401 2 e - - } boIsssl b 12 19
1INP |Patuju . . R T N 57 I 400F 1 1988] b 12 19w
25NP  |Saata Crnuz-Oficina 17747 63° 10 4160 11 11 1975) 11 1 19751 1h 11 1973 3 1219
8NP |Perotd (Ve 63° 10742 el L 5 1988 - - 4 1 5 19884 31 1z 19
SONP | Viru Viru-Aetopuerto 117°38° 51" [63°07° 55" 60 1 8 1984 - 1 1 8 1984 3P 12 1A
SINT* |Wames 17730 63°08° 0| 16 2 197161 16 2 J978] 16 2 1976 31 12 19
SINP |San Isidro 17227 63° 31" 32 8 09I 8 1 1973 8 0F 1975 3F 12 1994
SSNP  [Pestachuelo 17221 630 24° 3 1 111575 - - 401 11 19750 31 12 19
S6NP  |La Belgica-Ingenio 17°33 63° 137 378 i 21954 - - . 1 2 1958 31 12 19
5INFP  |La Belgica-Puentc 1723 63°13° 48] 1 10 1977 - - A 0t w9 3112 19
SSNP  {Terevinto 17 4% 630237 a5 1 9 e 13 4o 19866] 1 9 1977 31 12 159
SINP  |Pucente Eiscnhower 17° 19 637 19° ot 10 9. - - 4 1 10 19770 31 12 1994
SONP  |Gabelas 17020735 |63° 21257 280 P 1D 198} - - - 1 10 1981 31 12 154
GINP  |Saavedra 17 1 3% 10 - RO Y BN%H 10 B M9 1 & 195 M i 199
GNP [Mincros (Unagro) 17006 63° 14 2451 b 11 1978 - - v 18 1975 31 12 1994
5806 ESanta Cruz-Trompilla {17947 63°10° 417 } 1 1942 - e | O 3 12 1
5807 {SanteCne-Universidad [17°467 387 [63° 11" 725 181 197 - - 1 2 09n o1 12 19N
2. DATA FROM SENAMHL

Algodencra Boliviana [17°33° 63709 345 1958f - - €4 - - . - -

Algonodera Sta. Clara [17°35° 537057 44 1963 - - € - - - - -

Buen Retiro 170 1} 63°03". 215 1978 - - - - - . - - -

Chaocucte 2T 637 06", n 194 - - - - - . - -

Est. Exp. Vallecito 17 46° 63° 09" 398 i - - - - - - - -

Guapilo 17 46° 63° 04 A2 1975 - - - - - - - -

Ingenio Espeeanza V77 18" 637 03" 368 1944 - - - - - - - - -

1.4 Victoria T pras 63°03° kLD 1269 - - E - - - - B -

Olinawa | 1713 627 53 252 1966) - - 400 1 Wi 3 1z 1M

Okinawa M 173y 62° 55 300 §963 - - 4 - - - - - -

Pucio Pailas 17y 62047 280 1977 - - 4 1 1 1977] 31 12 19

@ Puasto Fernandez 1700 63° 14° 230 19717 - - - - - - - . -

3. BATA FROM CETABOL - JICA

Okinawa 1l 17423 62°51° 280 196¢ | 11969 31 12 19
1. DATA FROM CAISY

Col. San Juan de Yapacad 17° 15 63° 50" 350 11960 - - 4 1 11960 31 12 1994
5. DATA FROM SPERNR
13PY |Buena Vista 17°27 51°40" 379 2 A 9%y . - A2 AL 1990 31 12 1993

Notes; SEARPL Stvicio Encauzamiento de Aguas y Regularizacion del Rio Pirai
SENAMII: Senvicio Nacional de Meteorologia e Hidrologia
CETABOL-HNCA: Ceaire Tecnologico Agropocuanio en Bolivia-JICA
CAISY: Cooperativa Agropecuatia Integral Son Juan de Yapacani Lida,
SPERNR: Subproyecto de Proteocion de Etnias y Recursos Naturales Renovatdes

W
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TABLE 5.2.1 LIST OF HYDPROLOGICAL GAUGING STATIONS AND
COLLECTED DATA (/2)

2 LIST OF WATFR LEVEL GAUGING STATIONS AND COLLECTED DATA

Staton  |Station Name Locotion [Catchuicnt] Eleva] i Olservation Staried : Data Collected
No. Latitude  |longitude Areal  tien Manual Avlematic Ueginaing | End
: (km2)| EL m)] Doy Mon. Yearfldav Mon. YearfDuy. Mon. Year [Ty Mon. Year

i, WATER LEVEL DATA OF THE RIO PIRAY

506 Angostura 18°0%° 59'163° 347 0% 1411.7] 620¢ i 1 1976 S A4 1 1w 312 ie0s

0510 La 13elgica . 17732 163713 2815.3] 80 110 191 - - -

503 Bermeio 18°06°  [63° 38 4774 10000) 1 111975 - - - v 10 976|312 1994

0504 Colorado 18°08°  [63°08° “102.3] 19200 . -1 [193H 31 12 19

5512 {Eisenhower e1e 630 1 401007 2793 1 10:1977 - - - PoOotoo1997) 31 12 1994

0520 Bspcjos : 17058 3071637 34747 2360} 45671 1 41981 - - S IR R 171 S B VI 872
-1 6 10 19881 25 31 1993

0530 . {SanPodrode Terevinto  |17°43° 057163° 26 J165.0] 45001 & 1D K988 - .
2. WATER LEVEL DATA OF THE RIO GRANDE

o401 Puerte Abapo 606000 ' 1ov ] o 3 m
0402 Pucrlo Pailas 1740 6147 745000 Wy 1 1974

3. WATER LEVEL DATA OF THE RIO YAPACANI

001 RioYamcani(j\mte) 17724 |63°4% $970.0] 2830] 25 7 199 - - - 25 7 19947 31 12 K994

1. WATERLEYEL DATA OF THE TRIBUFARY OF RIO PALACIOS

003 RioPalornclillas(h!cnlc_)ll?“ll': 63°3)° 261.5] 2%0.0 .fO 71994 - 0200 7 19M] 3E. 12 1994

3. LISTOF DISCHARGE GAUGING STATIONS AND COLLECTED DATA

Sation  [Station Name | Lacation Catchment] Fleva] | Observation Startod : Data Collocted
No. atitude  [Longitude Areat  tiea| " Manmal Automatic Deginninp. | End

G (EL o} Day Mon. Year[Day Mon Year|Day Mon. Year [Ooy Mon. Year
t. DISCHARGE DATA OF THE R10 FIRAY o :
0506 Angostura 187097 59°|63° 34° 05 1127 e0] : 21975 3t 12 199
0510 La Belgica 1737 |63 1y 28153 M8l : P4 19761 3 12 1998
0505 - Bemicjo 18°06° 163°3% 477.4) 1000] . ) 17 I 1976] 31 12 199)
0504 Celorado 18°08" 63708’ [0623] 1020 ) 10 9 1981 31 12 1993
0512 Fisenhower ¥l 1 63° 19 401001 2795 _ : -4 21971 31 172 1991
0520 Lispojos 170587 30363°34° 17 23601 496.7 o 711 96 31 12 1993
0530 | ISan Pedro de Tercvinto 179437057637 26 16501 450 ' 6 10 1988] 25 11 1993
2. DISCHARGE DATA OF THE R1IQ GRANDE : : ' @
3400 Puente Abapo T GOGOO0 b 11964 JO 9 1981

3191

0402 Pucrto Paitas 177407 a4y 745000 : 13 6 19| 31
3. DISCHARGE DATA OF THE RIQ YAPACANI

[EIR } 5| Rio Yapacani (Pucate) J17°24° 634y 597001 2830] 15 9 1993 - 415 91| 23 11 1991

1. DISCIIARGE DATA OF TRIBUTARY OF THE RIO PALACIOS

LE Rio Palomctillas (Pucnte) 177237 |63 32" 2615] 290 719N - - 1 2 7 1991 812 19



TABLE $.4.1 METEO-HYDROLOGICAL CONDITION IN THE STUDY AREA

Data : SC-Universidad (1971 - 1994), Col. San Juan de Yepacani (an. 1974 - Sep. 1984)

Station MONI{I Annual
_ Jan.  Feb. Mar.  Apt. May  Jun. Al Avg  Sep. Ot New, D
1. MONTHLY AVERAGE TEMPERATURE (Unit : °CY  Average
SR06 SC-Trompille  Mex | 304 303 301 2RSS 260 29 246 274 292 305 103 308 8.6
Mean| 264 - 263 258 242 220 203 202 -6 M5 50 168 267 243
Min 2i4 214 208 190 174 165 153 165 184 198 207 211} ]
61NP Saavedra Max. | 304 304 304 290 270 253 259 285 302 309 04 300 29.0
Mean| 260 252 249 234 216 199 02 N3 2% 252 244 25} 234
Min. 215 2.3 206 189 12} 154 145 156 118 195 198 207 186
Okinawa 2 Max | 306 308 108 295 268 253 256 285 295 314 13 309 199
Mean | 260, 257 254 242 216 199 196 Hg 116 w1 21 PAR
Min 207 212 208 194 472 155 141 159 174 196 20T 205 18.7
Cob. San Juande YapacaiMax. | 306 308 309 297 270 154 259 217 288 307 307 106 291
Mean| 26% 254 262 247 725 208 06 2E& 231 252 156 26) 241
Min. 20 219 206 197 180 163 153 160 115 197 208 219 19.2
[ata - SC-Teempillo (Tan. 1943 - Dec. 1992), Ssavedra (Jan. 1932 - Doe, 1994)
Okinawa 2 (Apr. 1981 -1ec. 1594), Col. S2n Juan de Yepacani (Jan. 1973 - Dec. 1994) ‘
2. MONTHLY AVERAGE RELATIVE HUMIDITY . , (Unit: %) Average
5R0G SC - Trompitle ) 150 150 750 740 W0 60 690 610 600 630 G670 7LD 703
GINP Saavedra 750 . 760 730 20 730 710 630 560 560 610 660 1O 68.0
Ghinawa 2 ) 832 %20 26 817 Rl2 190 734 490 685 W9 157 195 T4.8
Col. 8an Juen de Yapoeani &1 797 718 M3 182 184 T 7AT 69R 692 703 740 785 75.6
Data : SC-Trompitle (Jan. 1943 - Dec. 1992), Saavedra (Jan. 1956 - Dec. 1992) :
" Okinawa 2 (Apr. 1983 - Dee. 1994), Col. San Juzn de Yapacani (Jan. 1973 - Dee. 1994}
3. MONTHLY AVERAGE RAINFALL AND RAINY DAYS (Unit : mm}
(Unil : day) Total]
5306 5C - Trompitio - 1815 1373 1260 1043 900 752 613 429 709 993 1301 IB1.9) 13012
. 13 12 1l Y 10 8 6 4 5 7 9 12 108
GIND Spavedra 2241 1604 1140 245 835 . 693 451 4R2 719 1065 1471 204 13561
' 13 il 10 i - 5 4 4 5 7 9 12 93
Okinawa 2 ’ 008 1661 1094 2293 838 583 484 520 668 0BS5S 1226 17651 12742
o : 11 14] 8. 6 [ 5 3 3 L] 6 7 10 77
Col. San Juan e Yapacani W17 2394 1R03 1227 1569 924 6% 779 BIO 1340 16L3 2707 §897S
V715 13 10 i0 . R 6 3 4 9 10 15 A25
ata : SC-Trompillo (Jan. .1 943 - Dec, 1994), Saavadre tfan. 1952 - Dev. 1994)
Okinawa 2 (Jan. 1969 - Dee. 1994), Cob. San Jnan e Yapacani (Jan. 1960 - Dee. 191M)
4. MONTHLY AVERAGE WIKD SPEED AND DIRECTION (Unit : knot, 1knot =054 m/sY  Average
$806 8C - Trompilla NW-09 HW-09 NW-O8 NWO08 NW-09 NW-11 NW-11 NW-11 HW-t1 NW-10 NW-[0 RW.0%]  Nw-1D0
HINP Sasvedra NO7 N47 NO7 803 510 N1l M2 N-I1 8-l N-10 NO9  NO§ R-09
12ata : SC-Trompillo (Jan. 1943 - Dec. 1994), Saavedra (Feb. 1979 - Dec. 1992)
5. MONTILY AVERAGE EVAPORATION . {Unit : men) Total
SC-Vniversidad ) 1265 1082 1106 907 740 632 7635 961 1167 1372 1330 126.5f 121541
Cel. San Juan de Yapacani 820 774 955 941 754 655 904 1054 1147 1220 1118 939] 11420




TABLE 5.5.1 SUMMARY

OF PROBABLE MAXIMUM RAINFALL BY GUMBEL

METHGD
B (Unit ; mm)
Return Period Probable Maximum Rainfall . : :
(Year) 1 Day 2 Day -3 Day 4Day - SDay 6 Day 7 Day
1. 5806 SANTA CRUZ TROMPILLO o
200 2927 3282 3420 3574 kYRR 3839 3839
100 2656 298.7 311.7 3263 341.2 351.7 35870
50 2385 269.1 2813 295.1 3093 3195 3250
40 2297 2595 2715 285.0 299.0 309.0 3147
30 2183 2472 2587 2720 - 2856 295.6 3013
20 2022 229.6 240.7 2534 ' 266.6 276.4 2823
10 174.2 199.1 209.4 2213 233.7 243.2 2423
5 1450 16713 176.7 187.7 199.4 2085 2149
2 160.9 119.3 1274 1371 1475 156.2 162.¢
2. 6INP SAAVEDRA .
200 2569 32110 3169.7 402.1 41175 © 4529 458 8
100 (2351 2927 3360 364.7 3798 411.5 4113
50 2132 264.2 3023 3272 3419 3699 3756
40 206.1 255.0 2913 3150 329.6 356.4 362.1
30 197.0 243.1 2712 299.4 3138 339.0 3447
20 1840 226.2 2572 2712 - 2914 344 3199
10 161.4 196.8 222 4 238.6 2523 2705 276.9
5 137.9 166.2 186.1 1983 211.6 226.8 2321
2 102.4 120.0 1313 1374 150.2 1592 164.4
3. OKINAYWA I
200, 266.3 2662 3326 345.7 3913 3914 4169
100 243.2 271.2 3043 "316.6 3573 3589 3820
50 220.1 246.1 27159 2874 3232 3262 3469
40 2126 2380 266.7 278.0 3iz2 3156 3356
30 2029 2215 254.8 265.3 29719 3020 3209
20 189.2 2126 2379 2485 2117 2826 300.1
10 1653 186.7 208.6 2185 242.5 248.9 2639
5 1404 159.7 178.1 187.1 205.9 2137 2262
2 1028 119.0 131.9 139.8 150.5 160.7. - 1693
4. COL.SAN JUAN DE YAPACANI
200 3524 417.6 440.7 4458 4592 471.% 5225
100 3224 381.7 404.0 4107 4238 . 435.4 481.0:
50 2922 345.7 3671 375.4 1884 399.6 4392
40 2824 3341 355.2 364.0 376.9 388.0 4258
- 30 2698 319.0 3398 3493 3621 ini 4083
20 251.9 297.7 317.9 3284 3416 3518 3836
10 2208 2606 - 279.9 292.0 3044 3149 3406
-5 188.3 2219 2403 254.1 266.3 2764 2957
139.3 163.5 180.5 196.9 208.7 218.2 228.0




TABLE 5.6.1 RUNOFFPOQINTS AND SCS PARAMETERS OF THE RIO
CHANE BASIN AND ARROYO YAPACANICITO-JOCHI-

TACUARAL-TEJERIA BASINS

1. CHACHMENT CHARAGTERISTICS FOR RUNOFF POINTS OF THE RIO CHANE BASIN

Chach- 5CS
ment  Hydrautic Grand Curve CBR method

Point Code Sub-catchments Area Length Slope Number LagTime WVelocity
{km). {kr) 5 {CN) (b} (misec)

P-1 A-4_11,B-1_3.C-1_8,0-1 25191 132700.0 0.133 82 356 1.01
P2 A2 11.B-1_3.C-1_8D1 24557 120200.0 0.139 82 334 1.00
P21 A2 11,C-1_801 22315 1202000 0.139 82 334 1.00
P22 B8-13 2243 505000 0.152 &2 16.5 0.85
P-3 A3 11,6-1_8D041 ) 20328 982000 0.118 82 30.4 090
P31 o D1A3_H - 15635 982000 0.164 82 268 1.02
P-3-2 ¢ €18 469.3  58500.0 0.188 82 16.7 097
P-4 CD-1A4H - 13988 752000 0193 82 20.5 102
P-5 D1 A5 11 13387 710200 0.200 82 19.3 1.02
P-5-1 . D-1AS 10 106833 710000 0.200 82 9.3 1.02
pP-5-2 A1 : 2755 420000 0.234 82 122 095
P& - D1 A6 10 10475 67000.0 0203 - 82 182 1.02
P-6-1 D-1AS 456.7 550000 01473 82 ic8 0N
P52 AT_9 5247  67000.0 0.209 82 8.2 1.02
P£-3 A0 €61  Z8000.0 0.207 82 93 0.33
P-7 A-8A9 412.0  39000.0 0223 82 147 0.93
P74 A-8 270.1 390000 0.223 &2 1.7 093
pP-7-2 A-8 : 1419 320000 0.225 82z 10.0, 089
P8 B-28-3 2175 480000 0.158 82 15.7 0.85
P9 B-3 : 640 16000.0 0.213 82 6.0 0.74
P10 c.2_8 466.1 54500.0 0.202 82 5.7 0.96
P-10-1 c48 2337 440000 0.205 82 133 0.92
P-10-2 © G203 . 2324 545000 0202 82 - 15.7 0.96
P-11 “C-3 1974 400000 0225 ° 82 - 119 0.94
P-12 C58 1949 325000 0.228 82 10.1 0.90
P-12-1 C-7.C-8 ) 624 280000 0211 82 93 034
P-12.2 c5C6 1325 325000 0.228 82 10.1 099
P-13 C-6 1212 280000 0243 82 88 039
P-14 C-8 . g4 210000 0.219 82 73 050
P-15 D-1 ) 2448 330000 D188 83 $1.0 0483

2. CHACHMENT CHARACTERISTICS FOR RUNOFF POINTS OF THE YAPACANICITO-JOCHI-TACUARAL-TEJERIA BASIN

Chach- 5CS

: ] ment  Hydraulic Grand Curve CBR method
River Point Code Sub-catchmenls Area Length Slope Number Lag Time. Velocity
; (km’) (k) (%) (CN) () (mlsec)
Yapacanicito P_Y1 Y6 1, Yi_2,Yi_3, Y6 4, Y21,¥Y22 - 3707 6.4 0.089 80 227 0.75
P Y2 S OYI_2, V1.3,V 4,Y2 1, Y2 2 ' 3038 51.1 6.168 &0 18.0 0.75
P_Y2 4 Yi_2,Y1_3,Y1 4 229.2 511 0.103 8i 9.0 0.75
P Y3 Yi_3,¥1 4 130.8 315 0.145 83 1.7 0.75
P_Y4 Yi_4 349 18 0.200 83 49 067
p Y2 2 Y2_§,Y¥2 2 747 259 0.058 81 i4.3 0.59
P_Y5 Y2 2 i1.9 65 06.083 82 43 0.42
Jochi LR | J1,02,43J4 1480 463 0.096 80 186 0.70
P_Jz J2,J3,04 1064 332 6.106 81 138 067
P_J3 J 3,04 946 3 0.108 82 13.0 0.57
P J 4 183 5.0 0.120 82 3.1 0.46
Tacuaral PTI - T1,T 271374 2528 49.7 0.121 80 178 077
P2 T273T4 . 21486 395 0140 80 1441 0.18
P12 1 T2 : _ 882 26.0 0.100 80 1.7 062
PY T3T 4 ' 1264 31y 0.142 80 136 017
P_T4 T 4 . 494 S 132 0 0200 8 £3 0.69
| Yejeria £ TN ST : . 436 17.0 0.180 . 82 6.7 0.70
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TABLE 5.8.1 SUMMARY OF PROBABLE MONTHLY DROUGHT RAINFALL BY
LOG-NORMAL DISTRIBUTION

{Unit : mm)
Return Period Probable Monthly Rainfall for Drought Annual
(Ycar) 1 Month 2 Month 3 Month 4 Month 5 Month 6 Month Rainfal
1. 5806 SANTA CRUZ TROMFPILLO
200 0.1 2.7 21.2 482 75.0 117.1 623.9
100 0.1 3.5 24.7 54.8 4.8 1302 667.6
50 0.1 47 203 632 913 146.7 7203
20 0.3 73 317 78.1 190 1746 805.1
10 0.5 10.7 470 93.9 142.1 203.5 887.6
5 1 17.0 615 117.7 1764 -~ 2454 1000.1
2 5.1 41.1 103.0 1811 266.7 3508 . 1256.0
2. 6INP SAAVEDRA
200 00 0.3 15.1 373 65.4 1045 ° 6296
100 0.0 0.4 i7.9 427 19 1165 - 6759
50 0.0 0.7 216 49.6 84.7 131.7 731.7
20 0.1 1.4 284 62.0 1033 157.5 §22.0 @
10 0.2 2.6 36.2 75.3 123.0 1843 910.4
5 0.4 56 . 488 95.5 152.4 2233 1031.5
2 2.6 24.1 ' 85.9 150.3 229.1 3221 13092
3. OKINAWA I _
200 0.0 03 .04 104 29.0 49.7 . 4995
100 0.0 0.5 07 13.4 35.1 590 - 5443
50 0.0 0.8 © 12 17.9 435 713 - 5992
20 0.0 1.7 2.8 27.0 59.7 94.2 639.7
10 0. 32 5.6 389 78.7 1203 7803
s 0.2 7.0 134 60.8 1103 1622~ 9075
2 1.3 31.) - 703 1422 - 2104 287.1 12106
4. COL. SAN JUAN DF YAPACANI
200 0.3 10.7 © 230 542 780 1543 0004 . -
100 0.4 12.9 21.5 62.6 90.0 1723 | 964.6 @
50 0.6 15.7 335 73.5 105.4 1949 10419
20 11 21.1 148 - 93.1 1329 - 2335 . (11664
10 1.9 274 519 114.6 1629 273.6 12880
5 38 37.6 79.0 147.8 208.9 332.1 1453.9 .
2 13.4 68.9 143.2 239.9 '335.7 480.8 18323
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RAINFALL INTENSITY - DURATION CURVE {0 - 4 HRS)

STATION: SAAVEDRA
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1500 [ f=a/(1 x 60 + b}
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rl
RAMNFALL INTENSITY - DURATION CURVE (4 - 24 HRS)
STATION: SAAVEDRA
LEL R - N R I [ Tatbot Curve 4 - 24 B o
I=af1x6Q +b)
where, I rainfall imewnsity
1. durztion of rainfall
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60.0 — - : .
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FIG. 5.5.3 RAINFALL INTENSITY CURVES OF SAAVEDRA
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Rasnfall Intensity (mmvhr)

RAINFALL INTENSITY - DURATION CURVE (0 - 4 HRS)
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FIG. 5.54 RAINFALLINTENSITY CURVES OF SANTA CRUZ - OFICINA
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CHHAPTER 6 REGIONAL DEVELOPMENT

6.1

6.2

General

Recent development of the study area has started in 1954 when the national road from
Cochabamba to Santa Cruz was completed. The population of the Depariment of
Santa Cruz has increased rapidly by migrants from both Altiplano and abroad since
1954,  The current population of the Depariment reached 1.36 million according to the
1992 Census and the city of Santa Cruz has become the second largest city in the
country.

The study area stands in a fertile agricultural area and most part of the study area was
developed by the first half of 1980s. Currently the development area has been
expanding to areas beyond the study area, toward the east side of the Rio Grande, the
west side of the Rio Yapacani and the north side of the Rio Chane.

Development Policy

6.2.1 National Devclopment Polic};

‘The Republic of Bolivia has underiaken “A new Policy for the National Development”
with emphasis on Sustainable Development.  According to the General Plan for Social
and Fconomic Development (PGDES), formulated by the Ministry of Sustainable
Development and Environiient, sustainable development is defined as follows:

"Sustainable development seeks to improve the living standards of all the Bolivians, -

thraugh a productive change, which require a rational utilization of the human,

natural, physi'cal'and financial resources, and the institutional and cultural asseis,

without cndangéring the fulfillment of needs of the future generation and within the
' nature's capacity and in a context of social equity and governability.”

The sustainable development is based on the following four fundamental pillars:
1)  Ecounomic Growth:

A productive transformation that will entitle the country to tackle the tough requirements
of competitiveness derived from technological development.



2)  Social Equity:

Reduction of sociat differences and creation of opportunities for citizen's participation ' '
in society and the decision-making process, apart from the acknowledgment of culiural

diversity and the surmounting of all type of discrimination.,

3)  Rational Use of Natural Resources:

" Conservation of renewable resources, without affecting its regenerative capacity, and

the inicgral profit of non-renewable resources, as well as the preservation of the
environment. '

4)  Governability:

Improvement of the decision-making effectiveness, and the legitimacy of the State and
the political system before civil society, in order to peifect democracy.

The objectives and policies of the PGDES are listed as follows:

- Achange of the conditions of international insertion,
- Productive transformation, '

-, Equal opportunities for all the population,

- Improvement of democracy,

- Rational use of naivral resources and preservation of the environment, . -

- A harmonious relation between population and renewable natural resources.

6.2.2 Regional Development Plan

(H

' The Regional Development Plan has been prepared by CORDECRUZ m June 1995

based on the objectives and policies of the PGDES.  The _curréhl D'cy_élopment Plan of
the Department has a temporary horizon at medium and long term (up to 10 years).
The plan is explained as follows: ' |

Role of the Department
The role of the Department is summarized as follows:

a. To contribute in a significant way to the supply of domestic market with
consumption goods, raw materials, intemmediate goods, and energy resources.

b.  To be the main region for non-traditional exports of the country, at medium term,

6-2
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¢ To contribute ‘absorbing, through the generation of employment, demographic

" “surplus from the depressed regions of the country, which have few development
perspectives.

d. To contribute to the expansion and dynamism of the national internal market.
Plan for the land use of the Department (PLUS)

The Plan for the Land Use of the Department of Santa Cruz (PLUS) prepared by
CORDECRUZ in 1995 with the target year of 2005, is shown in Figs. 6.2.1 and 6.2.2.
They are summanzcd as follows:

Largest units of use Area (,000km?) Share(%)
-Intensive agricultural & cattle raising use . 29.6 8
-Limited agricultural & catile raising use 14.8 4
-Extensive cattle raising use : : 111.0 30
-Forests for forest use 118.4 : 32
-Protection and conservation C 95.5 - - 25
-Others - _ . 3.7 . - 1 -

Source: CORDECRUZ
Goals and Objectives

The annual national economic growth for the next decade shall be maintained at a rate of
5 % of the GDP for the next decade through an accelerated expansion and grealer export
diversification. “The Department should take an important role to achizve the goals of
the national economic growth. The key issue is acceleration of exports of the regional
products by stimulating the potential of the Department that includes vast natural

resources.

Within this framework, the main sectors that will promote regional economic growth

' through export acceleration at a short and mid term will be the followings:

Mining (the beginning of Precambrian mining),
Hydrocarbon (butane exploitation potential),
Agriculture/livestock and agroindusirial development,
Wood mdustry, _ .

Services related to forcign commen,e 'md lransu lrade,

a0 o
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Manufacturing industries (access to neighboring counl;ies, import raw materials
industrialization or assembling of impdrled parts as spare parts for re-exportation,
etc.),

Tourism,

Specific policies for the priority sectors

1)

2)

3)

4

5)

Transportation Sector

Establishment of minimum indispensable access for export, .

Strengthening of the organization for maintenance of roads, . :
Establishment of minimum road networks at secondary and tertiary levels,
Improvement of the existing roads. |

Agriculture sector

Encouragement of technological development through research, extension and
organizational improvenieat,

Improvement of secondary road networks,

Provision of various micasures to get more easy credit, especially for small and
medium-scale producers,

Improvement of farmers' capability and technical level through governmental
supporiing services. o S

'Forestry sector
Reforestation of the deforested and abandoned arcas.
Industry secior

Provision of incentives for investors, such as tax free for the capital,

Provisions of various measures to get more easy credu o

Improvement of human capability and technical level !hrough govemmemal
supporting services,

Promotion of small scale industries and handicrafts.

Hydrocarbon sector
Increase the production of liquid gas for domestic consumptlon, h

Completion of the gas pipeline (Sama Cruz - Brazil).
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6) Mining sector

- Investigation and development of potential areas of mining,

- Strengthening of the governmental supporting 1o the mining cnterprises,
- Conservation of the natural resources in the mining areas,

- Conservation of the native people in the mining areas,

- Provision of infrastructure in the mining areas.

Population and Setflement

6.3.1 Urban and Rural Devéloimlent

)

City of Santa Cruz

The city of Santa Cruz is located in the center of the most dynamic part of the national
central development axis of La Paz - Cochabamba - Santa Cruz that has generated an

- important growth of economic activities especially in the fields of contmercial, financial,

agriculture and livestock, and industrial sectors, supporied by a strong demographic
growth.

The city of Santa Cruz has developed rapidly since 1950s.  The past population of the
cily are shown below: ' ' -

Year Population Rate of Increase (%)
1900 15,874 -
1950 42,146 1.99
1976 254,682 7.23
1992 697,278 6.50

The ¢ity of the Santa Cruz has prepared “The City Development Master Plan” in 1993
According o the Master Plan, the population of the city of Santa Cruz will become 1.7
millions (by low forecast) :to 2.1 millions (by high forecast) in the year of 2010.
Accordingly thé'city boundary of Santa Cruz will be expanded from 5,631 to 62,500 ha
in 2010. '

The city of Santa Cruz is drained partly to the Rio Chane basin, partly to the Rio

~ Grande and Rio Pirai basins.  The expansion of the urban area will affect the runoff of



(2)

(3)

4

the Rio Chane basin, because the urban area is located in the upper reach of the Rio
Chang,

Other cities in the study area -

There are twelve (12) cities that have populatio:i more than 2,000 within the siudy area,
other than the city of SantaCruz. Among them the cuy of Montero is the largcst one,
having a population of 57,027, followed with the city of Mineros having 11,181 and
the city of Warnes having 10,866 in 1992 as shown inTable 6.3,1.

The total urban population was 119,177 in 1992, as shown in Tab!eé ? 2. 'There are
eight (8) municipalities, established by the law of popular participation. In addition to
the above municipalities, Santa FFe de Yapacant and Okinawa 1 are scheduled to become
new municipalities.

The acreage of the city areas will be expanded by 2.0 to 2.5 times of the existing urban
areas by the year of 2010 according to the estimation based on the municipal maps, their
past trends and their population forecasis. '

Major Colonies

There are five (5) major colonies in the study area.  They are shown in Ft'g; 6.3.1 and
listed as follows:

1)  Okinawa,

2}  Aroma,

3)  Puesto Fernandez,
4y  San Juan,

5)  Antofagasia.

These colonies, covering an area of 1,334 ha (19 % of the Sludy Area), are relatively
well developed with basic f'acﬂmes such as roads and agmmdusmal industrial facilities.
They play an imponant rok for lhc producuon of soybeans rice, hves:ock and
sugarcane in the study area. {Ispccmlly the colonia Okmawa and lhe Coloma San Juan
are well organized as economic and social unils. '

- Expansion of the Colonies in the surrounding

In line with the "Export corridor development policy,” which is shown in Fig, 6.3.2, a
number of new large colonies have been developed in the eastern side of the Rio

6-6




6.4

Grande since 1970s.  They have been dcvelopcd as national and Mennonite colonies.

They are shown in Fig. 6.3.3.

Basic Infrastruclures

6.4.1 Road Condition of the Siudy Area

a

@)

Fundamental Roads in the Region

The total length of road in the Departiment is 6,974 km that accounts for 15.1 % of the

~total road length in the country.  The Department's road length consists of 1,830 km

of fundamental road, 1,368 km of complement road and 3,776 km of district road.

‘The fundamental road in the Depaniment is relatively developed and well maintained.
The city of Santa Cruz acts as the t-ansportation hub in the Department.  There are two
routes connecting Santa Cruz to Cochabamba.  One is the route No. 4 (500 km),
opened in 1954 and the other is the route No. 7 (470 km), opencd in 1989. The route

" No. 4 also extends to the Puerto Suarus through Coloca

"~ Another fundamental road is the route No. 9 extends towards both the northern region

and the sonthern region of the ¢ity of Santa Cruz.  The northern part of 500 km
connects Santa Cruz - Guaira - Rio Grande - San Ramon - Ascencion de Guarayos
toward Trinidad in the Department of Beni and the southern part of 460 km connecis
Santa Cruz - Abapo - Ipati - Boyuibe - Yacuiba in the Depariment of Tarija.  Fig.
6.4.1 shows the existing major road network of the study arca.  These roads will have
an important function as an essential part of the "Export Corridor connecting the Pacific
to the Atantic” in the future.

Road conditions in the study area

The road length by surface types according to the read map prepared by the Study Team,
using the aerial photographs taken in May 1993, is summarized as follows:

- a. Asphaltroad: . _ 187 km (8%)
b. Gravel road: : 808 km (349%)
c. Eathroad: 1,354 km (58%)

Total length: 2,349 km (100%)



The fundamental roads have been mostly paved, except the road between Guabira and
Okinawa I/the Rio Grande that is to be paved within 2 years along with the construction
of seven bridges by JICA.

The rest of the roads are categorized as district road. These roads are mosty not
paved or graveled except those of Colonia Okinawa, San Juan and Puesto Fernandez,

located at north of Mineros.

The construction and maintenance of district roads have to be carried out mostly by the
communities or producers by their own financial resources.  Those costs are serious
financial prob]ems to the local communities such as the Coloma Okmawa the Co!oma
San Juan and the Sugarcanc Factories-producer's Association.

6.4.2 Accessibility of the Secondary Ronds

(1)

Accessible Road Length

The acceséibility of cach sécondary road in the Study Area has Ibc_en.s'ur\..'e)'r.ed during
the Study. ‘The most part of the earth road is not accessible when it rains for 2 days or
more than 50 mm continuously, because of the weak road bed, poor drainage facilities
and poor miaintenance. - The accessible all-weather secondary road throughout a year is
less than 40 % of the total length. The following table shows the accessible road
length (Figs. 6.4.2 and 6.4.3): -

Surface condition - Nornal Year 1992 Flood Year

" Good road 935 km (40 %) 846 km (36 %)
Bad road 1,317 km (56 %) S40km(32%)
Yery bad road 97 km (4 %) 940 km (41 %)
Note:
1.Good:  Accessible throughout a year,
2. Bad: Not accessible at beast more than onc nﬁomh,

3. Very bad:  Not accessible at least more than five months,

The secondary roads play an important role for the transportation of regional products
to markets and factories. The poor accessibility of the secondary road is a ‘serious
constraint to the ransporiation of agricultural ¢rops, especially during ha.:'"vcst time.




(2}

&)

Transportation and Harvest Periods

Summer soybeans, rice and colton are the major crops harvested in the rainy season,
and sugar canc and winter soybeans are the major crops harvested in the dry season.
The harvest calendars of the major crops in the study area were surveyed and shown in
Table6.4.1.

The required number of trucks for ransporiation of the harvest crops were estimated
and shown in Table 6.4.2. ‘The transportation of sugar cane products occupics the
share of 77 % of the produci-tons.  The transportation period of sugarcane is basically
from May to October.

~ Secondary Road by Canton / Sub-zone

‘The condition of the secondary roads was assessed on the road density, accessibility,
number of dependant inhabitants, land use pattern, etc., and shown in Fig, 6.4.4,

6.4.3 Improvement of Secondary Road

&

‘The stages of the regional development and the road network development in the Swdy
Area are illustrated in Fig. 6.4.5 and summarized as the following four stages: '

a. 1950s-60s:  Exploitation of the Virgin Land (rice, cattle and sugar cane)
1970s-80s:  Development of the Large-scale Colonies (sugar cane, cotton and
' diversification), - '

¢. Now: Expansion to the Surroundings {(soybeans),

d. Future: Expansion and Integration.

The Study Area requires to facilitate the central function of various services, such as
technical and financial supports, ransportation and storage facilities, agro-industrial and
manufacturing factories in order to serve the huge hinterland.

In short term, the following paris of the secondary road network should be up-graded
or improved from earth surface to gravel or asphaltin order to facilitate a smooth traffic
flow to the related productive and populated areas. (Fig. 6.4.6).

- From the north end of Ckinawa-2 to the north of Warnes (26 km),

- From Okinawa-3 o the industrial park of the city of Santa Cruz (34 km),
- . From Okinawa-3 to Cotoca (25 km),

- From Okinawa-3 1o Monte Hoyos (16 km).
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6.6

In mid to long term, the following parts of the sccondary road network should be.
improved or reconstructed:

- From the north end of Okinawa-?. to Mineros (24 km),
- From Mineros to Loma Alta (28 km),

- From Loma Alta to Sania Rosa del Sara (14 km},

- From Sania Rosa del Sara 1o Antofagasta (18 km),

- From Antofagasta to Coelonia San Juan (8 km).

Inventory of the Agroindustries

The existing agroindustrial factorics are mosty located along the fundamenial roads
(Cotoca - Santa Cruz - Warnes - Montero - Portachuelo).  The agroindustrial factories
and the industrial parks in the Study Area were surveyed and shown in the Table 6.5.1

and Fig. 6.5.1.

Flood Mitigation Area

The important facilitics, as well as the productive agricultural and livestock fields, shall
be protecied from floods.  They arc shown in Fig. 6.6.1 and summarized as follows:

13 Municipalities and other urban areas, including the future expansion areas,
2)  Large scale and well established colonies, ‘ .
3)  Regional main roads and important infrastructure, including agroindusirial factories.



TABLES







(2661-946 1159012 42T J0 OlfE; 8SEA.0UI 15D BU 10 6102 ) dn % 09 puUE So0Z o1 dn
PUT ‘(2661-9.61}% §'5 ;0 OTR: 250031 35ed BUl JO 10T 0} 6n % QL PUR 5002 91 4D <, 0% '0002 & dn

% 04 '0002 01 dn % Qg 12 SONR) £S22.0U; BY) ALY (1M SBNID JAI0 auy
% 06 12 SON2J ASE245UI UL SARY [IM 2N BIURS 1B} SPRW St 15EIaI0) JUL

Aedionus mau Joj poreubisap aq m (1) 'sotoN
SUOITRWNSE YO | PUE SNSUSY) leaneg

%¥E 1%0°C %S %LE [38-3- 1% Lhs'egl SS9'E5L 089'2 . %EY . [288'09 LIA'GLL - {{ZRUD TIURS PASNINS)TYLOL
%L'S %ty %0'C %9'S veY'986’L  IPLO'P0O'L  [B82'BSZ') 905'08 - %9 I6IS'SIE (sov'SLe WLOL
%82 %ET %48 WBLE L88°8 yeY'E 000'e - %'t |99t e wedude, ap uenr ues gL
%% %9°C %E'Y %6y 048 =T 18Lg - (#) %% 1900t 985°2 LBMEUNO (21
‘_.xm.w 1%0°t %2} %E't 609'C Teeve N_&.m . # %LL o levRe 8167 s_uy.amw $
1%8°0 %L0 %80 %60 965°¢ 18%'g ose'e . # %Lt . 829'2 §21'e EBIES 13p PSOY wlueg o)
%¥e %92 %0'E %P'S 218's vig'y 981’y . %er  [2e9't 961°¢ Zopasuiog o1sand]6
%12 %L x.mm %2 £0L' 90’y 188 - 4 %0°¢ _ 12072 £2e'e soueg ues|g
%P %'E %0Y %Sy [see'y 06°9 o.v_h.m - (#) %LS 19" 820 Geoedensp adquegls
%6'9 %2'S %89 %l'L §18'08 svz'ez  [est'sh %E'e 016 # %6 14012 ‘ 622'6 830100 w_
%e'1 %1t %¢'L %St 0L6't4 oge'tL hmw.or %1y 9st'2 # %g'L  [850°L gsr's ofeNyIElIS S
%Ly %9'E %2y %8 _mﬁ.m_m_ Z6L61 $62'51 %E'C 188 # %09 [@8e’y 998°01 | souseMm|>
BLT %TT %92 %0E 6S6°LL 180'8} ovi'yl - # _WLE |ogee T sossuIN |
%Le %92 %1'E %SG 655'66 gey'eg SereL %56 E1L'2 # %Yy |985'82 2008 - STOONZ
%S %S¥ %T'S %85 S0649L't  |E0F'SIE'L  [£29'860°) ﬁp be 9PL Y # D 827’269 =
b . a4
0102-26. _ 015002 _ S0-0002 _ 000226, | 0102 “ $002 000z |(sL-0slones]  oser am.mho__ﬁ a6l “ 2661
CHBY ST PAUNSSY uonemndod pajewinsg aseanny| | uoneindod [ANediouny ! asesmur | Uoneindod ejoL - BRJR UBQN 1O oc..ﬁz

VIIV AANLS THL NI VANV NVEIN THL 30 NOLLVINGOd FUNLAT ANV ONLLIXS 'SP TIIVL

@

L

6-11



UONEIINST YDIN PUR SNSURD lainog

Z3PUBLIDS ‘d PUR SOIBUIW (Za pUR UeNP UeS pue a3 Blues 'SOLRD UES (L. 'SION

$85'8L oze'gie [sot'zee 6£7'9L2 Lt EH 2942 $85'g. LLV'ELL [essest WLOL VIRV AQNLS
£LL'0L LLY'ES PYTYE 660'62 ot 62 088 1€4L'04 LE'Y. 0s1'sz {C»SOHANIN] &t
FTE) 655'66 161104 $69'94 9 g1z s42 ¥s'L 120°48 69585 OHILNOW, 8L
eL'e 609°S oge'Zt £56°L1 Lt £2 05 . 1eL's 8162 688'1L YEAIAYYS VIVED| Ll
9£0'12 609°52L SL9'2¥L 8SL4LL gl Pis 659°L 198012 ees'vL gst'se INVASLSLINVYS Q)
1961 965't 26L'9 9vs's ] il 842 961°c s2L'E 128’9 VHVS 130 VSOB VANYS| 9%
658'L 0 6531 858'L H b 991 658"t 0 €58°L YUVYS 3Q QIOYNDI NVS| St
184t 0L6'LL or'es 8L LL ¥ 6¢ |eLe LeL'L A ¥85'01 QISNHOVIEOd| ¥t
oe6'e e 0262 ogs'e g g 858 026°2 ¢ ler i w(.rwﬁonh(u,_ 1339
5016 595's) 2L9'%2 £80°C2 8 81 28l g0L's BLETL 8918 vdvs)
Si6'0l 156491 CLL'ie ZYS'EZ 8 14 127’} 516°01 966'6 Lis'oz (1S0TGVO NVS| 21
5e€ 0 SZe sZg 9 9 5 SZE 0 see HIIAYE NYS| it
622t 0 622'1 622°% ] I Ss 622'} ) 6z2'L VLSIAWYNING| oL
169¥'ZL S6L'91 5262 960'5Z g vL 05s's 69r'2t 965°6 §90'Z2 OUHIN
ssT'e 0 ss2'c 52 L L £0g ss2't 0 $52'e OHINHED| 6 -
0sLg o 05t losi'e 12 k2 15t 05L'g 0 0sL'e InNovSNZv, ¢
818 ¢ gig 818 €1 6 £ 218 10 g18 ONILYI NYAM £
POLE 0 v0L2 0L ] L 161 YOL'E v 0L HO3WOI0L
=4 ger'ez £BE'SE §v0'8L sk 9L gLl 1522 $93°01 LiL'EL SENHYM &
SS9'ZL 0L8'S sze'el ser'gl 6 L ovel §59°21 9862 Lye'st SOOVRIO SO v
£ES'YE 2oL'ge SEG'ES 807"y L g1 1942 £e8'v2 Zsr'el £82'88 {S3INEVM
61L'e ) 612 6i2'e zz 2z 951 614 ¢ 514 SOACH OW3UNOW] €
¥Er'S 218'08 ZiE'9R LA 6i 05 562 voY's 6226 AR YOOI0; 2
g26'L 0 826’1 826"% gt £l ¥51 826'L 0 1826°1 OIBOLYEC 132G YaWTvd] ¢
LyL's gL2'08 6561y £68'Le : Ex 518 m Wb €zZe'6 0:£°02 (52Zver )
teiny uegin 0Lz 0002 leiny 2] (gu) feany ueqin -3 SUOWRY) JO SWeN; "ON
uoneindod aungng (GusydiAnsuag B8N Z661 U1 uone|ndog {aouiralg)

SNOINYD Ad VI¥V AQNLS THL JO NOILYINJOd TUALAL ANV ONILSIXE FHL 769 TTIVYL

6-12



| seuowey 1IN Je6ng

EMBUNG 10D
|
suBaq Aog uBNp URS ‘0D
! ]
_ suesq Aog
Lm..so_%cmw
wIYM
wnyBiog
Sd0dD "IN
S03Z10d
uoRoD
o1y
sz
54040 SINANS|
k —
Ot r4 43 28 124 YOL 0 001 3144 S8t LLL S8€ £L8 abeione [elol
$55 arL L8 Bt GLl 5y 08L vee (44 S52 Yiv £5% venp ueg
685 S8l 6L} e il €S 1541 £82 2Ls Q¢ AR £9 Ciplus) ueg
9t 06 8Lt ore ¥8 e 0L cte ¥4 p-r A Sht 15¢ oRenNYIRLOd
<ot o¥L QG Sz (o] 4 <G v6l 162 86 €6t oge -l BMBUNGO
¥Se ol 89 282 2] L ar 802 IEE FALA 8be - 168 SOISUIN
06 gcL 8% 6eC 1243 52 29 16t 6ve 3l ove 005 Bip3AeERg
Ly gt A Qie 06 82 28 L02 26 8el =1 194 eabjog e
86¢ &bt LL vES 001 Ly £el ¥oL bLy SLE - vig vEL 20 ueg
(Ruow/wiujerep 6L
43 & A 43 4 S L Y g [ 2l 14 (AR pg-b.61)sAep Ve
802 QrL oLt £l 56 95 S. S0t 66 gel 9L1 L2881 v8-vI61 (Wiw)ey ey
%t %Tt %l %0 %t %¥ %8 %Gt %8 .waw %8 %ET 15eg 9yl Ul surR Aazray
“\ .
"02Q AN | «oo ‘dag _ Bry | e ~ “unp _ Aew ‘ iy ; “Je _ ‘q _ ‘vep LUow

SCOIYHd LSAAYVH NV NOLLVIYOISNVYL I'0'o FIgv.L

D @

6-13



"BAIY ADNIS aul Li(1aqoing-Aey)pouad boz_mu.ﬁmamc Buunp sxonz 091 uey: EoE 3q

~

wea | Apnig YOoIr 92008

SUOY 6L ¥ 195 S1 %ORuL JO SUO L

1M Lodsuen sueosebns 10 mEguo\,,.,oEmn aberony

"Aep Jad easy Apmig ayy i Sxonn 084 pue Juswedag oyt Jo) $HoNA 082'L 9Q ___3_ awINioA Jyye abe.iany ‘sajoN

L eL6'Lte.  16e9'e8Z %001 Eh.mm._ﬂm gt 1v06'95L  [9zi'ser %001 E¥6'26Y'S .a.m.o_._.
L 0822 510 %L | SLi‘'og 02 050'194 ety %6 £v2'92e S840
62 89%'LS 509612 %BLL 98049l 182 ¥SE'Y9 L98'6b2 - %ES 000'7¥8's Jue .amsw
4 *mmm.nm $90'gL %Y 16¥'sg) 52 0002¥e  |£50'6L %LL oom.”w_mm (g)sueaq Aogj
z 000:88 oow.t _ %9 ooo..m? St 000'68 008'LL %t |oos'ees (WIsueaq %.m_
% 00641 112's %2 0E8'zy A 000's8 04098 %83 o_om_o_& ozfelN
2 0Se'69 £64'81 %L oﬁ.wﬂ 0 005°96 £€2'52 %9 000°'e6! m.a._m_
b 060's Sbe %0 6952 0L 000'8} £8L'LL %Y _ .“ooo.mmh paas uoyos
BU/UO} (eyleasy | syony o ‘oN m‘_mcw (uoliseareH | euy/uo; {eu)eary | sworu} ;o oN QJeys {uotjisonsey
eany fpnig uawyedaq znio viues maeu_.«o.qms_

UVOTNOLLVIMOJISNVYL ANV NCIXDAA0Ed TVINLINOEOV Y9 AIEVL

6-14



sanEdRNNW yIee pue '6664-v56L Z1D OIdLReSI) 8D U] ~GE6L 1RINY BIND 1234N08
SIUEM O} ZDS Woy © uny tf pajmao) sauisnpu-0i5e 21D BWES {1. 10N

462 Z L TF L feeL S v L BED ve 2 ¥ W, SL
E 0 ¢ G 0 [ o ) T ) )y 0 0 T 7351G |
B Q 0 i 0 [¢] 0 0 [} 3 r4 L A osnoy Jagibnes
v 0 0 0 4] 0 [ [} 0 0 c F 0 AQRT DIag
9 Q 0 ¥ 0 0 g8 0 ] Q 4 L [ W meg
601 3 ) [ 0 N 9 ¥ [ it 09 & L Jmaading #ang
(213 ] [+ [} ¢ a1l 09 0 0 0 0 0L s SULE, ARNOS
Tl 0 0 0 [ 0 [} 0 2 ) 0 L 3 ule] O
e ) 0 0 0" [ 0 ] ¢ ¢ 3 0 0 A0 21000N
o1 [ L ¢ 0 2 3 0 3 ! F4 € ] 20eg BURSSIOG Hiw
b T o 3 5 o G v 5 3 5 z 5 RiGwe Wi
L [+ 0 3 0 [ [ 0 L 0 ' 3 L SO0)107 UigSy,
T [} ¢ ] 0 [} 0 0 ) 3 [ [} b e Suzpaag
i ) 0 0 o 0 0 ) a [ 0 : 0 [CETE
7...| . [} 4] [} 0 0 [+) 0 )} [} ] 2 1 .c_n e
e D) ) i} 0 7 0 0 [} o € 0 o TS WoD
) o 0 L 0 a 0 ¢ 0 0 0 o 0 ENE)
v o [} € 3 0 0 0 0 0 [} [ [} - AoiSe] 93 050u])
L o [ 1 ) 7 0 ] [ [ 0 0 ¢ KI010¢] G500
H [ [} [} 0 _o ;6 0 0 0 g ¢ 0 Koloe) elefarag
& ol EMBUIND ©IpSARRS | TISIA BUBNG | eSOW BIVRS | uenpueg SouRD Urg 84 RlURS oJau oRNYITLOL LYY SALUBM 000 {ia ZUD EILURG wd_._.ﬁnvc_.ohm{

VXV ACMALS FHL NI STRROLOVA TVIILSNANICUOV JO YITAAN 1579 TTIVLL

6-15



	CHAPTER 4 FLOOD AND FLOOD DAMAGE
	
FIGURES

	CHAPTER 5 HYDROLOGY
	5.1 River System and Drainage Basin
	5.2 Meteo-hydrological Observation Network
	5.3 Available Data
	5.4 General Meteorological Condition
	5.5 Rainfall Analysis
	5.5.1 Rainfall in 1992 Floods and 1983 Floods
	5.5.2 Frequency Analysis
	5.5.3 Design Rainfall

	5.6 Rainfall Runoff Analysis
	5.6.1 Río Chané Basin
	5.6.2 Arroyo Yapacanicito-Jochi-Tacuaral-Tejeria Basins

	5.7 Flood Analysis
	5.7.1 Hydraulic Models
	5.7.2 Simulations of Río Chané Basin
	5.7.3 Simulation of San Juan - Antofagasta

	5.8 Drought Analysis
	TABLES

	FIGURES


	CHAPTER 6 REGIONAL DEVELOPMENT
	6.1 General
	6.2 Development Policy
	6.2.1 National Development Policy
	6.2.2 Regional Development Plan

	6.3 Population and Settlement
	6.3.1 Urban and Rural Development

	6.4 Basic Infrastructures
	6.4.1 Road Condition of the Study Area
	6.4.2 Accessibility of the Secondary Roads
	6.4.3 Improvement of Secondary Road

	6.5 Inventory of the Agroindustries
	6.6 Flood Mitigation Area
	TABLES


