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2.1

2.2

Goeneral

Flood mitigation plan for the study arca was studied. The basic information for
formu.hl'in'g flood mitigation plan includes conditions of flood damage, landuse,
hydrology, mu characteristics and related plans and facilities with flood mitigation.
The latter two items are described in the ﬁrsl

Flood mitigatio"n plan lh’ﬂ is composcd of structural measures and non-structural
MEasures was formulated Fma]ly, necessary items (0 be studied in the fulurc are
described. ‘

River Characteristics

River System

e study arca is bounded by the Rio Grande in the east, Rio Piray in the center and

Rio Yapacani in the west.  Rio Chané Basin, Rio Palometillas Basin and Rio Palacios
Basin are existing between the above three rivers. Catchment areas of the Rio Chané,
Rio Palometillas and Rio Palacios basins are 2,271 km?, 878 km® and 1,827 km’
respectively.  Those of the Rio Grande, Rfo Piray and Rfo Yapacani basins in the
study area are 1,248 km’, 1,165 km’ and 536 km’ respectively. -

The major rivers of Rio Chané Basin are the Rio Chané, Rfo Pailén, Quebrada Chang,

Quebrada Las Chacras. Those of RIO Palometillas Basin are the Rio Palometillas,

Arroyo Quimori. The m'uor rwcrs of Rio Pahc:os Basm are the Rio Palacios, Arroyo
Tacuaral, 'Arroyo Jochi. Arroyo Yﬂpacamcsto and Tclcrm are belongmg o the Rlo
Yapacani Basin. Location and catchment areas of the river basins of the sludy area are
shown in the Supporting Report A.

River Topography

_ F ig. F. 2 / shows the lopogmphy of lhc river basms as well as river bed slopes of the

major fvers in the s{udy area. F ig. F 2.2 shows typical sizes of river cross sections
of the major rivers.



(1)

(2)

(3)

Eastem Pant

In the eastern part of the study area, grounu elevation is higher in the south-western
direction and lower in the north-eastern direction. S

In the Rio Chané Basin, the Arroyo Los Sauces-Rfo Pailén-Rio Chané flow around the
lowest portion of the topography. They have {he longest distance about 140 km
between the junction of the Rfo Piray with the Rio Chané and Santa Cruz de La Sicrra.
They form the main stream of Rio Chané 'Bmin'. Qucbrﬁda Chané, Quebraﬂa El Toro
and Quebrada Las Chacras are the major tributaries of the main stream.  Up-stream
and mid-stream reaches of the Quebrada Las Chacras locate in the higher portion than
the Quebrada Chané and Quebrada El Toro.  In the upstream basins from the National
Road No.9, there ase several swampy areas.

Duc to the heavy sediment discharge and deposition, natutaf fevees are formed glong -
the Rio Grande.  River bed elevation of the Rio Grande is slightly higher than that of
the Rio Pailén as well as the Rio Chané in the downstreaun reaches from Okinawa 11.
The drainage basin of Okinawa I belongs to the Rio Grande Basin.

As shown in Fig, F.2./, dver bed slopes in the downstream reaches from the National

Road No.9 are relatively small.  The sizes of the river cross seclions are rather small
compared to the sizes of the river basins (refer lo Fig. £.2.2).

Central Part

In the contral part, the Rio Piray main sireamis existing.  In'the downstream reaches

from the National Road No.7, the Rio Piray has changed its river course to the Rio

Honda since 1983 Floods. The river course of these downstream reaches of the Rfo
Piray is still unstable due 1o the heavy sediment discharge and deposition as well as
frequent floods. ' | B - '

Western Part

Contour line of the ground elevation of the western part is paraliel. Elevation is higher
in the southern portion and lower in the nosthern portion. At the nerthern boundary of
the study area around Santa Rosa del Sara, a mountainous area is existing.




2.4

The Rio Palometillas flows to north-west direction.  Around the junciion of the Rio
Palometiflas with Artoyo Quimori, a low-lying area is existing.

The Rio Palacios goes around o north-western direction.  Around the junction of the
Rio Palacios with Arroye Tacuaral as well as Arroyo Jochi, a big swampy area is
existing. .. At the junction of the Arroyo Tacuaral with the Arroyo Jochi, a swampy

area is also formed..

As lhe Arroyo Jochl is ﬂowmg near the mid-stream of Arroyo Y‘l])'tC"tﬂlCltO Arroyo
Yapacanicito is affected by the flood water of the Arroyo Jochi. Along the Rio
Yapacani, meandering is progressing in the downstream reaches from the National
Road No.7. | ' '

River bed slopes of the major rivers are alinost sane as ground slope except the most

downsiream reaches.  The slopes are about 1/700 to 1/1000 as shown in Fig. F.2.1.

Typical sizes of the river cross sections are also small compared to the sizes of the river
basins as shown in Fig. F.2.2.

Flow Capacity

As described in the Supporting Report C, floods are observed annually in the study

~area. Flow capacitics of the rivers in the study area are rather smaller than the annual
flood discharges.  Flow capacities of the major rivers in the study area were checked

by using uniform flow calculation. Considering the present river conditions, the
adopted Manning’s roughness coefficients of the existing rivers are 0.035 for the rivers
in the Rio Chané Basin, Rio Grande and Rio Yapacani and 0.040 for the Arroyo
Yapacanicitd, Jochi, Tacuaral and Tejeria.  Fig. F.2.3 shows the calcutated flow
capacities of these rivers.

Sediment Transport

The study area is located in the alluvial plains formed by the Rio Grande, Rio Piray,
Rio Yapacani and other rivers. These three rivers are aciive in sediment production,
transportation and deposition..

The study repoit on “The Master Plan for Management and Training of the Rio Piray

| Basm in 19917 discussed the sednncnt deposmon and morpho!ogy According to the

report the siretch from the confluence of the Rio Grande to the railway bridge has
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strong deposition of sediment.  The situation of sedimentation along the main stream
from La Angostura to the confluence with the Rio Chand, with a river steetch of 170 kin,
was reported as follows,

River Stretch - Sedimentation
A. La Angosturato La Guardia: o Morphological equilibrivm
B. La Guardiato Rio Guenda Confl.: Low deposition, 2.6 mmyear
C. Rio Guenda Confl. to the faihvay bridge: | Strong deposilion, 35 mmfycar
D. The railway bridge to Rio Chané Confl.: : M‘cd_'i_um deposition, 7 mnvyéar

" Related Plans and Facilities

Related Plans and Prajects

There are thice projects thal are related to this project. ~ They are the “Flood Protection
Project for the Rio Piray”, “hnprovement of the National Road No.9” and the “Bridge
Construction Project for the National Road No.9”. o

Flood Protection Project for the Rio Piray

SEARPI pieparcd to start the detaited design of the priority project by assiéh'mce of EC.

- The design work will undettake Scction-A and part of Section-B around Montero that

arc among three sections recommended in the feasibility study. The major works are

" as follows:

Work ltem Section-A - Section-B
|. Dike construction - s80km- - 319 km
2. Bank Protection e

Type-A 29.5 km

Type-B 7.8 km

Soil cement . 2.7 km - 02km
3. Excavation _ A2Mm' . 07TMm?

Improvement of the National Road No.9

SNC is nnplememmg the “Road lmprovement iject Second Phase (l992 - 1995)”
under ihe fmancn] ass;slance of the lntcmahona‘! Dwelopmcm ASSOC]&[IOII (IDA)

F-4
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This project inctudes the improvenients of major roads with total length of 1,546.8 km
composed of paved road of 781.4 ki and un-paved road of 765.4 km.  lmprovement
of bridges is included in this project but new construction of bridges is not included.

- Road improvement between Guabira and Okinawa is one of the component of this

project.  Its major works arc as follows;

!, Guabira - Km 24 (length 24 km)

1} Raising of road: 30 cm height
2} Pavement: ' - 2.5 cinthickness
3) Cross drainage: corrugated steel pipe at 28 places

2. Km 24 - OQkinawa I (length 23 km)

7 1) Raising of road: 45 cm height
'2) Pavemeni: 2.5 cm thickness
3) Cross drainage: corrugated steel pipe at 25 places

Bridge Constyuction Project for the National Road No.9

The project is ongoing by JICA grant aid.  The construction works started in October
1995. The project is consisting of seven bridges that are planned at the river crossings
between Guabira and Okinawa of the National Road No.9. - They aie as follows;

Name of Bridge Location - S Length

Las Chacras: Tributary of Rio Chané 2580 m
Las Maras: Tributary of Rio Chané 51.55 m
El Toro: " fributary of Rfo Chané 77.30 m
ElEmpatme I Tributary of Rio Pailén 2580 m
Chaco: ‘Tributary of Rio Pailén 5155 m
Rancho Chico: Tribwtary of Rio Pailén 2580 m
Pailén: o - Rio Pailén : 9230 m

Existing Facilities

Existing facilities related to the flood control and drainage improvements in the stady

area are described below.
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(2)

4.1

4.1

Facilitics for Flood Control and Drainage Improvement

_ Along the Rio Piray, there are flood cmhanmcms with Icnglh of 15 km llnl was

_dcssgncd in 1987 and constructed in 1993 to protect 1he cdy of Santa Cruz. There are.

© main dram'lgt, channels in Okinawa [ (total tength 20.0 km) Okinawa Il (lOl’l] length

1

5.0 km) and Colonia San Juan de Yapacani (total Ienglh 32.0 km).
Bridges and Culverts

Major bridges and culverts in the study arca were shown in Table F.3.7 and Fig.
F.3.1

Flood Mitigation and Drainagc Improveinent Measures

Flood mitigation and drmnage inprovement measures arc composcd of structural
measures and non- struclurﬁ] measures.  Structural neasures will be applied for the
area that has severe flood clanmgcs. Non-structural measures will be applied for the
area that has not significant flood problems. ~Areas for structural and non-sirtictural
measures were described in the first.  Structural measures are described in the second.
Non-structural measures are described in the third. | ' | o

Flood Mitigation and Drainage Improvement Area
Structural Areas and Nen-structural Aveas

Fig. F.4.1 shows the slruclural :md.;i_on structum] arcas for flood miligatidn ;lnd
drainage improvements in the siudy arQa Accordmg 1o the flood d'unagc survey, the
flood hazard ar--1s in the study arca were divided into four categories by lhe causes of
floods. They are,

1) Inundation by the Rio Piray, Rfo Grande or Rfo Yapacani

2) Inundation by its own basin runoff with backwater effect of the Rio Piray

3) inundation by its own basin runoff with inflow water from the Rio Piray, Rio
Grande or Rio Yapacani o |

4) Inundation by its own basin sunoff

Areas for structural imeasures and non-structural measures were selected considering
the above categorics of floods as well as landuse condition.
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B Northen Area of the Eastern Part (Chané - Paitén)

In the castern part of the study area, downstream arcas from the National Road No.9
are belong'ag lo the category 2) and 3). These arcas have severe flood damage.
These arcas are the intensive agricultural lands for cultivation of soybean and sugar
cane.  Structural measures with non-structural measures for flood mitigation and
drainage improvement will be necessary in this area. :

(2)  Southern Arca of the Eastern Part

Upstream arcas from the National Road No.9 of the castern part arc belonging to the

category 3) and 4). These arcas are also intensive agricullural lands for soybeans and

sugar cane.  Flood damages of these areas are nol so severe compared to the northern

area because the depth and duration of floods are smaller than those of northern area.
% Non-slrubl_uml_ measures will be applied for these areas.

(3)  Centra} Part

Central part of the study arcais belonging to the category 1).  Flood conditions of this
past are necessary to be improved by lhi; future flood mitigation plan of the Rio Piray.

(4) San Juan and Antofagasta of Western Part (San Juan - Antofagasta)

These arcas are belonging to the category 3) and 4).  Colonia San Juan de Yapacani is
an intensive diversified agricultural area of rice, egg and soybcim. Antofagasta has
agricultural potential and this area is important as local colony.  As these areas have
severe flood d.ﬁnage. structural ineasures  with - non-structural  measures  will - be

necessary.

(5) Eastern Area of the Western Pant (Palacios - Palomé(il!as)

Eastern area of the western part is belonging to the category 4). - As the land is not
uscd intensively and flood damage is not so severe, non-structural nreasures will be
applied for this area.

4.1.2 Division of Structural Areas

" The target arcas of structural mcasures are divided by river or drainage basin into seven
areas as shown in Fig. F.4.2 and Fig. F.4.3.  They are named as follows;
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4.2

4.2.1

()

1} Rie Chané - Paildn Arca

a}  Rio Chané

b) Rio Pailén

¢} Chané - Chacras -
d) Quebrada Chané
¢}  Okinawa Drainage

2)  SanJuan - Antofagasta Anca

-a)  San Juan
b)  Antofagasia

Structural Mecasures

Possible structural measure for flood mitigation and drainage improvement for the
study area includes river improvement, retarding basins and road-cum-embankments.
Their effects are as follows;

- River improvement works arc lo increase conveyance capacities of channcls by
widening, deepening and improving channels,

- Retarding basins arc to reduce peak flow of floods,

- Road-cum-cnibank:mnls are to have the cffects both of flood embankments and

roads

“As the floed hazard arca is mainly composed of agricuttural lands, absolute mitigation

of flood and drainage problems is unlikely feasible eithef physically and economically.
In order 1o reduce the required size of the facilities of flood mitigetion and drainage
improvements, natural rclarding effects of the swimiby areas etc. are n'e'ocssary to 'be
utilized as much as possible.

Desigh' Criteria
Design Scale

The design scale of the flood miligation and dralnage improvement measures were
decided based on the results of evaluation in technical, cconomic and social terms.
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Relations between the design scale and (annual average protecled area/required
excavation volume of river improveiment) were studied for the Chané - Pailén Area and
San Juan - Antofagasta Arca (sec Fig. F.4.4). The river improvement works were
supposed to be done to pass all of the probable runoff discharges of corrcsponding'
design scales without overflow (Tuble £.4.1). Annual average protected area is the
statistical average of the areas within the design scale that will be protected by the river
improvement. - Annual average protected area corresponds to the benefit of flood
mitigation and drainage improvement (Table F.4.2). Required excavation volume
corresponds to the required energy or cost for the flood mitigation and drainage
improvement {sc¢ Table F.4.3). '

The results of the analysis are as follows;

_ 1} - The result of the anatysis on Chané - Pailén Area shows that the most effective
% - design scale for flood mitigation mcasures is between S-year and 10-year flood
' frequencies.

2) - The result of the analysis on San Juan - Antofagasta Area shows that the effeclive
¢ design scale is about [0-year flood frequency.

The design scale for flood mitigation and drainage improvement measures are planned
as follows; -

‘l) The design’ seale of flood mitigation facilities is decided (o be 10-year frcquency
flood. '

2)  The design scale of drainage improvement facilities is decided to be 5;)fcar storm
runoff.

(2)  Allowable Inundation Depth ™

For designing flood mitigation and drainage improvement facilities, an allowable
inundation depth of 30 ¢ is considered based on the study of the flood damage for
crops.

3 . Dcsign River Cross Section

In order to utitize the natural retarding effect of the flood plain within the allowable
inundation depth, the improved river cross sections were set as single excavation
F-9



channels.  Compound cross section that is composed of low water channel and high
water channel with flood ecmbankments was not applicd for the river improvement.

4.2.2 Facility Planning of Chané - Pailén

(1)

(2)

Altemiative Plans

Fig. F.4.5 and Fig. ¥.4.6 shows the concepts of Alicrnative 1 and Alternative 11 of
facility plans for Chané - Paildn respectively. '

1) Altemnative |

Flood mitigation and drainage improvement measures are planned for the target area,
incleding the Rio Chané Area that is under the backwater effect of the 'RfoPiray. The
larget area will be protected from floods by doing the river improvements and drainage
improvement. . Five swampy areas in the vpstream basins from the National Road
No.9 are proposed as the natural retarding basins. '

The most downstream reaches of the Rio Chané between the junction with the Rio
Piray and the most downstream road bridge near Puesto Fernandez {length 8.0 k) are
belonging to the flood hazard area of the Rio Piray main stceam.  River improvements
of these most downstream reaches arc necessary (o be done in combination “wilh' the
flood mitigation of the Rio Piray. Necessary improvements of these reaches are
shown in this study, but the construction cost and benefit of these reaches are excluded
inn the economic cvaluation. |

2)  Altemative I

Flood mitigation and drainage improvement measures are planned for the target area,
bul without the structural measures for the backwater effect area by the Rio Piray. -

River lmprovement Plan
1) Altemative |

River improvement are planned for the following rivers {refer to Fig, ¥.4.7 and Table
F.A.A); - .




(3)

River Improvement Reach ‘ R ' Length -

a)  Rio Chané (Jct. Rio Piray to Jet. Rio Pailén): 'ﬁ(}() km
Jet. Rio Piray to Downstream Road Bridge: 8,00 kmi
Downstream Road Bridge to Jet. Rio Pailén: 27.00 km

b) Rio Pailén (Jci. Rio Chané to Jet. A, Los Sauces): 32.00 km

¢)  Quebrada Chané (Jct. Rio Chané to Road No.9): 18.00 kin

d)  Quebrada El Toro (Jct. Qda. Chané to Road No.9): ~ © 16.00 km

¢)  Quebrada Las Chacras (Jet. Rfo Chané to Road No.9):  36.50 km

Fig. F.4.8 shows the design discharge of {0 year floods. Table F.4.5 shows the

| required size of impfdved river Cross sections. ﬁ]é. F.4.9 shows the ]ongitudinaj

proﬁlc of the river improvement.
2)  Altemative 1l

River improvement are planned for the following rivers (sce Table Fa.4),

River Iimprovement Reach Length
a)  Rio Pailén (Jet. Rio Chané to Jet. A. Los Sauces): 3200 km
b}  Quebrada Chané (Jct. Rio Chané to Road No.9): 18.00 kin
¢)  Quebrada El Toro (Jct. Qda. Chané 1o Road No.9): 16.00 km

- d)  Quebrada Las Chacras (Jct. Rio Chané to Road No.9):  36.50 km

Rio Chané will not be improved by the Alternative 11 River tmprovements of the
other four rivers are same as the Altemmative 1. The design discharge distribution of
the Alternative Il is same as that of the Altemative | (see Fig. F.4.10).

Drainage lmprovement

Drainage improvement is Composed of the improvémcnl and newly constzuction of
main drainage and secondary drainage. (sec Fig. F.4.7 and Table F.4.4).
Construction works of Altemative I and Aliernative I are same.

Drainage Improvement Length/Arca
a) Drainage Main: 36.00 km
b)  Okinawa Drainage Main: 21.00 km

¢) - Secondary Drainage: : - 481.00 km®



4.2.3

(D

Details are described in the Supporting Report G,

Facility Planning of San Juan Al__l(i_)rag_asté |
Altemative Plans

Fig. F.4.11 and Fig. J.4.12 shows the concepts of Alternative Iand Alternative 11 of
facility plans for San Juan - Antofagasta respectively. ' :

1) Altemative |

Flood mmgallon and drmmgc lmprovemems are p}anned in the t arget arca The

existing drainage facilities in Colonia San Juan de Yapacam are lo be rehabzhtaled

(2)

2y  Allemative 1l

Flood mitigation and drainage improvement measures are planned for the target area,
including improvement works of the existing dr‘umge ﬁclhlles

River improvement Plan
1) Altemative |

River improvement are planned for the following rivers (refer to Fig. F.4.13 and Table
F.d.4),

. River Improvement Reach : j Length

a)  Arroyo Yapacanicito (Downstream bridge to : o
existing drainage): 14.10 ki
b)  Arroyo lochi {Downslream Swamp to Mid-siream):  ~ '12.60 km

¢} Amoyo Tacuaral (Downstream Swamp to Mid-siream).  7.70 kn

Fig. F.4.14 shows the design discharge of 10 year flaods. Table F.4.5 shows the
required size of improved river cross sections,  Fig. F.4.15 shows' the longitudinal
profile of the river improveinent.

2)  Altemative H

The reaches of the river improvement are same as those of - the Altemative 1. Fig.
F.4. 10 shows the design discharge of Alterative i1.

F-12 ;




3

Drainage Improvement

Drainage improvement is composed of the improvement and newly consteuction of
main drainage and secondary drainage.  Details are described in the Supporting Report
G.

1y Altemative |

Drainage improvements of Alternative 1 are as follows (sce fig. F.4.13 and Table
F.d.4),

Drainage Improvement o ' Length/Area
a)  Main Drainage: ' | 51.30 km

- Rehabilitation of San Juan Drainage Main: 34.20 km

- Improvement of Arroyo Tejeria: ) 7.10 km

- Main Drainage of Antofagasta: _ 10.00 km
by  Secondary Drainage: " - 212.00 kmt’

2} Altemative H

Drainage improvements of Alternative I1 are as follows;

Drainage Improvement Length/Area
a)  Main Prainage: - 5130 km

- Improvement of San Juan Drainage Main; 34.20 kmn

- Improvement of Arroyo Tejeria: C 7.10 kny

-~ Main Drainage of Antofagasta: : 10.00 ki
by  Secondary Drainage: 1 212.00 kny’

Road-cum-eimbankment

Road-cum-embankment is planned between the Arroyo Yapacanicito Basin and Arroyo
Jochi Basin both for the Allernative I and Alternative . The purpose of the road-
‘cum-einbankment is to separate the flood waler of these two basins as well as to

' remfon.c the evacuation and transportation route during floods. The tength of the

' road cum embankmcnl i5 9. O km.
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Nen-structural Measures

Non-struciural measures arc consisling of such measures as flood proofing of building,
reduction of flood runoff by fanduse management, evacuation by flood warnings and
flood plain management.  Followings are the non-structural measures for flood
mitigation as well as for drainage improvement proposed for the study area.

a.  Non-structural Measures for Flood Mitigation

-1 Flood warnii:2 and evacuation systetn
-2 Flood proofing of settlement in flood hazard area
-3 Landuse control of retarding basins |
-4 Preservation of proleclcd forest along river channels
-5 Landuse management of farm lands in the flood lnmrd area

b.  Drainage Improvement Measures

-1 Landuse management in the poor drainage area
-2 Introduction of water tolerant crop varieties in the poor drainage area

Eastem P__an__
1Y Southern Area

Southern area of the eastern part is mainly composed of the upper reaches of the Rio
Pailén, Quebrada Chané, Arroyo Los Sauces. . Five retarding basins are proposed as a
component of the structural measurcs.,

The required non-structural measures for this arca are as follows; - -
a) Conservation of the proposed retarding basins

In order to utilize and maintain rel'irdlng effcct of natural swampy areas,

conseryation of lhe proposed five mardmg b1sms is neccss*zry Among thc five
retarding basms, two of them locate in Arroyo Los Sauce basin and others locate
in upstream basin of the Quebrada Chané, ups'lre;un basin of the Rio Pailén and
Quebrada Meco basin.  Total arca of the retarding basins is 141.5 km’.
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)

d)

- Appropriate regulations in legal basis are required to be prepared and applied for

prohibiting any land reclamation which may reduce the retarding effect of the
above five swampy areas. If any development activities is necessary,
nmlinlai:niﬁg the existing retarding capacity by considering mullipurpose use of the
retarding basins will be required. o

Landusc management to reduce {flood runoft

In general, land development such as cutting of woods and plants as well as
filling of natural undulation of land is necessary for human activity such as urban
development and agricultural development.  However, from the flood control
point of view, excess land "deVeldpment will make faster and bigger the rainfall
runoff and flood discharge. ~ In order to control the rainfall runoff and flood

“discharge by natural retarding effect, areas with woods and plants as well as

undulation are desirable to be kept as much as possible.

In order to control sainfall runoff, tanduse management is necessary for
maintaining the areas wilth natural woods and plants,  Furthermore, the
necessary guideline is to be prepared to preserve the existing agricultural area
against excessive enlargement and development of urbanized area such as Santa

Cruz Cily in future.

Elood plain management including improvement of farming system by

‘introducing water tolerant variety crop in the flood haz: d arca

Especially for the areas that encounter annual inundation, Tood plain management
is nccessary for reducing flood damage caused by inappropriate landusc and
farming system. - Flood plain managemcnt includes aclivities such as delineation
and declaration of potential flood hazard area, guidance on landuse pattern and
improvement of farming system such as  introducing water tolerant variely of

crop.
Fload warmning and evacuation system

Strengthening of meteo-hydrological observation system such as rainfall and
water level measurement of rivers is necessary nol only for the scuthern area but
also for the whole study area.  Flood warning and evacuation system is to be
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2) - Northern Area {Chané - Pailén)

~fornmulated and applicd. . Flood ~warning and .evacuation system includes

followings;

- Mctco-hjdrd!ogical observation .includin'g rainfall and water level
Ineasurements B S

- Broadeasting ftood warnings

- Designation of evacuation shelters and guiding people evacuated from
floods

1n the Chané - Pailén Area, flood condition of the Rfo Chané area will not be improved
even by the planned structural measures.  Non-structural measures are required for the

area including the Rio Chané Area.  The necessary non-structural measures for Chané

- Pailén are as follows;

a)

b)

Flood plain management including improvement of farming system in the flood
hazard area especially for the Rio Chané and the areas along the rivers where

‘inundation would continue to occur.

Even with lhe'impktllnenta{i'on of the floo;d miligation and drainage improvement
measures, there would remain some areas, es;}'eciallly thosc located along the
rivers, where in_unda_lion_ would . continue to occur. Furthermore, inundation
condition in the Rio Chané area will not be improved very much without the river
improvement of the Rio Piray. | |

Flood plain management is. npecessary for the above arcas. . Flood plain
management includes delineation and declaration of potential flood hazard arca,
landuse guidance and improvement of farming system such as introducing water

. tolerant crop variely.

Flood warning and cvacuation systein

As the design scale of flood mitigat'i-:)n measures is 10 S’éar retum period&of floods,
wide inundation would occur due to floods: larger than 10 year return period.

Furthermore, inundation would continue to occur in somie arcas along the rivers

as well as the Rio Chané area even by the 10 year floods.
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Flood warning and evacuation system is necessary to be formulated and applicd.
Evacuation roads are also to be included in the system.

) Flood proofing especially for the Rio Chané Area

Lven in the area like. Rio Chané area where habitual inundation occurs, there
exists residential houses.  In order to mitigate damage to building from floods,
guidance on flood proofing such as raising of foundation of houses and roads is
necessary to be introduced. Furthermore, relocation of houscs is also to be
considered. - '

(2) | Westem Part
1)  Westem Arca (San Juan - Antofagasta) -
% The required non-structural measures for this area are as follows;

a) Conservation of the siva’ni;ay area at the 'junclion of the Arroyc Jochi and
Amroyo Tacuaral

At the junction of the Arroyo Jochi zmd'Arroyo T aicuara],l there is a natural
swampy area. Flood waters from these rivers, once enter into the swampy area,
exit the downstream reaches. The swampy area acls as one of the hydraulic
- boundary between - the  upstream to middle stream and downstream reaches.
Furthermore, it acts as a regulating pond for the downstream reaches.

~In order to preserve the above funclions of the swampy area, appropriate
régulation and management with the necessary legal basis are to be under taken.
if any development is necessary in future, maintaining the present retarding

capacity and multipurpose use of the area will be required.
b) Landuse management to reduce the flood runoff from upper reaches

In order 1o control rainfall runoff by using natural retarding effect of the areas
with woods and plants, landuse management is necessary to be applied.



<)

d)

2y

Flood plain management including improvement of farming system in the flood

hazard area especially for the downstreain area of the Arvoyo Yapacanicito and

the arcas along the rivers where inundation would continue to occur.

Even il the flood mitigation measures are implemented, some inundation would
continue to occur in the upper and downslrwm reaches of the Arroyo
Y'\]ncamulo Jochi and Taciaral,

Flood plain management is necessary for the areas where inundation would
continue to occur.  Flood plain management includes declaration of potential
flood hazard area and improvement of farming systemsuch as  introducing water
tolerant variely. ’ |

Flood waming and evacualion systém

Even with implementation of the flood mitigation measures some inundation
would continue to occur including inundation of a wide arca under larger floods.

Therefore, flood warning and evacualion system is necessary.  Evacuation road
is also to be included in the system.

‘Eastern Arca{Palacios - Patometillas)

The required non-structural measures for the Palacios - Palometillas aréa are as follows;

a}

b)

Flood plain nﬁmﬁgcmenl in the polcnﬁa] flood hazard arca

There are some. hﬁbi&l;\l _inund:ition a;e41_d!011g the upslreém and downstream
reaches of the Rio Palac_ios_mid the downstream reachés of the Rio Palometillas.
Even though landuse of the ez;s_tcr_h part i's: not so inlenéive, flood plain
management including improvenie.m of farmin'g' system is necessary to be
introduced.

Landuse management -

As this area is forest at present, rainfall is retarded némrally. In order to retain
this natural retarding effect, landuse management including guidance for
conservation of forest cover is necessary. This is also in accordance with the
proposed future fanduse of this area as forest cover.
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c} Flood warning and cvacuation system

Flood waming and cvacuation system is necessary to be introduced for the
potential Rood hazard areas.

Study Hems for the Fulure

A master plan of flood mitigation and drainage improvement for the study area was

formulated as described in the above chaplers.  In order to improve the quality of the

Master Plan as much as possible, following items are necessary {o be studied in the

future as well as the feasibility studies for the two priority arcas of Chané - Pailén and

San Juan - Antofagasta.

)

2)
3)

4)

Flood control studics of the Rio Grande, Rio Piray (downstream reaches) and Rio
Yapacani

Detail strategy of flood plain imanagement
Detail strategy of landuse management including conservation of retarding basins
Detail strategy of flood warning and evacuation system

Detail strategy of flood proofing
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TABLEF31 EXISTING MAJOR BRIDGES AND CULVERTS ALONG RIVERS

No.jRiver System ] Structursl Bridge Dimensdon Culvert Dimensien Remarks
I Rlver Type L) | Wom) § H(m) -
Rlo Grande : : )
Gr-1 Rio Grande Steel Truss Bridge 1,200.0 74 6.0} .@Span=68m
2 Qda Cotoca Woodea Bridge 85| - 4.5 2.6 1-span
3 Qda. Cotoca Waooden Bridge 10.5 435 1.8 1-span
4 Qda. Chura RC-Bridge 9.5 51 4.5 I-span
5 Qda. Ajal RC-Pipe Culvent (15.0} “.0 {1.4|D-1.0mx 2 pipes
6 Qda Ajal - RC-Box Culvedt (8.0} 6.0 (LB W-2.7mx {1-1.8 m x 3 boxes
7 Qde, Alal RC-Box Culvert (6.2} 1.0 (1.9 W-3.1 mx H-1.9 n x 2 boxes
] Qdea. Alal RC-Box Culvert 6.2 200, @H|W-10mx H-1.0mx ! box
9 Qda SMNombre RC-Pipe Culvenrt g o 9D 1omxipipas _
1¢ Qda. SMombre RE-Box Culvent (6.2 {1.95] (S)|W-05mxHOSmx box’
1 QdaOkisawa . RC-Box Culved (17.0) (5.3) 2.8)]W-2.1 mx H-2.8 m x 2 boxes
¥2 QdaOkinaws RC-Box Culvernt 6.0) 5.5 {2.0)|W-1.95m x H-3.0 m x 2 boxes
Rio Chene '
Cb-1 Rio Pailon RC-Bridge 28.0 6.0 10 3-spans
2 Rio Pailon RC-Bridge 245 55 60 3-spans
3 Qda S/Nombre | Woodea Bridge 6% 12 1.7 1-span
4 Qdz. Honda ] RC-Pipe Culvent .0 5.0 Q.2)[D-1.5mx 1 pipe :
5 Qda Asafran Wooden Bridge 5.5 4.2} . 28] - {-span
6 Qdn Asafran RC-Pipe Culvert 6.5 3.5) D-1.0 m x 2 pipes :
7 Qda Asafran Wooden Bridge 12.0 50 4.0 2-spans
g Qda Asafran Wooden Bridge od| . 3.9 2.8 3.spans
9 Qda Asafran Wooden Bridge 200 KR 19 4-spans
10 Qda Asafren Wooden Bridge 200 16 52 L-span
11 Rio Pailon RC-Bridge 280 £.0 7.0 1-5pan
12 Rio Pailon Wooden Dridge 5.0 40 4.5 4-spans
13 QdaChane RC-Pipe Culver 7.0 {4.5) (1.6}]D-1.3 m x 2 pipes
14 Qda S/Nombre  |RC-Bridge 10.7 12 xX] ..|t-span
15 Qda.Chane " RC-Box Culvent G0 (3.8 (2.6} |W-53 mx H-2.3 mx ! box
16 Qda.Chane RC-Bridge . 30/ 80 45 1-span
17 Qdz 1 Tore RC-Bridge 225 8.0 55 1-span
8 Rio Chane Wooden Bridge({Truss) 220 40 - 9.0 1-span
19 Rio Chane Woodes Bridge 82 4.0 3.5 1-span
20 Rio Chane - RC-Box Culverd (I.S)I (9.6) 20HW-25mx 120 mx ] box
21 Qda. SANombre | Wooden Bridge 5.0 45 2.0 : I-span
¥ Rio Chane RC-Dridge 12.9| - as 42 i-span
3 Rio Chare RC-Bridge 68.5 85 40.0 3-spans
24 Rio {inares RC-Bridge 24.00 5.0 30 3-spans
25 Rio Linares RC-Bridge _ 1520 3.5 12 1-span
Rlo Plat ‘
Pi-1 Rio Pira - Steel Truss Bridge 300.0 1.0 9.7 .@Span=60m
2 RioLaMadre = |RC-Bridge 383 1.6 18 i-span
3 Rio Piral : RC-Bridge 92.5 - %417 us] 2-5pans
4 Rio Honda - RC:-Pipe Culvert (1254 . (5.0 Q2ND-2.1 mx 2 pipes
5 Rio Vibosi - RC-Pips Cubvert ©35) (10  (1.6)|D-1.0 mx 2 pipes
6 Rie Honda Woodes Biidge 56 28 1.5] . 1-span
? Rio Honda RC-Pipe Culvent {5.0) @0l . 2ND-1.2mx2 pipes
Rio Palometillas }
Pm-1 *  Rio Asuvicito - RC-Bax Culveqt 9.5 @¢o (2.3)IW-2.5 mx 1-1.8 m x 3 boxes
2 Rio Asuvicito RC-Bridge 197 50 35 1-span
3 Rio Palometilia  |Woodca Bridge 19.6f - 4.6 4.9 4-spans
4 Amy. Quimori RC.Bridge 4601 . 82 16.0 1-span
5 CAry. Quimod - [Wooden Bridge 00 50 438 4-spans
6 Rio Palacies-Taca RC-Pipa Culveat (1.8 * @ (3.3}|D-2.0 m x 2 pipes
7 Rio Palacios-Taca | Wooden Bridge 20.0 5.0 4.3 4-spans
Rlo Palacios
Pe-l Qds.Palometitla’  {|RC-Bridge 26.0 82 80 1-span
2 QdaPalometiila  |RC-Bridge %8 4.0 32 f-span
3 QdaPalometilta . |RC-Bridge 350 7.4| 5.0 3-spans
4 Rio Palacios = ©  |Steel Truss Bridge 5?.0 5.0 1.0 1-span
5 Any Piquiricito. | Wooden Bridge 4 55 2.5 1-span
Rlo Yapacani o T _ _
Ya-1 Rio Yepacani RC-Bridge 7000, . 15 110 .@Span=40m
2 AnyTejeda - |RC-Bridge 7.0 - BO 46 Y-span
3 Arry. Yopatankcito |RC-Bridge 501 45 5.6 $-span
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TABLE F.4.2 ANNUAL AVERAGE PROTECTED AREA
OF PROBABLE FLOODS FOR
- THE DETERMINATION OF DESIGN S§CALLE

1. CHANE-PAILON (Unit: km2)
Area Design Scale (Year)
2 5 10 20 50
1) Rio Chane 93.3| 106.0| 107.4| 1074} 1074
2) Rio Pailon 107.4] 182.6] 190.0{ 192.7} 209.3
3) Qda. Chane 569 81.1| 1007 1i2.4] 1232

4) Chane-Chacras 233.1| 296.8] 3189| 3i89] 3189
Total Protected Arca { 490.7| 666.5] 717.0{ 736.4] 7588

Annual Average

Protected Area 245.3| 378.7| 4504| 4872} 5023
2. SAN JUAN-ANTOFAGASTA (Unit; km?2)

Area Design Scale (Year)
2 5 10 20 50 -

1) San Juan 60.6] 99.4] 118.5] 1325] 1508
2) Antofagasta 12801 160.1) 180.8| 197.4] 217.6
Total Protected Area | 188.6] 259.5| 299.3| 329.9( 3684
Annual Average

Protected Area 94.3| 1462 176.1} 192.6] 2000
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TABLE F.4.5 DESIGN CROSS SECTIONS OF
RIVER IMPROVEMENT FOR ALTERNATIVE I
Riv Lengtl Water | Width | Bank | Flow Design
tver Chgth Depth | (W.S.) | Slope | Area | Discharge
{km) {m) (m) {m2) {(m3/s)

1) ¢
Jet. Rio Piray - Jet. Qda. Chacras
Jet. Qda. Chacras - Jet. Rio Pailon

2) Rio Pailon
Jct, Rio Chane - Road 9
Road 9 - Jct. Arreyo Los Sauces

3) Qda. Chane
Jet, Rio Chane - Jet. Qcda. Toro
Jct. Qda. Toro - Road 9

4) Qda. El Toro
Jet. Qda. Chane - Road 9

§) Qda. Las Chacras
Jct. Rio Chane - Mid-stream
Mid-stream - Road 9

1) Arroyo Yapacanicilo
Downstream - Mid-stream
Mid-stream - Upstream

2} Arroyo Jochi
Down. Swamp - Mid-stream
Mid-stream - Upstream

3) Arreyo Tacuaral
| Down. Swamp - Mid-stream

12.50
22.50

32.00
24.00
8.00

18.00
3.80
14.20

16.00
16.00

36.50
20.50
16.00

14.10
2.80
11.30

12.60
8.40
4.20

7.70
7.70

6.0
6.0

5.0
5.0

4.5
35

4.0

30
30

3.0
3.0

3.5
35

4.0

100.0
75.0

70.0
65.0

450
31.0

55.0

45.0
370

350
300

30.0
220

26.0

ek .
b BO

528.0
378.0

300.0
2750

162.0
165.0

183.0

117.0
3.0

1:2

87.0
72.0

80.5
525

72.0

1500
1212

908
095

584
353

503

440
326

213
165

194
174

194

Note: 1) Design cress sections are single trapezoidal shapes
without flood embankments.
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SUPPORTING REPORT G DRAINAGE IMPROVEMENT

| I

1.1

(1)

(2)

3

~ Present_Drainage Condition

Existing Facilitics of Drainage Systems

The drainage systems in the study area are generally not developed compared with the
rainfall.  Only on-farm drains and drains for road facilities, i.e. cross drains, are
abserved, and drainage facilitics are not developed systematically in the area.

The existing drainage facilitics observed are shown in Table G. 1. 1.
San Juan de Yapacani Area

In the San Juan de Yapacani arca, drainage facilitics have been excavated by the colony.
The main drainage canals were planned to discharge to Rio Yapacani. ‘

These drainage canals are effective for the inner basin to drain an ordinary rainfall or
small scale run-off, however, their discharge capacitics are decreased by thickly grown

“weeds and trees on the canal slopes, or by locat slope collapses and by scdimentation.

The outlet of each drainage main is bottlenecked by the box culvert or culvert pipe that

“is crossing the road h]ong Rio Yapacani. The's{'dndar:d size of culvert is 3 m wide x 2
“m high or 3 m in diameter and the discharge capacity is smaller than that of the

connecting drainage canal.
Central Part of the Study Area

The area belongs to Rio Chanc and its tributary basins.  There are many small natural
streams distributed over 'this arca.  Drainage facilitics observed in this area are only
small canals and small coss drains under roads, that were likely prepased only to drain
the area nearby.  There is no systematic drainage network.

Okinawa Arca

In this area, there is one drainage netwdrk that consists of natural streams. and drainage
canals conslrucled hy the colony '

This drainage network aims to drain the rain water of the area and to drain the runoff
from the upper basin into the lower reach of Rio Grande.

G-1-



1.2

(1)

In Rio Pailon basin, there is a concrete lined canad of 1.5 kin long and unlined canal of .
3.5km long. The canal disch’\_rges te Rio Pailon. However, the dxschargc capacity
is affected by the water level of Rio Pailon and drainage probk:m occurs’ when Rio
Paiton become full.

There are several sinall streams that drain to Rio Grande.

P'resent Condition of Drainage Problem

Present condition of drainnga problem are indicated by the inundation status which
occur frequently.

The characteristics of drainage problem in the area are classified into three (3) classes by
the status of inundation, which are shown in Table G. 1.2,

West Part of the Study Arca
1) San .luan arca

Inthe Arroyo Tqma basin, lhe dcplh of water varics bclwccn 10¢em and 30cm for less
than 3 days. The inundation of this area is usually llghl with a short duration.

In th_e Arroyo Yabacanicito bas._in,. the dépth of water irs'h‘igher than that of the Arroyo

Tejeria basins, the duration is less than 2 days.

The runoff from the upper basin of Arroyo Jochi flows into the middle and lower parts
of this area and the inundation bas likely become more severe due to the farm land
development at the upper basin.

The upper p'ul of this area is ongmally be!onged o lhc upper reach of Arroyo
Yapacanicito, but the area is drained to a 2-year probablc runoff scalemu) Rw Y'tpacam
through the drainage canals constructed by the col_ony.

Arroyo Yapacanicito has no sufficient flow capacity, and (o make matters worse, storm
water flows in from the neighboring river basin, Arroyo Jochi basin.

The lower reach of Armroyoe Yapacanicitd is affected’ by flooding from .Anoyo
Yapacanicito and also likely influenced by the back water from Rio Yapacani.




(2)

" 2) - Anlofagasta arca

Antofagasta arca is divided into 2 areas by the cause of inundation. The cast arca is

- not influenced by floods from rivers and has a light inundaﬁou wilh a depth between

10 cm and 60 cm for less than 3 days.  The rain water on the east Antofagasta runs
parallel to the secondary roads and flows into Arcoyo Tacuaral.

On the other hand, the west part is suffered by floods from rivers and has a rather
heavy inundation with the depth between 30 cm and 100 cm for 5 1o 10 days.  The
drainage depends mainly on Arroyo Yapacanicito. '

"The problems of this area are caused not only by the insufficient discharge capacity of

Arroyo Yapacanicito, bul also by the concentration of runoff from the upper basin.
The run-off from the upper basin, flows into Asroyo Jochi, but overflows both at the
west Antofagasta and at the lower San Juan de Yapacan.

3)  Upper Palacios and Palometillas Area’

The upper basin of Rio Palacios are inundated locally, but the depth and duration are
likely light with Iess than 30 cm in depth for less than 2 days in duration,

- The inundation in this area is presumed due to the undulation of ground. The land is
“mostly used for catle raising, so that the effect of inundation gives unlikely significant

effects to the agricultural activity.,

The lower Palometilla basin is mostly inundated deep.  The depth and duration of
inundation vary widely.

Central Part of the Study Area

The situation is different between the northern side and the southern side of the Route
G _ ‘

13 Northern Side

The northern side is a heavy inundation area. Most past of the area is affected by
inundation frequently.  The depth and duration of inundation arc medium or heavy.

The natural stecams do not have enough 'ﬂow"capacities: to cope with runoffs from their
drainage areas.  The right bank of Ric Chane, defined as “Chane Notth”, suffers from



inundation of around 50 ¢m deep for a long duration. The area suffers frequently
from {loods from the rivers, i.¢., Rio Chane and her tributaries.  The long duration of
mundatlon is resulted from both the !opograpluca} condltlon of low- ]ymg and the rivers'
low flow capacities.

The Chane-Pirai arca includes Colonia Cu'niro Qjitos, Colonia Nuevo Munde and
Colonia San Juan de Amarillos.  The lower part of this area, Colonia Cuatro Qjitos, is
inundated frequently hy floods from Rio Chane. ' o

The inundation of this area is belwcen 20 cin and 60 cn dc,ep for less lh'm d'ays

The middle pari, Colonia San Juan de Amaritlos, is not influenced by the floods, but
the drainage condition is poor because of insufficient natural streams and drainage
canals.

The upper part, Colonia Arolma, is almost free from seriows foods o inundation. The
embankment of the national road No.9 has been tcgulating the discharge from the
upstream basin.  Afier the compleuon 0!‘ the seven bndges the dlscharge from the
upper basin may increasc.

The flood and drainage problems of the upsiream area wilt be improved by the bridge
construction project at the national road No.9, but the downstream area will be
influcnced by some increment of runoff. 1n order to 1mpr0ve the sntuanon the
improvement of river channels downstream of the seven bridges are required.

2)  Southcrn Side

In the southern side of the national road, the small inundation areas are scatiered with a
shallow depth and a shont duration.  In particular, the inundation area of less than 2 or
3 days in the Upper Chane and Warnes arca, means that the inundation is caused by the
undulation of ground and the insuflicient drmnage channels.connected to river ch*mnels

East Pait of the Study Area
1Y Okinawa-1 Arca

The lower pat of Okinawa-t suffers mainly from floods.  The area suffers partly from
a heavy inundation of around 50 cm for 5 to 15 days.




2.1

2} . Okinawa-2 Area

The area is dividc_d into 2 basins, i.¢., the Rio Grémdé basin and the Rio Pailon basin.
The Rio Grande basin suffers from a heavy inundation for S to 15 days. This area
dose not have enough discharge capacity. Furthermore, a natural levee along Rio
Grande obstructs to discharge into Rio Grande. . That causes water staganation for a
long time.

Rio Pailon basin is frequently inundated by floods from the confluence of Rio Pailon
with Arroyo Honda and Quebrada Tomichd, at where these river streams form a
habitual inundation area.

| 3) Okinawa-3 Arca

The arca, including the colony of Mennonite that are located in the upstream of
Okinawa-3, has frequent inundation areas of less than 30 cm deep for 3to 5 days. It
is classified “medium’ and tighter than that of the other Okinawa areas.

This area is located in the most upper reach of Rie Pailon, and it dose not have any
inflow from the other basin. Nonetheless, the Iopogfaphic stope is almost 1 /800 and
is gentler than the others around.  Simultancously, many small low-lying lands are
scattered in the area.

4)  ElTajibo Area

The area is affected by the embankment of the national road No.9. The area along the

- national road is frequently inundated 30 ~ 50 cm deep for 3 ~ 7 days, which are
- ¢lassified “middte”, : ‘ ' |

Hydrological Siudy !‘61‘ Drainage lil)])rox-enlellt

Rainfall Infensity Formula for Drainage Improvement

Drainage systems have small scale subcatchment compared with the river system, and
the lag timé of the catchment is plenty short while the river system has | or 2 days of

the lag time.

The study arca is divided into 4 meleorological sub areas based on the selected
representative observation stations, and four rainfalt intensity formulas within 24 hours

G-5



2.2

are composed to each sub arcas for the study of the drainage improvement.  The
divided sub areas for the rainfall intensily are shown in Fig. G.2. /.

The short term rainfall data is available at Santa Cruz and Saavedora, and rainfall
intensity formulas for remained sub areas are estimated based on the proportion of daily
rainfall.  The daily rainfall and estimation of the formulas arc shown in Table. G.2.!
and 2.2,

Runoff Analysis for Drainage Im_prdvcl‘h:ént.

The rational formula method is applied (o the renoff analysis of drainage improvement
laking account of the characteristic of drainage basin, that is small scale catchment area

and short term lag time.,

The rational formwulais defined as follp'ws:" |
Q= L x fxIxA | |
36
Q: PLaR Discharge (in'/s)
f : Runoff Cocfﬁucm

! : Rainfall lntensny within Lag Time (mm/hr)
A : Catchment Area (kin)

Runoff cocfficient of 0.50 is adopted to the analysis taking account of the tand use and
geological condition, that is a plain agricultural area.  This coefficient is evaluated to be
a reasonable value, compared with the result of 0.38 ~ 0.51 back calculated in the
model casc arca of 5 ~ 20 km’ by SCS-UHM method, that is applied to the river
analysis. The results of the case study are shown in Table G.2.3 ~ (G.2.5.

4

Following conditions arc adopted to SCS-UHM study.

Design Rainfall 1 day rainfall

Initia} Amec;dcnt Moisture Content Class 2 (medlum) that is estimated bascd on the
avcmgc 5 d'\ys r'unhll in Jamnry of 10 = Sl min, besndes "56 ~ 33 mm of 5 days
vainfall is classified to Class 2 by SCS.

SCS Curve Number 82, the characteristic of subcatchments are shown in Tab!e G.2.6.

FFor the Okinawa drajnagc basin, the SCSfUHM method and hydrd_dynai_nié model, that

is applied to the dver analysis, are adopted as an exception in the drainage improvement,
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because this basin has a large catchment area of 380 k' and a flood plain storage is

predominant in the existing hydraulic condition.

Hydraulic Study for Drainage Improvement

Evatuation of Existing Drainage Systems

The condition of the existing drainage systems is evaluated by' discharge capacity of
typical section, that is estimated by the uniform flow method.

" The unit arca discharge and the result of evaluation of the major drainage are shown in

Fig. G.3.1 and G.3.2.

In general, the discharge capacitics of the drainage main are less than 2-year runoff.

San Juan Drainage Main
Two allernatives were studicd for San Juan drainage basin.

Alternative 1 is planned to use fully the existing drainage canals with rehabilitation and
to discharge the excess water to the downstream through a hydraulic structure.

Aliernative 2 is planned to drain the runoff from own catchment by the drainage mains

with canal improvement.
The flow condition of the canal is evaluated by the sectional discharge capacity.

Tables G.3.1 ~ G.3.4 show the calculated flow condition of the existing and planned

drainage canals.

There is from 34 cm to 100 cm more of 5 year frequent inundation in the existing
condition, that is expected 1o be improved with less than 30 cm by the alternatives.

- Arroyo Tejeria

The arroyo Tejeria is planned to be improved us a drainage canal because the catchment
area is small and short. : : -

The flow condition of the channel is evaluated by the sectional discharge capacity, thal

is 20 ~ 52 cm of S year frequent inundation in the existing condition and be improved to

G-7



L)

L]

-

be less than 30 ¢ of overflow.

The flow conditions are shown in Table G.3.5 ~ G37

Okinawa Drainage Main

The flow conditions of he Okinawa drainage basin are studied with SCS-UHM runoff
analysis and hydrodynamic quel. '

The drainage improvement measures consist of construction of drainage canals and a
new drainage main, which connect the existing drainage to the swamp ang the former
Rio Grande river course.

The inundation of 71 cm by 5 year frequency in the existing condition, is expected to be
imiproved to less than 30 cm by the drainage improvement nxasures.

The results of hydraulic study are shown in Tuble G.3.8 ~ G.3.9 and Fig. G.3.6.

Other Drainage Mains and Drainage Channels for Crossing‘ fhe National
Road No.9

Antofagasta drainage main and Chane drajnagé mains, which function together with

- river improvement works, are planned.

In addition, the drainage channels for crossing the national road No.9 are also planricd.
They are El Empalne 11, Las Maras, Chaco and Rancho Chico. . '

These channels are planned to discharge a 5 year frequency flood -with inundation less
than 30 cim in depth.  The flow conditions of these canals are calculated and shown in
Table G.3.10and G.3.11.

Sccondary Drainage

The secondary drainage is defined as the canal to correct water in the subcatchment and
to discharge it (0 the drainage main or river.

The dimension of the secondary canal is designed to drain a § year frequency flood with
inundation less than 30 cm deep.  The flow conditions of canals are studied by the

‘¢ross sectional discharge capacities.




The densily of the secondary drainage canal is planned to satisfy that each secondary
canal is 2 ~ 3 km long from the drainage main or the river with around 5 km’ of
subcatchment.

The secondary drainage has two types of canal dimension fit into the rainfall intensity,
which flow conditions are shown in Table G.3.12.

4. Facility Plan

Based on the hydraulic study, the drainage facilities planned are shown in Table G.4. 1
~G.d.2.

Drainage mains at Tejeria and Antofagasta basin are planned o be improved by
widening the existing channels, and that of Okinawa is to be improved by combination
of widening of the existing channels and constructing new canals.

For San Juan drainage Main, rehabilitation of the existing canals is planned for
Altemative 1 and channel widening is planned for Alternative 2.



TABLES



TABLE G.1.1 EXISTING DRAINAGE FACILITIES

San Juan Area

Drainaée Facitity

Items

Condition

Drainage Main

Number of Canals

[‘otalbenglh
CanalType

e B

g lines

Unlined Trapezoid canal

3.0~55matcanal bed

‘Slope of Cross Section
!

Y LTI N C 7

Drainage Canal along Roads

Total Length

23 km

Bridge and Cross Drain

Density of Facilities

1.49 pes / km of road length

Central North Aréa

Zone

Distance of Road

Qucbrada / Candda*¥

Bridge / Culvent

Col. aroma / S8.J) de

Amarillos

182.5km

0.46 pes / km road

0.72 pcs / km road

Col. Cuatro Qjitos

96.7 km

0.55 pcs / km road

0.97 pcs / km road

Average

0.49 pcs / ke road

0.72 pcs / km road

Okinawa Area

Ticms |

Canal Length

Canal Width

Type of Canal

Qkinawa-1 Drainage Network

8.0km

Natura! Course

Natural Lagoon

Unlined Canal

Unlinedmé.é;l.al

Unlined Canal

Total Length

Okinawa-2 Drainage Canal

1.5km

3m at canal bed

*3m at caual bed

Concrete Lined Canal

Unlined Capal

Total Length

5.0km

G-
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TABLE G.1.2 SUMMARY OF FREQUENTLY]NUNDAT]NG CONDITION

{ess than 30

Area Graupe Depth Dufation Classilﬁc;afioi:
(cm) Class (days) Class '
West Par San Juan Tejeria 30-60 middle lessthan 2 clement <lement
San Juan Yapacanicito 1¢ss than 30 clement Yess :ihm 3 ¢lement clement
Antofagasia West 30100 heavy 5~10 keavy heavy
Antofagasts East 10-60 clunent Tess than 3 clement ¢lement
Upper Palacios 20~40 ¢lement | {oss than 2 ¢lement ¢lement
Lower Palometilia 10-- 100 heavy less than § ﬁaiddle middle
Central North Parl . |Chané Nocth 20--50 middle * | morethan 5 | - . heavy heavy
Chand Piray 20~60 - .middle loss than 5 middle - middls
Montero North 1060 middle less than § middle middle
Centrel South Pert  |El Tajibo 3050 niddle 3-7 middle .- “middle -
Uppee Chané 10-50 clement | less than 2 clement _clement
Maracaibo les then 30 ¢lement less than 3 clement clement
Fast l;arl Okinawa l. an.)un.d 50 middle 5-lVS heavy heavy
Okinawa 2 30-100 heavy | 515 heavy heavy .
Okinawa 3 clement 3-5 middle middie




TABLE G.2.1 1-DAY RAINFALL INTENSITY

2-vear 5-year 10-veur
Station | Hday Rainfall | 1day Rainfall { 1day Rainfzll Adopted Proportior. for
; {ruen’} (oum) (mn) Rainfall Intensity Formuala
Sanla Curz Oflicina 100.9 . 1450 142
SO (.. .| IR (X )| I QLT IO e
Sazvedra 102 4 1379 ]
(Proportion)] - {1.00) {1.35) {1.58)
Snata Crw Trompio 100.5 1418 174 2 Snota Crez Officina
(Preportion) {1.00) {1.44) {1.73)
Okinawy 2 1028 1404 " 165.3|Saavedra
(Propartion) (1.00) (1.37) {1.61)
C.8. de Yopacuni 1393 188.3 220 B Saavedra
{Proportion) (I.OO) : (1.35) (1.59)

TABLE G.2.2 RA]\'FA! L INTENSITY FORMULA WITHIN 24 HOURS -

2-vearRetuin Period

2-vearRetum Period
Station 1day Rainfall Proportion 0<T=4 1< 24 ‘ Reo
{mm) a . b a b {iun) )
Sunte Cure Officina, | M09 o 390 22303 GRS N % 14 SN~ I, - Y.
% Saavedrs 1074 Yoo (=) 6,292 £9.00 6,842 B F AT 5913
Snata Cruz Trompio 100.5 10O (SC Officina) 9463 142.63 CS812 -5.00 45T
Okinswa 2 1028 100 {Saavedra) 6,292 £9.00 6,842 17.73 4223
C.S. de Yapacant 139.3 136 {Sasvedra) 8,557 £9.00 C 9305 117,73 57.43
SvearRefum Peddad
. S-yearRetum Period
Station tday Rainfall Proporiion . 0<T<4 4<T<H4 Rso
- {ram} a b a b {mm}
Sarta Curz Officina j  145.0 1.00 (-} 12,240 13766 9573 5538 619 92
Suavedsa 137.9 1.00 () 7778 72.63 10, 27! ) 172,82 SEET
Snata Cnuz Trompio 448 100 {SC Oflicinz) 12,40 137.66 9,574 55.38 61.92
Okinawa 2 1403 1.02  (Saavedra) ‘ A 1263 . 10,476 172.82 59.82
C 8. de Yapacani 188 3 1.37  (Saavedra) 13,656 72.63 14,091 172.82 803
10-yearRetura Perlod
. [0-yearReturn Period
Station 1day Rainfall Propertion 0<T< 1€ Ren
{mm) ) ] b a h . {man)
Sonta Carz OMiina [~ " a2l N0 Ty T Taem] 64 esel el ol
Soavedra 1614 1.00 (- 8 751 G656 12, 163 182.66 6948
Snata Cruz Trompio 1742 1.00 (SC Officina) 13,07 135.44 11,666 71.09 72.04
Okinawa 2 } 163.3 1.02  (Saavedra) 8,967 65.56 12,508 187.66 70.83
C.S. de Yapacani Y08 137 (Saavedes) | . 12044 06,56 16,800 . I8166 9516
20-yeatReturn Period
- 20-yearReturn Period
Station 1day Rainfatt Proportion’ .0 4<T4
- {num) : 2 : b a b
Santa Curz Oftcina | _ 2022 100 () 7 S I TR
Suzvedra : 1£40 1.00 =3 9778 6348 14422 206.14
Snata Cows Trompio | 0r2 1.00 (5C Officiag) §5.822 13368 14,966 11347
Okinavn 2 : : 189.2 103 (Saavedra) | - 10,071 6248 14855 200.14
€.8. de Yapacani 2519 137 (Samvedra) | 13,396 6248 19,738 206.14
S0-yearReturn Period :
50-vearRelum Period
Station 1day Rainfall Proporion 0<T<d 3 4<T<2 g Ren
{min) ' a b ‘a b (mm)
Sonta Chrr Offcina PO S N €5 T I T IS ETY 7 T 12798 9125
auvedrs 2132 1.00 {-) 11,062 $8.67 i7.093 235357 9322
Snata Cruz Trompio | - 2385 1.00 (5C Oflicina) 18,04 131.97 17,899 127.98] 9125
Okinawa 2 - 220.1 103 (Seavadra) 1133 58.67 17,760 225.57 96.61
C 8. d¢ Yapacani ‘ 292 2 1.37  (Saavedra) §5,155 5867 23,623 22557 12271
NOTE: anfa!l !Nm‘.:t) I"nmmla is dlun!\‘d as i= -T--:Ag{mm! he}

\\hcub;y T (mmuk:.)
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TABLE G.2.5 (1) ESTIMATED PEAK DISCHARGE WITH RATIONAL
FORMULA METHOD (1) '

Saavedra CASE]  CASE2 CASE3 CASE4
Area{km2) 500 10.00 15.00 20.00
Georogical Slope 172000 12000 172,000 1/2,000
HL (km) 224 3.16 387 447
LagTime(hrs) by USBR 2.30 3.00 351 3.92
Rainfalt Intensity a b {mavhr}  (mnvhry  (movhr)  (mm/r)
2-year period ' 629225 59.00 27172 23139 21.00 19.4%
S-year period 7778.06 72.63 -36.93 30.79 27.46 2527
10-year period 8790.79 " 66.56 42.97 35.65 31.72 29.13
Unit Areal Discharge f : A ') (nﬁ/én’l:ml) (m3/shm2) (m3fskm?)
2-year period -0.50 - 385 325 292 2.70
S-year periad 0.50 513 4.28 3.81 1.51
10-year period - 050 597 495 . 441 4.05
Peak Discharge : : : (m3/s) (m3/s) {m3/s) (mn3/s)
2-year period : 19.25 32.50 43.80 54.00
5-year period - : 25.65 42,80 57.15 70.20
10-year period - 5 2085  49.50 - 66.15 81.00
Santa Cruz o CASEl  CASE2  CASE3  CASE4
Area (km2) 5.00 1000 1500  20.00
Georogical Slope . 1/2000 12000  1/2,000  1/2,000
HL (km) 224 3.16 3.87 4.47
lagTime(hrs) by USBR 230 300 351 jo2
Rainfall Intensity S | b {mnvhr) . {mm/hry  (mm/he)  (mm/hr)
2-year period (mnvhr) 9463.00 142.63 33172 2933 26.79 25.05 -
S-year period (mnvhr) 12240.00 137.66 44 40 31853 3545 3283
10-year period (mm/hr) 14079.00 -~ 13544 5149 4463 40.69 37.99
Unit Areal Discharge f : (mYsAm®) (m3/ekm2) (m3/shm?) {m3/shkar?)
j% 2-year period (m3/s/km2) - 050 1 4.68 407 372 348
’ S-year period {m3/s/km2) 0.50 : : 6.17 535 488 4.56
10-year pediod (m3/skm?2) 0.50 715 820 565 528
Peak Discharge - {(m3/s) {m3/s) {m3/s) {m3/s)
2-year period {m3/s) 23.40 40.70 55.80 69.60
S-year period (mm3/s) 30.85 53.50 73.20 91.20
10-year period (m3/s) . : ' 35.75 62.00 84.75  105.60
13 0I5
Lag Time : T, :[2 I.OxHH’*) : P Unit Area Discharge : qp = 3—16 % fox1
Raiofall Intensity : - 1= —— Peak Disch !
aiofall Intensity : - 1= ———— eak Discharge =-—xfp
Y5 T K604 b sehalk Qp = xfexIxA



TABLE G.2.5(2) ESTIMATED PEAK DISCHHARGE WITH RATIONAL
FORMULA METHOD (2)

CASE] CASE2 CASE3  CASE4

Okinawa 2 ‘
Area (km2) . 5.00 10,00~ 15.00 20.00
Georogical Slope 12,000  1/2,000 172,000 1/2,000
HL (k) : : . 224 316 3.87 447
LagTime(hrs) by USBR - 230 3.00 351 3.92
Rainfall Intensity a. b (mwv/hr)  (mhe)  (mvhry  {mawvh)
2-year period (mm/hr} - ; -6292.00 £9.00 21.72 2339 21.60 19.41
5-year period (mnyvhr) 7934.00 7263 3767 - 314l 0 28.01 25.71
10-year peried (mnvhr) 896700 - 6656 43.84 3637 3235 29.72
Unit Areal Discharpe - f . (m'fshm’) (m3fsAm2) (m3fshkm2) (m3/s/km2)
2-year period (m3/skm2) : 0.50 3.85 325 . 292 2.70
S-year period (m3/s/km2) . 050 523 436 - 3.89 3.58
10-year peried (m3/s/km2) 0.50 6.09 505 - 449 4.13
Peak Discharge , . (m3fs) {m3/s) {ri13/s) {m3/s)
2-year period {(m3/s) : 19.25 32,50 43.80 54.00
5-year period (m3/s) : . 26.15 4360 - 5835 71.60°
10-year period (in3/s) 30.45 50.50 67.35 82.60
Vanacani | : CASEl _CASE2Z _CASEJ  CASFA
Area (km2) 5.00 1000 . 1500 20.00
Georogical Slope _ . 12,000 12000 172000 1/2,000
HL (km) _ : : 2.24 316 . 3.87 4.47
LagTime(hrs) by USBR 2.30 3.00 3.51 1.92
Rainfall Intensity _ a b ] (wwvhr}  (unvhe)  (am/he)  (mm/hn)
2-year penod (mmvhr) . 8557.00 © 89.00 3170 3181 2856 20639
S-year period (mnvhr) 10656.00 72.63]. 5059 . 4218 ¢ 3762 34.62
10-year period {(mavhr) 1204400 - 66.56|. . 58.88 4885 . 4340 399
Unit Aveal Discharge o f . (mYshn’) (m¥km2) (m3fs/km?) (m3fshm?) '-
2.year period (m3fskm?2) 0.50 | 5.24 442 397 1.67
S-year period (m3/sfkm2) 0.50 ‘- 7.03 - 586 - 523 . 4381
10-year periad (m3/s/km2) 0.50 : 818 678 6.04 554
Peak Discharge ; . {m3fs) {mi/s) {m3/s} (m3fs).
2-year period (m3/s) 26.20 4420 . 59.55 73.40
S.year perind (m3/s) : : 35.15 5860 7845 9620
10-year period (m3/fs) : 46.%0 67.80 90.60 110.80
3 03ES P

Lag Time : T, =(l |-9><‘“El'“) . = Unit Area Disc-harge:q p= —3-]—(;,- x fo x|
Rainfall Tntcnsit : Peak Disch '

ainfali Intensity : 1=—-———— : eak Discharge : = —x Fn :

y. ! T, x60+b g Q, 3.6xf(‘xlx1\
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TABLE G.3.1 DESIGN DISCHARGE OF SAN JUAN DRAINAGE MAIN

2-Year Retum Period

Lm9.00 km 100 Lm}3.00 km15.00 km17.00 km24.00 km28.00
¥ Y™ s tyomiks b oo
¥, = nt),(..rT (hrs Ul zmiles h:feel)
1, : (k) 100 300 100 420 450 1.50 500
h : (m} 200 200 267 2.80 3.00 [ RLU 3.30
T : (hts) 250 2.50 3.00 3.50 3.50 1.50 4.00
a
I= — (e Ty ; minutes)
(%
a: 8,557 8,557 8,557 8,557 8,557 R,557 R557
b: ‘ £9.00 £92.00 89.00 89.00 83.00 83.00 £2.00
i (mmthr) 3580 35.80 3E81 28.62 28.62 47.80 26.01
1
Qp='3“6Xfcx1¥A % 1imnhe A kmd)
[ 0.50 .50 0.50 0.50 0.50 0.50 .50
A km) 3.00 5.00 9.50 9.50 200 200 13.50
Qp: (m’fs) 14.92 24 RG 41.97 LI 31.80 13.28 48.17
5-¥Yeor Retorn Period
km2.00 Emi1.00 km)3.00 k1500 km7.00 k4 00 km28 00
b} 1 388
T, :[ngx.l_lhi] ¢hrs Hy :miles h: feel)
He: km) 3.00 3.00 4.00 420 4.50 150 5.00
h: my 200 2.00 2.67 280 3.00 1.00 330
To: (hrs) 250 2.50 3.00 3.50 350 1.50 4.00
&
=TI'M-IJ_ (mmhr Ty : minutes)
+
L
a: 10,656 10,656 10,656 10656 10,656 10,656 10,656
b: 7263 7263 1263 7263 7263 7263 7263
I: (unvhn) 4785 47.86 42.18 37.70 37.70 65.52 31.09
i
Qp=;EXchI¥/\ (¥ Tommhe Arkm®)
I-: 0.50 0.50 0.50 04.50 0.50 0.50 0.50
A knY 3.00 5.00 9.50 9.50 800 200 $3.50
Qe 2 {m'ls) 19.94 33 55.65 49.74 41 89 1820 63.92
10-Year Return Penod
LmS.00 km11.00 km13.00 km15.00 kmi7.00 km24.00 km28.00
RN
T, =[u,9, _ljh_l-_) thrs 11, :miles h:feet)
H o (k) 3.00 3.00 4.00 420 4.50 1.50 5.00
h:(m) 200 2.00 267 2.80 3.00 1.00 333
Ty : (hes) 250 250 3.00 .50 150 150 4.00
a
I= T b (mm/r Ty - niinutes)
¥ b
L
a: 12043 12,044 12,044 12,044 12,044 12,044 12,044
b: 66.56 66.56 66.56 66,56 66.56 66.50 66.56
I (mmf) 5562 35.62 1885 4155 43.55 76.93 3929
Qp=—xlxIxA  (m*% l:nmMh A:tm)
e .50 0.50 0.50 0.50 0.50 0.50 Q.50
A Gm?) 300 5.00 9.50 9.50 $.00 200 13.50
Qr: (k) 23.18 1863 64.45 5746 4819 2137 73.67




TABLE G.3.1 DESIGN DISCTIARGE OF SAN JUAN DRAINAGE MAIN

20-Year Retun Period
km2.00 e} 1.00 hn: J 3,00 km15.00 kmj?.00 Im24.00  kmIRO0
3\ 5 :
s (,xlﬂk (us i miles hfod)
o={1yx-
M : (kmy) 300 100 4.00 4.20 450 130 500
h:(m) 200 200 267 280 300 1.00 11
Ty - (hrs) 250 250 .00 150 3150 .50 4.00
a
i= ?“_l; (mmAy Ty minotes)
+
L
a: 13,396 13,396 13,396 13,396 13,396 13,396 13,396
b: 6248 6248 © 6248 6248 . 6148 K 6248 6248
I: {(mmr) 463.05 631.05 5515 42.16 49.16 8185 4429
1
Qp=‘;gxfcxlxl’\ (m* 1:mmir A:km’)
I-: 0.59 0.5¢ 0.50 (.50 0.50 0.50 Q.50
A k) 300 500 9.50 950 . EO0 200 13.50
Qv (m's) 26.27 4378 7290 G486 33462 24.40 RY.04

50-Year Return Period

£m9.00 kn11.00 kmi3.00 km15.00 £m17.00 km2d .00 km2&.00

TR
';l=[nq, _hLJ (rs B :nules b feet)

Hy o km) 300 3.00 4.00 420 4.50 1.50 5.00
h : gm) 200 260 267 2 80 3.00 1.O¢ 3133
To: (hrs) 2.50 250 Y is0 350 1.50 4.00
a
1= Tt {mmvhe Ty @ minules) _
a: 15,155 15,155 15,155 15,155 15,155 15,155 15,155
b: - 5867 5867 5867 5867 5867 58.67 5867
b (mmhr) 1263 7263 63.50 56.41 56.41 R 50.74
| .
Qg=-‘?ﬁl} A m'fs [owr A km®)
f-: 030 (50 0.50 0.50 0.50 0.50 430
A ') 100 5.00 2.50 2.50 800 200 13.50
Qo2 (n'/s) 30.26 50.44 8178 74.43 6268 2832 95.14 -
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1.

2.1

General

Every flood damage mitigation measures has some effects on the environment.
Environmental law and regulations are briefly summarized and natural environmental
conditions in the study area are investigated. Environmental impacts are assessed as
the initial environmental examination (IEE).  Water quality was also analyzed to get
information aboul the degree of water contamination at the sclected points along the

rivers in the study area.

Law and Regulations Related to Environment

Naturatl Environmental Law

 The Natural Envitonmental Law (Modified by Law of Minisiries of the Executive

Power) No. 1333 daed April 27, 1992 was the starting point to deal with
environmental issues in a global and systematic manner.  The object of the law is the
protection and conservation of the natural environment and natural resources. It
regulales the action of the man related to the nature and promotes the sustainable
development in order to raise the quality of life. ~ The sustainable development means
the process by which the necessities of the present geheration are satisfied without
risking the satisfaction of necessitics for future’ geﬁcmiions. The sustainable
devclopment is a global and permanent task. The natural environment and the natural

_resources are the nation’s patrimony, their protection and utilization are ruled by law.

The law is public order, of social, economic and cultural interest.

The Natural Environmental Law establishes the principals for protection, conservation,
and restoration of wild fauna and flora aquatic of living on land.

Tk

It is ;'l'p:il'r'i'inony of the State, particularly the endemic spécics of resteict distribution,
threatened or in danger of extinction. ' -
- Encouragement to programs of research and evatuation of wild fauna and flora in

order to know its value in every sense.
- Sustainable management of wild fauna and flora of the authorized species for its

atitization. _
- Protection to the bio-diversity and the integrity of genetic pattimony of wild fauna and

H-1



2.2

flora and domestication,

The authorizations for hunting, collection, extraction, trading of species and products
and the time when hunting and fishing is forbidden shall be processed.  The
authorizations for hunting, recollection, extraction, trading of specics through
correspondent awthoritics. SR '

Al the present the Law of Wild Life, National Parks, Hunting and Fishing is partially in
effect, establishing regulations about everything related to wild fauna.  The Exccutive

. Power is in charge of this law through CDF.. It establishes the cases of prohibitions,

the zones, and declarations of time when fishing and hunting is prohibited, methods
and systems of hunting.

Environmental Impact Assessment

Environmental impact assessment {E1A) is applied as a set of liinnagellwnt procedures |

1o determine the effects of certain actions in the natural environment. - I¢ establishes the

managemenl process that should follow the tasks or activities in: order to comply with
the EIA. Al projects or activilies must be classified into following levels:

Require integrated _BI_A'
Requirc specific EIA
Require no EIA bui advnsable conceplual FIA

B B e

Requm, no EIA

"SENMA (Secretaria Nacional del Medio” Ambiente) and SEDAMA (Secretarias

Departmentls del Medio Ambiente) i’\rq in charge of confrolling the compliance of ElA.
specific regulations and aré established (o govern the administeative and fegal aspects of

ElA.

In May, 1994 the Ministry of Sustainable Development approved a provisional fule of
EIA which set up the cavironmental card (FA) as an instrument of categorization of EIA.
At the present other plans are being prepared such as the rule of prevennon and control
of the environmental quality, which siates the procedure for FIA as weli as, control
mechanisms for the activitics, works and pro_lccts
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Natural Environment in the Study Area

General

- The flood mitigation project is planed in the northern part of the Santa Cruz city and

spread over five provinces; Andres Ibanez, Warnes, Ichilio, Sara and Cbispo
Santistevan. It bas an area of about 7,000 ki’ and the 220,000 population in 1992
composed of the urban population of 120,000 and the rural population of 100,000.
Number of houscholds is 46,800 and an average family size is 4.7 person pcr
houschold. Community in the study arca reaches about 370 in number.

The north part of Santa Cruz belongs geologically to the Brazilian Shield and it is
mostly covered with tertiary and quaternary sediments.  The arca has low hills in some
parts with mountain areas and plains of partially stecp slope. - The central part in the
study area is made of qualer'nafy plains with old and new alluvial ones with clay and
loam soils with poor drainage and sandy loamsoils.  These alluvial plains in 'lhc": North
with no slope and poor drainage we frequently flooded areas during rainy seasons.
The northeast part that descends from a sudden southern change receives most of the
rains in the department.

The weather is subtropical and humid with rainfalls between 900 to 2,000 mm and in
the northern arca the annual rainfall is over 3,000 mm.  The region is hit by strong
winds from the north and south, the laiter is called “surazos” coming from the
Patagonia, Argentina.  These can lower the temperature down to 10 o 15 °C and cause

chilly condition in some extreme situations.  The mean temperature in the area is 24 °C

at the altitude of 300 m and increases 0.5 °C with the increase of  every 100 m in
height.

The classification of the soil in the study area, according to the soil and agriculture use
capacity map, is considered to be suitable for livestock and agriculture with some

- restrictions and fit for cattle raising and permanent cultivation with erosion and fertility

restrictions.”  The good and average fertility of the soil is causing migrations to urban

~areas and intensive agriculture. -

Winds with combinations of non-suilable agriculture techniques are causes for soil

- degradation, due to a severe wind erosion and loss of soit fertility, endzmgermg the
o agncullural sustainable development of the area,

H-3



()

All drainage network belongs to the Amazon basin, therefor, there arc plenty of water
resources in all the region with distributed water channels,

The classification of the soil in the study area, according to the soil and agriculture use
capacity map, is considered to be suitable for livestock and agriculture with some
restrictions and {it for cattle raising and permanent cultivation with crosion and fedility
restrictions.  The good and average fertility of the soil is causing migrations to urban
arcas and intensive agriculture,

icological Areas
In the study area there are five ecological zones:

- Tropical humid zone
- | Troplcal highly humid zone to sublropical tmnsmou

- Sub-tropical humid zone

- Very humid subtropical zone

. Mid humid Zone

Tropical humid zone

It covers river banks of Yapacani; Grande and Pirai rivers towards the northwest.  Itis

“below 400 m with a temperature between 22 and 24 degices, and an annual rainfall

which varies from 1800 to 2900 mmi.  ‘The aren shows good scenery and old wavy
terraces, plain savannas and swamps.  Along the well-drained fands there are forest
almost ever green and ongmal trees hngher than 40 m and whosc diameters may exceed
100 cm. ) ' ‘

Tropical highly humid zone to subtropical transition

It is located in the western region, the average annual tlemperature 22 degrees, the
rainfal} varies from 2000 to 3000 mm annually and is at an altitude of about 600 m.
Physiologically there are two different scenery; those that correspond to the mountain
spurs of the Andes, formed by mountain chains and alluvial plains characterized by
sub-raised terraces, natural dikes, basins and discharges of some rivers.

This is an ever green forest with five layers and herbaceous vegelation, showing also
species such as moss and fers, even orchids, cactaceum and bromeliaceum.: The
cemerging trees are over 50 m high and 2 m wide.  Other common element is the
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various species of palm trees.
Sub-tropical humid zone

This covers (he north part of Santa Rosa del Sara and northwestern area of Yapacani
and Picai rivers, its altitude varies from 800 1o 300 m with a temperature from 18 to 24
degrees and rainfall levels from 100 to 200 mm.  The plains area has (wo different
vegetal layers: the “painpas” or savannas and forests, from Wthh 50 % of its species

are caducifolious type 'md a few ephyfites species.

Very humid subtropical zene

It covers plains at the north and west part, the temperature is between 21 and 24 degrees
and rainfatl from 2000 to 3000 mm. In this life zone, thereis a forest with optimum
characteristics which is of about 40 m high, thick logs and spread branches. Forests
are associated, duc to high humidily, with various cphyfites and the “sotobosque™

~ contains a high percentage of palm trees.

Mid huhﬁd zone |

It covers the basin of Piral and Grande river with an altitude of 300 to 400 m,

| temperature from 21 to 24 degrees and annuat rainfall between 1850 to 2150 mm.

Gcogmphlcﬂly this is an alluvial plain region characterized by dikes and meanders.
The vegetal association in its orxgma] state is a latifoliated mixed forest with 50 % of
caducifokious species, Nowadays only a minimum extension is covered with forest, the
rest has been replaced with cultivation, pastures and secondary forests.

Vegetation and Wild Fauna

In the northern part of the study area, different types of forests, medium, high and very
high forest still prevail along with many rivers and riverside forests.  In the central and
southern area secondary forests, savanmas with low trees and pastures prevail, in these
arcas man's impact is evident.  In all urban areas, man'’s impact is evident due to over
pasture, forest decrease, deforestation and soil degradation..

The micro-region shows arcas with high and very high ecological value. The
ecological value assessment is the resull of applied criteria, bascd on natural state

 similitude before men actions. - Also the rare flora and fauna and the species variety are
* yery important, as well as some characteristic biotops valuable for their conservation.
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Applying the above criteria, there are regions with a very high ccological valug:

- Flora and fauna protected area of Serranfa Santa Rosa
- Ftora and fauna protected arca of Baiidos Rio Grande, Ptral and Laguna Bclla
- River protection of Rio Pirai, Rio Grande, Rio Surutd, and Yapacan{ '

Vegetation

The surface of the region is covered with different forest lype vcgel'mon whlch has
anthropomorphic modifications, caused mzunly by intensive land slnppmg for farmiand
and lumber exploitation.

The study arca shows seven vegelation types:

- Medium and high forest

“This is one of the most deteriorated formalion mainly due to the selective forest

exploitation{Swictenis-Cedrela-Amburan). Settlements, following the lumbering taking
advantage of newly made roads, has widen the agriculiural frontier damaging natural
life. The degradation effects arc more evident near Santa Cruz city. " '

The biological diversity of this fcgion iilay be the high{:s'l in the whole cduntry, the raip
forest is dense and polystratificd, reaches an average of 25 to 30m high _wiih some parts
of 40m high there are many tubular root specics and greal numbélj of paln trees.

There are many epiphyle species with great niimber of vascular species (Pireraceous,
Bromeliaceous, Araceons, Orguidaceous).  Among the most important tree species we
can mention: Spondias mambin, Ceiba pentrandra, Dipteryx: alata Terminalia amazonica,
Sioaea fragana, Hura creptions, Clwvisia racemosa, Virola calophylia, Cedrela odorata,
Guarea spp. and Cedrelinga calenaeforis.

The palin trees concentrations are very important in the mid layer, the most important
are Atdes spp., Schelea princeps. Astrocaryum spp., Iatea deltoidea aid Jessenia
bataree.  In large areas the “sotobosque” (smaller foresi that grows under taller forest)

has mostly low palm trees.
- Low forest
Among the lopographic gradient towards the more severc flooding areas; there arc

mainly flood forest and swampy forest, these are characterized by its short size and
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poor diversity of species.

The humid scason forest of the Beni plains is poorer in species that the piedmont
formations, mnong the mast imporiant sl)ecics we can mention Ceiba pentandra,
Amazon terminddie, Tenninakia oblonge, Hure crepitans, ficus spp. Among the most
influent species in the Closed Chae, we can mention chorista insignis, Tabebula
sentifokis. Vitex cimose.  The palm trees are very important in the intermediate layer,
specially the following two species: Scheelea princeps and Astrocaryunt macracalya.

- Riverside forest

Itis distributed along the borders of most rivers with a intense crosion dynamism and
lateral deposition such as: Rio Grande, Pirai and Yapacani.  They are placed like long
strips that can reach 5 km wide, '

Because in these areas the priniary succession of forest is produced dynamically, the
vegetation communities are mainly formed by pionecring or succeeding early species.
Strips of the following prevail! Tesswia Infegn}’o!i@ Gyneriwmn sagittatum, Salix
humboldiiana, the tree successions are very rich in Cecropia spp., Enytlnina

peeppigiana, Sapium mannieri and Ochroma pyramidalis.
- Palmar (Palm tree concenlration)

This ecological region shows - xeromorphous palin trees, there are no important
researches in this area, it is supposed to have different palm trees than the northern area

such as: Ewtespe spp., Copemicia atba, Acrocomia totaf.
. - Savanna

“This area has taken those places where former semi-humid transitton and “chaqueiio”
forests used to exist.  The agro-industrial activities such as sugar cane, soy bean and
rice which was intensified some decade ago, replace the original forest with secondary
formations which later on were transformed into pasture areas and bush-woods.
" Nowadays there is an open scenery rich in palm leees such as Acromia fotai and
Copericia aloba. . o S o '

.- Pasture -

. Very complex in structure and cbmposi!ion, the higher areas are mainly formed by
“hard” species, not very desirable for catlle, such as Andropogon bicomis, regarding
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the lower arcas in where there are effective flooding periods,: they show pastures such
as: Hymenachbe spp.. Paspalum acuninatum and Peruvior Luziola  There are areas
with abundant cyperaceoits and helophytus. ' '

- Secondary vegetation

It is mainly formed by species which represent a deterioration parameter of vegetal
communities, this is due to human activity impact carries out by the agricultural frontier
enlargement and replaceinent of original woods by cultivation areas.

Wild Life

There is a wide diversity in the local Tauna, therefore ils forests are considered as the
richest in fauna e.i. mammals, reptiles, amphibious and entomofauna.

Among the endangered species, there are felines like pumas, jaguars (Felis concolor,
Feris onca, Fellis wiedii, Felis yagoaroundi), otters, londras, water dogs{(7epirus
terrestris, Tayassu pecari, Tayassu tqjucu) and armadillos (Dasypus spp.).  The river
is richuin fish. | |

In the agricultural area, the fauna has almost disappeared or is scattered due to its habitat
destruction and commercial man hunting, which caused its migration. Among the
most hunted species are: londras, water dogs (Canidae), felinés in general (Felidae,
Canidee), saniian {Crocodikidue, Tekidae}, deer (Cervidae), wild pigs and “atus” or
armadillo {Twyassuidue, Dasipodidae, Dasypodidae). . On the other hand, it is evident
the agriculture plagues as well as some bird species spreading.

Likewise, some rivers are infested with pirafias (Servasalmus spp.) due to the
exlermination of their natural predators.  The extinction of difterent monkeys and bat
species, causes severe sprcﬁding of sonmic vegetal species which are used as food by
those animals. ' ' | -

Endangered Species

The “National Workshop : Red Book of Vertebrates of Bolivia”, o_rgaﬁized_by_: the
“Centro de Datos para la Consevacién” and sponsored by the Secretaria PL-48 and
LIDELA, was of great importance.  The Environmental and Sustainable Development
Ministry, through its National Office of Bio-diversily Conservation, recogaized such
document as a reference to make decisions regarding wild fauna conservation field.
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