4).

7.5

EROSION AND SEDIMENT CONTROL MEASURES

Rio Piedras

Seven(7) check dams and channel ‘works are planned to cope with the design sediment
amount. The location of facilities is shown in Figs 7.4 (4) and 7.5 (3) and their
details are shown in Table 7.7 (4). They are explained as follows: '

a) Plain arca

- Channe} improvement worké are planned at the reach (1/30~1/100) between the
design control point and the sub-control point in order to stabilize the river course

b) Mountainous area

. Five(5) check dams are planned at the reach (1/19~ 1/15) upStrcam of the sub-

control point. Also two check dams each of the two tributaries are planned in order
to control debris flows.

Potential Debris Flow Hézard Area

The land forms such as talus cones, alluvial cones and alluvial fans explain a history of
the mgional sediment yield and discharge. Alluvial cones and alluvial fans might have
been dc#clopéd by sediment flows and debris flows in the past. Since the occurrence
of debris flows, etc., is repeated over a certain period of time, the areas around these
landforms will most probably continue to experience the same occufrﬁnccs.

For a part of the proposed non-structural measures, the debris flow hazard areas are
tentatively identified for the study area. These debris flow hazard areas are decided by
referring both to the information obtained from landforms, identified based on the aerial
photographs taken 1992, and to the designation method of debris flow hazard areas
developed in Japan. | '

Hazardous debris flows and areas are identified from factors most related to occurrence
of debris flows, such as riverbed slope, scale of drainage basin and past records of
debris flows. The result is shown in Figs. 7.6 (1)~(4).



TABLES






SEDIMENT ?iELD OF NEWLY AND EXPANDING COLLAPSED AREA

TABLE 7.1
C.P  Drainage Basin DA A rl dl Lo ¥0 do |- Vvl
Cuenca de Drenaje | kil ke % m m m m |- x10%4
Rio Choloma Basin
@ Rio Majaine 34,63 33. 49 9.68 1,0 3241.7
2 Rio La Jutosa 20,39 18.29 9,68 1.0 . 1170, 5
Remains 16, 62 10, 04 9,68 1.0 972.0
A Rio Choloma (Total) | 71,64 5984, 2
Rio Blanco Basin _
@ Rio del Zapotal 17.92 | 17.92 | 9.68 1.9 1734, 5
@ Rio de Armenta 9.02 | 9,02 | 8.88 | 1.0 873.1
@ Rio Chiquite 7.417 6,98 9,68 1.0 675,7
Remains - 9.49 5.29 9.68 1.0 512.2
A Rio Blanco (Total) 43,90 | 39,21 : 3795,5
Rio Santa Ana Basin _
(D Rio Santa Ana 22,39 22,39 33760 2 1 67,4
Remains _ 15.24 6,02 13500 2 1 27,0
A Rio Santa Ana {(Total)| 37.63 28.5% 47260 2 1 94.4
Rio Piedras : ‘
(D Rio Piedras 20,09 | 20.09 25470 2 1 51,0
Remains 10,178 G, 63 10680 2 i 21.4
A Rio Piedras (Total) 30,87 26,77 36150 2 1 72.4
Note/Nota : .
C.P, A : Design control point / Punto de control de disefio
(D : Sub-contrel peint and number / Punto de sub-control y numero
Remains @ Remains of drainage area / Restos en area de cuenca
D.A : Drainage area / Area de cuenca
A :'Mountain slope area / Area montaifosa
rl : Ratio of collapsed area occured in 1974
/ Porcentaje de area de derrumbamiento ocurrio en 1374
dl : Average collapsed depth _ _
/ Profundidad promedio de pendiente derrumbadas
L0 : Zero order valley length / Longitud del vaile de orden cero
W0 : Zero order valley width / Ancho del valle de orden cero
d@ : Thickness of zero order valley deposits
' ./ Espesor de depositos en el valle de orden cero
V1 : Sediment yield of newly and expanding collapsed area

/ Produccion de sedimentos en areas nuevas y areas derrumbados en expansion

Value of 1O, W0, and d0 have been estimated based on aerial photo-interpretation

and field inve

stigations

fRio Choloma and Rio Blanco)

T V1=AXrIxdl

{Rio Santa Ana and Rio Piedras)

Y 1=L0 X %0 %do
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TABLE 7.3 SEDIMENT YIELD DUE TO RIVER BANK EROSION

River Basin Name, Stream Order and Number | D,A Lz Vo W tb I'L!
C.P Nombre del Rio, Orden de La Corriente
' y Numero de Cuenca. kit m m m m nf
() Rio Majaine 5-1-1 _ 34, 63 - - - - 246360
@ Rio La Jutosa  4-3 20,39 - - - - 212480
Remains 16,62 - - - - 598576
R G e e T R . ETYST TS
(D Rio del Zapotal 4-1-1 17.92 - - - - 67872
% Rio de Arnenta 3-3-1 9.02 - - - - 6200
(3 Rio Chiquito 3-5,3-% T.41 - - - - -39300
Remains o 9.49 - - - - 325760
ARloBlancoBalsm ............................................. PEITS e i S e iE
D Rio Santa Ana 4-1-1 - _ 22,39 - - - - | .5000
" Remains . ' 15,24 [ - - - - | 181350
B T v ! I s o S e oo O
‘(D Rio Piedras 3-1-2 20,08 - - - - §4624
_____ . Remains | IO FEUNC S I N Bt W1
"N Rio Pisdras Basin e 30871 e AT

Note/Nota : :
C.P, A : Design control point / Punto de contrel de disefio
(@ : Sub-control point & number / Punto de sub-cotrol y numero
Remains : Remains of drainage area / Restos en area de cuenca
D.A : Drainage area / Area de cuenca
Lz : Length of unstable deposits area along the river :
/ Longitud de area de depositos inestables a lo largo del rio
‘Wo : River width of ordinary water level / Ancho normal del nivel de agua del rio
W{ : River width of high water level / Ancho del nivel de agua alta en el rio
Hb : Eroded depth of river bank / Profundidad de las riberas
V4 : Sediment vield due to river bank erosion
/ Produccion de sedimentos debido a la erosion de la ribera del rio



~ DESIGN SEDIMENT YIELD

TABLE 7.4
C.P Drainage Basin . DA Vi - V2 - V3 V4 - Vio
Cuefica de Drenaje kil x10% o x10' X10* of X164 [ x10td
Rio Choloma Basin ! : : '
- (@ Rio Majaine 34,63 3241, 7 15,8 483, 6 246, 4 3988, 5
@ Rio La Jutosa 1. 20,38 1770, 5 6.8 352, 2 212,5 | 2342,0
Remains 16,62 972.0 2.5 149.3 |  598,8 1722.6
A Rio Choloma (Total) 71,64 5084. 2 26,1 985, 1 1057.7 8053, 1
Rio Blanco Basin R _ :
@ Rio del Zapotal 17,92 1734.5 16.5 212.2 67.9 2031.1
@ Rio de Armenta 9,02 | 873.1 4.8 88.5 6,2 972.6
@ Rio Chiquito 7.47 675,71 0.3 105.1 . 39.3 | 8204
- Remains 9,49 512.2 0.4 32,17 287.8 833.1
A Rio Blanco (Total) 143,90 3795.5 22.0 438.5 401,2 4657, 9
Rio Santa Ana Basin o o
@ Rio Santa Ana 29.39 67.4 12,5 | - 326,17 5.0- | 410.8
‘Remains 15,24 27,0 0.5 92,8 | 181.4 | 301.8
A Rio Santa Ana (Total) 37,63 94,4 13.0 118,5 186, 4 T12.6 -
Rio Piedras _ - '
(D Rio Piedras 20,09 51.0 1.6 266.8 84.6 404. 6
Remains - 10,78 21.4 0.2 60.6 91.6 173.8
A Rio Piedras (Total) 30,87 72. 4 1.8 327.4 176.2 577.8 -

Note/Nota :
C.P,A

! Design control point / Punto de control de disefio

@ : Sub-control point and number / Punto de sub-control y numero

Remains

:‘Remains of drainage area / Restos en area de cuenca

D.A : Drainage area / Area de cuenca _ _
V1 : Sediment yield of newly and expanding collapsed area

Produccion de sedimentos en areas nuevas y areas derrumbados en expansion
V2 : Residual collapsed sediment yield of existing past collapsed area

Produccxon de sedimentos residuales existentes debido a areas dertubadas anterirmente .
V3  Sediment vield of surrounding riverbed area
 Produccion de sedimentos alrededor en el area de lecho del rio
V4 : Sediment vield due to river bank erosion

Produccion de sedimentos debido a la erosion de la ribera del rio

V1l @ Design sediment yield (VI0=VIiVIiV3iiV4)
Produccion de sedimentos de disefio




TABLE 7.5

DESIGN BASIC SEDIMENT

C.pP Drainage Basin

D.A V10 V20 V3 V40 V50
Cuenca de Drenaje kel X0 X10° o X108 a4 X107 o X104
Rio Choloma Basin ' '
@ Rio Majaine 34,63 3988,5 | 2696.0 1292,5 .0 1292.5
@ Rio La Jutosa 20,39 2342,0 1379,9 962. 1 0.0 962.1
Remains 16,62 1722.6 2548.9
A Rio Choloma (Total) 71.64 8053.1 6624.8 1428, 3 142.8 1285.5
Rio Blanco Basin _ _
@® Rio del Zapotal 17,92 2031, 1 357.1 1673.4 0 1673.4
@ Rio de Armenta 9,02 972.6 197.0 775,6 6,0 175,06
~ @ Rio Chiquito 7.47 320, 4 586, 1 234.3 .0 234.3
Remains 9.49 . 8331 2715.8
A Rio Blanco (Total) 43.90 4657.2 3856.6 800, 6 80,1 720.5
Rio Santa Ana Basin :
@ Rio Santa Ana 22.39 4108 20,0 396. 8 0.0 - 390.8
Remains 15,24 301.8 286.6
A Rio Santa Ana (Total) 37.63 712.6 306.6 406, 0 40,6 3656.4
Rio Piedras
(D Rio Piedras 20,09 404, 0 40,0 364.0 0.0 364,0
Remains 10, 78 173. 8 207.2
A Rio Piedras (Total) 30,387 577.8 247.2 330.6 33.1 297.5

Noto/Nota :

/N ¢ Design control point / Punto de control de diseffo

(1) : Sub-control point and number / Punto de sub-control y numero
! Remains of drainage area / Restos en area de cuenca

Remains

D.A : Drainage area / Area de cuenca
V10 : Design sediment yield / Produccion de sedimentos de diseilo

V20 : Naturally controlled sediment discharge along the river course

/ Descarga de sedimento controlada naturalmente a lo largo de los cursos del rio

V30 : Design sediment discharge / Descarga de sedimentos de disefio

V40 : Design allowable sediment discharge / Descarga de sedimentos perm131ble de diseilo

V60 : Design excess sediment discharge / Descarga de sedimentos exceso de diseffo




TABLE 7.6

PROPOSBD SEDIMFNT BALANCE

C.p DN

D.A

B11E2

Remains

D.N : Drainage name / Nombre de cuanca
- BA !mnhm%zumi/hmadem$ma
V10 : Design sediment yield / Produccion de sedimentos de disefio
V0 Natﬂrally controlled sediment discharge along the river courses

/ Descarga de sedimento -controlada naturalmente a lo largo de los curses del rio

Remains of drainage area / Restos en area de ctenca

V30 : Design sediment dlscharge '/ Descarga de sedimentos de disefio
V40 : Design allowable sediment discharge / Descarga de sedimentos permlslble de disefio
V50 : Design excess sediment discharge / Descarga de sedimentos exceso de disefio
E1 : Facilities effect(Existing) / Instalaciones efectivas(Existentes)
E2 : Facilities effect{Plan) / Instalaciones efectivas{Propuesta)
Pl : Sediment control ratio{Bxisting) (=100xE1/V50)

/ Porcentaje de contrel de sedimentos(Existentes)
P2 : Sediment control ratio(Plan) (=100Xx{E1+E?2}/V50)

/ Porcentaje de control de sedimentos(Propuesta)

7.

16

Vio [ vio [ V30 WO,J'WG El l E2 PL| P2
_ X10°d [ X104 | x10° | %10 & %107 o | X10° & X30%d [ x10°a | % | %
Rio Choloma Basin : - | _ S
@ Rio Majaine - 34,63 39885 2696, ¢ 1292.8 - [1292,5 0.0 348.6)348.6] 0| 27
@ Rio La_ Jutosa 20,39 2342.0{ 1379. 9| 962,10 - | 962.1) 20.9|260.8 281, 7| 2| 28
Remains 16, 624 1722, 6 2548, ¢ 0.0 6552|6552
A Rio Choloma (Total) 71,64 8053, 1 6624, 8 1428, 3 142. 8 1285, 5 20,9 [1264.6 [1285.5| 2| 100
Rio Blanco Basin _
(D Rio del Zapotal | 17.92 2031, 1 357.7 1673.4 -11673.4] 0.0 604,0 6040 0 36
@ Rio de Armenta - 9,02 972,60 197.0] 775.8 -1 7156 0.0 1167 [ 116.7| 0| 15
@ Rio Chiquito 7.47 820.4) 536.1 234.3 - -234.3 0.0] 06,0 6,0 0] @
Remains = 9,49 833.1} 2715, 8 _ 0.0 0.0 0.0
/A Rio Blanco (Total) 43,90 4657, 2| 3856.6/ 800.6{ 80,1 720,5 0.0 |.720.7|720.7| 0} 100
Rio Santa Ana Basin L :
(® Rio Santa Ana 22, 39 410;8 20,01 390, 8 - 380.8 2.3}202.0 2043 1] 2
Remains 16,24 301.8 286.6 - _ 0.0 {160.9160,8
A Rio Santa Ana (Total)| 37,63 712.6] 306,6| 406,00 40.6 365.4 2.31362.91{3652( 1100
Rio Piedras . . _ ' ' |
(@ Rio Piedras 120.09 404,00 40,0/ 364.0 - | 364.0] 1.1{202.6{203.7| 0| 56
- Remains 10,78 173.8 207.2 0.0 95,21 95,2
A Rio Piedras (Total) .| 30,87 577.8 247.2] 330.6 33.4 297.5 1.1]297.8)298.9] 01100
Note/Nota
A ¢ Design control point / Punto de control de diseilo
@ : Sub-control point and number / Punto de sub-control vy numero
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V1=Sediment yield of expanding collapsed area
Produccion de sedimontos de areas derrumbadas en expansion
YVi=Sediment yield of newly collapsed area
Produccion de sedimento de nueva area derrumbada :
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V 3=Sediment yield of surrounding riverbed area
Produccion de sedimentos alrededor en el area de lecho del rio
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AGGRADATION OF THE RIVER BED IN THE DOWNSTREAM REACH OF THE
RIO CHOLOMA (1993)
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SEDIMENTOLOGY

CHAPTER 8  SEDIMENTOLOGY

8.1

8.2

General

In the Study area, there are three major tributaries and several other small tributaries of
the Rio Chamelecon. The major tributaries are the Rio Choloma (catchment area
106.89 km2, the Rio Blanco (catchment area 190.24 km2) and the Rio El Sauce
(catchment area 118.33 km2). As the quantities of sediment discharge of these rivers
are very large, sediment deposition can be observed especially in the midstream and
downstream reaches of these rivers. This causes the sediment problems including
aggradation of river bed and teduchg the flood discharge capacity.

On the contrary, by the excessive sand taking from the river bed, erosion and
degradation can be observed in the midstream of the Rio Blanco. By this degradation
of the river bed, the footing and wooden piles of the foundation of the existing Nationat
Railway‘Bridge have been éxposed above the river bed and the National Railway
Bridge is about to be in a dangerous condition.

Hence, for the stabilization of river channel, it is necessary to keep the dyramic
equilibrium condjtioh of sediment disbharge of the channel which means the balance of
sediment inflow into the upstream channel and sediment outflow from the downstream
sections of the channel. '

In this chapter, sediment flow conditions and the balance of sediment discharge of the
Rio Choloma, Rio Blanco and the Rio El Sauce are described.

Sediment Flow Conditions of the Rivers

By the hurricane "Fifi" in September 1974, the largest debris flows occurred in the
rivers of the study area, and huge quantities of sediment was deposited in the rivers or
overflowed from the rivers.

In the Rio Choloma, the depth of the sediment deposition by the above debris flow is
estimated to be 0.5 m to 3.0 m in the reach between the National Road Bridge and the
junction with the Rio La Jutosa and 0.5 m to 1.0 m in the downstream reach from the
National Road Bridge.

As for the Ric Blanco, the depth of the sediment deposition by the above debris flow is
estimated to be 1.0 m to 3.0 m in the alluvial fans of the Rio del Zapotal and Rio de
Armenta including the upstream reach of the Rio Blanco from the National Road Bridge
and 1.0 m to0 0.2 m in the downstream reach from the National Road Bridge.

8§-1
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In the Rio El Sauce, Rio Santa Ana and the Rio Piedras, large debris flows like those of
the Rio Choloma and the Rio Blanco did not occur even by "Fifi". But the sediment
deposition in the downstream reach of the Rio Santa Ana/Beﬁnejo by "Fifi" is estimated
to be about 2.0 m. |

Considering the above sediment flow and deposition by the "Fifi" and site
investigations, sediment flow conditions of the existing rivers are studied in this sub-
section.

8.2.1 Pattern of Sediment Flow of the Rivers
Pattern of the sediment flow are generally divided into followin g five patterns.
a) Debris flow

Debris flow is the very condensed flow of mud, sand cobbles, stones and

_ water The velocity of debris flow is very hlgh It generally occurs in a place

“with slope of more than 15 degree (1/3.7) and stops flowing in a placc with
slope of 3 to 4 degree (1/14.3 t0 1/19.1).

b) Transition flow between debn's flow and bed load

Transition flow is the sediment flow between the debris flow and the bed
material load in which some thickness of sand and cbbbles of the river bed
move with water. Transition flow generally occurs in the river with bed slope of
4 degree to 10 degree (1/14.3 to 1/5.7). |

c) Bed load

Bed load is one of the bed material load which is the sed_imcnt flow composed
of the sand and cobbles existing in the river bed. Bed load can be observed in
the downstream reach of a transition flow.

d) | Suspended load

Suspended load is also one of the bed material load. The suspended load can be

‘observed generally in a river reach with bed material including high percentage
of fine sand. In the downstream reach, suspended load and bed load can be
observed generally in same place. |
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e) Wash load

Wash load is the sediment flow composed of very fine materials. The floating
materials of the wash load are not deposited in the river course while they are
transported.

The sediment flow patterns which are important for the quantity of sediment discharge
of the rivers in the Study Area are debris flow, transition flow, bed load and suspended
load. By the site investigation and analysis of aerophotographs, the river reaches of the
debris flow, transition flow and bed load of the Rio Choloma, Rio Blanco and Rio El
Sauce are approximately identified as shown in Fig, 8.1.

Although the suspended flow occurs in the midstream and downstream reaches of these
rivers, the reaches of the suspended load can not be identified cleary,

8.2.2 River Bed Materials of the Rivers

8.3

In order to Study the sediment balance and utilize these results for planning the river
channel with dynamic stability, river bed investigation including sampling and
laboratory testing for the Rio Choloma, Rio Blanco and the Rio El Sauce were
conducted by this Study. -

The total sampling sites are 9, composed of 3 sites each for the Rio Choloma, Rio
Blanco and Rio El Sauce. In the each river samples were taken in the downstream
reach, midstream reach and upstream reach with 3 samples each from the right side,
center and left side of the river. The locations of the sampling sites are shown in Fig.
8.2.

Fig. 8.3 shows the longitudinal variation of diameter and longitudinal average of the
specific gravity of the river bed materials of those three rivers. There is a common
characteristics of abrupt change of the diameter in the midstream reach from cobbles in
the upstream reach to sand in downs_trcam reach. The reason of this abrupt change is
the abrupt reduction of tractive force of the river due to the abrupt reduction of the slope
of the river bed in the midstream reach. |

Balance of Sediment Discharges of the Rivers

For the stabilization of river channel, it is necessary to keép the longitudinal balance of
the scdiment'dis;charge. In this Study, simulations of sediment discharges of the rivers
were conducted to check the sediment balance and tendency of aggradation or
degradation of the river bed.
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8.3.1 Sediment Simulation of the Master Plan Study Stage

The procedure of sediment simulation for the Rio Choloma, Rio Blanco and the Rio El
Sauce of the Master Plan study stage is as follows;

1) " The simulation is conducted for the reaches of the bed load reaches.

) 'Hydraul_ic parameters’ for the s_imulatioh are obtained by conducting non-
' uniform calculation for the design hydr'ograph of 50 year floods.

(3) * River cross sections data at 1.0 km interval mciudmg the surveyed data of this
Study are used for the simulation. '

(4)  Sediment discharge are calculated ds bed load discharge of Ashida-Michiue's |
method. :

(5) | Longitudinal balance of sediment discharge, deposition and erosion of sediment
and aggradation and degradation of river bcd are calculated by using the above
sedlment discharge.

(6)  Balance of sediment discharge betwcen the upstream reaches of debris ﬂow and
transition flow and the bed load reaches is checked at the control points for
erosion and sediment control planning.

Simulation cases are as foilbws;
(1)  Rio Choloma

Case 1-1 Without flood control and without erosion and sediment control
Case 1-2 With flood control and with erosion and sediment control (ref. to Fig.
8.4)

(2)  RioBlanco

Case 2-1 Without flood control and without erosion and sediment control
Case 2-2  With flood control along the original river course and with erosion and
sediment control (ref. 1o Fig. 8.5)

3) Rio El Sauce

Case 3-1  Without flood control and without erosion and sediment control
Case 3-2  With flood control and with erosion and sediment control (ref. to Fig.
8.6)

8-4
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(4)  Diversion Plan of the Rio Blanco with River Improvement of the Rio El Sauce

 Case 4-1 - Flood control by the diversion channel of the Rio Blanco to the Rio El

Sauce along with river improvement of the Rio El Sauce and erosion and
. sediment control of the Rio Blanco basin and Rio El Sauce basin (ref. to
Fig. 8.7}

Results of the simulations are described below.
The Rio Choloma
Fig, 8.8 and Fig. 8.9 show the results of Case 1-1 and Case 1-2 respectively.

(1) - For the without project condition {Case 1-1), there is an unbalance of sediment
‘di.sch'arge in the river channel. Especially, notable tendency of deposition and
aggradation of river bed is estimated to occur in the most downstream reach,
But, these tendencies will be much improved and the river channel will be
almost in the dynamic stability condition for the with project condition (Case 1-
2).

(2)  Design sediment discharge or design allowable sediment discharge from the
upstream reaches, the contrbl point (at the National Road Bridge) of erosion and
sediment control planning (debris flow, transition flow etc.), are larger than the
sediment dischaige volume of the downstream reaches (bed load). In the Case
1-1, the difference is 1,421,600 m3 and the sediment deposition with about 75
cm willl occur in the downstream reaches (distance 7.8 km). But, for the Case
1-2, the difference will be 137,900 m3 and the deposition depth will be about
30 cm only. Hence, the influence of this deposition of Case 1-2 will be small.

The Rio Blanco

Fig. 8.10 shows the results of Case 2-1. As the river improvement is considered for
the San Roque Canal and the downstream reach around the inlet of Laguna El Carmen,
the upstream reach from Laguna El Carmen will remain without émy river improvement,
Hence, the sediment balance and tendency of aggradation and degradation of Case 2-2
are same as Case 2-1.

{1).  Altough there are some unbalance of sediment discharge volume in the river
‘channel for the conditions of without projects (Case 2-1) and with projects
(Case 2-2), the river channel is almost in the dynamic stability condition. But,
due to the excessive sand taking from the river bed, artificial degradation of the

8-5
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“river bed is occurred and the pier of the Natmnal Raﬂway Bndgc is in a

dangerons condition. This excessive sand taking should be resmcted

' Annuai inflow volume o_f sediment into Laguna EI Carmen is estimated to be

about 21,700 m3. By this sediment inflow, deposition of sediment around the
inlet portion of the 'Laguna' Carmen will occur and the most downstream reach
of the Rio Blanco wﬁl become gentle. Before 1974, as the Rio Blanco had
flowed into the prcsent river course of the Rio El Sauce and partly flowed i into
Laguna El Carmen, this kind of sediment unbalance around the inlet portion of
Laguna El Carmen had not occurred. |

Design sediment discharge or design allowable sediment dischargc from the

upstream reaches of the control point (at the National Road Bridge) for erosion
and sediment control planning (debris flow, tmnsmon flow etc. ) are largcr than
the sediment dsschargc volume of the downsujeam rcachcs (bed load). In the

‘Case 2-1, the difference is 787,600 m3 and the sediment deposition of about
165 cm depth will occur in the downstream reaches (distance 3.4 km). But, for

the Case 2-2, the difference will be 66,700 m3 and the 'depcisition depth will

~be about 15 cm only. Hence, the 1nﬂuencc of this deposmon of Case 2-2 will

be small.

The Rio El Sauce (including the Rio Santa Ana/Bermejo and the Rio Piedras)

Fig. 8.11 to 8.13 and Fig. 8.14 to 8.16 show the results of Case 3-1 and Case 3-2
respectively.

1

2

- The unbalance of sediment discharge volume in the river channels under

without project condition (Case 3-1) will not bé improved much even under the
with project condition (Case 3-2). Hence, periodical maintenance of the
channel will be necessary.

Design sediment discharge or design allowable sediment dischargé. from the
upstream reaches of the control points (at the both National Road Bridges of the

“Rio Santa Ana/Bermcjo and the Rio Piedras) of erosion and seduncnt control
- planning (debris flow, transition flow etc.) are larger than the sediment

discharge volume of the downsiream reaches (bed load). In the Case 3-1, the
difference is 736,000 m3 and the sediment deposition of about 20 cm depth will
occur in the downstream reaches (total distance 18.3 km). But, for the Case 3-
2, the difference will be 72,300 m3 and the deposition depth will be about 6
cm only. Hence, the influence of this deposition of Case 3-2 will be small.,
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Div_ersion Plan of the Rio Blanco with River Improvement of the Rio El Sauce

- Fig. 8.17 to 8.20 show the results of Case 4-1.

) As for the diversion channel of the Rio Blanco, sediment deposition will occur
around the junciion with the Rio El Sauce with the deposition depth of about 25
cm. As for the Rio El Sauce including the Rio Santa Ana/Bermejo and the Rio
Piedras, longitudinal unbalance in sediment discharge will occur. Hence,
periodical maintenance of these channels including dredging will be necessary.

(2)  Design allowable sediment discharge from the upstream reaches of the control
points (at the National Road Bridges of the Rio Blanco, Rio Santa Ana/Bermejo
and Rio Piedras) of cro_sibn and sediment control planning (debris flow,
transition flow etc.) are larger than the sediment discharge volume of the
downstream reaches (bed load). The differences and the sediment deposition
depths for the Rio Blanco and the Rio El Sauce are almost same as the Case 2-2
and the Case 3-2 respectively. Hence, the influence of the sediment deposition
will be small.

8.3.2 Sediment Simulation of the Feasibility Study Stage

As the results of the Master Plan study, the Rio Choloma, from the junction with the
Canal San Roque to the junction with the Rio La Jutosa, Rio La Jutosa and the Rio
Majaine were selected as the river reaches of the feasibility study (ref. to Chapter 11),

In the feasibility study stage, supplemental river cross sectional survey, hydrological
sl_udy and flood damage survey etc. were conducted. Based on these upgraded data,
the above master plan for the flood control and the erosion and sediment control for the
Rio Choloma including the Rio Majaine and the Rio La Jutosa was upgraded (ref. to
Chapter 7 and 9). Also the long term flood control and erosion and sediment control
project and urgent project of those were formulated.

The sediment discharge and tendency of aggradation or degradation of the river bed of

“the Rio Choloma are simulated and evaluated by using the above upgraded data. The

following conditions are different from the conditions of the simulations of the Master
Plan study.
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The rivcr_x'eaches of the Ric Choloma for the sediment simulations are between
the junction with the Canal San Roque and the proposed consolidation dam at
about 700 m upstream from the National Road Bridge (existing accumulative
" distance is 11.250 kin to 19.780 km).. |

The river cross sections for the sedxmcm simulations are the surveyed data of
the JICA study in 1993, at about 200 m distance mterva}

The Sunulanon Cases are as follows;

Case 1

Case2

Case 3

[}

without flood control and erosion and sediment control project

with long term flood control and erosion and sediment control project

river imp.ro'verr.lent' between the junction with the Canal San Roque and the
p‘roposed'consolidati'on dam located at about 700 m upstream from the
National Road Bridge (future accumulative distance is 11.250 km to
18, 885 km)

erosion and sediment control by 10 check dams (the Rio Majaine 7 nos.,

the Rio La Jutosa 3 nos.), 17 consolidation dams (the Rio Choloma 7
nos., the Rio Majaine 2 nos., Rio La Jutosa 8 nos.) and 1 training levee in
the Rio Choloma

with urgent flood control and erosion and sediment control project

river 'improvement between the middle reach and the proposed
consolidation dam (provisional accumulative distance is 15.610 km to
19.105 km)

erosion and sediment control by 2 check dams (the Rio Majaine 1 no,, the
Rio La Jutosa 1 nos.), 2 consolidation dams (the Rio Cheloma 2 nos.)
and | training levee in the Rio Choloma '

Fig. 8.21, Fig. 8.22 and Fig. 8.23 show the rcsults of Case 1, Case 2 and Case 3

respectively,
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As for the sediment discharge balance of the river channel, there is an unbalance
of sediment discharge volume in the without project condition (Case 1). By this
unbalance, notable tendency of deposition of sediment and aggradation of the
river bed (maximum about 100 ¢m) will occur in the most downstream reach
near the junction of the Canal San Roque. Furthermore notable tendency of
erosion will occur around the National Road Bridge (20 to 60 cm).

The above unbalance of the sediment discharge volume will be much improved
in the river improvement reaches of the long term projet (Case 2) as well as the
urgent pfoject (Case 3) and these river reaches will have good sediment
balances.

But the local tendency of the sediment deposition in the most downstream
reaches of the river improvement of the Case 2 and Case 3 will remain.- These
depositions can not be improved without the river improvcmcnts for the Canal
San Roque-Cuabanos and the Canal Copen-Higuero-Cuabanos as well as the
Rio Chamelecon. Although the estimated déposition depths are less than 30 cm,
periodical maintenance by dredging will be necessary.

Furthermore, the local tendency of erosion around the National Road Bridge
will improve to some extent in the Case 2 and Case 3, and degradation depths
of about 20 to 50 cm will remain. Hence, river bed protection around the
National Road Bridge is necessary in the Case 2 and Case 3.

Design sediment discharge of Case 1 or design allowable sediment discharges
of Case 2 and Case 3 from the upstream reaches of the control point (at the
proposed consolidation dam) of erosion and sediment control planning (debris
ﬁdw, transition flow etc.) are larger than the sediment discharge volume of the
downstream reaches (bed load). In Case 1, the difference is 1,426,700 m3 and
the sediment deposition with average depth of about 70 cm will occur in the
downstream reaches (distance 8.5 km).

As for Case 2, the difference will be 137,800 m3. Supposing that the sediment
deposition will occur within the low water channel, the average deposition depth will be
about 40 cm which is less than the design allowable height for the embankment of 1.0

m. Hence, the influence of this deposition will be small.

As for Case 3, the difference will be 979,900 m3 and the average deposition depth of
about 80 ¢m will occur within the low water channel of the river improvement reach

and the natural flood plain of the existing river reach. Considering that the deposition
depth of the upstream reach will be higher than that of the downstream reach, there will

8§-9
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be some possibility that the deposition depth will reach the design allowable height of
embankment of 1.0 m in some places of upstream reach. Hence, it will be necessary to.
continue with the step by step construction of the entire erosion and sediment control

facilities of the long term plan.



FIGURES






tpeos!

8aDdw

13*60

LEGEND :

“ Reach of Debris Flow

FIG.8.1 PATTERNS OF THE SEDIMENT FLOW OF THE RIO CHOLOMA,
~ THE RIO BLANCO AND THE RIO EL SAUCE

8- 11 i/ [GRAN



-2 Site'

\.
< '*"W\r"

™. -~ “—-SAN PEDRO SUL}I‘

FIG.82  SAMPLING SITES ()F THE RIVER BED MATERIALS
INVESTIGATIONS FOR THE RIO CHOLOMA, RIO BLANCO AND

RIO EL. SAUCE

Tt

15350

/

N [[GEN



YIOTOHD Ond THIL
{€/1) STVIIALIVI

039 ¥AR] 40 ¥ALAWVIA THI 10 NOLLVIYVA TYNITNIIONGT

WX IONVLISIO IALLYINWNOOY

o0

€8 DId

G-V

2Lz

= fipnie 200ds

Rioy -

S
-.Io

JQ@
. %%%W. .

POS INOULE |0 el TP

AT %06

A0eD|p  UDEW Q)

an3oa

NICEN

&

8-13

2
tww) Yy3IL3IAVIC

Q
g




OJONY19 O JHL -
. (€/2) STVINALVIN
39 ¥IAT 40 ¥LIIWVIQ THL JO NOLLVIMVA TVNIGNLIONGT €8 "OId
{un u. AINVLSIC AAILWVINAENDO Y
0'Gl 00l 0% o
T T T H — T w T T Y _ 1 11 ¥ T ﬁ B O
gt —apreds—  — O
L BON
-2

[
o
N P vswipgy 15 wuntie
| '=le
(=Y
N WOO MIOULN |0 sl TF
[=]
S JGIADIP %06 B
2

R

oy

IMOUDIp UDRHGY

‘gNaIs3a 7

e

(W) HXLINVIA

e

[N
™™~

8- 14




qI0VS T O JHL -
_ (¢/8) STVIMILYIN
A€ J3ARI 40 JLITWVIA FHT 40 NOLLVIEVA TYNIQNIIONOT

(WH) 3ONYLISIG SAILYINWNIDY
o'e2 toter-s oGl ou! os

£8 0l

QL Za a
. 1
AiADib D1psadg w \ \

3

oNg

?

. . [N)
;950N @ \ f

o \. o

—

\ 3

rtm,,o..ﬁoc._kvoiocﬂﬁq
. ._voEo_n “%os m

1eleDip WG

FIEEE R
N293 ’

i
Y
o

1
»
¥ALANYIG

1
o
b3

{ ww)

oL

NIGEN

8§-15




7\/ \ -
Q b‘# 2"-K’Ol'aj (}b
{ \ fuo de Armentz TRy Y '
\ SN

LY

)

/' fasam,,A r”’;“ ‘H\ !
(o _ _

1630’ \_A__ STl )
N A
\ J

o,
',
oy h

. P adi
., _\_"""MSAN PEDRO sULA

LA LIMA
LEGEND:

A CONTROL POINT FOR EROSION
AND SEDIMENT CONTROL

FIG 8.4  COMBINATION OF RIVER IMPROVEMENT AND EROSION AND
SEDIMENT CONTROL FOR CASE 1-2
- RIO CHOLOMA (WITH PROJECT)

i




OSION AND SEDIMENT GO
7

. ’“‘/"‘l'f{"\" 7

! . ¥ ¢ e
&1 WITHOUT RIVERIMPROVEMENT S
§ 4 DUETO SUFFICIENT DISCHARGE CAPACITY 7

e
-

Ty % ] . LEGEND :

A CONTROL POINT FOR EROSION
AND SEDIMENT CONTROL

FIG. 8.5 COMBINATION OF RIVER IMPROVEMENT AND EROSION AND
SEDIMENT CONTROL FOR CASE 2-2
- R1I0 BLANCO (WITH PROIJECT)

I




r by,
P

F'b Uo- .- -
-
&

gl ¥
L \R
K \&..
i 1)
CHOLOMA -------- |
P \ -
Eﬂoszonmnseomemooumof' 2
) N
ONIA FESHARE _ i .'& -
. _ o
{ o do Faverta AN _ @F*“szTHOUT RIVERMPROVEMENT
AT RS Y e DUETOSUFFIC!ENTDISCHARGE CAPACITY:
) >
/ 11 o®
. /‘/ . !__t,' L 1]
l / SR =
~ RENREVS (P
m‘uo'ﬂ i
‘\. L e nrar
\ e-d
. S
\"-
\-
\b
\.
FEO 12 3 AKifemine
BRI it oy

/\ CONTROL POINT FOR EROSION
AND SECIMENT CONTROL
FIG. 8.6 COMBINATION OF RIVER IMPROVEMENT AND EROSION AND
SEDIMENT CONTROL FOR CASE 3-2
- RIO EL SAUCE (WITH PROJECT)

RGN




“ar°8

£ ‘4 ‘
7 Ly (s ] e PRI, U —
AR s ; ‘ Nl M
1) \o\p\*“" / .é‘f’ ) = e .
. A ‘?’. o . [ AP -
\\' - .\‘"I OC}’ 4"-; /‘d" ﬁ Q :
- ( N, i By D T
iy 1?3“‘” TN oo _ %) C e 2 N
o — ™ - . ] -\N‘.._", . ! - ]
/ d G D CHOLOMA WITHOUT RIVER IMPROVEMENT
% , DUE TO SUFFICIENT DISCHARGE CAPACITY
[ . 1= ] = A ) I MONTE;;E_J“‘_; 3\ .V.f é’\/v
. ™, w EY 1 - 'b
- Spfiia .rtguhl\f V: Yy 5o o
-/ { ["+-h] ) &l { &
(=] d \N 3 '.‘ 1 "o
‘ AT T S ) \‘\\F . ' i. .
/ { DY 4 DIVERSION CHANNEL &) :
/-" fiieeRiinarstuas o BIANCOZ—7" - pivER IMPROVEMENT  { '
i T a "f T : h :
u?osol \‘ - Y - . v ___l_ A
;. M Zus W - _f ﬂ? . 00.4“ _
e - — f . -
~._ )
. \. 5 r N '—'\\
\ +
1o 1 2 3 &Knswsum N d]
[ o b et
/\ - CONTROL POINT FOR EROSION '
AND SEDIMENT CONTROL
FIG. 8.7 COMBINATION OF RIVER IMPROVEMENT AND EROSION AND

SEDIMENT CONTROL FOR CASE 4-1
- DIVERSION PLAN OF THE RIO BLANCO

-19

NGB




RIO GHOLOMA (WITHOUT PROJECT)
2000 - o S

15.00

BULK VOLUME OF BED LOAD(1000 m3) -

g0 Lo

10.00

2000 -

1500 oo

1000 f-io-sm o]

|

OO |

RIQ CHOLOMA (WITHOUT PROJECT)

B R - - [

Jet. Canal San Reaque

_ j Coo S
100 . 1200 13.00 14.00 1500 16.00 17.00 18.00 12.00 2000

AGCUMULATIVE DISTANCE (km}

i
t
b

Tl

500 Fo--—-—

0.60

SEDIMENT DEPOSITION!1000 maskm)

1000 fooo

Y- R S R — L i — ST S -
YY" 2 VR DU A - | ; i
ACCUMULATIVE DISTANGE (ki)
R0 CHOLOMA (WITHOUT PROJECT)
DO oo o o b e e ;T
. 1 !
g . i
1650 b - - o — _,,,,__.,I_ —— - : 13 R
1.00 L : £
. j - ; ii
: i
058 koo oot d g - e

0.00

AGGRADATICN OF RIVER BED(m)

050 bk

F1G. 8.8

;008 {10

ACGUNULATIVE DISTANGE {sm)

RESULTS OF SEDIMENT SIMULA’I‘fON OF THE RIO CHOLOMA
(CASE 1-1 WITHOUT PROJECT) -

g§-20

BGEN



RIQ CHOLOMA (WITH PRQJECT)

FIG. 8.9

ACCUMULATIVE DISTANCE {km)

(CASE 1-2 WITH PROJECT)

2000 e ey - e ,_,_[._ — em i m 5 i [ .. i .
@ H i ]
S : : : @
g i 3 H Re]
« : : { =
3 % ! a 4
Al H ¢ : 3
] =l - Lol ] - I
8 1500 f-—-—-lw { : | @
= 5 I ! !
5 ; o |
& o | o
g g : :
o 1000 |- — i ser—sedasint] PRt SRR i B B ey
[N [ i { i
o ' _EQH“Tk“\\\ ! i i
ut . . B H
¢ :

'3 ! H
.} ! N
Q i ¢
= : !
& 500 b e o o R -
g : e — et !

!
: 1
000 b—— - - e [ B Y SN l [
10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00
AGCUMULATIVE DISTANCE (kin}
RIO CHOLOMA (WITH PROJECT)
20.60 g - ——— o et —
i
’_ e i o
2 i o
1500 b = N S - %i
g g
5 1008 f— g — e K e ETSTNN A
E H ,
b i
o H i
2 560 - - -1 1 i S B B
= i w
2 | ; !
= .
g .00 e R ,, :
g 1000 11joo 1200 1300 1400 1500 15l00 17100 g 1900 2000
%) . { i | :
2 500 - b - - - :
Z ! H
s H B
= i i ; :
& -10.00 o e T — R -
W : : !
® ; ! !
500 b o - —ie — - g e o L
i H i .
! : ! { ; :
2000 — e i il . i Ji i
ACCUMLULATIVE DISTANGE (km)
RIO CHOLOMA (W[TH PROJECT)
200 pe— — —— T — - S -,
: l ;
g ] !
150 Fomm e d P . _ B PR - .
P & i A !
E ‘—” | ¢
S ! |
1
Moty S S j - — - .I\ RSNy E—— |
o ; i
b i
> } '
: ] | |
uw i !
LS R S——— S - A T
> :
s :
- : ;
<C i : :
2 oo % Sa— i
3 1000 1100 1200 13300 14:00 15i00 16{00 17,00 800 19:00 20,00
< ' - ‘
wso b e L
A0 L S I S A N - - . [N S

RESULTS OF SEDIMENT SIMULATION OF THE RIO CHOLOMA

8-21

/G



DEROSITION OF SEDIMENT{1000 m2rkm) BULK VOLUME OF BED LOAD(1000 m3)

AGGRADATION OF RIVER BED(m)

FIG.

500

IO BLANGO (WITHOUT PROJECT}

et e
(=g
a
E
I
iLl t
2000 | S, - :
i

bl
=]
=

10.00 | e e

[0 R T

Inle?l of Lag_ o 1

et B00RG Bricipe.

;i : i

oy - — — — —
20.00 21.00 2200

ACCUMULATIVE DISTANGE (km)

RI0 BLANCO (WITHOUT PROJECT)

23.00

4000 oo — e et g e e g e
=2 i
a ¥
S I
2000 [ o mm e o o R - ST
a
b i
5 i
2000 - . ‘
: H
!
10,00
0.00
20
1900 - - - -
woo b - i
AGCUMUL ATIVE DISTANGE k)
RIO BLANGO (WITHOUT PROJEGT)
190 o B o e e
E. i
E _ .
O H i
] ! :
g E ,
& i :
050 fo-—m Y P - i
s | |
] §
0.00 A T c
20f00 21ioo 22%90 2300
i !
i . i
i ? .
N i ¥
250 f : - e
! i
_“00 - e——— e - PR e s e e e - ~

8.10

ACCUMULATIVE DISTANCE (hm)

.

- .. \Road Bridge._.

|
FC

—Foad Bridge. |

24,00

RESULTS OF SEDIMENT SIMULATION OF THE RIG BLANCO

(CASE 2-1 WITHOUT PROJECT)

B/ [GEN



R0 EL SAUCE (WITHOUT PROJEGT )

2000 -
f

1500 |

Jel with Rio Chameatecon

1000 |-

edras wih o Bermejo/Sania Ana

et Big. Pi

BULK VCLUME OF BED LOAD(1000 m3)

|

0.00 —-

-2.00 0.00 2.00 4.00 6.00 B.0D 1064 1260 14.00 . 16.00
AGCUMULATIVE DISTANGCE (km)

RIO EL SAUGE (WITHOUT PROJEGT)
40.00

30.60

ith Rio Crameiecon

v

1000 )

0.00

DEPOSITION OF SEDIMENT(1000 m3/km)

-10.00

2040 bt -

ACGUMULATIVE DISTANGE (km)

RIG €L SAUCE (WITHOUT PROJECT)

i

250

T
o
2.00 s =
‘;
150 - i
E 3
; |
100 o : e -

.. Jei| Rue Piedras with Rie Bermejo/Santa Ana

i 4

AGGRADATION OF RIVER BEDIM)

-1.60
1.50 - - e -
ACCUMULATIVE DISTANCE (km)
FIG. 811 RESULTS OF SEDIMENT SIMULATION OF THE RIO EL SAUCE

(CASE 3-1 WITHOUT PROJECT)

8-23

/[ GRN



RIO SANTA ANA/BERMES (WITHOUT PROJECT)
2000 g rm e s L _— e e e vt e
&
% £5.00 e et e o R |
2 ]
9 k3 &
k)
Q &
@ 10.00 - S GRUSSPRUEUY PR ————
e
o}
w
=
: |
:x’ [0 ) P W \ S -
=
3 ‘ .
o . \
0.00 T T
1400 16.00 18.00
ACCUMULATIVE DISTANCE (km)
RIO SANTA ANA/BERMEJSO (WITHOUT PRQUECT)
3000 o
TE? 20.00
L
?
3
1000 j
w 1
= :
Fa
1w
w
& ooo i
z
Q 14 1800
o
W)
o) .
LD 08 ot e e
[&]
20.00 s -
ACCUMULATIVE DISTANGE (km)
RIO SANTA ANA/BERMESOQ (WITHOUY PROJECT)
200 - - : - - ——
. i .
g i of
w q
1 50 L. - (Z%m-._-_.__. RS ,7,§h ...... [——
— [T
£ d h:
a Q &
u d
(11} 100 b e T —— ——
o .
11}
=
o
['e
G 050 f-—m—- -—- - o
=
Q
g
< 000 i
§ 12}00 18100
-0.50 |- e
‘1.00 ba . _ P ——— —- e m | — ——
ACCUMULATIVE DISTANCE {&m}
I1G, 8,12 RESULTS OF SEDIMENT SIMULATION OF THE RIO SANTA
ANA/BERMEJO (CASE 3-1 WITHOUT PROIECT)

o NTCEN



25.00

20.00

15.00

i0.00

BULK VOLUME OF BED LOAD(1080 m3)

5.00

0.00

i4.00

40.00

30.00

20.00

10.00

000

DEPCSITION OF SEDIMENT(1000 ma3emn)

-§0.00

-20.00

2.00

100

0.50

-0.50

AGGRADATION OF RIVER BED(m)

FIG. 8.1

RIO PIEDAAS {WITROUT PROJECT)

[ e e . e

Lee
i
-
t
i
1
{

1
Road Bridge

40 Rin

|
i
i
i
1
|
!
H
|
I
i
i
|

14

[ %

16.00 1800

ACGUMULATIVE DISTANCE (km)

RIO PIEDRAS (WITHOUT PROJECT)

e e e e

R

1800

ACCUMULATIVE DISTANCE (km}

RIQ PIEDRAS (WITHOUT PROJECT)
. [:+]

|

14§00

|
E
i
I
Jgt. R
]
e ..Boad Bridge
1

18.00

;
| _ i
|
i

AGCUMULATIVE DISTANCE (km)

3 RESULTS OF SEDIMENT SIMULATION OF THE RIO PIEDRAS
(CASE 3-1 WITHOUT PROJECT)

A



RIQ EL SAUCE {WITH PROJECT AND WITHOUT DIVERSION GHANNEL)

i
|

(CASE 3-2 WITH PROJECT)

Ll
&
DOLY o rmm e B - - e -
i . !
i ; (8
i id
= ; g
2 &
g 1500 |—-—G—n B B
e : |
5 3 g
+3 . El
3 ke 3
= ]
i 5
& 1000 fr—---— S 1% _________
% H E,
E 5
=
pav
4
9
% 500 - . et
i B
2 [-
{0
!
.00 . i S T,
2.00 0.00 2.00 400 6.00 B8.00 10.00 12.00 14.00 16.00
' ACCUMULATIVE DISTANGE (km)
AIO EL SAUGE (WITH PROJECT AND WITHOUT DIVERSION CHANNEL) 2
4900 g . -
g l : CE
L]
12
. g
£ 00 k - - 2
. : L&
§ o o
E o 9
(=3 £ 4
g 2000 }- : b N
£ k& .
& h L g
= P T
8 twoo f - - el
[ LT
i
& . 5
pr-d £
A ‘
&
a 2ho oho 290 16.00
o
w
a -10.00 s
i
2000 boome e
ACCUMULATIVE DISTANGE (km)
0°
c
. E=4
RIO 6L SAUCE {WITH PROJEGT AND WITHOUT GIVERSION CHANNEL) g
250 p - . e e o ek s e e e ,‘“,,9_5, S
B,
o
200 k: g
W § 9 1
- ‘ i .
E 1850 pooree ot — e _E. i g
8 i COF
@ 5 i P B !
R N S
2 LY
3o g
u o0
o 050 — SRUSIGENS KN =
F4 L
e} ;
e :
. i
é 0.0¢ "'ﬁ——"-“‘
% 200 0.00 2.00 1260 14,00 16.00
3 05 |- S - ; L S
o0 b .
; T
1.50 N S i
AGCGUMULATIVE DISTANCE (km)
FIG. 8.14 RESULTS OF SERDIMENT SIMULATION OF THE RIO EL. SAUCE

I



ﬂld SANTA ANABERMEJO (WITH PROJECT OF THE IO £L SAUGE AND WITHOUT DIVERSION CHANNEL)

2000 R —
— [+
[ ]
§ 1500 -~ o - 7&
& £ 5
< 5 g
g 5 g
LD o
w
® 1000 —
[19
o
(13}
=
=
o .
$ 5o — ~Z R
ok
=2
[i3]
000 - PR S —_ e e, ————— s - _— - ——
14.00 16.00 18.00
ACCUMULATIVE DISTANGE (km) _
RIO SANTA ANABERMEJO (WITH PROJEGT OF THE RIO EL SAUGE AND WITHOUT DIVERSION GHANNEL)
3000 - . ——

20.00

Boad Aridoe

16.00

0.00

14 18:00

DEBOSITION OF SEDIMENT[1000 midskm)

40060 o — e

ACCUMULATIVE DISTANCE (km)

RIO SANTA ANABERMEJO (WITH PROJECT OF THE RIO EL SAUCE AND WITHOUT DIVEASICN CHANNEL)

2.00 _ — R
' !

ridae

ot Rio B Sauce
Road B

0.00

AGGRADATION OF RIVER BED(m)
(=3
a2
b
1

050 et e e+ e e

AGGUMULATIVE DISTANCE (km)

F1G. 8.15 RESULTS OF SEBIMENT SIMULATION OF THE RI10O SANTA
ANA/BERMEJO (CASE 3-2 WITH PROIECT)

8-27 - /(G



RIQ PIEDRAS (WITH PROJECT OF THE RIQ EL SAUGE AND WITHOUT DIVERSION CHANNEL}Y

2500 .- -

n
&
=
=3

5t Hin T1 Saiine

Poad Brdge

o
&
o
=3
|

N

-
e
f-)
=4
L

BULK VOLUME OF BED LOAD(1000 ma3)

o
=
=)

0.00
14,00

16.00
AGCUMULATIVE DISTANGE (krm)

RIO PIEDRAS {WITH PROJECT OF THE RIO EL SAUCE AND WITHOUT DIVERSION GHANNEL)

18.00

40.00

i

[%}
g
=)
=]

8
g

10.00

DCEPOSITION OF SEDIMENT{1000 mafkm)

RIG PIEDRAS (WiTH

ACCUMULATIVE DISTANCE (kmj)

PROJECT OF THE RIO EL SAUCE AND WITHOUT DIVERSION CHANNEL)

o

Jol. Aip Bl Sayce
;
\
I

Road Boic

s

5

=
=)
=1

AGBRADATION OF RIVER BED{m)
&
g
[
I
i
1
b

o
£
T
L
P

00 b

$8/00

ACCUMULATIVE BISTANGE (km)

FIG.8.16 RESULTS OF SEDIMENT SIMULATION OF THE RIO PIEDRAS
(CASE 3-2 WITH PROIJECT)

i



SEDIMENT DEPOSITION(1000 m3km) BULK VOLUME OF BED LOAD{1000 m3)

AGGRADATION OF RIVER BED(m)

P23 ) R S —
5
1
dd
it PR
0 <
Py O - S
: ' iy,
£
£
i
1500 3

10.00

g

RIO BLANCO (WITH DIVERSION}

Diversion Channgt |

2100 2260
" ACCUMULATIVE DISTANCE (knt)

RIO BEANCO (WITH DIVERSION)

Diversion Channel

A

15.00

Jet. with 1he Rio Bl Sauce

10.00

5.00

+10.60

i
t
1
t

RIO BLANGO {WITH DIVEARSION)

ACCUMULATIVE DISTANCE {km)

2.00

1.50 §-—

Divesian Channel

4,ﬁ, Pos—

Jet, with the Rid El Sauce

- 9.50

-1.G0

" AGCUMULATIVE DISTANCE (km}

.
!
|
i
|
|
i

FIG.8.17 RESULTS OF SEDIMENT SIMULATION OF THE RIO BLANCO
(CASE 4-1 WITH DIVERSION)

8-29

BN
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FLOOD OF THE RIO CHOLOMA BY THE TORMENTA "GERT" IN 1993
(DESTROYED NATIONAL RAILWAY BRIDGE)

CHAPTER 9
FLOOD MITIGATION MEASURES
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CHAPTER % FLOOD MITIGATION MEASURES

9.1

General

This chapter deals with the flood mitigation measures for the study area. The siudy

~ area has severe erosion, sediment and flood problems. The conceptual facility plan

against erosion and sediment control measures is given in Chapter 7. According to the
Flood and Flood Damage Survey (Chapter 5), the study area has been affected partly
by the floods from the pilot rivers and partly by that from of the Rio Chamelecon.
After assessing the actual conditions .of the pilot rivers such as their conveyance
capacities and existing facilities, optimum measures for sediment and flood control
were proposed.

After the hurricane Fifi, several studies have been conducted through the years on the
flood mitigation in the Sula Valley. There are two studies that are pertinent to the
current situation. They are:

a. Obras de Protection Contra Inundaciones, by Sir William Halcrow & Partners
in September 1:975,
b. | Informe del Plan Maestro para el Desarrollo Integral y Control de Iﬁundaciones

en el Valle de Sula, in March 1979 and Informe Resumido de Estudio de
Factivilidad y el Diseno de las Obras Hidraulicas Prioritarias para el Desarrollo
Integral y Control Inundaciones en el Valle dé Sula, by HARZA-CINSA, in
November 1980

The Sfudy by William Halcrow & Partners prepared the detailed design for the remedial
works of the Rio Blanco and the Rio El Sauce in San Pedro Sula. The Municipality of
San Pedro Sula and SECOPT have constructed flood dikes along the Rio Blanco and
the Rio El Sauce, and the diversion work of the Rio Chiquito based on their
recommendation. However the other works have not been executed by this time.

The study by HARZA-CINSA is the most comprehensive study on the flood control
for the Sula Valley. The flood control measures proposed in the master plan have not
been implemented yet, except some part of the drainage improvement works. The
drainage works carried out, are as follows:

- Canal Copen-Higuero Cuabanos (14 kmy),

- Canal San Roque-Cuabanos 5.3 km),
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- Canal San Roque and (6.4 km),
- Canal Montanuela-San Ro’qué.

These canal construction works, simulténeouély with the enﬁbankment along the Rio
Chamelecon, are vcry lmportant for flood mitigation in the lower basin of the Rio

Choloma. The flood water of the Rio Choloma fiows into the Canal San Roque-

Cuabanos and drained to the Rio Chamelecon through the Canal Copen-Higuero

-Cuabanos. These drainage canals will require remedial works in future, because they -

have not constructed in full scale as proposed in the master plan Their conveyance
capacities of flood waters seem. by far small.

Existing River Conditions
River System -

The river systems with their watersheds are shown in Fig, 9.1, The river distance and
IOngimdinai profile of the main channels are shown in Figs. 9.2 (1)~(3) and Figs. 9.3
(1)~(3) respectively. The rivers in the study area are very steep'in the upper basins, but
become gentle in the mid and lower basins within a short distance.

The river length and river bed slope between the confluence and the design control
point for the sediment control plan are summarized for each pilot river as follows:

" Rio Choloma 7.8 km 1/420 ~1/120
- Rio Blanco 18.9 km 1/520~17/240

Rio El Sauce 14.6 km 1/1000~1/210

The Rio Blanco had flowed to the Rio Chamelecon through the present river course of

" the Rio El Sauce and The Rio El Sauce had flowed through the rivc_r,c’ourse of the Rio

Chotepe before the hurricane Fifi. However the river courses of the Rio Blanco and the
Rio El Sauce were changed to the present river courses durmg the 1mprovement works
after the hurricane Fifi.

River Facilities

There are flood mitigation facilities such as embankments and embanked channels
constructed along the pilot rivers and the Rio Chamelecon. They are explained below.
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a) Embankment along the tributarics

After the hurricane Fxﬁ, embankments (or embanked channels) were constructed by the
Municipality of San Pedro Sula and SECOPT. The Rio Blanco and the Rio El Sauce
were constructed mostly based on the design by Sir William Halcrow & Partners. The
tiver distances of the embanked channels are summarized as follows:

- Rio Choloma: - _ 5.0 km
- Rio Blanco and it's ributaries 21.2 km
. Rio El Sauce and it's tributaries 44.1 km
- Rio El Sauce(viejo)-Chotepe: 12.7 km

These rivers were improved to have a hydraulic capacity adequate to convey a flood
with a frequency of once in 100 years. They seem to have sufficient flow capacities
against the flood caused by the hurricane Fifi.

The ringllevec (11.5 km) was also constructed by SECOPT to protect the Airport of La
Lima from 1981 to 1990. However the di'ainagé pump station planned, has not been
constructed yet. The detailed information and the location of facilities are shown in
Table 9.1 (1)~(2) and Fig. 9.4, '

b} © Embankment along the Rio Chamelecon

There are flood embankiments (approximately 54.1 km) along the left bank of the Rio

- Chamelecon that have been constructed by different agencies i.e., Tela Railroad

Company, Municipality of San Pedro Sula, SECOPT and Sula Valley Committee, but
still about 5.5 km of the left bank is remaining without embankment. It is not clear
whether the existing embankments are high enough against the flood stage or not.

The embankments might not be strong enough against seeping and scouring during
floods. Accordingly the height and stability of the existing embankments shouid be
checked and reinforced or rehabilitated, if necessary.

Discharge Capacity

The bank high flows of the pilot rivers are calculated by the Manning Formula. The
results are summarized as follows;

9.3
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a) ' Rio Choloma

‘The bank high flow of the Rio Choloma is assesséd as follows:

. In the river coursc between the national road bridge and the railway bridge, the

bank hlgh flow is larger than 900 m3/s but the maximum discharge capacity at
the railway bndgc is only 170 m3s.

- In the river course between the ra.llway bndge and thc confluence with the Cana
San Roque, the bank high flow capacity is estimated as follows:

Station Discharge Capacity
11.25~17.00 km 40 ~ 60 m3/s
17.00~18.70 km 100 ~ 170 m3/s

b) ~ Rio Blanco

The discharge capacity of the river reaches betwcen the nanonaI road brxdge and the
mIet of Laguna Bl Carmen decreases from 3,600 m3/s to1 600 m3/s The Qda. San
Agustm that is located between the outlet of Laguna El Carmen to the Canal San Roque
(6.40 km ~ 23.45 km) and flows down through mountainous area, has a discharge
capacity more than 2,000 m3/s. But at the most upstream reach, the dlschargc capacity
is only 460 m3/s.

c) | Rio El Sauce

The discharge capacity of the downstream reach is smaller than those of midstrcam and
upstream reaches. The discharge capacities of the reaches, (0.0 ~ 5.0 km). and (5.0 ~
14.6 km), are 600 m3/s and 1,000 ~ 2,000 m3/s, respectively. The discharge capacity
of the Rio Piedras is about 1,200 m3%s. The discharge capacity of the Rio Santa Ana
-Rio Bermejo is about 900 ~ 1,300 m3/s.

Estimation of probable flood stages and inundation area

- In order to assess the flood damages by different flood scales, the. mundanon areas by

the probable floods of 2-year, 5-year, 30-year, 50- -year and 100- -year return pcnods
were estimated as shown in Table 9.2 and Figs. 9.5. based on the flood stages
calculated.
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