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CHAPTER 1 INUNDATION ANALYSIS METHOD 

The possible inundation areas are required to identify for each probable flood such as in 10 
years, 25 years, and 50 years. Flood inundation analysis is reviewed, corrected if needed and 
utilized in consideration of the result of the analysis using HEC-RAS in the program-level 
perfil by DGHI. 

 
1.1 Selection of Calculation Method 

Methods for inundation analysis consist of generally the following three kinds of models. 

1) One-dimensional non   
uniform-flow model 

2) Pond model 

3) Horizontal two-dimensional 
unsteady-flow model 

Since the time and the cost differ 
sharply depending on the kind of 
analysis method, the more efficient 
analysis method which can secure the accuracy required for preparation of the possible 
inundation areas map is chosen. 

The characteristics of the inundation analysis method are shown in Table 1.1. At the beginning 
of the Study, the inundation type in the targeted river was assumed to be “the flow-down-type” 
based on the existing inundation simulation results and the riverbed gradient 1/100-1/300, the 
inundation analysis was planned to be carried out adopting one-dimensional-non-uniform-flow 
model. However, since the inundation flow type was assumed to be spread type (diffusion 
type) in the downstream of the targeted section in the river, it was decided to use the 
horizontal- two-dimensional-unsteady flow model in order to raise accuracy. 
 

 

  

Figure 1.1  Image of One-Dimensional Analysis Model 

DEM (Making from satellite image)

Flood Plain Flood Plain Cross Section Survey 
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Figure 1.2  Conceptual Diagram of Inundation Analysis Model 

 
 
 
 
 
 
 
 
 
  

 

4. Boundary Conditions 

(1) Upstream boundary condition 

Estimated hydrograph based on 
maintenance plan model, etc. 

(2) Downstream boundary condition 

Water level data (Synodic mean tide 
level, etc.) 

Overflow

Culvert 
  

Dike Break

Embankment
  

1. Inundation Model

◆Grasp of inundation flow spreading type by 
horizontal-two-dimensional-calculation in flood 
plain 

◆Division of 50m square mesh, and input of 
information, which affects inundation flow, 
such as elevation, roughness and 
embankment structure 

2. Channel Model

◆Grasp of characteristic of each cross section 
◆Grasp of hydrograph of each section by one 

dimensional unsteady flow computation 
◆Computation condition is attempted to adjust 

the channel computation condition at the 
creation of the possible inundation area map   

3. Dike Break and Over Flow Model
 

◆Dike break occurs when water level reaches 
at dike beak starting level in each section 

◆Set-up of dike break width and overflow 
width  

◆Overflow discharge of dike break place is 
distributed to flood plain according to time 
series computation 

◆Image of Inundation analysis Model 
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1.2 Setup of Calculation Condition 

1.2.1 Outline of river basin 

Inundation analysis is carried out in the river shown in Table 1.2. The outline for each river 
basin is shown from the next page. 

Table 1.2  Rivers Conducted Inundation Analysis 

1) Chira River 
2) Canete River 
3) Chinca River（Chico River,  Matagente River） 
4) Pisco River 
5) Yauca River 
6) Majes-Camana River 
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(1) Chira River 

As for the land use of the surrounding hinterland in the Chira river, the farmland is spreading 
widely in the downstream area, the farmlands gather partially in the middle stream area, etc., and 
small farmlands are distributed in the riverside as compared with the downstream area. 

 
Figure 1.3  Satellite Image of Chira River (by Google Earth) 
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Figure 1.4  Land Use Map of Chira River 
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(2) Canete River 

As for the land use of the surrounding hinterland in the Canete river, the farmland is spreading 
widely in the downstream area, the farmlands gather partially in the middle stream area, etc., and 
small farmlands are distributed in the riverside as compared with the downstream area. 

 
Figure 1.5  Satellite Image of Canete River (by Google Earth) 
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Figure 1.6  Land Use Map of Canete River 
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(3) Chincha River 

As for the land use of the surrounding hinterland in the Chincha River (Chico River, Matagente 
River), farmlands and city area spread in the downstream area, and it is the assembled farmlands 
also spread out in the middle stream area. 

 
Figure 1.7  Satellite Image of Chico River (by Google Earth) 
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Figure 1.8  Land Use Map of Chico River
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Figure 1.9  Satellite Image of Matagente River (by Google Earth) 
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Figure 1.10  Land Use Map of Matagente River 
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(4) Pisco River 

As for the land use of the surrounding hinterland in the Pisco river, the farmland is spreading widely in 

the downstream area, the farmlands gather partially in the middle stream area, etc., and small 

farmlands are distributed in the riverside as compared with the downstream area. 

 
Figure 1.11  Satellite Image of Pisco River (by Google Earth) 
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Figure 1.12  Land Use Map of Pisco River
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(5) Yauca River 

As for the land use of the surrounding hinterland in the Yauca river, the farmland is spreading 
widely in the downstream area, the farmlands gather partially in the middle stream area, etc., and 
small farmlands are distributed in the riverside as compared with the downstream area. 

 
Figure 1.13  Satellite Image of Yauca River (by Google Earth) 
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Figure 1.14  Land Use Map of Yauca River 
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(6) Majes-Camana River 

As for the land use of the surrounding hinterland in the Majes-Camana river, the farmland is 
spreading widely in the downstream area, the farmlands gather partially in the middle stream area, 
etc., and narrow farmlands are distributed in the riverside as compared with the downstream area. 

 

Figure 1.15  Satellite Image of Majes-Camana River (by Google Earth) 
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Figure 1.16  Land Use Map of Majes-Camana River 
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1.2.2 Setup of the Calculation Condition 

The calculation conditions and the model outline of the inundation analysis for each river are 
shown from the next page.  
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(1) Chira River (Calculation Condition) 

Item Condition for Inundation Model Rio Chira 

In
un

da
tio

n 
M

od
el

 

Fl
oo

d 
Pl

ai
n 

Inundation Type Situation of channel and hinterland (land form and land use) is grasped 
based on collected data and field reconnaissance, and classified type of 
each section.  

Various inundation 
types such as 
spreading, retarding 
and flowing are 
identified.  

Calculation mesh East-west direction: about 150m x north -south direction: about 150m 150m mesh 
Inundation Model 
area 

Inundation flow spreading area from channel (x: 450, y: 250) About 113,000 
meshes 

Mesh ground height ASTER global data (GDEM) 150m mesh 
Roughness Based on the weighted average depending on area of farmland: n=0.06, 

road: n=0.047, others: n=0.05, as well as building occupancy rate and 
water depth, composite hydraulics roughness is set up.  
Downstream: Visual inspection based on land use, building occupancy 
rate and 1/2,500 topographic map 
Upstream: Visual inspection based on land use, digital national land 
information, land use mesh in 2006, building occupancy rate and 
1/10,000 topographic map  

Whole mesh n=0.10 

St
ru

ct
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Continuous 
embankment 
structure 

Set up of open mouth condition in main roads, rail ways, culverts, etc. No setup 

Drainage condition No drainage No setup 
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Section for 
Modeling 

Downstream: river mouth part, Upstream: 99.5 km 0 - 99.5 km 

Channel data Channel section survey in this project Survey in 2010 
Roughness 
coefficient 
 

Roughness coefficient of dike side revetment and river bed part is set up 
by field survey in each divided section. 

Side wall: n=0.030 
River bed: n=0.030 

C
on

di
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n 

Floods Setup hydrographs by the results of HEC-HMS HEC-HMS 
Discharge 
Distribution  

No inflow from the tributaries No setup 

Upstream boundary 
condition 

As boundary condition, the discharge hydrograph is set up at the end of 
upstream of model area 

Upstream end: 99.5 
km 

Downstream  
Boundary condition 

Setup of uniform flow water level in downstream cross section 
(I=1/2,500)  

Uniform flow depth 
I=1/2500 

H-Q equation Setup by result of one dimensional non-uniform flow calculation One-dimensional- 
non-uniform-flow 
calculation 
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n Computation time 
 

Setup according to external force (hydrograph of upstream end) About 90 hours 

Computation 
interval 
 

Δt second 2 seconds 
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Overflow section When water level in the river overs the dike height, the dike height is set 
to base height for the computation of revers flow and computation is 
carried out. 

No setup 

Overflow width Confluence: y=2.0(log10x)3.8+77, Others except confluence: y=1.6 
(log10x)3.8+62 / refer to “The Flood Simulation Manual (Draft)” in 
Japan. 
or Assumption as 2 to 3 times of channel width / refer to “The Guideline 
of Creation of Flood Inundation Area Map in Class B Rivers” in Japan 

No setup 

Calculation of 
overflow water 
level 

Channel discharge computed by one-dimensional-non-uniform-flow 
model is converted to water level based on H-Q equation made by 
one-dimensional- non-uniform-flow model. H-Q equation is set up in this 
project.   

No setup 
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Broken point Among maintenance places, dike construction place: either of 
right-and-left bank side, Excavation place: excavation as dike break in 
both sides. 

Dike break at object 
point 

Start condition for 
inundation 

When water level in the river reaches the present dike height, dike break 
starts. 

Present dike height 

Height for dike 
break 

Reading based on channel cross section Present dike height 

Broken width of 
dike 

Setup in consideration of distance interval of cross section and model 
mesh 

450m (150m x 3 
mesh) 

Flood discharge 
calculation method 

Setup based on the Flood Simulation Manual (Draft) in Japan Compliance of Flood 
Simulation Manual 

River bed gradient 
used for overflow 
equation 

Riverbed gradient at the maximum riverbed depth: about 1/2,500-1/3,000 
in the middle stream section, and about 1/1000 in the upstream section.  

Setup as 1/1000 or 
1/2500 or 1/3000 
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(2) Chira River (Model Outline) 

Y:250 

X:450 

About 113,000 Mesh 
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(3) Canete River (Calculation Condition) 

Item Condition for Inundation Model Rio Chira 
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Inundation Type Situation of channel and hinterland (land form and land use) is grasped 
based on collected data and field reconnaissance, and classified type of 
each section.  

Various inundation 
types such as 
spreading, retarding 
and flowing are 
identified.  

Calculation mesh East-west direction: about 150m x north -south direction: about 150m 150m mesh 
Inundation Model 
area 

Inundation flow spreading area from channel (x: 202, y: 120) About 24,000 meshes 

Mesh ground height ASTER global data (GDEM) 150m mesh 
Roughness Based on the weighted average depending on area of farmland: 

n=0.06, road: n=0.047, others: n=0.05, as well as building occupancy 
rate and water depth, composite hydraulics roughness is set up.  
Downstream: Visual inspection based on land use, building occupancy 
rate and 1/2,500 topographic map 
Upstream: Visual inspection based on land use, digital national land 
information, land use mesh in 2006, building occupancy rate and 
1/10,000 topographic map  

Whole mesh n=0.10 

St
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Continuous 
embankment 
structure 

Set up of open mouth condition in main roads, rail ways, culverts, etc. Not setup 

Drainage condition No drainage Not setup 
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 Section for 

Modeling 
Downstream: river mouth part, Upstream: 32.5 km 0 – 32.5 km 

Channel data Channel section survey in this project Survey in 2010 
Roughness 
coefficient 

Roughness coefficient of dike side revetment and river bed part is set 
up by field survey in each divided section. 

Side wall: n=0.040 
River bed: n=0.040 

C
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di
tio

n 

Floods Setup hydrographs by the results of HEC-HMS HEC-HMS 
Discharge 
Distribution  

No inflow from the tributaries No setup 

Upstream boundary 
condition 

As boundary condition, the discharge hydrograph is set up at the end 
of upstream of model area 

Upstream end: 32.5 km

Downstream  
Boundary condition 

Setup of uniform flow water level in downstream cross section 
(I=1/550)  

Uniform flow depth 
I=1/550 

H-Q equation Setup by result of one dimensional non-uniform flow calculation One-dimensional- 
non-uniform-flow 
calculation 
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Computation time 
 

Setup according to external force (hydrograph of upstream end) About 24 hours 

Computation 
interval 

Δt second 2 seconds 

O
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Overflow section When water level in the river overs the dike height, the dike height is 
set to base height for the computation of revers flow and computation 
is carried out. 

No setup 

Overflow width Confluence: y=2.0(log10x)3.8+77, Others except confluence: y=1.6 
(log10x)3.8+62 / refer to “The Flood Simulation Manual (Draft)” in 
Japan. 
or Assumption as 2 to 3 times of channel width / refer to “The 
Guideline of Creation of Flood Inundation Area Map in Class B 
Rivers” in Japan 

No setup 

Calculation of 
overflow water 
level 

Channel discharge computed by one-dimensional-non-uniform-flow 
model is converted to water level based on H-Q equation made by 
one-dimensional- non-uniform-flow model. H-Q equation is set up in 
this project.   

No setup 
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Broken point Among maintenance places, dike construction place: either of 
right-and-left bank side, Excavation place: excavation as dike break in 
both sides. 

Dike break at object 
point 

Start condition for 
inundation 

When water level in the river reaches the present dike height, dike 
break starts. 

Present dike height 

Height for dike 
break 

Reading based on channel cross section Present dike height 

Broken width of 
dike 

Setup in consideration of distance interval of cross section and model 
mesh 

450m (150m x 3 mesh)

Flood discharge 
calculation method 

Setup based on the Flood Simulation Manual (Draft) in Japan Compliance of Flood 
Simulation Manual 

River bed gradient 
used for overflow 
equation 

River bed gradient at the maximum river bed depth: about 1/100 or 
less 

Setup as 1/100 
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(4) Canete River (Model Outline) 

Y:120 

X:202 About 24,000 Mesh 
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(5) Chincha River (Calculation Condition) 

Item Condition for Inundation Model  Rio Chira 
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Inundation Type Situation of channel and hinterland (land form and land use) is grasped 
based on collected data and field reconnaissance, and classified type of 
each section.  

Various inundation 
types such as 
spreading, retarding 
and flowing are 
identified. 

Calculation mesh East-west direction: about 150m x north -south direction: about 150m 150m mesh 
Inundation Model 
area 

Inundation flow spreading area from channel (x: 260, y: 180) About 47,000 meshes

Mesh ground height ASTER global data (GDEM) 150m mesh 
Roughness Based on the weighted average depending on area of farmland: n=0.06, 

road: n=0.047, others: n=0.05, as well as building occupancy rate and 
water depth, composite hydraulics roughness is set up.  
Downstream: Visual inspection based on land use, building occupancy 
rate and 1/2,500 topographic map 
Upstream: Visual inspection based on land use, digital national land 
information, land use mesh in 2006, building occupancy rate and 
1/10,000 topographic map  

Whole mesh n=0.10 

St
ru
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Continuous 
embankment 
structure 

Set up of open mouth condition in main roads, rail ways, culverts, etc. No setup 

Drainage condition No drainage No setup 
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Section for 
Modeling 

Downstream: river mouth part, Upstream: 25.0 km 0 – 25.0 km 

Channel data Channel section survey in this project Survey in 2010 
Roughness 
coefficient 
 

Roughness coefficient of dike side revetment and river bed part is set up 
by field survey in each divided section. 

Side wall: n=0.040 
River bed: n=0.040 
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Floods Setup hydrographs by the results of HEC-HMS HEC-HMS 
Discharge 
Distribution  

No inflow from the tributaries No setup 

Upstream boundary 
condition 

As boundary condition, the discharge hydrograph is set up at the end of 
upstream of model area 

Upstream end: 26.0 
km 

Downstream  
Boundary condition 

Setup of uniform flow water level in downstream cross section Chico 
(I=1/2000), Matagente (I=300)  

Uniform flow depth 
I=1/200, I=1/300 

H-Q equation Setup by result of one dimensional non-uniform flow calculation One-dimensional- 
non-uniform-flow 
calculation 
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Computation time 
 

Setup according to external force (hydrograph of upstream end) About 48 hours 

Computation 
interval 
 

Δt second 2 seconds 
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Overflow section When water level in the river overs the dike height, the dike height is set 
to base height for the computation of revers flow and computation is 
carried out. 

No setup 

Overflow width Confluence: y=2.0(log10x)3.8+77, Others except confluence: y=1.6 
(log10x)3.8+62 / refer to “The Flood Simulation Manual (Draft)” in 
Japan. 
or Assumption as 2 to 3 times of channel width / refer to “The Guideline 
of Creation of Flood Inundation Area Map in Class B Rivers” in Japan 

No setup 

Calculation of 
overflow water 
level 

Channel discharge computed by one-dimensional-non-uniform-flow 
model is converted to water level based on H-Q equation made by 
one-dimensional- non-uniform-flow model. H-Q equation is set up in 
this project.   

No setup 
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Broken point Among maintenance places, dike construction place: either of 
right-and-left bank side, Excavation place: excavation as dike break in 
both sides. 

Dike break at object 
point 

Start condition for 
inundation 

When water level in the river reaches the present dike height, dike break 
starts. 

Present dike height 

Height for dike 
break 

Reading based on channel cross section Present dike height 

Broken width of 
dike 

Setup in consideration of distance interval of cross section and model 
mesh 

450m (150m x 3 
mesh) 

Flood discharge 
calculation method 

Setup based on the Flood Simulation Manual (Draft) in Japan Compliance of Flood 
Simulation Manual 

River bed gradient 
used for overflow 
equation 

Based on the riverbed gradient. Temporary setup as 
1/100 
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(6) Chincha River (Model Outline) 

Y:180 

X:260 About 47,000 Mesh 
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(7) Pisco River (Calculation Condition) 

Item Condition for Inundation Model  Rio Chira 
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Inundation Type Situation of channel and hinterland (land form and land use) is grasped 
based on collected data and field reconnaissance, and classified type of 
each section.  

Various inundation 
types such as 
spreading, retarding 
and flowing are 
identified.  

Calculation mesh East-west direction: about 150m x north -south direction: about 150m 150m mesh 
Inundation Model 
area 

Inundation flow spreading area from channel (x: 336, y: 135) About 45,000 meshes

Mesh ground height ASTER global data (GDEM) 150m mesh 
Roughness Based on the weighted average depending on area of farmland: n=0.06, 

road: n=0.047, others: n=0.05, as well as building occupancy rate and 
water depth, composite hydraulics roughness is set up.  
Downstream: Visual inspection based on land use, building occupancy 
rate and 1/2,500 topographic map 
Upstream: Visual inspection based on land use, digital national land 
information, land use mesh in 2006, building occupancy rate and 
1/10,000 topographic map  

Whole mesh n=0.10 

St
ru
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ur

Continuous 
embankment structure 

Set up of open mouth condition in main roads, rail ways, culverts, etc. No setup 

Drainage condition No drainage No setup 
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Section for Modeling Downstream: river mouth part, Upstream: 45.0 km 0 – 45.0 km 
Channel data Channel section survey in this project Survey in 2010 
Roughness coefficient 
 

Roughness coefficient of dike side revetment and river bed part is set 
up by field survey in each divided section. 

Side wall: n=0.040 
River bed: n=0.040 

C
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Floods Setup hydrographs by the results of HEC-HMS HEC-HMS 
Discharge 
Distribution  

No inflow from the tributaries No setup 

Upstream boundary 
condition 

As boundary condition, the discharge hydrograph is set up at the end of 
upstream of model area 

Upstream end: 45.0 
km 

Downstream  
Boundary condition 

Setup of uniform flow water level in downstream cross section 
(I=1/2,500)  

Uniform flow depth 
I=1/2,500 

H-Q equation Setup by result of one dimensional non-uniform flow calculation One-dimensional- 
non-uniform-flow 
calculation 
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Computation time 
 

Setup according to external force (hydrograph of upstream end) About 48 hours 

Computation interval 
 

Δt second 2 seconds 
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Overflow section When water level in the river overs the dike height, the dike height is 
set to base height for the computation of revers flow and computation is 
carried out. 

No setup 

Overflow width Confluence: y=2.0(log10x)3.8+77, Others except confluence: y=1.6 
(log10x)3.8+62 / refer to “The Flood Simulation Manual (Draft)” in 
Japan. 
or Assumption as 2 to 3 times of channel width / refer to “The 
Guideline of Creation of Flood Inundation Area Map in Class B 
Rivers” in Japan 

No setup 

Calculation of 
overflow water level 

Channel discharge computed by one-dimensional-non-uniform-flow 
model is converted to water level based on H-Q equation made by 
one-dimensional- non-uniform-flow model. H-Q equation is set up in 
this project.   

No setup 
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Broken point Among maintenance places, dike construction place: either of 
right-and-left bank side, Excavation place: excavation as dike break in 
both sides. 

Dike break at object 
point 

Start condition for 
inundation 

When water level in the river reaches the present dike height, dike 
break starts. 

Present dike height 

Height for dike break Reading based on channel cross section Present dike height 
Broken width of dike Setup in consideration of distance interval of cross section and model 

mesh 
450m (150m x 3 
mesh) 

Flood discharge 
calculation method 

Setup based on the Flood Simulation Manual (Draft) in Japan Compliance of Flood 
Simulation Manual 

River bed gradient 
used for overflow 
equation 

Based on the riverbed gradient.  Set-up as 1/200 
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(8) Pisco River (Model Outline) 

Y:135 

X:336 

About 45,000 Mesh 
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(9) Yauca River (Calculation Condition) 

Item Condition for Inundation Model  Rio Chira 
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Inundation Type Situation of channel and hinterland (land form and land use) is grasped 
based on collected data and field reconnaissance, and classified type of 
each section.  

Various inundation 
types such as 
spreading, retarding 
and flowing are 
identified.  

Calculation mesh East-west direction: about 150m x north -south direction: about 150m 150m mesh 
Inundation Model 
area 

Inundation flow spreading area from channel (x: 230, y: 360) About 83,000 meshes

Mesh ground height ASTER global data (GDEM) 150m mesh 
Roughness Based on the weighted average depending on area of farmland: n=0.06, 

road: n=0.047, others: n=0.05, as well as building occupancy rate and 
water depth, composite hydraulics roughness is set up.  
Downstream: Visual inspection based on land use, building occupancy 
rate and 1/2,500 topographic map 
Upstream: Visual inspection based on land use, digital national land 
information, land use mesh in 2006, building occupancy rate and 
1/10,000 topographic map  

Whole mesh n=0.10 

St
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Continuous 
embankment 
structure 

Set up of open mouth condition in main roads, rail ways, culverts, etc. No setup 

Drainage condition No drainage No setup 
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Section for 
Modeling 

Downstream: river mouth part, Upstream: 46.0 km 0 – 46.0 km 

Channel data Channel section survey in this project Survey in 2010 
Roughness 
coefficient 
 

Roughness coefficient of dike side revetment and river bed part is set up 
by field survey in each divided section. 

Side wall: n=0.040 
River bed: n=0.040 
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Floods Setup hydrographs by the results of HEC-HMS HEC-HMS 
Discharge 
Distribution  

No inflow from the tributaries No setup 

Upstream boundary 
condition 

As boundary condition, the discharge hydrograph is set up at the end of 
upstream of model area 

Upstream end: 46.0 
km 

Downstream  
Boundary condition 

Setup of uniform flow water level in downstream cross section (I=1/550)  Uniform flow depth 
I=1/1500 

H-Q equation Setup by result of one dimensional non-uniform flow calculation One-dimensional- 
non-uniform-flow 
calculation 
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n Computation time 
 

Setup according to external force (hydrograph of upstream end) About 90 hours 

Computation 
interval 
 

Δt second 2 seconds 
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Overflow section When water level in the river overs the dike height, the dike height is set 
to base height for the computation of revers flow and computation is 
carried out. 

No setup 

Overflow width Confluence: y=2.0(log10x)3.8+77, Others except confluence: y=1.6 
(log10x)3.8+62 / refer to “The Flood Simulation Manual (Draft)” in 
Japan. 
or Assumption as 2 to 3 times of channel width / refer to “The Guideline 
of Creation of Flood Inundation Area Map in Class B Rivers” in Japan 

No setup 

Calculation of 
overflow water 
level 

Channel discharge computed by one-dimensional-non-uniform-flow 
model is converted to water level based on H-Q equation made by 
one-dimensional- non-uniform-flow model. H-Q equation is set up in this 
project.   

No setup 
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Broken point Among maintenance places, dike construction place: either of 
right-and-left bank side, Excavation place: excavation as dike break in 
both sides. 

Dike break at object 
place 

Start condition for 
inundation 

When water level in the river reaches the present dike height, dike break 
starts. 

Present dike height 

Height for dike 
break 

Reading based on channel cross section Present dike height 

Broken width of 
dike 

Setup in consideration of distance interval of cross section and model 
mesh 

450m (150m x 3 
mesh) 

Flood discharge 
calculation method 

Setup based on the Flood Simulation Manual (Draft) in Japan Compliance of Flood 
Simulation Manual 

River bed gradient 
used for overflow 
equation 

Riverbed gradient: About 1/250 in the downstream section at the 4.0 km 
distance mark, About 1/150 in the upstream section at the 4.0 km distance 
mark.  

Setup as 1/250, 1/150
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(10) Yauca River (Model Outline) 

Y:360 

X:230 

About 83,000 Mesh 
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(11) Majes-Camana River (Calculation Condition) 

Item Condition for Inundation Model Rio Chira 
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Inundation Type Situation of channel and hinterland (land form and land use) is grasped 
based on collected data and field reconnaissance, and classified type of 
each section.  

Various inundation 
types such as 
spreading, retarding 
and flowing are 
identified.  

Calculation mesh East-west direction: about 150m x north -south direction: about 150m 150m mesh  
Inundation Model 
area 

Inundation flow spreading area from channel (x: 322, y: 653) About 210,000 
meshes 

Mesh ground height ASTER global data (GDEM) 150m mesh 
Roughness Based on the weighted average depending on area of farmland: n=0.06, 

road: n=0.047, others: n=0.05, as well as building occupancy rate and 
water depth, composite hydraulics roughness is set up.  
Downstream: Visual inspection based on land use, building occupancy 
rate and 1/2,500 topographic map 
Upstream: Visual inspection based on land use, digital national land 
information, land use mesh in 2006, building occupancy rate and 
1/10,000 topographic map  

Whole mesh n=0.10 
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Continuous 
embankment structure 

Set up of open mouth condition in main roads, rail ways, culverts, etc. No setup 

Drainage condition No drainage 
 

No setup 
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Section for Modeling Downstream: river mouth part, Upstream: 115.0 km 0-40.0 km (Camana 
river), 40.0-115.0 km 
(Majes river) 

Channel data Channel section survey in this project Survey in 2010 
Roughness coefficient 
 

Roughness coefficient of dike side revetment and river bed part is set 
up by field survey in each divided section. 

Side wall: n=0.040 
River bed: n=0.040 
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Floods Setup hydrographs by the results of HEC-HMS HEC-HMS 
Discharge 
Distribution  

No inflow from the tributaries No setup 

Upstream boundary 
condition 

As boundary condition, the discharge hydrograph is set up at the end of 
upstream of model area 

Upstream end: 115.0 
km 

Downstream  
Boundary condition 

Setup of uniform flow water level in downstream cross section 
(I=1/100)  

Uniform flow depth 
I=1/100 

H-Q equation Setup by result of one dimensional non-uniform flow calculation one dimensional 
non-uniform flow 
calculation 
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Computation time 
 

Setup according to external force (hydrograph of upstream end) About 20 hours 

Computation interval 
 

Δt second 2 seconds 
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Overflow section When water level in the river overs the dike height, the dike height is 
set to base height for the computation of revers flow and computation is 
carried out. 

No setup 

Overflow width Confluence: y=2.0(log10x)3.8+77, Others except confluence: y=1.6 
(log10x)3.8+62 / refer to “The Flood Simulation Manual (Draft)” in 
Japan. 
or Assumption as 2 to 3 times of channel width / refer to “The 
Guideline of Creation of Flood Inundation Area Map in Class B 
Rivers” in Japan 

No setup 

Calculation of 
overflow water level 

Channel discharge computed by one-dimensional-non-uniform-flow 
model is converted to water level based on H-Q equation made by 
one-dimensional- non-uniform-flow model. H-Q equation is set up in 
this project.   

No setup 
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Broken point Among maintenance places, dike construction place: either of 
right-and-left bank side, Excavation place: excavation as dike break in 
both sides. 

Dike break at object 
place 

Start condition for 
inundation 

When water level in the river reaches the present dike height, dike 
break starts. 

Present dike height 

Height for dike break Reading based on channel cross section Present dike height 
Broken width of dike Setup in consideration of distance interval of cross section and model 

mesh 
450m (150m x 3 
mesh) 

Flood discharge 
calculation method 

Setup based on the Flood Simulation Manual (Draft) in Japan Compliance of Flood 
Simulation Manual 

River bed gradient 
used for overflow 
equation 

About 1=1/150-1/100 (Majes River), About I=1/200-1/150 (Camana 
River).  

Setup as 1/200, 
1/150, 1/100 
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Chira River（1/50 Year Probable Flood）Without Case 

 
Chira River（1/25 Year Probable Flood）Without Case 
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Chira River（1/10 Year Probable Flood）Without Case 

 
Chira River（1/5 Year Probable Flood）Without Case 
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(3) Flood Mitigation Measures  

From the result of inundation analysis without case, the locations of flood mitigation measures such 
as riverbed excavation, revetments and dykes for flood were planned by taking into account the 
spreading areas of flood. The locations of measures are shown in Figure 2.2. 

.
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(4) Result of Inundation Analysis for each Probable Flood (with case) 

The result of inundation analysis for each probable flood scale with case is shown below. 

 
Table 2.3  Inundation Area for each Probable Flood Scale in Chira River With case) 

 

No, of Mesh ha No, of Mesh ha No, of Mesh ha No, of Mesh ha

6,233 14,024.3 7,340 16,515.0 8,661 19,487.3 9,586 21,568.5

1/50

Chira

With Case
1/5 1/10 1/25
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Chira River（1/50 Year Probable Flood）With Case 

 
Chira River（1/25 Year Probable Flood）With Case 
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Chira River（1/10 Year Probable Flood）With Case 

 
Chira River（1/5 Year Probable Flood）With Case 
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Canete River (1/50 Year Probable Flood) Without Case 

 

Canete River（1/25 Year Probable Flood）Without Case 
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Canete River（1/10 Year Probable Flood）Without Case 

 

Canete River（1/5 Year Probable Flood）Without Case 
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Canete River (1/50 Year Probable Flood) With Case 

 
Canete River (1/25 Year Probable Flood) With Case 
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Canete River (1/10 Year Probable Flood) With Case 

 
Canete River (1/5 Year Probable Flood) With Case 
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Chincha (Chico) River (1/50 Year Probable Flood) Without Case 

 

Chincha (Chico) River (1/25 Year Probable Flood) Without Case 
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Chincha (Chico) River (1/10 Year Probable Flood) Without Case 

 

Chincha (Chico) River (1/5 Year Probable Flood) Without Case 
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 Chincha (Matagente) River (1/50 Year Probable Flood) Without Case 

 

Chincha (Matagente) River (1/25 Year Probable Flood) Without Case 
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Chincha (Matagente) River (1/10 Year Probable Flood) Without Case 

 

Chincha (Matagente) River (1/5 Year Probable Flood) Without Case 
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(3) Flood Mitigation Measures  

From the result of inundation analysis without case, the locations of flood mitigation measures such 
as riverbed excavation, revetments and dykes for flood were planned by taking into account the 
spreading areas of flood. The locations of measures are shown in Figure 2.6. 
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(4) Result of Flood Analysis According to each Probable Flood Scale (with case) 

The result of inundation analysis for each probable flood scale with case is shown Table 2.9. 

Table 2.9  Inundation area for each Probable Flood Scale in Chincha (With case) 

 

 
 
 
 

No, of Mesh ha No, of Mesh ha No, of Mesh ha No, of Mesh ha

①Chico 24 54.0 56 126.0 248 558.0 397 893.3
②Matagente - - - - 148 333.0 245 551.3
③No. of Overlap Mesh - - - - 76 171.0 140 315.0

①+②-③ 24 54.0 56 126.0 320 720.0 502 1,129.5

Chincha

With Case
1/5 1/10 1/25 1/50
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Chincha (Chico) River (1/50 Year Probable Flood) With Case 

 
Chincha (Chico) River (1/25 Year Probable Flood) With Case 
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Chincha (Chico) River (1/10 Year Probable Flood) With Case 

 
Chincha (Chico) River (1/5 Year Probable Flood) With Case 
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Chincha (Matagente) River (1/50 Year Probable Flood) With Case 

 
Chincha (Matagente) River (1/25 Year Probable Flood) With Case 
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Chincha (Matagente) River (1/10 Year Probable Flood) With Case 

 
Chincha (Matagente) River (1/5 Year Probable Flood) With Case 
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