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Hydrology Report

Hydrology Report Delivery History

- Add summary table of HWL including: Interview data,
calculation data based on Road Design Manual and
calculation data based on back flood from Mekong River.

- Add summary table of scouring depth.
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PART 01
HYDROLOGY REPORT

l. Introduction

This report has described the hydro-hydraulics and stormwater drainage system
prepared by Lao Transport Engineering Consultant (LTEC) to provide the detailed design for
14 bridges improvement project on NR13 South from km 71 to km 346 included 4 packages,

here only for the package no.4 would be considered.

Which Package 4 was included three bridges as followed: Nam Hinboun Bridge, Houay Aek, and

Nam Done.

The main tasks of hydro-hydraulic calculation are analysis of hydrology in the project
road in accordance with climate resilient; hydraulic design to support drainage design to
prevent flooding and damage to road infrastructure (especially the new bridges design) due to

climate change.
1. Basic data

To serve hydro-hydraulic analysis for works transportation in the project, the following

basic data and documents had been collected:

- Mapping for carrying out pertinent hydrologic and hydraulic analysis, corresponding to
the catchment that the drainage for Project Road necessarily entails. The topo sheets
from which calculations of catchment areas are prepared with the help of Watershed
Modeling System (WMS) software by using WGS_1984 UTM Zone 48N database for

DEM file for those particular locations of all bridge.

- Intensity duration frequency curves (IDF curves) of Thakhek hydro-meteorological

gauge stations.

- Actual data on water level measured at 03 hydro-meteorological gauge stations:
Vientiane, Paksane and Thakhek on Mekong River (*), including annual highest water
level of 26 years; for package 4 (Thakhek Station) average daily water levels of the

years with heavy floods occurred in 2008.
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(*) 03 national hydro-meteorological gauge stations on the Mekong River from
upstream to downstream are Vientiane, Paksane, Thakhek respectively. According to the length
of the river, from Vientiane station to Paksane station is 186604 m and from Paksane station to
Thakhek station is 180670 m “Applied to this package”.

1.  Standards and documentation applied for the project

In the process of calculating hydro-hydraulics and stormwater drainage for the project
road, the main documents of Road Design Manual issued by Department of Roads under
Ministry of Public Works and Transport was applied. In addition, some other hydro-hydraulic
documents and manuals used in Laos were also applied.

IV.  Analysis and calculation.
IV.1. Design flood frequency.
The designs criteria have been applied to its analysis as follows:

- Bridges flood frequency of 100 years.
IV.2. Climate change.

Climate change is a macroscopic and global issue. Because of its complexity, as
indicated in the Road Design Manual. In addition, 14 Bridges in the project will be considered
of climate resilience in the pattern of precipitation. Which will be increased 15% into the new
IDF Curve according to the assessment of precipitation percent change. More details please
refer to climate adaptation report.

The following measures are applied for dealing with the issue of climate change for
road drainage design: (1) Adding a 15 % increase to calculated 100-year return storm events in
order to react to increases in short duration rainfall intensities; (2) The new IDF curves are used,

these curves are constructed through a series of rainfall measurements from 1989 to 2018 only.

IV.3. Hydrological analysis for the bridges.

a) Estimating flood flow

The flood flow shall be calculated by the following Modified Rational Method as
specified in Road Design Manual (MPWT).

e Calculation using Modified Rational Method

The "Rational Method" (RM) including WMS software (Rational Model) is used for
estimation of the maximum water discharge for a specific run-off area, formula of the Rational

Method as follows:
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Qpy% = 0.278 C.I. A (ARF) 1)

Where:
Qe = design flood flow, m3/s.
0.278 = a constant conversion to express discharge in the required units.
C = run-off coefficient, expressing the fraction of the rainfall that is assumed to become
direct run-off.
A = the drainage catchment area in km?.
| = intensity of rainfall in mm/hour, for the duration corresponding to the time of
concentration (Tc) of each catchment area.
Tc, in hours, the time of concentration is the time period (duration) required for the rain

water to reach the outlet from the most remote point of the area. The formula used is:
Tc = (0.87(1/H). L13) A0385 (2)

Where:
L = the stream flow length of the catchment area in km.

H = the corresponding level difference in meter.

Regarding the rainfall intensity, within the project road there are one meteorological
station with actual rainfall data, they are Thakhek. Therefore, the IDF curves of these stations
will be used in calculating the design flood flow.

The equation for determining the rainfall intensity with P = 1% (or return period N =

100 years) of Thakhek station is written as follows:

| = 787.93 TcA (09) 3)

Since the three bridges in package 4 are located in Khammouan Province (Thakhek
Station). So, the designed flood flows for these bridges were same calculated using the rainfall

intensity Equation (3).
(ARF) = Area Reduction Factor from Table 01 below.
The remaining parameters in the formula were introduced above.

Table 01. Area Reduction Factor (ARF)

| Area (km?) | (ARF) | Remarks
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0-25 1.00
>25-50 0.95
> 50 - 100 0.90

> 100 - 150 0.85
> 150 - 200 0.80

Table 02. Design flood flow for the bridges

Station Bridge name A (km?) Qrax.e (M45) Remarks
No. (km) used
1 288+400 | Nam Hin Boun 1884.93 1883.57
2 306+570 | Houay Aek 36.51 77.66
3 325+800 | Nam Don 634.78 1571.66

b) Estimating design flood water level

Estimating the design flood levels for river sections without actual measurements are
very difficult. To solve this problem, HEC RAS software to conceptual approaches have been
followed to justify the definition of a unique relation between the stage and discharge for an
open channel: (1) treating the discharge as open-channel flow with a constant slope for a given
stage namely uniform (or normal) flow; (2) treating the discharge as flow over a weir (where
critical flow conditions occur, with a single value relation between stage and discharge). Based
on these assumptions, in an approximate way, the design flood water levels of the bridges were
estimated mainly based on the results of field surveys and the stage-discharge relation (rating
curve) conducted for an open channel. Accordingly, the flow rate is determined by
Area-velocity method. The volume of flow is calculated using the formula:

Q=AV (5)

Where:

Q = Volume of flow, m%/s

A = Wetted cross-sectional area, m?
V = Mean velocity of the water, m/s, is given by Manning’s formula.
V = (1/n) (A/P)A?3,5n05
Where:
n = Manning’s rugosity coefficient investigated at the site
P = Wetted perimeter below the calculated water level, m

S = Gradient of the water or average bed gradient investigated at the site.
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Hydrology Report

Based on the stage-discharge relation conducted, from the obtained design flood flow
Qmax.1% (Table 02), a design flood water level (Hmax.des.) Will be specified.
The results of calculating design flood water levels for bridges are summarized as

follows.
Table 03. Design flood water level for the bridges
Free Ele.sofit AH
Station . Qmax.1% Board Himax.des. (m) (m)
No. (km) Bridge name (mds) | required (m) Remarks

(m)

Nam  Hin _

1 288+400 188357 | 1.0 | 145270 | 146270 | 1.00 | AH (M) = Elesors

Boun (M) — Hmax.des.(M)

2 306+570 | Houay Aek | 77.66 0.6 | 146.910 | 147510 | 0.60 | Elesoric (M) =
Elevation of soffit
Hmax.des.(M) =
Elevation of design
flood water level.

3 325+800 Nam Don 1571.66 1.0 143.750 144.750 1.00 AH <0 meaning that
the bottom of the
girder  will be
submerged when
design flood occurs.

Regarding soffit elevations and design flood water levels of the bridges, the clearance
under the bridge with AH > the free board value as table 3 above should still be arranged to
ensure safety height for the bridges themselves.

Opening area calculation

The discharge values obtained from the above table can also be used to check drainage

structures by performing “Opening Area” calculations. Accordingly, it is necessary to estimate

drainage opening (required drainage opening area = Areq.ope., M?) and drainage structures (actual

drainage opening area = Aactope, M2). The results of analyzing drainage opening areas of

bridges (through the “Safety Factor” = “FS” as instructed in the Road Design Manual, Chapter

5 — Hydraulic Design) are summarized as follows.

Table 04. Results of analyzing drainage opening areas of the bridges
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Station . Avreq.ope- Aact.
No. Bridge name o g"e a°t2° > FS Remarks
(km) m m
1 288+400 | Nam Hin Boun 894.24 1465.66 1.63
2 306+570 | Houay Aek 30.18 68.45 2.27
3 325+800 | Nam Don 465.81 624.54 1.34

The determined FS values shown in the table above show that all of the bridges have

enough drainage areas as required (FS > 1). Therefore, hydraulically, it is not necessary to

widen the drainage aperture of bridges in project road.

However, it should be noted that, generally, the drainage aperture parameter is only

one of the elements that affect the total bridge length. Therefore, when establishing a new

bridge layout, if any, it is necessary to consider more about the height and side slope of the

riverbank, where the abutments will be located to ensure long-term stability for the bridge.

From there, a solution can be made to lengthen the bridge to ensure that the height of the

abutment is not too high, and the side slope of the abutment is not too steep, if necessary. This

issue will be considered by bridge engineers combined with road engineers rather than

hydrologists.

The lowest water level at bridge site

The results are summarized as follows.

The lowest water levels at the bridge sites were estimated through field investigation.

Table 05. The lowest water levels investigated at the bridge sites

No. | Station (km) Bridge name Hmin. (M) Remarks
288+400 Nam Hin Boun 136.000
306+570 Houay Aek 143.500
325+800 Nam Don 132.800

The lowest water values at the bridge sites shown in the above table can be used in the

design of abutments and pier foundations, and also serve the arrangement of work items during

construction.

a) Determination of design flood water level
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e For the segment of inundated due to floods rising from the Mekong River

Field hydrographic investigation results and measured water levels for 26 years (from
1993 to 2018) at 3 hydrological stations of Vientiane, Paksane, and Thakhek on the Mekong
River are basic input data to estimate the design flood level. The results of analyzing statistical
method of the annual highest water level frequency in 26 years at the 03 stations show that the
slope of flood water surface from Paksan to Thakhek is approximately S =~ 0.000073 (Package 4

only 2 stations will be considered).

IV.4. Bridges
Table 06. Hydrological parameters for the bridges
Station . Qmax.l% Hmax.des Hmin.
Bridge name A (km? FS | Remarks
NoT (km) 'dg & sy | m) | (m)
1 288+400 Nam Hin Boun 1884.93 | 1883.57 | 145.27 | 136.000
2 306+570 Houay Aek 36.51 77.66 146.91 | 143.500
3 325+800 Nam Don 634.78 1571.66 | 143.75 | 132.800

Hydro-hydraulic analysis for DED upgrading 14 Bridges along the NR 13 South from
km71 to km 346 (New Design of 14 Bridges) have been carried out on the basis of field
investigation documents, actual meteor-hydrological data measured at 03 National gauge stations,
including the consideration of climate change. During the reporting process, the requirements of

specific standards and Road Design Manual were strictly followed.

However, as is known, for many reasons, some of the input data for hydro-hydraulic

calculations are still incomplete, such as:

e For bridges

In addition to the results of the investigation of the flood traces left in the field, so far there
has not been any actual measurement of water level and flood flow on the river sections where the

existing bridges located.

In the subsequent research steps, if possible, project management agencies should allow to
carry out measurement of some hydrological parameters during the flood season to create the
stage-discharge relation and some others; including charts that correlate with actual hydrological

data measured by the national gauge stations on the Mekong River. Especially the rating curve (as

EASPEC [3
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described in Figure 01) has been and is extensively used tool in hydrology to estimate discharge or

water level in natural rivers.

Figure 01: Example of a typical simple stage-discharge relation

Water level fmeh SL)

b o xdo wWad 400 sdo edc o0 sd0 edo fog qdo0 1300 1300 1400 1800 1600 17on 1800 1800  2d00
Discharge (m3/s)

The results determined by analyzing those relationships should be more realistic basis

for adjusting the parameters analyzed from this DED Stage, if any.
# Procedure for calculating the high-water level for the bridge
High flood level for the bridge had three methods to compare as follows:

1. Analysis as per manual is followed Rational Method for at 100-year return period
Hydrology Assessment and using Manning equation Hydraulic Calculation. (Hereinafter called
Hcal.1%). More details please see Part 2 Calculation Sheet.

2. High-water level which is directly influenced by the Mekong River. Back flood analysis
or flood frequency analysis conducted at 100-year return period from various stations such as:
Vientiane, Paksane and Thakhek. (Hereinafter Called Hpack)

ESTIMATION OF THE DESIGNED HIGHT FLOOD WATER LEVEL FOR BRIDGES

[EASPEC E3
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H A'riv. HmaxJnv.

_ Name Paksane station m) Hmax. (m) at

Station AH (m) at

No. (km) of lcal. from m) fiver the
Bridge Paks. mouth Brid.

Altitud to Brid. site

('ﬁ‘f) € | hmax(m) | Hmax(m)
1 325+800 I\Sz(a)r: 140.72 14.80 155.52 | 0.000071 | 169995 | 12.07 | 143.45 | 143.75
When:

hmax.10 IS the water level in the Mekong River at the monitoring station (calculated from a 100-year
probability return period from annual water level data).

Hmax1% 1S High Flood Level (back flood) Which Calculate by Probability at 100 years return period
H maxinv IS High Flood Level (Resident interview)

AL is distance

| car 1S SlOpE

3. Based on a field observation conducted on 7 to 8 September 2023, a team consisting of
PMU staff or project coordinators and consultants interviewed residents to take the historical

high-water level.
HIGH FLOOD LEVEL OF EACH ITEH

After considering the results of hydraulic and hydrological modelling, Back flood from
Mekong River, and historical flood levels, the maximum value will be chosen for designing the

high-water level of the bridges. By selecting the highest value as below.
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SUMMARY OF HWL RECHECK FOR 14 BRIDGES ON NR13S (LAO PDR)
UPDATED ON 18,SEPTEMBER 2023.
HWL
(Recent- HWL
::" Station Bridge Name 1;;":: Span Arrangement (m) :::;: Hypoiemx ::::'; cn;..u., to Ex:ntll-ng
8,80pt.2023- 5
PMU agreed)
(m) (m) (m) (m) (m)
1 2 3 4 5 6 7 8 9 10
1 106+460 Nam ching 3 20.30+26.50+20.30=67.10 156.52 158.370 159.206 159.206 161.040
2 109+890 Nam Lo 3 26.30+26.30+26.30=78.90 152.44 158.160 157.897 158.160 160.569
3 117+038 Nam Kap 3 26.50+26.50+26.50=79.50 156.25 157.640 156.918 157.640 160.382
4 121+952 Nam Thoay 3 20.30+26.30+26.30=72.90 155.96 157.340 156.681 157.340 160.103
S 123+850 Houay dong kham 1 28.00 154.93 157.180 155.632 157.180 159.474
6 140+200 Nam Ngiap 5 20.40+26.40+26.40+26.40+20.40=120 152.76 156.020 156.123 156.123 158.914
7 146+642 Nam Xan S 20.40+20.40+26.40+26.40+20.40=114 154.86 155.550 155.632 155.632 158.699
8 204+400 Houay Xamboungnai 1 25.4 152.56 155.127 155.127 158.120
9 217+578 Houay Deua2 3 20.30+20.30+20.30=60.90 152.88 153.281 153.281 156.000
10 231+199 Nam Sang 1 20.3 157.42 157.628 157.628 159.620
11 239+051 Nam Thone 3 26.00+26.40+26.00=78.40 156.13 157.406 157.426 159.200
12 288+400 Nam Hinboun 3 39.00+46.00+39.00=124.00 143.71 145.270 145.270 151.181
13 306+570 Houay Aek 1 25.60 146.91 146.880 146.910 151.179
14 325+800 Nam Done 3 26.00+26.50+26.00=78.50 142.42 143.040 143.750 143.750 147.072
Notes:

- Hcal 1% (Updated) in column 6 is HWL calculation update.

- H(back-MK) in column 7 is HWL of water back of Mekong river calculated from meteorological measurement gauge datas of each stations in normal.

- HWL in column 9 is Highest water level considered for design, which they are selected from the maximum levels of Hcal 1% in column 6, H back-MK in
column 7 and HWL recent interviewed in column 8 and they are also assured from PMU or project coordinators.

For LTEC For LASA For PMU/Project Coordinators

WM@M@ ass )
M Phoutsavanh PHIMMAVONG mﬂ/
, ) %ﬁq Ke,,amcu:.m
% Sonexay PHOMCHAMPA %{
) VAT

the bridges at the river branches close with the Mekong, we observed that there is an
appropriate with the data information of the Mekong River committee website at Thakhek
hydrological station. So, we can assume the highest water level analysis for the bridges are to
correct and enable to apply for the bridges designing.
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Hydrology Report

Thakhek::Forecasting Station

Thakhek

Water level on 2023-08-02 at 07:00 AM=T7.74 m
Minimum level = 1.38 m
All levels are above zero gauge
(Zero gauge Thakhek = 129.629 m above MSL)

Schematic cross section with actual water level Thakhek

155

Meters above sea level

2600

15 chart by amCharts

'Flood Level:143.629 I

2620

2640

Alarm Level:142.629

Current Water Level:137.269

2650 QESUIE 3540 3640 3740

3800

3820

3830

4460

5200

m— Curmrent Water Level

. Flood Level
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PART 2
CALCULATION SHEETS
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2.1.1. Bridge 01: Nam Hin Boun

1) Catchment area

sakyam .
DON N
X

5
i © R
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2) Rational Model

@ Rational Method X
Display Units
Type: Basins v| Metric v
Show: I“ v l

Parameters

Parameter Basin Basin Units

Neme B |y I I
Runoff Coeffident (C)  |0.1100 10,1500 | [Dimensiorlless]
RanfallIntensity () 33399 123333 _[mh]
Compute1-10F Curves | Compute. | compute-. |
Area (A)  1105623.88  82869.17 | [hectares]

Time of concentration (Tc)  564.846

(;gmgutej’c ;Basin Data l Compute...
Compute Tc-MapData | Compute... | Compute...
Flowrate (Q) - 1077.918 805.661
Compute Hydrographs Compute... Compute...

'603.004
Compute...

:-[minubes]

|[ems]
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3) Cross Section output of bridge station

[ Cross Section Output e X

File Type Options Hel

p

River: lHinboun

Ll Profile: |100 years

Reach IHinboun

=]

E.G. Elev {m)

Vel Head (m)
W.S. Elev (m)
Crit W.S. {m)
E.G. Slope (m/m)
Q Total (m3/s)
Top Width (m)
Vel Total (m/s)
Max Chl Dpth (m)
Conv. Total (m3/s)
Length Wtd. {m)
Min Ch El (m)
Alpha

Frctn Loss (m)

C &E Loss (m)

~| rs: [0 BRU ~| 3|[®]pian: [pian 01 ~]
Plan: Plan 01 Hinboun Hinboun RS: 100 BR U Profile: 100 years
144,04 | Element LeffOB | Channel | RightOB

0.23 | Wt. n-val. 0.050 0.100 | 0.050
143.82 | Reach Len. (m) 10.80 | 10.80 | 10.80
137.63 | Flow Area (m2) 22.34 | 864.07 7.83
0.003801 | Area (m2) 22.34 864.07 7.83
1883.57 | Flow (m3/s) 48.35 1823.26 11.95
106.05 | Top Width (m) 7.51 | 94.08 4,46
2.11 | Avg. Vel. (m/s) 2.16 2.11 | 1.53
11.71 | Hydr. Depth (m) 2.97 9.18 | 1.75
30553.0 | Conv. (m3/s) 784.4 | 29574.7 | 193.9
10.80 | Wetted Per. (m) 9.60 136.45 | 5.68
132.11 | Shear (N/m2) 86.70 236.01 51.39
1.00 | Stream Power (N/ms) 187.69 | 498.00 78.50
0.04 | Cum Yolume (1000 m3) 2.96 96.30 2.25
0.00 | Cum SA (1000 m2) 1.17 9.84 1.14

4) Profile output table

| Profile Output Table - Standard Table 1

File Options Std.Tables Locations Help
HEC-RAS Plan: Plan 01 River: Hinboun Reach: Hinboun Profile: 100 years
Reach  |River Sta |Profile QTotal | Min Ch El |W.5. Elev | Crit W.S. | E.G. Elev |E.G. Slope| Vel Chnl |Flow Area|Top Width |Froude # Chl
(m3/s) | (m) (m) (m) (m) (mim) | (mfs) (m2) (m)

Hinboun | 200 100 years} 1883.57: 132,80 144.11 144,21 0.000944 143 132896  156.75 0.14
Hinboun 150 100 years| 1883.57 13270 144.02 144.15 0.001218 1.61 119179 150.13 0.16
Hinboun | 110 100 years| 1883.57 132.11 143.86 137.48 144.06 0.002179 203 943.22 122.13 0.21
Hinboun | 100 Bridge | _

Hinboun (30 100 years| 1883.57 132,11 143.77 143,98 0.002254 2,05 932,59 120.74 0.22
Hinboun |50 100 years| 1883.57 131.62 143.71 143.89 0.001580 1.87 1028.53  120.62 0.19
Hinboun |0 100 years| 1883.57 132,17| 143,57 137.36 143.79 0.002100 2060 924.87 107.59 0.21
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5) Cross Section of Bridge

Hnboun  Plan Plan 01 912012023

Elavation (m)

Bridge Scour RS = 100

Elevation (m)

Station (m)
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Hydrology Report

Contraction Scour

Input Data

Results

Pier Scour

Average Depth (m):

Approach Velodty (m/s):

Br Average Depth (m):

BR Opening Flow (m3/s):

BR Top WD (m):

Grain Size D50 (mm):
Approach Flow (m3/s):
Approach Top WD {(m):
K1 Coefficient:

Scour Depth Ys (m):
Critical vVelocity (m/s):
Equation:

Pier: #1 (CL =61.277)
Input Data

Results

Pier Shape:

Pier Width (m):

Grain Size D50 {(mm):
Depth Upstream (m):

Velocity Upstream {m/s):

K1 Nose Shape:

Pier Angle:

Pier Length (m):

K2 Angle Coef:

K3 Bed Cond Coef:
Grain Size D30 (mm):
K4 Armouring Coef:

Scour Depth Ys (m):
Froude #:
Equation:

Pier: #2 (CL = 107.28)
Input Data

Results

Pier Shape:

Pier Width {m):

Grain Size D50 {(mm):
Depth Upstream (m):

Velocdty Upstream {(m/s):

K1 Nose Shape:

Pier Angle:

Pier Length (m):

K2 Angle Coef:

K3 Bed Cond Coef:
Grain Size D30 (mm):
K4 Armouring Coef:

Scour Depth Ys (m):
Froude #:
Equation:

Left Channel
3.22 10.00
1.39 1.61
2.97 9.18
48.35 1823.26
7.51 94,08
1.03 0.00
51.31 1762.63
11.47 109.26
0.6490 0.590
1.09

Live

Round nose
2.00
0.31000
11.05
2.24

1.00

0.00
10.80
1.00

1.10
24.00000
1.00

4,13
0.22
CSU equation

Round nose
2.00
0.00000
9.26
2.08
0.00
0.00
10.80
1.00
1.10
0.00000
1.00

0.00
0.22
CSU equation

Right

2.12
1.12
1.75
11.95
4.495
1.74
69.63
29.490
0.640

0.00

Live
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Abutment Scour

Input Data

Results

Station at Toe (m):

Toe Sta at appr (m):
Abutment Length (m):
Depth at Toe (m):

K1 Shape Coef:

Degree of Skew {degrees):
K2 Skew Coef:

Projected Length L' (m):

Avg Depth Obstructed Ya (m):

Flow Obstructed Qe (m3/s):
Area Obstructed Ae (m2):

Scour Depth Ys (m):
Qe/Ae = Ve:
Froude #:
Equation:

Combined Scour Depths

Pier : #1 (CL = 61.277) (Contr + Pier) (m):
Pier : #2 (CL = 107.28) (Contr + Pier) (m):

Left abutment scour + contraction scour (m):
Right abutment scour + contraction scour (m):

Left Right
24.36 143.07
29.25 159.14
11.56 0.00
2.15 0.00

0.55 - Spill-through abutment

S0.00 90.00
1.00 1.00
11.56 0.00
0.32 0.62
4.65 4.85
3.72 10.07
1.83 0.62
1.25 0.48
0.71 0.20
Froehlich  Froehlich
4.13
0.00

2.87

0.62
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National Road 13 South: Implementation Support and Work Supervision (ISWS) Hydrology Report
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2.1.2. Bridge 02: Aek

1) Catchment area

Ty
A=36.51 km*2
MFS=0.0181 mim
MSL=11.36 km

MS3=0.0052 m/m __& | Pl
ARG ms NN
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2) Rational Model

@ Rational Method X
Display Units
Type: Basins v Metric hd
Show: selected v
Parameters
Parameter | Basin Units
Name 1B \ {
Runoff Coeffident (C) '0.1100 ' [Dimensionless]
Rainfall Intensity ) | 69.626 | [mm/hr]
_Compute I-IDF Curves I Compute... l .
Area (A) 1 3650.50  [hectares]
Time of concentration (Tc) | 129.018 | [minutes]
Compute Tc -BasnData | Compute..
Compute Tc - Map Data Compute...
Flowrate (Q) |77663 ] [cms]
Compute Hydrographs Compute...
Help...
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Consultancy Services - Detailed Design for Upgrading of 14 Bridges
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3) Cross Section output of bridge station

[ Cross Section Output = X
File Type Options Help \

River: |Houay Aek LI Profile: |100 Years ;l

|
Reach [1 ~| rs: [0 eRU ~| ¥|[®]pian: [Pano1 ~]
| Plan:Plan01 HouayAek 1RS:100 BRU Profle:100Yeas |

E.G. Elev (m) 147.22 | Element leffOB | Channel | RightOB

Vel Head (m) 0.36 | Wt. n-val. 0.040 0.041 0.040
W.S. Elev (m) 146.86 | Reach Len. (m) 10.80 | 10.80 10.80
Crit W.S. (m) 146.26 | Flow Area (m2) 1.29 | 28.47 0.42
E.G. Slope (m/m) 0.004682 | Area (m2) 1.29 28.47 0.42
Q Total (m3/s) 77.66 | Flow (m3/s) , 1.45 | 75.89 0.32
Top Width (m) 16.72 | Top Width (m) 2.08 | 13.45 1.19
Vel Total (m/s) 2.57 | Avg. Vel. (m/s) 113 | 2.67 0.77
Max Chl Dpth (m) 2.62 | Hydr. Depth (m) 0.62 2.12 0.35
Conv. Total (m3/s) 1134.9 | Conv. (m3/s) » 21.2 1109.0 4.7
Length Wtd. (m) 10.80 | Wetted Per. (m) 242 14.11 1.38
Min Ch El (m) 144.24 | Shear (N/m2) , 2449 92,66 13.83
Alpha 1.05 | Stream Power (N/m s) 27.55 | 246.97 10.63
Frctn Loss (m) 0.05 | Cum Volume (1000 m3) 0.02 0.41 0.01
C & E Loss (m) 0.00 | Cum SA (1000 m2) 0.03 0.20 0.02

4) Profile output table

Profile Output Table - Standard Table 1
File Options Std.Tables Locations Help

HEC-RAS Plan: Plan 01 River: Houay Aek Reach: 1 Profile: 100 Years
Reach River Sta |Profile Q Total | Min Ch El |W.S. Elev| Crit W.S. | E.G. Elev |E.G. Slope| Vel Chnl |Flow Area|Top Width|Froude # Chl

(m3/s) | (m) (m) (m) (m) (mfm) |_(mfs) (m2) (m)

1 150 100 Years 77.66: 144.24 147.12 | 147.39| 0.003118 2,35 34.63 17.60 0.49
1 110 100 Years 77.66 144.24 146,90 146.26  147.24 0.004401 2,61 30.82 16.85 0.57
1 100 Bridge | | | | |

1 90 100 Years 77.66| 144.24| 146.71 146.25  147.13| 0.006006 2.88 27.77 16.23 0.65
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5) Cross Section of Bridge

HOUAY AEK  Plan: Plan 01  9/202023

4 o e 4

6) Bridge Scour

Bridge Scour RS = 100

Elevation (m)

N

e
//-

/]
X

Station (m)
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National Road 13 South: Implementation Support and Work Supervision (ISWS) Hydrology Report
Consultancy Services - Detailed Design for Upgrading of 14 Bridges
(Additional Task Under Amendment 2 to the Consultant Contract) LAO PDR
Contraction Scour
Left Channel  Right
Input Data
Average Depth (m): 0.75 2.38 0.48
Approach Velocity (m/s): 1.04 2.35 0.77
Br Average Depth (m): 0.62 2.12 0.35
BR Opening Flow (m3/s): 1.45 75.89 0.32
BR Top WD (m): 2.08 13.45 1.19
Grain Size D50 (mm): 3.21 2.96 2.71
Approach Flow (m3/s): 1.97 75.09 0.61
Approach Top WD (m): 2.51 13.45 1.64
K1 Coefficient: 0.590 0.640 0.590
Results
Scour Depth Ys (m): 0.02 0.28 0.00
Critical Velodty (m/s): 0.87 1.03 0.76
Equation: Live Live Live
Combined Scour Depths
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2.1.3. Bridge 03: Nam Don Bridge

1) Catchment area

@ E:\PROJECT NR 13 S (26.06.2023)\HEC-RAS AND WMS for Report\14. Nam Don Bridge\14 Nam Don Bridge-WMS\Nam Don Km 319+500.wms
S e KK 3, AT il RS

e

E

WAIEAIY
ITH
ANNTINA

Tuns
wu0It

Ry ol

:

i
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2) Rational Model

@ Rational Method X
Display Units
Type: Basins ~ Metric v
Show: | selected v
Parameters
Parameter Basin Units
Name 1B | (
Runoff Coeffident (C) 0.2500 | [Dimensionless]
Rainfall Intensity 1) | 35.653 | [mmjhr]
Compute I - IDF Curves Compute...
Area (A) 63478.34 | [hectares]
Time of concentration (Tc) |495.365 | [minutes]
Comp_t.lige TC- Bisin Data | Compute...
Compute Tc - Map Data Compute...
Flowrate (Q) 1571.662 ] [cms]
Compute Hydrographs Compute...
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Consultancy Services - Detailed Design for Upgrading of 14 Bridges
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3) Cross Section output of bridge station
[ Cross Section Output — X
File Type Options Help
|
River: INam Don _VJ Profile: |100 Years _'.l |
Reach |1 ~] rs: [0 BRU ~| 3|[*]pian: [pano1 ~
|
Plan: Plan01 NamDon 1 RS: 100 BR U Profile: 100 Years
E.G. Elev {m) 142,94 | Element LeffOB | Channel | RightOB
Vel Head (m) 0.62 | Wt. n-val. 0.150 | 0.100 0.150
W.S. Elev (m) 142.33 | Reach Len. (m) 20.80 | 20.80 20.80
Crit W.S. (m) 138.01 | Flow Area (m2) 19.21 | 439.61 6.68
E.G. Slope (m/m) 0.014230 | Area (m2) 19.21 | 439.61 6.68
Q Total (m3/s) 1571.70 | Flow (m3/s) 24.68 1540.59 6.43
Top Width (m) 58.67 | Top Width (m) 8.04 43.51 2.12
Vel Total (m/s) 3.38 | Ava. Vel. (m/s) 1.28 | 3.50 0.96
Max Chl Dpth (m) 12.03 | Hydr. Depth (m) 2.39 9.06 3.15
Conv. Total (m3/s) 13175.3 | Conv. (m3/s) 206.9 12914.5 53.9
Length Wtd. (m) 20.80 | Wetted Per. (m) 9.35 | 87.31 5.01
Min Ch El (m) 130.30 | Shear (N/m2) 286.55 702.65 186.03
Alpha 1.06 | Stream Power (N/m s) 368.15 | 2462.37 179.19
Frctn Loss (m) 0.32 | Cum Volume (1000 m3) 28.64 95.98 582 |
C &E Loss (m) 0.02 | Cum SA (1000 m2) 6.15 8.63 2.34

4) Profile output table

| [ Profile Output Table - Standard Table 1

' File Options  Std. Tables

Locations Help

HEC-RAS Plan: Plan 01 River: Nam Don Reach: 1 Profile: 100 Years

Reach  [River Sta |Profile QTotal |Min ChEl |W.S. Elev|Crit W.S. |E.G. Elev |E.G. Slope| Vel Chnl |Flow Area|Top Width |Froude # Chl
(m3fs) | (m) (m) (m) (m) (mfm) | (m/s) (m2) (m)

1 200 100 Yearsf 1571,70: 127,48 143.42 143,53 0.000831 156 1253.46) 156.85 0.14

1 150 100 Years| 157170 129.14 143.04 | 143,39 0.002956 280 73407 10417 0.26

1 110 100 Years| 157170 130,30 142,65 137.75 143.15 0.005525 3.14, 525.22 66.65 0.33

1 100 Bridge v

1 90 100 Years| 157170 130.30 141.87 142,47 0.007449 3.45 474.26 64.33 0.38

1 50 100 Years| 1571700 128.11 142.02 142,12 0.000907 155 1337.36| 177.94 0.14
|[L 0 100 Years| 157170 126,97 142,01 131,51 142,08 0.000450 1,17 1562.01 193.61 0.10
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5) Cross Section of Bridge

Elevation (m)

NamOon  Plan Plan 01 10/3/2023

6) Bridge Scour

Elevation (m)

Bridge Scour RS = 100
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Contraction Scour

Left Channel Right

Input Data
Average Depth (m): 3.66 12.09 4.63
Approach Velocty (m/s): 0.83 2.80 0.21
Br Average Depth (m): 2.39 39.06 3.15
BR Opening Flow (m3/s): 24.68 1540.59 6.43
BR Top WD (m): 8.04 48.51 2.12
Grain Size D50 (mm): 0.09 0.00 0.05
Approach Flow (m3/s): 148.13 1358.95 64.62
Approach Top WD {m): 48.72 40.06 15.39
K1 Coefficient: 0.690 0.580 0.690

Results
Scour Depth Ys (m): 0.34 0.00
Critical Velocity (m/s): 0.34 0.29
Equation: Live Live

Pier Scour

Pier: #1 (CL = 30.61)

Input Data

Pier Shape: Circular cylinder

Results

Pier Width (m):
Grain Size D50 (mm):
Depth Upstream (m):

Velocity Upstream (m/s):

K1 Nose Shape:

Pier Angle:

Pier Length (m):

K2 Angle Coef:

K3 Bed Cond Coef:
Grain Size D90 (mm):
K4 Armouring Coef:

Scour Depth Ys {(m):
Froude #:
Equation:

Pier: #2 (CL = 57)
Input Data

Results

Pier Shape:

Pier Width (m):

Grain Size D50 {(mm):
Depth Upstream (m):

Velocity Upstream (m/s):

K1 Nose Shape:

Pier Angle:

Pier Length {m):

K2 Angle Coef:

K3 Bed Cond Coef:
Grain Size D20 {mm):
K4 Armouring Coef:

Scour Depth Ys {m):
Froude #:
Equation:

2.00

)
(=)
~
S
o

HORKHNORNOC
woooowg
O0000OW!m

CSU equation

Circular cylinder
2.00
0.00000
11.19
3.496
0.00
0.00
2.00
1.00
1.10
0.00000
1.00

0.00
0.33
CSU equation
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Abutment Scour
Left Right
Input Data
Station at Toe (m): 13.37 81.75
Toe Sta at appr (m): 34.97 90.90
Abutment Length (m): 34.97 3.31
Depth at Toe (m): -2.25 2.33
K1 Shape Coef: 0.55 - Spill-through abutment
Degree of Skew (degrees): 90.00 90.00
K2 Skew Coef: 1.00 1.00
Projected Length L' (m): 34.97 3.31
Avg Depth Obstructed Ya (m): 2.31 1.53
Flow Obstructed Qe (m3/s): 45.01 5.64
Area Obstructed Ae (m2): 55.09 3.57
Results
Scour Depth Ys (m): 3.07
Qe/Ae = Ve: 1.58
Froude #: 0.41
Equation: Default Froehlich
Combined Scour Depths
Pier : #1 (CL = 30.61) (Contr + Pier) (m): 4.10
Pier : #2 (CL = 57) (Contr + Pier) (m): 0.00

Right abutment scour + contraction scour (m):  3.07
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National Road 13 South: Implementation Support and Work Supervision (ISWS) Hydrology Report
Consultancy Services - Detailed Design for Upgrading of 14 Bridges
(Additional Task Under Amendment 2 to the Consultant Contract) LAO PDR

SUMMARY OF TOTAL SCOURING DEPTHS FOR 14 BRIDGES

Summary of Total Scouring Depths for 14 Bridges

Updated on 6.10.2023

- Siatibn S Total Scouring Depths (m)
Ll A PL | P2 | P3 | Pa B

1 | 106+460 Nam Ching Bridge 1.40 1.74 2.57 NO
2 | 109+890 Nam Lo Bridge 0.44 4.45 3.77 0.60
3 | 117+032 Nam Kap Bridge 0.70 2.22 2.67 0.15
4 | 121+959 Nam Thoay Bridge 1.52 2.78 2.78 1.63
S | 123+850 Houay Dong Kham Bridge NO

6 | 140+200 Nam Ngiap Bridge 1.07 1.50 S5.64 6.00 NO 0.85
7 | 146+642 Nam Xan Bridge 0.87 NO NO S5.41 4.07 0.45
8 | 204+400 | Houay Xam boun Gnai Bridge | 1.40 1:22
9 | 217+378 Houay Deua2 Bridge 2.97 2.97 3.00 3.02
10| 231+199 Nam Sang Bridge 3.42 4.59
11| 239+051 Nam Thone Bridge 1.70 4.56 5.03 2.97
12| 288+400 Nam Hin Boun Bridge 2.87 4.13 NO 0.62
13 | 306+570 Houay Aek Bridge 0.02 NO
14| 325+800 Nam Don Bridge 0.34 4:10 NO 3.07

Notes:

- A or B is for Abutment.
- P1,2,3,4 is for Pier.

- NO is without scouring depth.
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3.1. The highest water level in months and years of Vientiane, Paksane and Thakhek

hydrological gauge stations

The source of meteorological and hydrological data for the project

MRC
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National Road 13 South: Implementation Support and Work Supervision (ISWS) Hydrology Report
Consultancy Services - Detailed Design for Upgrading of 14 Bridges
(Additional Task Under Amendment 2 to the Consultant Contract) LAO PDR

Station Characteristics of station : 012703

Station name : Paksane Latitude : 18°22'18" North  Longitude  : 103°40' 00" East
River : Mekong Altitude : 142125 m Catchment area : 000 km2
Province :Borikhamxay Country : Lao PDR Agency : Hydro-met of Lao PDR

Maximum of Water Level in m
Station: Mekong Pakxan

Year | Jan | Feb | Mar | Apr | May | Jun Jul Aug | Sep | Oct | Nov | Dec | Maxi
1993 | 298 | 2.00 [ 1.94 | 194 | 321 | 7.10 | 12,69 | 11.15] 11.67 | 9.77 | 6.00 | 3.96 | 12.69
1994 | 3.17 | 233 | 207 | 195 | 2.03 | 504 | 635 | 11.88 | 1028 | 951 | 580 | 439 | 11.88
1995 | 352 | 246 | 2.17 | 263 | 523 | 731 | 11.00 | 14.17 | 14.77 | 10.26 | 6.44 | 5.67 | 14.77
1996 | 3.62 | 3.10 | 3.04 | 3.14 | 449 | 6.76 | 12.61 | 1420 | 12,56 | 10.78 | 7.15 | 4.99 | 14.20
1997 | 3.94 | 251 | 221 | 293 | 403 | 6.92 | 13.41 | 13.12 | 1474 | 942 | 635 | 4.63 | 14.74
1998 | 3.61 | 2.35 193 | 219 | 438 | 545 | 11.20 | 11.56 | 12.71 | 7.17 | 526 | 3.84 | 12.71
1999 | 323 | 289 | 250 | 278 | 694 | 890 | 948 | 12.31 | 13.08 | 12.23 | 8,18 | 5.83 | 13.08
2000 | 450 | 320 | 271 | 263 | 845 | 11.11 ]| 13.30| 12.86 | 14.53 | 7.53 | 7.12 | 493 | 14.53
2001 | 426 | 3.00 | 267 | 3.26 | 6.93 | 999 | 13.04 | 1476 | 13.90 | 10.18 | 9.89 | 592 | 14.76
2002 | 464 | 399 | 3.20 | 266 | 7.52 | 8.10 | 13.08 | 1442 | 1282 | 972 | 749 | 7.00 | 14.42
2003 | 568 | 3.96 | 321 | 3.13 | 3.8 | 769 | 9.36 | 10.92 ]| 1258 | 878 | 5.11 | 3.86 | 12.58
2004 | 263 | 271 | 237 | 339 | 6.28 | 7.80 | 11.32 | 12.18 | 13.53 | 10.23 | 6.41 | 4.31 | 13,53
2005 | 398 | 267 | 255 | 289 | 442 | 877 | 11.37] 1393 | 13.06 | 12.38 | 591 | 448 | 13.93
2006 | 3.36 | 2.77 | 278 | 277 | 522 | 599 | 1082 12.59 | 1274 | 11.25| 803 | 3.90 | 12.74
2007 | 3.00 | 2.63 | 2.73 | 2.69 | 597 | 6.06 | 930 | 1130 | 1247 | 11.33 | 6.55 | 4.06 | 12.47
2008 | 2.93 | 325 | 3.06 | 325 | 551 | 10.61 | 12.86 | 14.80 | 12.51 | 1068 | 9.80 | 5.26 | 14.80
2009 | 3.84 | 349 | 299 | 336 | 684 | 682 | 11.52 ] 11.12} 10.18 | 923 | 548 | 3.64 | 11.52
2010 | 333 | 3.07 | 223 | 273 | 332 | 508 | 10.02] 12.08 | 1263 | 10.14 | 6.87 | 4.31 | 12.63
2011 | 3.66 | 328 | 3.73 | 321 | 6.07 | 10.96 | 11.94 | 13.28 | 13.41 | 13.04 | 6.63 | 4.52 | 13.41
2012 | 4.11 | 3.14 | 2.94 | 292 | 485 | 7.08 | 959 | 1237 | 11.18 [ 7.74 | 5.97 | 4.59 | 12.37
2013 | 379 | 380 | 348 | 372 | 423 | 6.94 | 1098 ] 12.94 [ 11.84 | 872 | 839 | 835 [ 12.94
2014 | 469 | 4.14 4,39 4.27 4.90 6.47 | 10,09 | 1093 | 11,61 | 9.80 | 6.09 505 | 11.61
2015 | 4.44 | 350 | 455 | 480 | 492 | 600 [ 11.15] 1284 | 11.54 | 795 | 4.64 | 3.38 | 12.84
2016 | 2.83 | 2.84 | 294 | 350 | 438 | 441 7.80 | 12.60 | 11.52 | 7.55 | 6.55 | 4.40 | 12.60
2017 | 3.88 | 3.94 | 469 | 401 | 672 | 620 | 11.10 | 10.74 | 1150 | 8.69 | 7.89 | 6.25 | 11.50
2018 | 519 | 335 | 342 | 524 | 6.13 | 6.67 | 12.63 | 1409 ]| 1453 | 889 | 7.13 | 5.65 | 14.53
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National Road 13 South: Implementation Support and Work Supervision (ISWS) Hydrology Report
Consultancy Services - Detailed Design for Upgrading of 14 Bridges

(Additional Task Under Amendment 2 to the Consultant Contract) LAO PDR

Station Characteristics of station : .
Latitude : 17°23' 55" North

Station name : Thakhek Longitude  : 104° 48' 05" East

River : Mekong Altitude :  129.63 m Catchment area: 373.000 km2

Province  : Khammouan Country : Lao PDR Agency : Hydro-met of Lao PDR

Maximum of Water Level in m
Station: Mekong Thakhek

Year Jan Feb Mar Apr May Jun Jul Aug | Sep Oct Nov Dec | Maxi
1993 | 335 | 246 | 232 | 232 1 440 | 755 | 1270 | 11391 1114 790 | 582 | 3.80 | 12.70
1994 | 2.78 | 2.58 | 2.18 | 2.87 | 4.09 | 1035 | 12.87 | 13.49 1285 1 9.99 | 567 | 437 | 1349
1995 | 3.79 | 2.56 | 238 | 290 | 4.05 | 742 | 10.75 | 13.71 14851 9.59 | 5.70 | 4.70 | 14.85
1996 | 349 | 2.87 | 2.84 | 288 | 399 | 700 | 11.97 1 1337 1371 1 12.20 | 6.78 | 4.60 | 13.7)
1997 | 390 | 3.03 | 275 ] 3.01 | 387 | 715 | 12.82 1280 | 1379 | 978 | 570 | 420 | 13.79
1998 | 340 | 2.84 | 254 | 2.89 | 365 | 554 | 10.43] 1038 |1 1721 774 | 494 | 341 | 11.72
1999 | 280 | 2.70 | 229 | 2.61 | 7.00 | 880 | 995 1098 | 1223 | 1123 ] 7.72 | 480 | 12.23
2000 | 3.60 | 2.90 | 3.05 | 312 [ 7.72 | 1060 | 1233 | 1213 14351 990 | 637 | 4.18 | 14.35
2001 3.35 2.90 2.82 2.80 4.00 0.00 | 11731 13.75 ] 1298 | 9.58 8.48 492 | 13.75
2002 | 3.67 3.10 2.70 2.57 6.08 8.81 12,13 | 1347 [ 12.10 | 8.78 5.96 5.60 | 13.47
2003 | 461 | 290 | 250 | 248 | 3.10 | 696 | 895 1052 ] 11.72 ] 838 | 440 [ 300 | 11.72
2004 1 2.19 | 2.10 162 | 249 | 575 | 765 [ 1033 11.56 | 1326 | 9.70 332 | 3.712 | 13.26
2005 | 2.78 2.38 2.48 2.65 2.84 8.24 11.50 { 14.00 { 1270 | 11.80 | 6.09 4.09 | 14.00
2006 | 3.10 | 2.60 | 245 | 234 | 465 | 5.10 | 103211 167 ] 11651 999 | 590 | 366 | 11.67
2007 | 277 | 235 | 2.25 | 2.62 | 467 | 626 | 7.94 | 1094 |1 1.50 | 1095 | 6.57 | 3.79 | t1.50
2008 | 298 | 3.00 | 242 | 280 | 459 [ 1052 11.95 1376 | 11.09 [ 10.11 | 8.04 | 453 | 13.76
2009 | 3.08 2.2 1.80 1.80 5.65 7.08 10451 11.09 | 9.39 8.97 4.60 299 | 11.09
2010 | 2.56 2.67 1.72 2.08 3.06 4.42 9.03 11454 1178 | 9.33 6.03 354 | 11.78
2011 3.01 2.69 2.95 2.89 5.07 9,72 11.27 1 1351 13.01 | 1255 | 5.79 3.85 13.31
2012 | 330 | 260 | 248 | 250 | 427 | 6.66 | 826 | 1 1311 10571 662 [ 485 | 3.75 | 11.31
2003 | 3.07 | 322 | 295 | 281 | 395 | 728 | 11481 11.78 1057 ] 8.13 | 649 | 636 | 11.78
2014 | 4.00 | 3.56 | 362 | 348 | 3.92 | 757 | 1036 11 1.37 1 10.16 | 9.01 S.16 | 411 | 11.37
2015 ) 353 | 289 | 362 | 379 | 392 | 460 | 1139 1213 1 1097 | 7.81 | 462 | 3.52 | 12.13
2016 | 331 | 3.99 | 342 | 345 | 3.86 | 569 | 865 |1 1.24 | 1083 | 7.75 | 6.06 | 4.26 | 11.24
2017 | 3.86 3.83 3.81 3.90 | 6.31 6.81 11.09 | 11.08 | 1094 | 8.72 6.53 542 | 11.09
2018 | 4.00 3.59 3.16 3.95 4.84 7.43 1290 | 13.83 | 13.80 | 8.25 5.83 4.09 13.83
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National Road 13 South: Implementation Support and Work Supervision (ISWS) Hydrology Report
Consultancy Services - Detailed Design for Upgrading of 14 Bridges
(Additional Task Under Amendment 2 to the Consultant Contract) LAO PDR

3.2. The process of peak water level occurred at Paksane and Thakhek stations in 2008
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National Road 13 South: Implementation Support apd Work Supervision (ISWS) Hydrology Report
Consultancy Services - Detailed Design for Upgrading of 14 Bridges
(Additional Task Under Amendment 2 to the Consultant Contract) LAO PDR

17/09/2008 11.72 ,”-‘ , T Egggmé?, d}’g’é@&_}
18/09/2008 11.67 2T
19/09/2008 11.32
20/09/2008 11.33
21/09/2008 11.22
22/09/2008 11.01
23/09/2008 10.78
24/09/2008 10.53
25/09/2008 10.38
26/09/2008 10.25
27/09/2008 10.13
28/09/2008 10.03
29/09/2008 9.87
30/09/2008 10.15
01/10/2008 10.68
02/10/2008 10.26
03/10/2008 10.28
04/10/2008 10.18
05/10/2008 10.08
06/10/2008 9.98
07/10/2008 9.74
08/10/2008 9.54
09/10/2008 9.75
10/10/2008 9.83
11/10/2008 9.67
12/10/2008 9.68
13/10/2008 9.55
14/10/2008 9.35
15/10/2008 9.23
16/10/2008 8.85
17/10/2008 8.41
18/10/2008 8.07
19/10/2008 7.94
20/10/2008 7.78
21/10/2008 7.7
22/10/2008 7.53
23/10/2008 7.43
24/10/2008 7.28
25/10/2008 7.22
26/10/2008 7.06
27/10/2008 7.03
28/10/2008 7.29
29/10/2008 7.44
30/10/2008 7.47
31/10/2008 7.45
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National Road 13 South: Implementation Support and Work Supervision (ISWS) Hydrology Report
Consultancy Services - Detailed Design for Upgrading of 14 Bridges
(Additional Task Under Amendment 2 to the Consultant Contract) LAO PDR
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16/06/2008 8.60 '
17/06/2008 9.15
18/06/2008 9.67
19/06/2008 10.29
20/06/2008 10.52
21/06/2008 10.33
22/06/2008 9.91
23/06/2008 9.43
24/06/2008 8.89
25/06/2008 8.50
26/06/2008 8.18
27/06/2008 7.89
28/06/2008 7.69
29/06/2008 7.64
30/06/2008 7.60
01/07/2008 7.63
02/07/2008 7.86
03/07/2008 8.14
04/07/2008 8.47
05/07/2008 8.52
06/07/2008 8.31
07/07/2008 8.19
08/07/2008 8.66
09/07/2008 9.50
10/07/2008 10.09
11/07/2008 10.42
12/07/2008 10.65
13/07/2008 10.74
14/07/2008 10.86
15/07/2008 10.76
16/07/2008 10.48
17/07/2008 10.21
18/07/2008 10.50
19/07/2008 10.92
20/07/2008 11.23
21/07/2008 11.54
22/07/2008 11.77
23/07/2008 11.92
24/07/2008 11.95
25/07/2008 11.92
26/07/2008 11.79
27/07/2008 11.54
28/07/2008 11.47
29/07/2008 11.55
30/07/2008 11.64
31/07/2008 11.76
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National Road 13 South: Implementation Support apd Work Supervision (ISWS)
Consultancy Services - Detailed Design for Upgrading of 14 Bridges
(Additional Task Under Amendment 2 to the Consultant Contract) LAO PDR

Hydrology Report
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National Road 13 South: Implementation Support and Work Supervision (ISWS) Hydrology Report
Consultancy Services - Detailed Design for Upgrading of 14 Bridges
(Additional Task Under Amendment 2 to the Consultant Contract) LAO PDR
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26/08/2008 1231
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01/09/2008 10.96
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National Road 13 South: Implementation Support and Work Supervision (ISWS) Hydrology Report
Consultancy Services - Detailed Design for Upgrading of 14 Bridges
(Additional Task Under Amendment 2 to the Consultant Contract) LAO PDR
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National Road 13 South: Implementation Support and Work Supervision (ISWS)
Consultancy Services - Detailed Design for Upgrading of 14 Bridges

(Additional Task Under Amendment 2 to the Consultant Contract) LAO PDR

Hydrology Report

3.3. Rainfall intensity-duration-frequency (IDF) curve of Paksane and Thakhek stations, from

1989 to 2018
[ 84Ty} 9 .“’-: W U ‘.!:_;‘
Station: Paksane
1 15' 30 60' 120 180" 1440'
Tr=5 79.1 56.0 39.6 28.0 22.8 8.1
Tr=10 91.0 64.4 45.5 322 26.3 9.3
Tr=25 106.1 75.0 53.0 37.5 30.6 10.8
Tr=50 117.2 82.9 58.6 41.4 33.8 12.0
Tr=100 128.3 90.7 64.1 45.3 37.0 13.1
+15%
15 30 60 120 180 1440
Tr=5 91.0 64.4 45.5 32.2 26.3 9.3
Tr=10 104.7 74.0 52.3 37.0 30.2 10.7
Tr=25 122.0 86.2 61.0 43.1 35.2 12.4
Tr=50 134.8 95.3 67.4 47.7 38.9 13.8
Tr=100 147.5 104.3 73.8 52.2 42.6 15.1
L.D.F Rainfall Intensity/Frequency/Duration Curve Station of
Paksane(1989-2018)
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Hydrology Report

National Road 13 South: Implementation Support and Work Supervision (ISWS)

Consultancy Services - Detailed Design for Upgrading of 14 Bridges
(Additional Task Under Amendment 2 to the Consultant Contract) LAO PDR
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National Road 13 South: Implementation Support and Work Supervision (ISWS) Hydrology Report
Consultancy Services - Detailed Design for Upgrading of 14 Bridges
(Additional Task Under Amendment 2 to the Consultant Contract) LAO PDR
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Station: THAKEK
15' 30' 60' 120' 180' 1440'
Tr=5 91.7 64.8 458 324 26.5 94
Tr=10 112.2 79.4 56.1 39.7 324 11.5
Ti=25 1383 97.8 69.1 489 39.9 14.1
Tr=50 157.5 111.4 78.8 55.7 455 16.1
Tr=100 176.7 124.9 88.3 62.5 51.0 18.0
+15%
15 30 60 120 180 1440
Tr=5 105.4 74.5 52.7 373 304 10.8
Tr=10 129.1 91.3 64.5 45.6 373 132
Te=25 159.0 1124 79.5 56.2 459 16.2
Te=50 181.2 128.1 90.6 64.1 52.3 18.5
Tr=100 | 203.2 143.7 101.6 71.8 58.7 20.7
1.D.F Rainfall Intensity/Frequency/Duration Curve Station
THAKEK(1989-2018)
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National Road 13 South: Implementation Support and Work Supervision (ISWS)

Consultancy Services - Detailed Design for Upgrading of 14 Bridges
(Additional Task Under Amendment 2 to the Consultant Contract) LAO PDR
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