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Hydrology Report

Hydrology Report Delivery History
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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.1 would be considered.

Which Package 2 was included five bridges as followed: Nam Kap Bridge, Nam Thouay Bridge,
Houay Dong Kam Bridge, Nam Ngiap Bridge and Nam Xan Bridge.

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 Paksane 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 2 (Paksane Station) average daily water levels of the years

with heavy floods occurred in 2008.

EAPEC F3
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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 “Applied to this package”
and from Paksane station to Thakhek station is 180670 m.

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:

EASPEC (3
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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). LN3)n0-385 (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 Paksane. 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 Paksane station is written as follows:

| =570.90 TcA (09 3)

Since the five bridges in package 2 are located in Bolikhamxay Province (Paksane
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.
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Table 01. Area Reduction Factor (ARF)

Area (km?) (ARF) Remarks
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

No, | Station Bridge name A (km?) Qnaxase (M4s) Remarks
(km) used
1 117+032 | Nam Kap 36.28 211.86
2 121+959 | Nam Thoay 165.85 475.79
3 123+850 | Houay Dong Kham 4.20 2451
4 140+200 | Nam Ngiap 1463.33 1659.35
5 146+642 | Nam Xan 7537.27 3396.52

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) (AJP)23,5705
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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.

Based on the stage-discharge relation conducted, from the obtained design flood flow
Qmax.1% (Table 02), a design flood water level (Hmaxdes.) 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.soffit AH
Station . Qmax.1% Board Humax.des. (m) (m)
No. (km) Bridge name (mds) | required m) Remarks
(m)

1 117+032 | Nam Kap 21186 | 080 | 157.640 | 158440 | 0.80 | AH (M) = Elesom (M) —
HmaxAdesA(m)

2 | 1214959 | Nam Thoay 47579 | 080 | 157340 | 158.140 | 0.80 | Elesorit (M) = Elevation of
soffit

3 | 123+g50 | U DONG 40004 | 080 | 157.180 | 157980 | 0.8 | Hmecces(m) = Elevation of

Kham design flood water level.

4 1404200 Nam Ngiap 1659.35 1.00 156.123 | 157.123 | 1.00 | AH <0 meaning that the
bottom of the girder will be
submerged when  design

5 | 146+642 | Nam Xan 339652 | 120 | 155.632 | 156.832 | 1.20 | f100d 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.
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Table 04. Results of analyzing drainage opening areas of the bridges

No. Station Bridge name Afeq;’"e' AaCt;pe FS Remarks
(km) m m
1 117+032 | Nam Kap 380.88 595.51 1.63
2 121+959 | Nam Thoay 488.88 691.45 1.41
3 123+850 | Houay Dong Kham 27.64 150.43 5.44
4 1404200 | Nam Ngiap 659.47 1196.96 | 181
5 146+642 | Nam Xan 849.76 125491 | 148

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

The results are summarized as follows.

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

No. Station (km) Bridge name Hmin. (M) Remarks
1 117+032 Nam Kap 147.500
2 121+959 Nam Thoay 143.500
3 123+850 Houay Dong Kham 153.500
4 140+200 Nam Ngiap 142.000
3 146+642 Nam Xan 143.000

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

EASPEC FN
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construction.
a) Determination of design flood water level

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 Vientiane to Paksane is approximately S =~ 0.000072 (Package

2 only 2 stations will be considered).

IVV.4. Bridges
Table 06. Hydrological parameters for the bridges
Station . 2 Qmax.l% Hmax.des Hmin.
No. (km) Bridge name | A (km?) (m¥s) (m) (m) FS | Remarks
1 | 1174032 | Nam Kap 36.28 | 211.86 | 157.64 | 147.500
121+959 | Nam Thoay 165.85 | 475.791 | 157.34 | 143.500
H Don
3 | 123+850 | | ouaYPoNd 420| 2451 157.18 | 153500
Kham
4 | 140+200 | Nam Ngiap 1463.33 | 1659.35 | 156.12 | 142.000
5 | 146+642 | Nam Xan 7537.27 | 3396.52 | 155.63 | 143.000

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.

EASPEC (¥
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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
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 at 100-year return period for

Hydrology Assessment and using Manning equation Hydraulic Calculation. (Hereinafter called

Hcal.i%). 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 from various stations such as: Vientiane, Paksane and
: Page 10




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

Thakhek. (Hereinafter Called Hoack)

ESTIMATION OF THE DESIGNED HIGHT FLOOD WATER LEVEL FOR BRIDGES

Paksane station I?YIT;I; - Hmaxinv. | DI (m)
. M0 (m) at from
Station . from | DH | (m)at -
No. Name of Bridge | ajtitud h H lcal. . the Bri. to
(km) itude max. max. Paks. | (m) river Brid Mek
(m) (m) (m) to mouth nd. exong
Brid. site River
1 117+032 Nam Kap 140.7 14.80 155.5 | 0.0000071 | 29888 | 2.12 | 157.64 | 156.918 390
2 121+959 Nam thuay 25647 | 1.82 | 157.34 | 156.681 396
3 | 123+850 NamK';rEO”g 23421 | 1.66 | 157.18 | 155632 | 705
4 140+200 Nam Ngiap 7021 | 0.50 | 156.02 | 156.123 1068
5 146+642 Nam Xan 414 0.03 | 155,55 | 155.632 2116
When:

hmaxiS the water level in the Mekong River at the monitoring station.

H max1% 1S High Flood Level (back flood)

H maxmv 1S 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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Hydrology Report

SUMMARY OF HWL RECHECK FOR 14 BRIDGES ON NR13S (LAO PDR)
UPDATED ON 18,SEPTEMBER 2023.
HWL
(Recent-
HWL
::_ Station Bridge Name l:;‘:f Span Arrangement (m) :::;:'. Hyponmx :::::'_; c°:..4,, to Ex:;;‘n €
8,Sept.2023- i
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
5 | 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 5 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 | 157.406 | 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 | 143.7s0 | 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 Heal 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

M Phoutsavanh PHIMMAVONG
'

% Sonexay PHOMCHAMPA

For LASA

WM/«)M.& ﬂSl()

L

¢ &

For PMU/Project Coordinators

/7/;@

Kay,av\cu:.m

According to the calculation data of the highest water level for 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 Commission website at Pakxan 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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Paksane::Forecasting Station

Paksane

Water level on 2023-08-01 at 07.00AM =6.01m
Minimum level = 0.1 m
All levels are above zero gauge
(Zero gauge Paksane = 142.125 m above MSL)

Schematic cross section with actual water level Paksane

160

JS chart by amCharts

) Flood Level:156.625 |

. ’
e A\]arrn Level:155.625 |

150 , Current Water Level:148.135 I

145

Meters above sea level

140

135 ' y . . .
400 620 640 660 680 700 800 1000 1070 1100 1220 1520 1540 1560 1580 2000

= Current Water Level = Flood Level Alarm Level
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PART 2
CALCULATION SHEETS
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2.1.1. Bridge 01: Nam Kap

. i
A=36 25 km2

ES=0.2642 m/m
MSL=10251.76 m | ':
MS5=0.0768 mim
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Hydrology Report

2) Rational Model

(&) Rational Method

Display Units
Type: Basins o Metric
Show:  selected w
Parameters
Parameter Basin Lnits
Mame 1B
Runoff Coeffident {C) 0, 3000 [Dimensionless]
Rainfall Intensity (1) 70077 [rarnfhr]
Compute I - IDF Curves I Compute... I
Area (A) 3527.92 [hectares]
Time of concentration (Tc) |66.310 [minutes]

Compute Tc - Basin Data

Compute Tc - Map Data

Flowrate {Q) [cmis]

Compute Hydrographs

Help. .. | ok

Cancel
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3) Cross Section output of bridge station

iE Cross Section Output = X
, File Type Options Help

| River: INam Kap L] Profile: |100 Years _vJ

Reach r{:& ~v| rs: |10 BRU ~] 3|[®]eian: [Plan 01 |

E.G. Elev (m) 156.26 | Element LeftOB | Channel | RightOB

Vel Head (m) 0.02 | Wt. n-val. 0.150 0,100 0.150
W.S. Elev (m) 156.24 | Reach Len. (m) 10.80 10.80 10.80
Crit W.S. (m) 146.78 | Flow Area (m2) 62.68 278.17 40.03
E.G. Slope (m/m) 0.000488 | Area (m2) 62.68 278.17 40.03
Q Total (m3/s) 211.86 | Flow (m3/s) 17.08 185.30 9.43
Top Width (m) 63.85 | Top Width (m) 18.33 26.47 19.05
Vel Total (m/s) 0.56 | Ava. Vel. (m/s) 0.27 0.67 0.24
Max Chl Dpth (m) 13.51 | Hydr. Depth (m) 3.42 10.51 2.10
Conv. Total (m3/s) 9590.9 | Conv. (m3/s) 773.0 8388.6 429.3
Length Wtd. (m) 10.80 | Wetted Per. (m) 24,91 53.12 19.62
Min Ch El (m) 142,74 | Shear (N/m2) 12.04 25.06 9.76
Alpha 1.28 | Stream Power (N/m s) 3.28 16.69 2.31
Frctn Loss (m) 0.01 | Cum Volume (1000 m3) 10.87 38.43 6.51
C &E Loss (m) 0.00 | Cum SA (1000 m2) 3.10 3.77 2.39

4) Profile output table

E Profile Output Table - Standard Table 1
F& Options  Std. Tables Locations Help

HEC-RAS Plan: Plan 01 River: Nam Kap 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) {m/m) (m/s) {m2) (m)

1 200 100 Yearsf 211.86 143.41 156.29 156.30 0.000153 0.53 450.30 80.00 0.05
1 150 100 Years| 211.86  143.85 156.28 156.29 0.000189 0.63 434.64 80.00 0.06
1 110 100 Years| 211.86 142.74 156.25 146.78 156.27 0.000235 0.64  408.35 67.91 0.06
1 100 Bridge | [

1 90 100 Years| 211.86 142.74 156.23 156.25 0.000237 0.64  407.02 67.78 0.06
1 50 100 Years| 211.86 142.78 156.22 156.24 0.000187 0.59 453.30 73.38 0.06
1 0 100 Years| 211.86 142.65 156.21 146.84 156.23 0.000200 0.63 451.70 77.93 0.06
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5) Cross Section of Bridge

NamKap  Plan Plan 01 /1412023

L
-

Bridge Scour RS = 100

Elevation (m)

Station (m)
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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

iContraction Scour

Input Data

Average Depth (m):
Approach Velocty (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 Coefficdent:

Results
Scour Depth Ys (m):
Critical Velocity (m/s):
Equation:

Pier Scour

Pier: #1 (CL = 25.75)

Input Data

Pier Shape:
Pier Width (m):

Results

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 = 52.249)
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:

Combined Scour Depths

Pier : #1 (CL = 25.75) (Contr + Pier) (m):
Pier : #2 (CL = 52.249) (Contr + Pier) (m):

Left Channel
3.88 10.81
[}0.21 0.63
3.92 10.51
17.08 185.30
18.33 26.47
0.21 0.53
20.83 162.21
25.62 23.73
0.6%0 0.680
0.70 0.73
Live Live

Circular cylinder
2.00
0.70000
5.79
0.27
1.00
0.00
10.80
1.00
1.10
7.56000
1.00

1.52
0.04
CSU equation

Circular cylinder
2.00

0.37000

6.55

0.45

1.00

0.00

10.80

CSU equation

Right

4.20
0.22
2.10

19.05
0.37

28.82
30.65
0.690

0.15

Live
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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

2.1.2. Bridge 04: Nam Thouay

1) Catchment area
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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

2) Rational Model

@ Rational Method

Display Units
Type: Basins v Metric v
Show: selected v

Parameters
Parameter Basin
Name 1B
Runoff Coeffident (C) 0.2500
Rainfall Intensity (I) 141,310
Compute I - IDF Curves l Compute...
Area (A) | 16585.39
Time of concentration (Tc) | 191.495

Compute Tc - Basin Data Compute...
Compute Tc - Map Data Compute...
Flowrate (Q) 475,791

Compute Hydrographs Compute...
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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) Cross Section output of bridge station

[ Cross Section Output = X
File Type Options Help

River: INam Thoay L] Profile: l 100 Years LI

Reach [1 ~] rs: [0 erU ~| 8|[®]pian: [Plan 01 ~]

Plan: Plan 01 NamThoay 1 RS: 100 BR U Profile: 100 Years

E.G. Elev {m) 155.99 | Element LeffOB | Channel | RightOB
Vel Head (m) 0.05 | Wt. n-val. 0.100 | 0.100 | 0.100
W.S. Elev (m) 155.94 | Reach Len. {(m) 10.80 10.80 | 10.80
Crit W.S. {m) 147.37 | Flow Area (m2) 60.70 | 386.67 | 41.51
E.G. Slope (m/m) 0.001224 | Area (m2) 60.70 386.67 | 41.51
Q Total (m3/s) 475.79 | Flow {m3/s) 50.83 394.69 30.27
Top Width (m) 62.12 | Top Width (m) 14.16 35.72 12.24
Vel Total (m/s) 0.97 | Avg. Vel. (m/s) 0.84 1.02 | 0.73
Max Chl Dpth (m) 14.32 | Hydr. Depth (m) 4,29 10.82 | 3.39
Conv. Total (m3/s) 13601.7 | Conv. (m3/s) 1453.2 | 11283.1 | 865.3
Length Wtd. {m) 10.80 | Wetted Per. (m) 16.39 77.57 | 13.80
Min Ch El (m) 141.61 | Shear (N/m2) 44,45 59.81 | 36,11
Alpha 1.03 | Stream Power (N/m s) 37.23 61.05 | 26.33
Frctn Loss (m) 0.01 | Cum Yolume (1000 m3) 6.82 52.42 | 7.20
C &E Loss (m) 0.00 | Cum SA (1000 m2) 2.60 4.92 1.98

4) Profile output table

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

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

Reach  [River Sta [Profile QTotal | Min Ch El |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) | (mfs) | (m2) (m)

1 200 100 Yearsp 475.79: 140.90 156.03 | 156,10 0.000683 1.28) 472.80| 79.22| 0.12
1 150 100 Years| 475.79 141.68 156.01 | 156,06 0.000618 1.07  498.59 80.48 0.11
1 110 100 Years| 475.79 141.61 155,86 147.37  156.00 0.000482 1.00  529.05| 67.40| 0.10
1 100 Bridge » ‘ »

1 90 100 Years| 475.79 141.61 155.91 | 155.96| 0.000489 1.00 526,05 67.28 0.10
1 50 100 Years| 475.79 141.53  155.88 | 155.93| 0.000524 1.05 517.58 8171 0.10
1 0 100 Years| 475.79 141,76 155.85 147.45/ 155.90 0.000570 1,100 48571 72.78 0.11
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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
5) Cross Section of Bridge
® NamThoay Bidge Plan Plan 01 9142023
165 t i) — i -
5
I
Staton (m)

6) Bridge Scour

Bridge Scour RS = 100

A

Elevation (m)

A 7
N\ 7V
N
i K 7
AN A
= pa

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): 3.07 3.80 1.90
Approach Velocity (m/s): 0.49 1.07 0.36
Br Average Depth (m): 4.29 10.82 3.3%
BR Opening Flow {(m3/s): 50.83 394.69 30.27
BR Top WD {m): 14.16 35.72 12.249
Grain Size D50 {mm): 1.87 0.83 0.07
Approach Flow (m3/s): 18.92 438.89 17.99
Approach Top WD {(m): 12.58 41.89 26.01
K1 Coeffident: 0.6490 0.690 0.690
Results
Scour Depth Ys (m): 2.35 0.00 1.60
Critical Velocity (m/s):
Equation: Live Live Live
Pier Scour
Pier: #1 {(CL = 46.76)
Input Data
Pier Shape: Circular cylinder

Results

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

Velodty 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 = 73)
Input Data

Results

Pier Shape:

Pier Width (m):

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

Velodty 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
1.26000
9.949
0.949
1.00
0.00
10.80
1.00
1.10
12,.70000
1.00

2.78
0.10
CSU equation

Circular cylinder
2.00
0.59000
9.62
0.83
1.00
0.00
10.80
1.00
1.10
7.45000
1.00

2.78
0.10
CSU equation
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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

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/fAe = Ve:
Froude #:
Equation:

Left Right
30.649 94.79
18.74 85.06
2.29 1.23
0.97 1.41
0.55 - Spill-through abutment
S0.00 S0.00
1.00 1.00
1.98 1.23
1.01 1.24
0.80 0.55
2.00 1.53
1.52 1.63
0.45 0.36
0.14 0.10
Froehlich  Froehlich
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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

2.1.3. Bridge 05: Houay Dong Kham

1) Catchment area

N

Houay Dong Kam_glev
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:
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|
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-
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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

2) Rational Model

- (L) Rational Method 4
Display Units
Type: Basins v Metric b
Show: selected -
Parameters

Parameter Basin Units

MName 1B

Runoff Coeffident (C) 0.2500 [Dimensionless]
Rainfall Intensity (I) 84.053 [mimhr]
Compute I - IDF Curves I Compute... I

Area (A) 420.00 [hectares]
Time of concentration (Tc) |46.052 [minutes]

Compute Tc - Basin Data
Compute Tc - Map Data
Flowrate (Q)

Compute Hydrographs

[cms]

Help... [ QK ] Cancel
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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) Cross Section output of bridge station

B8 Cross Section Output = X
File Type (&ions Help
River: |Houay Dong Kham _v_] Profile: |100 Years _"_l
Reach |1 ~| rRs: |00 BRU ~| 3|[®]ptan: [Pano1 |
Plan: Plan 01 Houay Dong 1 RS: 100 BRU Profile: 100 Years
E.G. Elev (m) 154.33 | Element LeftOB | Channel | RightOB
Vel Head (m) 0.00 | Wt. n-val. 0.150 | 0.100 |
V.S, Elev (m) 154.38 | Reach Len. (m) 10.80 | 10.80 | 10.80
Crit W.S. (m) 152,49 | Flow Area (m2) 1.14 26.50 |
E.G. Slope (m/m) 0.000368 | Area (m2) 1.14 26.50 |
Q Total (m3/s) 7.14 | Flow (m3/s) 0.08 7.06 |
Top Width (m) 17.65 | Top Width (m) 2.42 15.23
Vel Total (m/s) 0.26 | Ava. Vel. (m/s) 0.07 | 0.27 |
Max Chl Dpth (m) 2.74 | Hydr. Depth (m) 0.47 | 1.74
Conv. Total (m3/s) 372.2 | Conv. (m3/s) 4.4 367.8 |
Length Wtd. (m) 10.80 | Wetted Per. (m) 2.60 16.21 |
Min Ch El (m) 151.63 | Shear (N/m2) 1.59 5.90
Alpha 1.05 | Stream Power (N/m s) 0.12 1.57 |
Frcin Loss (m) 0.00 | Cum Volume (1000 m3) 0.15 | 3.54 0.05
C &E Loss (m) 0.00 | Cum SA (1000 m2) 0.29 2.04 0.16

4) Profile output table

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

HEC-RAS Plan: Plan 01 River: Houay Dong Kham 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
(m3/s) (m) (m) (m) (m) (mfm) | (mfs) (m2) (m)

1 200 100 Years 7.14: 151,41 154.42 | 154.43 0.000280 0.26 30.74) 22.17 0.06
1 150 100 Years 7.14 151.79| 154.40 154,41 0.000500 0.35/ 26.66 | 20.70 0.08
1 110 100 Years 7.14 15163 154.38 152,48 154.39| 0.000363) 0.27 27.78 17.68 0.06
1 100 Bridge ‘ ‘

1 90 100 Years 7.14, 15163 154.36 154,37 0.000375 0.27 27.45| 17.59 0.07
1 50 100 Years 7.14) 15155 154.35 154.35' 0.000347 0.25 29.04 18.69 0.06
1 0 100 Years 7.14 151,12/ 154.33) 152.06) 154.33  0.000290 0.26 31,00 23.55 0.06
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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

5) Cross Section of Bridge

Houay Dong Kham  Plan: Plan 01 9/14/2023

Elevation ()

6) Bridge Scour

Bridge Scour RS = 100

Elevation (m)

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
iContraction Scour
Left Channel  Right
Input Data
Averd e Depth (m): 0.79 2.12 0.59
Approach Velodty (m/s): 0.13 0.35 0.0%
Br Average Depth (m): 0.47 1.74
BR Opening Flow {(m3/s): 0.08 7.06
BR Top WD (m): 2.92 15.23
Grain Size D50 (mm): 0.39 0.41 0.43
Approach Flow (m3/s): 1.11 5.94 0.08
Approach Top WD (m): 11.05 8.00 1.65
K1 Coefficent: 0.640 0.640 0.590
Results
Scour Depth Ys (m): 0.00 0.00
Critical Velocity (m/s): 0.43 0.52
Equation: Clear Clear
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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

1) Catchment area

2.1.4. Bridge 04: Nam Ngiap

Page 31
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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
2) Rational Model
() Rational Method *

D?is;ﬂaf Units
Type: Basins e Metric
Show: selected o
Parameters
Parameter Basin Linits
Mame 1B
Runoff Coeffidgent (C) 0.2500 [Dimensionless]
Rainfall Intensity (1) 16.329 [mmfhir]
Compute I - IDF Curves I EnmEut-E_ I
area (A) [hectares]
Time of concentration {Tc) [minutes]

Compute Tc - Basin Data

Compute Tc - Map Data

Flowrate {Q) [cms]

Compute Hydrographs

Help... | Ok |
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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) Cross Section output of bridge station

Cross Section Output = X
File Type Options Help

River: lNam Ngiap _V_l Profile: |100 Years _V_]

Reach |1 ~| Rs: w0 BRU | 3|[®]pian: [Pano1 Re

Plan: Plan01 NamNgiap 1 RS: 100 BR U Profile: 100 Years

E.G. Elev (m) 152,93 | Element LeffOB | Channel | RightOB
Vel Head (m) 0.33 | Wt. n-val. 0.150 0.100 0.150
W.S. Elev (m) 152.60 | Reach Len. (m) 10.80 10.80 10.80
Crit W.S. (m) 147.18 | Flow Area (m2) 6.16 649.52 3.79
E.G. Slope (m/m) 0.007437 | Area (m2) 6.16 649.52 3.79
Q Total (m3/s) 1659.33 | Flow (m3/s) 2.96 1654.22 2.15
Top Width (m) 84.65 | Top Width (m) 7.47 74.35 2.83
Vel Total (m/s) 2.52 | Ava. Vel. (m/s) 0.48 2.55 0.57
Max Chl Dpth (m) 11.26 | Hydr. Depth (m) 0.82 8.74 1.34
Conv. Total (m3/s) 19241.7 | Conv. {(m3/s) 34.3 19182.5 24.9
Length Wtd. (m) 10.80 | Wetted Per. (m) 8.07 127.97 3.86
Min Ch El {m) 141.33 | Shear (N/m2) 55.68 370.14 71.55
Alpha 1.02 | Stream Power (N/m s) 26.74 942,68 40.61
Frcin Loss (m) 0.08 | Cum Volume (1000 m3) 1.10 86.99 0.68
C &E Loss (m) 0.00 | Cum SA (1000 m2) 1.03 10.15 0.44

4) Profile output table

ﬁ Profile Output Table - Standard Table 1

File Options Std.Tables Locations Help
HEC-RAS Plan: Plan 01 River: Nam Ngiap 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) | (mfs) |_(m2) (m)

1 200 100 Yearsf 1659.33: 142,42 153.15 153.31 0.001783 1.78) 941.61 113.47 0.19
1 150 100 Years| 1659.33 141,21 152,98 | 153.19 0.002398 2.04 836.47 118.55 0.22
1 110 100 Years| 1659.33) 141.12| 152,76 146.94 153.04| 0.003129 2.32| 72547 91.55 0.25
1 100 Bridge

1 90 100 Years| 1659.33] 141.12| 152,43 152,73| 0.003559 241 695.31 89.97 0.26
1 50 100 Years| 1659.33] 141.12| 152,22 | 152,54 0.003739 2,51 676.33 88.96 0.27
1 0 100 Years| 1659.33 142,59 152.05 147.01 152.34 0.003607 241 702.39 93.66 0.27
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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

5) Cross Section of Bridge

NanMgiap  Plan Plan 01 91472023

Elevaton (m)

6) Bridge Scour

Bridge Scour RS = 100

Elevation (m)
g

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): 0.79 8.89 1.19
Approach Velocity {m/s): 0.28 2.04 0.36
Br Average Depth (m): 0.82 8.749 1.39
BR Opening Flow (m3/s): 2.96 1654.22 2.15
BR Top WD (m): 7.47 74.35 2.83
Grain Size D50 {mm): 0.06 0.89 0.13
Approach Flow {(m3/s): 2.64 1650.00 6.69
Approach Top WD {m): 12.11 90.949 15.499
K1 Coefficent: 0.690 0.690 0.690
Results
Scour Depth Ys (m): 0.40 1.50 0.11
Critical Velocity {m/s):
Equation: Live Live Live
Pier Scour
Pier: #1 (CL = 32.77)
Input Data
Pier Shape: Circular cylinder
Pier Width (m): 2.00
Grain Size D50 (mm): 0.00000
Depth Upstream {(m): 4.36
Velocity Upstream {(m/s): 1.65
K1 Nose Shape: 0.00
Pier Angle: 0.00
Pier Length (m): 2.00
K2 Angle Coef: 1.00
K3 Bed Cond Coef: 1.10
Grain Size D90 (mm): 0.00000
K4 Armouring Coef: 1.00
Results
Scour Depth Ys (m): 0.00
Froude #: 0.25
Equation: CSU equation
Pier: #2 (CL = 52.97)
Input Data
Pier Shape: Circular cylinder
Pier Width (m): 2.00
Grain Size D50 {mm): 0.80000
Depth Upstream (m): 9.58
Velocity Upstream {(m/s): 2.35
K1 Nose Shape: 1.00
Pier Angle: 0.00
Pier Length (m): 2.00
K2 Angle Coef: 1.00
K3 Bed Cond Coef: 1.10
Grain Size D20 {mm): 3.40000
K4 Armouring Coef: 1.00
Results
Scour Depth Ys (m): 4.149
Froude #: 0.29
Equation: CSU equation
Pier: #3 (CL = 85.55)
Input Data
Pier Shape: Circular cylinder
Pier Width (m): 2.00
Grain Size D50 {mm): 0.83000
Depth Upstream (m): 11.62
Velocity Upstream {m/s): 2.69
K1 Nose Shape: 1.00
Pier Angle: 0.00
Pier Length {m): 2.00
K2 Angle Coef: 1.00
K3 Bed Cond Coef: 1.10
Grain Size D20 {mm): 6.60000
K4 Armouring Coef: 1.00
Results
Scour Depth Ys (m): 4.50
Froude #: 0.25
Equation: CSU equation
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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
Pier: #4 (CL = 111.762)
Input Data
Pier Shape: Circular cylinder
Pier Width {(m): 2.00
> Grain Size D50 (mm): 0.30000
Depth Upstream {(m): -0.52
velocity Upstream (m/s): 0.38
K1 Nose Shape: 1.00
Pier Angle: 0.00
Pier Length (m): 2.00
K2 Angle Coef: 1.00
K3 Bed Cond Coef: 1.10
Grain Size D320 (mm): 1.10000
K4 Armouring Coef: 1.00
Results
Scour Depth Ys (m):
Froude #:
Equation: CSU equation
Abutment Scour
Left Right
Input Data
Station at Toe (m): 13.73 130.80
Toe Sta at appr (m): 5.59 133.26
Abutment Length (m): 1.20 1.20
Depth at Toe {(m): 1.00 -2.56
K1 Shape Coef: 0.55 - Spill-through abutment
Degree of Skew (degrees): S0.00 90.00
K2 Skew Coef: 1.00 1.00
Projected Length L' (m): 1.20 1.20
Avg Depth Obstructed Ya (m): 0.35 0.36
Flow Obstructed Qe (m3/s): 0.20 0.26
Area Obstructed Ae (m2): 0.42 0.99
Results
Scour Depth Ys {(m): 0.67 0.73
QefAe = Ve: 0.93 0.59
Froude #: 0.26 0.31
Equation: Froehlich Froehlich
Combined Scour Depths
Pier : #1 (CL = 32.77) (Contr + Pier) (m): 1.50
Pier : #2 (CL = 52.97) (Contr + Pier) (m): 5.64
Pier : #3 (CL = 85.55) (Contr + Pier) {m): 6.00
Pier : #4 (CL = 111.762) {(Contr + Pier) {(m):
Left abutment scour + contraction scour {(m): 1.07
Right abutment scour + contraction scour {m): 0.85
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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

2.1.5. Bridge 05: Nam Xan
1) Catchment area

@ E:\PROJECT NR 13 S (26.06.2023)\HEC-RAS AND WMS for Report\07 Nam Xan 03.07.2023\WMS\07. Nam Xan'\Nam Xan wms ‘
o i :FI X T = =Y

- b -
b1} N’ B o o
A bV usiea007.07m
T el 148520.0004 mim="1,

", b ]
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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

2) Rational Model

@ Rational Method p 4
Display Units
Type: Basins v Metric v
Show:  selected v
Parameters
Parameter Basin Units
Name . 1B .
Runoff Coeffident (C) 10.1100 ‘ [Dimensionless]
Rainfall Intensity (I) 0 [mm/hr]
Compute I - IDF Curves l Compute... I
Area (A) 73933440 | [hectares]
Time of concentration (Tc) | 1457.666 ' [minutes]
Compute Tc - Basin Data Compute...
Compute Tc - Map Data Compute...
Flowrate (Q) 3396.523 [cms]
Compute Hydrographs Compute...
%O - “ w
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3) Cross Section output of bridge station

E Cross Section Output = X

| File Type Options Help

| River: IALIME_CROS l., Profile: l100 years l.l

%Reach [xANN11 ~] rs: [345 BRU ~]| 3|[®]eian: [pano1 ~]

i

|| E.G. Blev (m) 155.32 | Element leftOB | Channel | RightOB
Vel Head (m) 0.83 | Wt. n-val. 0.070 0.080 | 0.070
W.S. Elev (m) 154,50 | Reach Len. (m) 10.80 10.80 10.80
Crit W.S. (m) 150.43 | Flow Area (m2) 10.82 825.17 | 13.75
E.G. Slope (m/m) 0.012432 | Area (m2) 10.82 825.17 13.75
Q Total (m3/s) 3396.68 | Flow (m3/s) 22.29 3342.59 | 31.80
Top Width (m) 102.36 | Top Width (m) 6.59 88.93 6.84
Vel Total (m/s) 4.00 | Avg. Vel. (m/s) 2.06 4.05 2.31
Max Chl Dpth (m) 13.33 | Hydr. Depth (m) 1.64 9.28 | 2.01
Conv. Total (m3/s) 30463.5 | Conv. (m3/s) 199.9 29978.3 285.2
Length Wtd. (m) 10.80 | Wetted Per. (m) 7.36 166.54 7.86
Min Ch El (m) 141.16 | Shear (N/m2) 179.22 604.08 213.36
Alpha 1.02 | Stream Power (N/m s) 369.09 2446.97 | 493,53
Frctn Loss (m) 0.14 | Cum Volume (1000 m3) 9.14 364.04 36.31
C &E Loss (m) 0.01 | Cum SA (1000 m2) 2.98 37.88 16.22

4) Profile output table

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

HEC-RAS Plan: Plan 01 River: ALIME_CROS Reach: XANN11 Profile: 100 years

Reach  |River Sta [Profile QTotal | 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) | (m/s) (m2) (m)

XANN11 (600 100 yearsf 3396.68: 142,65 156.33) 156.59 0.001436 2.29| 1573.71 194.94 0.22
XANN11 [450 100 years| 3396.68 141.25  156.02 156.33 ' 0.001793 2,55 1452,51  200.00 0.25
XANN11 [355 100 years| 3396.68 141.16 154.86 150.05  155.51 0.004216 3.59| 96459 111.94 0.37
XANN11 |345 Bridge _ _ _ _ _

XANN11 [335 100 years| 3396.68 141.16| 153.69) 154,55 0.006563 411 836.48 107.21 0.45
XANN11 [250 100 years| 3396.68 139.97| 153.34 153.94 0.003746 3.49| 1018.12] 134.36 0.35
XANN11 [150 100 years| 3396.68 141.54 152,99 153.56 0.003581 3.48 1084.82] 155.58 0.35
XANN11 [0 100 years| 3396.68 140.07 151.87 148.23 152,76  0.006312 430 865.37 142.45 0.45
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5) Cross Section of Bridge

2an_up  Plan Plan 01 9/14/2023

o
1

K
ot 08

Elovanion (m)

stston (m)

6) Bridge Scour

Bridge Scour RS = 345

Elevation (m)

Station (m)
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EContraction|=cour
>3 Left Channel Right

Input Data
Average Depth (m): 1.75 11.02 2.68
Approach Velodty (m/s): 0.86 2.55 1.13
Br Average Depth (m): 1.64 3.28 2.01
BR Opening Flow {(m3/s): 22.29 3342.59 31.80
BR Top WD {m): 6.59 83.93 6.84
Grain Size D50 {mm): 0.81 0.00 0.50
Approach Flow (m3/s): 45.37 3182.11 168.20
Approach Top WD (m): 30.81 113.492 55.77
K1 Coeffident: 0.6490 0.590 0.6490

Results
Scour Depth Ys {(m): 0.87 0.45
Critical Veloaty (m/s): 0.63 0.58
Equation: Live Live

Pier Scour

Pier: #1 (CL = 29.845)

Input Data

Pier Shape: Circular cylinder

Results

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 D30 {mm):
K4 Armouring Coef:

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

Pier: #2 (CL = 50.345)
Input Data

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:

2.00
0.00000
7T 84
2.85
0.00
0.00
10.80
1.00
1.10
0.00000
1.00

0.00
0.33
CSU equation

Circular cylinder
2.00
0.00000
11.67
3.85
0.00
0.00
10.80
1.00
1.10
0.00000
1.00

0.00
0.37
CSU equation
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Pier: =3 (CL = 76.743)
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 D90 (mm):
K4 Armouring Coef:

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

Pier: #4 (CL = 103.19)
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:

Combined Scour Depths

Pier : #1 (CL = 29.945) (Contr + Pier) {m):
Pier : #2 (CL = 50.345) (Contr + Pier) (m):
Pier : #3 (CL = 76.743) (Contr + Pier) (m):
Pier : #4 (CL = 103.19) (Contr + Pier) {m):

Circular cylinder
2.00
0.01500
12.39
4.05
1.00
0.00
10.80
1.00
1.10
0.21000
1.00

5.41
0.37
CSU equation

Circular cylinder
2.00
0.49000
S.80
2.51
1.00
0.00
10.80
1.00
1.10
5.11000
1.00

4.07
0.31
CSU equation

Page 42



Hydrology Report

(weazg dnisHT £00°0- [ CA0'ZKL [ SOT'bT [OSL'ERL  OSreRl  |[SWOREE| 9971281 | <€ ﬂ 06'8L=00'92+06°97+00°9C ¢ auoq] urmy e
fwwang dnish 1000 | BLITEL | OBT'IST | DIGUEL | 08E°94] 99'LL | 29T | 167941 0967 I yay fenoy 264006 | ©1
(wwang dniSHT 610'0- | ISUIEL [ oog'rer | 0LZ'Skl | OLT'SH! LS'E8RL | 117 | 98°Chl 00"+ T1=00"6E +00"9F+00°6¢ £ unoquIy umy oob+s8z | z1
(urvang dnisH e | ooeest | tieoor | vokzst | sopLer creva | sz OF'8L=00°92+04'92+00'9L : il L
(rvang dpigH gov'0- | Ozoest | £80'00T | Bzotzst | eroust PS01 | 16T | TS eoe 1 Strug uney s61+16z | ot
(wrvang dnisH 0800~ | DDO'9SI | 0S0'0T | IBT'EST | 18T ECl crube | 11 | eszet 06'09-0€ 0T +0C 0T+06°0C : Sy I
fureang dnigi 000'0 | OZI'SST | OCT'SST | LEI'SSD | LZI'SSI ozt | g0 | 9czer ez 1 | weBunoqurey kmon | ogiesoz | @
[wvang umoqlgHY | 8ET'0- | GOONST | LE6'SQT | GE9'SST | 7eOGST | SEEEL | 7S'96EE | SO0 [ O b1I=04 0C+0 97+0F 9T+0FOT+0F 0T | & trw turey wasart | 2
(wvang usoqigHY | 1€'0- | BIGEST | BEL'6QT | EEI'9SK | ETIOSI | BOWEL | SE'6SOT | SST | 9LTS1 | OZI=0b'0Z+0b'IT+0b'IT+0H'IT+0H 0L | 6 duidy wey 00z+0%1 | 9
[wreang dnigH 118°0° | bLFGST | ©B6'68T | OBI'ZSI | reo'sSt | RIMSE | 1S+ | L20 | e6°481 008 1 wowpy Suop Avnoy | pegsezt | ¢
uwang usoish | EHT'0- | EOI09T | SH'0OT | OBETLSL | 189051 | REUSL | 6Ll | Z0T | 96 06'2L=0€ 9T +08'97+0€'0C £ ooy, uroy veeter |
(wwang umoqSHY | €OT'0 | ZSE'091 | CpS'0OT | OFOUST | HIG0ST |SROUEE| 98°1IT | L90 | SC94I 0§ '6L=0%"9Z+08'9T+05'9T £ duy ey BEO+LIT | €
lwoang dniSHT | ggy'g- [ 695091 | gog'Tor [O091'8SH | L6k iS (SOEESEN eerk | LT | bl 06'8L=0F 9T+0€ 92 +0€ 9 £ o wmy 0681601 | ©
[urvang umoQISHY | TL0'T- | DBO'IOT | TTT'ZOT | 902661 | 900691 | LEWEL | 161ST | 601 ~ 01'29=08°0+06 9 +0£°0C ¢ Sunp wey el
&l bl £l 4 1 01 6 § L g g R : 3 _
(1] [t} ) 1) ) _.5 /cu) | (s Tl
(pooste nid
BN .ﬁ o WHH“. of | dwope | parepdn) uedg .
adpug wm—&p& _.wqu-_.“_ -nﬂui eouwug X .H“a 1831130] O oSy | Aoy | My () yuswafuesty wedg wﬂ swrey apug | uonw)s ._M
ERLEO) I | —
TAH

'€C0T 1940300 { U0 pazfreuty
(¥ad ov1) SSTAN NO SFDANNE +T ¥OJ TIATT YALYA LSTHOIH J0 AAVINAS

SUMMARY OF HIGHEST WATER LEVEL FOR 14 BRIDGES ON NR 13 (LAO PDR)

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

Page 43

0
W
W



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

o, S o —— Total Scouring Depths (m)
(Kam) A PL | P2 | P3 | P4 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 |1 1214959 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 5.64 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 1.92
9 | 217+578 Houay Deua?2 Bridge 2.57 2:51 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.
- P 1,2,3,4 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
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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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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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Hydrology Report

3.2. The process of peak water level occurred at Paksane and Thakhek stations in 2008

15/06/2008
16/06/2008
17/06/2008
18/06/2008
19/06/2008
20/06/2008
21/06/2008
22/06/2008
23/06/2008
24/06/2008
25/06/2008
26/06/2008
27/06/2008
28/06/2008
29/06/2008
30/06/2008
01/07/2008
02/07/2008
03/07/2008
04/07/2008
05/07/2008
06/07/2008
07/07/2008
08/07/2008
09/07/2008
10/07/2008
11/07/2008
12/07/2008
13/07/2008
14/07/2008
15/07/2008
16/07/2008
17/07/2008
18/07/2008
19/07/2008
20/07/2008
21/07/2008
22/07/2008
23/07/2008
24/07/2008
25/07/2008
26/07/2008
27/07/2008
28/07/2008
29/07/2008
30/07/2008
31/07/2008

UY/06/2008
10/06/2008
11/06/2008
12/06/2008
13/06/2008
14/06/2008

8.61
8.8
9.11
9.75
10.51
10.61
9.85
9.3
8.81
8.44
8.26
8.12
8.01
7.84
7.55
7.44
2.7
8.15
8.9
9.1
8.83
8.59
8.63
8.88
9.31
9.9
10.69
10.93
11.2
11.15
10.77
10.34
10.29
10.86
1131
11.99
12.55
12.77
12.83
12.78
12.64
12.38
12.3
12.45
12.58
12.62
12.86

7.86
772
7.49
7.36
7.46

8.2

8,
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G
DECIL
01/08/2008  13.08 @z%m% LBEHIBECS

02/08/2008 13.09 s
03/08/2008 13.05

04/08/2008 13
05/08/2008 13.06
06/08/2008 13.1

07/08/2008 13.06
08/08/2008 13.06
09/08/2008 13.18
10/08/2008 13.18
11/08/2008 13.42
12/08/2008 13.95
13/08/2008 14.35
14/08/2008 14.64
15/08/2008 14.75
16/08/2008 14.8
17/08/2008 14.77
18/08/2008 14.6
19/08/2008 14.3
20/08/2008 14.03
21/08/2008 13.78
22/08/2008 13.56
23/08/2008 13.43
24/08/2008 13.33
25/08/2008 13.2
26/08/2008 12.97
27/08/2008 12.74
28/08/2008 12.52
29/08/2008 12.25
30/08/2008 12.06
31/08/2008 11.98
01/09/2008 11.96
02/09/2008 11.99
03/09/2008 12.13
04/09/2008 12.23
05/09/2008 12.23
06/09/2008 12.14
07/09/2008 12.17
08/09/2008 12.33
09/09/2008 12.46
10/09/2008 12.51
11/09/2008 12.47
12/09/2008 12.42
13/09/2008 12.37
14/09/2008 12.25
15/09/2008 12.08
16/09/2008 12.01
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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

EAE PEC
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foy amgm———" B, .

15/06/2008  8.07 k%gﬁ%ﬁ,wl@ LERIECIL
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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Hydrology Report

01/05/2008
02/05/2008
03/05/2008
04/05/2008
05/05/2008
06/05/2008
07/05/2008
08/05/2008
09/05/2008
10/05/2008
11/05/2008
12/05/2008
13/05/2008
14/05/2008
15/05/2008
16/05/2008
17/05/2008
18/05/2008
19/05/2008
20/05/2008
21/05/2008
22/05/2008
23/05/2008
24/05/2008
25/05/2008
26/05/2008
27/05/2008
28/05/2008
29/05/2008
30/05/2008
31/05/2008
01/06/2008
02/06/2008
03/06/2008
04/06/2008
05/06/2008
06/06/2008
07/06/2008
08/06/2008
09/06/2008
10/06/2008
11/06/2008
12/06/2008
13/06/2008
14/06/2008

2.46
2.47
2.56
2.71
2.83
3.03
3.23
333
3.39
341
3.45
3.45
3.38
3.34
3.39
3.46
3.48
3.42
3.56
3.57
3.51
3.55
3.49
3.36
3.38
4.13
4.15
4.17
4.27
4.59
4.58
4.55
5.07
5.29
5.67
5.80
6.25
6.54
715
7.83
1771
7.65
7.29
7.07
7:33

16,00
14.00
12.00
10.00
8.00
6.00
4,00
2.00 °

0.00
01/05/2008

Thakek year: 2008

01/06/2008 01/07/2008  01/08/2008

oy

01/10/2008
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01/08/2008 12.03
02/08/2008 12.18
03/08/2008 12.22
04/08/2008 12.20
05/08/2008 12.19
06/08/2008 12.30
07/08/2008 12.35
08/08/2008 12.38
09/08/2008 12.52
10/08/2008 12.58
11/08/2008 12.58
12/08/2008 13.01
13/08/2008 13.33
14/08/2008 13.57
15/08/2008 13.69
16/08/2008 13.75
17/08/2008 13.76
18/08/2008 13.70
19/08/2008 13.56
20/08/2008 13.33
21/08/2008 13.07
22/08/2008 12.79
23/08/2008 12.56
24/08/2008 12.36
25/08/2008 12.25
26/08/2008 1231
27/08/2008 11.93
28/08/2008 11.70
29/08/2008 11.45
30/08/2008 11.23
31/08/2008 11.06
01/09/2008 10.96
02/09/2008 10.91
03/09/2008 10.94
04/09/2008 10.98
05/09/2008 11.09
06/09/2008 11.03
07/09/2008 11.00
08/09/2008 10.94
09/09/2008 10.96
10/09/2008 10.99
11/09/2008 10.99
12/09/2008 10.94
13/09/2008 10.91
14/09/2008 11.02
15/09/2008 11.08
16/09/2008 11.02
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17/09/2008 10.88
18/09/2008 10.69
19/09/2008 10.45
20/09/2008 10.29
21/09/2008 10.24
22/09/2008 10.14
23/09/2008 9.97
24/09/2008 9.76
25/09/2008 9.54
26/09/2008 9.39
27/09/2008 9.27
28/09/2008 9.08
29/09/2008 8.87
30/09/2008 8.98
01/10/2008 9.79
02/10/2008 10.05
03/10/2008 10.11
04/10/2008 9.80
05/10/2008 9.45
06/10/2008 9.23
07/10/2008 8.98
08/10/2008 8.74
09/10/2008 8.61
10/10/2008 8.61
11/10/2008 8.58
12/10/2008 8.39
13/10/2008 8.22
14/10/2008 8.01
15/10/2008 771
16/10/2008 1.55
17/10/2008 7.37
18/10/2008 7.24
19/10/2008 7.05
20/10/2008 6.86
21/10/2008 6.83
22/10/2008 6.84
23/10/2008 6.63
24/10/2008 6.48
25/10/2008 6.34
26/10/2008 6.22
27/10/2008 6.12
28/10/2008 6.07
29/10/2008 6.15
30/10/2008 6.26
31/10/2008 6.32
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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)
160.0
140.0 !
T‘¥‘ Tr=100Y
120.0
® ' A\f - T=50Y
a . 3 P,
ﬁ S A e Tr=25Y
[ . 3 A VAN Pd
* ‘/7
£ 80.0 TN v Tr=10Y
& - INGT A Tr=5
8 N TS
3 60'0 —n 4 . V.
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B = s
£ 400 — }
ﬂ o— 1
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20.0
0.0
50 100 150 200
During t in minute
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> b
@ ) [ ©
2;33(;;;33&05&)1! Ue’l@ma:\ﬁﬁ (84
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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\
- - T=100Y |
160.0 “‘ =
\n fT=50v |
=
140.0 A A
g AT Y e
|8 A Y P4
2 120 0 :‘ ‘\ A //
2 ’ - {Tr=25Y |
E e
£ 100.0 -\ -
2 Y Tr=10Y |
3 80.0 AN N A W T=5Y
£ & B /
£ 600 =TS
E : - ’/ i\.“ A ———
40.0 [
200
0.0
0 15 30 45 60 75 90 105 120 135 150 185 180 195 210 225 240
During t in minute

Page 58



Hydrology Report

Page 59

0091 00zt 008 0ov 0
A 009T 00¥T 00ZT 000T 008 00 002 0
.............. o O O
............................ . 0z
0°0S o
sev-0XE 86 = A 1eaA 0T=N Q 09
& 0001 60 XEEEY = A S1BBA QT = N 08
<o XT¥'919 = A eah gz=N P
¢ - c0X0'9EG = A:sieah gz = N 00T
) - . 00ST ozt
50XL8'00L = A ue3h 05=N s0XP'609 = A :s1eak 05 = N obT
<o X€6°£8L = A L1e3A 0OT=N W OREE s0XT'589=A:siedA 00T =N s
(y/uwaw) | (y/wiw) | 08T
0°0SsZ 00Z
CET (4] S'8T L0 (0] 44 STT vt 9L 8T (0] 474"
£LE 6'SY €S L'8S 08T Ve 6'6€ S'SYy TS 08T
LSy ¢9S T'v9 6'TL oct L'6€ 6’87 £S5 S'?9 ozt
S'v9 S'6L 9'06 S'10T 09 1'9S 169 8'8L £'88 09
€16 SCIT 1'8CT 9'EVT 0€ V6L 8'L6 /a1y’ 6'veT (013
0'6CT 0'6ST T'18T C'E0C ST [a4n: €'8ET S'LST L9LT ST
0T SZ=N 0S=N 00T=N (uiw)) 0T=N SZ=N 0S=N 00T=N (uiw)y
(s1eaA N “uiwi )y = (y/ww)x ? (sseaA N “uiwi])) = (y/ww)x ’

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

(%S [+) uonIpuOd dJURYD dJLWI]) UONIPUOD [BULION
SAAYND ADNANOTIA - NOLLVINA - ALISNALNI TTIVANIVY - 4'A’]

NOILVLS MAHMVHL
BEEYIN




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

Consultancy Services - Detailed Design for Upgrading of 14 Bridges
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Flooding Level Site Observations on 7-8 September 2023

3. Nam Kap Bridge, KM 117+038.
e Vientiane [/ Aside.
- Interviewee: Mr. Sombath Southduangmala; age: 58 years, Phone no: 020 9960 5950
- Village: Nong keun; District: Thaphabath; Province: Bolikhamxay.
- HWL: 156.655 m (VTE / A side). Flooding year: 2018-2019.
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e Pakxan / B side.

- Interviewee: Mr. Siphay; age: 74 years, Phone no: 020 5659 8156
- Village: Nong keun; District: Thaphabath; Province: Bolikhamxay.
- HWL: 156.918 m (PX / B side). Flooding year: 2018-2019.
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- - \
LAO TRANSPORT ENGINEERING CONSULTANT (LTEC) @ ) SR

INUNDATION INTERVIEW SHEET

Project Name:.. 14. Bf"($3 Lh.. NRG S TS RN l\,
Date... 7‘ Lw’( ZO‘US .Sheet no.. 4/ 1 e
Station... KP’\. /\{‘*‘\‘m T O

Bridge Name:... N 17/ WI( & ph 34
Interviewer:..MWﬁ!)e\. LInterviewee:. quf &m:o?i:h Y V- LN, <~ "SRR Years,

VIIIageNDYlﬁKMVL.D'stncth\AM s PTOVINCES.. %L‘ w‘“’"%ﬁ

Road/Deck bridge Ievel“'o.ggz.:m, fre@board:.... . eevecicsierensatiacenMe

Annual water level [vear).zpfg’msm Lowest water leveli.. ... M.

Highest water level.....uerreenner A0 68S.m. C \HE)
A56.918 ( Px) G

%:KQWQ from mé(c?nj_mriw

Flooding Reasons:

...........................................................................

Comments:

..................

47 M¢. Yondnuan dam

INTERVIEWEE INTERVIEWER
(L Ly Me. § houdony M Sregk
5w g 1

56598156 o -

i SOON |/
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4, Nam Thoay Bridge, KM 121+952.

e Vientiane / Aside.

- Interviewee: Mr. Phou nguen;age: 67 years, Phone no: (no have)

- Village: Pak Thoay; District: Pakxan; Province: Bolikhamxay.
- HWL: 156.333 m (VTE / A side). Flooding year: 2018-2019.
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éﬂ';, Pakxan / B side.

- Interviewee: Mr. Khamkhong Chanthavongsa; age: 58 years, Phone no: 020 5508 3818
- Village: Pak Thoay; District: Pakxan; Province: Bolikhamxay.
- HWL: 156.681 m (PX / B side). Flooding year: 2018-2019.
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Project Name:..... 4 Bﬂa?ﬁ"s On.. . NB3S . s
Date.ccer on SLELINDECTRTR.....Sheet 10...c A sissssssinms
station:....... (M. 424 £.952....
Bridge Name:.. Noam. Thoag» 7 L — —
lnterwiewer:...El“""j Wa"& .Interviewee:.... .br mf...thWAge ......... G Years,
Village: Pa“"vt.o.a{j District:...... YA ERAN Province:.. P’Ol&\d\am)fﬂﬁ

Road/Deck bridge level160‘103m, freeboard . i i

Annual water level (war)u{g"u{ﬁﬁ_m Lowest water level...........ccreecevaaenrenn. M.
Highest water level"s“’"z%&m C \ITE“)
1¢6.681  C Px)

Peel. Eood  from Mdlong Nyec

Flocding Reasons:

Comments:

....................................

TR B B B b
1/ Mr. Kennuan dam INTERVIEWER
2/ M. Vhouvens. ,Ll }

99y Phoutsavant
62528839
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5.  Huay Dong kam Bridge, KM 123+850.

e This bridge was a minor bridge, we took only one at B side.

- Interviewee: Mr. Link; age: 42 years, Phone no: (no have)

- Village: Pak Thoay; District: Pakxan; Province: Bolikhamxay.
- HWL: 155.632 m (PX / B side). Flooding year: 2018-2019.
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Hydrology Report
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6. Nam Ngiap Bridge, KM 121+952.

e Vientiane / Aside.

-HWL: 156.123 m (VTE / A side). Flooding year: 2018-2019.

- Interviewee: Mr. Phet Luanglatbandith; age: 59 years, Phone no: 020 5585 2021
Mr. Sithpaserth Luanglatbandith; age: 50 years, Phone no: 020 2303 1947

- Village: Koay oudom; District: Pakxan; Province: Bolikhamxay.
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e Pakxan / B side.

- Interviewee: Mrs. Khamkong ;

- Village: Koay oudom;

District:

age: 64 years, Phone no: 0202927 9856

Pakxan;

- HWL: 156.085 m (PX / B side). Flooding year: 2018-2019.

Province: Bolikhamxay.
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7.  Nam Xan Bridge, KM 146+642.

e Vientiane / A side.
- Interviewee: Mr. Phuangkeo Manivong; age: 73 years, Phone no: 030 913 8769.
- Village: Phonxay Neua; District: Pakxan; Province: Bolikhamxay.

- HWL: 155.166 m (VTE / A side). Flooding year: 2018-2019.
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e Pakxan / B side.

- Interviewee: Mr. Sivixay ;

- Village: Phonxay Neua;

age: 64 years, Phone no: 0209803 9126

District:

Pakxan;

- HWL: 155.632 m (PX / B side). Flooding year: 2018-2019.

Province: Bolikhamxay.
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