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1. Introduction 

1.1 Introduction/Background of the JICA Project 

The Project for Capacity Building for Sustainable Natural Resource Management (hereinafter 
referred to as “FDSNR”),” started in June 2018 in accordance with the Record of Discussion 
(R/D) agreed upon by the Forestry Department (FD) under the Ministry of Natural Resources 
and Environmental Conservation (MONREC) and JICA in December 2017. The main objective 
of FDSNR is to strengthen the national capacity for sustainable natural resource management 
by implementing three components: namely 1) improvement of management capacity of forest 
administration, 2) enhancement of integrated watershed management in Inle Lake watershed, 
and 3) development of scientific basis for biodiversity conservation.  

Each component has different purposes and is aimed at different target groups. Component 2 
is specifically aimed at strengthening and improvement of integrated watershed management 
of Inle Lake watershed to reduce the influx of suspended sediment and eventually improve the 
natural environment of Inle Lake. The first phase of Component 2, aimed at the collection of 
baseline data for scientific assessment and determination of effective measures for integrated 
watershed management, has been implemented from March 2019 to August 2020. As part of 
the first phase activities, potential measures for gully erosion control and sustainable land and 
forest management were put into trial in the field.  

The second phase of Component 2 is scheduled to start in July 2020 with an aim to implement 
the determined measures and enhance the capacity of government officials of relevant 
departments, such as FD, IWUMD, and DOA. This document was drafted as proposed 
Topographical measurement by UAV and use for soil erosion control. It is expected that the 
methods described in this document will contribute to protect water quality in Inle Lake. 

 

1.2 Objectives of the document 

The main objective of this document is to measure topography and control soil erosion, and to 
use the information to protect water quality in Inle Lake in the future. 

This document shall be further reviewed, revised and refined over through field application in 
the 2nd phase, so that the JICA Project Team could formulate a set of technical guiding 
documents for effective implementation of topographical measurement by UAV and use data 
derived using UAV for soil erosion control in the entire watershed area of Inle Lake.  

 

1.3 Targets of the document 

This document basically targets the members of technical officials of FD and DoA concerned 
with the watershed area of Inle Lake. Once the document will be revised and refined through 
field application in the 2nd phase of Component 2 and finalized as a field manual for 
introduction of topographical measurement by UAV, the same could be used as a common 
technical guideline for technical officials of FD and DoA in not only Shan State but also other 
states and regions.  



 

1.4 Composition of the document 

The document comprises of 3 chapters. Chapter 1 introduces the background of the project as 
well as the document. Overall process and detailed procedures for introduction of topographical 
measurement by UAV and use data derived using UAV for soil erosion control are described in 
Chapter 2. Finally, Chapter 3 indicates the technical guideline to be applied in the introduction 
of agroforestry model.  
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2. Detailed procedures for topographical measurement by UAV and 
use for soil erosion control 

2.1 Overall process of topographical measurement by UAV and use for soil 
erosion control 

The work flow of the application of UAV for countermeasure to soil erosion is described in Figure 
1. 
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Figure 1: Flow chart of application of UAV for countermeasure to soil erosion  

<Interval period>  
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Following items are process of application of UAV for countermeasure to soil erosion. 
i. Select the area including the candidate site for soil erosion countermeasure.  

ii. Video recording by UAV in the selected area. 
iii. With stakeholders, consider and decide the location where countermeasures will be taken 

using video of the area recorded by UAV 
iv. Shoot photographs with UAV and create ortho photos and Digital Terrain Model (DTM). If 

the result is insufficient in accuracy, shoot photographs and create ortho photos and DTM 
again. 

v. Make a design of check dam using ortho photos and topographic DTM data. 
vi. Since it takes time for the effects of the check dam to be appeared, set an interval period. 

Wait at least one rainy season has passed. 
vii. Shoot photographs with UAV and create ortho photos and DTM again. If the result is 

insufficient in accuracy, measure and create again. 
viii. Estimate the amount of sediment stopped from the topographic data before and after the 

check dam was created and evaluate the effect. 
 

The flow of general UAV photography/video shooting and spatial data generation is shown on 
Figure 2. This flow is a part of “UAV flight and video recording on target area ” , “UAV 
flight and data generation”, and “UAV flight and data generation for effect 
evaluation of structure” in Figure1. Through this process, spatial information such as aerial 
photos, movies, ortho photos and terrain data such as digital surface model will be created. 
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Such processing yields several forms of spatial data. In this application, video data, ortho photo 
and DTM are used. 
 

2.2 Procedure of work 

2.2.1  Selection of target area 

In the first step, select the areas where outbreaks such as gully erosion are recognized. Where 
soil erosion is occurring should be selected for the target area. 
Interviews with CPs and residents are effective information to know the location and history how 
it was developed. Figure 3 shows an example of gully erosion around Inle Lake area. 

 
Figure 3 Example of gully erosion around Inle Lake area 
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Figure 2: General flow of spatial data generation using UAV 
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It is also useful to interpret high-resolution satellite images to select the areas with gully erosion. 
Figure 4 shows an example of gully erosion deciphered from satellite images. 
 

 
Figure 4 Example of grasping the rough distribution of gully erosion 

 from satellite image (near Kalaw) 
 

2.2.2  Flight planning 

For UAV photography/video shooting, it is necessary to determine the area to be shot and set 
flight course, flight altitude, speed, shooting interval, etc. according to the purpose. For the first 
step, it is necessary to determine the target area of data acquisition. 

 
The general points to note about the main parameters of UAV photography flight are as follows. 

 
 The higher the flight altitude, the larger the area per photo and the easier it is to secure a 

wide lap ratio between photos. However, caution is required because the UAV flight 
altitude may be regulated by law in some countries. It should also be noted that at higher 
altitudes, wind speeds are often stronger than on the ground. 

 The slower the moving speed, the easier to secure a wide lap ratio. However, due to the 
limited capacity of the battery, the flying time is not so long. Therefore, if the moving 
speed is slowed down, the range that can be photographed in one flight will be narrowed. 

 It is easier to secure a wide lap ratio by flying while shooting with a short shooting interval 
setting. However, the shooting interval is depending on the UAV model, the installed 
camera, and the control software. 

 If the captured picture does not contain many characteristic points as an image, the number 
of tie points that can be automatically extracted to take the ground position may be 
insufficient and the model, such as digital surface model (DSM), may not be created. 
There are cases where erroneous extraction points occur frequently and a model cannot 
be created. 

 Ideally, the overlap ratio between photos is close to 90%. Models may not be created if 
the overlap is less than 70%. 
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It is necessary to make a flight plan while comprehensively considering the above items. 
Depending on the local conditions at the time of shooting, it may be necessary to consider to 
change the plan in advance in order to ensure safety and obtain better photos and videos. 
UAV course setting support software exists that automatically calculates other setting conditions 

for the UAV's flight course, altitude, speed, etc., once certain parameters are set. Software that 
works in conjunction with automatic flight is particularly useful. It is advisable to investigate the 
characteristics of each software and select the software to be used, taking into account the purpose 
of the shooting and the terrain conditions of the target area. Figure 5 shows a screenshot of a 
flight plan created using the DJI GS Pro provided by DJI. When the area to be photographed is 
specified, the optimal course can be set up automatically. 

 

 

Figure 5 UAV flight planning using DJI GS Pro 
 

2.2.3  Flight preparation 

Before flying and measuring by UAV, it is necessary to confirm that UAV and related equipment 
are in fine condition. The following points should be confirmed before flight; 
 
 For UAV: power-on test, controller connection test, check for no abnormalities such as 

external damage 
 For Battery: Check charged status of batteries until 100%, check for deformation and 

abnormal heat generation 
 For controller: Check charging status (for rechargeable controller), check if there is no 

problem in operation 
 For Software: Confirm that the software/firmware is updated 
 For other equipment: Confirmation of operation of tablet for control, confirmation of 

start/update of related software, confirmation of carrying equipment such as anemometer 
and spare parts (propeller, etc.) 
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2.2.4  UAV Flight, data acquisition and 3D modeling 

On site, it should fly while monitoring the surroundings and checking the safety.  
The flight and observation of the UAV will provide video and photographs. The video data will 
be useful for reviewing and building consensus with Stakeholders and CPs on where to 
implement soil erosion control measures. 
The photographs will be taken directly underneath the UAV while flying on an appropriate course, 
similar to manned aerial photogrammetry by usual aircraft. In the case of a manned aircraft, it is 
needed to be turned and reverse its direction when starting the next course. UAV is differ in that 
they can slide sideways to start the next course without turning, and this method allows the UAV 
to use electric power and flight time for photography more effectively. 

   

Figure 6 Difference of observing direction between manned aerial aircraft and UAV (multi copter) 

 

To set the flight course for the area of interest to be photographed, each course 
should be spaced equidistantly and parallel to each other. In the case of flat terrain, 
the course is set up in such a way that a set of photographs is taken to cover the 
area of interest in a plane. On the other hand, for built-up areas and very rugged 
terrains, it is recommended to take two sets of photos that cover the area of interest 
in an orthogonal direction just as shown on Figure 7. 

 

Figure 7 Two patterns of course setting of UAV photography 
             Left: case of flat terrain  Right: build-up area and very rugged terrain 

 
The photographic image is then processed by the modeling software to produce ortho photos, 

Digital Terrain Model, point cloud data, etc. Figure 8 shows photos taken by the UAV and loaded 
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into the Pix4D Mapper software. The model creation process is being performed in the software. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 3D model processing using “Pix4D Mapper” software 
 

2.2.5  Selection of targets point for countermeasure  

Actually identify the check dam installation point from the target area. At this time, it is 
necessary to form an agreement on the installation site while exchanging opinions with 
stakeholders. It is effective to use a video shot of the target gully erosion occurrence area by 
UAV, and it is possible to avoid the occurrence of discrepancy that to recognize about the site. 
Figure 9 shows an example of video data of a gully erosion occurrence area captured by UAV. 

 
Figure 9  Example of video image of gully erosion area recorded using UAV 

 

 

Photos aligned in flight positions (green),

and converted ground positions (blue) Photos by UAV Point cloud
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2.2.6  Design of plan for check dam construction 

For the design plan for check dam construction, detailed image data and terrain information are 
required. Products of UAV observation should be used for this objective. 
 
As shown in Figure 2, it is possible to create detailed ortho photos and topographic data from 
aerial photographs taken by UAV. The ortho photo can be used as detailed horizontal information 
of the gully occurrence area. This is an important information for designing where to install the 
check dam. Figure 10 shows the example of the check dam using UAV ortho photos.  

 
Figure 10 Example of plan of check dam placement on ortho photo derived using UAV 

 
In addition, since the topographic data can be used as information about the vertical cross section 
at the planned check dam installation site, it is useful information that serves as a guide for 
determining the height of the check dam. 
Figure 11 shows that the undulations of the ground surface can be obtained from DTM data 
developed with the photos taken by UAV. It shows that detailed spatial data can be created 
together with UAV ortho photo. 
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Figure 11 Ortho photo and cross section of terrain (DTM value) derived using UAV 
 

2.2.7  Civil engineering work 

An example of the check dam installation plan is shown in Figure 10. The information obtained 
from UAVs will be effective data for streamlining the work of the measurement and check dam 
design on site. It will be also a powerful tool for explaining the construction outline to 
stakeholders and obtaining their consensus. 
 

2.2.8  Evaluation of effect of structure 

After the construction of the check dam is completed, it is necessary to monitor it for a certain 
period of time to see if any problems such as damage have occurred. It is also necessary to 
evaluate the sediment runoff control function. The gully area where the check dam was 
constructed can be monitored by performing UAV measurement again and comparing it with the 
data before construction. Therefore, it is recommended that measurement and data creation by 
UAV be performed after a certain period of time has passed after completion. 
By comparing images by ortho photos, it is possible to confirm the range of the sediment outflow 
control effect. It is also possible to make a trial calculation of the amount of sediment deposited 
due to the suppression of sediment outflow by comparing the old and new DTMs. 
 



10 

2.3 Points to note 

As mentioned above, it has become possible to construct detailed spatial information with UAV. 
It is expected that the practical use of such data will become more and more widespread in the 
future, and it is expected that more extensive data with higher accuracy will be easily obtained, 
which will realize UAV with followed processes to be a more efficient comprehensive tool such  
as soil erosion countermeasures. 
 
There are at the moment limits to the data available from UAV at this time. The position accuracy 
and height accuracy are not sufficient for civil engineering design and construction. Regarding 
position accuracy, there is a method to further improve the accuracy by introducing RTK 
positioning, etc., which is a technology that should be introduced in the future. The height 
accuracy, that is, the accuracy of DTM, is greatly affected by the state of each photo that is the 
source of calculation and the modeling process of the software. Therefore, it is necessary to verify 
whether sufficient accuracy can be obtained by just introducing RTK positioning. 
 

 



1. မိတ္ဆက္ျခင္း 

1.1 မိတ္ဆက္ျခင္း/ JICA စီမံကိန္း၏ ေနာက္ခံအေၾကာင္း 

သယံဇာတႏွင့္ သဘာဝပတ္ဝန္းက်င္ထိန္းသိမ္းေရးဝန္ၾကီးဌာ၊ သစ္ေတာဦးစီးဌာန ႏွင့္ 
ဂ်ပန္အျပည္ျပည္ဆိုင္ရာ ပူးေပါင္းေဆာင္ရြက္ေရးေအဂ်င္စီ (JICA) တို႔အၾကား ၀ှဿ၇ 
ဒီဇင္ဘာတြင္ သေဘာတူလက္မွတ္ေရးထိုးခဲ့ေသာ ေဆြးေႏြးခ်က္မွတ္တမ္း Record of 
Discussion (R/D) ႏွင့္အညီ "သယံဇာတမ်ားေရရွည္တည္တံ့ေစရန္ စီမံအုပ္ခ်ဳပ္ႏိုင္ေရး 
စြမ္းေဆာင္ရည္ျမွင့္တင္ျခင္း (FDSNR) စီမံကိန္းကုိ ၀ှဿ၈ ဇြန္လတြင္ စတင္ခဲ့ပါသည္။ FDSNR ၏ 
အဓိက ရည္ရြယ္ခ်က္မွာ ေအာက္ပါ လုပ္ငန္းစဥ္ ၁ခု ကိ ု  အေကာင္အထည္ေဖာ္ 
ေဆာင္ရြက္ျခင္းျဖင့္ သယံဇာတမ်ားေရရွည္တည္တ့ံေစရန္ စီမံအုပ္ခ်ဳပ္ႏိုင္မႈစြမ္းေဆာင္ရည္မ်ား 
အားေကာင္းလာေစရန္ျဖစ္ပါသည္။ (ဿ) သစ္ေတာစီမံအုပ္ခ်ဳပ္လုပ္ကုိင္ျခင္းတြင္ ဝန္ထမ္းမ်ား၏ 
စြမ္းေဆာင္ရည္ျမွင့္တင္ျခင္း၊ (၀) အင္းေလးကန္ ေရေဝေရလေဲဒသ ဘက္စံုစီမံအုပ္ခ်ဳပ္ျခင္း ႏွင့္ 
(၁) ဇီဝမ်ိဳးစံုမ်ိးကြဲထိန္းသိမ္းျခင္း အတြက္ သိပၸံဆုိင္ရာအခ်က္မ်ား ဖြံ႔ျဖိဳးမႈ တို႔ျဖစ္ပါသည္။ 

 လုပ္ငန္းစဥ္တခုခ်င္းစီတြင္ မတူညီကြဲျပားေသာရည္ရြယ္ခ်က္မ်ားရွိျပီး ဦတည္လုပ္ေဆာင္ေသာ 
target groups မ်ားမွာလည္း မတူညီၾကပါ။ လုပ္ငန္းစဥ္ (၀) သည ္ နႈန္းအနည္မ်ားပုိ႔ခ်မႈ 
ေလွ်ာ့နည္းေစရန္ အင္းေလးကန္ ေရေဝေရလေဲဒသ ဘက္စံုစီမံအုပ္ခ်ဳပ္မႈ အားေကာင္းေစရန္ 
အဓိက ရည္ရြယ္ျပီး ေနာက္ဆုံးတြင္ အင္းေလးကန္အတြက္ ပိုမိုေကာင္းမြန္ေသာ 
သဘာဝပတ္ဝန္းက်င္ ျဖစ္ေစရန္ ရည္ရြယ္ပါသည္။ လုပ္ငန္းစဥ္ (၀) ၏ စီမံကိန္း ပထမကာလတြင္ 
သိပၸံဆုိင္ရာအခ်က္အလက္မ်ား ေကာက္ယူဆန္းစစ္ျခင္း ႏွင့္ ေရေဝေရလေဲဒသ 
ဘက္စံုအုပ္ခ်ဳပ္လုပ္ကိုင္မႈအတြင္ ထိေရာက္ေသာ လုပ္ေဆာင္မႈမ်ားကိ ု ဆံုးျဖတ္ျခင္းမ်ားကိ ု
မတ္လ ၀ှဿ၉ မွ ၾသဂုတ္လ ၀ှ၀ှ အတြင္း အေကာင္အထည္ေဖာ္ေဆာင္ရြက္လွ်က္ရွိပါသည္။ 
စီမံကိန္း၏ ပထမကာလ၏ လုပ္ေဆာင္မႈအေနျဖင့္ ကမ္းပါးျပိဳမႈထိန္းခ်ဳပ္ျခင္း ႏွင့္ 
ေရရွည္တည္တံေသာ ေျမႏွင့္ သစ္ေတာေျမ စီမံအုပ္ခ်ဳပ္မႈမ်ားကို trial အေနျဖင့္ 
ကြင္းဆင္းလုပ္ေဆာင္ခံပါသည္။ 

လုပ္ငန္းစဥ္ ၀ ၏ စီမံကိန္း ဒုတိယ ကာလကို ဇူလိုင္လ ၀ှ၀ှ တြင္ စတင္ရန္ လ်ာထားလက္ရွိျပီး 
အေကာင္အထည္ေဖာ္ေဆာင္ရြက္ရမည့္ တိုင္းတာလုပ္ေဆာင္မႈမ်ားကို ဆံုးျဖတ္ျခင္း ႏွင့္ 
သစ္ေတာဦးစီးဌာ၊ ဆည္ေျမာင္းႏွင့္ေရအသံုးခ်မႈစီမံခန္႔ခြမဲႈဌာန ႏွင့္ စိုက္ပ်ိဳးေရးဦးစီးဌာန 
ကဲ့သို႔ေသာ ဆက္စပ္လွ်က္ရွိသည့္ ဌာနဆုိင္ရာမွ အရာရွိမ်ား၏ စြမ္းေဆာင္ရည္ျမွင့္တင္ျခင္းမ်ားကုိ 
ေဆာင္ရြက္မည္ျဖစ္ပါသည္။. UAV ျဖင့္ Topographical တိုင္းတာမႈမ်ား ျပဳလုပ္ႏိုင္ရန္ႏွင့္ 
ေျမဆီလႊာတိုက္စားမႈ ထိန္းသိမ္းျခင္းတို႔အတြက္ အသံုးျပဳရန္ ရည္ရြယ္ခ်က္ျဖင့္   
ဤေရွ့ေျပးစာတမ္းတြင္ မူၾကမ္းေရးဆြဲျခင္း ျဖစ္ပါသည္။ ဤစာတမ္းတြင္ ေဖာ္ျပထားေသာ 
နည္းလမ္းမ်ားသည္ အင္းေလးကန္၏ ေရအရည္အေသြးကို ထိန္းသိမ္းရန္အတြက္ 
အေထာက္အကူျပဳလိမ့္မည္ဟု ေမွ်ာ္လင့္ပါသည္။ 

 



1.2 ဤစာတမ္း၏ ရည္ရြယ္ခ်က္ 

ဤစာတမ္း၏ အဓိကရည္ရြယ္ခ်က္မွာ topography တိုင္းတာမႈ၊ ေျမဆီလႊာတိုက္စားမႈ 
ထိန္းသိမ္းျခင္းႏွင့္ ရရွိေသာသတင္းအခ်က္အလက္မ်ားကို အသံုးျပဳ၍ အနာဂတ္တြင္ 
အင္းေလးကန္၏ ေရအရည္အေသြးကို ထိန္းသိန္းႏိုင္ရန္တို႔ ျဖစ္ပါသည္။  

အင္းေလးကန္ေရေဝေရလေဲဒသတခုလံုးတြင္ UAV မ ွ ရရွိေသာအခ်က္အလက္မ်ားကို အသံုးျပဳ၍ 
ေျမဆီလႊာတိုက္စားမႈထိန္းခ်ဳပ္ျခင္း၊ UAV ကိ ု အသံုးျပဳ၍ topographical 
တိုင္းတာမႈမ်ားျပဳလုပ္ျခင္း တို႔ကိ ု ထိေရာက္စြာအေကာင္အထည္ေဖာ္ႏိုင္ရန္အတြက္  JICA 
စီမံကိန္းအဖြဲ႔မ ွ နည္းပညာလမ္းညႊန္ခ်က္ (technical guiding documents) ေရးဆြဲႏိုင္ေစရန္ 
ဤေရွ့ေျပးစာတမ္းကုိ စီမံကိန္း၏ ဒုတိယကာလအတြင္းတြင္ ေနာက္ထပ္သံုးသပ္မႈမ်ား၊ 
ျပင္ဆင္ျခင္းမ်ား ျပဳလုပ္သြားမည္ ျဖစ္ပါသည္။   

1.3 ဤစာတမ္း၏ဦးတည္ခ်က္ 

ဤေရွ့ေျပးစာတမ္းသည္ အေျခခံအားျဖင့္ အင္းေလးကန္ေရေဝေရလဲ ေဒသႏွင့္ဆက္စပ္သည့္ 
သစ္ေတာဦးစီးဌာနႏွင့္ စိုက္ပ်ိဳးေရးဦးစီးဌာနတို႔၏ နည္းပညာဆိုင္ရာအရာထမ္းမ်ားကုိ 
ဦးတည္ပါသည္။ ဤေရ့ွေျပးစာတမ္းကုိ  စီမံကိန္းလုပ္ငန္းစဥ္ (၀) ၏  2nd phase တြင္ 
ကြင္းဆင္းလုပ္ေဆာင္ခ်က္ေပၚမူတည္ျပီး ထပ္မံ၍ သံုးသပ္မႈမ်ား၊ ျပင္ဆင္ျခင္းမ်ား 
ျပဳလုပ္သြားမည္ျဖစ္ျပီး UAV အသံုးျပဳျခင္းျဖင့္ topographical တိုင္းတာမႈမ်ားျပလုပ္ျခင္းကို 
ကြင္းဆင္းလက္စြဲတခုအေနျဖင့္ ေနာက္ဆုံးအျပီးသတ္မည္ ျဖစ္ပါသျဖင့္ သစ္ေတာဦးစီးဌာနႏွင့္ 
စိုက္ပ်ိဳးေရးဦးစီးဌာနတို႔၏ technical officials မ်ားအတြက ္ common technical guideline 
အေနျဖင့္ ရွမ္းျပည္နယ္အတြက္သာမက အျခားေသာ ျပည္နယ္ႏွင္ ့ တိုင္းေဒသၾကီးမ်ားတြင္ပါ 
အသံုးျပဳႏိုင္မည္ျဖစ္ပါသည္။ 

1.4 Composition of the document 

ဤေရွ့ေျပးစာတမ္းတြင္ အခန္း ၃ခန္း ပါဝင္ပါသည္။ အခန္း ဿ တြင္ စီမံကိန္း၏ 
ေနာက္ခံအေၾကာင္းအရာႏွင့္  ဤေရွ့ေျပးစာတမ္း အေၾကာင္းကုိ မိတ္ဆက္ျခင္းကို ေဖာ္ျပပါသည္။ 
UAV အသံုးျပဳ၍ topographical တိုင္းတာမႈျပလုပ္ျခင္း ႏွင့္ UAV မွ ရရွိေသာ 
အခ်က္အလက္မ်ားကုိ အသံုးျပဳ၍ ေျမဆီလႊာတိုက္စားမႈ ထိန္းခ်ဳပ္ျခင္းတို႔အား လုပ္ေဆာင္ရမည့္ 
အေသးစိတ္အခ်က္ႏွင့္ လုပ္ငန္းစဥ္တခုလုံး ျခံုငံုသံုးသပ္မႈအပိုင္းကိ ု အခန္း ၀တြင္ 
ေဖာ္ျပထားပါသည္။ ေနာက္ဆုံးတြင္ နည္းပညာလမ္းညႊန္မႈကို အခန္း၁ တြင္ ေဖာ္ျပထားပါသည္။  

 



1 

2. UAV ်ဖငး ံtopographical  တုိငး့တာ်ခငး့ ႏြငးံ ေ်မဆီလႊာတုိကးစာ့မႈ ထိနး့ခ္ဳပး်ခငး့ 
တုိ႔အတျကး အေသ့စိတးလုပးငနး့စဥးမ္ာ့  

2.1 UAV ်ဖငးံ topographical  တုိငး့တာ်ခငး့ ႏြငး ံေ်မဆီလႊာတုိကးစာ့မႈ ထိနး့ခ္ဳပး်ခငး့ တုိ႔အတျကး 
ေယဘုယ္လုပးငနး့စဥး 

ေ်မဆီလႊာတိုကးစာ့မႈအတျကး တနး်ပနးအေကာငးအထညးေဖားရနး UAV ကိ ု အသဵု့်ပဳ၍ 

အလုပးလုပးပဵုကိ ုပုဵ-ှ တျငး ေဖား်ပထာ့သညး၈ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

UAV ပ်ံသန္းမႈႏွင့္ data generation 

No 

အရည္အေသြးစစ္ေဆး 

OK? 

Yes 

တန္ျပန္အေကာင္အထည္ေဖာ္ရန္ target points မ်ားေရြးခ်ယ္ရန္အတြက္  
stakeholders မ်ားႏွင့္ ေဆြးေႏြးျခင္း 

target ဧရိယာအေပၚတြင ္ဗီဒီယုိရိုက္ကူးျခင္းႏွင္ ့
UAV ပ်ံသန္းမႈ့္ 

ေျမဆီလႊာတုိက္စားမႈအတြက္ တန္ျပန္အေကာင္အထည္ေဖာ္ရန္ candidate 
ဧရိယာအပါအဝင္ target ဧရိယာေရြးခ်ယ္ျခင္း ္ 

DTM ႏွင့္ Ortho Mosaic အသုံးျပဳ၍ 

ႏႈန္းထိန္းတမံအတြက္ ဒီဇိုင္း plan ဆြျဲခင္း 

Civil engineering လုပ္ငန္း 

Structure ၏ သက္ေရာက္မႈကုိ 
အကဲျဖတ္မႈျပလုပ္ရန္အတြက္ UAV ပ်ံသန္းမႈႏွင့္ 

data generation 

အရည္အေသြးစစ္ေဆး 

OK? 

 
Yes 

No 

ပ်က္စီးသြားေသာ ေျမဆီလႊာ ပမာဏကုိ ဆန္းစစ္ျခင္း 

Structure ၏ သက္ေရာက္မႈကုိ အကဲျဖတ္ျခင္း ္

<ၾကားကာလ>  
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ေအာကးပါအခ္ကးမ္ာ့မြာ ေ်မဆီလႊာတိုကးစာ့မႈကို တနး်ပနးအေကာငးအထညးေဖားရနးအတျကး UAV 

လုပးေဆာငးပဵု အဆငးံဆငးံ်ဖစးပါသညး၈  

i. ေ်မဆီလႊာတုိကးစာ့မႈကုိ တနး်ပနးအေကာငးအထညးေဖားရနးအတျကး candidate site ေရျ့ ခ္ယး်ခငး့ 

ii. ေရျ့ခ္ယးထာ့ေသာေနရာကို UAV ်ဖငးံ ဗီဒီယို ရိုကးကူ့ မြတးတမး့တငး်ခငး့ 

iii. UAV ်ဖငးံမြတးတမး့တငးထာ့ေသာ ဗီဒီယိုကုိ အသဵု့်ပဳ်ခငး့်ဖငးံ တနး်ပနးအေကာငးအထညးေဖား 

ေဆာငးရျကးရမညးံေနရာကို stakeholders မ္ာ့ႏြငးံအတ ူစဥး့စာ့်ခငး့၇ ဆဵု့်ဖတး်ခငး့၈  

iv. UAV ်ဖငးံ ဓါတးပဵုရိုကးကူ့်ခငး့၇ ortho photos ႏြငးံ Digital Terrain Model (DTM) 

ဖနးတီ့်ခငး့၈ အကယး၍ ရလဒးမြာ တိက္မႈ မလဵုေလာကးပါက ortho photos ႏြငးံ Digital 

Terrain Model (DTM) ဖနးတီ့်ခငး့ ထပးမဵ၍ လုပးေဆာငးရမညး၈  

v. ortho photos ႏြငးံtopographic DTM data ကို အသဵု့်ပဳ၍ ႏုနး့ထိနး့တာမဵ (check dam) 

၏ ဒီဇိုငး့ကိ ု်ပဳလုပး်ခငး့၈   

vi. check dam ၏ သကးေရာကးမႈအေပၐတျငး အခ္ိနးယူရေသာေၾကာငးံ ၾကာ့ကာလ 

သတးမြတးပါ၈ အနညး့ဆဵု့ မို့ရာသီတစးရာသ ီ်ပီ့ဆုဵ့ေအာငး ေစာငးံပါ၈  

vii. UAV ်ဖငးံ ဓါတးပဵုရိုကးကူ့်ပီ့ ortho photos ႏြငးံ DTM ထပးမဵ ဖနးတီ့ပါ၈ တိက္မႈ 

မလဵုေလာကးပါက ထပး၍ တိုငး့တာ်ခငး့ ဖနး့တီ့်ခငး့မ္ာ့ ်ပဳလုပးပါ၈  

viii. check dam ဖနးတီ့မႈ မ်ပဳလုပးမီႏြငးံ ်ပဳလုပး်ပီ့၏ topographic data မြ ႏုနး့အနညးပမဏကုိ 

ခနး႔မြနး့ပါ၈ ယငး့တုိ႔၏ သကးေရာကးမႈကုိ အကဲ်ဖတးပါ၈  

 

UAV ဓါတးပဵ/ုဗီဒီယိုရိုကးကူ့်ခငး့ ႏြငးံ spatial data generation ကိ ုပဵု-ဿ တျငး ်ပသထာ့ပါသညး၈ 

ပုံ-ှ  ေျမဆီလႊာတုိက္စားမႈကို တန္ျပန္အေကာင္အထည္ေဖာ္ရန္အတြက္ UAV လုပ္ေဆာင္ပုံ ဇယား 
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target area တျငး UAV ပ္ဵသနး့မႈႏြငးံ ဗီဒုိယို ရိုကးကူ့်ခငး့၏ တစိတးတပိုငး့်ဖစးပါသညး၈ structure ကိ ု

ထိေရာကးေသာ အကဲ်ဖတးမႈအတျကး UAV ပ္ဵသနး့မႈႏြငးံ data generation  မြာ ပဵု-ှ တျငး 

်ဖစးပါသညး၈ ဤလုပးငနး့စဥးအာ့်ဖငးံ ဒစးဂ္စးတယးမ္ကးႏြာ်ပငးmodel ကဲံသို႔ေသာ terrain data ႏြငးံ 

ေဝဟငးဓါတးပဵု၇ movies, ortho ဓါတးပဵုမ္ာ့ကဲံသို႔ေသာ spatial အခ္ကးအလကးမ္ာ့ကို 

ဖနးတီ့ႏိုငးပါလိမးံသညး၈  
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Such processing yields several forms of spatial data. ဤလုပးငနး့တျငး ဗီဒီယိ ုေဒတာ၇ ortho 

ဓါတးပဵ ုႏြငးံ DTM ကိ ုအသဵု့်ပဳသညး၈  

 

2.2 လုပးငနး့စဥး အဆငးံဆငးံ 

2.2.1  target ေနရာ ေရျ့ခ္ယး်ခငး့ 

ပထမအဆငးံအေန်ဖငးံ gully erosion ်ဖစးပျာ့သသညးံေနရာကိ ုေရျ့ခ္ယးပါ၈  ေ်မဆီလႊာတိုကးစာ့မႈ 

်ဖစးပျာ့ေသာေနရာကိ ုtarget ဧရိယာအေန်ဖငးံ ေရျ့ခ္ယးသငးံပါသညး၈ 

CPs မ္ာ့၇ ေဒသခဵမ္ာ့ႏြငးံ အငးတာဗ္ဴ့်ပဳလုပး်ခငး့သညး တညးေနရာႏြငးံ 

3D model processing  

Flight & data acquisition 

Ortho photo (mosaic) 

DEM 

DSM 

Flight plan 
Course setting, flight height, speed, overlap & side lap ratio 

Contour lines 

DSM  
(Digital Surface Model) 

DEM  
(Digital Elevation Model) 

Movie Aerial photos 

ပုံ-ဿ UAV ကုိ အသုံးျပဳျခင္းျဖင့္ spatial data generation လုပ္ေဆာင္ပုံ 

 

Alignment of photos and conversion of photo coordinates to ground coordinates 

Point cloud (3D point data) 
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ဘယးလိုဆငးံကဲံ်ဖစးလာသညးတို႔ကိ ု သိရြိရနး ထိေရာကးေသာအခ္ကးအလကးမ္ာ့ကုိ ရရြိေစပါသညး၈ 

အငး့ေလ့ကနးအနာ့တဝိုကးရြိ gully erosion နမူနာကိ ုပုဵ-၀ တျငး ်ပသထာ့ပါသညး၈   

   
ပဵု-၀ အငး့ေလ့ကနးအနာ့တဝိုကးရြိ gully erosion နမူနာကို  

 

gully erosion ်ဖစးပျာ့သညးံေနရာကို ေရျ့ခ္ယးရာတျငး resolution ေကာငး့ေသာ satellite 

ပဵုရိပးမ္ာ့ကိ ု interpret လုပး်ခငး့သညးလညး့ အသဵု့ဝငးပါသညး၈ satellite ပုဵရိပးမ္ာ့မြ deciphered 

လုပးထာ့ေသာ  gully erosion နမူနာကိ ုပဵု-၁ တျငး ်ပသထာ့ပါသညး၈  

 

 
ပုဵ-၁ gully erosion အၾကမး့စာ့်ဖစးေနပုဵ ်ဂိဳလးတုပုဵရိပး (ကေလာအနီ့) 

 

2.2.2  ပ္ဵသနး့မႈ စီစဥး်ခငး့ 

UAV ဓါတးပဵုရိုကး်ခငး့/ဗီဒီယိုရိုကးကူ့်ခငး့အတျကး ရညးရျယးခ္ကးအေပၐမူတညး၍  ရိုကးမညးံေနရာ   

flight course ကိ ုsetting ်ပဳလုပး်ခငး့၇  flight altitude, speed, shooting interval စသညးတို႔ကိ ု

ဆဵု့်ဖတးရနး လိုအပးပါသညး၈  ပထမအဆငးံအေန်ဖငးံ data acquisition ၏ target area ကို 

ဆဵု့်ဖတးရနး လိုအပးပါသညး၈ 
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UAV ပ္ဵသနး့မႈ၏ အဓိက parameters မ္ာ့ကိ ု မြတးသာ့ရနး ေယဘုယ္အခ္ကးမ္ာ့မြာ 

ေအာကးပါအတုိငး့်ဖစးပါသညး၈  

 

 flight altitude ်မငးံေလေလ၇ ဓါတးပဵု၏ ဧရိယာ ပိုၾကီ့ေလေလ၇  wide lap ratio  ကိ ုsecure 

်ဖစးရနး ပိုမိုလျယးကူေလေလ ်ဖစးပါသညး၈ သို႔ရာတျငး UAV flight altitude သညး 

အခ္ိဳ႕ႏိုငးငဵမ္ာ့၏ ဥပေေဒႏြငးံ သကးဆိုငးလြ္ကးရြိပါသ်ဖငးံ သတိထာ့ရနး လိုအပးပါသညး၈ 

altitudes ်မငးံလာလြ္ငး ေ်မ်ပငးေပၐထကး ေလတုိကးႏႈနး့ပုိမုိ အာ့ေကာငး့လာေလံရြိေၾကာငး့ကိုလညး့ 

သတိ်ပဳသငးံသညး၈  

 moving speed ေႏြ့ေလေလ , wide lap ratio  ကိ ု secure ်ဖစးရနး ပိုမိုလျယးကူေလေလ 

်ဖစးပါသညး၈ သို႔ေသား ဘကးထရီ၏ capacity အကနး႔အသတးရြိ်ခငး့ေၾကာငးံ ပ္ဵသနး့ခ္ိနးသညး 

မၾကာလြပါ၈ ထို႔ေၾကာငးံ ေရႊလြ္ာ့ေသာ အရြိနးေႏြ့သျာ့ပါက ပ္ဵသနး့မႈ တစးၾကိမးတျငး 

ဓါတးပဵုရိုကးႏိုငးေသာ ပမာဏမြာ က္ဥး့ေ်မာငး့သျာ့ပါလိမးံမညး၈   

 short shooting interval ခ္ိနးညြိ၍ ရိုကးကူ့်ခငး့်ဖငးံ wide lap ratio ရရြိရနး 

ပိုမိုလျယးကူပါသညး၈ သို႔ရာတျငး shooting interval သညး UAV ၏ model ၇ install 

လုပးထာ့ေသာ camera ႏြငးံ ထိနး့ခ္ဳပးထာ့ေသာ software အေပၐတျငး မူတညးပါသညး၈  

 အကယး၍ ဖမး့မိထာ့ေသာ ရုပးပဵုတျငး ထူ့်ခာ့ေသာအခ္ကးမ္ာ့စျာမပါရြိပါက 

ေ်မအေနအထာ့ကုိ ယူရနး အလိုအေလ္ာကးထုတးယူႏိုငးေသာအခ္ကးမ္ာ့ မလဵုေလာကးႏိုငးပဲ  

digital surface model (DSM) ကဲံသို႔ေသာ ပဵုစဵကိ ု မဖနးတီ့ႏိုငးပါ၈  point ထုတးယူ်ခငး့ 

မြာ့ယျငး့မႈမ္ာ့ မၾကာခဏ်ဖစးပျာ့ေလံရြိ်ပီ့ model ကိ ုမဖနးတီ့ႏိုငးပါ၈   

 ဓါတးပဵုတခုႏြငးံ တခုအၾကာ့ lap ratio 90% နီ့ပါ့ရြိပါက အေကာငး့ဆဵု့ပါ၈ . 70%. 

ထကးနညး့ပါ့ပါက model ကို မဖနးတီ့ႏိုငးပါ၈   
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အထကးပါအခ္ကးမ္ာ့ကုိ်ပညးံစဵုစျာထညးံသျငး့စဥး့စာ့လြ္ကး flight plan ကိ ု ်ပဳလုပးရနး 

လိုအပးပါသညး၈ ရိုကးကူ့ရာတျငး ေဒသအလုိကးအေ်ခအေနေပၐမူတညး၍ လဵု်ခဵဳမႈရြိေစရနးႏြငးံ 

ပိုမိုေကာငး့မျနးေသာ ဓါတးပဵုမ္ာ့ရရြိေစရနးအတျကး plan ကို ၾကိဳတငးေ်ပာငး့လရဲနး 

စဥး့စာ့ဖုိ႔လိုအပးႏိုငးပါသညး၈   

UAV course setting ကိ ု အေထာကးအကူ်ပဳသညးံ software တညးရြိ်ပီ့ UAV၏ 

ပ္ဵသနး့မႈလမး့ေၾကာငး့၇ အ်မငးံ ႏြငးံ အ်မနးႏႈနး့ စသညး အ်ခာ့ setting အေ်ခအေနမ္ာ့ကုိ 

အလိုအေလ္ာကး တျကးခ္ကးေပ့ပါသညး၈ အလုိအေလ္ာကးပ္ဵသနးမႈႏြငးံ တျဲဖကးအလုပးလုပးေသာ 

Software သညး အထူ့အသုဵ့ဝငးသညး၈ ရိုကးကူ့မညးံ ရညးရျယးခ္ကး၇ target ေနရာ၏ terrain 

အေ်ခအေန မ္ာ့ကို ထညးံသျငး့စဥး့စာ့်ပီ့ software တခုခ္ငး့စီ၏ ထူ့်ခာ့ခ္ကးမ္ာ့ကုိ 

ေလံလာစစးေဆ့်ပီ့မြ အသဵု့်ပဳရမညးံ ေဆာံဖးဝဲကုိ ေရျ့ခ္ယးရနး အၾကဵ်ပဳလိုပါသညး၈ DJI မြ 

ေထာကးပဵံေပ့ေသာ DJI GS Pro ကို အသဵု့်ပဳ၍ ဖနးတီ့ထာ့ေသာ flight plan ၏ screenshot ပဵုကုိ 

ပဵု-၂ တျငး ်ပသထာ့ပါသညး၈ ရိုကးကူ့မညံးေနရာကို သတးမြတးလုိကးေသာအခါ အေကာငး့ဆဵ ုcourse 

ကိ ုအလိုအေလ္ာကး သတးမြတးႏိုငးပါသညး၈  

 

 
ပုဵ-၂ DJI GS Pro ကုိ အသုဵ့်ပဳထာ့ေသာ UAV flight planning 
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2.2.3  ပ္ဵသနး့မႈ ်ပငးဆငး်ခငး့ 

UAV်ဖငးံ တိုငး့တာ်ခငး့ ပ္ဵသနး့မႈ မစတငးမီ  UAV ႏြငးံ အ်ခာ့ဆကးစပးပစၥညး့မ္ာ့သညး 

ေကာငး့မျနးေသာ အေ်ခအေနတျငးရြိေၾကာငး့ အတညး်ပဳရနး လိုအပးသညး၈  မပ္ဵသနး့မီ 

ေအာကးပါအခ္ကးမ္ာ့ကုိ အတညး်ပဳသငးံပါသညး၈  

 UAV အတျကး power-on, controller ၏ connection ႏြငးံ ်ပငးပပ္ကးစီ့မႈကံဲသုိ႔ေသာ 

ပဵုမြနးမဟုတးေသာအရာမ္ာ့ကို စစးေဆ့ပါ၈   

 Battery ဘကးထရီအတျကး : အာ့သျငး့ထာ့ေသာ ဘကးထရီမ္ာ့အာ့ ှွွ% အာ့်ပညးံဝငးမႈ 

အေ်ခအေန စစးပါ၈ ပဵုမြနးမဟုတးေသာ အပူခ္ိနးႏြငးံ ပဵုပ္ကး်ခငး့မ္ာ့ကိ ုစစးေဆ့ပါ၈  

 Controller အတျကး: rechargeable controller ်ဖစးပါက အာ့်ပညးံဝငးမႈအေ်ခအေနကို စစးပါ၈  

operation ႏြငးံပတးသတးသညးံ ်ပႆနာရြ/ိမရြိ စစးေဆ့ပါ၈ 

 Software အတျကး : updated ်ဖစးေၾကာငး့ အတညး်ပဳပါ၈ 

 အ်ခာ့ေသာ ဆကးစပးပစၥညး့မ္ာ့: သယးယူသျာ့ရမညးံ anemometer ႏြငးံ propeller စသညးံ 

spare parts မ္ာ့၇ control လုပးရနးအတျကး table, ဆကးစပး software update ်ဖစး/မ်ဖစး 

စသညးတို႔ကိ ုစစးေဆ့ အတညး်ပဳပါ၈  

 

2.2.4  UAV ပ္ဵသနးမႈ၇ data acquisition ႏြငး3ံD modeling 

Site တျငး ပတးဝနး့က္ငးကုိ ေစာငးံၾကညံး်ခငး့ႏြငးံ ေဘ့ကငး့လဵု်ခဵဳေရ့ စစးေဆ့လြ္ကး 

ပ္ဵသနး့သငးံပါသညး၈  

UAV ပ္ဵသနး့်ခငး့ႏြငး ံ ေလံလာ်ခငး့သညး ဗီဒီယိုႏြငးံ ဓါတးပဵုမ္ာ့ကိ ု ေထာကးပဵံေပ့လမိးံမညး၈ soil 

erosion တနး်ပနးအေကာငးအထညးေဖားမႈကို ဘယးေနရာတျငး လုပးေဆာငးရမညးဆိုသညးကို 

သကးဆိုငးပတးသတးသူမ္ာ့၇ CPs မ္ာ့ႏြငးံ ်ပနးလညးသုဵ့သပးရနးႏြငးံ သေဘာတူညီမႈတညးေဆာကးရနး 
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အတျကး ဗီဒီယိုေဒတာမ္ာ့သညး အသဵု့ဝငးပါလိမးံမညး၈ သငးံေတားေသာလမး့ေၾကာငး့ေပၐတျငး 

ပ္ဵသနး့ေနစဥး ဓါတးပဵုမ္ာ့ကို UAV ေအာကးတျငး တိုကးရိုကးရိုကးကူ့မညး ်ဖစးပါသညး၈ 

ပဵုမြနးေလယာဥးပ္ဵ်ဖငးံ ေလေၾကာငး့ဓါတးပဵ ု aerial photogrammetry ႏြငးံ ဆငးတူပါသညး၈ 

ပဵုမြနးေလယာဥးတစးစငး့အတျကးမူ ေနာကးလမး့ေၾကာငး့တခု ်ပနးစရနးအတျကး ေနာကးလြညးံရနး 

လမး့ေၾကာငး့်ပနးေ်ပာငး့ရနးလုိအပးပါသညး၈  UAV သညး ကျဲ်ပာ့်ခာ့နာ့သညးမြာ လြညးံစရာမလုိပဲ 

ေနာကးလမး့ေၾကာငး့တခု ်ပနးစရနးအတျကး ေဘ့တိုကးေလ္ြာထျကးႏိုငးပါသညး၈ ဤနညး့လမး့သညး 

UAV အာ့ ဓါတးပဵုရိုကးကူရနး လြ္ပးစစးဓါတးအာ့ႏြငးံ ပ္ဵသနး့ရနးအခ္ိနးကို ပိုမိုထိေရာကးစျာအသဵု့်ပဳရနး 

ချငးံ်ပဳပါသညး၈   

   
ပုဵ-၃ UAVႏြငးံ ပုဵမြနးေလယာဥးပ္ဵသနး့မႈလာ့ရာမတူညီကျဲ် ပာ့ပုဵ (multi copter) 

 

ရိုကးကူ့မညးံ စိတးဝငးစာ့ဖျယးဧရိယာကုိ ပ္ဵသနး့မႈလမး့ေၾကာငး့ သတးမြနးရနးအတျကး 

လမး့ေၾကာငး့တခုခ္ငး့စီကို  တခုႏြငးံတခ ု အကျာအေဝ့တူ (equidistantly) ႏြငးံ အ်ပိဳငး (parallel) 

ထာ့သငးံပါသညး. ေ်မ်ပနး႔လျငး်ပငးအေနအထာ့တျငးစိတးဝငးစာ့ေသာေနရာကိုုဖဵု့လႊမး့ရနးအတျကး 

ဓါတးပဵုမ္ာ့ရိုကးကူ့ရနး (a set of photographs) လမး့ေၾကာငး့မ္ာ့သတးမြတးရပါမညး၈  

အ်ခာ့တဖကးတျငး built-up areas ႏြငးံ အလျနးၾကမး့တမး့ေသာ ေနရာမ္ာ့အတျကး orthogonal 

direction တျငး စိတးဝငးစာ့ေသာေနရာကိုုဖဵု့လႊမး့ရနး (two sets of photos) အၾကဵ်ပဳလိုပါသညး၈  

ကိ ုပုဵ-၄ တျငး ်ပသထာ့သညးံအတိုငး့၇ 



10 

 

ပုဵ-၄  UAV photography၏ Setting ပုဵစဵ ဿ မ္ိ့ 
             ဝဲဘကး: ေ်မ်ပနးေနရာ            ယာဘကး: built-up areas ႏြငးံ အလျနးၾကမး့တမး့ေသာ ေနရာမ္ာ့ 

 

ortho photos, Digital Terrain Model, point cloud data, စသညးံတို႔ကို ထုတးလုပးရနး modeling 

software  ်ဖငးံ photographic image ကိ ုprocess လုပးပါသညး၈ UAV ်ဖငးံ ရိုကးထာ့ေသာပဵုမ္ာ့ႏြငးံ  

Pix4D Mapper software ်ဖငးံ တငးထာ့ေသာပဵုမ္ာ့ကို ပဵု-၅ တျငး ်ပသထာ့သညး၈ model 

ဖနး့တီ့်ခငး့ကိ ု software တျငး ်ပဳလုပးပါသညး၈  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photos aligned in flight positions (green), 

and converted ground positions (blue) 
Photos by UAV Point cloud 
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ပုဵ-၅ “Pix4D Mapper” software ကုိအသုဵ့်ပဳ၍ 3D model ်ပဳလုပး်ခငး့ 
 

2.2.5 တနး်ပနးအေကာငးအထညးေဖားရနး target point ေရျ့ခ္ယး်ခငး့ 

target ေနရာတျငး check dam အမြနးတကယး တညးေဆာကးမညးံေနရာကို ေဖားထုတးပါ၈ 

stakeholders မ္ာ့ႏြငးံ အ်မငးမ္ာ့ ဖလြယး၍ တညးေဆာကးမညးံေနရာအာ့ သေဘာတူညီမႈ်ပဳလုပးရနး 

လိုအပးပါသညး၈  target ထာ့သညံး gully erosion ်ဖစးပျာ့ေသာေနရာ ႏြငးံ site ေနရာကိ ုမြတးမိရနး၇ 

ကျာဟခ္ကးမ္ာ့်ဖစးပျာ့မႈ ကိုေရြာငးရြာ့ရနး UAV ်ဖငးံ ရိုကးကူ့ထာ့ေသာ ဗီဒီယိုကို အသဵု့်ပဳ်ခငး့သညး 

ထိေရာကးမႈရြိပါသညး၈. gully erosion ်ဖစးပျာ့ေသာေနရာကို UAV ်ဖငး ံ ဗီဒီယိုရုိကးကူ့ထာ့သညးံ 

နမူနာတခုကုိ ပဵု-၆ တျငး ်ပသထာ့ပါသညး၈  

 

ပုဵ-၆  UAV ်ဖငးံ မြတးတမး့တငးထာ့ေသာ ဗီဒီယိ ုနမူနာ 

 

2.2.6 check dam တညးေဆာကး်ခငး့အတျကး ဒီဇုိငး့plan 

check dam တညးေဆာကးရနးအတျကး ဒီဇိုငး့ေရ့ဆျဲ်ခငး့အတျကး အေသ့စိတးပဵုရိပး ႏြငးံ  

ေ်မအေနအထာ့ အခ္ကးအလကး တို႔ လိုအပးပါသညး၈ UAV ေလံလာ်ခငး့၏ ထုတးကုနးမ္ာကို ဤ 

ရညးရျယးခ္ကးအတျကး အသဵု့်ပဳသငးံပါသညး၈  

 



12 

UAV ်ဖငးံ ရိုကးကူ့ထာ့ေသာ ေဝဟငးဓါတးပဵုမ္ာ့မြ အေသ့စိတး ortho ဓါတးပဵုမ္ာ့ႏြငးံ  topographic 

data မ္ာ့ကိ ုဖနးတီ့ႏိုငးပါသညး၈  ortho ဓါတးပဵုကုိ gully ်ဖစးပျာ့ရာေနရာ၏ အေသ့စိတး horizontal 

အခ္ကးအလကးအေန်ဖငးံ အသဵု့်ပဳႏိုငးပါသညး၈ check dam ကိ ု ဘယးေနရာတျငး 

တညးေဆာကးရမညးဆိုသညးကို ဒီဇိုငး့ဆျဲရနးအတျကး အေရ့ပါေသာ အခ္ကးအလကး်ဖစးပါသညး၈  

UAV ortho ဓါတးပဵုမ္ာ့ကို အသဵု့်ပဳထာ့ေသာ check dam နာမူနာကို ပဵု-ှွ တျငး ်ပသထာ့သညး၈   

 

ပုဵ-ှွ UAV ၏ ortho ဓါတးပုဵမ္ာ့ကုိ အသုဵ့်ပဳထာ့ေသာ check dam ေနရာခ္ထာ့မႈနာမူနာ 

 

ထို႔အ်ပငး ေ်မမ္ကးႏြာသျငး်ပငးဆိုငးရာ အခ္ကးအလကး (topographic data) ကိ ု check dam 

တညးေဆာကးရနး စီစဥးထာ့ေသာေနရာတျငး ေဒါငးလိုကးအပိုငး့အ်ခာ့ (vertical cross section) 

ႏြငးံပတးသတးသညးံ အခ္ကးအလကးမ္ာ့အ်ဖစး အသဵု့်ပဳႏိုငးေသာေၾကာငးံ check dam ၏ အ်မငးံကုိ 

ဆဵု့်ဖတးရနးအတျကး လမး့ညႊနးခ္ကးအ်ဖစးအသဵု့ဝငးပါသညး၈   

UAV ်ဖငးံ ရုိကးကူ့ထာ့ေသာ ဓါတးပဵုႏြငးံ ေ်မ်ပငးမ္ကးႏြာ်ပငး၏ undulations ကု ိရရြိႏိုငးပါသညး၈ UAV 

ortho ဓါတးပဵုႏြငးံအတ ူအေသ့စိတး   spatial data ကိ ုဖနးတီ့ႏိုငးပါသညး၈  
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ပုဵ-ှှ UAV ကုိအသုဵ့်ပဳထာ့ေသာ 
Ortho ဓါတးပုဵႏြုငးံ cross section of terrain (DTM value)  

2.2.7  Civil engineering လုပးငနး့ 

check dam တညးေဆာကး်ခငး့ plan ၏ နမူနာကိ ု ပဵု-ှွ တျငး ်ပထာ့သညး၈ UAV မြ ရရြိေသာ 

သတငး့အခ္ကးအလကးသညး check dam ဒီဇုိငး့ႏြငးံ တိုငး့တာ်ခငး့လုပးငနး့ကိ ု

လျယးကူေခ္ာေမျ႕ေစရနး ထိေရာကးေသာ အခ္ကးအလကး်ဖစးပါသညး၈ တညးေဆာကးေရ့လုပးငနး့ 

အၾကမး့ဖ္ငး့ကိ ု သကးဆိုငးသူမ္ာ့အာ့ ရြငး့်ပ်ခငး့ႏြငးံ ၎တို႔၏ သေဘာတူညီမႈရရြိရနးအတျကး 

အစျမး့ထကးေသာ ကိရိယာတစးခု်ဖစးပါလိမးံမညး၈   

 

2.2.8  တညးေဆာကးမႈ၏ သကးေရာကးမႈကုိ အကဲ်ဖတး်ခငး့ 

check dam တညးေဆာကးေရ့လုပးငနး့်ပီ့စီ့ေသာအခါ ပ္ကးစီ့မႈကဲသံို႔ေသာ ်ပႆနာရြိ/မရြိ သိရြိရနး 

အခ္ိနးကာလတစးခုအထိ ေစာငးံၾကညးံရနး လိုအပးပါသညး၈  ႏုနး့အနညးမ္ာ့ စီ့ေမ္ာပါ်ခငး့မြ 
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ထိနး့ခ္ဳပးမႈ function ကိ ု အကဲ်ဖတးရနးလညး့ လိုအပးပါသညး၈ UAV ်ဖငးံ ထပးမဵတုိငး့တာ်ခငး့ ႏြငးံ 

တညးေဆာကးေရ့လုပးငနး့မစတငးမီ၏ အခ္ကးအလကးမ္ာ့ႏြငးံ ႏႈိငး့ယြဥး်ခငး့်ပဳလုပး၍ check dam 

တညးေဆာကးထာ့ေသာေနရာ၏ gully ဧရိယာကုိ ေစာငးံၾကညးံႏိုငးပါသညး၈ ထို႔ေၾကာငး ံ UAV ်ဖငးံ 

တိုငး့တာ်ခငး့ data creation မ္ာ့ကိ ု တညးေဆာကးေရ့လုပးငနး့်ပီ့စီ့သညးံေနာကးပိုငး့ 

အခ္ိနးကာလတခုၾကာသညးအထိ လုပးေဆာငးရနး အၾကဵ်ပဳပါသညး၈  

ortho ဓါတးပဵုမ္ာ့မြ ပုဵရိပးမ္ာ့ကိ ု ႏိႈငး့ယြဥး်ခငး့အာ့်ဖငးံ ႏုနး့အနညးမ္ာ့စီဆငး့်ခငး့ထိနး့ခ္ဳပးမႈ၏ 

အက္ိဳ့သကးေရာကးမႈ အတိုငး့အတာကိ ုအတညး်ပဳႏိုငးပါသညး၈ DTMs အေဟာငး့ႏြငးံ အသစးမ္ာ့ကိ ု

ႏိႈငး့ယြဥး်ခငး့အာ့်ဖငး ံ အနညးအႏြစးမ္ာ့စီ့ထျကးမႈကုိ ဖိႏြိပးမႈေၾကာငး ံ က္ေနေသာ ႏုနး့အနညးပမာဏ 

ကိ ုစမး့သပးတျကးခ္ကးမႈမ္ာ့လညး့ ်ပဳလုပးႏိုငးမညး ်ဖစးပါသညး၈  

 

2.3 သတိထာ့ရမညး ံအခ္ကးမ္ာ့  

အထကးတျငး ေဖား်ပထာ့သညးံအတုိငး့ UAV ်ဖငးံ အေသ့စိတး spatial အခ္ကးအလကးမ္ာ့ကုိ 

တညးေဆာကးရနး ်ဖစးႏိုငးေခ္ရြိပါသညး၈ ထိုကံဲသုိ႔ အခ္ကးအလကးမ္ာ့ကို 

လကးေတျ႔အသဵု့်ပဳ်ခငး့သညး အနာဂတးတျငး ပိုမိုက္ယး်ပနးံလာလိမးံမညးဟု ေမြ္ားလငးံရသညး၈ 

ေ်မဆီလႊာတိုကးစာ့မႈ တနး်ပနးအေကာငးအထညးေဖားမႈကဲံသို႔ေသာ ပိုမိုထိေရာကး်ပညးံစဵုေသာ 

process မ္ာ့ႏြငးံအတူ UAV ကိ ု နာလညးသေဘာေပါကး်ပီ့ ပိုမိုတိက္မြနးကနး်ပီ့ ပိုမိုက္ယး်ပနး႔ေသာ 

ေဒတာမ္ာ့ကုိ အလျယးတကူရရြိရနး ေမြ္ားလငးံရပါသညး၈  

ယခုအခ္နိးတျငး UAV မြ ရရြိႏုိငးေသာ အခ္ကးအလကးမ္ာ့သညး အကနး႔အသတးရြိပါသညး၈ 

တညးေဆာကးေရ့ႏြငးံ civil engineering ဒီဇိုငး့အတျကး position ႏြငးံ အ်မငးံ ၏ တိက္မႈသညး 

မလဵုေလာကးပါ၈ position တိက္မႈႏြငးံ ပတးသတးလြ္ငး အနာဂတးတျငး မိတးဆကးသငးံသညးံ 

နညး့ပညာ်ဖစးေသာ RTK positioning မိတးဆကးေပ့်ခငး့်ဖငးံ တိက္မြနးကနးမႈကုိ 
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ပိုမုိတို့တကးေစသညးံ နညး့လမး့တခုရြိပါသညး၈  အ်မငးံတိက္မႈ ဆိုလုိသညးမြာ DTM ၏ တိက္မႈသညး 

တျကးခ္ကးမႈ၏ အရငး့အ်မစးႏြငးံ software ၏ modeling process ်ဖစးသညးံ ဓါတးပဵုတစးပဵုခ္ငး့စီ၏ 

အေ်ခအေနေၾကာငးံ မ္ာ့စျာ အက္ိဳ့သကးေရာကးသညး၈ ထို႔ေၾကာငး ံ RTK positioning ကို 

မိတးဆကးရဵု်ဖငး ံ လဵုေလာကးေသာ တိက္မြနးကနးမႈကိ ု ရရြိႏုိငးမညး ဟုတးမဟုတးကို စစးေဆ့ရနး 

လိုအပးပါသညး၈  

 

 

 



 

 

 

 

 

 

 

 

Attachment 27-2 

  Draft Procedures for  

Lake Water Quality Assessment  

with UAV 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1. Introduction 

1.1 Introduction/Background of the JICA Project 

The Project for Capacity Building for Sustainable Natural Resource Management (hereinafter 
referred to as “FDSNR”),” started in June 2018 in accordance with the Record of Discussion 
(R/D) agreed upon by the Forestry Department (FD) under the Ministry of Natural Resources 
and Environmental Conservation (MONREC) and JICA in December 2017. The main objective 
of FDSNR is to strengthen the national capacity for sustainable natural resource management 
by implementing three components: namely 1) improvement of management capacity of forest 
administration, 2) enhancement of integrated watershed management in Inle Lake watershed, 
and 3) development of scientific basis for biodiversity conservation.  

Each component has different purposes and is aimed at different target groups. Component 2 
is specifically aimed at strengthening and improvement of integrated watershed management 
of Inle Lake watershed to reduce the influx of suspended sediment and eventually improve the 
natural environment of Inle Lake. The first phase of Component 2, aimed at the collection of 
baseline data for scientific assessment and determination of effective measures for integrated 
watershed management, has been implemented from March 2019 to August 2020. As part of 
the first phase activities, potential measures for gully erosion control and sustainable land and 
forest management were put into trial in the field.  

The second phase of Component 2 is scheduled to start in July 2020 with an aim to implement 
the determined measures and enhance the capacity of government officials of relevant 
departments, such as FD, IWUMD, and DOA. This document was drafted as proposed 
procedure for lake water quality analysis. It is expected that the methods described in this 
document will contribute to the scientific information collection and monitoring of Inle Lake.  

1.2 Objectives of the Document 

The main objective of this document is to provide a procedure for establishing a method for 
using remote sensing data, such as UAVs, to characterize the water quality of Inle Lake, and to 
use this information to accumulate future scientific information.This document shall be further 
reviewed, revised and refined over through field application in the 2nd phase, so that the JICA 
Project Team could formulate a set of technical guiding documents for effective 
implementation of accumulation of scientific data on water quality in the entire watershed area 
of Inle Lake.  

 

1.3 Targets of the Document 

This document basically targets the members of technical officials of FD and DoA concerned 
with the watershed area of Inle Lake. Once the document will be revised and refined through 
field application in the 2nd phase of Component 2 and finalized as a field manual for 
introduction of monitoring of water quality using UAV , the same could be used as a common 
technical guideline for technical officials of FD and DoA in not only Shan State but also other 
states and regions.  

1.4 Composition of the Document 



The document comprises of 3 chapters. Chapter 1 introduces the background of the project as 
well as the document. Overall process and detailed procedures for efforts to establish a method 
for monitoring water quality in Inlet Lake using UAVs are described in Chapter 2. Finally, 
Chapter 3 indicates the technical guideline to be applied in monitoring water quality in Inle 
Lake using UAVs. 



 

2. Detailed procedures for lake water quality analysis 
 

2.1 Overall process of lake water quality analysis 

The working flow of the methodology used for this analysis is described in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

The process for the turbidity analysis is followed; 

i. Select an area to be photographed and analyzed by UAV and carry out photography  

ii. Sampling water from multiple locations within the target area taking into account differences 

in turbidity 

iii. Ortho-mosaic processing of UAV images and carry out image analysis 

iv. Analyze  surface water sample  

v. Compare the analysis results with the imageries and confirm the correlation between them 

vi. Evaluation of turbidity based on the above results  

 

The flow of general UAV photography/video shooting and spatial data generation is shown on 

Figure 2. This flow is a part of in Figure1, “UAV flight and data generation ”.Through this process, 

spatial information such as aerial photos, movies, ortho photos and terrain data such as digital 

surface model will be produced. 

 

 

 

 

 

 

Selection of the target area 

UAV flight and data 
generation Sampling surface water 

Development of Ortho Mosaic 

Analysis of water quality 

Image analysis 
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Turbidity analysis 

Quality check 
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Figure 1: Flow chart of study for lake water quality analysis 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In this document, only ortho photo and video data are used 

 

2.2 Analysis 

2.2.1 Selection of target area  

In order to understand the status of silt sedimentation of water, the area should be selected. In 

this Project, the area in Inle Lake as shown in Figure 3 was selected, which is indicted as inside 

the white frame, with reference to a Google map, and a survey plan was developed. The area 

inside the white frame is approximately 1.5 km2 (3 km x 0.5 km), centered on the river flowing 

into Inle Lake. Based on the size of area, the flight plan is made. 

 

 

 

 

 

 

 

 

3D model processing  

Flight & data acquisition 

Ortho photo (mosaic) 

DEM 

DSM 

Flight plan 
Course setting, flight height, speed, overlap & side lap ratio 

Contour lines 

DSM  
(Digital Surface Model) 

DEM  
(Digital Elevation Model) 

Movie Aerial photos 

Figure 2: General flow of spatial data generation using UAV 

 

Alignment of photos and conversion of photo coordinates to ground coordinates 

Point cloud (3D point data) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Before taking surface water samples, preliminary images should be taken to understand the 

situation. Figure 4 shows a preliminary photographing result in Inle Lake. As a result of shooting 

with UAV in video mode, it was found the mud flow was wider than expected, and it was decided 

to expand the analysis area in the north-south direction in addition to the east-west direction. 

Figure 5 shows a sampling place where a photograph and a water sample were taken. Water 

samples were collected at a total of 34 locations, from the upstream to the lake-side east-west 

direction and from the estuary to the north-south direction. The surface water is sampled in a 500 

ml plastic bottle while checking the sampling location with GPS. 

 

 

 

 

 

 

 

Figure 3. Target area 

Figure 4. Preliminary results  

(left: near the estuary, right: near the estuary viewed from about 700m away) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2.2 Sampling of surface water  

Figure 6 shows the state of surface water collection and the collected samples in Inle Lake. The 

sampling should be conducted while confirming the position with referring to the position by 

GPS information which indicates position recorded in advance.  

 

 

Figure 6: Surface water sampling (top) and samples collected (bottom) 

estuary 

Figure 5. Target area and surface water sampling locations (34 locations)* Red pin 

indicates additional points 



 

 

 

2.2.3 Flight planning  

For UAV photography/video shooting, it is necessary to determine the area to be shot and set 

flight course, flight altitude, speed, shooting interval, etc. according to the purpose. For the first 

step, it is necessary to determine the target area of data acquisition. 

 

The general points to note about the main parameters of UAV photography flight are as follows. 

 

➢ The higher the flight altitude, the larger the area per photo and the easier it is to secure a 

wide lap ratio. However, caution is required because the UAV flight altitude may be 

regulated by law in some countries. It should also be noted that at higher altitudes, wind 

speeds are often stronger than on the ground. 

➢ The slower the moving speed, the easier to secure a wide lap ratio. However, due to the 

limited capacity of the battery, the flying time  is not so long. Therefore, if the moving 

speed is slowed down, the range that can be photographed in one flight will be narrowed. 

➢ It is easier to secure a wide lap ratio by flying while shooting with a short shooting interval 

setting. However, the shooting interval is depending on the UAV model, the installed 

camera, and the control software. 

➢ If the captured picture does not contain many characteristic points as an image, the number 

of tie points that can be  automatically extracted to take the ground position may be 

insufficient and the model, such as digital surface model (DSM), may not be created. 

There are cases where erroneous extraction points occur frequently and a model cannot 

be created. 

➢  

➢ Ideally, the lap ratio between photos is close to 90%. Models may not be created if the lap 

is less than 70%. 

 

It is necessary to make a flight plan while comprehensively considering the above items. 

Depending on the local conditions at the time of shooting, it may be necessary to consider  to 

change the plan in advance in order to ensure safety and obtain better photos. 

 

2.2.4 Flight preparation 

Before flying and measuring by UAV, it is necessary to confirm that UAV and related equipment 

are in fine condition. The following points should be confirmed before flight; 

 

➢ For UAV: power-on test, controller connection test, check for abnormalities such as external 

damage 

➢ For Battery: Check charged status of batteries until 100%, check for deformation and 

abnormal heat generation 



 

➢ For controller: Check charging status (for rechargeable controller), check if there is no 

problem in operation 

➢ For Software :Confirm that the software/firmware is updated 

➢ For other equipment: Confirmation of operation of tablet for control, confirmation of 

start/update of related software, confirmation of carrying equipment such as anemometer 

and spare parts (propeller, etc.) 

 

2.2.5 Flight and data acquisition  

 To avoid specular reflections from the  water surface, pictures should be taken not around the 

noon but when the angle of the sun light is relatively low. Figure 7 shows an example of UAV 

shooting and an ortho mosaic image in Inle Lake. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2.6 Analysis of water quality  

Analysis of the collected samples should be requested to the laboratory such as Forest Research 

Institute. The results of TSS (Total Suspended Solids) analysis can be produced. Table 1 shows 

the example of the analysis results of water quality in Inle Lake. 

 

 

Table 1. Water quality (turbidity) inspection method and analysis results  

Figure 7. UAV shooting (top) and ortho mosaic image (bottom: Google map in background) 

 



 

Analytical Item Unit Analytical Method Apparatus Used 

 

Total Suspended 

Solid (TSS) 

 

mg/l 

 

NS 4733:1983/ 

NS-EU 872:2005 

 

 

Circulation and Filtration 

System 

 

 

 

2.2.7 Image analysis 

For images acquired by UAV, ortho images are created for each flight, and one ortho mosaic 

image can be created using each of the ortho images. GCP (Ground Control Point) can be 

obtained from Google Earth images and simple geometric correction should be performed when 

ground surveying is not performed at the time of shooting. Surface water sample points are 

plotted on the image on the basis of GPS information, but some deviations due to positional 

accuracy should be corrected with reference to surrounding features and photographs. 

 

For example, if the width of the land channel was about 2 m, the image analysis range at each 

Analytical Item Unit Location Results Remarks

W0 277

W01 274

W02 300

W03 298

W04 319

W05 282

W06 282

W07 293

W08 275

W09 263

W10 304

W12 289

W13 296

W14 307

W15 292

W11 299

E01 22

E02 22

E03 13

E04 5

E05 3

E06 6

Wa 4

Wb 10

Wc 9

Wd 5

S01 23

S02 18

N01 9

N02 4

N03 4

N04 1

N05 11

N06 2

N07 4

  mg/lTotal Suspended Solid (TSS)

West of estuary
(land area)

East of estuary
（Lake）

Floating garden

South of estuary

North of estuary
（Boat route）



 

point can be the average value of the pixels in a circle with a diameter of 1 m. In general, it is 

known that, when turbidity increases in a wide visible region, the reflectance (here, Digital 

Number is used, hereinafter referred to as DN) also increases. From this, the method of estimating 

turbidity using pixel values obtained from UAV images photographed on site can be used. In the 

case of satellite images, etc., the red band and near-infrared band are generally used, but since 

the camera mounted on this UAV does not have the near-infrared band, the pixel value of the red 

band can be used for analysis. . 

 

Figure 8 and Table 2 show the results of image analysis and TSS analysis for each survey point 

in Inle lake. In Figure 8, both the image analysis and the TSS are color-coded as relative values 

in order to grasp the overall situation. In both cases, it can be seen that the turbidity of the water 

course on the upstream land was very high, and that the turbidity decreases from the river mouth 

to the center of the lake. In this example, the TSS was about 1 to 23 mg in low places (lake), it 

was very high at around 300 in land-based waterways. The image analysis results focused on the 

red band DN in RGB. The values were as high as 74 to 190 in low places and almost 200 

(maximum value is 250) in land-based waterways. 

 

 

 

Low  High 

 

 

 

 

 

Table 2 TSS and image analysis results by survey point 

Figure 8. Image analysis (DN of red band) at the survey point (top) and TSS (bottom) 



 

 

 

In the example of Inle Lake, it was difficult to evaluate the difference using the DN of image 

analysis because the turbidity was very high in the landside waterway. However, it seems to be 

effective as one of the techniques to visualize the entire turbidity distribution. Figure 9 shows, as 

an example, the correlation between the TTS and the image analysis result, from the vicinity of 

the estuary (E01) to the center of the lake (E06). Figure 10 shows the situation of a sampling 

point of surface water and a UAV image near the sampling point. For reference, an image near 

W00 of the landside waterway is also shown. E01 is about 100 m away from the estuary, and the 

distance between each point is about 100 m. E06 is about 600 m away from the estuary. The DN 

value of the image is slightly lower near E06, but it may be affected because E05 and E06 are 

places where aquatic plants are distributed a lot. The correlation is high only in the lake area, and 

the use of UAV is considered to be effective as a support tool for water quality survey that usually 

requires a lot of labor. 

 

Location TSS(mg/l) Red-DN Green-DN Blue-DN Remarks

W0 277 215.8 171.2 148.9

W01 274 221.0 163.3 123.8

W02 300 227.7 177.0 136.1

W03 298 227.5 172.9 133.2

W04 319 225.9 175.6 135.2

W05 282 241.9 184.8 143.3

W06 282 228.3 175.1 132.7

W07 293 192.9 148.6 145.7

W08 275 201.6 157.6 145.4

W09 263 193.3 156.7 151.8

W10 304 219.8 182.5 170.5

W12 289 226.7 185.3 145.5

W13 296 227.2 180.5 138.3

W14 307 228.0 187.1 147.1

W15 292 227.2 180.5 142.0

W11 299 228.5 184.7 151.7

E01 22 180.5 165.5 144.0

E02 22 181.7 161.6 142.1

E03 13 165.5 157.1 132.5

E04 5 144.7 143.0 119.6

E05 3 135.1 138.7 134.3

E06 6 125.2 128.4 125.3

Wa 4 169.8 155.4 119.1

Wb 10 122.7 117.2 90.3

Wc 9 93.5 91.8 86.0

Wd 5 74.3 73.9 76.2

S01 23 185.8 159.6 142.9

S02 18 190.1 156.6 142.9

N01 9 158.9 154.4 138.4

N02 4 147.4 149.5 134.4

N03 4 146.7 149.3 136.4

N04 1 152.6 149.4 131.6

N05 11 148.7 150.6 143.3

N06 2 136.7 139.2 143.3

N07 4 143.6 144.7 143.4

West of estuary
(land area)

East of estuary
（Lake）

Floating garden

South of estuary

North of estuary
（Boat route）



 

 

 

 

Figure 9 Comparison between TSS and image analysis (DN of red band) 



 

 

 

 

 

As an example of utilizing UAV images in Inle Lake, a turbidity distribution map of a lake area 

can be created using the red band DN (Figure 11). Blue is an area where turbidity is relatively 

low, and indicates that turbidity is high in the order of yellow, orange, and red. It is clear that the 

turbidity near the estuary is high, which is consistent with the actual situation. It was also found 

Location

E04

E05

E06

Surface water UAV imageries

W00

E01

E02

E03

Figure 10 UAV imageries of sampling points 



 

that the turbidity on the south side of the estuary was higher. On the north side, mud seems to be 

spreading along the route of the boat. 

 

 

Low  High 

 

 

 

2.2 Points to note 

In the Inle Lake study, it was difficult to simply compare with the TSS because the turbidity 

of the landside waterway was very high and the DN of the image analysis was close to saturation. 

However, it should be effective as one of the techniques to visualize the entire turbidity 

distribution.The following points should be noted when acquiring aerial photo imageries over 

the aquatic surface. 

 

・ Shooting taking into account the conditions to minimize specular reflection as much as 

possible 

・ When using images from multiple flights, check the consistency of luminance values between 

images, etc. 

・The timing of sample collection and the timing of UAV image acquisition should not be much 

different. 

 

Figure 11. Turbidity of surface water using UAV imageries with DN of red band 



 

Another drawback of UAVs is that they have limitations in capturing very large areas due to 

flight time constraints. In addition, in the case of shallow water areas, there is no problem in 

image matching because there are characteristic patterns below the water surface such as coral 

reefs and aquatic plants (to create a distribution map, it is necessary to remove the influence of 

aquatic plants, etc.). In places with deep water or places with no feature points, image matching 

cannot be performed. In that case, it is necessary to consider a method corresponding to the 

situation at the site, such as using a satellite image to confirm the location from the imageries 

which already have positions. 

 



1. မိတ္ဆက္ျခင္း 

1.1 မိတ္ဆက္ျခင္း/ JICA စီမံကိန္း၏ ေနာက္ခံအေၾကာင္း 

သယံဇာတႏွင့္ သဘာဝပတ္ဝန္းက်င္ထိန္းသိမ္းေရးဝန္ၾကီးဌာ၊ သစ္ေတာဦးစီးဌာန ႏွင့္ 
ဂ်ပန္အျပည္ျပည္ဆိုင္ရာ ပူးေပါင္းေဆာင္ရြက္ေရးေအဂ်င္စီ (JICA) တို႔အၾကား ၀ှဿ၇ 
ဒီဇင္ဘာတြင္ သေဘာတူလက္မွတ္ေရးထိုးခဲ့ေသာ ေဆြးေႏြးခ်က္မွတ္တမ္း Record of 
Discussion (R/D) ႏွင့္အညီ "သယံဇာတမ်ားေရရွည္တည္တံ့ေစရန္ စီမံအုပ္ခ်ဳပ္ႏိုင္ေရး 
စြမ္းေဆာင္ရည္ျမွင့္တင္ျခင္း (FDSNR) စီမံကိန္းကုိ ၀ှဿ၈ ဇြန္လတြင္ စတင္ခဲ့ပါသည္။ FDSNR ၏ 
အဓိက ရည္ရြယ္ခ်က္မွာ ေအာက္ပါ လုပ္ငန္းစဥ္ ၁ခု ကိ ု  အေကာင္အထည္ေဖာ္ 
ေဆာင္ရြက္ျခင္းျဖင့္ သယံဇာတမ်ားေရရွည္တည္တ့ံေစရန္ စီမံအုပ္ခ်ဳပ္ႏိုင္မႈစြမ္းေဆာင္ရည္မ်ား 
အားေကာင္းလာေစရန္ျဖစ္ပါသည္။ (ဿ) သစ္ေတာစီမံအုပ္ခ်ဳပ္လုပ္ကုိင္ျခင္းတြင္ ဝန္ထမ္းမ်ား၏ 
စြမ္းေဆာင္ရည္ျမွင့္တင္ျခင္း၊ (၀) အင္းေလးကန္ ေရေဝေရလေဲဒသ ဘက္စံုစီမံအုပ္ခ်ဳပ္ျခင္း ႏွင့္ 
(၁) ဇီဝမ်ိဳးစံုမ်ိးကြဲထိန္းသိမ္းျခင္း အတြက္ သိပၸံဆုိင္ရာအခ်က္မ်ား ဖြံ႔ျဖိဳးမႈ တို႔ျဖစ္ပါသည္။ 

 လုပ္ငန္းစဥ္တခုခ်င္းစီတြင္ မတူညီကြဲျပားေသာရည္ရြယ္ခ်က္မ်ားရွိျပီး ဦတည္လုပ္ေဆာင္ေသာ 
target groups မ်ားမွာလည္း မတူညီၾကပါ။ လုပ္ငန္းစဥ္ (၀) သည ္ နႈန္းအနည္မ်ားပုိ႔ခ်မႈ 
ေလွ်ာ့နည္းေစရန္ အင္းေလးကန္ ေရေဝေရလေဲဒသ ဘက္စံုစီမံအုပ္ခ်ဳပ္မႈ အားေကာင္းေစရန္ 
အဓိက ရည္ရြယ္ျပီး ေနာက္ဆုံးတြင္ အင္းေလးကန္အတြက္ ပိုမိုေကာင္းမြန္ေသာ 
သဘာဝပတ္ဝန္းက်င္ ျဖစ္ေစရန္ ရည္ရြယ္ပါသည္။ လုပ္ငန္းစဥ္ (၀) ၏ စီမံကိန္း ပထမကာလတြင္ 
သိပၸံဆုိင္ရာအခ်က္အလက္မ်ား ေကာက္ယူဆန္းစစ္ျခင္း ႏွင့္ ေရေဝေရလေဲဒသ 
ဘက္စံုအုပ္ခ်ဳပ္လုပ္ကိုင္မႈအတြင္ ထိေရာက္ေသာ လုပ္ေဆာင္မႈမ်ားကိ ု ဆံုးျဖတ္ျခင္းမ်ားကိ ု
မတ္လ ၀ှဿ၉ မွ ၾသဂုတ္လ ၀ှ၀ှ အတြင္း အေကာင္အထည္ေဖာ္ေဆာင္ရြက္လွ်က္ရွိပါသည္။ 
စီမံကိန္း၏ ပထမကာလ၏ လုပ္ေဆာင္မႈအေနျဖင့္ ကမ္းပါးျပိဳမႈထိန္းခ်ဳပ္ျခင္း ႏွင့္ 
ေရရွည္တည္တံေသာ ေျမႏွင့္ သစ္ေတာေျမ စီမံအုပ္ခ်ဳပ္မႈမ်ားကို trial အေနျဖင့္ 
ကြင္းဆင္းလုပ္ေဆာင္ခံပါသည္။ 

လုပ္ငန္းစဥ္ ၀ ၏ စီမံကိန္း ဒုတိယ ကာလကို ဇူလိုင္လ ၀ှ၀ှ တြင္ စတင္ရန္ လ်ာထားလက္ရွိျပီး 
အေကာင္အထည္ေဖာ္ေဆာင္ရြက္ရမည့္ တိုင္းတာလုပ္ေဆာင္မႈမ်ားကို ဆံုးျဖတ္ျခင္း ႏွင့္ 
သစ္ေတာဦးစီးဌာ၊ ဆည္ေျမာင္းႏွင့္ေရအသံုးခ်မႈစီမံခန္႔ခြမဲႈဌာန ႏွင့္ စိုက္ပ်ိဳးေရးဦးစီးဌာန 
ကဲ့သို႔ေသာ ဆက္စပ္လွ်က္ရွိသည့္ ဌာနဆုိင္ရာမွ အရာရွိမ်ား၏ စြမ္းေဆာင္ရည္ျမွင့္တင္ျခင္းမ်ားကုိ 
ေဆာင္ရြက္မည္ျဖစ္ပါသည္။ ေရကန္၏ေရအရည္အေသြးကို ဆန္းစစ္ရန္ ရည္ရြယ္ခ်က္ျဖင့္   
ဤေရွ့ေျပးစာတမ္းတြင္ မူၾကမ္းေရးဆြဲျခင္း ျဖစ္ပါသည္။ ဤစာတမ္းတြင္ ေဖာ္ျပထားေသာ 
နည္းလမ္းမ်ားသည္ အင္းေလးကန္၏ ေစာင့္ၾကည့္ေလ့လာျခင္း ႏွင့္ သိပၸံဆုိင္ရာ 
အခ်က္အလက္မ်ားကုိ စုေဆာင္းရာတြင္ အေထာက္အကူျပဳလိမ့္မည္ဟု ေမွ်ာ္လင့္ပါသည္။ 

1.2 ဤေရွ့ေျပးစာတမ္း၏ ရည္ရြယ္ခ်က္ 



ဤေရွ႕ေျပးစာတမ္း၏ အဓိကရည္ရြယ္ခ်က္မွာ အင္းေလးကန္၏ ေရအရည္အေသြးကိုေဖာ္ျပရန္ 
UAV ကဲ့သို႔ေသာ  remote sensing data အခ်က္အလက္မ်ားကုိ အသံုးျပဳ၍ 
ေရအရည္အေသြးေစာင့္ၾကည့္ရန္အတြက္ နည္းစနစ္တခုတည္ေထာင္ရန္အတြက္ လုပ္ငန္းစဥ္တခ ု
ပံ့ပိုးကူညီရန္ ႏွင့္ အနာဂတ္သိပၸံနည္းက် အခ်က္အလက္မ်ားကုိ စုေဆာင္းႏိုင္ရန္အတြက္ 
ယင္းသတင္းအခ်က္အလက္မ်ားကုိ အသံုးျပဳႏိုင္ရန္ ျဖစ္ပါသည္။  
အင္းေလးကန္ေရေဝေရလေဲဒသတခုလံုးတြင္ ေရအရည္အေသြးအတြက္ 
သိပၸံဆိုင္ရာအခ်က္အလက္မ်ား စုေဆာင္းမႈကိ ုထိေရာက္စြာ အေကာင္အထည္ေဖာ္ႏိုင္ရန္အတြက္ 
JICA စီမံကိန္းအဖြဲ႔မွ နည္းပညာလမ္းညႊန္ခ်က္ (technical guiding documents) ေရးဆြဲႏိုင္ေစရန္ 
ဤေရွ့ေျပးစာတမ္းကုိ စီမံကိန္း၏ ဒုတိယကာလအတြင္းတြင္ ေနာက္ထပ္သံုးသပ္မႈမ်ား၊ 
ျပင္ဆင္ျခင္းမ်ား ျပဳလုပ္သြားမည္ ျဖစ္ပါသည္။ 

 

1.3 ဤေရွ႕ေျပးစာတမ္း၏ ဦးတည္ခ်က္  

ဤေရွ့ေျပးစာတမ္းသည္ အေျခခံအားျဖင့္ အင္းေလးကန္ေရေဝေရလဲ ေဒသႏွင့္ဆက္စပ္သည့္ 
သစ္ေတာဦးစီးဌာနႏွင့္ စိုက္ပ်ိဳးေရးဦးစီးဌာနတို႔၏ နည္းပညာဆိုင္ရာအရာထမ္းမ်ားကုိ 
ဦးတည္ပါသည္။ ဤေရွ့ေျပးစာတမ္းကုိ  စီမံကိန္းလုပ္ငန္းစဥ္ (၀) ၏  2nd phase တြင္ 
ကြင္းဆင္းလုပ္ေဆာင္ခ်က္ေပၚမူတည္ျပီး ထပ္မံ၍ သံုးသပ္မႈမ်ား၊ ျပင္ဆင္ျခင္းမ်ား 
ျပဳလုပ္သြားမည္ျဖစ္ျပီး UAV အသံုးျပဳျခင္းျဖင့္ ေရအရည္အေသြးေစာင့္ၾကည့္ျခင္းကို 
မိတ္ဆက္ေပးရန္အတြက္ ကြင္းဆင္းလက္စြဲတခုအေနျဖင့္ ေနာက္ဆုံးအျပီးသတ္မည္ ျဖစ္ပါသျဖင့္ 
သစ္ေတာဦးစီးဌာနႏွင့္ စိုက္ပ်ိဳးေရးဦးစီးဌာနတုိ႔၏ technical officials မ်ားအတြက္ common 
technical guideline အေနျဖင့္ ရွမ္းျပည္နယ္အတြက္သာမက အျခားေသာ ျပည္နယ္ႏွင့္ 
တိုင္းေဒသၾကီးမ်ားတြင္ပါ အသံုးျပဳႏိုင္မည္ျဖစ္ပါသည္။  

1.4 ဤေရွ႕ေျပးစာတမ္း၏ ေပါင္းစပ္ဖြဲ႔စည္းပုံ 

ဤေရွ့ေျပးစာတမ္းတြင္ အခန္း ၃ခန္း ပါဝင္ပါသည္။ အခန္း ဿ တြင္ စီမံကိန္း၏ 
ေနာက္ခံအေၾကာင္းအရာႏွင့္  ဤေရွ့ေျပးစာတမ္း အေၾကာင္းကုိ မိတ္ဆက္ျခင္းကို ေဖာ္ျပပါသည္။ 
UAV မ်ားအသံုးျပဳျခင္းျဖင့္ အင္းေလးကန္၏ ေရအရည္အေသြးကိ ု ေစာင့္ၾကည့္ရန္အတြက္ 
နည္းစနစ္တခုတည္ေထာင္ရန္ လုပ္ေဆာင္ရမည့္ အေသးစိတ္အခ်က္ႏွင့္ လုပ္ငန္းစဥ္တခုလံုး 
ျခံုငံုသံုးသပ္မႈအပိုင္းကိ ု အခန္း ၀တြင္ ေဖာ္ျပထားပါသည္။ ေနာက္ဆံုးတြင္ UAV မ်ား အသံုးျပဳ၍ 
အင္းေလးကန္ရွိေရ၏ အရည္အေသြးကိ ု ေစာင့္ၾကည့္ရာတြင္ အသံုးျပဳေသာ 
နည္းပညာလမ္းညႊန္မႈကို အခန္း ၁ တြင္ ေဖာ္ျပထားပါသည္။  
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2. ကနးေရအရညးအေသျ့ကုိ ဆနး့စစးရနးအတျကး အေသ့စိတးလုပးငနး့စဥးမ္ာ့ 

 

2.1 ကနးေရအရညးအေသျ့ကုိ ဆနး့စစးရနးအတျကး ေယဘုယ္လုပးငနး့စဥး 

ဤဆနး့စစးမႈအတျကး အသဵု့်ပဳသညးံနညး့စနစး၏ အလုပးလုပးပဵုကိ ုပုဵ-ှ တျငး ေဖား်ပထာ့သညး၈ 

 

 

 

 

 

 

 

 

 

 

 

 

ႏုနး့အနညးဆနး့စစး်ခငး့ လုပးငနး့စဥးမြာ ေအာကးပါအတိုငး့်ဖစးပါသညး၈ 

i. UAV ်ဖငးံ ဆနး့စစး ပဵုရိပးဖမး့ယ ူဓါတးပဵုရိုကးယူရနးအတျကး ေနရာေရျ့ခ္ယးပါ၈   

ii. မတူညီကျဲ်ပာ့ေသာ (turbidity) ႏုနး့အနညး့မ္ာ့ကို ထညးံသျငး့စဥး့စာ့်ခငး့အာ့်ဖငးံ 

ပစးမြတးထာ့ေသာ ဧရိယာအတျငး့ ေနရာမ္ာ့စျာမြ ေရနမူနာယူ်ခငး့   

iii. UAV  ပုဵရိပးမ္ာ့၏ Ortho-mosaic လုပးငနး့စဥး ႏြငးံ ပဵုရိပးမ္ာ့ကိ ုဆနး့စစး်ခငး့၈   

iv. မ္ကးႏြာ်ပငးေရနမူနာမ္ာ့ကို ဆနး့စစး်ခငး့ 

v. ပဵုရိပးမ္ာ့ႏြငးံ ဆနး့စစးမႈရလဒးကို ႏႈိငး့ယြဥးပါ၈ ယငး့တုိ႔အၾကာ့ ဆကးစပးမႈကို အတညး်ပဳပါ၈ 

vi. အထကးပါ ရလဒးမ္ာ့ကို အေ်ခခဵ၍ (turbidity) ႏႈနး့အနညး့ကိ ုအကဲ်ဖတး်ခငး့၈ 

ပစ္မွတ္ထားေသာေနရာ ေရြးခ်ယ္ျခင္း 

UAV ပ်ံသန္းမႈႏွင့္ 
အခ်က္အလက္ထုတ္လုပ္ျခင္း မ်က္ႏွာျပင္ေရနမူနာယူျခင္း 

Development of Ortho Mosaic ပံုရိပ္  

ေရအရည္အေသြးဆန္းစစ္ျခင္း 

ပံုရိပ္ဆန္းစစ္ျခင္း 

Correlation analysis 

ႏုန္းအနည္ဆန္းစစ္ျခင္း 

အရည္အေသြးစစ္ေဆး
No 

Yes 

Figure 1: ကန္ေရအရည္အေသြးဆန္းစစ္မႈ ေလ့လာမႈ၏ Flow ဇယား 
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ေယဘုယ္ UAV ဓါတးပဵုရိုကး်ခငး့/ ဗီဒီယိ ုရိုကးကူ့်ခငး့ ႏြငံး  spatial data generation တို႔ကို ပုဵ-ဿ 

တျငး ်ပသထာ့သညး၈  ပဵု-ှ ၏ တစိတးတပိုငး့ ်ဖစးပါသညး၈ “UAV flight and data 

generation ”ယငး့်ဖစးစဥးမြ ေဝဟငးဓါတးပဵု၇ movies, ortho ဓါတးပဵုႏြငးံ digital surface model 

ကဲံသို႔ေသာ terrain data စသညးံ spatial information တို႔ကို ထုတးလုပးႏိုငးပါသညး၈  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ဤစာတမး့တျငး ortho photo ႏြငးံ video data သာလြ္ငး အသဵု့်ပဳပါမညး၈  

 

3D model processing  

Flight & data acquisition 

Ortho photo (mosaic) 

DEM 

DSM 

Flight plan 
Course setting, flight height, speed, overlap & side lap ratio 

Contour lines 

DSM  
(Digital Surface Model) 

DEM  
(Digital Elevation Model) 

Movie Aerial photos 

Figure 2: General flow of spatial data generation using UAV 

Alignment of photos and conversion of photo coordinates to ground coordinates 

Point cloud (3D point data) 
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2.2 ဆနး့စစး်ခငး့ 

2.2.1 target area ေရျ့ခ္ယး်ခငး့ 

ေရႏုနး့အနညးထိုငးမႈအေ်ခအေနကို နာ့လညးႏိုငးရနး ေနရာကိုေရျ့ ခ္ယးရမညး၈ ယခုစီမဵကိနး့တျငး ပဵု-၀ 

တျငး ်ပသထာ့သညးံအတိုငး့ အငး့ေလကနးဧရိယာကို ေရျ့ခ္ယးထာ့သညး၈ ၎ကိ ု

အ်ဖဴေရာငးေဘာငးအတျငး့တျငး ေဖား်ပထာ့်ပီ့ ဂူဂဲလးေ်မပဵုႏြငးံ ဆကးစပး၍ survey plan တခုကို 

ေရ့ဆျဲထာ့သညး၈  အ်ဖဴေရာငးေဘာငးအတျငး့မြ ဧရိယာသညး ခနး႔မြနးေ်ခ  1.5 km2 (3 km x 0.5 

km) ရြိ်ပီ့ အငး့ေလ့ကနးအတျငး့သို႔စီ့ဝငးေသာ ေခ္ာငး့၏ အလယး်ဖစးပါသညး၈ 

ဧရိယာအရျယးအစာ့အေပၐတျငး အေ်ခခဵ၍ flight plan ကိ ု်ပဳလုပးပါသညး၈  

 

 

 

 

 

 

 

 

 

မ္ကးႏြာ်ပငးေရနမူနာမေကာကးယူမီ အေ်ခအေနကုိ နာ့လညးႏိုငးရနး ပဏမပဵုရိပးကို ယူသငးံသညး၈ 

ပဏမပဵုရိပး၏ ရလဒးကို ပဵု-၁  တျငး ်ပသထာ့ပါသညး၈ .  UAV video mode ်ဖငးံ ရိုကးကူ့မႈ၏ 

Figure 3. Target area 
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ရလဒးအရ m u d  f l o w  ရျ႕ဵႏျဵမ္ာ့ ဝငးေရာကးမႈမြာ ထငးမြတးထာ့သညးထကး က္ယး်ပနး႔ပါသညး၈ 

ဆနး့စစးမညးံဧရိယာကုိ အေရြ႕အေနာကး d i r e c t i o n  ကို ထပးမဵ်ဖညးံစျကးသညးံအေန်ဖငးံ 

ေတာငးေ်မာကး d i r e c t i o n  ကိုပါ ဆနး့စစးရနး ဆဵု့်ဖတးခဲံပါသညး၈  ေရနမူနာေကာကးယူခဲံေသာ 

ေနရာႏြငးံ ဓါတးပဵုရိုကးခဲံေသာေနရာကို ပုဵ- ၂  တျငး ်ပသထာ့သညး၈ အငး့ေလ့ကနးအတျငး့သုိ႔ 

စီ့ဝငးေသာ ေခ္ာငး့အထကးဘကး  (upstream)မြ အငး့ေလ့ကနး အေရြ႕အေနာကး direction ႏြငးံ 

်မစးဝမြ ေတာငးေ်မာကး direction ေရနမူနာေနရာ ၀၁ ေနရာ ေကာကးယူခဲံပါသညး၈ ေကာကးယူသညးံ 

ေနရာကိ ု GPS ်ဖငးံ မြတး်ပီ့ 5 0 0  m l  ပလတးစတးဘူ့ အတျငး့ နမူနာေကာကးယူပါသညး၈  

 

 

 

 

 

 

 

 

 

estuary 

Figure 4. Preliminary results  

(left: near the estuary, right: near the estuary viewed from about 700m away) 

ပုံ-၂၈ ေရနမူနာေကာက္ယူေသာ ၃၄ေနရာ *အနီေရာင္ pin မ်ားမွာ ထပ္တုိးထားေသာ ေနရာမ်ား 
ျဖစ္ပါသည္   



5 

2.2.2 မ္ကးႏြာ်ပငးေရ နမူနာယူ်ခငး့  

ပဵု-၃ တျငး ကနးအတျငး့မြ ေရနမူနာမ္ာ့ ေကာကးယူရရြိမႈ အေ်ခအေနတုိ႔ကိ ု ်ပသထာ့ပါသညး၈ 

ၾကိဳတငးမြတးထာ့ေသာ GPS အခ္ကးအလကး တညးေနရာကိ ုအတညး်ပဳ်ပီ့မြ နမူနာေကာကးယူမႈကုိ 

်ပဳလုပးရပါမညး၈   

 

 

2.2.3 Flight planning  ပ္ဵသနး့မႈ အစီအစဥး 

UAV ဓါတးပဵုရိုကး်ခငး့/ဗီဒီယိုရိုကးကူ့်ခငး့အတျကး ရညးရျယးခ္ကးအေပၐမူတညး၍  ရိုကးမညးံေနရာ   

flight course ကိ ုsetting ်ပဳလုပး်ခငး့၇  flight altitude, speed, shooting interval စသညးတို႔ကိ ု

ဆဵု့်ဖတးရနး လိုအပးပါသညး၈  ပထမအဆငးံအေန်ဖငးံ data acquisition ၏ target area ကို 

ဆဵု့်ဖတးရနး လိုအပးပါသညး၈ 

UAV ပ္ဵသနး့မႈ၏ အဓိက parameters မ္ာ့ကိ ု မြတးသာ့ရနး ေယဘုယ္အခ္ကးမ္ာ့မြာ 

ေအာကးပါအတုိငး့်ဖစးပါသညး၈  

ပုံ ၃: မ်က္ႏွာျပင္ေရနမူနာေကာက္ယူေနပုံ (top)ႏွင့္ 
ေကာက္ယူရရိွေသာ နမူနာမ်ား  (bottom) 
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 flight altitude ်မငးံေလေလ၇ ဓါတးပဵု၏ ဧရိယာ ပိုၾကီ့ေလေလ၇  wide lap ratio  ကိ ုsecure 

်ဖစးရနး ပိုမိုလျယးကူေလေလ ်ဖစးပါသညး၈ သို႔ရာတျငး UAV flight altitude သညး 

အခ္ိဳ႕ႏိုငးငဵမ္ာ့၏ ဥပေေဒႏြငးံ သကးဆိုငးလြ္ကးရြိပါသ်ဖငးံ သတိထာ့ရနး လိုအပးပါသညး၈ 

altitudes ်မငးံလာလြ္ငး ေ်မ်ပငးေပၐထကး ေလတုိကးႏႈနး့ပုိမုိ အာ့ေကာငး့လာေလံရြိေၾကာငး့ကိုလညး့ 

သတိ်ပဳသငးံသညး၈  

 moving speed ေႏြ့ေလေလ , wide lap ratio  ကိ ု secure ်ဖစးရနး ပိုမိုလျယးကူေလေလ 

်ဖစးပါသညး၈ သို႔ေသား ဘကးထရီ၏ capacity အကနး႔အသတးရြိ်ခငး့ေၾကာငးံ ပ္ဵသနး့ခ္ိနးသညး 

မၾကာလြပါ၈ ထို႔ေၾကာငးံ ေရႊလြ္ာ့ေသာ အရြိနးေႏြ့သျာ့ပါက ပ္ဵသနး့မႈ တစးၾကိမးတျငး 

ဓါတးပဵုရိုကးႏိုငးေသာ ပမာဏမြာ က္ဥး့ေ်မာငး့သျာ့ပါလိမးံမညး၈   

 short shooting interval ခ္ိနးညြိ၍ ရိုကးကူ့်ခငး့်ဖငးံ wide lap ratio ရရြိရနး 

ပိုမိုလျယးကူပါသညး၈ သို႔ရာတျငး shooting interval သညး UAV ၏ model ၇ install 

လုပးထာ့ေသာ camera ႏြငးံ ထိနး့ခ္ဳပးထာ့ေသာ software အေပၐတျငး မူတညးပါသညး၈  

 အကယး၍ ဖမး့မိထာ့ေသာ ရုပးပဵုတျငး ထူ့်ခာ့ေသာအခ္ကးမ္ာ့စျာမပါရြိပါက 

ေ်မအေနအထာ့ကုိ ယူရနး အလိုအေလ္ာကးထုတးယူႏိုငးေသာအခ္ကးမ္ာ့ မလဵုေလာကးႏိုငးပဲ  

digital surface model (DSM) ကဲံသို႔ေသာ ပဵုစဵကိ ု မဖနးတီ့ႏိုငးပါ၈  point ထုတးယူ်ခငး့ 

မြာ့ယျငး့မႈမ္ာ့ မၾကာခဏ်ဖစးပျာ့ေလံရြိ်ပီ့ model ကိ ုမဖနးတီ့ႏိုငးပါ၈   

 ဓါတးပဵုတခုႏြငးံ တခုအၾကာ့ lap ratio 90% နီ့ပါ့ရြိပါက အေကာငး့ဆဵု့ပါ၈ . 70%. 

ထကးနညး့ပါ့ပါက model ကို မဖနးတီ့ႏိုငးပါ၈   

 

အထကးပါအခ္ကးမ္ာ့ကုိ်ပညးံစဵုစျာထညးံသျငး့စဥး့စာ့လြ္ကး flight plan ကိ ု ်ပဳလုပးရနး 
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လိုအပးပါသညး၈ ရိုကးကူ့ရာတျငး ေဒသအလုိကးအေ်ခအေနေပၐမူတညး၍ လဵု်ခဵဳမႈရြိေစရနးႏြငးံ 

ပိုမိုေကာငး့မျနးေသာ ဓါတးပဵုမ္ာ့ရရြိေစရနးအတျကး plan ကို ၾကိဳတငးေ်ပာငး့လရဲနး 

စဥး့စာ့ဖုိ႔လိုအပးႏိုငးပါသညး၈   

 

2.2.4 ပ္ဵသနး့မႈ ်ပငးဆငး်ခငး့ 

UAV်ဖငးံ တိုငး့တာ်ခငး့ ပ္ဵသနး့မႈ မစတငးမီ  UAV ႏြငးံ အ်ခာ့ဆကးစပးပစၥညး့မ္ာ့သညး 

ေကာငး့မျနးေသာ အေ်ခအေနတျငးရြိေၾကာငး့ အတညး်ပဳရနး လိုအပးသညး၈  မပ္ဵသနး့မီ 

ေအာကးပါအခ္ကးမ္ာ့ကုိ အတညး်ပဳသငးံပါသညး၈  

 UAV အတျကး power-on, controller ၏ connection ႏြငးံ ်ပငးပပ္ကးစီ့မႈကံဲသုိ႔ေသာ 

ပဵုမြနးမဟုတးေသာအရာမ္ာ့ကို စစးေဆ့ပါ၈   

 Battery ဘကးထရီအတျကး : အာ့သျငး့ထာ့ေသာ ဘကးထရီမ္ာ့အာ့ ှွွ% အာ့်ပညးံဝငးမႈ 

အေ်ခအေန စစးပါ၈ ပဵုမြနးမဟုတးေသာ အပူခ္ိနးႏြငးံ ပဵုပ္ကး်ခငး့မ္ာ့ကိ ုစစးေဆ့ပါ၈  

 Controller အတျကး: rechargeable controller ်ဖစးပါက အာ့်ပညးံဝငးမႈအေ်ခအေနကို စစးပါ၈  

operation ႏြငးံပတးသတးသညးံ ်ပႆနာရြိ/မရြိ စစးေဆ့ပါ၈ 

 Software အတျကး : updated ်ဖစးေၾကာငး့ အတညး်ပဳပါ၈ 

 အ်ခာ့ေသာ ဆကးစပးပစၥညး့မ္ာ့: သယးယူသျာ့ရမညးံ anemometer ႏြငးံ propeller စသညးံ 

spare parts မ္ာ့၇ control လုပးရနးအတျကး table, ဆကးစပး software update ်ဖစး/မ်ဖစး 

စသညးတို႔ကိ ုစစးေဆ့ အတညး်ပဳပါ၈  

 

2.2.5 ပ္ဵသနးမႈႏြငးံ data acquisition  

 ေရမ္ကးႏြာ်ပငးမြ specular reflections ကိ ု ေရြာငးရြာ့ႏုိငးရနးအတျကး ဓါတးပဵုမ္ာ့ကိ ု
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မျနးတညးံခ္ိနးေလာကးတျငး မရိုကးပ ဲေနေရာငး်ခညး ေထာငးံအနညး့ငယးအနိမးံတျငး ရိုကးသငးံပါသညး၈  . 

ပဵု-၄ တျငး  UAV ရိုကးကူ့်ခငး့ႏြငးံ အငး့ေလ့ကနး၏ ortho mosaic image ကိ ု်ပသထာ့ပါသညး၈ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2.6 ေရအရညးအေသျ့ ဆနး့စစး်ခငး့  

ေကာကးယူထာ့ေသာ နမူနာမ္ာ့ကို Forest Research Institute ကဲံသို႔ေသာ ဓါတးချဲခနး့သုိ႔ 

ဆနး့စစးရနး request လုပးသငးံပါသညး၈  TSS (Total Suspended Solids) ဆနး့စစးမႈ ရလဒး 

ထျကးလာပါမညး၈  အငး့ေလ့ကနး၏ ေရအရညးအေသျ့  ဆနး့စစးမႈရလဒးနမူနာကို ဇယာ့ ှ တျငး 

်ပသထာ့ပါသညး၈ 

ပုံ-၄ UAV ရုိက္ကူးျခင္းႏွင့္ (အေပၚ) and ortho mosaic image (ေအာက္: Google map ေနာက္ခံ) 
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ဇယာ့-ှ ေရအရညးအေသျ့(ႏႈနး့ပါဝငးမႈ) စစးေဆ့်ခငး့ ႏြငးံ ဆနး့စစးမႈရလဒးမ္ာ့  
ဆနး့စစးသညးံအေၾကာငး့အရာ ယူနစး ဆနး့စစးသညးံ နညး့ Apparatus Used 

 
Total Suspended Solid 

(TSS) 

 
mg/l 

 
NS 4733:1983/ 
NS-EU 872:2005 

 

 
Circulation and 

Filtration System 

 

 
 

2.2.7 ပုဵရိပးဆနး့စစး်ခငး့ 

UAV မြ ရရြိေသာ ပဵုမ္ာ့အတျကး ပ္ဵသနး့မႈတခုခ္ငး့စီအတျကး ortho images ပဵုမ္ာ့ကိ ုဖနး့တီ့ထာ့်ပီ့ 

ယငး့ ortho images မ္ာ့ကိ ုအသဵု့်ပဳ်ပီ့  ortho mosaic image တခုကုိ ဖနးတီ့ႏိုငးပါသညး၈ GCP 

Analytical Item Unit Location Results Remarks

W0 277

W01 274

W02 300

W03 298

W04 319

W05 282

W06 282

W07 293

W08 275

W09 263

W10 304

W12 289

W13 296

W14 307

W15 292

W11 299

E01 22

E02 22

E03 13

E04 5

E05 3

E06 6

Wa 4

Wb 10

Wc 9

Wd 5

S01 23

S02 18

N01 9

N02 4

N03 4

N04 1

N05 11

N06 2

N07 4

  mg/lTotal Suspended Solid (TSS)

West of estuary
(land area)

East of estuary
（Lake）

Floating garden

South of estuary

North of estuary
（Boat route）
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(Ground Control Point) ကို Google Earth images မ္ာ့မြ ရယူႏိုငးပါသညး၈ ရိုကးေနခ္ိနးတျငး 

ground suryeying လုပးေဆာငး်ခငး့မရြိပါက ရို့ရြငး့ေသာ geometric correction ကိ ု

ေဆာငးရျကးသငးံသညး၈ GPS အခ္ကးအလကးမ္ာ့၏အေ်ခခဵေပၐမြ ပဵုရိပးေပၐတျငး မ္ကးနြာ်ပငးေရနမူနာ 

points မ္ာ့ကိ ု ေရ့ဆျဲရမညး၈ သို႔ေသား positional accuracy ေၾကာငးံ အခ္ိဳ႕ေသာလမး့လျဲမႈမ္ာ့ကုိ 

ပတးဝနး့က္ငးလကၡဏမ္ာ့ႏြငးံ ဓါတးပဵုမ္ာ့ကိ ုမြီ်ငမး့်ပီ့ ်ပနး်ပငးသငးံပါသညး၈  

ဥပမာ land channel ၏ အက္ယးမြာ 2 m ်ဖစးပါက point တခုခ္ငး့စီ၏ image analysis range 

သညး  အခ္ငး့ 1 m ရြိေသာ စကးဝိုငး့အတျငး့ရြိ pixels မ္ာ့၏ ပ္မး့မြ္တနးဖို့ ်ဖစးႏိုငးပါသညး၈ wide 

visible region မြာ turbidity ေတျ မ္ာ့လာတဲံအခါ (ဤေနရာတျငး Digital Number ဟုအသုဵ့်ပဳ) 

(ေနာကးအခါ DN ဟုလညး့ ေခၐသညး)  reflectance လညး့ မ္ာ့လာႏုိငးပါသညး၈ 

ထိုသုိ႔်ပဳလုပး်ခငး့်ဖငးံ UAV ပဵုရိပးမ္ာ့မြ ရရြိေသာ pixel values မ္ာ့ကိ ုအသဵု့်ပဳ၍ turbidity မ္ာ့ကိ ု

ခနး႔မြနး့သညးံ နညး့လမး့ကုိ အသဵု့်ပဳႏိုငးသညး၈  အနီေရာငး band ႏြငးံ  near-infrared band ကုိ 

ၿဂိဳးလးတုပဵုရိပးမ္ာ့ စသညး်ဖငးံ ေယဘုယ္ အသဵု့်ပဳၾကသညး၈ သို႔ရာတျငး ဒီUAVတျငး 

တပးဆငးထာ့ေသာ ကငးမရာတျငး  near-infrared band မရြိေသာေၾကာငးံဆနး့စစးရနးအတျကး red 

band ၏ pixel တနးဖို့ကုိ အသဵု့်ပဳႏိုငးပါသညး၈  . 

 

ပဵု-၅ ႏြငးံ ဇယာ့-ဿ တို႔တျငး အငး့ေလ့ကနးအတျငး့ survey point တခုခ္ငး့စီအတျကး TSS ႏြငးံ ပဵုရိပး 

ဆနး့စစးမႈ ရလဒးမ္ာ့ကို ်ပသထာ့ပါသညး၈ ပဵု-၅ တျငး အေ်ခအေနကုိ ်ခဵဳငဵုနာ့လညးႏိုငးရနးအတျကး 

ပဵုရိပးဆနး့စစး်ခငး့ႏြငးံ TSS ႏြစးခုစလဵု့ကုိ ႏိႈငး့ယြဥးတနးဖို့မ္ာ့အ်ဖစး အေရာငး်ဖငးံ ေဖား်ပသညး၈ 

်ဖစးရပးႏြစးခုလဵု့တျငး ေရအတျငး့မြ ႏုနး့အနညးပါဝငးမႈသညး upstream ေနရာတျငး လျနးစျာ်မငးံမာ့်ပီ့ 

ကနးေရ်ပငး၏ အဝမြ ကနး၏ အလယးတျငး ေလြ္ာံနညး့သျာ့သညးကုိ ေတျရြိရပါသညး၈ ဤဥပမာတျငး  

TSS သညး နညး့ေသာေနရာမ္ာ့တျငး (ကနးအတျငး့) 1~ 23 mg ႏြငးံ ကုနး့တျငး့ေရလမး့ေၾကာငး့တျငး  
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300 ခနး႔ အလျနး်မငးံမာ့ခဲံပါသညး၈ ပုဵရိပးဆနး့စစးမႈရလဒးသညး RGB မြ red band DN အေပၐတျငး 

focus ်ဖစးပါသညး၈ တနးဖို့မ္ာ့မြာ နိမးံေသာေနရာမ္ာ့တျငး 74~190 ႏြငးံ 

ကုနး့တျငး့ေရလမး့ေၾကာငး့တျငး 200 နီ့ပါ့ (အ်မငးံဆဵု့ value မြာ 250) ်ဖစးပါသညး၈ 

 

 

 
Low  High 

 

 

 

 

 

Table 2 TSS and image analysis results by survey point 

Figure 8. Image analysis (DN of red band) at the survey point (top) and TSS (bottom) 
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အငး့ေလ့ကနး၏ ဥပမာတျငး ပဵုရိပးဆနး့စစးမႈ၏ DN ကိ ု အသဵု့်ပဳ၍ ကျာ်ခာ့ခ္ကးကုိ အကဲ်ဖတးရနး 

ခကးခပဲါသညး၈ ကုနး့တျငး့ေရလမး့ေၾကာငး့တျငး turbidity မ္ာ့ လျနးစျာ်မငးံမာ့ေသာေၾကာငးံ 

်ဖစးပါသညး၈ သို႔ရာတျငး turbidity မ္ာ့ လႊမး့်ခဵဳမႈ တခုလုဵ့ကို ်မငးေယာငးေစရနး 

နညး့စနစးတစးခုအေန်ဖငးံ ထိေရာကးပဵုရပါသညး၈ ကနးအဝငးဝ (E01) မြ ကနးအလယးဗဟုိ 

(E06)အထ ိ TTS ႏြငးံ ပဵုရိပးဆနး့စစးမႈရလဒးမ္ာ့အၾကာ့ ဆကးစပးမႈကို ဥပမာအေန်ဖငးံ ပုဵ-၆ တျငး 

်ပသထာ့ပါသညး၈ ပဵု-ှွ တျငး ေရမ္ကးႏြာ်ပငး၏ နမူနာ point ႏြငးံ နမူနာ point အနီ့အနာ့ရြိ UAV 

ပဵုရိပး တို႔၏ အေ်ခအေနကို ်ပသထာ့ပါသညး၈  ကုနး့တျငး့ေရလမး့ေၾကာငး့ (W00) အနီ့ရြိ 

Location TSS(mg/l) Red-DN Green-DN Blue-DN Remarks

W0 277 215.8 171.2 148.9

W01 274 221.0 163.3 123.8

W02 300 227.7 177.0 136.1

W03 298 227.5 172.9 133.2

W04 319 225.9 175.6 135.2

W05 282 241.9 184.8 143.3

W06 282 228.3 175.1 132.7

W07 293 192.9 148.6 145.7

W08 275 201.6 157.6 145.4

W09 263 193.3 156.7 151.8

W10 304 219.8 182.5 170.5

W12 289 226.7 185.3 145.5

W13 296 227.2 180.5 138.3

W14 307 228.0 187.1 147.1

W15 292 227.2 180.5 142.0

W11 299 228.5 184.7 151.7

E01 22 180.5 165.5 144.0

E02 22 181.7 161.6 142.1

E03 13 165.5 157.1 132.5

E04 5 144.7 143.0 119.6

E05 3 135.1 138.7 134.3

E06 6 125.2 128.4 125.3

Wa 4 169.8 155.4 119.1

Wb 10 122.7 117.2 90.3

Wc 9 93.5 91.8 86.0

Wd 5 74.3 73.9 76.2

S01 23 185.8 159.6 142.9

S02 18 190.1 156.6 142.9

N01 9 158.9 154.4 138.4

N02 4 147.4 149.5 134.4

N03 4 146.7 149.3 136.4

N04 1 152.6 149.4 131.6

N05 11 148.7 150.6 143.3

N06 2 136.7 139.2 143.3

N07 4 143.6 144.7 143.4

West of estuary
(land area)

East of estuary
（Lake）

Floating garden

South of estuary

North of estuary
（Boat route）
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ပဵုကိုလညး့ reference ်ဖစးေစရနးအတျကး ်ပသထာ့ပါသညး၈ E01 မြာ ကနးအဝငးဝမြ  100 m 

အကျာတျငးရြိ်ပီ့ point တခုခ္ငး့စီ့ၾကာ့အကျာအေဝ့မြာ 100 m ခနး႔်ဖစးပါသညး၈  E06 မြာ 

ကနးအဝငးဝေနရာမြ  600 m အကျာတျငးရြိပါသညး၈ E06 ေနရာအနာ့တျငး ပဵုရိပး၏ DN value သညး 

အနညး့ငယးနိမးံပါသညး၈  E05 ႏြငးံ E06 ေနရာမ္ာ့မြာ ေရေနအပငးမ္ာ့ (aquatic plants) 

မ္ာ့အေ်မာကးအမ္ာ့ ရြိေနေသာေၾကာငးံ ်ဖစးႏိုငးပါသညး၈ ဆကးစပးမႈသညး ကနးအတျငး့တျငး 

်မငးံမာ့ပါသညး၈ ေရအရညးအေသျ့  survey လုပး်ခငး့သညး လုပးအာ့မ္ာ့စျာလိုအပးသ်ဖငးံ UAV 

အသဵု့်ပဳ်ခငး့သညး အေထာကးအကူ်ပဳ ကိရိယာတစးခုအ်ဖစး ထိေရာကးသညးဟု မြတးယူႏိုငးပါသညး၈  

 

 

 

 

Figure 9 Comparison between TSS and image analysis (DN of red band) 
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အငး့ေလ့ကနးမြ UAV ပဵုရိပးမ္ာ့ကိ ု အသဵု့်ပဳ်ခငး့၏ နမူနာအေန်ဖငးံ red band DN ကို 

Location

E04

E05

E06

Surface water UAV imageries

W00

E01

E02

E03

ပုံ-ှွ နမူနာ points မ်ာ၏ UAV ပုံရိပ္မ်ား 
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အသဵု့်ပဳ်ခငး့်ဖငးံ ကနးဧရိယာ၏ turbidity ဖဵု့လႊမး့မႈ်ပေ်မပဵုကို ဖနးတီ့ႏိုငးပါသညး၈ အ်ပာေရာငးသညး 

turbidity အနိမးံဆဵု့်ဖစး်ပီ့  အဝါေရာငး၇ လိေမၼားေရာငးႏြငး အနီေရာငး အစဥးလိုကးအတုိငး့ turbidity 

်မငးံမာ့ေၾကာငး့ ညႊနး်ပထာ့ပါသညး၈ ကနးအဝငးဝနာ့တျငး turbidity ်မငးံမာ့ေၾကာငး့ 

အမြနးတကယးအေ်ခအေနႏြငးံ ကိုကးညီသညးကို ရြငး့လငး့စျာ ေတျရြိရပါသညး၈ ေတာငးဘကးအပိုငး့ရြိ 

ကနးအဝငးဝတျငးလညး့ ႏုနး့အနညး ်မငးံမာ့ေၾကာငး့ေတျ႔ရြိရပါသညး၈ ေ်မာကးဘကးအပိုငး့တျငး 

ရႊဵ႕မ္ာ့သညး ေလြလမး့ေၾကာငး့တစးေလြ္ာကးပ္ဵ႕ႏြဵ႔ေနပါသညး၈   

 

 
Low  High 

 

 

 

2.2 မြတးသာ့ရမညး ံအခ္ကးမ္ာ့ 

အငး့ေလ့ကနးေလံလာမႈတျငး ကုနး့တျငး့ေရလမး့ေၾကာငး့တျငး ႏုနး့အနညးမ္ာ့ ်မငးံမာ့မႈေၾကာငးံ 

ပုံ-ှှ  red band ၏ DN  ျဖင့္ UAV ပုံရိပ္မ်ားကုိ အသုံးျပဳျခင္းျဖင့္ မ်က္ႏွာျပင္ေရ၏ Turbidity ပုံ  
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TSS ႏြငးံ ႏိႈငး့ယြဥးရနး ခကးခပဲါသညး၈ ပဵုရိပးဆနး့စစးမႈ၏ DN မြာ အေ်ခအေနႏြငးံ နီ့စပးပါသညး၈ 

ႏုနး့အနညးမ္ာ့ပ္ဵ႕ႏြဵပဵု တခုလဵု့ကိ ု ၾကညးရႈရနးအတျကး နညး့စနစးတစးခုအေန်ဖငးံ 

ထိေရာကးသငးံပါသညး၈  ေရမ္ကးႏြာ်ပငးေပၐတျငး ေဝဟငးဓါတးပဵုရုိကးကူ့ရာတျငး ေအာကးပါ 

အခ္ကးမ္ာ့ကိ ုသတိ်ပဳရမညး၈   

 

・  တတးႏိုငးသေလာကး specular reflection အနညး့ဆဵု့်ဖစးေစရနး အေ်ခအေနမ္ာ့ကုိ 

ထညးံသျငး့စဥး့စာ့၍ ရုိကးရပါမညး၈ 

・ ပ္ဵသနး့မႈမ္ာ့စျာမြ ပဵုမ္ာ့ကို အသဵု့်ပဳေသာအခါ ပဵုမ္ာ့အၾကာ့ luminance values ညီညျတးမႈကုိ 

စစးေဆ့ပါ၈ 

・နမူနာေကာကးယူသညးံအခ္ိနးႏြငးံ UAV ပဵုရိပးမ္ာ့ရယူ်ခငး့၏ အခ္ိနးသညး မ္ာ့စျာကျဲ် ပာ့မႈ 

မ်ဖစးသငးံပါ၈   

 

UAV မ္ာ့၏ ေနာကးထပးအာ့နညးခ္ကးတခုမြာ ပ္ဵသနး့ခ္ိနး အကနး႔အသတးရြိ်ခငး့ေၾကာငးံ 

ၾကီ့မာ့ေသာ ဧရိယာမ္ာ့ကို ရုိကးကူ့ရာတျငး အကနး႔အသတးရြိပါသညး၈ သႏၱာေက္ာကးတနး့မ္ာ့ႏြငးံ 

ေရေနအပငးမ္ာ့ (ပ္ဵ႕ႏြဵ်ဖစးတညးမႈ်ပေ်မပဵုတစးခု ဖနးတီ့ရနးအတျကး ေရေနအပငးမ္ာ့ကုိ ဖယးရြာ့ရနး 

လိုအပးပါသညး) ကဲံသို႔ေသာ ေရမ္ကးႏြာ်ပငးေအာကးတျငး ထူ့်ခာ့ေသာ ပဵုစဵမ္ာ့ရြိေသာေၾကာငးံ  

ေရတိမးပိုငး့ဧရိယာမ္ာ့တျငး ပဵုရိပးမ္ာ့ကုိ  matching လုပးရာတျငး ်ပႆနာမရြိပါ၈ ေရနကးပိုငး့ႏြငးံ 

ထူ့်ခာ့ေသာအခ္ကးမ္ာ့မရြိေသာ ေနရာမ္ာ့တျငး ပဵုရိပးကိ ု matching လုပးေဆာငး၍ မရပါ၈ 

ထိုအေ်ခအေနမ္ိဳ့တျငး ေနရာမ္ာ့ရြိ်ပီ့ေသာ ရုပးပဵုမ္ာ့မြ တညးေနရာကိုအတညး်ပဳရနး ်ဂိဳလးတုပဵုရိပးကို 

အသဵု့်ပဳ်ခငး့ကဲံသို႔ေသာ site အေ်ခအေနႏြငးံ သကးဆိုငးေသာ နညး့လမး့ကုိ စဥး့စာ့ရနး 

လိုအပးသညး၈  
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Draft Procedure of Gully Erosion Control Countermeasure 

1. Introduction 

1.1 Introduction/Background of the JICA Project 

The Project for Capacity Building for Sustainable Natural Resource Management (hereinafter 

referred to as “FDSNR”),” started in June 2018 in accordance with the Record of Discussion 

(R/D) agreed upon by the Forestry Department (FD) under the Ministry of Natural Resources 

and Environmental Conservation (MONREC) and JICA in December 2017. The main objective 

of FDSNR is to strengthen the national capacity for sustainable natural resource management 

by implementing three components: namely 1) improvement of management capacity of forest 

administration, 2) enhancement of integrated watershed management in Inle Lake watershed, 

and 3) development of scientific basis for biodiversity conservation.  

Each component has different purposes and is aimed at different target groups. Component 2 

is specifically aimed at strengthening and improvement of integrated watershed management 

of Inle Lake watershed to reduce the influx of suspended sediment and eventually improve the 

natural environment of Inle Lake. The first phase of Component 2, aimed at the collection of 

baseline data for scientific assessment and determination of effective measures for integrated 

watershed management, has been implemented from March 2019 to August 2020. As part of 

the first phase activities, potential measures for gully erosion control and sustainable land and 

forest management were put into trial in the field.  

The second phase of Component 2 is scheduled to start in July 2020 with an aim to implement 

the determined measures and enhance the capacity of government officials of relevant 

departments, such as FD, IWUMD, and DOA. This document was drafted as a procedure for 

new gully erosion control countermeasure in Inle Lake Watershed area. 

1.2 Objectives of the Document 

This document is one of the technical guidelines of the Project Phase-1 focused on the gully 

erosion control procedure in Inle Lake Watershed area based on the pilot activity above and 

will be updated during “Implementation Phase (Project Phase-2)” will follow the Project 

Phase-1. 

The procedure, necessary activities and basic points of attention regard to the erosion control 

countermeasure are described in this document. This is the first version in Myanmar; therefore, 

the procedure and explanation of techniques are described but standard values such as height 

under the ground level of the check dam and how to judge are not explained much in this 

document. These will be enriched in the next version during the Project Phase-2. 

There are 6 types of gullies in Inle Lake basin in accordance with “Overall Plan of Gully 

Erosion Control, February 2020, JICA Expert team” and the stepwise procedure, which the 

countermeasure for the small sized gully will be implemented and going to implement bigger 

ones, is recommended. Therefore, in this document, target gully is small sized gully as same as 

the target gully of the pilot activity in Project Phase-1. 
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1.3 Targets of the Document 

This document basically targets the members of the working group and technical officials of 

FD concerned with the watershed area of Inle Lake. Once the document will be revised and 

refined through field application in the 2nd phase of Component 2 and finalized as a technical 

guideline for gully erosion control. It could be used as a common technical guideline for 

technical officials of FD and IWUMD in not only Shan State but also other states and regions.  

1.4 Composition of the Document 

The document comprises of three chapters. Chapter 1 introduces the background of the project 

as well as the document. Chapter 2 summarizes the documents fully used as references for the 

preparation of the document. Overall process and detailed procedures for gully erosion control 

are described in Chapter 3. The document also includes some technical notes to describe the 

terminologies.  
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2. Documents used for Preparation of Detailed Procedures 

2.1 Outline of the procedures gully erosion control countermeasure 

The overall procedure of the gully erosion control in Inle Lake Watershed area is shown below. 

(1) Selection of target gully 

(2) Field reconnaissance 

(3) Survey 

(4) Design preparation 

(5) Construction planning 

(6) Advance preparation for the construction 

(7) Construction 

(8) Monitoring and maintenance 

The table below shows necessary activities of each content above. The following Chapters 

describe the activities and points of attention for each based on the contents below. 

Contents and Activities of Procedure of Gully Erosion Control 

Contents Major Activities 

3.1 Chapter-1 

Selection of target gully  

3.1.1 Selection criteria 

3.1.2 Negotiation of the target village 

3.2 Chapter-2 

Field reconnaissance 

3.2.1 Location of the gully 

3.2.2 Situation and dimension of the gully 

3.2.3 Cause analysis 

3.3 Chapter-3 

Survey 

3.3.1 Plain drawing 

3.3.2 Longitudinal profile 

3.3.3 Major cross section 

3.4 Chapter-4 

Design of gully erosion control 

countermeasure 

3.4.1 Basic concept of countermeasures based on the 

cause analysis 

(1) Purpose of gull erosion control countermeasure 

(2) Basic Concept based on the erosion cause 

analysis 

3.4.2 Distribution of the structures, formation designing 

(1) Stepwise check dam formation 

(2) Angle of gully bed line 

(3) Relation between check dam height and 

formation 

(4) Starting point of check dam 

3.4.3 Each structure design 

(1) Check dam 

(2) Water channel 

(3) Water diversion channel 

3.4.4 Consideration of the materials for structures 

(1) Check dam material 

(2) Other structures 

3.4.5 Material volume calculation 

3.4.6 Cost estimation 

(1) Classification of direct cost 

(2) Calculation of direct cost 

3.5 Chapter-5 

Construction planning 

3.5.1 Mobilization and demobilization 

3,5,2 Construction steps of major structures 

(1) Check dam 

(2) Water channel 
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(3) Water diversion channel 

3.5.3 Construction schedule planning 

3.5.4 Safety planning 

(1) Safety protector planning (helmet, grove, boots, 

etc.) 

(2) Emergency control planning (emergency 

network) 

3.6 Chapter-6 

Advance preparation for the construction 

3.6.1 Procurement and delivery planning of the material 

3.6.2 Confirmation of mobilization of the workers from 

villages 

3.7 Chapter-7 

Construction 

3.7.1 Mobilization/ preparation work 

(1) mobilization of workers 

(2) Temporary yard preparation 

(3) Material transportation path (loading path) 

(4) Mixing machine yard preparation 

3.7.2 Construction of Check Dam 

(1) Confirmation of structure position 

(2) Marking on the ground by pegs (center line, 

benchmark for leveling, etc.) 

(3) Excavation work 

(4) Masonry work 

3.7.3 Construction of Water channel 

(1) Confirmation of position of water channel 

(2) Excavation of water channel 

(3) Installation of dry stones 

3.7.4 Construction of surface water diversion channel 

(1) Confirmation of position of water channel 

(2) Excavation of surface water diversion channel 

3.7.5 Planting  

(1) Planting area 

(2) Planting vegetation 

(3) Planting work 

3.7.6 Demonization/ withdrawal 

(1) Removal of temporary yard 

(2) Cleaning the site 

3.8 Chapter-8 

Inspection 

3.8.1 Quality inspection 

(1) Stone 

(2) Sand 

(3) Cement 

3.8.2 Work progress inspection 

(1) Check dam 

(2) Water Channel 

(3) Water diversion channel 

3.9 Chapter-9 

Record of the construction 

3.9.1 Daily report 

3.9.2 Comparison between plan and achievement of 

construction schedule 

3.9.3 Design change record 

3.9.4 As build drawing 

3.10 Chapter-10 

Monitoring and maintenance 

3.10.1 Monitoring plan 

3.10.2 Monitoring methodology 

3.10.3 Record of monitoring 

3.10.4 Recommendation  

3.10.45 Maintenance work 
Source: JICA Project Expert Team (2020) 
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3. Detailed Procedures for gully erosion control countermeasure 

3.1 (Chapter 1) Selection of target gully  

3.1.1 Selection criteria 

The target gully size in this document is small size. However, the number of target gullies is 

large, and the number of implementations is limited. Therefore, it is necessary to select prior 

gullies with criteria. The selection criteria of target gully during Phase-1 are shown below. 

Table 3.1-1 Target Gully Selection Criteria 
Selection Criteria  Description 

1. Gully type ➢ Medium size gully without vegetation*1 

➢ Especially, relatively smaller size gully is appropriate for the 

first step of gully erosion control  

2. Accessibility  ➢ Good access from the road to the site is necessary to load the 

material. 

➢ Transportation between the site and major towns such as 

Kalaw or Aungban would be within 1 hour. 

3. Agreement with the villagers ➢ The land where the gully is located is mostly used by the 

villagers, not under management by the government. 

Therefore, the agreement or request from the villagers are 

essential. 

➢ Most of the case, the construction will be carried out by direct 

construction method not contract method. In the case, FD 

shall employee the workers from the village 

4. Not caused by another 

infrastructures 

➢ If the gully was caused by the other structures such as water 

discharge by a main road, the gully shall be maintained by the 

management department of the infrastructure. 

➢ Naturally caused gullies will be selected for the FD activities. 
Note *1: Refer to the Table of Gully Types below. 

Source: JICA Project Expert Team (2020) 

The gully in Inle Lake watershed is categorized into 6 types shown in the table below. 

Table 3.1-2 Gully Types 

Gully Type 
Place of 

Occurrence 
Width Vegetation Condition Remarks 

1．Natural waterway 

type 

Flat  About 

2m 

Grass, shrub, and bare 

land (some patterns) 

 

2．Mountain type Mountain  - - Includes those with 

severe surface erosion 

3．Medium-sized 

vegetation mold 

Hilly area 5～15m Grass, shrub &tall trees Those whose depth can be 

confirmed comparing 

with 1 and 2 4．Medium-sized 

vegetation-free 

type 

Ditto Ditto Bare land 

5. Large-scale 

vegetation mold 

Ditto More 

than 15m 

Grass, shrub &tall trees 

6．Large-scale 

vegetation-free 

ditto ditto Bare land 

Note：Type 3 & 4 Includes variety of size from very small, small, medium their depth is under 15m. 

Type 5 & 6 are very big with more than 20m dept and 20m width. 
Source: JICA Project Expert Team (2019) 

 

3.1.2 Negotiation with the target village 
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Most of the target gully is not located on the land under managed by the Government. Therefore, 

the gully erosion control countermeasures will be taken villagers requirement or agreement 

basis. Also, in case of the direct construction by FD, most of the workers including the skilled 

workers will be employed from the village. Thus, before starting the erosion control 

countermeasures, negotiation and agreement regard to the following points with the villagers 

are necessary. 

(1) Construction on the gully, 

(2) Procurement of workers and skilled workers from villagers, 

(3) Initial construction period, number of workers/ skilled workers per day, wage of each 

types of workers and price of other equipment such as truck if possible. 

3.2 (Chapter 2) Field reconnaissance 

After selection of the target gully, field reconnaissance will be taken to collect following 

information. The collected information will be summarized in a simple report. The report 

format will be prepared in the Phase-2. 

3.2.1 Location of the gully 

Location of gully will be checked by a handy GPS and marked on a map such as Google Earth 

or other GIS maps. And access to the site will be confirmed from an existing vehicle road, 

distance and road condition such as wide and surface treatment (pavement or dirt). 

3.2.2 Situation and dimension of the gully 

Dimension of the target gully such as, shape, average of top/bottom width, depth, bed rock 

location, land use of surrounding area, vegetation (trees, shrubs, glass, etc.) in/out of gully, 

water ways into the gully, etc. and these will be recorded in a field note. A sample of record of 

gully situation is shown in Attachment-1. 

3.2.3 Cause analysis 

Most of the gullies in the target area shows same erosion expansion mechanism. The procedure 

is considered as follows. 

 (1) gully bed is eroded by water flow, 

 (2) gully bed erosion causes unstable slope foot, and slope foot is eroded, 

 (3) slope foot erosion causes unstable slope and erosion moves to upper side, and 

 (4) whole slope is eroded. 

The figure below shows the pattern diagram of expansion of gully erosion. 
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Source: JICA Expert Team (2019) 

Figure 3.2-1 Pattern Diagram of Expansion of Gully Erosion 

Water movement, erosion and vegetation condition shall be check at the field to consider the 

erosion causes. If different causes will be found, such as erosion starts from the upper side of 

the slope, deep consideration and discussion among the experts will be taken to confirm the 

cause analysis. 

During the field reconnaissance, the erosion causes shall be checked and if any different erosion 

mechanism or potential will be found, the causes shall be considered. 

3.3 (Chapter 3) Survey 

During the Project Pahse-1, drone survey was carried out with some control points which 

coordinates were measured by handy GPS. An orthochromatic image was prepared to be used 

for the plan view drawing. The coordinates of the lattice points are calculated based on the 

orthochromatic image to prepare the longitudinal profile and cross section drawings. The 

details of field survey are described in another document “Topographical measurement by UAV 

and use for soil erosion control”. 

3.3.1 Plain view drawing 

After the drone survey, orthochromatic image will be prepared. It looks like a photo taken from 

the upper air. Most of fully shape will be shown and ground marking points such as candidates 

of check dams also can be found. The plan view drawing will be used for countermeasure 

planning such as position of check dams, water channels, diversion water channels, and 

planting areas, etc. The plan view drawing of the gully in Kon Ni village is shown in 

Attachment-2. Necessary items shown in the plan view drawing are below but not limited to. 

⚫ Gully shape, Water course, Land use, Existing road, Bed rock in the gully 

3.3.2 Longitudinal profile 

The longitudinal profile will be used for check dam and water channel formation. Points of 

Erosion on the bed
Erosion on the bed

(1) (1)

Erosion of slope foot

(1) (1)

(2)(2)

(3)
(3)

Expand to sideExpand to side

Expand to vertical direction

Initial surface

Eroded surface

(1) Gully bed is eroded (2) Slope foot is eroded

(3) Erosion moves to upper side (4) Erosion is expanded horizontally and vertically



8 

 

attention for preparing the longitudinal profile are shown below. The longitudinal profile of the 

pilot gully is shown in Attachment-3. 

⚫ Scale ratio between horizontal and vertical line is 1 to1 

⚫ Name/ No. of Points in the longitudinal profile shall be corresponded to the points 

in the plan view and cross section drawing 

⚫ Unit: metric unit is recommended 

3.3.3 Major cross-section 

The cross-section drawing will be used to check the gully condition and consider/ judge 

appropriateness of check dam construction at the location. After decision of the check dam 

installation at the location, the cross-section drawing will be used for the structure drawing too. 

A sample of cross-section drawing is shown in Attachment-4. 

3.4 (Chapter 4) Design of gully erosion control countermeasure 

A design of gully erosion control countermeasure shall be prepared before start construction to 

realize i) effective countermeasure plan making and ii) correct cost estimation. 

i) effective countermeasure plan: any construction projects need budget and the budget has 

limitation usually. It is required to present the highest performance using the budget. Effective 

formation of check dams, combination of water channels and check dams, appropriate 

dimension of check dams (height, width, length) and material of structures are necessary to 

present highest performance.  

ii) correct cost estimation: it is necessary to estimate whole budget for the target period such as 

1 fiscal year for a government office. In case of Japanese forest department, each office is 

required to estimate whole budget to implement planned projects in the next fiscal year and 

submit the plan with estimated budget. The top management of the forest department considers 

how much budget will be provided to each office, then the amount of budget of one fiscal year 

will be informed to each office before the fiscal year start. This is called as planned budget 

style.  

In other countries cases, the budget for each office is decided by the top management and at 

the amount of budget is informed at the beginning of the fiscal year or distributed to each office 

without notice. In this case, the office is required to prepare some projects with correct cost 

estimation. Then, when the budget will be distributed, the office will need to implement some 

projects based on the amount of budget. Therefore, preparation of construction plans with 

correct cost estimate is effective to implement the projects. 

Thus, the design of construction is one of the most important activities for gully erosion control. 

The following chapters, the procedure and points of attention are described based on the 

experience of gully erosion control at Kon Ni Village during the Project Phase-1.  

3.4.1 Basic concept of countermeasures based on the cause analysis 

(1) Purpose of gull erosion control countermeasure 
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The gully erosion control is applied to the existing gullies which is going to expand itself. If 

we will take no actions, the gully will expand itself, generate much sediment, and reduce the 

available land use. Generated sediment will flow to the down stream and into Inle Lake finally. 

Such sediment has risk to make the environment of the lake worse. Land loss means national 

property loss and making environment of the lake is also. And the sediment which will pilled 

in the river course has risk to make disaster such as flash flood or flood. Therefore, it is 

necessary to control and reduce the erosion, recover the gully surface by the vegetation, finally 

aiming recovery of tree covering. It is called as “restoration work of gully”. “Control” and 

“Reduce” the erosion and recover the eroded area of gully to green covered area, finally 

covered by trees are purpose of gully erosion control. 

(2) Basic Concept based on the erosion cause analysis 

Most of the gullies have same erosion expansion procedure is described in Chapter 2.3 “Cause 

analysis”, and the procedure is shown in “Figure 2-1 Pattern Diagram of Expansion of Gully 

Erosion”. The first step of gully erosion expansion is gully bed erosion, which is caused by 

water flow. The water flow also erodes slope foot. Therefore, the key of erosion control is water 

flow control. If the water flow will be controlled, no erosion on the gully bed and slope foot 

will be occurred, then, following erosion steps will not happen. then, the gully will be going to 

stable condition. if the gully is going to be stable, the natural vegetation will cover the gully 

slopes. Figure 4-1 shows the natural vegetation recovery on the lower course of large size gully. 

In this case, the stream bed angle is very gentle, and width of bed is large. Therefore, the water 

flow speed can’t become much, and transported sediment was piled up here. Therefore, the 

stream bed becomes stable and this makes slope foot stable condition. after the stream bed and 

slope foot become stable, the vegetation starts to cover the eroded area. The photograph-B 

shows the vegetation covering from the slope foot and going expand the covering area to upper 

side.  

 

Source: JICA Expert Team (2019) 

Figure 3.4-1 Example of Natural Recovery on Large Gully 

Based on the understandings above, relation between erosion procedure and countermeasure 

No erosion on stream bed
→No slope collapse
→Natural vegetation recovery
→Gully will become stable

Photograph-A

Photograph-B

Photograph-C
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can be described as Figure 3.4-2. 

 

Source: JICA Expert Team (2020) 

Figure 3.4-2 Erosion Procedure and Countermeasure 

On the other hand, if only civil engineering countermeasure will be applied to the gully 

restoration, as shown in Figure 3.4-3, followings are necessary; i) big scale construction is 

required, ii) most of land will be cut, iii) big structures will be constructed. Then, heavy 

equipment will be necessary for construction and concrete structures will be required for large 

sized structures. Heavy equipment and concrete structure require large budget and experienced 

skills. 

 

Source: JICA Expert Team (2019) 

Figure 3.4-3 Scrap and Build Concept by Only Civil Engineering 

Based on consideration of the current situation of Forest Department (FD) and Irrigation 

Department (IWUMD) regard to gully erosion countermeasure, large budget is almost not 

possible. And heavy equipment usage in/around the gully is very risky because of steel slope 

is the workplace. Also, the scrap and build concept requires large construction area and lose 

the land, where used for cultivation by villagers. It is considered such land loss can’t get 

agreement with the villagers and it can’t resolve the land loss problem by the gully expansion. 

Such large-scale construction maybe, considered at large scale gully case. For the small to 

medium sized gully, simple and small structure construction and accelerate natural vegetation 

recovery is recommended. 

Then, the basic concept of gully restoration at Kon Ni gully is considered as below. 

Water flow control

Stable gully bed

Stable slope foot

Vegetation recovers 
naturally

Gully is restored

Countermeasure

Eroded gully bed

Erosion procedure

Water flow attacks 
gully bed

Erosion of slope foot

Erosion of slope

Gully is expanding

Earth work
(Slope cutting)

Earth work
(Slope cutting)

High check dam
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Basic Concept of gully restoration design for Kon Ni gully (Project Phase-1) 

1. Water flow control to prevent gully bed erosion will be taken, and it aims stable 

slope foot 

2. Natural vegetation recovery after stable condition is expected 

 

3.4.2 Distribution of the structures, formation designing 

(1) Stepwise check dam formation 

Check dam formation has 2 types as i) single check dam and ii) stepwise check dam series. The 

single check dam is used in Myanmar before normally. However, the length of gully can’t ne 

covered by the single check dam with height between 1 to 2m. Also, the purpose of check dam 

for the gully erosion control is mentioned above, but it doesn’t include save the sediment in 

behind the check dam. Small check dam series is effective to perform the purpose. 

 

Source: JICA Expert Team (2020) 

Figure 3.4-4 Check Dam Formation 

(2) Angle of gully bed line 

The water channel is the key structure which will control the water flow. The check dam is 

supporting structure for the water channel, and it can reduce the gully bed angle line. In the 

initial stage, the controlled water flows on the water channel, and after sediment will fill the 

behind space of check dam it will flow on the new gully bed line, which is called as “planned 

gully bed angle line”. 

Stepwise check dam formation

Single check dam formation

Planned angle

Planned angle

Check dam

Check dam

Check dam

Check dam

Check dam
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Source: JICA Expert Team (2020) 

Figure 3.4-5 Types of Angle of Gully Bed Line 

(3) Relation between check dam height and formation 

The height of check dam is considered with i) formation on the longitudinal profile, ii) 

appropriateness on the cross section, and iii) appropriateness on the plan view drawing. 

1) Formation on the longitudinal profile: The check dams are distributed to perform the 

stepwise formation on the longitudinal profile. 

2) Appropriateness on the cross section: After set the check dam formation on the longitudinal 

profile, check dam installation on the cross section shall be confirmed. If the side of gully is 

lower than planned height of check dam, height or position of the check dam on the longitudinal 

profile shall be re-designed.  

3) Consideration of the position of check dam on the plan view drawing is necessary too. The 

position on the following places are not appropriate: a) tight curve place, b) rapid change of 

gully bed angle, c) junction of branch and main course, etc. If the planned position of check 

dam is applied to these, relocation is considered. 

The formation is related to 3 dimensions (longitudinal, cross section, plan view). Therefore, if 

any un-appropriateness will be found in any dimension, change and check will be repeated 

until the formation will satisfy the check on all dimension drawings. 

(4) Starting point of check dam 

The check dam position on the lowest position will be fixed at first. The position will be 

considered with i) the end point of same condition of gully, ii) bed rock, iii) junction point of 

some gullies. If these can be found, the point is considered as the lowest point of 

countermeasure. In Kon Ni case, the gully starts at the gully head and most of erosion is end at 

the point of existing check dam (sandbag dam), and bed rock is found 2 to 3m lower stream 

from it.  

Current gully bed line

Current average angle of gully bed line

Planned angle of gully bed line

Check dam plan
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Source: JICA Expert Team (2020) 

Figure 3.4-6 Lowest Position of Check Dam 

3.4.3 Each structure design 

(1) Check dam 

1) 3 dimensions on the structure drawing 

Front view, side view, and plan view drawings shall be used on the structure drawing and the 

3 views drawing shall be connected each other correctly. Please see Figure 3.4-7. 

2) height upper and under the ground level 

The height upper and the under the ground level is set on the longitudinal profile while the 

formation is set. These heights shall be marked on the cross-section drawing as below. For 

example, the height under and upper the ground level of No.2 check dam is 0.5m and 1.5m on 

the profile in Figure 3.4-7. Same heights shall be applied on the structure drawing too on the 

front view and side view. 

Bed rock

Lowest point

&

Near the bed rock

→ Lowest point check dam
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Source: JICA Expert Team (2020) 

Figure 3.4-7 Height of Check Dam on Longitudinal Profile and Structure Drawing 

(2) Water channel 

1) width and socket: The water channel needs cover the gully bed. Therefore, the width of water 

channel is same as gully bed width except the connection part to check dam. The connection 

part to the check dam shall be wider than the gully bed width in order to protect the check dam 

foot against the water falling force.  

 

Source: JICA Expert Team (2020) 

Figure 3.4-8 Water Channel (Socket) Protecting Check Dam Foot 

0.5

1.3

0.2

Water fall

socket
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2) Length: The water channel needs to connect between 2 check dams, the length is measured 

n the longitudinal profile.  

3) The depth: 0.10 to 0.15m 

(3) Water diversion channel 

The water diversion channel aims to prevent water flow into the gully. Figure 3.4-9 shows a 

schematic diagram of distribution of the water diversion channel and how to prevent the surface 

water flow into the gully. Most of the surface water flow into a gully from gully head and 

branches. Therefore, the water diversion channels would be set surrounding the gully head and 

branches and lead the water flow to a safety place. And the water flow end shall be treated by 

a structure (check dam). The point covered by a bed rock is highly recommended to prevent 

erosion expansion by the water diversion. 

The width of water diversion channel is 0.3 to 0.4m and depth is 0.2 to 0.3m. 

 

Source: JICA Expert Team (2020) 

Figure 3.4-9 Schematic Diagram of Water Diversion Channel Distribution 

3.4.4 Consideration of the materials for structures 

(1) Check dam material 

Some materials are used for check dam I Japan such as, i) dry stone, ii) masonry, iii) concrete, 

iv) reinforced concrete, v) steel and vi) wood. The major material in Japan is concrete. The 

concrete check dam is a) strong enough for sediment or water flow and it can achieve the target 

(sediment flow and erosion control). The concrete check dam is used for the case of sever 

erosion condition or heavy sediment flow, where heavy structure is required. The major 

difference between i) dry stone, ii) masonry, and iii) concrete is unit weight. The order of unit 

weight of each is i) dry stone < ii) masonry < concrete. Check dam selection is considered with 

the a) natural condition (topographic, geology, meteorology, erosion and sediment generation, 

etc.), b) relation between the check dam place and protected area/ properties, c) construction 

condition (safety, workability, and cost). The most important issue is how to perform the 

purpose. 

In Myanmar, the selection of material is considered based on the cost mainly. It is necessary to 

reduce the construction cost for each. However, if the constructed structure will be broken, the 

Gully head

Stream/ river

Ridge
Water diversion channel

Water diversion channel
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replacement or reconstruction is required and the cost will become double. The cost issue shall 

be considered with long term cost of re-construction and maintenance. This is summarized 

below table. 

Table 3.4-1 Evaluation of Check Dam Material 

Material of Check 

Dam 

Performance  Cost in Long Term Workability 

Concrete A C C 

Masonry B B B 

Dry Stone C B A 
Note: A means the best, B means better, C means normal with relative evaluation. 

Source: JICA Project Expert Team (2020) 

Concrete: It can work very well to control the gully and will work long time. Usage of concrete 

shall have enough quality, but it is still not enough for this field in Myanmar. 

Dry stone: It can’t work well against much water flow or sediment flow after 1 to 2 years due 

to wood flame aging. 

Masonry: It works well to control the gully longer than dry stone but shorter than concrete. 

Masonry work is common in the area and quality is depend on the mortar especially 

ratio of sand, cement and water. Therefore, quality control is not difficult. The cost 

is lower than concrete but higher than dry stone for one construction. If the dry stone 

construction will need twice or more, the cost becomes almost same. 

Thus, masonry is recommended for the material of check dam for gully control in the area. 

(2) Other structures 

(Water channel): Dry stone is selected for the material of water channel in Kon Ni gully. The 

reasons are: i) low cost, ii) it works 1 to 2 years because it will be covered by sediment or sand, 

iii) penetration of water into the ground is better than masonry and concrete, and iv) low cost. 

It was not easy to decide this because return period or frequency of much water flow caused 

by a heavy rain can’t be anticipated well. In case right after the construction, damage of the dry 

stone water channel is expected. Therefore, dry stone water channel was selected at Kon Ni 

gully as a test case. Then, it is necessary to check the condition during the Project and consider 

if any damage will happen on it. 

(Water diversion channel): No material was used for the water diversion channel. It was 

excavated only, because it is just temporary structure only for rainy season and much water 

flow is not expected. However, maintenance (excavation) every year before rainy season is 

necessary. 

3.4.5 Material volume calculation 

Major materials used for the construction are i) stone, ii) cement, iii) sand, and water. Each 

material volume shall be calculated during the design preparation. The volume is used for cost 

estimation and procurement planning. Usually material cost includes transportation. Therefore, 

the material seller estimates the cost by the construction location and volume of material. 

Attachment-5 is material volume sheet of Kon Ni Gully construction 2019. 
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3.4.6 Cost estimation 

The cost of construction is composed with 1) direct cost and 2) indirect cost in case of contract 

work. Most of the case of FD construction, direct management work is common in Myanmar, 

in the case the indirect cost is not necessary. The construction of Kon Ni gully was carried out 

by direct management by the JICA team. Therefore, only the direct cost was estimated. 

(1) Classification of direct cost 

The direct cost is composed with 1) material cost, 2) machine cost, 3) labor cost, 4) safety cost, 

and 5) miscellaneous cost.  

1) material cost: Material means which used for the structure directly, such as sand, stone, 

cement, water, and plant seedling. 

2) machine cost: Most of the small size gully construction are implemented by man-power 

work without heavy equipment. However, i) truck for transportation of materials and ii) cement 

mixing machine are necessary. 

3) labor cost: there are 2 types of labor such as, i) general worker and ii) skilled worker. In case 

of Kon Ni gully construction under direct management work, 4 skilled workers were employed. 

Their tasks are supervision of every works and implementation of groundbreaking survey and 

masonry work. 

4) safety cost: Safety of construction has 2 types such as, safety of i) all persons working at the 

site and ii) any persons who passing the site or related area.  

i) safety of all persons working at site: general workers, skilled workers, supervisor, manager, 

visitors shall be protected against all accidents. The safety cost is used for material (helmet, 

grove, boots, etc.). 

ii) safety of any persons who passing the site or related area. In case of the construction site is 

located near the public place such as road, foot pass, etc. the construction work itself and 

transportation vehicles shall be controlled safely. Some of watchmen shall be dispatched to 

control the traffic. 

5) miscellaneous cost: This cost are other cost such as, materials for temporary works such as 

rope, nail, plastic or cloth bag, one wheel handcart, bucket, etc. 

Attachment-6 shows cost estimation of Kon Ni gully construction 2019. 

(2) Calculation of direct cost 

1) material cost: it is calculated based on amount and unit cost. The unit cost of material is 

estimated based on the hearing from some suppliers. The transportation cost is included in this 

cost. 

2) machine cost: rental cost is estimated by the estimated days for use and unit cost by hearing 

from the suppliers. 

3) labor cost: amount of labors is estimated by the working days based on the work plan and 



18 

 

the unit cost (daily payment) which is negotiated with the villagers. 

4) safety cost: number of good (helmet, glove, boots, etc.) for labors is estimated based on the 

work plan. The visitors from related organizations such as FD, IWUMD, JICA, Universities, 

etc. are used for necessary numbers of helmets. The unit costs for these are based on the hearing 

from shops. Calculated percentage of this cost in the total direct cost of Kon Ni gully 

construction will be used for the future construction planning. 

5) miscellaneous cost: this cost of Kon Ni gully construction was result based. Calculated 

percentage of this cost in the total direct cost of Kon Ni gully construction will be used for the 

future construction planning. 

3.5 (Chapter-5) Construction planning 

The construction planning shall be prepared to carry out the work efficiently. The outline of 

construction flow is shown below. 

 

Source: JICA Expert Team (2020) 

Figure 3.5-1 Gully Erosion Control Construction Procedure 

3.5.1 Mobilization and demobilization 

The mobilization includes i) site condition check, ii) temporary yard preparation, iii) material 

order, and iv) goods purchase. The temporary yard shall be prepared in an appropriate place in 

the site to storage the materials. After finishing the main construction, temporary yard will be 

removed, and the site shall be cleaned up. These are called as demobilization. 

3.5.2 Construction steps of major structures 

Major structures of gully erosion control are (1) Check dam, (2) water channel and (3) water 

Site condition confirmation with construction drawings
Temporary yard preparation

Groundbreaking surveyCheck dam construction

Water channel construction

Water diversion channel construction

Excavation work

Masonry work: cement preparation
→masonry work →masonry curing (repeat)

Groundbreaking survey

Excavation work

Stones installation (setting) work

Groundbreaking survey

Excavation work

Material order
Goods for safety and miscellaneous purchase 

Parallel
works

1. Mobilization

2. Major construction

Temporary yard removal
Site cleaning

Remaining material and goods disposal 
Parallel
works

3. Demobilization
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diversion channel. Necessary procedures of major structures construction are shown below. 

(1) Check dam 

Major steps of construction of check dam are 1) Groundbreaking survey, 2) excavation, and 

masonry. The masonry work includes masonry work and masonry curing. The height of 

masonry work per day shall be limited within 50cm to accelerate consolidation and keeping it 

without touch for one day at least. The masonry work and curing will be repeated until the top 

layer will be cured well. 

(2) Water channel 

Major steps of the water channel construction are 1) check and confirm the stones installation 

area, 2) leveling the gully bed, iii) install the stones. 

(3) Water diversion channel 

Major steps of water diversion channel construction are 1) check and confirm the diversion line 

and excavate the diversion.  

3.5.3 Construction schedule planning 

The construction schedule plan shows process and order of many construction works in the site. 

For example, one day curing of masonry work is necessary but during curing the check dam 

the other works shall be going. Bar-chart schedule is simple and common for this as shown in 

Attachment-7, which is the construction schedule bar-chart of Kon Ni gully construction in 

2019. 

Construction schedule has 3 types bar-chat such as, 1) layout version, 2) structure-wise version, 

and 3) detail schedule of each structure. The construction schedule 1) shows overall picture of 

construction, 2) shows each structure schedule, and 3) shows detail schedule of each structure 

with every work step. 2) is prepared based on 3). The construction schedule will be revised 

based on actual progress but the baseline shall be prepared before the construction for effective 

construction work and timely material delivery. Then, during the construction work, everyday 

or once 2 to 3 days, at least once a week, the schedule shall be checked, and actual progress 

shall be added. Also, the schedule shall be revised if if any. 

3.5.4 Safety planning  

The safety of construction is one of the most important issues. Therefore, the safety plan shall 

be prepared before starting the construction. The safety includes safety for the people working 

at the site and related persons or vehicles passing the site or near the site. However, even such 

safety plan is prepared and a lot of attention on the safety sometimes an accident will happen. 

therefore, the emergency network shall be prepared. When an accident will happen, all 

members of the construction work shall work to rescue the injured person(s) and resolve the 

problem. 

(1) Safety protector planning (helmet, grove, boots, etc.) 

The highest risk of the construction related to the workers. Therefore, the protectors such as 

helmet, glove and boots will be provided to the workers. And the helmet shall be provided to 



20 

 

all persons who enter to the construction site includes the visitors. The numbers of these 

equipment are estimated, and procurement shall be done before the construction starts.  

(2) Emergency control planning (emergency network) 

Once an accident will happen, all the persons related to the construction shall take actions to 

rescue the injured person(s). The emergency network shows how to rescue them and informing 

system to the related organizations. The emergency network of Kon Ni gully construction 2019 

is shown Attachment-8. 

3.6 (Chapter-6) Advance preparation for the construction 

Before starting the construction work, material procurement and mobilization of workers shall 

be confirmed. 

3.6.1 Procurement and delivery planning of the material 

Stone, sand and cement are major material for the construction. There shall be prepared and 

ordered with confirmation below. 

Procurement amount: the material amount is estimated during the design work.  

Negotiation with suppliers: the amount, unit cost, total cost with condition of transportation, 

and deliver timing shall be negotiated with the suppliers. It is recommended to have a 

competition to select the supplier from some candidates to reduce the cost. 

The estimated amount of material has some differences from actual amount. Therefore, the 

deliver will be divided into three times at least and the amount of the last delivery will be 

adjusted to the actual amount with checking the consumption of material. 

It is recommended to rent a mixing machine of mortar. A negotiation with contractor/ supplier 

for this shall be finished before the construction. Period, unit cost, payment manner shall be 

confirmed with the contractor/ supplier. 

3.6.2 Confirmation of mobilization of the workers from villages 

It is necessary to confirm the mobilization of workers with the villagers based on the 

construction schedule. The working time (starting and end time) of a day, unit cost, payment 

manner will be necessary to be confirmed too. 

3.7 (Chapter-7) Construction 

3.7.1 Mobilization/ preparation work 

The mobilization/ preparation work is composed with (1) mobilization of workers, (2) 

temporary yard preparation, (3) material transportation path, and (4) mixing machine yard 

preparation. 

(1) mobilization of workers 

At the beginning of the work every day, the number of skilled workers and general workers 

will be checked. Sometimes, the workers will be changed. Therefore, the site supervisor needs 
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to explain to workers following points; work system such as work site, equipment, supervision 

methodology, safety control issue, etc. 

(2) Temporary yard preparation 

The temporary yard will be sued for material (stone and sand) storage and resting of the workers 

during the lunch time. Figure 3.6-1 shows an example of temporary yard of Kon Ni gully 

construction. The size of yard will be considered with place and amount of material. The 

temporary yard will be built by wood and leaves or blue sheets. In accordance with the 

experience of the Project Phase-1 pilot activity, the blue sheet to be used for the roof of the 

yard is not appropriate to prevent the rain. If rain will be expected during the construction, 

natural leaves use is recommended. 

 

Source: JICA Expert Team (2020) 

Figure 3.7-1 Sample of Temporary Yard (Kon Ni Gully, 2019) 

(3) Material transportation path (loading path) and yard 

Sand, stone will be delivered to the site directly by the supplier. The width and surface condition 

transportation path from a public road to the site shall be checked. 

(4) Mixing machine yard preparation 

The mixing machine weight is very heavy and about 10 persons are necessary to move it. 

Therefore, a flat yard for the mixing machine shall be prepared before the construction.  

3.7.2 Construction of Check Dam 

The check dam construction procedure is (1) position confirmation, (2) groundbreaking survey, 

(3) excavation, and (4) masonry work. In case of dry-stone check dam, the (4) will be replaced 

by the stone installation work. In this document, masonry check dan is described. 

(1) Confirmation of structure position 

The position of check dam is one of the most important points for check dam construction to 

realize the design, which was prepared for the effective formation. The red arrows in the figure 

←Frame of temporary yard 

↓Temporary yard with roof

Truck loading yard
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below are necessary distances to secure the check dam position and dimension. All the 

distances, depths are based on the center point. Therefore, the center points shall be marked 

with pegs and ropes until completion of the check dam construction. 

 

Source: JICA Expert Team (2020) 

Figure 3.7-1 Necessary Distances of Positioning 

(2) Marking on the ground by pegs (center line, benchmark for leveling, etc.) 

The actual position marking methodology is shown in Figure 3.7-2. Due to the center point and 

the other marks on the ground will be disappeared during the excavation work, the pegs and 

ropes will be used for producing the certain positions and distances at the site. The ropes and 

pegs shall be set outside of the excavation area. 

 

Source: JICA Expert Team (2020) 

Figure 3.7-2 Groundbreaking Survey (Check Dam) 

(3) Excavation work 

The excavation work is start from the basement and after confirmation of level height of 

basement and area, side of check dam will be excavated. In addition, the excavation for the 

Center point

Horizontal Center line

Vertical center line

Marking ropes

Marking pegs

Excavation level
(bottom)

Excavation level 
(top)

Center Point
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small sized gully will be carried out by manpower due to the excavation volume is not much. 

The excavated soil shall be moved to the upper side of the check dam, shall not be moved to 

down-side. 

(4) Masonry work 

1) Mortar preparation 

Masonry is composed with i) mortar and ii) stones. The mortar is prepared by i) cement, ii) 

sand and iii) water. The ratio of cement and sand is 1:2 to 1:3 in weight ratio. At the site, it is 

not feasible to check the weight. Therefore, the unit weight of cement and sand shall be checked 

and quantity measured by simple equipment such as bucket is necessary. In case of Kon Ni 

gully construction, the ratio, 1 bucket cement with 3 buckets sand was used. The sand and 

cement will be mixed with water. The amount of water is not controlled by experience.  

Hand mixing work was common in Myanmar this time for FD construction because of cost. 

However, the mortar quality and work efficiency of the machine mixing is much better than 

handy one. Therefore, the machine mixing is recommended. 

2) Masonry work 

The mortar basement shall be prepared at first with about 5 to 10cm depth. Then, stones will 

be set on the base, the spaces among the stones will be filled by the mortar, NOT install the 

stones into the mortar. The image of masonry work is shown below. 

 

Source: JICA Expert Team (2020) 

Figure 3.7-3 Masonry Work (Check Dam) 

Once 50cm height of masonry work is finished, it shall be kept one day at least for curing. 

When resume the masonry work, the existing masonry surface will be scratched to fit with the 

new masonry work. 

3.7.3 Construction of Water channel 

(1) Confirmation of position of water channel 

The water channel connects two check dams. The gully bed between two check dams will be 

filled by dry stones. At the beginning of water channel construction, connection and width of 

gully bed will be confirmed. 

Build up as same

• Basement by cement paste
• Big stones will be spread 
• Spaces big stones will be filled by small stones
• All spaces will be filled by cement paste



24 

 

(2) Excavation of water channel 

It is not necessary to excavate the soil for water channel much. Cleaning and space for stones 

installation is enough. In case the surface of the gully bed is roughness shall be leveled. 

(3) Installation of dry stones 

Two sockets of water channel upper and lower side connecting to check dams will be 

constructed at first. then, the main body will be constructed. 

Rectangular shape stone is better than spherical and squire shapes for water channel as shown 

in the figure below. The purpose of the water channel is to lead the water flow. The water will 

flow but the space between stones at first, then on the surface. Therefore, rectangle shape is 

better, and the space between stones shall be minimized. The edges of stones will increase 

friction and make strong the water channel. After installation, the stones will be compacted. 

 

Source: JICA Expert Team (2020) 

Figure 3.7-4 Dry Stone Installation Work (Water Channel) 

3.7.4 Construction of surface water diversion channel 

(1) Confirmation of position of water channel 

As described in Chapter 3.4.3 (3), the line of the water diversion channel will be considered to 

catch and lead the surface run-off to the end. 

(2) Excavation of surface water diversion channel 

The water diversion channel is excavation without structures. the excavated soil will be piled 

on the both side of the channel and compacted. 

3.7.5 Planting 

(1) Planting area 

Planting work is implemented to accelerate vegetation recover. The planting area is both side 

of gully. 

(2) Planting vegetation 

Water flow

Edges of stones shall 
be fitted each other.
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Grasses is recommended for planting instead of trees, because their growth speed and weight. 

Some local common grass species are good for planting vegetation.  

(3) Planting work 

Local method of spacing between planting seedlings is also recommended. Spacing of the 

grasses of Kon Ni gully construction 2019 was shown in the figure below. 

  

Source: JICA Expert Team (2020) 

Figure 3.7-5 Spacing of Plating Grasses (Vetiver Grass: Chrysopogon zizanioides) 

3.7.6 Demonization/ withdrawal 

(1) Removal of temporary yard 

After completion of the construction works, remained material (stone, sand, cement) will be 

reused in the other construction. The bamboos used for the temporary yard will be left in a 

safety places near the site. 

(2) Cleaning the site 

All the site shall be cleaned, nothing shall be left. 

3.8 (Chapter-8) Inspection 

There are 2 types of inspection of the gully erosion control measures such as 1) quality control, 

and 2) progress inspection. The quality inspection is mainly to check the material quality, and 

progress inspection is taken to check the dimension of excavation and masonry or dry stone 

installation work. 

3.8.1 Quality inspection 

Major materials for the gully erosion control are stone, sand and cement. The material quality 

shall be specified with the supplier and stipulated in a material order. When the material will 

be delivered, the Project will check the quality. If the quality of provided material can’t pass 

the specified quality, the supplier shall take back the material and re-provide the other ones 

with enough quality.  

The material will be ordered by estimated quantity but the actual amount of receive shall be 

changed from it. Especially the amount of sand and stone. If consumed amount of them will be 

much, additional request will be necessary and in opposite, reduce the delivery amount will be 

requested. In this context, when the sand and stone will be delivered not only quality but quality 

3m (10ft)

1.5m (5ft)

0.5m (1.7ft)
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of receipt material shall be recorded. 

The required quality of stone, sand and cement are described below. 

(1) Stone 

The size of stone for masonry and water channel is 6 to 9 inches (15 to 22cm) in diameter. 

(2) Sand 

The size of sand for masonry work is less than 5mm. Therefore, when the sand will be delivered 

at the site, the size shall be checked. And, the sand shall be dried enough. However, the 

mountain sand includes much bigger sized sand in common in Myanmar. Therefore, in case of 

mountain sand purchase, not so serious inspection is expected. 

(Mountain sand and river sand) 

The mountain sand (sand mined at mountain/ hill) composes many small stones with more than 

5mm in diameter. Therefore, if the mountain sand is purchased, sieving work shall be taken to 

sieve the bigger size sand as shown in the figure below. 

 

Source: JICA Expert Team (2020) 

Figure 3.8-1 Sieving of Sand (Kon Ni Construction 2019) 

There are another type of sand, river sand. The river sand is sand taken at river and most of 

case, the size of sand is smaller than the mountain sand and the sieving work is not necessary. 

However, the cost of the river sand is expensive than the mountain sand with cost of sieving 

because of cheap workers’ fee. In case of construction is short or not enough workers can be 

mobilized, river sand is recommended. 

(3) Cement 

Generally, the cement quality is guaranteed by the manufacture with certificate. In Myanmar, 

such certificate is not common and some of trustable bland are used instead of certificate. 

3.8.2 Progress inspection 

Use sand
for masonry

Sieved
big size sand

Sieving net
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The condition of check dam, water channel, and water diversion channel is changed time by 

time. Especially, the underground parts of the check dam are not visible when the check dam 

construction is completed. Therefore, stepwise inspection shall be taken. The results of 

inspection will be described with sketches on the daily report, which is described later part in 

this document. 

(1) Check dam 

1) Inspection on excavation work 

When the excavation was finished, the basement dimension, level shall be inspected with some 

photos. The structure with measure (pole or tale) is required as shown below. 

 

Source: JICA Expert Team (2020) 

Figure 3.8-2 Inspection of Check Dam Excavation (Kon Ni Construction 2019) 

2) Inspection on masonry work  

When the masonry work of 50cm height is finished, the dimension and masonry condition shall 

be inspected with photos. 

 

Source: JICA Expert Team (2020) 

Figure 3.8-3 Inspection of Check Dam Masonry Work (Kon Ni Construction 2019) 

(2) Water Channel 

During stone installation work, the setting of stone shall be checked carefully. Spacing between 

stones and fitting, strongness shall be checked. When the work is completed, socket size, length 

Inspection: Basement level Inspection: Basement dimension

Inspection: Leve & Dimension
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width are inspected and noted on the daily report. 

(3) Water diversion channel 

When the diversion channel is completed, length, width, depth are inspected and noted on the 

daily report. 

3.9 (Chapter-9) Record of the construction 

The necessary records of construction are (1) daily report, (2) achievement of construction 

schedule, (3) design change, and (4) as build drawing. 

3.9.1 Daily report 

All the activities and consumed or delivered material amount shall be recorded on the daily 

report as shown in Attachment-9. The items of daily report are 1) basic information (date, place, 

construction name, weather, etc.), 2) work item, 3) workers’ information, 4) material delivery 

information, and 5) sketches of works including inspection. 

3.9.2 Comparison between plan and achievement of construction schedule 

Construction schedule is prepared by a bar-chat. There are 3 scales of charts such as, i) one 

structure construction schedule, ii) structures construction schedule, and iii) overall 

construction schedule including mobilization. Demobilization, etc. These shall be prepared 

before construction starting. 

When the construction starts, the planned work amount will be different from the planned one. 

The construction progress until the end will be estimated based on the comparison between the 

planned and actual progress. Therefore, marking the daily progress on the schedule bar-chart 

is very important for the progress management. The example of Construction schedule is 

shown in Attachment-10. 

3.9.3 Design change record 

The design drawings are prepared with some assumptions such as bed rock lines, which is not 

confirmed by boring survey in general. Therefore, estimated information shall be checked and 

differences shall be noted. Based on the differences between design and actual condition, the 

designs shall be revised. An example of design change record is shown in Attachment-11. 

3.9.4 As build drawing 

When a structure is completed, completed structure’s design drawing shall be revised as the 

“as-build drawing”. The as build drawing will be used in future, when the gully erosion control 

countermeasures will be damaged or functioned well, the reasons shall be check at the site with 

the as build drawings. All the structures have such opportunities both negative and positive 

sides. And both information will be used for the better planning, design, and construction work. 

An example of as build drawing is shown in Attachment-12. 

3.10 (Chapter-10) Monitoring and maintenance 

The structures of gully erosion control are designed based on some assumptions. And 
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sometimes heavy rain will come which is exceed the estimation. These structures are not same 

as building. They will get damage and repair is necessary to use them for long term, and 

sometimes re-construction will be required caused by unexpected outside condition. The gully 

erosion control has not matured yet in Myanmar and there are many unknown factors. 

Therefore, monitoring on the construction structures is important for i) keep the best condition 

of the structures for long term use and ii) improvement of techniques of planning, design and 

construction works in future. 

3.10.1 Monitoring plan 

The monitoring will be taken once after the rainy season or once a year basically.  

The structures for the gully erosion control work when a heavy rain comes, and the heavy rain 

comes usually in the rainy season. Then, the risk of getting damage on the structures during the 

rainy season is high. Therefore, after the rainy season, the structures condition will be checked, 

and if there are some damages on the structures it shall be repaired to prepare for the next heavy 

rain in the next rainy season. 

The gully erosion control countermeasures recommended in this document are not heavy and 

hard structures, because the main purpose of the structures is to assist the natural recovery 

power of the vegetation. This is the most important point when all the expert will consider how 

to resolve the issues. If plenty budget is available, all the gully slopes, gully bed, gully head 

will be cut and covered by concrete, this is a basic concept of “scrap & build” as same as 

building. However, in this document the basic concept is prepared based on the mountain 

conservation work in Japan, which the techniques don’t want to control perfectly or conquer 

the nature but believe the natural recovery power and assist it. Then, the construction aims 

maximum effect by the minimum input. Based on this concept, the structures are not perfect 

and sometimes they will have damages. Therefore, maintenance shall be implemented if any 

damages will be found on the structures and it makes structures lives much longer. And the 

damages will be found by the monitoring. This is the reason why the monitoring is very 

important for the gully erosion control and gully recovery. 

3.10.2 Monitoring methodology 

The experts will check the condition pf the structures and compare the structure itself and the 

as build drawing. If there are something differences between them, the expert will need to judge 

if the repair is necessary or not. The monitoring check pints are below. There are popular parts 

which gets damage generally. 

(Check dam) 

1) Lower edge of check dam and connection part of the water channel, 

2) Both sides of check dam (wing), especially connection part with slope, and 

3) Existence of crack on the check dam body 

(Water channel) 

1) Connection part to the check dam, especially upper side of the water channel, 

2) Holes after stones jumping or unstable of stones,  

3) Both sides and lower part of the girdle, and 

4) Both sides of water channel 
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(Water diversion channel) 

1) Filling by soil, and 

2) Collapse of both side of water diversion channel 

3.10.3 Record of monitoring 

During the checking the condition of the structures, all the structures’ photographs will be taken 

at the permanent positions to compare the photos of as build time and monitoring time. The 

damage, causes, countermeasures such as how to repair, are noted on the filed note. The results 

of monitoring will be used for the monitoring report. An example of monitoring report is shown 

on Attchement-13. 

3.10.4 Maintenance work 

Once any damages will be fond, it shall be repaired. Before repair works, causes and 

countermeasures for the next design and construction shall be considered. It will improve the 

techniques of gully erosion control. 

---Endo of Document--- 
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Attachment-1 Gully erosion field record (example) 

[Field Note Example]: 
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Attachment 2 Plan view drawing (Kon Ni gully construction) 
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Attachment 3 Longitudinal profile (Kon Ni gully construction) 
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Attachment 4 Cross section (example, Kon Ni gully construction) 
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Attachment 5 Material volume sheet (Kon Ni construction) 

 

 

 

Attachment 5 Material volume sheet (Kon Ni construction) 

Volume Calculation As build

No. 1 Check Dam (improve) 19-06

1. Volume of Masonry

F - block A~E - block

a= 5.1 [m] block area (m2) width (m) Volume

b= 0.2 [m] A 0.21 1.0 0.21

A= 2.0 [m] B 0.24 1.0 0.24

B= 0.4 [m] C 0.33 1.0 0.33

H= 1.5 [m] D 0.36 1.0 0.36

E 0.10 1.0 0.10

V=h6(Ab+aB+2(ab+AB)) subtotal 1.24

V1= 1.52 [m3]

G - block

a= 5.1 [m]

b= 0.2 [m]

A= 2.0 [m]

B= 0.3 [m]

H= 1.0 [m]

V=h6(Ab+aB+2(ab+AB))

V1= 0.86 [m3] A~E+F+G

1.24 + 1.52 + 0.86

= 3.62 [m3]

Volume Calculation As build

No. 2 Check Dam (new) 19-06 No. 3 Check Dam (new) 19-06

1. Volume of Masonry 1. Volume of Masonry

(1) whole structure (1) whole structure

a= 4.5 [m] a= 3.1 [m]

b= 1.0 [m] b= 1.0 [m]

A= 1.7 [m] A= 2.0 [m]

B= 1.8 [m] B= 1.5 [m]

H= 2.0 [m] H= 1.2 [m]

V=h6(Ab+aB+2(ab+AB)) V=h6(Ab+aB+2(ab+AB))

V1= 8.31 [m3] V1= 3.77 [m3]

(2) detection (2) detection

A= 0.27 [m2] A= 0.27 [m2]

Width= (1.0+1.1)/2 Width= (1.0+1.1)/2

1.05 [m] 1.05 [m]

V2= 0.14 [m3] V2= 0.14 [m3]

(3) Volume (3) Volume

V= V1-V2 V= V1-V2

V= 8.17 [m3] V= 3.63 [m3]
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Material Volume Calculation

No. 4 Check Dam (improve) 19-06

1. Volume of Masonry

F - block A~E - block

a= 2.4 [m] block area (m2) width (m) Volume

b= 0.2 [m] A 0.08 1.0 0.08

A= 1.0 [m] B 0.14 1.0 0.14

B= 0.6 [m] C 0.23 1.0 0.23

H= 1.3 [m] D 0.09 1.0 0.09

E 0.01 1.0 0.01

V=h6(Ab+aB+2(ab+AB)) subtotal 0.55

V1= 0.82 [m3]

G - block

a= 2.4 [m]

b= 0.2 [m]

A= 1.0 [m]

B= 0.3 [m]

H= 1.1 [m]

V=h6(Ab+aB+2(ab+AB)) A ~ E + F + G

V1= 0.45 [m3] 0.82 + 0.45 + 0.55

= 1.82 [m3]

Volume Calculation After modification at site

No. 5 Check Dam (new) 19-06 No. 6 Check Dam (new) 19-06 No. 7 Check Dam (new) 19-06

1. Volume of Masonry 1. Volume of Masonry 1. Volume of Masonry

(1) whole structure (1) whole structure (1) whole structure

a= 3.7 [m] a= 2.7 [m] a= 2.7 [m]

b= 0.7 [m] b= 0.7 [m] b= 0.7 [m]

A= 1.0 [m] A= 1.0 [m] A= 1.0 [m]

B= 1.0 [m] B= 1.0 [m] B= 1.0 [m]

H= 1.0 [m] H= 1.0 [m] H= 1.0 [m]

V=h6(Ab+aB+2(ab+AB)) V=h6(Ab+aB+2(ab+AB)) V=h6(Ab+aB+2(ab+AB))

V1= 1.93 [m3] V1= 1.53 [m3] V1= 1.53 [m3]

(2) detection (2) detection (2) detection

A= 0.13 [m2] A= 0.13 [m2] A= 0.13 [m2]

Width= (0.7+0.7)/2 Width= (0.7+0.7)/2 Width= (0.7+0.7)/2

0.7 [m] 0.7 [m] 0.7 [m]

V2= 0.05 [m3] V2= 0.05 [m3] V2= 0.05 [m3]

(3) Volume (3) Volume (3) Volume

V= V1-V2 V= V1-V2 V= V1-V2

V= 1.88 [m3] V= 1.48 [m3] V= 1.48 [m3]
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Material Volume Calculation

No. 1 Gully head protection 19-06 As build

1. Volume of Masonry

A ~ C - block

L= 3.8 + (1.1+0.9)/2 4.8 [m]

A= 0.45+0.14+0.45 1.04 [m]

V= 4.99 [m3]

D - block

A= 0.17 [m2]

L= 1.1 + 1.1 2.2 [m]

V= 0.37 [m3]

Apron

A= 1.4 * 0.2 0.28 [m2]

L= 3.8 [m]

V= 1.06 [m3]

Girdle

a= 1.7 [m]

A= 0.3 [m]

b= 1.7 [m] Total volume of Masonry

B= 0.45 [m] A~C + D + Apron + Girdle

H= 0.5 [m] 6.74 [m3]

V=h6(Ab+aB+2(ab+AB))

V1= 0.32 [m3]
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Volume od Water Channel As build

Dry Stone

No. L (m) W (m) D (m) A (m2) V (m3) avg. W (m) Total L Total A Total V

No.1 3.1 1.5 0.15 4.65 0.70 1.5 3.1 4.65 0.70

No.2 5 0.8 0.15 4.00 0.60 1.3 9 12.00 1.80

4 2 0.15 8.00 1.20

No.3 2.6 0.8 0.15 2.08 0.31 0.8 10 8.18 1.23

1.2 0.7 0.15 0.84 0.13

3.2 0.8 0.15 2.56 0.38

3 0.9 0.15 2.70 0.41

No.4 7.6 0.6 0.15 4.56 0.68 0.6 7.6 4.56 0.68

No.5 3.7 1.6 0.15 5.92 0.89 2.2 5.2 11.32 1.70

1.5 3.6 0.15 5.40 0.81

No.6 6.1 0.7 0.15 4.27 0.64 0.7 6.1 4.27 0.64

No.7 17.9 0.7 0.15 12.53 1.88 0.7 17.9 12.53 1.88

8.63

Masonry Girdle

No. L (m) W (m) H (m) V (m3)

No.1 W.C. Girdle 1 1.3 0.3 0.5 0.20

Girdle 2 1.3 0.5

0.2 0

0.75 0.7 0.25 0.13

Subtotal 0.33

No.3 W.C. Girdle 0.8 0.3 0.5 0.12

No.5 W.C. Girdle 1.7 0.3 0.5 0.26

Total 0.71
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Material volume calculation of Masonry Structures (Kon Ni Gully) 2019 As build

(1) Masonry volume

Structure Plnned Volume As-build volume unit Remarks

No.1 check dam 7.92 3.62 [m3]

No.2 check dam 8.94 8.17 [m3]

No.3 check dam 3.63 3.63 [m3]

No.4 check dam 3.98 1.82 [m3]

No.1 gully head protection 3.54 6.74 [m3] Apron was added

No.5 check dam - 1.88 [m3] Consytucted additonally

No.6 check dam - 1.48 [m3] Consytucted additonally

No.7 check dam - 1.48 [m3] Consytucted additonally

No.1 Water channel 0.33 [m3] Girdle

No.3 Water channel 0.12 [m3] Girdle

No.5 Water channel 0.26 [m3] Girdle

total 28.01 29.53 [m3]

Volume of stone, cement, and sand / masonry (for  2.83168 m3)

Stone 3.53961 [m3]

Cement 408.233 [kg]

Sand 0.849505 [m3]

Ratio= 10.42843824 [  29.53 / 2.83168  ]

(2) Material Volume (Asbuild)

(1) Stone = 3.53961 * 10.42843824 36.91 [m3]

(2) Cement = 408.233 * 10.42843824 4,257.23 [kg]

(3) Sand = 0.849505 * 10.42843824 8.86 [m3]

(3) Material volume for purchase (include ross ratio)

Loss ratio= 0.1

Material As-build volume unit

(1) Stone for masonry 36.91 [m3]

     Stone for water channel 8.63 [m3]

     Ston total 45.54 [m3]

(2) Cement 4,257.23 [kg]

(3) Sand 8.86 [m3]

(4) Delivered material

by Calculation

Designed Volume: A Delivered Volume: B Remaining Volume: C = B-A

1) Stone

45.54 [m3]  = 52.77 [m3] 7.23 [m3]

about 1 truck volume was remained actually. ---> 4.5 [m3]

2) Cement 3.8554 [bag]

4,257.23 [kg]  = 4,450 [kg] 192.77 [kg]

about 2 bags (100kg) were remained actually.  ---> 100 [kg]

3) Sand

9.24 [m3]  = 13.22 [m3] 3.98 [m3]

no remaining sand actually.---> 0 [m3]

(5) Comparison between Calculated and Used material (actually)

Item Calculated Volume: A Used Volume: B Ratio (B/A)

Stone 45.54 [m3] 48.27 [m3] 1.06

Sand 9.24 [m3] 13.22 [m3] 1.43

Cement 4,257.23 [kg] 4,350 [kg] 1.02

(6) Proposed loss ratio

Item Loss Ratio

Stone 10%

Sand 40%

Cement 5%

9.24

Planned Valume with 10% loss

38.51

21.00

59.51

4441.91
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Attachment 6 Cost estimation (Kon Ni Construction) 

 

  

Cost estimation of Pilot Activity [Gully erosion control work @ Kon Ni Village]

(1) Material cost

Material Volume unit Purchase unit unit Cost unit Cost unit

Volume (Ks)

(1) Stone 56.43 [m3] 24 [truck] 65,000 [Ks/truck] 1,560,000 [Ks]

(2) Cement 4,441.91 [kg] 89 [bag] 6,200 [Ks/bag] 551,800 [Ks]

(3) Sand 10.04 [m3] 4 [truck] 35,000 [Ks/truck] 140,000 [Ks]

Total Cost 2,251,800 [Ks]

(2) Labor cost

Type
Amount

(md/person)
person/ day

Amount

(md)
unit unit Cost unit Cost unit

Skilled worker (Sr) 30 [md] 12,000 [Ks/md] 360,000 [Ks]

Skilled worker (Jr) 90 [md] 10,000 [Ks/md] 900,000 [Ks]

General worker 358 [md] 8,000 [Ks/md] 2,864,000 [Ks]

Total 4,124,000 [Ks]

(3) Mixer lease cost (include generator, transport, fuel)

Type Amount unit unit Cost unit Cost unit

Mixer 10 [day/set] 30,000 [Ks/set/day] 300,000 [Ks]

(4) Small truck lease (include driver, fuel)

Type Amount unit unit Cost unit Cost unit

Small truck 15 [day/set] 30,000 [Ks/set/day] 450,000 [Ks]

Total Cost

Item Cost unit

(1) Material cost 2,251,800 [Ks] 30.1 %

(2) Labor cost 4,124,000 [Ks] 55.1 %

(3) Mixer lease cost (include generator, transport, fuel) 300,000 [Ks] 4 %

(4) Small truck lease (include driver, fuel) 450,000 [Ks] 6 %

Total 7,125,800 [Ks]

(5) Miscellaneous 7,125,800 5% 356,290 [Ks] 4.8 %

Ground Total 7,482,090 [Ks]

0.00066

4,940 [USD]

0.071

531,000 [JPY]
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Attachment 7 Construction schedule (Kon Ni construction) 

Layout of Schedule as planned 
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Attachment 8 Emergency Network (example) 
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Attachment 9 Daily report (example) 
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Attachment 10 Construction schedule (example) 

(1) Layout schedule (result)  
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Attachment 10 Construction schedule (example) 

(2) Structure construction schedule (result)  
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Attachment 10 Construction schedule (example) 

(3) Detailed structure construction schedule (result)  
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Attachment 11 Design change record (example) 

Design change of No.2 Check Dam on daily report 
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Attachment 12 As build drawing (example) 

(1) Plan view drawing 
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Attachment 12 As build drawing (example) 

(2) Longitudinal profile 
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Attachment 12 As build drawing (example) 

(3) Structure drawing (No.2 check dam) 
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Attchement-13 Monitoring report (example) 

(1) Monitoring report of each structure 

  

No.1 Water Channel 

Conpletion (End of July 2019) After 6months (15 Feb. 2020) 
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Attchement-13 Monitoring report (example) 

(2) Detailed monitoring report of major structure (water channel and check dam) 
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Attchement-13 Monitoring report (example) 

(3) Detailed monitoring report of major structure (water diversion channel) 
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3.1 (အခန္း ၁) ဦးတည္ကမ္းပါး ေရြးခ်ယ္ျခင္း ................................................................. 7 

3.1.1 ေရြးခ်ယ္မႈ စံႏွဳန္းမ်ား ...................................................................................... 7 
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ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရး တန္ျပန္မႈအစီအမံ၏ လုပ္ငန္းစဥ(္မူၾကမ္း) 

1. မိတ္ဆက္ျခင္း 

1.1 မိတ္ဆက္ျခင္း/ JICA စီမံကိန္း၏ ေနာက္ခံအေၾကာင္း 

သယံဇာတႏွင္ ့ သဘာဝပတ္ဝန္းက်င္ထိန္းသိမ္းေရးဝန္ၾကီးဌာ၊ သစ္ေတာဦးစီးဌာနႏွင့္ ဂ်ပန္အျပည္ျပည္ 
ဆုိင္ရာပူးေပါင္းေဆာင္ရြက္ေရးေအဂ်င္စီ(JICA)တုိ႔အၾကား ေဆြးေႏြးခ်က္မွတ္တမ္း Record of Discussion 
(R/D) ႏွင့္အညီ ၂၀၁၇ခုႏွစ ္ ဒီဇင္ဘာလတြင္ သေဘာတူ လက္မွတ္ေရးထုိးခ့ဲေသာ "သယံဇာတမ်ား ေရ 
ရွည္တည္တ့ံေစရန္ စီမံအုပ္ခ်ဳပ္မႈ စြမ္းရည္ျမွင့္တင္ျခင္း စီမံကိန္းျဖစ္ပါသည္။ (ေနာက္ပိုင္းတြင္ FDSNR ဟု 
အတုိေကာက္ သုံးႏွဳန္းသြားမည္ျဖစ္ပါသည္။) စီမံကိန္းကုိ ၂၀၁၈ ဇြန္လတြင္ စတင္ခဲ့ပါသည္။ FDSNR ၏ 
အဓိက ရည္ရြယ္ခ်က္မွာ ေအာက္ပါ လုပ္ငန္းစဥ္ ၃ခု ကုိ  အေကာင္အထည္ေဖာ္ ေဆာင္ရြက္ျခင္းျဖင့္ သယံ 
ဇာတမ်ား ေရရွည္တည္တံ့ေစရန္ စီမံအုပ္ခ်ဳပ္မႈစြမ္းေဆာင္ရည္မ်ား အားေကာင္းလာေစရန္ျဖစ္ပါသည္။  
(၁) သစ္ေတာ စီမံအုပ္ခ်ဳပ္လုပ္ကုိင္ျခင္းတြင္ ဝန္ထမ္းမ်ား၏ စြမ္းေဆာင္ရည္ျမွင့္တင္ျခင္း၊ (၂) အင္းေလး 
ကန္ ေရေဝေရလဲေဒသတြင္ ဘက္စံုေရေ၀ေရလဲေဒသ စီမံအုပ္ခ်ဳပ္မႈ ျမွင့္တင္ျခင္း ႏွင္ ့ (၃) ဇီဝမ်ိဳးစုံ မ်ိးကြဲ 
ထိန္းသိမ္းျခင္းအတြက္ သိပၸံဆုိင္ရာအေျခခံအခ်က္မ်ား ဖြံ႔ျဖိဳးတုိးတက္ေရးတုိ႔ျဖစ္ပါသည္။ 

 လုပ္ငန္းစဥ္တစ္ခုခ်င္းစီတြင္ မတူညီေသာရည္ရြယ္ခ်က္မ်ားရိွၿပီး ဦးတည္လုပ္ေဆာင္ေသာ target groups 
မ်ားမွာလည္း မတူညီၾကပါ။ လုပ္ငန္းစဥ္ (၂) သည္ အင္းေလးကန္ ေရေဝေရလဲေဒသ ဘက္စံုစီမံအုပ္ခ်ဳပ္မႈ 
အားေကာင္းေစရန္ အဓိကရည္ရြယ္ျပီး အင္းေလးကန္အတြင္း နုန္းအနည္မ်ား ပုိ႔ခ်မႈေလွ်ာ့နည္းေစရန္ႏွင့္ 
ေနာက္ဆုံးတြင္ အင္းေလးကန္၏ သဘာဝပတ္ဝန္းက်င္ ပုိမုိေကာင္းမြန္လာေစရန္ ရည္ရြယ္ပါသည္။ 
လုပ္ငန္းစဥ္ (၂) ၏ပထမအဆင့္(First Phase) အေနျဖင္ ့သိပံၸဆုိင္ရာ ဆန္းစစ္မႈအတြက္ အခ်က္အလက္ 
မ်ား ေကာက္ယူျခင္းႏွင့္ ဘက္စံုေရေ၀ေရလဲေဒသ စီမံအုပ္ခ်ဳပ္မႈအတြက္ ထိေရာက္ေသာ လုပ္ေဆာင္ခ်က္ 
နည္းနာမ်ား ဆုံးျဖတ္ျခင္းကုိ ၂၀၁၉ခုႏွစ ္မတ္လ မွ  ၂၀၂၀ခုႏွစ ္ ၾသဂုတ္လ အထိ အေကာင္အထည္ေဖာ္ 
ေဆာင္ရြက္ခဲ့ၿပီး ျဖစ္ပါသည္။ စီမံကိန္းပထမအဆင့္(First Phase)၏ လုပ္ငန္းေဆာင္ရြက္မႈ အစိတ္အပုိင္း 
အေနျဖင့္ ကမ္းပါးၿပိဳမႈ ထိန္းခ်ဳပ္ေရးႏွင့္ ေရရွည္တည္တ့ံေသာ ေျမႏွင့ ္ သစ္ေတာေျမ စီမံအုပ္ခ်ဳပ္မႈမ်ားကုိ 
trial အေနျဖင့္ ကြင္းဆင္းလုပ္ေဆာင္ခဲ့ပါသည္။ 

လုပ္ငန္းစဥ္ ၂ ၏ ဒုတိယအဆင့္ (Second Phase)ကို  ၂၀၂၀ခုႏွစ ္ဇူလုိင္လတြင္ စတင္ရန္ လ်ာထားျပီး 
ဆုံးျဖတ္ထားေသာ လုပ္ေဆာင္ခ်က္နည္းနာမ်ားကုိ  အေကာင္အထည္ေဖာ္ ေဆာင္ရြက္ရန္ႏွင့္ သစ္ေတာ 
ဦးစီးဌာန၊ ဆည္ေျမာင္းႏွင့္ေရအသုံးခ်မႈစီမံခန္႔ခြဲေရးဦးစီးဌာနႏွင့္ စိုက္ပ်ိဳးေရးဦးစီးဌာန ကဲ့သုိ႔ေသာ သက္ဆိုင္ 
ရာ ဌာနမ်ား၏ အရာရိွမ်ားအား စြမ္းေဆာင္ရည္ျမွင့္တင္ျခင္းကုိ ေဆာင္ရြက္သြားမည္ျဖစ္ပါသည္။ ဤစာတမ္း 
သည္ အင္းေလးကန္ေရေ၀ေရလဲေဒသ အသစ္အတြက္ ကမ္းပါးၿပိဳမႈ ထိန္းခ်ဳပ္ေရးဆုိင္ရာ တန္ျပန္မႈအစီ 
အမံအျဖစ္ မူၾကမ္းေရးဆြျဲခင္းျဖစ္ပါသည္။ 

1.2 စာတမ္း၏ ရည္ရြယ္ခ်က္ 

ဤစာတမ္းသည္ စီမံကိန္း ပထမအဆင့္၏ နည္းပညာပုိင္းဆုိင္ရာလမ္းညႊန္ခ်က္တစ္ခုျဖစ္ၿပီး အင္းေလးကန္ 
ေရေ၀ေရလဲေဒသရိွ ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရးလုပ္ငန္းစဥ္ကုိ အဓိကထားပါသည္။ ဤစာတမ္းအား အထက္ 
ေဖာ္ျပပါ ေရွ ေ့ျပးလုပ္ငန္းမ်ားကုိအေျခခံ၍ စီမံကန္ိး ပထမအဆင့္ (project Phase 1)အတုိင္း ဆက္လက္ 
လုပ္ေဆာင္ကာ “ စီမံကိန္းဒုတိယအဆင့္ - Project Phase 2” အေကာင္အထည္ေဖာ္ ေဆာင္ရြက္သည့္ 
ကာလအတြင္း ျပန္လည္ျပဳျပင္မည္ျဖစ္ပါသည္။  
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ဤစာတမ္းတြင္ ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရးအစီအမံဆုိင္ရာ သတိထားရမည့္ အေျခခံအခ်က္မ်ားႏွင့္ ေဆာင္ 
ရြက္ရန္လုိအပ္ေသာလုပ္ငန္းမ်ား စေသာ လုပ္ငန္းစဥ္မ်ားကုိေဖာ္ျပထားပါသည္။ ဤစာတမ္းသည္ ျမန္မာမူ 
ျဖင့္ေဖာ္ျပေသာ ပထမဆုံးစာတမ္းျဖစ္ၿပီး လုပ္ငန္းစဥ္ႏွင့္ နည္းပညာဆုိင္ရာ ရွင္းလင္းခ်က္မ်ားကုိ ေဖာ္ျပ 
ထားေသာ္လည္း ႏုန္းထိန္းတမံ၏ ေျမေအာက္ Levelမွ အျမင့္၊ မည္ကဲ့သုိ ့ၾကပ္မတ္ေဆာင္ရြက္ရမည္ 
ကဲ့သုိ ့ေသာ စံႏွဳန္းမ်ားကုိမ ူ အေသးစိတ္ ရွင္းလင္းထားမႈမရိွေပ။ အဆုိပါအခ်က္မ်ားပါ၀င္ေသာမူကုိ လာ 
မည့္ စီမံကိန္းဒုတိယအဆင့္ (Project Phase 2) တြင္ မြန္းမံထည့္၀င္မည္ျဖစ္ပါသည္။ 

JICA ကၽြမ္းက်င္ပညာရွင္အဖြဲ ့၏ ၂၀၂၀ခုႏွစ ္ ေဖေဖာ္၀ါရီလတြင္ ေရးဆြေဲသာ “ Overall Plan of Gully 
Erosion Control” အရ အင္းေလးကန္ဧရိယာတြင္ ကမ္းပါးအမ်ိဳးအစား (၆)မ်ိဳးရွိသည္။ အရြယ္အစား ေသး 
ငယ္သည့္ ကမ္းပါးကုိမည္သည့္တန္ျပန္မႈအစီအမံျဖင့္ အေကာင္အထည္ေဖာ္ ေဆာင္ရြက္ရမည္၊ အရြယ္ 
အစားပုိမုိႀကီးမားေသာကမ္းပါးကုိ မည္သည့္တန္ျပန္မႈအစီအမံျဖင့္ အေကာင္အထည္ေဖာ္ ေဆာင္ရြက္ရ 
မည္ စသည္ျဖင့္ လုပ္ငန္းစဥ္အဆင့္အလုိက္ အၾကံျပဳခ့ဲၾကပါသည္။ ယုခုစီမံကိန္းသည ္ အရြယ္အစားေသး 
ငယ္ေသာကမ္းပါး အမ်ိဳးအစားကုိသာ အဓိကထားသျဖင့္ ဤစာတမ္းတြင္ စီမံကိန္းပထမအဆင့္ (Project 
Phase 1) ၏ေရွ ့ေျပးလုပ္ငန္းအတုိင္းသာ ပါ၀င္မည္ျဖစ္ပါသည္။ 

1.3 စာတမ္း၏ ဦးတည္ခ်က္မ်ား 

ဤစာတမ္းသည္ အေျခခံအားျဖင့္ လုပ္ငန္းအဖြ ဲ ့၏ အဖြ႔ဲဝင္မ်ားႏွင့္ အင္းေလးကန္ေရေဝေရလဲေဒသႏွင့္ 
သက္ဆိုင္ေသာ သစ္ေတာအရာရိွမ်ားကုိ ဦးတည္ပါသည္။  ဤစာတမ္းကုိ  စီမံကိန္း လုပ္ငန္းစဥ္ (၂) ၏  
“2nd phase” အတြင္း ကြင္းဆင္းေဆာင္ရြက္မႈမ်ားမွတဆင့္ ကမ္းပါးၿပိဳမႈ ထိန္းခ်ဳပ္ေရးအတြက္ နည္းပညာ 
ဆုိင္ရာလမ္းညႊန္အျဖစ္ အၿပီးသတ္ျပငဆ္င္မႈ ျပဳလုပ္မည္ျဖစ္ပါသည္။ ဤလမ္းညႊန္သည္ သစ္ေတာဦးစီး 
ဌာန(FD)ႏွင္ ့ ဆည္ေျမာင္းႏွင့္ ေရအသုံးခ်မႈစီမံခန္႔ခြဲေရးဦးစီးဌာန (IWUMD)၏ အရာရွိမ်ား  “technical 
officials” အတြက္ အေထြေထြနည္းပညာဆုိင္ရာလမ္းညႊန္ “common technical guideline” အေနျဖင့္ 
ရွမ္းျပည္နယ္အတြက္သာမက အျခားေသာ ျပည္နယ္ႏွင့္တုိင္းေဒသႀကီးမ်ားတြင္ပါ အသုံးျပဳႏုိင္မည္ျဖစ္ပါ 
သည္။ 

1.4 စာတမ္း၏ ေပါင္းစပ္ဖြဲ႔စည္းပုံ 

ဤစာတမ္းတြင္ အခန္း(၃)ခန္းပါဝင္ပါသည္။ အခန္း (၁) တြင္ စီမံကိန္း၏ ေနာက္ခံအေၾကာင္းအရာႏွင့္  ဤ 
စာတမ္းအေၾကာင္းကုိ မိတ္ဆက္ျခင္း၊  အခန္း (၂) တြင္  ဤစာတမ္းျပင္ဆင္ရာတြင္ အျပည့္အ၀ အသုံးျပဳ 
ေသာ ကုိးကားစာတမ္းမ်ားကုိ အႏွစ္ခ်ဳပ္ေဖာ္ျပျခင္း၊ အခန္း(၃)တြင္ ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရးဆုိင္ရာ တန္ 
ျပန္မႈအစီအမံအတြက္ အေသးစိတ္လုပ္ငန္းစဥ္မ်ားႏွင့္ အလုံးစုံေသာလုပ္ငန္းစဥ္မ်ားကုိ ေဖာ္ျပထားပါသည္။ 
စာတမ္းတြင္ ပညာရပ္ဆုိင္ရာ ေ၀ါဟာရမ်ားကုိေဖာ္ျပေသာ နည္းပညာဆုိင္ရာ မွတ္စုအခ်ိဳ ့လည္း ပါ၀င္ပါ 
သည္။ 

2. အေသးစိတ္လုပ္ငန္းစဥ္မ်ားျပင္ဆင္ရာတြင္ အသုံးျပဳေသာစာတမ္းမ်ား 

2.1. ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရး တန္ျပန္မႈအစီအမံ အႏွစ္ခ်ဳပ္ 

အင္းေလးကန္ေရေ၀ေရလဲေဒသရိွ ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရးဆုိင္ရာ အလုံးစုံလုပ္ငန္းစဥ္မ်ားကုိ ေအာက္ပါ 
အတုိင္းေဖာ္ျပထားပါသည္။ 

 ၁) ဦးတည္ကမ္းပါး ေရြးခ်ယ္ျခင္း (Selection of target gully) 
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 ၂) ကြင္းဆင္း ေထာက္လွမ္းျခင္း (Field reconnaissance) 

 ၃) ကြင္းဆင္းေလ့လာျခင္း (Survey) 

 ၄) ဒီဇိုင္းျပင္ဆင္ျခင္း (Design Preparation) 

 ၅) ေဆာက္လုပ္ေရး အစီအစဥ ္(Construction Planning) 

 ၆) ေဆာက္လုပ္ေရးအတြက္ ႀကိဳတင္ျပင္ဆင္ျခင္း (Advance preparation for               

the construction) 

၇) ေဆာက္လုပ္ျခင္း( Construction) 

၈) ေစာင့္ၾကည့္ေလ့လာျခင္းႏွင့္ ျပဳျပင္ထိန္းသိမ္းျခင္း (Monitoring and Maintenace) 

အထက္တြင္ေဖာ္ျပထားေသာအေၾကာင္းအရာတစ္ခုခ်င္းစီ၏ ေဆာင္ရြက္ရမည့္လုပ္ငန္းမ်ားကုိ ေအာက္ပါ 
ဇယားတြင္ေဖာ္ျပထားပါသည္။ ေအာက္ေဖာ္ျပပါ အခန္းမ်ားတြင္ အေၾကာင္းအရာအေပၚအေျခခံ၍ အခန္း 
တစ္ခုခ်င္းစီအတြက္ လုပ္ငန္းမ်ားႏွင့္ အေလးထားရမည့္အခ်က္မ်ားကုိေဖာ္ျပထားပါသည္။ 

ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရးလုပ္ငန္းစဥ္အတြက္ ပါ၀င္သည့္အေၾကာင္းအရာမ်ားႏွင့္ လုပ္ငန္းမ်ား 

ပါ၀င္သည့္အေၾကာင္းအရာမ်ား ေဆာင္ရြက္ရမည့္ အဓိကလုပ္ငန္းမ်ား 

3.1                   အခန္း-၁ 

ဦးတည္ကမ္းပါး ေရြးခ်ယ္ျခင္း 

3.1.1 ေရြးခ်ယ္မႈစံႏွဳန္း သတ္မွတ္ျခင္း 

3.1.2 ဦးတည္ေက်းရြာမ်ားႏွင့္ ညွိႏိွဳင္းေဆြးေႏြးျခင္း 

3.2                   အခန္း -၂ 

ကြင္းဆင္းေထာက္လွမ္းျခင္း 

3.2.1 ကမ္းပါး တည္ေနရာ 

3.2.2. ကမ္းပါး၏အေျခအေနႏွင့္ အတုိင္းအတာ 

3.2.3 အေျခအေန စိစစ္ျခင္း 

3.3                   အခန္း -၃ 

ကြင္းဆင္းေလ့လာျခင္း 

3.3.1 Plan view drawing ေရးဆြျဲခင္း 

3.3.2 Longitudinal profile ေကာက္ျခင္း 

3.3.3 Major cross section တုိင္းတာျခင္း 

3.4                   အခန္း -၄ 

ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရး တန္ျပန္မႈအစီအမံ၏ 
ဒီဇုိင္းျပင္ဆင္ျခင္း 

3.4.1 ကမ္းပါးၿပိဳမႈျဖစ္ရသည့္ အေၾကာင္းရင္းစိစစ္ 
ခ်က္အေပၚအေျခခံသည့္တန္ျပန္မႈအစီအမံ၏အေျခခံ 
သေဘာတရား 

၁) ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရး တန္ျပန္မႈအစီအမံ၏ 
ရည္ရြယ္ခ်က္ 

၂)ကမ္းပါးၿပိဳမႈျဖစ္ရသည့္ အေၾကာင္းရင္းစိစစ္ခ်က္ 
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အေပၚ အေျခခံသည့္ အေျခခံသေဘာတရား 

3.4.2 အေဆာက္အအုံမ်ား၏ပ်ံ ့ႏံွ ့မႈ ၊ တည္ေဆာက္ 
ပုံဒီဇိုင္း။ 

၁)ႏုန္းထိန္းတမံ တည္ေဆာက္ပံု အဆင့္ဆင့္ 

၂) ကမ္းပါးၾကမ္းျပင္ ေထာင့္မ်ဥ္း 

၃) ႏုန္းထိန္းတမံအျမင့္ႏွင့္ တည္ေဆာက္ပံုအၾကား 
ဆက္သြယ္မႈ 

၄) ႏုန္းထိန္းတမံ၏ စမွတ္ 

3.4.3 အေဆာက္အအုံတစ္ခုခ်င္းစီ၏ ဒီဇိုင္း 

၁) ႏုန္းထိန္းတမံ 

၂) ေရလမ္းေၾကာင္း 

၃) ေရလႊဲလမ္းေၾကာင္း 

3.4.4 ေဆာက္လုပ္ေရးလုပ္ငန္းမ်ားအတြက္ လုိအပ္ 
ေသာ ပစၥည္းမ်ား ထည့္စဥ္းစားျခင္း 

၁) ႏုန္းထိန္းတမံအတြက္ ပစၥည္းကိရိယာမ်ား 

၂) အျခားအေဆာက္အအုံမ်ားအတြက္ ပစၥည္းမ်ား 

3.4.5 ပစၥည္းပမာဏ တြက္ခ်က္ျခင္း 

3.4.6 ခန္ ့မွန္းကုန္က်စရိတ္ တြက္ခ်က္ျခင္း 

၁) တုိက္ရိုက္ကုန္က်စရိတ္ အမ်ိဳးအစား  

၂) တုိက္ရိုက္ကုန္က်စရိတ္ တြက္ခ်က္ျခင္း 

3.5                   အခန္း -၅ 

ေဆာက္လုပ္ေရး အစီအစဥ္ (Construction 
planning) 

3.5.1 လုပ္ငန္းစတင္နိဳင္ရန္ အဆင္သင့္ျပင္ဆင္ 
ထားရိွျခင္းႏွင့္လုပ္ငန္းၿပီးခ်ိန္ျပန္လည္သိမ္းဆည္းျခင္း 
(Mobilization and demobilization) 

3.5.2 ပင္မအေဆာက္အအုံမ်ား၏ တည္ေဆာက္ေရး 
အဆင့္မ်ား 

၁) ႏုန္းထိန္းတမံ  

၂) ေရလမ္းေၾကာင္း 
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၃) ေရလႊြလဲမ္းေၾကာင္း 

3.5.3 ေဆာက္လုပ္ေရး အစီအစဥ္ဇယားေရးဆြျဲခင္း 

3.5.4 ေဘးအႏၱရာယ္ကင္းရွင္းေရး အစီအမံ 

၁) ေဘးအႏၱရာယ္ကင္းရွင္းေရးအတြက္  ႀကိဳတင္ 
ကာကြယ္ေရးအစီအမံ (ဦးထုပ္၊ လက္အိတ္၊ ဘိနပ္ 
… စသည္ျဖင့္) 

၂) အေရးေပၚအေျခအေနထိန္းခ်ဳပ္ေရး အစီအမံ 
(အေရးေပၚ ခ်ိတ္ဆက္မႈကြန္ယက္) 

3.6                  အခန္း -၆ 

ေဆာက္လုပ္ေရးအတြက္ ႀကိဳတင္ျပင္ဆင္ျခင္း 

3.6.1 ပစၥည္း၀ယ္ယူေရးႏွင့္ပိ ့ုေဆာင္ေရး အစီ အမံ 

3.6.2 ေက်းရြာမ်ားမွ အလုပ္သမားစုေဆာင္းမႈကုိ အ 
တည္ျပဳျခင္း 

3.7                    အခန္း -၇ 

ေဆာက္လုပ္ျခင္း 

3.7.1 ႀကိဳတင္ျပင္ဆင္မႈလုပ္ငန္း 

၁) အလုပ္သမားစုေဆာင္းျခင္း 

၂) ယာယီတဲ ျပင္ဆင္ျခင္း 

၃) ပစၥည္းသယ္ယူပိ ု ့ေဆာင္ေရးလမ္းေၾကာင္း 
(ပစၥည္းတင္/ခ်လမ္း)ပစၥည္းသုိေလွာင္ရန္ေနရာ 

၄) ဘိလပ္ေျမေဖ်ာ္စက္ေနရာ ျပင္ဆင္ျခင္း 

3.7.2 ႏုန္းထိန္းတမံ တည္ေဆာက္ျခင္း 

၁) အေဆာက္အအုံေနရာ အတည္ျပဳျခင္း 

၂) ေျမေပၚတြင္ ငုတ္တုိင္မ်ားျဖင့္ အမွတ္အသား ျပဳ 
လုပ္ျခင္း( ဗဟုိမ်ဥ္း၊ ေျမညိွရန္အတြက္ bench mark 
… စသည္ျဖင့္) 

၃) ေျမတူးေဖာ္ျခင္းလုပ္ငန္း 

၄) ပန္းရံလုပ္ငန္း 

3.7.3 ေရလမ္းေၾကာင္းတည္ေဆာက္ျခင္း 

၁) ေရလမ္းေၾကာင္းေနရာ အတည္ျပဳျခင္း 

၂) ေရလမ္းေၾကာင္းတူးေဖာ္ျခင္း 
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၃) ေက်ာက္စီျခင္း 

3.7.4 ေျမေပၚေရလႊဲလမ္းေၾကာင္း တည္ေဆာက္ 
ျခင္း 

၁) ေရလႊဲလမ္းေၾကာင္းေနရာ အတည္ျပဳျခင္း 

၂) ေျမေပၚေရလႊဲလမ္းေၾကာင္း တူးေဖာ္ျခင္း 

3.7.5 အပင္စိုက္ပ်ိဳးျခင္း 

၁) စုိက္ပ်ိဳးေရးဧရိယာ 

၂) သဘာ၀အပင္ စိုက္ပ်ိဳးေရး 

၃) အပင္စုိက္ပ်ိဳးေရး လုပ္ငန္း 

3.7.6 Demobilization/ ျပန္လည္သိမ္းဆည္းျခင္း 

၁) ယာယီတဲ ဖယ္ရွားျခင္း 

၂) site သန္ ့ရွင္းေရးလုပ္ျခင္း 

3.8                  အခန္း -၈ 

စစ္ေဆးျခင္း 

3.8.1  အရည္အေသြး စစ္ေဆးျခင္း 

၁) ေက်ာက္ 

၂) သဲ 

၃) ဘိလပ္ေျမ 

3.8.2 တိုးတက္မႈ စစ္ေဆးျခင္း 

၁) ႏုန္းထိန္းတမံ  

၂) ေရလမ္းေၾကာင္း 

၃) ေရလႊဲလမ္းေၾကာင္း  

3.9                  အခန္း - ၉ 

ေဆာက္လုပ္ေရး၏ မွတ္တမ္း 

3.9.1 ေန ့စဥ္ အစီရင္ခံစာ 

3.9.2 ေဆာက္လုပ္ေရး အစီအစဥ္ဇယား၏ ႀကိဳတင္ 
အစီအမံႏွင့္ေအာင္ျမင္မႈ (plan & achievement)ကုိ 
ႏွိဳင္းယွဥ္ျခင္း 

3.9.3 ဒီဇိုင္းေျပာင္းလဲမႈ မွတ္တမ္း 

3.9.4 as build drawing 
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3.10                အခန္း - ၁၀ 

ေစာင့္ၾကည့္ေလ့လာျခင္းႏွင့္ ျပဳျပင္ထိန္းသိမ္းျခင္း 

3.10.1 ေစာင့္ၾကည့္ေလ့လာေရး အစီအစဥ္ 

3.10.2 ေစာင့္ၾကည့္ေလ့လာေရး နည္းလမ္း 

3.10.3 ေစာင့္ၾကည့္ေလ့လာေရး မွတ္တမ္း 

3.10.4 ျပဳျပင္ထိန္းသိမ္းေရးလုပ္ငန္း 

ဇစ္ျမစ္ - JICA ကၽြမ္းက်င္ပညာရွင္အဖြဲ ့ (2020) 

3. ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရး တန္ျပန္မႈအစီအမံအတြက္ အေသးစိတ္လုပ္ငန္းစဥ္မ်ား 

3.1 (အခန္း -၁) ဦးတည္ကမ္းပါး ေရြးခ်ယ္ျခင္း 

3.1.1 ေရြးခ်ယ္မႈစံႏွဳန္းမ်ား 

စီမံကိန္း ပထမအဆင့္ (Phase 1)၏ ဦးတည္ကမ္းပါးေရြးခ်ယ္မႈစံႏွဳန္းကုိ ေအာက္တြင္ေဖာ္ျပထားသည္။ 

ဇယား 3.1-1 ဦးတည္ကမ္းပါး ေရြးခ်ယ္ေရးစံႏွဳန္းမ်ား 

ေရြးခ်ယ္မႈစံႏွဳန္း ေဖာ္ျပခ်က္ 

1. ကမ္းပါးအမ်ိဳးအစား  အပင္မရွိေသာ အလယ္အလတ္အရြယ္ ကမ္းပါး*1 
 အထူးသျဖင့္ ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရး ပထမအဆင့္ 

အတြက္ အေသးစားအရြယ္ကမ္းပါးသည္ အထူးသင့္ 
ေတာ္ပါသည္။ 

2. သြားလာေရးလြယ္ကူမႈ  ပစၥည္းမ်ားတင္ခ်နိဳင္ေရး လမ္းမွ လုပ္ငန္းတည္ေနရာ 
(site) သုိ ့ေကာင္းမြန္စြာသြားလာနိဳင္ရန္ လုိအပ္ပါသည္။ 

 လုပ္ငန္းတည္ေနရာ (site) ႏွင့္အဓိကၿမိဳ ့မ်ားျဖစ္သည့္ 
ကေလာ (သုိ ့) ေအာင္ပန္းတုိ ့အၾကား ပုိ ့ေဆာင္ေရး ၾကာ 
ခ်ိန္ (၁) နာရီအတြင္းျဖစ္ရမည္။ 

3. ေက်းရြာသူ/သားမ်ားႏွင့္ 
သေဘာတူညီမႈရယူျခင္း 

 ကမ္းပါးရိွေသာေျမေနရာမ်ားသည္ မ်ားေသာအားျဖင့္ 
ေက်းရြာသူ/သားမ်ားအသုံးျပဳလ်က္ရွိေသာေျမေနရာမ်ား 
ျဖစ္ၿပီး အစုိးရစီမံခန္ ့ခြဲမႈေအာက္တြင္မရွိေပ။ ထုိ ့ေၾကာင့္ 
ေက်းရြာသူ/သားမ်ားထံမွ သေဘာတူညီမႈ ရရိွေရး ေတာင္း 
ဆုိရန ္လုိအပ္ပါသည္။ 

 ေဆာက္လုပ္ေရးလုပ္ငန္းအမ်ားစုကုိ တုိက္ရိုက္ တည္ 
ေဆာက္ေရးနည္းလမ္းျဖင့္ေဆာင္ရြက္မည္ျဖစ္ၿပီး ကန္ထ 
ရိုက္ျဖင့္ေဆာင္ရြက္သည့္နည္းလမ္းကုိမသုံးပါ။ လိုအပ္ပါ 
က သစ္ေတာဦးစီးဌာနမွ ေက်းရြာရွိ အလုပ္သမားမ်ားကုိ 
ငွားရမ္းေဆာင္ရြက္မည္။ 

4. ကမ္းပါးသည္ အျခားတည္  အကယ္၍ ကမ္းပါးၿပိဳမႈသည္ လမ္းမႀကီးကဲ့သုိ ့ေသာ 
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ေဆာက္ေရးလုပ္ငန္းမ်ားေၾကာင့္ 
ျဖစ္ေပၚေသာကမ္းပါးၿပိဳမႈမျဖစ္ရ 

အေျခခံအေဆာက္အအုံမွ စီးဆင္းလာေသာေရေၾကာင့္ 
ျဖစ္ေပၚပါက အဆုိပါကမ္းပါးကုိ သက္ဆိုင္ရာ အေျခခံ 
အေဆာက္အအုံကို စီမံခန္ ့ခြဲသည့္ ဌာနက ျပဳျပင္ထိန္း 
သိမ္းရမည္။ 

 သစ္ေတာဦးစီးဌာနအတြက္မူ သဘာ၀ေၾကာင့္ ျဖစ္ေပၚ 
ေသာ ကမ္းပါးမ်ားကုိသာ ေရြးခ်ယ္ရမည္။ 

မွတ္ခ်က္ *1 သည္ ေအာက္ေဖာ္ျပပါ ကမ္းပါးအမ်ိဳးအစားဇယားကုိ ရည္ညႊန္းပါသည္။ 

ဇစ္ျမစ္ - JICA ကၽြမ္းက်င္ပညာရွင္အဖြဲ ့ (2020) 

အင္းေလးကန္ေရေ၀ေရလဲေဒသရိွ ကမ္းပါးအမ်ိဳးအစားကုိ ေအာက္ပါဇယားအတုိင္း (၆)မ်ိဳးခြျဲခားထားပါ 
သည္။                       

ဇယား 3.1-2 ကမ္းပါးအမ်ိဳးအစားမ်ား 

ကမ္းပါးအမ်ိဳးအစား ျဖစ္ေပၚသည့္ 
ေနရာ 

အက်ယ္ အပင္ေပါက္ 
ေရာက္မႈ 

အေျခအေန 

မွတ္ခ်က္ 

 

1. သဘာ၀ေရစီးေၾကာင္း 
အမ်ိဳးအစား 

ေျမျပန္ ့ ၂မီတာခန္ ့ ျမက္၊ ခ်ံဳ ႏွင့္ 
ေျမလွပ(္အခ်ိဳ ့ပံုစ)ံ 

 

2. ေတာင္အမ်ိဳးအစား ေတာင္ - - ႀကီးႀကီးမားမား မ်က္ 
ႏွာျပင္တုိက္စားမႈမ်ိဳး 
ပါ၀င္သည္။ 

3. အလယ္အလတ္အရြယ္ 
အပင္ရွိသည့္အမ်ိဳးအစား 

ေတာင္ေပၚ 
ဧရိယာ 

၅~၁၅မီတာ ျမက္၊ခ်ံဳႏွင့္ 
သစ္ပင္အရွည္မ်ား 

1,2 ႏွင့္ႏိွဳင္းယဥ္ပါက 
အနက္ကိုအတည္ျပဳ 
နိဳင္သည္ 

4. အလယ္အလတ္အရြယ္ 
အပင္မရွိသည့္အမ်ိဳးအစား 

အထက္ပါ 
အတုိင္း 

အထက္ပါ 
အတုိင္း 

ေျမလွပ ္

5. အႀကီးစားအရြယ္ 
အပင္ရွိသည့္အမ်ိဳးအစား 

အထက္ပါ 
အတုိင္း 

၁၅မီတာ 
အထက္ 

ျမက္၊ ခ်ံဳႏွင့္ 
သစ္ပင္ရွည္မ်ား 

6. အႀကီးစားအရြယ္ 
အပင္မရွိသည့္အမ်ိဳးအစား 

အထက္ပါ 
အတုိင္း 

အထက္ပါ 
အတုိင္း 

ေျမလွပ ္

မွတ္ခ်က္။ အမ်ိဳးအစား 3&4 သည္ အလယ္အလတ္၊ ေသး၊ အလြန္ေသး စေသာအရြယ္အစားမ်ားပါ၀င္ၿပီး 
အနက္သည ္၁၅ မီတာေအာက္ရွိသည္။ 

အမ်ိဳးအစား 5&6 သည ္အလြန္ႀကီးေသာ အရြယ္အစားမ်ားျဖစ္ၿပီး အနက္ႏွင္ ့အက်ယ္သည္ ၂၀ မီတာထက္ 
ပိုပါသည္။ 
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3.1.2 ဦးတည္ ေက်းရြာမ်ားႏွင့္ ညိွႏိွဳင္းေဆြးေႏြးျခင္း 

ဦးတည္ကမ္းပါးအမ်ားစုသည္ အစုိးရစီမံခန္ ့ခြဲမႈေအာက္တြင္မရိွေသာ ေနရာမ်ားျဖစ္သည္။ သုိ ့ျဖစ္၍ 
ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရးအတြက္ တန္ျပန္မႈအစီအမံအျဖစ္ ေက်းရြာသူ/သားမ်ား၏ လုိအပ္ခ်က္ (သို ့) 
သေဘာတူညီမႈကုိရယူရပါမည္။ ထုိ ့အျပင္ သစ္ေတာဦးစီးဌာနမွ တုိက္ရုိက္တည္ေဆာက္ေရးလုပ္ငန္း 
ေဆာင္ရြက္ပါက ကၽြမ္းက်င္လုပ္သားအပါအ၀င္ အလုပ္သမားအမ်ားစုကုိ ေက်းရြာမွ ငွားရမ္းသုံးစြရဲမည္ျဖစ္ 
ပါသည္။ ထို ့ေၾကာင့္ ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရးလုပ္ငန္းမ်ား မစတင္မီ ေအာက္ပါအခ်က္မ်ားကုိ ေက်းရြာသူ 
/သားမ်ားႏွင့္ သေဘာတူညီမႈရရိွေရး ညွိႏိွဳင္းေဆာင္ရြက္ရန္လုိအပ္ပါသည္။ 

၁) ကမ္းပါးေပၚရိွ ေဆာက္လုပ္ေရး 

၂) ေက်းရြာမ်ားမွ ကၽြမ္းက်င္လုပ္သားႏွင့္ အျခားလုပ္သားမ်ား ရွာေဖြငွားရမ္းျခင္း 

၃) ကနဦးတည္ေဆာက္ေရးကာလတြင္ တစ္ရက္လ်င္ကၽြမ္းက်င္လုပ္သား/ အလုပ္သမား အရည္အတြက္၊ 
အလုပ္သမားအမ်ိဳးအစားအလုိက္ လုပ္အားခမည္မွ်ႏွင့္ ျဖစ္နိဳင္ပါက ေမာ္ေတာ္ယာဥ္က့ဲသို ့ေသာ အျခား 
ကိရိယာမ်ား၏ ေစ်းႏွဳန္းမ်ားကုိပါ ညိွႏွိဳင္းရမည္။  

3.2 (အခန္း - ၂) ကြင္းဆင္း ေထာက္လွမ္းျခင္း (Field reconnaissance) 

ဦးတည္ကမ္းပါးမ်ားကုိ ေရြးခ်ယ္ၿပီးပါက ေအာက္ပါသတင္းအခ်က္အလက္မ်ားစုေဆာင္းရန္ ကြင္းဆင္း 
ေထာက္လွမ္းမႈ လုပ္ေဆာင္ရမည္ျဖစ္ပါသည္။ စုေဆာင္းရရိွေသာ သတင္းအခ်က္အလက္မ်ားကုိ ရိုးရွင္း 
ေသာ အစီရင္ခံစာပံုစံတြင္ စုေပါင္းျဖည့္သြင္းရမည္ျဖစ္ၿပီး အဆုိပါအစီရင္ခံစာပုံစံကုိ စီမံကိန္းဒုတိယအဆင့္ 
(Phase 2)တြင္ ျပဳျပင္မြန္းမံမည္ျဖစ္ပါသည္။ 

3.2.1 ကမ္းပါး တည္ေနရာ 

ကမ္းပါးတည္ေနရာကုိ လက္ကုိင္GPS ႏွင့္ရွာေဖြစစ္ေဆးမည္ျဖစ္ၿပီး Google Earth (သို ့) အျခား GIS 
ေျမပုံမ်ားတြင္ မွတ္သားထားရမည္ျဖစ္ပါသည္။ လုပ္ငန္းတည္ေနရာ(site)သုိ ့ သြားလာနိဳင္သည့္အေျခ 
အေနကုိ လက္ရွိကားလမ္းႏွင့္အကြာအေ၀း၊ လမ္းအက်ယ္အ၀န္းႏွင့္ မ်က္ႏွာျပင္ျပဳျပင္ထားမႈ (ကြန္ကရစ္/ 
ေက်ာက္ခင္း (သုိ ့)ေျမသား) ကဲ့သုိ ့ေသာလမ္းအေျခအေနတုိ ့အေပၚမူတည္၍ အတည္ျပဳရမည္ ျဖစ္ပါ 
သည္။ 

3.2.2 ကမ္းပါး၏ အေျခအေနႏွင့္ အတုိင္းအတာ 

ဦးတည္ကမ္းပါးအတုိင္းအတာျဖစ္သည့္ ကမ္းပါးပုံသ႑ာန္၊ ပ်ဥ္းမွ်ထိပ္၀/ေအာက္ေျခအက်ယ္၊ အနက္၊ 
ၾကမ္းျပင္ေက်ာက္ တည္ေနရာ၊ ပတ္၀န္းက်င္ဧရိယာ ေျမအသုံးျပဳမႈ၊ ကမ္းပါးအတြင္း/အျပင္ အပင္ေပါက္ 
ေရာက္မႈ (သစ္ပင္၊ခ်ံဳ၊ျမက္.. စသည္ျဖင့္) ကမ္းပါးသုိ ့စီးဆင္းသည့္ေရလမ္းေၾကာင္း စသည္တုိ ့ကုိ ကြင္း 
ဆင္းေထာက္လွမ္းမႈ မွတ္တမ္းတြင္ ျဖည့္သြင္းမွတ္တမ္းတင္ရမည္ျဖစ္ပါသည္။ ကမ္းပါးအေျခအေနျဖည့္ 
သြင္းျခင္းမွတ္တမ္း နမူနာကုိ ေနာက္ဆက္တြဲ (၁) တြင္ေဖာ္ျပထားပါသည္။ 
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3.2.3 အေျခအေန စိစစ္ျခင္း 

ဦးတည္ေဒသရိွ ကမ္းပါးအမ်ားစုသည္ တုိက္စားက်ယ္ျပန္ ့လာသည့္အသြင္သ႑ာန္ေဆာင္သည္ကုိ တူညီ 
စြာေတြ ့ျမင္ရပါမည္။ ေအာက္ပါအခ်က္မ်ားအတုိင္း ကမ္းပါးၿပိဳမႈ စတင္ျဖစ္ေပၚလာသည္ဟု ယူဆပါသည္။ 

၁) ကမ္းပါးၾကမ္းျပင္ကုိ ေရစီးေၾကာင္းတုိက္စားျခင္း 

၂) ေလွ်ာေစာက္ေအာက္ေျခမတည္ျငိမ္ျခင္းႏွင့္ ေလွ်ာေစာက္ေအာက္ေျခတုိက္စားျခင္းေၾကာင့္ ကမ္းပါး 
ၾကမ္းျပင္တုိက္စားျခင္း 

၃) ေလွ်ာေစာက္မတည္ၿငိမ္ျခင္းႏွင့္ တုိက္စားမႈအေပၚဘက္သို ့ေရြ ့သြားျခင္းေၾကာင့္ ေလွ်ာက္ေစာက္ 
ေအာက္ေျခတုိက္စားျခင္း ႏွင္ ့

၄) ေလွ်ာေစာက္တစ္ခုလုံး တုိက္စားျခင္း 

ေအာက္ပါပံုသည္ ကမ္းပါးတုိက္စားမႈက်ယ္ျပန္ ့လာသည့္ အသြင္သ႑ာန္ကုိ ျပသေပးပါသည္။ 

 
  

 

ဇစ္ျမစ္ - JICA ကၽြမ္းက်င္ပညာရွင္အဖြ ဲ့ (2019) 

ပုံ 3.2.1 ကမ္းပါးတုိက္စားမႈ က်ယ္ျပန္ ့လာပုံ 

တုိက္စားမႈျဖစ္ေပၚရသည့္ အၾကာင္းရင္းကုိစဥ္းစားနိဳင္ရန္ ကြင္းထဲရိွ ေရေရြ ့လ်ားမႈ၊ တုိက္စားမႈႏွင့္ အပင္ 
ေပါက္ေရာက္မႈအေျခအေနမ်ားကုိ စစ္ေဆးရမည္ျဖစ္ပါသည္။ ေလွ်ာေစာက္အထက္ဘက္မွ စတင္တုိက္ 
စားျခင္း က့ဲသုိ ့ေသာ မတူကြျဲပားသည့္အေၾကာင္းရင္းမ်ားေတြ ့ရိွပါက အေျခအေနကုိစိစစ္အတည္ျပဳနိဳင္ရန္ 
ကၽြမ္းက်င္ပညာရွင္မ်ားအၾကား ထဲထဲ၀င္၀င္ သုံးသပ္ေဆြးေႏြးရမည္ျဖစ္ပါသည္။ 

ကြင္းဆင္းေထာက္လွမ္းမႈကာလအေတာအတြင္း တုိက္စားမႈျဖစ္ရသည့္အေၾကာင္းရင္းမ်ာကုိ စစ္ေဆးရမည္ 
ျဖစ္ၿပီး အကယ္၍ ကြျဲပားျခားနားသည့္တုိက္စားမႈပံုစံ (သုိ ့) တုိက္စားရန္ အလားအလာမ်ားေတြ ့ရွိပါက 

Erosion on the bed
Erosion on the bed

(1) (1)

Erosion of slope foot

(1) (1)

(2)(2)

(3)
(3)

Expand to sideExpand to side

Expand to vertical direction

Initial surface

Eroded surface

(1) Gully bed is eroded (2) Slope foot is eroded

(3) Erosion moves to upper side (4) Erosion is expanded horizontally and vertically
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တုိက္စားမႈ ျဖစ္ရသည့္အေၾကာင္းရင္းကုိ ဆင္ျခင္သံုးသပ္ရမည္ျဖစ္ပါသည္။  

3.3 (အခန္း -၃) ကြင္းဆင္းေလ့လာျခင္း (Survey) 

စီမံကိန္း ပထမအဆင့္အေတာအတြင္းတြင္ လက္ကုိင္ GPS ျဖင့္ ကုိၾသဒနိတ္အမွတ္မ်ားကုိတုိင္းတာခဲ့ၿပီး 
Control points အခ်ိဳ  ့ကုိ ဒရုန္းျဖင့္ survey လုပ္ေဆာင္ခဲ့ပါသည္။ plan view drawing ပံုဆြရဲာတြင္ 
အသုံးျပဳနိဳင္ရန္အတြက္ Orthochromatic ပုံတစ္ခုကုိ ျပင္ဆင္ခဲ့ပါသည္။ cross section drawing ႏွင့္  
longitudinal profile ျပင္ဆင္ရန္အတြက္ orthochromatic ပံုကုိအေျခခံ၍ မွန္ကူကြက္အမွတ္ “lattice 
points”မ်ား၏ ကုိၾသဒီနိတ္ကုိတြက္ခ်က္ပါသည္။  ကြင္းဆင္းေလ့လာမႈ၏အေသးစိတ္ေဖာ္ျပခ်က္မ်ားကုိ 
အျခားစာတမ္း “UAV ျဖင့္ ေျမမ်က္ႏွာသြင္ျပင္ တုိင္းတာျခင္းႏွင္ ့ေျမဆီလႊာတုိက္စားမႈထိန္းခ်ဳပ္ေရးအတြက္ 
အသုံးျပဳျခင္း” တြင္ ေဖာ္ျပထားပါသည္။   

3.3.1 Plan view drawing 

ဒရုန္း survey လုပ္ေဆာင္ၿပီးေနာက္ orthochromatic ပံုကုိျပင္ဆင္ပါသည္။ ၄င္းပံုသည္ ေကာင္းကင္မွ 
ရိုက္ယူေသာဓါတ္ပံုႏွင့္ဆင္တူပါသည္။ ၄င္းတြင္ ပုံသ႑ာန္အေနအထား အျပည့္ပါ၀င္ေသာ ပံုအမ်ားစုကုိ 
ျပသမည္ျဖစ္ၿပီး ႏုန္းထိန္းတမံမ်ား၏ ကုိၾသဒီနိတ္က့ဲသုိ ့ေသာ ေျမျပင္အမွတ္မ်ားကုိလည္း ေတြ  ့ျမင္နိဳင္ပါ 
သည္။ plan view drawing ကို ႏုန္းထိန္းတမံ၏တည္ေနရာ၊ ေရလမ္းေၾကာင္း၊ ေရလႊဲလမ္းေၾကာင္းႏွင့္ 
သဘာ၀အပင္ေပါက္ေရာက္သည့္ဧရိယာ စသည္တုိ ့၏ တန္ျပန္မႈအစီအမံ ေရးဆြေဲရးအတြက္ အသုံးျပဳမည္ 
ျဖစ္ပါသည္။ ေနာက္ဆက္တြ ဲ (၂ )တြင္ ကုန္းနီေက်းရြာကမ္းပါးေဆာက္လုပ္ေရး၏ “plan view drawing” 
ကုိေဖာ္ျပထားပါသည္။ “plan view drawing” တြင္ လုိအပ္ေသာအရာမ်ားကုိ ေအာက္ပါအတုိင္း ေဖာ္ျပ 
ေပးပါသည္ သုိ ့ေသာ္ ကန္ ့သတ္ထားမႈမရွိေပ။  

 ကမ္းပါးပုံသ႑ာန္၊ စမ္းေခ်ာင္း၊ ေျမယာအသုံးျပဳမႈ၊ လက္ရွိလမ္း၊ ကမ္းပါးထဲရိွ ၾကမ္းခင္း 
ေက်ာက္။ 

3.3.2 Longitudinal profile 

Longitudinal profile သည ္ႏုန္းထိန္းတမံႏွင္ ့ေရလမ္းေၾကာင္းတုိ ့၏ အခ်က္အလက္မ်ားအတြက္ အသုံး 
ျပဳမည္ျဖစ္ပါသည္။ Longitudinal profile ျပင္ဆင္ေရးအတြက္ အေလးထားရမည့္အခ်က္မ်ားကုိ ေအာက္ 
တြင္ေဖာ္ျပထားပါသည္။ ေနာက္ဆက္တြဲ (၃)တြင္ ေရွ ့ေျပး ကမ္းပါးေဆာက္လုပ္ေရးတစ္ခု၏ longitudinal 
profile ကုိေဖာ္ျပထားပါသည္။ 

 အလ်ားလုိက္ႏွင္ ့ေဒါင္လုိက္မ်ဥ္းအၾကား စေကးအခ်ိဳးသည္ ၁ မွ ၁ 
 Longitudinal profile ရိွ အမွတ္အမည္/အမွတ္အေရအတြက္သည္ plan view drawing ႏွင့္ cross 

section drawing တုိ ့ရွ ိအမွတ္မ်ားႏွင္ ့ကုိက္ညီရမည္ျဖစ္ပါသည္။  
 ယူနစ-္ မက္ထရစ္ ယူနစ္ကိုအသုံးျပဳရန္ အၾကံျပဳပါသည္။  

3.3.3 Major cross-section 

Cross-section drawing ကုိ ကမ္းပါးအေျခအေနစစ္ေဆးရန္ႏွင့္ ႏုန္းထိန္းတမံတည္ေဆာက္ေရးအတြက္  
သင့္ေတာ္သည့္ေနရာကုိ ထည့္သြင္းစဥ္းစား/အကဲျဖတ္ရာတြင္အသုံးျပဳပါသည္။ ႏုန္းထိန္းတမံ တည္ 
ေဆာက္ေရး၏ တည္ေနရာကုိဆုံးျဖတ္ၿပီးေနာက္ပို္င္းတြင္လည္း cross-section drawing ကုိ တည္ေဆာက္ 
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ေရး drawing အျဖစ္အသုံးျပဳမည္ျဖစ္ပါသည္။ ေနာက္ဆက္တြ ဲ(၄)တြင္ cross-section drawing ၏ နမူနာ 
ပံုစံကုိ ေဖာ္ျပထားပါသည္။ 

3.4 (အခန္း - ၄) ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရး တန္ျပန္မႈအစီအမံ၏ ဒီဇုိင္းျပင္ဆင္ျခင္း 

ေအာက္ပါအခ်က္မ်ားျပည့္ေျမာက္ေစရန္ ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရးအတြက္ တန္ျပန္မႈအစီအမံ ဒီဇိုင္းကုိ 
တည္ေဆာက္ေရးမစတင္မီ ျပင္ဆင္ရမည္ျဖစ္ပါသည္။ i)  ထိေရာက္ေသာ တန္ျပန္မႈအစီအမံ ေရးဆြျဲခင္း 
ႏွင့္ ii) တိက်မွန္ကန္ေသာ ခန္ ့မွန္းကုန္က်စရိတ္တြက္ခ်က္မႈ 

i) ထိေရာက္ေသာ တန္ျပန္မႈအစီအမံ ေရးဆြျဲခင္း။ သာမွန္အားျဖင့္ မည္သည့္ေဆာက္လုပ္ေရးလုပ္ငန္း 
စီမံကိန္းမ်ားတြင္မဆုိ ဘတ္ဂ်က္လုိအပ္ၿပီး ဘတ္ဂ်က္သည္လည္းအကန္ ့အသတ္ရွိပါသည္။ ဘတ္ဂ်က္ 
အသုံးျပဳရာတြင္ အျမင့္ဆုံးစြမ္းေဆာင္မႈရရွိရန္လိုအပ္ပါသည္။ ထိေရာက္အက်ိဳးရိွေသာႏုန္းထိန္းတမံ တည္ 
ေဆာက္ျခင္း၊ ႏုန္းထိန္းတမံႏွင့္ ေရလမ္းေၾကာင္းေပါင္းစပ္တည္ေဆာက္ျခင္း၊ သင့္တင့္ေလ်ာက္ပတ္ေသာ 
အတုိင္းအတာရိွ ႏုန္းထိန္းတမံမ်ား(အျမင့္၊အက်ယ္၊အလ်ား) ႏွင့္ တည္ေဆာက္ေရးလုပ္ငန္းမ်ား၏ ပစၥည္း 
မ်ားသည္ အျမင့္ဆုံးစြမ္းေဆာင္ရည္ရွိရန္လုိအပ္ပါသည္။ 

ii) တိက်မွန္ကန္ေသာ ခန္ ့မွန္းကုန္က်စရိတ္တြက္ခ်က္မႈ။  အစုိးရရံုးအတြက္ ဘ႑ာေရးႏွစ္ တစ္ႏွစ္တာ 
အတြက္ ကဲ့သုိ ့ေသာ ဦးတည္ကာလတစ္ခုလုံးအတြက္ ဘတ္ဂ်တ္ကို ခန္ ့မွန္းတြက္ခ်က္ရန္လိုအပ္ပါသည္။ 
ဂ်ပန္နိဳင္ငံသစ္ေတာ္ဦးစီးဌာနတြင္ ေနာက္ဘ႑ာေရးႏွစ္အတြက္ အေကာင္အထည္ေဖာ္မည့္ စီမံခ်က္မ်ား 
၏ဘတ္ဂ်က္တစ္ခုလုံးကုိ ရံုးတုိင္းတြက္ခ်က္ရၿပီး  စီမံခ်က္ႏွင့္တကြ ခန္ ့မွန္းတြက္ခ်က္မႈဘတ္ဂ်က္ကို ဌာန 
သုိ ့တင္ျပရသည္။ သစ္ေတာဦးစီးဌာန၏ ထိပ္ပိုင္းစီမံခန ္ ့ခြဲမႈအဖြ ဲ ့က ရံုးတစ္ရုံးခ်င္းစီသုိ ့ ဘတ္ဂ်က္ 
မည္မွ်ခြေဲ၀ေပးမည္ကို ထည့္သြင္းစဥ္းစားၾကပါသည္။ ထို ့ေနာက္ ဘ႑ာႏွစ္ တစ္ႏွစ္လံုး၏ ပမာဏကုိ 
ဘ႑ာႏွစ္မစတင္မွ ီ ရံုးတုိင္းသုိ ့ အသိေပးအေၾကာင္းၾကားၾကပါသည္။ ၄င္းကုိ စီမံခ်က္ေရးဆြထဲားေသာ 
ဘတ္ဂ်က္ ပုံစံ “planned budget style” ဟုေခၚပါသည္။  

အျခားနိဳင္ငံမ်ားတြင္ ရုံးတစ္ခုခ်င္းစီအတြက္ဘတ္ဂ်တ္ကုိ ထိပ္ပိုင္းစီမံခန္ ့ခြဲမႈအဖြ ဲ ့ကဆုံးျဖတ္ၿပီး ဘ႑ာ 
ေရးႏွစ္၏ အစပုိင္းတြင္ အသိေပးအေၾကာင္းၾကားၾကပါသည္ (သုိ ့) အသိမေပးပဲ ရံုးတုိင္းသုိ ့ ခြဲေ၀ေပးၾကပါ 
သည္။ ထုိသို ့ဆုိလွ်င္ ရုံးအေနျဖင့္ တိက်မွန္ကန္ေသာ ခန္ ့မွန္းကုန္က်စရိတ္တြက္ခ်က္ထားသည့္  စီမံခ်က္ 
အခ်ိဳ  ့ကိုျပင္ဆင္ထားရန္လုိအပ္ပါသည္။ သုိ ့မွသာ ဘတ္ဂ်က္ခြဲေ၀ေပးသည့္အခါ ရံုးအေနျဖင့္ ဘတ္ဂ်က္ 
ပမာဏအေပၚအေျခခံသည့္ စီမံခ်က္အခ်ိဳ  ့ကုိ အေကာင္အထည္ေဖာ္ေဆာင္ရြက္ရပါမည္။ ထုိ ့ေၾကာင့္ 
တိက်မွန္ ကန္ေသာ ခန္ ့မွန္းကုန္က်စရိတ္တြက္ခ်က္မႈႏွင့္တကြ ေဆာက္လုပ္ေရးစီမံခ်က္မ်ား ျပင္ဆင္ထားရိွ 
ေရးသည္ စီမံခ်က္မ်ားအေကာင္အထည္ေဖာ္ေဆာင္ရြက္ရာတြင္ ထိေရာက္မႈရွိမည္ျဖစ္ပါသည္။ 

သုိ ့ျဖစ္၍ ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရးအတြက္ ေဆာက္လုပ္ေရးဒီဇိုင္းသည္ အေရးပါဆုံးေသာ လုပ္ငန္းတစ္ခု 
ျဖစ္ပါသည္။ စီမံကိန္း ပထမအဆင့္ကာလအတြင္း ကုန္းနီေက်းရြာ၏ ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရး အေတြ ့ 
အၾကံဳအေပၚအေျခခံ၍ ေအာက္ပါအခန္းမ်ားတြင္ ေဆာင္ရြက္ရမည့္လုပ္ငန္းစဥ္ႏွင့္ အေလးထားရမည့္ 
အခ်က္မ်ားကုိ ေဖာ္ျပထားပါသည္။  
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3.4.1 ကမ္းပါးၿပိဳမႈျဖစ္ရသည့္ အေၾကာင္းရင္းစိစစ္ခ်က္အေပၚ အေျခခံသည့္ တန္ျပန္မႈအစီအမံ၏ အေျခခံ 
သေဘာတရား 

(1) ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရး တန္ျပန္မႈအစီအမံ၏ ရည္ရြယ္ခ်က္ 

ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရး တန္ျပန္မႈအစီအမံသည္ မိမိဘာသာတုိက္စားက်ယ္ျပန္ ့လာမည့္ လက္ရွိကမ္းပါး 
မ်ားထိန္းခ်ဳပ္ေရးတြင္ အသုံးခ်ရမည္ျဖစ္ပါသည္။အကယ္၍မည္သည့္တန္ျပန္မႈမွ မလုပ္ေဆာင္ပါက ကမ္းပါး 
မ်ားသည္ အလုိလိုက်ယ္ျပန္ ့လာမည္ျဖစ္ပါသည္။ ႏုန္းအနည္အႏွစ္ အမ်ားအျပားျဖစ္ေပၚေစျခင္း၊ အသုံးျပဳ 
နိဳင္ေသာ ေျမယာမ်ားေလ်ာ့နည္းလာျခင္း ေနာက္ဆုံးတြင္ အနည္အနစ္မ်ားသည္ ျမစ္ေခ်ာင္းေအာက္ပိုင္းရိွ 
အင္းေလးကန္ထဲသုိ ့ စီးဆင္းသြားမည္ျဖစ္ပါသည္။ အဆုိပါ ႏုန္းအနည္အနစ္မ်ားသည္ အင္းေလးကန္၏ 
သဘာ၀ပတ္၀န္းက်င္ကို ပိုမိုဆုိးရြားေစသည့္အႏၱရာယ္ ရွိပါသည္။ ေျမယာဆုံးရံွဳးျခင္းသည္ တုိင္းျပည္၏ 
ပစၥည္းဥစၥာဆုံးရွံဳးျခင္းျဖစ္သကဲ့သုိ ့အင္းေလးကန္၏ သဘာ၀ပတ္၀န္းက်င္ပ်က္စီးဆုံးရွံဳးျခင္းသည္လည္း 
တုိင္းျပည္ပစၥည္းဥစၥာ ဆုံးရွံဳးျခင္းပင္ျဖစ္သည္။ ထုိ ့ျပင္ျမစ္ေခ်ာင္းမ်ားထဲတြင ္ႏုန္းအနည္ထုိင္ျခင္းသည္ ေရ 
ႀကီးျခင္းႏွင့္ ရုတ္တရက္ေရႀကီးျခင္းကဲ့သုိ ့ေသာ သဘာ၀ေဘးအႏၱရာယ္ကုိ ျဖစ္ေပၚေစနိဳင္ပါသည္။ ထုိ ့ 
ေၾကာင့္ ကမ္းပါးၿပိဳမႈေလ်ာ့နည္းေရး ထိန္းခ်ဳပ္ေဆာင္ရြက္ရန္လုိအပ္ပါသည္။ ကမ္းပါးမ်က္ႏွာျပင္ကုိ သဘာ၀ 
အပင္မ်ားျဖင့္ စိုက္ပ်ိဳးဖံုးအုပ္ျခင္း၊ ေနာက္ဆုံး သစ္ပင္မ်ားဖံုးလႊမ္းသည္အထိ ရည္ရြယ္ပါသည္။ ၄င္းကုိ 
“ကမ္းပါး နဂိုအတုိင္းျပန္လည္ျဖစ္ေစေရး ျပဳျပင္မြမ္းမံျခင္းအလုပ္ - restoration work of gully” ဟု ေခၚပါ 
သည္။ ကမ္းပါးၿပိဳမႈမ်ားကုိ “ထိန္းခ်ဳပ္ျခင္း” ႏွင့္ “ေလ်ာ့ခ်ျခင္း”  အျပင္ ကမ္းပါးၿပိဳမႈျဖစ္သည့္ ေဒသမ်ားကုိ 
စိမ္းလန္းေသာေဒသအျဖစ္သုိ ့ နလန္ထူလာေအာင္ေဆာင္ရြက္ၿပီး ေနာက္ဆုံးတြင္ သစ္ပင္မ်ားျဖင့္ ဖုံးလႊမ္း 
သြားေစရမည္။  ၄င္းသည္ ကမ္းပါၿပိဳမႈထိန္းခ်ဳပ္ေရး၏ ရည္ရြယ္ခ်က္ပင္ျဖစ္ပါသည္။  

(2) ကမ္းပါးၿပိဳမႈျဖစ္ရသည့္ အေၾကာင္းရင္းစိစစ္ခ်က္အေပၚ အေျခခံသည့္ အေျခခံသေဘာတရား 

ကမ္းပါးအမ်ားစုတြင္ ၿပိဳက်က်ယ္ျပန္ ့လာမႈျဖစ္စဥ္တူညီၾကပါသည္။ ၄င္းကုိ(အခန္း ၂.၃) တြင္ေဖာ္ျပထားပါ 
သည္။ “ၿပိဳက်မႈျဖစ္ရသည့္အေၾကာင္းရင္း စိစစ္ခ်က္” ႏွင့္ ၿပိဳက်မႈျဖစ္စဥ္ကုိ ပုံ 2-1 “ ကမ္းပါးၿပိဳမႈ က်ယ္ျပန္ ့ 
လာျခင္း နမူနာပုံၾကမ္း” တြင္ေဖာ္ျပထားပါသည္။ ပထမအဆင့္ ကမ္းပါးၿပိဳမႈက်ယ္ျပန္ ့လာျခင္းသည္ 
ေရစီးေၾကာင္းေၾကာင့္ ကမ္းပါးၾကမ္းျပင္တုိက္စားျခင္းျဖစ္သည္။ ေရစီးေၾကာင္းသည္ ေလွ်ာေစာက္ေအာက္ 
ေျခကုိလည္းတုိက္စားသည္။ ထုိ ့ေၾကာင့္ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရး၏အဓိကေသာ့ခ်က္သည္ ေရစီးေၾကာင္း 
ထိန္းခ်ဳပ္ေရးျဖစ္သည္။ ေရစီးေၾကာင္းကုိထိန္းခ်ဳပ္လိုက္ပါက ကမ္းပါးၾကမ္းျပင္ႏွင့္ ေလွ်ာက္ေစာက္ေအာက္ 
ေျခတုိက္စားမႈတုိ ့မျဖစ္ေတာ့ေပ။ ထုိ ့ျပင္ ေနာက္ထပ္တုိက္စားမႈအဆင့္မ်ားလည္း ထပ္မံ၍မျဖစ္ေပၚေတာ့ 
ေပ။ ထုိအခါကမ္းပါးသည္ တည္ၿငိမ္သည့္အေနအထားသုိ ့ေရာက္ရိွသြားမည္ျဖစ္သည္။ ကမ္းပါး တည္ၿငိမ္ 
ေနပါက ကမ္းပါးေလွ်ာက္ေစာက္မ်ားတြင္ သဘာ၀အပင္မ်ားဖုံးလႊမ္းေနမည္ျဖစ္ပါသည္။ ပုံ 4-1 တြင္ 
“သဘာ၀အပင္မ်ားဖုံးလႊမ္းသည့္ အႀကီးစားအရြယ္ကမ္းပါး” တစ္ခု၏ပုံကိုေဖာ္ျပထားပါသည္။ ယခုကဲ့သုိ ့ 
အေျခအေနမ်ိဳးတြင္ စမ္းေခ်ာင္း၏ၾကမ္းျပင္ေထာင့္သည္ အလြန္ေျပၿပီး ၾကမ္းျပင္၏အနံသည္ ႀကီးမားပါ 
သည္။ ထုိ ့ေၾကာင့္ ေရစီးႏွဳန္းျပင္းျပင္းထန္ထန္မျဖစ္ေပၚလာနိဳင္ေတာ့ပဲ ထိုေနရာတြင္ပင ္သယ္ယူလာသည့္ 
အနည္အႏွစ္မ်ားကုိစုပံုသြားသည္။ ထုိအခါစမ္းေခ်ာင္းၾကမ္းျပင္သည္ တည္ၿငိမ္လာၿပီး ေလ်ာေစာက္ေအာက္ 
ေျခကုိတည္ၿငိမ္သည့္အေနအထားျဖစ္ေအာင္လုပ္ေဆာင္ေပးသည္။ စမ္းေခ်ာင္းၾကမ္းျပင္ႏွင့္ ေလွ်ာေစာက္ 
ေအာက္ေျခတည္ၿငိမ္လာၿပီးေနာက္ ၿပိဳက်ခ့ဲသည့္ဧရိယာမ်ားတြင္ သဘာ၀အပင္မ်ား စတင္ေပါက္ေရာက္ ဖုံး 
လႊမ္းသြားေတာ့သည္။ ဓါတ္ပံုB တြင္“ေလွ်ာေစာက္ေအာက္ေျခမွ သဘာ၀အပင္မ်ားေပါက္ေရာက္ဖံုးလႊမ္း 
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ေနမႈႏွင္ ့အေပၚဘက္သုိ ့တုိးပြားေပါက္ေရာက္ဖံုးလႊမ္းေနမႈု” ပံုကုိျပသထားပါသည္။ 

 
ဇစ္ျမစ္ - JICA ကၽြမ္းက်င္ပညာရွင္အဖြဲ ့ (2019) 

ပုံ 3.4-1 သဘာ၀အပင္မ်ားဖုံးလႊမ္းသည့္ အႀကီးစားအရြယ္ကမ္းပါး နမူနာပုံ 

အထက္ေဖာ္ျပခ်က္အေပၚ နားလည္သေဘာေပါက္မႈကုိ အေျခခံ၍ ကမ္းပါးၿပိဳမႈျဖစ္စဥ္ႏွင့္ တန္ျပန္မႈအစီ 
အမံတုိ ့အၾကား ဆက္သြယ္မႈကုိ ပုံ 3.4.2 တြင္ ေဖာ္ျပထားပါသည္။  

 

ဇစ္ျမစ္ - JICA ကၽြမ္းက်င္ပညာရွင္အဖြဲ ့ (2020) 

ပုံ 3.4-2 ကမ္းပါးၿပိဳမႈျဖစ္စဥ္ႏွင့္ တန္ျပန္မႈအစီအမံ 

အျခားတစ္ဖက္တြင္ အကယ္၍ ကမ္းပါးျပန္လည္ျပဳျပင္ေရးအား ပုံ 3.4.3 တြင္ေဖာ္ျပထားသည့္အတုိင္း 
ၿမိဳ ့ျပအင္ဂ်င္နီယာဆိုင္ရာ တန္ျပန္မႈအစီအမံတစ္ခုတည္းကုိသာအသုံးခ်ပါက ေအာက္ပါတုိ ့လိုအပ္မည္ျဖစ္ 
ပါသည္။ i) အႀကီးစားေဆာက္လုပ္ေရးလုိအပ္မည္ ii) ေျမသားအမ်ားစု တူးထုတ္ရမည္ iii) အေဆာက္ 
အအုံႀကီး တည္ေဆာက္ရမည္။ ထုိ ့ျပင ္ ေဆာက္လုပ္ေရးလုပ္ငန္းအတြက္ အႀကီးစားပစၥည္းကိရိယာမ်ား 
လုိအပ္မည္ျဖစ္ၿပီး အႀကီးစားအေဆာက္အအံုမ်ားအား ကြန္ကရစ္အေဆာက္အအုံျဖင့္ေဆာက္လုပ္ရန္ လုိ 
အပ္မည္။ အဆိုပါအႀကီးစား ပစၥည္းကိရိယာမ်ားႏွင့္ ကြန္ကရစ္အေဆာက္အအုံမ်ားသည္ ဘတ္ဂ်က္အ 

No erosion on stream bed
No slope collapse
Natural vegetation recovery
Gully will become stable

Photograph-A

Photograph-B

Photograph-C

Water flow control

Stable gully bed

Stable slope foot

Vegetation recovers 
naturally

Gully is restored

Countermeasure

Eroded gully bed

Erosion procedure

Water flow attacks 
gully bed

Erosion of slope foot

Erosion of slope

Gully is expanding
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ေျမာက္အမ်ားလုိအပ္ၿပီး အေတြ ့အႀကံဳႏွင့္ကၽြမ္းက်င္မႈမ်ားလည္းလုိအပ္ပါသည္။ 

 

ဇစ္ျမစ္ - JICA ကၽြမ္းက်င္ပညာရွင္အဖြဲ ့ (2019) 

ပုံ3.4-3 ၿမိဳ ့ျပအင္ဂ်င္နီယာဆုိင္ရာ တူးထုတ္ျခင္းႏွင့္ တည္ေဆာက္ျခင္း 

သစ္ေတာဦးစီးဌာနႏွင့္ ဆည္ေျမာင္းႏွင့္ ေရအသုံးခ်မႈစီမံခန္႔ခြဲေရးဦးစီးဌာနတုိ ့၏ လက္ရွိကမ္းပါးၿပိဳမႈ ထိန္း 
ခ်ဳပ္ေရး တန္ျပန္မႈအစီအမံ အေျခအေနအေပၚဆင္ျခင္းသုံးသပ္ပါက ဘတ္ဂ်က္အေျမာက္အမ်ား အသုံးျပဳ 
ေရးသည္ မျဖစ္နိဳင္သေလာက္ရွိပါသည္။ ထုိ ့ျပင ္ လုပ္ငန္းေနရာမ်ားသည္လည္း မတ္ေစာက္သည့္ ေလွ်ာ 
ေစာက္မ်ားရိွသျဖင့္ ကမ္းပါးပတ္၀န္းက်င္တြင္ အႀကီးစားစက္ကိရိယာမ်ားအသုံးျပဳျခင္းသည္လည္း လြန္စြာ 
အႏၱရာယ္မ်ားပါသည္။ ထို ့ျပင္တူးထုတ္ျခင္းႏွင့္တည္ေဆာက္ျခင္း နည္းစနစ္တြင္ ႀကီးမားေသာ ေဆာက္ 
လုပ္ေရးဧရိယာလုိအပ္သျဖင့္ ရြာသူ/သားမ်ား၏စုိက္ပ်ိဳးေရးအတြက္အသုံးျပဳေသာ ေျမယာမ်ား ဆုံးရွံဳးျခင္း 
တုိ ့ျဖစ္ေစပါသည္။ အဆုိပါေျမယာဆုံးရံွဳးမႈမ်ိဳးအတြက္ ေက်းရြာသူ/သားမ်ားႏွင့္ သေဘာတူညီမႈ မရရိွနိဳင္ 
သကဲ့သုိ ့ ကမ္းပါးၿပိဳမႈ က်ယ္ျပန္ ့လာျခင္းေၾကာင့္ ေျမယာဆုံးရွံဳးမႈျပႆနာကုိ ေျဖရွင္းေပးနိဳင္မည္မဟုတ္ဟု 
ဆင္ျခင္ သုံးသပ္မိပါသည္။ အဆုိပါအႀကီးစားေဆာက္လုပ္ေရးကုိ “အႀကီးစားအရြယ္ကမ္းပါး (large scale 
gully)”ေဆာင္ရြက္ခဲ့သည္ ့အေျခအေနမ်ိဳးႏွင့္ ေဆာင္ရြက္ရန္ထည့္သြင္းစဥ္းစားနိဳင္ပါသည္။ အလတ္စားႏွင့္ 
အေသးစားကမ္းပါးမ်ားအတြက္မူ ေသးငယ္၍ရုိးရွင္းေသာေဆာက္လုပ္ေရးပုံစံႏွင့္ သဘာ၀အပင္မ်ား ေပါက္ 
ေရာက္ဖံုးလႊမ္းမႈကုိ အားေပးေသာ ပုံစံမ်ားျဖင့္ေဆာက္ရြက္ရန္ အၾကံျပဳပါသည္။ 

ကုန္းနီေက်းရြာရွိ ကမ္းပါးျပန္လည္ျပဳျပင္မြမ္းမံမႈလုပ္ေဆာင္ရာတြင္ ထည့္သြင္းစဥ္းစားခ့ဲေသာ အေျခခံ 
သေဘာတရားကုိ ေအာက္တြင္ ေဖာ္ျပထားပါသည္။ 

ကုန္းနီေက်းရြာကမ္းပါးၿပိဳမႈအတြက္ ကမ္းပါးျပန္လည္ျပဳျပင္မြမ္းမံျခင္း၏ အေျခခံသေဘာတရား 
(စီမံကိန္း ပထမအဆင့္) 

1. ေလ်ာက္ေစာက္ေအာက္ေျခတည္ၿငိမ္ေရးကုိရည္ရြယ္သည့္ ကမ္းပါးၾကမ္းျပင္တိုက္စားမႈ ကာ 
ကြယ္သည့္ ေရစီးေၾကာင္းထိန္းခ်ဳပ္မႈ 

2. တည္ၿငိမ္သည့္အေနအထားရွိလာၿပီးေနာက္ပိုင္းတြင္ သဘာ၀အပင္မ်ားေပါက္ေရာက္ ဖံုးလႊမ္း 
သြားမည္ဟုေမွ်ာ္လင့္ပါသည္။ 

 

3.4.2 Distribution of the structures, formation designing အေဆာက္အအုံမ်ား၏ပ်ံ ့ႏံွ ့မႈ ၊ တည္ 
ေဆာက္ပုံဒီဇုိင္း။ 

(1) ႏုန္းထိန္းတမံ တည္ေဆာက္ပုံအဆင့္ဆင့္ 

Earth work
(Slope cutting)

Earth work
(Slope cutting)

High check dam
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ႏုန္းထ္ိန္းတမံတည္ေဆာက္ရာတြင္ ပံုစံ (၂)မ်ိဳးရွိပါသည္။ i) သီးျခားႏုန္းထိန္းတမံ(single check dam) ႏွင့္ 
ii) အဆင့္လိုက္ႏုန္းထိန္းတမံတန္း(stepwise check dam series)တုိ ့ျဖစ္ပါသည္။ ျမန္မာနိဳင္ငံတြင္ 
ပံုမွန္အားျဖင့္ ယခင္ကတည္းက သီးျခားႏုန္းထိန္းတမံကုိအသုံးျပဳခ့ဲၾကပါသည္။ သုိ ့ေသာ္လည္း အျမင့္ 
၁မီတာ မွ၂မီတာအၾကားရိွ သီးျခားႏုန္းထိန္းတမံသည ္ ကမ္းပါး၏အလ်ားကုိျပန္လည္မေကာင္းမြန္လာနိဳင္ 
ေပ။ ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရးအတြက္ ႏုန္းထိန္းတမံ၏ရည္ရြယ္ခ်က္ကုိလည္း အထက္တြင္ေဖာ္ျပခဲ့ၿပီးျဖစ္ 
ပါသည္။ သုိ ့ေသာ္လည္း ႏုန္းထိန္းတမံ၏အေနာက္ဘက္တြင္ အနည္ထုိင္မႈသက္သာေစေရးမပါ၀င္ေပ။ 
အေသးစား ႏုန္းထိန္းတမံသည္ ရည္ရြယ္ခ်က္ကုိ ေအာက္ျမင္ေအာင္ ထမ္းေဆာင္ရာတြင္ ထိေရာက္မႈရွိပါ 
သည္။  

 

ဇစ္ျမစ္ - JICA ကၽြမ္းက်င္ပညာရွင္အဖြဲ ့ (2020) 

ပုံ 3.4-4 ႏုန္းထိန္းတမံ တည္ေဆာက္ပုံ 

(2) ကမ္းပါးၾကမ္းျပင္ေထာင့္မ်ဥ္း 

ေရစီးေၾကာင္းကုိထိန္းခ်ဳပ္ရန္ ေရလမ္းေၾကာင္းသည္ အဓိကအေဆာက္အအုံျဖစ္သည္။ ႏုန္းထိန္းတမံသည္ 
ေရလမ္းေၾကာင္းအတြက္ အေထာက္အကူျပဳေပးသည့္ အေဆာက္အအုံျဖစ္ၿပီး ၄င္းက ကမ္းပါးၾကမ္းျပင္ 
ေထာင့္မ်ဥ္းကုိေလ်ာ့ခ်နိဳင္သည္။ ကနဦးအဆင့္တြင္ ေရလမ္းေၾကာင္းေပၚရိွ ေရစီးေၾကာင္းကုိ ထိန္းခ်ဳပ္ၿပီး 
ေနာက္ ႏုန္းအနည္မ်ားသည္ ႏုန္းထိန္းတမံ၏အေနာက္ကြက္လပ္ေနရာမ်ားတြင္ အနည္ထုိင္မည္ျဖစ္ၿပီး 
ကမ္းပါးၾကမ္းျပင္မ်ဥ္းသုိ ့စီးဆင္းသြားမည္ျဖစ္ပါသည္။ ၄င္းကုိ “ႀကိဳတင္စီမံထားေသာ ကမ္းပါးၾကမ္းျပင္ 
ေထာင့္မ်ဥ္း(planned gully bed angle line)” ဟုေခၚပါသည္။ 

    

ဇစ္ျမစ္ - JICA ကၽြမ္းက်င္ပညာရွင္အဖြဲ ့ (2020) 

ပုံ 3.4-5 ကမ္းပါးၾကမ္းျပင္ေထာင့္မ်ဥ္း၏ ပုံစံမ်ား 

Stepwise check dam formation

Single check dam formation

Planned angle

Planned angle

Check dam

Check dam

Check dam

Check dam

Check dam

Current gully bed line

Current average angle of gully bed line

Planned angle of gully bed line

Check dam plan
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(3) ႏုန္းထိန္းတမံအျမင့္ႏွင့္ တည္ေဆာက္ပုံအၾကား ဆက္သြယ္မႈ 

ႏုန္းထိန္းတမံ၏  အျမင့္ကိုေဖာ္ျပပါအခ်က္မ်ားႏွင့္အတူ ထည့္သြင္းစဥ္းစားနိဳင္ပါသည္။ i) Longitudinal 
profile အေပၚ တည္ေဆာက္ျခင္း၊ ii) cross section အေပၚကုိက္ညီမႈႏွင့္ iii) plan view drawing 
အေပၚကုိက္ညီမႈတုိ ့ျဖစ္သည္။ 

1) Longitudinal profile အေပၚ တည္ေဆာက္ျခင္း။ ။ Longitudinal profile အေပၚ အဆင့္လိုက္ 
တည္ေဆာက္မႈျဖစ္ေပၚေစရန္ ႏုန္းထိန္းတမံမ်ားကုိ ပ်ံ ့ႏွ ့ံတည္ေဆာက္ေပးရသည္။ 

2) cross section အေပၚကုိက္ညီမႈ ။ ။ Longitudinal profile ေပၚတြင္ ႏုန္ထိန္းတမံတည္ေဆာက္ၿပီး 
ေနာက္ cross section ေပၚႏုန္းထိန္းတမံတပ္ဆင္မႈကုိ အတည္ျပဳရမည္။ အကယ္၍ ကမ္းပါး၏ ေဘးဘက္ 
သည္ ႏုန္းထိန္းတမံ၏ ပႏၷက္အျမင့္ထက္နိမ့္ေနပါက Longitudinal profile အေပၚရိွ ႏုန္းထိန္းတမံ၏ ေနရာ 
(သုိ ့) အျမင့္ကုိ ျပန္လည္၍ ဒီဇုိင္းျပဳျပင္ေပးရမည္ျဖစ္ပါသည္။  

3) Plan view drawing ေပၚရိွ ႏုန္းထိန္းတမံ၏ တည္ေနရာကုိလည္း ထည့္သြင္းစဥ္းစားရန္လုိအပ္ပါသည္။ 
ေအာက္ေဖာ္ျပပါေနရာမ်ားသည္သင့္ေတာ္မႈမရွိသည့္ေနရာမ်ားျဖစ္သည္ a) ေထာင့္က်ဥ္းအေကြ ့ေနရာ၊ b) 
ကမ္းပါးၾကမ္းျပင္ေထာင့္ ေျပာင္းလဲမႈျမန္ေသာေနရာ၊ c) ပင္မလမ္းေၾကာင္းႏွင့္ လက္တက္ခြဲဆံုခ်က္ေနရာ 
စသည္တုိ ့ျဖစ္ပါသည္။ အကယ္၍ ႏုန္းထိန္းတမံ၏ ပႏၷက္ေနရာသည္ အဆုိပါေနရာမ်ားတြင္ က်ေရာက္ေန 
ပါက ေနရာေျပာင္းရန္စဥ္းစားရပါမည္။  

တည္ေဆာက္မႈပံုစံ “Formation”သည္ (Longitudinal, cross section, plan view) စေသာ dimesions 
(၃)ခုႏွင့္ႏွီးႏြယ္ပါသည္။ ထုိ ့ေၾကာင့္ သင့္ေတာ္မႈမရွိေသာ အတုိင္းအတာတစ္စံုတစ္ခုေတြ ့ရိွပါက 
dimession drawings အားလုံးကုိ စစ္ေဆး၍ formation စိတ္ႀကိဳက္ ရသည္အထိထပ္ခါထပ္ခါ စစ္ေဆး၊ 
ေျပာင္းလဲရမည္ျဖစ္ပါသည္။  

(4) ႏုန္းထိန္းတမံ၏ စမွတ္ 

ပထမဦးစြာ ႏုန္းထိန္းတမံ၏ အနိမ္းဆုံးေနရာကုိတပ္ဆင္ရပါမည္။ ေအာက္ေဖာ္ျပပါအခ်က္မ်ားကုိအေျခခံ၍ 
ႏုန္းထိန္းတမံ ေနရာကုိထည့္သြင္းစဥ္းစာရပါမည္။ i) အေနအထားတူကမ္းပါး၏ အဆုံးမွတ္ “the end point 
of same condition of gully”, ii) ၾကမ္းျပင္ ေက်ာက္ေဆာင္ “ bed rock”,  iii) အခ်ိဳ  ့ေသာ ကမ္း 
ပါးမ်ား၏ ဆံုခ်က္အမွတ္ “ junction point of some gullies” ဤအမွတ္မ်ားကုိေတြ ့ရိွပါက ၄င္းတုိ ့ကို 
တန္ျပန္မႈအစီအမံ၏ အနိမ့္ဆုံးအမွတ္အျဖစ္ ထည့္သြင္းစဥ္းစားနိဳင္ပါသည္။ ကုန္းနီေက်းရြာအေနအထား 
တြင္ ကမ္းပါးၿပိဳမႈသည္ ကမ္းပါးထိပ္ဆုံးတြင္စတင္သည္ တုိက္စားမႈအမ်ားစုုသည္ လက္ရွိႏုန္းထိန္းတမံေန 
ရာ(သဲအိတ္တမံ)တြင္အဆုံးသတ္ၿပီး ၾကမ္းျပင္ေက်ာက္ေဆာင္ကုိ ၄င္းမွ ၂မီတာ၊ ၃မီတာေအာက္ရွိစမ္း 
ေခ်ာင္းတြင္ေတြ ့ရသည္။  
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ဇစ္ျမစ္ - JICA ကၽြမ္းက်င္ပညာရွင္အဖြဲ ့ (2020) 

ပုံ 3.4-6 ႏုန္းထိန္းတမံ၏ အနိမ့္ဆုံးေနရာ 

3.4.3 အေဆာက္အအုံ တစ္ခုခ်င္းစီ၏ ဒီဇုိင္း 

(1) ႏုန္းထိန္းတမံ  

1) Structure drawing ေပၚရွိ 3 dimensions 

Structure drawing ေပၚတြင္ Front view, side view ႏွင့္ plan view drawings တုိ ့ကုိ အသုံးျပဳရမည္ 
ျဖစ္ၿပီး အဆုိပါ drawing မ်ားသည္ တစ္ခုႏွင့္တစ္ခု မွန္ကန္စြာ ဆက္ေနရမည္။ ပုံ 3.4.-7 တြင္ၾကည့္နိဳင္ပါ 
သည္။ 

2) Ground level အထက္ႏွင့္ေအာက္အျမင့္ 

Ground level အထက္ႏွင့္ေအာက္အျမင့္ကို formation တပ္ဆင္ေနစဥ္အတြင္း longitudinal profile ေပၚ 
တြင္တပ္ဆင္ပါသည္။ အဆုိပါအျမင့္မ်ားကုိ ေအာက္ပါအတုိင္း cross-section drawingေပၚတြင္ မွတ္သား 
ထားရမည္။ ဥပမာ အမွတ္(၂) ႏုန္းထိန္းတမံ၏ ground level အထက္ႏွင့္ေအာက္ အျမင့္သည္ profile 
ေပၚတြင္ 0.5မီတာႏွင့္ 1.5မီတာရိွသည္(ပုံ 3.4-7 ကုိၾကည့္ပါ)။ structure drawing ၏ front view ႏွင္ ့side 
view တြင္လည္း တူညီသည့္အျမင့္ကုိအသုံးျပဳရမည္ျဖစ္ပါသည္။ 

Bed rock

Lowest point

&

Near the bed rock

 Lowest point check dam
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ဇစ္ျမစ္ - JICA ကၽြမ္းက်င္ပညာရွင္အဖြဲ ့ (2020) 

ပုံ3.4-7 Structure Drawingႏွင့္ Longitudinal Profile ေပၚရိွ ႏုန္းထိန္းတမံ၏ အျမင့္ 

(2) ေရလမ္းေၾကာင္း 

1) အက်ယ္ႏွင့္အိမ ္- ေရလမ္းေၾကာင္းသည္ ကမ္းပါးၾကမ္းျပင္ကုိဖံုးရန္လိုအပ္ပါသည္။ ထုိ ့ ေၾကာင့္ ေရလမ္း 
ေၾကာင္း၏အက်ယ္သည္ ႏုန္းထိန္းတမံသို ့ဆက္ထားသည့္အပုိင္းမွလႊဲ၍ ကမ္းပါးၾကမ္းျပင္ အက်ယ္ႏွင့္ 
တူညီရပါမည္။ ႏုန္းထိန္းတမံေအာက္ေျခသုိ ့က်ေရာက္သည့္ ေရအားကုိကာကြယ္ရန္ ႏုန္းထိန္းတမံသုိ ့ 
ဆက္ထားေသာအပုိင္းသည္ ကမ္းပါးၾကမ္းျပင္အက်ယ္ထက္ပိုက်ယ္ရပါမည္။  

  

ဇစ္ျမစ္ - JICA ကၽြမ္းက်င္ပညာရွင္အဖြဲ ့ (2020) 

ပုံ 3.4-8 ႏုန္းထိန္းတမံေအာက္ေျခကုိကာကြယ္ေပးသည့္ ေရလမ္းေၾကာင္းအိမ္(Socket) 

0.5

1.3

0.2

Water fall

socket
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2) အလ်ား- ေရးလမ္းေၾကာင္းသည္ ႏုန္းထိန္းတမံႏွစ္ခုၾကားကုိဆက္သြယ္ေပးရန္လိုအပ္ပါသည္။ အဆုိပါ 
အလ်ားကုိ longitudinal profile တြင္တုိင္းတာရပါမည္။  

3) အနက္: 0.10 to 0.15m 

(3) ေရလႊဲလမ္းေၾကာင္း 

ေရလႊဲလမ္းေၾကာင္းသည္ ကမ္းပါးအတြင္း ေရစီး၀င္မႈကုိကာကြယ္ရန္ရည္ရြယ္ပါသည္။ ေရလႊဲလမ္းေၾကာင္း 
ပ်ံ ့ႏွ ံ ့မႈႏွင္ ့ ကမ္းပါးေပၚမွေရမ်ား ကမ္းပါးအတြင္းသုိ ့စီးဆင္းမႈကို မည္က့ဲသို ့ ကာကြယ္ရမည္ကို သရုပ္ 
ေဖာ္ထားသည့္ပံုၾကမ္းကုိ ပုံ  3.4-9 တြင္ေတြ ့ျမင္နိဳင္ပါသည္။ မ်ားေသာအားျဖင့္ ကမ္းပါးေပၚရိွ ေရမ်ားသည္ 
ကမ္းပါးထိပ၀္ႏွင့္ ကမ္းပါးလက္တက္မ်ားမွ ကမ္းပါးအတြင္းသုိ ့စီး၀င္ၾကသည္။ ထုိ ့ေၾကာင့္ ေရလႊဲလမ္း 
ေၾကာင္းမ်ားကုိ ကမ္းပါးထိပ္၀ႏွင္ ့ ကမ္းပါးလက္တက္မ်ားပတ္၀န္းက်င္တြင္ တပ္ဆင္ရမည္ျဖစ္ၿပီး ေရကုိ 
ေဘးကင္းသည့္ေနရာသုိ ့ဦးတည္စီးဆင္းေစရမည္ျဖစ္ပါသည္။ ေရစီး၏အဆုံးတြင္ အေဆာက္အအုံ (ႏုန္း 
ထိန္းတမံ)ျဖင့္ တည္ေဆာက္ေပးရမည္။ ေရလႊဲလမ္းေၾကာင္းေၾကာင့္တိုက္စားမႈကုိ ကာကြယ္ရန္ၾကမ္းျပင္/ 
ေအာက္ေျခေက်ာက္ေဆာင္(bed rock)ျဖင့္ ဖံုးအုပ္သည့္ အခ်က္ကုိ အၾကံျပဳပါသည္။  

ေရလႊဲလမ္းေၾကာင္း၏ အက်ယ္သည္ 0.3 မီတာမွ 0.4 မီတာျဖစ္ၿပီး အနက္သည္ 0.2မီတာ မွ 0.3မီတာျဖစ္ 
သည္။ 

 

ဇစ္ျမစ္ - JICA ကၽြမ္းက်င္ပညာရွင္အဖြဲ ့ (2020) 

ပံု 3.4-9 ေရလႊဲလမ္းေၾကာင္းပ်ံ ့ႏံွ ့မႈ သရုပ္ေဖာ္ပုံၾကမ္း 

3.4.4 ေဆာက္လုပ္ေရးလုပ္ငန္းမ်ားအတြက္ လုိအပ္ေသာပစၥည္းမ်ား ထည့္စဥ္းစားျခင္း 

(1) ႏုန္းထိန္းတမံအတြက္ ပစၥည္းကိရိယာမ်ား 

ဂ်ပန္နိဳင္ငံတြင္ အသုံးျပဳေသာ ႏုန္းထိန္းတမံအတြက္ ပစၥည္းအခ်ိဳ  ့ကုိေဖာ္ျပေပးပါသည္။ i) ေက်ာက္စ ီ ii) 
အုတ္စီ iii) ကြန္ကရစ္ iv) သံကူကြန္ကရစ္ v) စတီးလ္ ႏွင့္ vi) သစ္သား စသည္တုိ ့ျဖစ္ပါသည္။ ဂ်ပန္ 
နိဳင္ငံတြင္ အဓိကအသုံးျပဳေသာ ပစၥည္းမွာ ကြန္ကရစ္ျဖစ္ၿပီး ကြန္ကရစ္ ႏုန္းထိန္းတမံသည္ a) အနည္ထုိင ္
ရန္(သုိ ့) စီးဆင္းသြားေစရန္ လုံေလာက္ေသာၾက့ံခိုင္မႈရွိသည္ ထုိ ့ျပင္ ရည္မွန္းခ်က္ (အနည္အႏွစ္ စီးဆင္း 
ေရးႏွင္ ့ ကမ္းပါးတုိက္စားမႈထိန္းခ်ဳပ္ေရး)ကို ေအာင္ျမင္ေစသည္။ ျပတ္ေရြ  ့တုိက္စားမႈ အေျခအေန(သုိ ့) 
ႀကီးမားမ်ားျပားေသာအနည္အႏွစ္မ်ား စီးဆင္းမႈအတြက္ အႀကီးစားအေဆာက္အအုံ လုိအပ္သည့္အခါတြင္ 
ကြန္ကရစ္ႏုန္းထိန္းတမံကိုအသုံးျပဳသည္။ i)ေက်က္စီ ii)အုတ္စီႏွင့္ iii) ကြန္ကရစ္တုိ ့အၾကား အဓိက 

Gully head

Stream/ river

Ridge
Water diversion channel

Water diversion channel
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ျခားနားခ်က္မွာ ယူနစ္အေလးခ်ိန္ျဖစ္သည္။ ၄င္းတုိ ့တစ္ခုခ်င္းစီ၏ ယူနစ္အေလးခ်ိန္ အစဥ္သည္ i) 
ေက်ာက္စ<ီ ii) အုတ္စ<ီ iii) ကြန္ကရစ္ျဖစ္ပါသည္။ ႏုန္းထိန္းတမံေရြးခ်ယ္ရာတြင္ ေဖာ္ျပပါအခ်က္မ်ားကုိ 
ထည့္သြင္းစဥ္းစားပါသည္။ a) သဘာ၀အေနအထား(ေျမမ်က္ႏွာသြင္ျပင္၊ ဘူးမိေဗဒ၊ မိုးေလ၀သ၊ တုိက္စား 
မႈႏွင့္ အနည္ထုိင္မႈျဖစ္ေပၚျခင္း… စသည္ျဖင့္ b) ႏုန္းထိန္းတမံေနရာႏွင့္ ကာကြယ္ထားေသာဧရိယာ/ပုိင ္
ဆုိင္မႈ အၾကားဆက္သြယ္မႈ c) ေဆာက္လုပ္ေရး အေျခအေန (ေဘးကင္းလုံျခံဳေရး၊ အလုပ္လုပ္နိဳင္စြမ္းႏွင့္ 
ကုန္က်စရိတ္)စသည္တုိ ့ျဖစ္ပါသည္။ အေရးႀကီးဆုံးအခ်က္မွာ “ရည္ရြယ္ခ်က္ေအာင္ျမင္ရန္ မည္သုိ ့ လုပ္ 
ေဆာင္မည္” ျဖစ္သည္။  

ျမန္မာနိဳင္ငံတြင္မူ ပစၥည္းမ်ားေရြးခ်ယ္ရာတြင္ အဓိကအားျဖင့္ကုန္က်စရိတ္ကိုအေျခခံ၍ စဥ္းစားေရြးခ်ယ္ 
ၾကၿပီး ပစၥည္းတစ္ခုခ်င္းစီတြင္ ေဆာက္လုပ္ေရးကုန္က်စရိတ္ကုိေလ်ာ့ခ်ရန္လိုအပ္ပါသည္။ သုိ ့ေသာ္လည္း 
အကယ္၍သာ တည္ေဆာက္ထားသည့္အေဆာက္အအုံ ပ်က္စီးသြားပါက ျပန္လည္အစားထုိးရန္(သို ့) ျပန္ 
လည္တည္ေဆာက္ရန္လုိအပ္သျဖင့္ကုန္က်စရိတ္ႏွစ္ဆျဖစ္လာမည္ျဖစ္ပါသည္။ ကုန္က်စရိတ္ျပႆနာကုိ 
ထည့္သြင္းစဥ္းစားရာတြင္ ေရရွည္တြင္ ျပန္လည္တည္ေဆာက္ရျခင္းႏွင့္ ျပဳျပင္ထိန္းသိမ္းျခင္းတုိ ့ကုိ ထည့္ 
သြင္းစဥ္းစားရမည္ျဖစ္ပါသည္။  

ေအာက္ပါဇယားတြင္ ႏုန္းထိန္းတမံ ပစၥည္း(၃)မ်ိဳး၏ သုံးသပ္ခ်က္အႏွစ္ခ်ဳပ္ကုိေဖာ္ျပထားပါသည္။ 

ဇယား 3.4-1 ႏုန္းထိန္းတမံ ပစၥည္းမ်ား၏ သုံးသပ္ခ်က္ 
ႏုန္းထိန္းတမံ  
ပစၥည္းမ်ား 

လုပ္ေဆာင္ခ်က္  ေရရွည္ 
ကုန္က်စရိတ္ 

အလုပ္လုပ္နိဳင္စြမ္း 

ကြန္ကရစ္ A C C 
အုတ္စီ/အဂၤေတ B B B 
ေက်ာက္စ ီ C B A 
မွတ္ခ်က္: A အေကာင္းဆုံး၊ B ပုိေကာင္း၊  C သာမန္ 

ဇစ္ျမစ္ - JICA ကၽြမ္းက်င္ပညာရွင္အဖြဲ ့ (2020) 

ကြန္ကရစ္ - ကြန္ကရစ္သည္ ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ရာတြင္ ေကာင္းစြာအလုပ္လုပ္ၿပီး တာရွည္ခုိင္ခံ့ပါသည္။ 
ကြန္ကရစ္အသုံးျပဳရာတြင္ လုံေလာက္သည့္အရည္အေသြးရိွရမည္ သို ့ေသာ္ ျမန္မာနိဳင္ငံတြင္ 
အဆုိပါနယ္ပယ္၌ အရည္အေသြးမလုံေလာက္မႈမ်ားရိွေနဆဲျဖစ္ပါသည္။ 

ေက်ာက္စ ီ - ေရစီး(သုိ ့) အနည္အႏွစ္စီးဆင္းမႈသည္ 1ႏွစ္ မွ 2ႏွစ္ခန္ ့ျပင္းျပင္းထန္ထန္ ရိုက္ခတ္ပါက 
သစ္သားေဘာင္ သက္တမ္းၾကားလာေသာေၾကာင့္ ေကာင္းစြာအလုပ္မလုပ္ေတာ့ေပ။  

အုတ္စီ/အဂၤေတ - ၄င္းသည္ ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ရာတြင္ ေက်ာက္စီထက္သက္တမ္းပိုရွည္စြာ အလုပ္လုပ္ 
ၿပီး ကြန္ကရစ္ထက္သက္တမ္းတုိ၍ အလုပ္လုပ္သည္။ ေဒသတြင္းတြင္ အုတ္စ/ီအဂၤေတလုပ္ငန္း 
သည္ အသုံးမ်ားၿပီး အရည္အေသြးမွာမ ူအဂၤေတအရည္အေသြး (အထူးသျဖင့္သဲ၊ ဘိလပ္ေျမႏွင္ ့
ေရ အခ်ိဳး ) အေပၚတြင္ မူတည္ပါသည္။ ထုိ ့ေၾကာင့္ အရည္အေသြးထိန္းခ်ဳပ္ေရးတြင္ အခက္အခဲ 
မရိွေပ။ အေဆာက္အအုံတစ္ခုအတြက္ ကုန္က်စရိတ္သည ္ေက်ာက္စီစနစ္ထက္မ်ားၿပီး ကြန္က 
ရစ္ထက္ နည္းပါသည္။ အကယ္၍ ေက်ာက္စီစနစ္တည္ေဆာက္မႈႏွစ္ႀကိမ္(သုိ ့) ႏွစ္ႀကိမ္အထက္ 
တည္ ေဆာက္ရန္လုိအပ္ပါက ကုန္က်စရိတ္သည္ အတူတူနီးပါးျဖစ္သြားမည္ျဖစ္ပါသည္။  

ထုိ ့ေၾကာင့္ ေဒသတြင္း ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရးအတြက္ ႏုန္းထိန္းတမံအမ်ိဳးအစားကုိ အုတ္စီ/အဂၤေတ 
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အမ်ိဳးအစား အသုံးျပဳေဆာက္လုပ္ဳရန္ အၾကံဳျပဳပါသည္။ 

 (2) အျခားအေဆာက္အအုံမ်ားအတြက္ ပစၥည္းမ်ား 

 (ေရလမ္းေၾကာင္း) - ကုန္းနီေက်းရြာကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရးတြင္ ေရလမ္းေၾကာင္းေဆာက္လုပ္ရာ၌ 
ေက်ာက္စီအမ်ိဳးအစားကုိေရြးခ်ယ္အသုံးျပဳသည္။ အေၾကာင္းမွာ i) ကုန္က်စရိတ္နည္းျခင္း၊ ii) 1ႏွစ္ မွ 2ႏွစ္ 
အထိအလုပ္လုပ္ျခင္း အဘယ္ေၾကာင့္ဆုိေသာ္ အနည္အႏွစ္(သုိ ့)သဲမ်ား ဖုန္းလႊမ္းသြားမည္ျဖစ္ေသာ 
ေၾကာင့္ျဖစ္ပါသည္။ iii) ေျမႀကီးထဲသုိ ့ေရစီး၀င္နိဳင္မႈသည္ ကြန္ကရစ္ႏွင့္အုတ္စီ/အဂၤေတစနစ္ ထက္ပုိ 
ေကာင္းမြန္သည္။ အဆုိပါစနစ္ကုိအသုံးျပဳရန္ ခက္ခက္ခခဲဆုံဲးျဖတ္ရပါသည္ အဘယ္ေၾကာင့္ဆုိေသာ္ မုိး 
သည္းထန္မႈေၾကာင့္ျဖစ္ေပၚေသာ ေရစီးေၾကာင္း၏ ေရလိွဳင္းႀကိမ္ႏွဳန္း(သုိ ့) တန္ျပန္ေရလိွဳင္း၏ ကာလ 
အပုိင္းအျခား (return period) ကို ေကာင္းစြာႀကိဳတင္မွန္းဆ၍ မရနိဳင္ ေသာေၾကာင့္ျဖစ္ပါသည္။ အကယ္၍ 
မွန္းဆမႈသည ္မွန္ကန္ပါက တည္ေဆာက္ေရးလုပ္ငန္းၿပီးသည့္ေနာက္ပုိင္းတြင္ ေက်ာက္စီေရလမ္းေၾကာင္း 
ပ်က္စီးမႈ ရိွမည္ဟုေမွ်ာ္လင့္ပါသည္။ ထုိ ့ေၾကာင့္ ကုန္းနီေက်းရြာကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရးတြင္ ေက်ာက္စီ 
ေရလမ္းေၾကာင္းစနစ္ကုိ စမ္းသပ္ေရြးခ်ယ္ခဲ့ျခင္းျဖစ္ပါသည္။ သို ့ျဖစ္၍ စီမံကိန္းကာလအေတာအတြင္းတြင္ 
အဆုိပါ စနစ္၏အေျခအေနႏွင့္ ပ်က္စီးမႈတစ္စံုတစ္ရာျဖစ္ေပၚမႈရွိမရိွ စစ္ေဆးၾကည့္ရွဳရန္လုိအပ္ပါသည္။ 

 (ေရလႊဲလမ္းေၾကာင္း)- ေရလႊဲလမ္းေၾကာင္းအတြက္ မည္သည့္ပစၥည္းမွအသုံးျပဳရန္မလုိပဲ ေျမတူးရန္ 
တစ္ခုသာလုိအပ္ပါသည္ အဘယ္ေၾကာင့္ဆိုေသာ္ ၄င္းသည္ မိုးရာသီအတြက္သာလုိအပ္သည့္ ယာယီ 
အစီအမံျဖစ္ၿပီး ေရျပင္းျပင္းထန္ထန္စီးမည္ဟုမေမွ်ာ္လင့္ေပ။ သို ့ေသာ္လည္း ႏွစ္စဥ္ႏွစ္တိုင္း မိုးရာသီ 
မတိုင္မ ီျပဳျပင္ထိန္းသိမ္းမႈ(ေျမတူးေဖာ္ျခင္း)လုပ္ေဆာင္ရန္လုိအပ္ပါသည္။  

 

3.4.5  ပစၥည္းပမာဏ တြက္ခ်က္ျခင္း 

ေဆာက္လုပ္ေရးအတြက္ အဓိကအသုံးျပဳေသာပစၥည္းမ်ားမွာ i) ေက်ာက္၊ ii)ဘိလပ္ေျမ၊ iii) သ ဲႏွင့္ ေရတုိ ့ 
ျဖစ္ၾကပါသည္။ ဒီဇိုင္းျပင္ဆင္သည့္အခ်ိန္တြင္ အဆုိပါပစၥည္းမ်ား၏ပမဏကုိ တြက္ခ်က္ ရမည္ျဖစ္ပါသည္။ 
အဆုိပါပမဏသည္ ကုန္က်စရိတ္ခန္ ့မွန္းတြက္ခ်က္မႈႏွင့္ ပစၥည္း၀ယ္ယူေရး အစီအစဥ္ေရးဆြရဲာတြင္ 
အသုံးျပဳပါသည္။ သာမန္အားျဖင့္ ပစၥည္းကုန္က်စရိတ္တြင္ ပုိ ့ေဆာင္ေရးကုန္က်စရိတ္ ပါ၀င္ၿပီးျဖစ္သည္။ 
ထုိ ့ေၾကာင့္ ပစၥည္းေရာင္းခ်သူက ေဆာက္လုပ္ေရးလုပ္ငန္း တည္ေနရာႏွင့္ ပစၥည္းပမဏကုိၾကည့္ၿပီး 
ကုန္က်စရိတ္တြက္ခ်က္ၾကပါသည္။ ေနာက္ဆဲတြ(ဲ၅)တြင္ ၂၀၁၉ခုႏွစ္၊ကုန္းနီေက်းရြာကမ္းပါး ေဆာက္လုပ္ 
ေရး၏ ပစၥည္းပမာဏတြက္ခ်က္မႈစာရြက္ကုိ ေဖာ္ျပထားပါသည္။ 

3.4.6 ခန္ ့မွန္းကုန္က်စရိတ္ တြက္ခ်က္ျခင္း 

ေဆာက္လုပ္ေရးကုန္က်စရိတ္တြင္ 1) တိုက္ရိုက္ကုန္က်စရိတ္ႏွင့္ 2) ကန္ထရုိက္ျဖင့္ လုပ္ငန္းေဆာင္ရြက္ 
ပါက သြယ္၀ုိက္ကုန္က်စရိတ္ ဟူ၍ ႏွစ္မ်ိဳးရိွပါသည္။ ျမန္မာနိဳင္ငံရွိ သစ္ေတာဦးစီးဌာန၏ ေဆာက္လုပ္ေရး 
လုပ္ငန္းအမ်ားစုတြင္ တုိက္ရိုက္စီမံအုပ္ခ်ဳပ္သည့္စနစ္ကုိအမ်ားအားျဖင့္အသုံးျပဳပါသည္။ ထုိက့ဲသို ့ အေျခ 
အေနမ်ိဳးတြင္သြယ္၀ုိက္ကုန္က်စရိတ္မလုိအပ္ေပ။ ကုန္းနီေက်းရြာကမ္းပါးေဆာက္လုပ္ေရးတြင္ JICA အဖြ ဲ ့ 
မွ တုိက္ရုိက္စီမံခန္ ့ခြဲလုပ္ေဆာင္ခဲ့ေသာေၾကာင့္ တုိက္ရိုက္ကုန္က်စရိတ္တစ္ခုတည္းသာ တြက္ခ်က္ထားပါ 
သည္။  
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(1) တုိက္ရုိက္ကုန္က်စရိတ္ အမ်ိဳးအစား 

တုိက္ရိုက္ကုန္က်စရိတ္တြင္ 1) ပစၥည္းကုန္က်စရိတ္ 2) စက္ကိရိယာကုန္က်စရိတ္ 3) အလုပ္သမား 
ကုန္က်စရိတ္ 4) ေဘးအႏၱရာယ္ကင္းရွင္းေရး ကုန္က်စရိတ္ 5) အေထြေထြကုန္က်စရိတ္ စသည္တုိ ့ 
ပါ၀င္ပါသည္။ 

1) ပစၥည္းကုန္က်စရိတ္- ပစၥည္းဆုိသည္မွာ သဲ၊ေက်ာက္၊ဘိလပ္ေျမႏွင့္ ပ်ိဳးပင္ကဲ့သုိ ့ေသာ ေဆာက္လုပ္ 
ေရးအတြက္ တုိက္ရုိက္အသုံးျပဳေသာအရာမ်ားကုိဆုိလုိသည္။ 

2) စက္ကိရိယာကုန္က်စရိတ္- အေသးစားကမ္းပါးတည္ေဆာက္ေရးလုပ္ငန္းမ်ားတြင္ အမ်ားအားျဖင့္ လူ 
လုပ္အားျဖင့္ အေကာင္အထည္ေဖာ္ေဆာင္ရြက္ၾကၿပီး စက္ပစၥည္းကိရိယာအသုံးမျပဳေပ။ သုိ ့ေသာ္ 1) 
ပစၥည္းသယ္ယူေရးအတြက္ ေမာ္ေတာ္ယာဥ္ႏွင့္ ii) ဘိလပ္ေျမေဖ်ာ္စက္တုိ ့လုိအပ္ပါသည္။ 

3) အလုပ္သမားကုန္က်စရိတ္- အလုပ္သမားကုန္က်စရိတ္ ၂မ်ိဳးရွိပါသည္။ i) အေထြေထြလုပ္သားႏွင့္ ii) 
ကၽြမ္းက်င္လုပ္သားဟူ၍ျဖစ္သည္။ ကုန္းနီေက်းရြာ ကမ္းပါးေဆာက္လုပ္ေရးတြင္ တိုက္ရိုက္စီမံခန္ ့ခြဲ လုပ္ 
ကုိင္သည့္အလုပ္ျဖစ္၍ ကၽြမ္းက်င္လုပ္သား ၄ဦးကုိငွားရမ္းလုပ္ကုိင္ခဲ့ပါသည္။ ၄င္းတုိ ့၏ လုပ္ငန္းတာ၀န္ 
မ်ားမွာ ပန္းရံလုပ္ငန္းႏွင္ ့ ေျမတူးလုပ္ငန္းမ်ားအားအေကာင္အထည္ေဖာ္ျခင္းႏွင့္ လုပ္ငန္းတုိင္းကုိ ႀကီးၾကပ္ 
စစ္ေဆးျခင္းတုိ ့ျဖစ္ပါသည္။ 

4) ေဘးအႏၱရာယ္ကင္းရွင္းေရး ကုန္က်စရိတ္- ေဆာက္လုပ္ေရးလုပ္ငန္း၏ ေဘးအႏၱရာယ္ ကင္းရွင္းေရး 
တြင္ ပုံစ ံ၂မ်ိဳးရိွပါသည္။ i) site အတြင္းအလုပ္လုပ္သူအားလုံး၏ ေဘးအႏၱရာယ္ကင္းရွင္းေရးႏွင့္ ii) site 
(သုိ ့) ဆက္စပ္ဧရိယာကုိ ျဖတ္သန္းသြားလာသူအားလုံးေဘးအႏၱရာယ္ကင္းရွင္းေရး တုိ ့ျဖစ္ၾကပါသည္။ 

i) site အတြင္းအလုပ္လုပ္သူအားလုံး၏ ေဘးအႏၱရာယ္ကင္းရွင္းေရး- အေထြေထြလုပ္သား၊ ကၽြမ္းက်င္ 
လုပ္သားမ်ား၊ ႀကီးၾကပ္ေရးမွဴး၊ မန္ေနဂ်ာ၊ ဧည့္သည္မ်ား စသည္တုိ ့အား မေတာ္တဆမႈအားလုံးမွ ကာ 
ကြယ္ရမည္။ (ဦးထုပ္၊ လက္အိတ္၊ ဘိနပ္..စသည္ျဖင့္) စသည့္အကာအကြယ္ပစၥည္းမ်ားအတြက္ 
ေဘးအႏၱရာယ္ ကင္းရွင္းေရး ကုန္က်စရိတ္ကုိအသုံးျပဳပါသည္။ 

ii) site (သို ့) ဆက္စပ္ဧရိယာကုိ ျဖတ္သန္းသြားလာသူအားလုံးေဘးအႏၱရာယ္ကင္းရွင္းေရး- ေဆာက္လုပ္ 
ေရးလုပ္ငန္း တည္ေနရာသည္ လမ္းမႀကီး၊ လမ္းသြယ္ ကဲ့သုိ ့ေသာ အမ်ားျပည္သူသြားလာသည့္ေနရာႏွင့္ 
နီးပါက ေဆာက္လုပ္ေရးအလုပ္ႏွင့္ ယာဥ္မ်ား၀င္ထြက္သြားလာရာတြင္ အႏၱရာယ္ကင္းစြာ စီမံထိန္းခ်ဳပ္ရ 
မည္။ ယာဥ္၀င္/ထြက္ကုိ ထိန္းခ်ဳပ္ရန္ အေစာင့္အခ်ိဳ  ့ခ်ထားရမည္ျဖစ္ပါသည္။ 

5) အေထြေထြကုန္က်စရိတ္- ဤကုန္က်စရိတ္သည္ ႀကိဳး၊သံ၊ပလပ္စတစ္ (သုိ ့)အ၀တ္အိတ္၊ တစ္ဘီးတပ္ 
လက္တြန္းလွည္း၊ ေရပုံး စသည္တုိ ့ကဲ့သုိ ့ေသာ ယာယီအလုပ္မ်ားအတြက္ လုိအပ္သည့္ပစၥည္းမ်ား ၀ယ္ယူ 
ရာတြင္အသုံးျပဳသည့္ အျခားကုန္က်စရိတ္ျဖစ္ပါသည္။  

ေနာက္ဆက္တြ(ဲ၆) တြင္ ၂၀၁၉ခုႏွစ္၊ ကုန္းနီေက်းရြာကမ္းပါးေဆာက္လုပ္ေရး၏ ကုန္က်စရိတ္ခန္ ့မွန္း 
တြက္ခ်က္မႈကို ေဖာ္ျပထားပါသည္။ 

 (2) တုိက္ရုိက္ကုန္က်စရိတ္ တြက္ခ်က္ျခင္း 

1) ပစၥည္းကုန္က်စရိတ္ - ၄င္းသည္ပစၥည္းယူနစ္ေစ်းႏွဳန္းႏွင့္ ပမာဏကုိအေျခခံတြက္ခ်က္ျခင္းျဖစ္သည္။ 
ပစၥည္းမ်ား၏ယူနစ္ေစ်းႏွဳန္းကုိ ပစၥည္းေရာင္းခ်သူအခ်ိဳ ့ထံမွ ၾကားသိရေသာ ေစ်းႏွဳန္းအေပၚအေျခခံတြက္ 
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ခ်က္ျခင္းျဖစ္သည္။ အဆုိပါကုန္က်စရိတ္တြင္ ပစၥည္းပို ့ခပါ၀င္ၿပီးျဖစ္ပါသည္။ 

2) စက္ယႏၱရားကုန္က်စရိတ္ - စက္ယႏၱရားငွားရမ္းခကုိ ငွားရမ္းသူမ်ားထံမွသိရေသာ ယူနစ္ေစ်းႏွဳန္းႏွင့္ 
မိမိအသုံးျပဳမည့္ ခန္ ့မွန္းရက္ျဖင့္ တြက္ခ်က္ရပါသည္။ 

3) အလုပ္သမားခ - အလုပ္သမားခကုိ ေက်းရြာသူ/သားမ်ားႏွင့္ညိွႏွိဳင္းေဆြးေႏြးထားေသာ ယူနစ္ေစ်းႏွဳန္း 
(ေန ့စားခ)ႏွင့္ မိမိ၏လုပ္ငန္းအစီအစဥ္အေပၚအေျခခံသည့္ အလုပ္လုပ္ရက္မ်ားျဖင့္ ခန္ ့မွန္းတြက္ခ်က္ရပါ 
သည္။ 

4) ေဘးအႏၱရာယ္ကင္းရွင္းေရး ကုန္က်စရိတ္ - လုပ္ငန္းအစီအစဥ္အေပၚအေျခခံ၍ အလုပ္သမားမ်ား 
အတြက္လုိအပ္မည့္ပစၥည္းအေရအတြက္ (ဦးထုပ္၊ လက္အိတ္၊ ဘိနပ.္.စသည္ျဖင့္)ကုိ တြက္ခ်က္ရမည္ 
ျဖစ္ပါသည္။ သစ္ေတာ္ဦးစီးဌာန(FD)၊ ဆည္ေျမာင္းႏွင့္ ေရအသုံးခ်မႈစီမံခန္ ့ခြဲေရး ဦးစီးဌာန (IWUMD), 
JICA, တကၠသုိလ္မ်ားစသည္ ့ဆက္စပ္သက္ဆုိင္သည့္အဖြ ့ဲအစည္းမ်ား(သို ့) ဧည့္သည္မ်ားအတြက္ ဦးထုပ ္
အရည္အတြက္ တြက္ခ်က္ရန္လုိအပ္ပါသည္။ အဆုိပါပစၥည္းမ်ား၏ ေစ်းႏွဳန္းကုိမ ူ ေစ်းဆုိင္မ်ားမွသိရေသာ 
ေစ်းႏွဳန္းကုိအေျခခံ၍ တြက္ခ်က္ရပါမည္။ ကုန္းနီေက်းရြာ ကမ္းပါးေဆာက္လုပ္ေရး၏ တုိက္ရုိက္ကုန္က် 
စရိတ္ စုစုေပါင္းတြင္ ပါ၀င္ေသာ ဤကုန္က်စရိတ္ တြက္ခ်က္ထားမႈ၏ ရာခုိင္ႏွဳန္းကုိေနာင္လာမည့္ ေဆာက္ 
လုပ္ေရးစီမံခ်က္အတြက္ အသုံးျပဳမည္ ျဖစ္ပါသည္။  

5) အေထြေထြကုန္က်စရိတ္ - ဤစရိတ္အတြက္ ကုန္းနီေက်းရြာကမ္းပါးေဆာက္လုပ္ေရး၏ ကုန္က်စရိတ္ 
ကုိအေျခခံပါမည္။ ကုန္းနီေက်းရြာ ကမ္းပါးေဆာက္လုပ္ေရး၏ တုိက္ရုိက္ကုန္က်စရိတ္ စုစုေပါင္းတြင္ ပါ၀င္ 
ေသာ ဤကုန္က်စရိတ္တြက္ခ်က္ထားမႈ၏ရာခုိင္ႏွဳန္းကုိ ေနာင္လာမည့္ေဆာက္လုပ္ေရး စီမံခ်က္မ်ား 
အတြက္ အသုံးျပဳမည္ျဖစ္ပါသည္။ 

3.5 (အခန္း ၅) ေဆာက္လုပ္ေရး အစီအစဥ္ (Construction planning) 

ေဆာက္လုပ္ေရးလုပ္ငန္းမ်ား ထိထိေရာက္ေရာက္ေဆာင္ရြက္နိဳင္ရန္အတြက္ ေဆာက္လုပ္ေရးလုပ္ငန္း 
အစီအစဥ္ကုိ ျပင္ဆင္ထားရမည္။ ေဆာက္လုပ္ေရးလုပ္ငန္းစဥ္အဆင့္ဆင့္ျပဇယားကုိ ေအာက္တြင္ေဖာ္ျပ 
ထားပါသည္။ 
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ဇစ္ျမစ္ - JICA ကၽြမ္းက်င္ပညာရွင္အဖြဲ ့ (2020) 

ပုံ 3.5-1 ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရး၏ ေဆာက္လုပ္ေရးလုပ္ငန္းစဥ္ 

3.5.1 လုပ္ငန္းစတင္နိဳင္ရန္ အဆင္သင့္ျပင္ဆင္ထားရိွျခင္းႏွင့္ လုပ္ငန္းၿပီးခ်ိန္ ျပန္လည္သိမ္းဆည္းျခင္း 
(Mobilization and demobilization) 

Mobilization တြင္ i) လုပ္ငန္းတည္ေနရာ အေနအထားစစ္ေဆးျခင္း၊ ii) ယာယီေနရာမ်ား ျပင္ဆင္ျခင္း၊ iii) 
ပစၥည္းမ်ားမွာယူျခင္းႏွင္ ့ iv) ပစၥည္းမ်ား၀ယ္ယူျခင္းတုိ ့ပါ၀င္ပါသည္။ ယာယီေနရာကုိ site၏ ပစၥည္းသို 
ေလွာင္ရန္သင့္ေတာ္ေသာေနရာတြင္ ျပင္ဆင္ရမည္ျဖစ္ပါသည္။ ပင္မေဆာက္လုပ္ေရး ၿပီးသြားေသာအခါ 
ယာယီေနရာမ်ားကုိ ဖယ္ရွားရမည္ျဖစ္ၿပီး site ကုိ သန္ ့ရွင္းေရး လုပ္ရမည္ျဖစ္ပါသည္။ ၄င္းကုိ 
demobilizationဟု ေခၚပါသည္။ 

3.5.2 ပင္မအေဆာက္အအုံမ်ား၏ တည္ေဆာက္ေရးအဆင့္မ်ား 

ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရး၏ အဓိကအေဆာက္အအုံမ်ားမွာ 1) ႏုန္းထိန္းတမံ၊ 2) ေရးလမ္းေၾကာင္း ႏွင့္ 3) 
ေရလႊဲလမ္းေၾကာင္းတုိ ့ျဖစ္ၾကပါသည္။ အဓိကအေဆာက္အအုံမ်ား တည္ေဆာက္ေရးအတြက္ လုိအပ္ 
ေသာလုပ္ငန္းစဥ္မ်ားကုိ ေအာက္တြင္ေဖာ္ျပထားပါသည္။ 

(1) ႏုန္းထိန္းတမံ 

ႏုန္းထိန္းတမံေဆာက္လုပ္ေရး၏ အဓိကအဆင့္မ်ားမွာ 1) ေျမတုိက္စားမႈ တိုင္းတာျခင္း 2) ေျမတူးေဖာ္ 
ျခင္းႏွင္ ့ ပန္းရံလုပ္ငန္းတုိ ့ျဖစ္ၾကပါသည္။ ပန္းရံလုပ္ငန္းတြင္ အဂၤေတေလာင္းျခင္းႏွင့္ အဂၤေတအသားနပ္ 
ျခင္း(masonry curing)တုိ ့ပါ၀င္ပါသည္။ အဂၤေတ၏ ခုိင္မာေတာင့္တင္းမႈ အားေကာင္းရန္ အျမင့္ကုိ 
တစ္ရက္လ်င္ ၅၀ စင္တီမီတာအတြင္း သတ္မွတ္ရမည္ျဖစ္ၿပီး  ထိေတြ ့ ကုိင္တြယ္မႈမရိွပဲ အနည္းဆုံး 
(၁)ရက္ ထားရမည္ျဖစ္ပါသည္။ အေပၚဆုံးအလႊာ(top layer) ေကာင္းမြန္စြာ အသားနပ္သြားသည့္ 
တုိင္ေအာင္ အဂၤေတေလာင္းျခင္း ႏွင့္ အဂၤေတအသားနပ္ျခင္း ကုိထပ္တလဲလဲျပဳလုပ္ရမည္ျဖစ္ပါသည္။  

Site condition confirmation with construction drawings
Temporary yard preparation

Groundbreaking surveyCheck dam construction

Water channel construction

Water diversion channel construction

Excavation work

Masonry work: cement preparation
masonry work masonry curing (repeat)

Groundbreaking survey

Excavation work

Stones installation (setting) work

Groundbreaking survey

Excavation work

Material order
Goods for safety and miscellaneous purchase 

Parallel
works

1. Mobilization

2. Major construction

Temporary yard removal
Site cleaning

Remaining material and goods disposal 
Parallel
works

3. Demobilization
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(2) ေရလမ္းေၾကာင္း 

ေရလမ္းေၾကာင္းတည္ေဆာက္ျခင္း၏ အဓိကအဆင့္မ်ားမွာ 1) ေက်ာက္စီထားသည္ ့ ဧရိယာကုိစစ္ေဆး 
ျခင္းႏွင္ ့အတည္ျပဳျခင္း 2) ကမ္းပါးၾကမ္းျပင္ညွိျခင္း 3) ေက်ာက္စီျခင္းစသည္တုိ ့ျဖစ္ပါသည္။ 

(3) ေရလႊဲလမ္းေၾကာင္း 

ေရလႊဲလမ္းေၾကာင္းတည္ေဆာက္ျခင္း၏ အဓိကအဆင့္မ်ားမွာ 1) ေရလႊဲလမ္းေၾကာင္း စစ္ေဆးအတည္ျပဳ 
ျခင္းႏွင္ ့အဆုိပါေရလႊဲလမ္းေၾကာင္းအား တူးေဖာ္ျခင္းတုိ ့ျဖစ္ပါသည္။ 

3.5.3 ေဆာက္လုပ္ေရး အစီအစဥ္ဇယား ေရးဆြျဲခင္း 

ေဆာက္လုပ္ေရးအစီအစဥ္ဇယားတြင္ site ထဲရိွေဆာက္လုပ္ေရးလုပ္ငန္းအမ်ားအျပား၏ လုပ္ငန္းအစီအ 
စဥ္မ်ားႏွင့္ အစဥ္လုိက္ကိုေဖာ္ျပထားပါသည္။ ဥပမာ အဂၤေတအသားနပ္ျခင္းအတြက္ အခ်ိန္(၁) ရက္လိုအပ္ 
ပါသည္။ သုိ ့ေသာ္အဆုိပါ ႏုန္းထိန္းတမံ အဂၤေတသားနပ္စဥ္အေတာအတြင္း အျခားလုပ္ငန္းမ်ားဆက္လုပ္ 
ေနရမည္။ Bar-chartပုံစံ အစီအစဥ္ဇယားသည္ ရိုးရွင္းၿပီးအသုံးမ်ားပါသည္။ ၂၀၁၉ခုႏွစ ္ ကုန္းနီေက်းရြာ 
ကမ္းပါးေဆာက္လုပ္ေရး၏ Bar-chartပုံစံ ေဆာက္လုပ္ေရး အစီအစဥ္ဇယားကုိ ေနာက္ဆက္တြဲ (၇)တြင္ 
ေဖာ္ျပထားပါသည္။ 

ေဆာက္လုပ္ေရး အစီအစဥ္ဇယားတြင္ Bar-chartပံုစံ (၃)မ်ိဳးရိွပါသည္ 1) layout ပုံစံ 2) structurewise ပုံစံ 
ႏွင့္ 3) အေဆာက္အအုံတစ္ခုခ်င္း၏ အေသးစိတ္အစီအစဥ္ဇယားပုံစံတုိ ့ ျဖစ္ၾကပါသည္။ ေဆာက္လုပ္ေရး 
အစီအစဥ္ဇယားပုံစံ (၁)တြင္ေဆာက္လုပ္ေရး၏ပုံအားလုံးကုိျပသထားသည္။ ဇယားပုံစံ (၂)တြင္ အေဆာက္ 
အအုံတစ္ခုခ်င္း၏ အစီအစဥ္ဇယားကုိျပသထားၿပီးဇယားပံုစံ (၃)တြင္ အေဆာက္အအုံတစ္ခုခ်င္း၏ လုပ္ငန္း 
အဆင့္တိုင္းအတြက္ အေသးစိတ္အစီအစဥ္ကုိ ျပသထားပါသည္။ ဇယားပုံစံ(၂)သည္ ဇယားပုံစံ(၃)ကို 
အေျခခံ၍ ျပင္ဆင္ရပါသည္။ ေဆာက္လုပ္ေရးအစီအစဥ္ဇယားကုိ အမွန္တကယ္ျဖစ္ေပၚတုိးတက္လာသည့္ 
အေျခအေနအေပၚမူတည္၍ ျပန္လည္ျပင္ဆင္မြမ္းမံရမည္ျဖစ္ပါသည္။ သို ့ေသာ္လည္း ပစၥည္းမ်ားအခ်ိန္မီ 
ေရာက္ရွိေရးႏွင္ ့ ေဆာက္လုပ္ေရးလုပ္ငန္း ထိထိေရာက္ေရာက္လုပ္ေဆာင္နိဳင္ေရးအတြက္ “baseline 
schedule” ကုိေဆာက္လုပ္ေရးလုပ္ငန္း မစတင္မီျပင္ဆင္ေရးဆြထဲားရမည္ ျဖစ္ပါသည္။ ထို ့ ေနာက္ 
ေဆာက္လုပ္ေရးလုပ္ငန္း လုပ္ေဆာင္စဥ္အတြင္း အစီအစဥ္ဇယားကုိ ေန ့စဥ ္ (သုိ ့) ႏွစ္ရက္၊ သုံးရက္ 
တစ္ႀကိမ္(သုိ ့) အနည္းဆုံးတစ္ပတ္တစ္ႀကိမ္ စစ္ေဆးရမည္ျဖစ္ၿပီး အမွန္တကယ္ ျဖစ္ေပၚတုိးတက္မႈမ်ားကုိ 
အစီအစဥ္ဇယားတြင္ ထည့္သြင္းေပးရမည္ျဖစ္ပါသည္။ အေျပာင္းအလဲ တစ္စုံတစ္ခုျဖစ္ေပၚပါကလည္း အစီ 
အစဥ္ဇယားကုိ ျပင္ဆင္မြမ္းမံေပးရမည္ျဖစ္ပါသည္။ 

 

3.5.4 ေဘးအႏၱရာယ္ကင္းရွင္းေရး အစီအမံ 

ေဆာက္လုပ္ေရးလုပ္ငန္းအတြက္ ေဘးအႏၱရာယ္ကင္းရွင္းေရးသည္ အေရးႀကီးဆုံးေသာ အခ်က္တစ္ခ်က္ 
ျဖစ္ပါသည္။ ထုိ ့ေၾကာင့္ ေဆာက္လုပ္ေရးလုပ္ငန္းမစတင္မီ ေဘးအႏၱရာယ္ကင္းရွင္းေရးအစီအမံကုိ ျပင္ 
ဆင္ထားရမည္ျဖစ္ပါသည္။ ေဘးအႏၱရာယ္ကင္းရွင္းေရးတြင္ site အတြင္း အလုပ္လုပ္သူမ်ားႏွင့္ ဆက္စပ္ 
ပုဂၢိဳလ္မ်ား(သုိ ့)siteအနီးအနား(သို ့)siteကုိျဖတ္သြားေသာယာဥ္မ်ားအတြက္ ပါ၀င္ပါသည္။ ေဘးအႏၱရာယ္ 
ကင္းရွင္းေရးအတြက္ အစီအမံမ်ားျပင္ဆင္ထားရိွၿပီး အေလးထားေဆာင္ရြက္ေသာ္လည္း တစ္ခါတစ္ရံ 
မေတာ္တဆမႈျဖစ္တတ္ပါသည္။ ထုိ ့ေၾကာင့္ အေရးေပၚအေျခအေနျဖစ္ပြားပါက ခ်ိတ္ဆက္မႈ ျပဳလုပ္နိဳင္ရန ္
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ခ်ိတ္ဆက္မႈကြန္ယက္ “network” ျပင္ဆင္ထားရမည္ျဖစ္ပါသည္။ မေတာ္တဆမႈျဖစ္ပြားပါက ေဆာက္လုပ္ 
ေရးႏွင့္ပတ္သက္သူအားလုံးသည္ ထိခိုက္ဒဏ္ရာရသူအား ကူညီကယ္ဆယ္ေပးရမည္ျဖစ္ၿပီး ျပႆနာေျပ 
လည္ရန္လည္း ေျဖရွင္းေပးရမည္ျဖစ္ပါသည္။ 

(1) ေဘးအႏၱရာယ္ကင္းရွင္းေရးအတြက္  ကာကြယ္ေရးအစီအမံ (ဦးထုပ္၊ လက္အိတ္၊ ဘိနပ္…စသည္ျဖင့္) 
ေဆာက္လုပ္ေရးလုပ္ငန္းတြင္ အျဖစ္အမ်ားဆုံးအႏၱရာယ္သည္ အလုပ္သမားမ်ားႏွင့္ဆုိင္ေသာ ထိခိုက္မႈ 
မ်ားျဖစ္ပါသည္။ ထို ့ေၾကာင့္ ဦးထုပ္၊ လက္အိတ္ႏွင့္ ဘိနပ္က့ဲသို ့ေသာ အကာအကြယ္မ်ားကုိ အလုပ္သမား 
မ်ားအတြက္ စီစဥ္ေပးရမည္ျဖစ္ပါသည္။ ထုိ ့ျပင ္ ဧည့္သည္မ်ား အပါအ၀င္ ေဆာက္လုပ္ေရး site သုိ ့ 
၀င္ေရာက္သူအားလုံးကုိ ဦးထုပ္စီစဥ္ေပးရမည္ျဖစ္ပါသည္။ အဆုိပါ ပစၥည္းကိရိယာမ်ား၏ အေရအတြက္ 
ခန္ ့မွန္းတြက္ခ်က္မႈႏွင့္ ၀ယ္ယူမႈကုိ ေဆာက္လုပ္ေရးလုပ္ငန္း မစတင္မီကတည္းက အၿပီးေဆာင္ရြက္ထား 
ရမည္ျဖစ္ပါသည္။  

(2) အေရးေပၚအေျခအေနထိန္းခ်ဳပ္ေရး အစီအမံ(အေရးေပၚ ခ်ိတ္ဆက္မႈကြန္ယက္) 
မေတာ္တဆမႈတစ္ခုခုျဖစ္ပြားပါက ေဆာက္လုပ္ေရးအလုပ္ႏွင့္ ပတ္သက္ေသာသူအားလုံးသည္ ထိခိုက္ 
ဒဏ္ရာရသူအား ကူညီကယ္ဆယ္ရန္လုပ္ေဆာင္ရမည္ျဖစ္ပါသည္။ အေရးေပၚခ်ိတ္ဆက္မႈ ကြန္ယက္တြင္ 
မည္က့ဲသုိ ့ကူညီကယ္ဆယ္ရမည္၊ သက္ဆုိင္သည့္အဖြဲ ့အစည္းမ်ားအား မည္ကဲ ့သို ့ အသိေပးအေၾကာင္း 
ၾကားရမည္ စသည္တုိ ့ကုိျပသထားပါသည္။ ေနာက္ဆြတဲြ(ဲ၈)တြင္ ၂၀၁၉ ခုႏွစ္ ကုန္းနီေက်းရြာ ကမ္းပါး 
ေဆာက္လုပ္ေရး၏ အေရးေပၚခ်ိတ္ဆက္မႈကြန္ယက္ကုိ ေဖာ္ျပထားပါသည္။ 

3.6 (အခန္း -၆) ေဆာက္လုပ္ေရးအတြက္ ႀကိဳတင္ျပင္ဆင္ျခင္း 

ေဆာက္လုပ္ေရးလုပ္ငန္းမစတင္မီ ပစၥည္း၀ယ္ယူမႈႏွင့္အလုပ္သမားစုေဆာင္းမႈအေျခအေနတုိ ့ကို အတည္ 
ျပဳရမည္ျဖစ္ပါသည္။ 

3.6.1 ပစၥည္း၀ယ္ယူေရးႏွင့္ပုိ ့ေဆာင္ေရး အစီအမံ 

ေဆာက္လုပ္ေရးအတြက္ေက်ာက္၊သဲႏွင့္ဘိလပ္ေျမသည္ အဓိကပစၥည္းမ်ားျဖစ္ပါသည္။ ေအာက္ပါအခ်က္ 
မ်ားကုိအတည္ျပဳ၍ ပစၥည္းမွာယူနိဳင္ေရး ျပင္ဆင္ရမည္ျဖစ္ပါသည္။ 

၀ယ္ယူမည့္ပစၥည္းပမာဏ- ပစၥည္းပမာဏကုိ ဒီဇိုင္းလုပ္စဥ္က ခန္ ့မွန္းတြက္ခ်က္ထားၿပီးျဖစ္ပါသည္။ 

ေရာင္းခ်သူမ်ားႏွင့္ေဆြးေႏြးညွိႏွဳိင္းျခင္း - ယူနစ္ေစ်းႏွဳန္း၊ ပမာဏ၊ သယ္ယူစရိတ္ႏွင့္တကြစုစုေပါင္း ကုန္က် 
စရိတ္၊ ပုိ ့ေပးမည့္အခ်ိန ္စသည္တုိ ့ကုိေရာင္းခ်သူမ်ားႏွင့္ေဆြးေႏြးညိွႏွိဳင္းရမည္ျဖစ္ပါသည္။ ကုန္က်စရိတ္ 
သက္သာေရးအတြက္ သင့္ေတာ္ေသာေရာင္းခ်သူအခ်ိဳ ့ကုိေရြးခ်ယ္နိဳင္ရန္ ပစၥည္းေရာင္းခ်သူမ်ားအၾကား 
ၿပိဳင္ဆိုင္သည့္နည္းကုိအသုံးျပဳရန္ အၾကံျပဳပါသည္။ 

ခန္ ့မွန္းတြက္ခ်က္ထားသည့္ ပစၥည္းအေရအတြက္သည ္ အမွန္တကယ္အေရအတြက္ႏွင့္ကြလဲြမဲႈ အခ်ိဳ ့ရိွ 
နိဳင္ပါသည္။ ထုိ ့ေၾကာင့္ပစၥည္းမ်ားကုိအနည္းဆုံး(၃)ႀကိမ္ခြဲ၍ ပုိ ့ေဆာင္ေပးရမည္ျဖစ္ၿပီး ေနာက္ဆုံးအႀကိမ္ 
သည္ အသုံးျပဳၿပီးပစၥည္း၊ လုိအပ္မည့္ပစၥည္းမ်ားကုိစစ္ေဆး၍ အမွန္တကယ္ လိုအပ္မည့္အေရအတြက္ 
ကုိသာ ပုိ ့ေဆာင္ေပးရမည္ျဖစ္ပါသည္။ 

ဘိလပ္ေျမေဖ်ာ္စက္ကုိငွားရမ္းအသုံးျပဳရန္ အၾကံျပဳပါသည္။ ငွားရမ္းမႈကုိ ေဆာက္လုပ္ေရးလုပ္ငန္း မစတင္ 
မီကတည္းက ကန္ထရုိက္တာ/ငွားရမ္းသူမ်ားႏွင့္ေဆြးေႏြးညွိႏိွဳင္းထားရမည္ျဖစ္ပါသည္။ ငွားရမ္းမည့္ကာလ၊ 



28 

 

ယူနစ္ေစ်းႏွဳန္း၊ ေငြေပးေခ်မႈစသည္တုိ ့ကုိ ကန္ထရုိက္တာ/ငွားရမ္းသူမ်ားႏွင္ ့ အတည္ျပဳခ်က္ ရယူထား 
ရမည္ျဖစ္ပါသည္။  

3.6.2 ေက်းရြာမ်ားမွ အလုပ္သမားစုေဆာင္းမႈကုိ အတည္ျပဳျခင္း 

ေဆာက္လုပ္ေရး အစီအစဥ္ဇယားကုိ အေျခခံ၍ အလုပ္သမားစုေဆာင္းေရးကုိ ေက်းရြာသူ/သား မ်ားႏွင္ ့
အတူ အတည္ျပဳရန္လုိအပ္ပါသည္။ တစ္ရက္အလုပ္လုပ္ခ်ိန္(အလုပ္စခ်ိန္ႏွင္ ့ ၿပီးခ်ိန)္၊ လုပ္အားခေစ်းႏွဳန္း၊ 
ေငြေပးေခ်မႈပုံစ ံစသည္တုိ ့ကုိ အတည္ျပဳရန္လည္းလုိအပ္ပါသည္။  

3.7 (အခန္း -၇) ေဆာက္လုပ္ျခင္း 

3.7.1 ႀကိဳတင္ျပင္ဆင္မႈ လုပ္ငန္း 

ႀကိဳတင္ျပင္ဆင္မႈလုပ္ငန္းတြင္ 1) အလုပ္သမားစုေဆာင္းျခင္း 2) ယာယီတဲ/ေနရာျပင္ဆင္ျခင္း 3) ပစၥည္း 
သယ္ယူပို ့ေဆာင္ေရးလမ္းေၾကာင္းႏွင့္ 4) ဘိလပ္ေျမေဖ်ာ္စက္ေနရာျပင္ဆင္ျခင္း စသည ္တုိ ့ပါ၀င္ပါသည္။ 

(1) အလုပ္သမားစုေဆာင္းျခင္း 

လုပ္ငန္းအစပုိင္းတြင္ ေန ့စဥ္ေန ့တုိင္း ကၽြမ္းက်င္လုပ္သားအေရအတြက္ႏွင့္ အေထြေထြလုပ္သား အေရ 
အတြက္ကုိ စစ္ေဆးရမည္ျဖစ္ပါသည္။ တစ္ခါတစ္ရံ အလုပ္သမား အေျပာင္းအလဲရိွတတ္ၿပီး site ႀကီးၾကပ္ 
သူသည္ အဆုိပါအလုပ္သမားမ်ားကုိ အလုပ္ေနရာက့ဲသုိ ့ေသာ လုပ္ငန္းစနစ္၊ အသုံးျပဳပစၥည္းကိရိယာ၊ 
ႀကီးၾကပ္မႈနည္းလမ္း၊ ေဘးအႏၱရာယ္ကင္းရွင္းေရးအစီအမံ အစရိွေသာအခ်က္မ်ားကုိ ရွင္းျပေပးရန္လုိအပ္ 
ပါသည္။  

 

(2) ယာယီတဲႀကိဳတင္ျပင္ဆင္ျခင္း 

ယာယီတဲကုိ ေက်ာက္၊သဲ စေသာပစၥည္းမ်ားသုိေလွာင္ရန္ႏွင့္ အလုပ္သမားမ်ားေန ့လည္စာစားခ်ိန္တြင္ 
အနားယူရန ္အသုံးျပဳမည္ျဖစ္ပါသည္။ ပုံ 3.6-1 တြင္ ကုန္းနီေက်းရြာ ကမ္းပါးေဆာက္လုပ္ေရး၏ ယာယီတဲ 
ကုိနမူနာအျဖစ္ေဖာ္ျပထားပါသည္။ တဲအရြယ္အစားကုိ ပစၥည္းပမာဏႏွင့္ ေနရာေပၚမူတည္၍စဥ္းစားနိဳင္ပါ 
သည္။ ယာယီတဲကုိ သစ္သားႏွင့္ဖက္(သို ့)အျပာေရာင္တာေပၚလင္စျဖင့္ေဆာက္လုပ္နိဳင္ပါသည္။ စီမံကိန္း 
ပထမအဆင့္(Phase-1)၏ ေရွ ့ေျပးလုပ္ငန္းမွ အေတြ  ့အၾကံဳအရ မိုးကာကြယ္ရန္ ယာယီတဲအမုိးကုိ အျပာ 
ေရာင္ တာေပၚလင္စျဖင့္မိုးျခင္းသည္ မသင့္ေတာ္ေပ။ ေဆာက္လုပ္ေရးကာလအတြင္း မိုးရြာနိဳင္သည္ဟု 
မွန္းဆပါက သဘာ၀ဖက္ကိုအသုံးျပဳရန္ အၾကံျပဳပါသည္။ 
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ဇစ္ျမစ္ - JICA ကၽြမ္းက်င္ပညာရွင္အဖြဲ ့ (2020) 

ပုံ 3.7-1 ယာယီတဲနမူနာ (ကုန္းနီ ကမ္းပါးေဆာက္လုပ္ေရး၊ ၂၀၁၉) 

(3) ပစၥည္းသယ္ယူပုိ ့ေဆာင္ေရးလမ္းေၾကာင္း(ပစၥည္းတင္/ခ်လမ္း)ႏွင့္  ပစၥည္းသုိေလွာင္ရန္ေနရာ 

သဲ၊ ေက်ာက္မ်ားကုိ ေရာင္းခ်သူမ်ားမွ site သုိ ့တုိက္ရိုက္လာခ်မည္ျဖစ္ပါသည္။ လမ္းမႀကီးမွ site သုိ ့သြား 
သည့္ ပစၥည္းသယ္ယူပိ ု ့ေဆာင္ေရးလမ္းေၾကာင္း၏ အက်ယ္ႏွင့္မ်က္ႏွာျပင္အေနအထားကုိ စစ္ေဆးရမည္ 
ျဖစ္ပါသည္။ 

(4) ဘိလပ္ေျမေဖ်ာ္စက္ ေနရာျပင္ဆင္ျခင္း 

ကြန္ကရစ္ေဖ်ာ္စက္သည္ အလြန္ေလးၿပီး ေရြ ့ေျပာင္းရန္ လူ(၁၀)ဦးခန္ ့လုိအပ္မည္ျဖစ္ပါသည္။ ထို ့ေၾကာင့္ 
ေဆာက္လုပ္ေရးမစတင္မီကတည္းက ဘိလပ္ေျမေဖ်ာ္စက္ေနရာကုိ ညီညာျပန္ ့ျပဴး ေသာေနရာတြင္ 
ျပင္ဆင္ထားရမည္ျဖစ္ပါသည္။ 

3.7.2 ႏုန္းထ္ိန္းတမံတည္ေဆာက္ျခင္း 

ႏုန္းထိန္းတမံတည္ေဆာက္ေရးလုပ္ငန္းစဥ္မ်ားမွာ 1) ေနရာ အတည္ျပဳျခင္း 2) ပႏၷက္ရိုက္ တုိင္းတာျခင္း 3) 
ေျမတူးျခင္းႏွင့္ 4)ပန္းရံလုပ္ငန္းစသည္တို ့ျဖစ္ပါသည္။ ေက်ာက္စီႏုန္းထိန္းတမံ ျဖစ္ပါက နံပါတ္ 4) ေနရာ 
တြင္ ေက်ာက္စီလုပ္ငန္းေဆာင္ရြက္ျခင္းျဖစ္ပါမည္။ သုိ ့ေသာ္ယခုစာတမ္းတြင္ အုတ္စ/ီအဂၤေတ ႏုန္းထိန္း 
တမံကုိသာေဖာ္ျပထားပါသည္။  

(1) အေဆာက္အအုံေနရာ အတည္ျပဳျခင္း 

ႏုန္းထိန္းတမံေဆာက္လုပ္ေရးတြင္ ထိေရာက္ေသာတည္ေဆာက္မႈအတြက္ ဒီဇုိင္းျပင္ဆင္ထားရိွမႈႏွင့္ ကုိက္ 
ညီရန ္ႏုန္းထိန္းတမံ၏ေနရာသည္ အေရးႀကီးဆုံးအခ်က္တစ္ခ်က္ျဖစ္ပါသည္။ ေအာက္ပါ ပုံထဲရိွအနီေရာင္ 
ျမွားမ်ားသည္ ႏုန္းထိန္းတမံအရြယ္အစားႏွင့္ေနရာ တိက်ေစရန္ လုိအပ္ေသာ အကြာအေ၀းမ်ား ျဖစ္ပါသည္။ 
အကြာအေ၀းမ်ားအားလုံးတြင္ အနက္(depths)မ်ားသည ္ ဗဟုိမွတ္ (center point) ေပၚတြင္ အေျခခံပါ 
သည္။ ထုိ ့ေၾကာင့္ ႏုန္းထိန္းတမံ ေဆာက္လုပ္ၿပီးစီးသည္အထိ ဗဟုိမွတ္(Center point)ကုိ ငုတ္တုိင္မ်ားႏွင့္ 
ႀကိဳးမ်ားျဖင့္ မွတ္သားထားရမည္ျဖစ္ပါသည္။ 

←Frame of temporary yard 

↓Temporary yard with roof

Truck loading yard
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ဇစ္ျမစ္ - JICA ကၽြမ္းက်င္ပညာရွင္အဖြဲ ့ (2020) 

ပုံ3.7-1 ေနရာသတ္မွတ္ေရးအတြက္ လုိအပ္ေသာအကြာအေ၀းမ်ား 

(2) ေျမေပၚတြင္ ငုတ္တုိင္မ်ားျဖင့္ အမွတ္အသားျပဳလုပ္ျခင္း( ဗဟုိမ်ဥ္း၊ ေျမညိွရန္အတြက္ bench mark… 
စသည္ျဖင့္) 

ပုံ 3.7-2 တြင္ တိက်ေသာေနရာ မွတ္သားျခင္းနည္းလမ္းကုိ ေဖာ္ျပထားပါသည္။ ေျမတူးလုပ္ငန္း ေဆာင္ 
ရြက္စဥ္အတြင္း ဗဟုိမွတ္ႏွင္ ့အျခားအမွတ္မ်ားကြယ္ေပ်ာက္သြားမည္ျဖစ္ပါသည္။ ငုတ္တိုင္မ်ားႏွင့္ ႀကိဳးမ်ား 
ကုိ site ထဲရိွ ေနရာမ်ားအတိအက်ႏွင္ ့အကြာအေ၀းမ်ား ေဖာ္ျပရာတြင္ အသုံးျပဳရမည္ျဖစ္ပါသည္။ ငုတ္တုိင္ 
မ်ားႏွင့္ႀကိဳးမ်ားကုိ ေျမတူးေဖာ္သည့္ေနရာ၏အျပင္သုိ ့ထုတ္ထားရမည္ ျဖစ္ပါသည္။ 

 
ဇစ္ျမစ္ - JICA ကၽြမ္းက်င္ပညာရွင္အဖြဲ ့ (2020) 

  ပုံ3.7-2 ပႏၷက္ရုိက္ တုိင္းတာျခင္း Groundbreaking Survey (ႏုန္းထိန္းတမံ) 

(3) ေျမတူးေဖာ္ျခင္းလုပ္ငန္း 

ေျမတူးေဖာ္ျခင္းလုပ္ငန္းသည ္ေအာက္ေျခမွစတင္ပါသည္။ ေအာက္ေျခဧရိယာႏွင့္ level အျမွင့္ကို အတည္ 
ျပဳၿပီးေနာက္ ႏုန္းထိန္းတမံ၏ ေဘးဘက္ရွိေျမမ်ားကုိတူးေဖာ္ရပါမည္။  အေသးစားကမ္းပါးအတြက္ ေျမတူး 

Center point

Horizontal Center line

Vertical center line

Marking ropes

Marking pegs

Excavation level
(bottom)

Excavation level 
(top)

Center Point
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ျခင္းကုိလူအားျဖင့္ေဆာင္ရြက္ရမည္ျဖစ္ပါသည္ အေၾကာင္းမွာ ေျမတူးထုတ္ရမည့္ပမာဏ သိပမ္မ်ားေသာ 
ေၾကာင့္ျဖစ္ပါသည္။ တူးထုတ္ထားေသာေျမစာမ်ားကုိ ႏုန္းထိန္းတမံ၏အေပၚဘက္တြင္ စုပုံရမည္ျဖစ္ၿပီး 
ေအာက္ဘက္တြင္ မစုပံုရေပ။  

(4) ပန္းရံလုပ္ငန္း (Masonry work) 

1)  အဂၤေတအတြက္ ျပင္ဆင္ျခင္း 

ပန္းရံလုပ္ငန္းတြင္ i) အဂၤေတႏွင့္ ii) ေက်ာက္ကိုေပါင္းစပ္ထားပါသည္။ အဂၤေတကုိ i) ဘိလပ္ေျမ၊ ii) သဲႏွင့္ 
iii) ေရတုိ ့ျဖင့္ျပင္ဆင္ရပါသည္။ ဘိလပ္ေျမႏွင့္ သဲ၏အခ်ိဳးမွာ အေလးခ်ိန္အခ်ိဳး 1:2 မွ 1:3အထိျဖစ ္
ပါသည္။ site ထဲတြင္ အေလးခ်ိန္စစ္ေဆးရန္ မျဖစ္နိဳင္ေပ။ ထုိ ့ေၾကာင့္ ဘိလပ္ေျမႏွင့္ သဲတို ့၏ ယူနစ္ 
အေလးခ်ိန္ႏွင္ ့အရည္အေသြးတုိင္းတာမႈကုိ ေရပုံးက့ဲသုိ ့ေသာ ရိုးရွင္းသည့္ပစၥည္းျဖင့္တုိင္းတာရန္ လိုအပ္ 
ပါသည္။ ကုန္းနီေက်းရြာ ကမ္းပါးေဆာက္လုပ္ေရးတြင္ ဘိလပ္ေျမ (၁)ပံုး၊ သဲ(၃)ပံုးအခ်ိဳးကုိအသုံးျပဳခ့ဲပါ 
သည္။ ဘိလပ္ေျမႏွင့္သဲကုိ ေရျဖင့္ေရာရမည္ျဖစ္ၿပီး ေရပမာဏကုိမူ သတ္မွတ္မထားပဲ မိမိ၏အေတြ ့အၾကံဳ 
ျဖင့္အသုံးျပဳနိဳင္ပါသည္။ 

ျမန္မာနိဳင္ငံတြင္ အမ်ားအားျဖင့္ ဘိလပ္ေျမေဖ်ာ္စပ္မႈကုိလူျဖင့္ေဖ်ာ္စပ္ၾကပါသည္။ ကုန္က်စရိတ္ေၾကာင့္ 
သစ္ေတာဦးစီးဌာန၏ ယခုအႀကိမ္ ေဆာက္လုပ္ေရးအတြက္  အဆုိပါလူအားျဖင့္ေဖ်ာ္စပ္သည့္နည္းသည္ 
သင့္ေတာ္ပါသည္။ သုိ ့ေသာ္လည္း ဘိလပ္ေျမေဖ်ာ္စက္၏ လုပ္ငန္းၿပီးေျမာက္မႈႏွင္ ့အဂၤေတ အရည္အေသြး 
မွာ လက္ေဖ်ာ္ထက္ပုိေကာင္းပါသည္။ ထုိ ့ေၾကာင့္ ဘိလပ္ေျမေဖ်ာ္စက္ အသုံးျပဳရန္ အၾကံျပဳပါသည္။ 

2) ပန္းရံလုပ္ငန္း 

ပထမဦးစြာေအာက္ေျခအနက္ကုိ အဂၤေတျဖင့္ ၅စင္တီမီတာ မွ ၁၀ စင္တီမီတာအၾကား ျပင္ဆင္ထားရမည္။ 
ထို ့ေနာက္ ေက်ာက္တုံးမ်ားကုိ ေအာက္ေျခတြင္စီထားရမည္ ေက်ာက္တုံးမ်ားအၾကား ဟေနေသာ ေနရာ 
မ်ားကုိ အဂၤေတျဖင့္ျဖည့္ေပးရမည္ျဖစ္ၿပီး ေက်ာက္တုံးကုိ အဂၤေတထဲထည့္စီျခင္းမဟုတ္ေပ။ ပန္းရံလုပ္ငန္း 
၏ပံုကုိ ေအာက္တြင္ေဖာ္ျပထားပါသည္။ 

 

ဇစ္ျမစ္ - JICA ကၽြမ္းက်င္ပညာရွင္အဖြဲ ့ (2020) 

ပုံ 3.7-3 ပန္းရံ/အဂၤေတလုပ္ငန္း (ႏုန္းထိန္းတမံ) 

၅၀စင္တီမီတာ အျမင့္ပန္းရံလုပ္ငန္းၿပီးသြားေသာအခါ အဂၤေတသားနပ္ရန္အတြက္အနည္းဆုံး(၁)ရက္ ထား 
ရမည္ျဖစ္ပါသည္။ ေနာက္တစ္ႀကိမ္အဂၤေတလုပ္ငန္းျပန္စေသာအခါ အဂၤေတအသစ္ႏွင့္ကပ္ေစရန္ လက္ရိွ 
အဂၤေတမ်က္ႏွာျပင္ကုိျခစ္ကုတ္ေပးရမည္ျဖစ္ပါသည္။ 

Build up as same

• Basement by cement paste
• Big stones will be spread 
• Spaces big stones will be filled by small stones
• All spaces will be filled by cement paste
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3.7.3 ေရလမ္းေၾကာင္းတည္ေဆာက္ျခင္း 

(1) ေရလမ္းေၾကာင္းေနရာ အတည္ျပဳျခင္း 

ေရလမ္းေၾကာင္းသည္ ႏုန္းထိန္းတမံႏွစ္ခုႏွင့္ ဆက္သြယ္ထားသည္။ ႏုန္းထိန္းတမံႏွစ္ခု အၾကားရိွ ကမ္းပါး 
ၾကမ္းျပင္ကုိ ေက်ာက္တုံးမ်ားျဖင့္ျဖည့္ေပးရမည္။ ေရလမ္းေၾကာင္းစတင္တည္ေဆာက္စဥ္တြင္ ကမ္းပါး 
ၾကမ္းျပင္၏ အက်ယ္ႏွင့္ ဆက္သြယ္မႈကုိ အတည္ျပဳရမည္ျဖစ္ပါသည္။ 

(2) ေရလမ္းေၾကာင္းတူးေဖာ္ျခင္း 

ေရလမ္းေၾကာင္းအတြက္ ေျမသားအေျမာက္အမ်ားတူးထုတ္ရန္မလုိအပ္ေပ။ ေက်ာက္တုံးစီရန္အတြက္ 
ေနရာသန္ ့ရွင္းေရးလုပ္ေပးရံုျဖင့္လံုေလာက္ပါသည္။ ကမ္းပါးၾကမ္းျပင္၏ မ်က္ႏွာျပင္မညီညာၾကမ္းတမ္းေန 
ပါက ညိွေပးရမည္ျဖစ္ပါသည္။ 

(3) ေက်ာက္စီျခင္း 

ပထမဦးစြာ ႏုန္းထိန္းတမံႏွင့္ ဆက္သြယ္သည္ ့ ေရလမ္းေၾကာင္းအိမ္ “socket” ႏွစ္ခု (အေပၚဘက္ႏွင့္ 
ေအာက္ဘက္) တည္ေဆာက္ေပးရမည္။ ထုိ ့ေနာက္ အဓိကအပုိင္းကုိ တည္ေဆာက္ရမည္ျဖစ္ပါသည္။ 

ေအာက္ပါပံုတြင္ေဖာ္ျပထားသည့္အတုိင္း ေထာင့္မွန္စတုဂံပံုေက်ာက္တုံးသည္ စက္လုံးပံုႏွင့္စတုရန္းပုံ 
သ႑ာန္ေက်ာက္မ်ားထက္ပိုေကာင္းပါသည္။ေရလမ္းေၾကာင္း၏ရည္ရြယ္ခ်က္မွာေရးစီးဆင္းမႈကုိ တည့္မတ္ 
ေပးရန္ျဖစ္ပါသည္။ ေရသည္ပထမဦးစြာ ေက်ာက္တံုးမ်ားအၾကားတြင္စီးဆင္းမည္ ထုိ ့ေနာက္ မ်က္ႏွာျပင္ 
ေပၚစီးသြားမည္ျဖစ္ပါသည္။ ထုိ ့ေၾကာင့္ေထာင့္မွန္စတုဂံပံုေက်ာက္တုံးသည္ပိုေကာင္းၿပီး ေက်ာက္တုံးမ်ား 
အၾကားကြက္လပ္ကုိ နည္းနိဳင္သမွ်နည္းေအာင္စီေပးရမည္ျဖစ္ပါသည္။ ေက်ာက္တုံးမ်ား၏ အစြန္းမ်ားသည္ 
ပြတ္တိုက္မႈအားကုိတုိးပြားေစၿပီး ေရလမ္းေၾကာင္းကုိ ၾကံ့ခိုင္ေစပါသည္။ ေက်ာက္စီၿပီးေနာက္တြင္ ေက်ာက္ 
တုံးမ်ား က်စ္လစ္သြားမည္ျဖစ္ပါသည္။  

 

ဇစ္ျမစ္ - JICA ကၽြမ္းက်င္ပညာရွင္အဖြဲ ့ (2020) 

ပုံ 3.7-4 ေက်ာက္စီျခင္းလုပ္ငန္း (ေရလမ္းေၾကာင္း) 

 

 

Water flow

Edges of stones shall 
be fitted each other.
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3.7.4 ေျမေပၚေရလႊဲလမ္းေၾကာင္း တည္ေဆာက္ျခင္း 

(1) ေရလႊဲလမ္းေၾကာင္းေနရာ အတည္ျပဳျခင္း 

အခန္း 3.4.3 (3) တြင္ေဖာ္ျပခဲ့သည့္အတုိင္း ေျမျပင္ေပၚမွေရမ်ား အဆုံးထိစီးဆင္းသြားေစရန္ ေျမေပၚေရ 
လႊဲလမ္းေၾကာင္း၏ နယ္နိမိတ္မ်ဥ္းကုိ ထည့္သြင္း စဥ္းစားရမည္ျဖစ္ပါသည္။ 

(2) ေျမေပၚေရလႊဲလမ္းေၾကာင္း တူးေဖာ္ျခင္း 

ေရလႊဲလမ္းေၾကာင္းသည္ ေျမတူးေဖာ္ရန္သာလုိၿပီး မည္သည့္တည္ေဆာက္မႈမွ်မလုိအပ္ေပ။ တူးေဖာ္ထား 
ေသာ ေျမစာမ်ားကုိ ေျမာင္း၏ႏွစ္ဖက္စလုံးတြင္စုပံုရမည္ျဖစ္ၿပီး ေျမသားက်စ္ေအာင္လုပ္ေပးရမည္ျဖစ္ပါ 
သည္။ 

3.7.5 အပင္စုိက္ပ်ိဳးျခင္း 

(1) စုိက္ပ်ိဳးေရးဧရိယာ 

အပင္မ်ားေပါက္ေရာက္ဖုံးလႊမ္းမႈကို အရိွန္ျမင့္ေပးရန္ အပင္စိုက္ပ်ိဳးျခင္းလုပ္ငန္းကုိ အေကာင္အထည္ 
ေဖာ္ေဆာင္ရြက္ရပါသည္။ စုိက္ပ်ိဳးေရးဧရိယာသည္ ကမ္းပါး၏ေဘးႏွစ္ဖက္စလုံးျဖစ္ပါသည္။ 

(2) သဘာ၀အပင္ စုိက္ပ်ိဳးေရး 

သစ္ပင္မ်ားအစား ျမက္ပင္မ်ားကုိစုိက္ပ်ိဳးရန္အၾကံျပဳပါသည္ အေၾကာင္းမွာ ၄င္းတုိ ့၏ ႀကီးထြားမႈႏွဳန္းႏွင့္ 
အေလးခ်ိန္ေၾကာင့္ျဖစ္ပါသည္။ ေဒသတြင္းအသုံးမ်ားေသာ ျမက္မ်ိဳးစိတ္အခ်ိဳ ့သည ္သဘာ၀အပင္စိုက္ပ်ိဳး 
ေရးအတြက္ ေကာင္းမြန္အဆင္ေျပပါသည္။ 

 

(3) အပင္စုိက္ပ်ိဳးေရး လုပ္ငန္း 

စိုက္ပ်ိဳးပင္မ်ား၏ ၾကားအကြာအေ၀းကုိ ေဒသတြင္းစိုက္ပ်ိဳးၾကေသာစနစ္၏ အကြာအေ၀းအတုိင္း စိုက္ပ်ိဳး 
နိဳင္ပါသည္။ ၂၀၁၉ခုႏွစ ္ ကုန္းနီေက်းရြာ ကမ္းပါးေဆာက္လုပ္ေရး၏ ျမက္စိုက္ပ်ိဳးမႈ အကြာအေ၀းကုိ 
ေအာက္တြင္ေဖာ္ျပထားပါသည္။ 

  
ဇစ္ျမစ္ - JICA ကၽြမ္းက်င္ပညာရွင္အဖြဲ ့ (2020) 

ပုံ 3.7-5 ျမက္စုိက္ပ်ိဳးေရး ၾကားအကြာအေ၀း (Vetiver ျမက္: Chrysopogon zizanioides) 

 

3m (10ft)

1.5m (5ft)

0.5m (1.7ft)
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3.7.6 Demobilization/ ျပန္လည္သိမ္းဆည္းျခင္း 

(1) ယာယီတဲ ဖယ္ရွားျခင္း 

ေဆာက္လုပ္ေရးလုပ္ငန္းၿပီးဆုံးၿပီးေနာက္ က်န္ရွိေသာပစၥည္းမ်ား (ေက်ာက္၊သဲ၊ဘိလပ္ေျမ)ကုိ အျခား 
ေဆာက္လုပ္ေရးလုပ္ငန္းမ်ားတြင္ ျပန္လည္အသုံးျပဳနိဳင္ပါသည္။ ယာယီတဲအတြက္အသုံးျပဳေသာ ၀ါးမ်ား 
ကုိ site အနီး လုံျခံဳသည့္ေနရာမ်ားတြင္ ခ်န္ထားရမည္ျဖစ္ပါသည္။ 

(2) site သန္ ့ရွင္းေရးလုပ္ျခင္း 

Site အားလုံးသန္ ့ရွင္းေရးလုပ္ရမည္ျဖစ္ၿပီး က်န္ခဲ့ျခင္းမရွိေစရ။ 

3.8 (အခန္း ၈) စစ္ေဆးျခင္း 

ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရးအစီအမံတြင္ 1) အရည္အေသြးစစ္ေဆးျခင္းႏွင့္ 2)တုိးတက္မႈအေျခအေန စစ္ေဆး 
ျခင္းဟူ၍ စစ္ေဆးမႈပုံစံ (၂)မ်ိဳးရိွပါသည္။ အရည္အေသြးစစ္ေဆးျခင္းတြင္ အဓိကအားျဖင့္ ပစၥည္းမ်ား၏ 
အရည္အေသြးကုိစစ္ေဆးၿပီး တုိးတက္မႈအေျခအေနစစ္ေဆးျခင္းတြင္ ေျမတူးေဖာ္သည့္လုပ္ငန္းႏွင့္ 
အဂၤေတလုပ္ငန္း (သုိ ့)ေက်ာက္စီလုပ္ငန္းမ်ား၏ ၿပီးစီးမႈအတုိင္းအတာကုိ စစ္ေဆးျခင္းျဖစ္သည္။ 

3.8.1 အရည္အေသြးစစ္ေဆးျခင္း 

ကမ္းပါးၿပိဳမႈထိန္ခ်ဳပ္ေရးအတြက္ အဓိကပစၥည္းမ်ားမွာ ေက်ာက္၊ သဲႏွင့္ ဘိလပ္ေျမတုိ ့ျဖစ္ပါသည္။ အဆုိပါ 
ပစၥည္းမ်ား၏ အရည္အေသြးသတ္မွတ္ခ်က္ကုိ ေရာင္းခ်သူႏွင့္ညိွႏွိဳင္းသတ္မွတ္ရမည္ျဖစ္ၿပီး ပစၥည္းမွာယူ 
ရာတြင္လည္း စည္းကမ္းသတ္မွတ္ထားရမည္ျဖစ္ပါသည္။ ပစၥည္းပုိ ့ေပးသည့္အခါ စီမံကိန္းမွအရည္အေသြး 
စစ္ေဆးရပါမည္။ အကယ္၍ပစၥည္း၏အရည္အေသြးသည္ သတ္မွတ္ထားေသာ အရည္အေသြးမျပည့္မီ 
ပါက ေရာင္းခ်သူမွအဆုိပါပစၥည္းမ်ားကုိ ျပန္သယ္သြားရမည္ျဖစ္သက့ဲသို ့ အျခားအရည္အေသြးျပည့္ 
ပစၥည္းကုိ ျပန္လည္ပို ့ေဆာင္ေပးရမည္ျဖစ္ပါသည္။  

ပစၥည္းမွာယူရာတြင္ ခန္ ့မွန္းတြက္ခ်က္ထားသည့္အရည္အတြက္ျဖင့္မွာယူရမည္ျဖစ္ေသာ္လည္း အမွန ္
တကယ္ပစၥည္းလက္ခံရရွိမႈသည္ေျပာင္းလဲနိဳင္ပါသည္။ အထူးသျဖင့္ ေက်ာက္ႏွင့္သဲပမာဏ ျဖစ္ပါသည္။ 
အကယ္၍အဆုိပါပစၥည္းသုံးစြမဲႈပမဏသည္ ပိုမ်ားပါက လုိအပ္သည့္ပမာဏကုိ ထပ္မံမွာယူရမည္ျဖစ္ၿပီး 
သုံးစြဲမႈပမာဏ ေလ်ာ့နည္းပါက မွာယူသည့္ပမဏေလ်ာ့ရမည္ျဖစ္ပါသည္။ ထုိအေျခအေနမ်ိဳးတြင္ ေက်ာက္ 
ႏွင့္သဲတုိ ့ပိ ု ့ေပးသည့္အခါ အရည္အတြက္ကုိသာမက လက္ခံရရွိသည့္ပစၥည္းမ်ား၏အရည္အေသြးကုိပါ 
မွတ္သားထားရမည္ျဖစ္ပါသည္။ ေက်ာက္၊ သဲႏွင္ ့ဘိလပ္ေျမတုိ ့၏ အရည္အေသြးလုိအပ္ခ်က္ကို ေအာက္ 
တြင္ ေဖာ္ျပထားပါသည္။ 

(1) ေက်ာက္ 

ေရလမ္းေၾကာင္းႏွင့္ အဂၤေတလုပ္ငန္းအတြက္လုိအပ္ေသာေက်ာက္အရြယ္အစားမွာ အခ်င္း ၆ေပ မွ ၉ေပ 
(15စင္တီမီတာ မွ 22 စင္တီမီတာ)အထိျဖစ္ပါသည္။ 

(2) သဲ 

ပန္းရံလုပ္ငန္းအတြက္ သဲအရြယ္အစားမွာ ၅မီလီမီတာေအာက္ေသးငယ္ရမည္ျဖစ္ပါသည္။ ထုိ ့ ေၾကာင့္ site 
ထဲသို ့သဲပုိ ့ေပးသည့္အခါ အရြယ္အစားစစ္ေဆးရမည္ျဖစ္ပါသည္။ ထို ့ျပင္သဲသည္ လံုလုံေလာက္ 
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ေလာက္ေျခာက္ေသြ ့ရမည္ျဖစ္ပါသည္။ သို ့ရာတြင္ျမန္မာနိဳင္ငံရွိ ေတာင္သဲမ်ားတြင္ ပိုႀကီးေသာအရြယ္မ်ား 
ပါ၀င္မႈမ်ားပါသည္။ ထုိ ့ေၾကာင့္ ေတာင္သဲကုိ၀ယ္ယူသုံးစြရဲပါက ေလးေလးနက္နက္ စစ္ေဆးနိဳင္မည္ဟု 
မေမွ်ာ္လင့္ေပ။  

(ေတာင္သဲႏွင့္ ျမစ္သဲ) 

ေတာင္သဲ (ေတာင္ေျခရွိ သဲမုိင္း)တြင္ ၅မီလီမီတာထက္ႀကီးေသာ ေက်ာက္ေသးမ်ားအေျမာက္အမ်ား ပါ၀င္ 
ပါသည္။ ထုိ ့ေၾကာင့္ ေတာင္သဲကုိ၀ယ္ယူသုံးစြပဲါက ေအာက္ပါပံုတြင္ေဖာ္ျပထားသည့္အတုိင္း အရြယ္အစား 
ႀကီးေသာေက်ာက္ခမဲ်ားစစ္ထုတ္ရန္ ဆန္ခါခ်ေပးရပါမည္ျဖစ္ပါသည္။  

 

ဇစ္ျမစ္ - JICA ကၽြမ္းက်င္ပညာရွင္အဖြဲ ့ (2020) 

ပုံ 3.8-1 သဲဆန္ခါခ်ျခင္း (၂၀၁၉ ခုႏွစ္၊ ကုန္းနီ ကမ္းပါးေဆာက္လုပ္ေရး) 

အျခားသဲအမ်ိဳးအစားတစ္ခုမွာ ျမစ္သဲျဖစ္ပါသည္။ ျမစ္သဲသည္ ျမစ္မွအမ်ားဆုံးထုတ္ယူေသာသဲျဖစ္သည္။ 
အရြယ္အစားမွာ ေတာင္သဲထက္ေသးငယ္ၿပီး ဆန္ခါခ်ရန္မလုိအပ္ေပ။ သုိ ့ေသာ္လည္း ျမစ္သဲေစ်းႏွဳန္း 
သည္ ေတာင္သဲ၏ဆန္ခါခ်ၿပီးေစ်းႏွဳန္းထက္ ပိုမ်ားပါသည ္ အေၾကာင္းမွာ အလုပ္သမားခသက္သာေသာ 
ေၾကာင့္ျဖစ္သည္။ အကယ္၍ေဆာက္လုပ္ေရးပမာဏသည္ေသးငယ္(သုိ ့)တုိးေတာင္းၿပီး အလုပ္သမား 
အလုံအေလာက္ ရွာမရပါက ျမစ္သဲအသုံးျပဳရန္အၾကံျပဳပါသည္။  

(3) ဘိလပ္ေျမ 

သာမန္အားျဖင့္ ဘိလပ္ေျမ၏အရည္အေသြးသည္ ထုတ္လုပ္သူ၏အသိအမွတ္ျပဳလက္မွတ္ျဖင့္ အာမခံခ်က္ 
ေပးသည္။ ျမန္မာနိဳင္ငံတြင္ အဆုိပါလက္မွတ္မ်ိဳး တြင္တြင္က်ယ္က်ယ္အသုံးမျပဳေပ။ အသိအမွတ္ျပဳ 
လက္မွတ္အစား ယုံၾကည္စိတ္ခ်ရေသာ အမွတ္တံဆိပ္အခ်ိဳ ့ကို အသုံးျပဳၾကပါသည္။ 

3.8.2  တုိးတက္မႈ စစ္ေဆးျခင္း 

ႏုန္းထိန္းတမံ၊ ေရလမ္းေၾကာင္းႏွင့္ ေရလႊဲလမ္းေၾကာင္းတုိ ့၏ အေျခအေနမ်ားသည္ အခ်ိန္ႏွင့္အမွ် ေျပာင္း 
လဲပါသည္။ အထူးသျဖင့္ ႏုန္းထိန္းတမံ တည္ေဆာက္ၿပီးသည့္အခါ ၄င္း၏ေျမေအာက္အစိတ္အပုိင္းမ်ားကုိ 
မျမင္နိဳင္ေပ။ ထုိ ့ေၾကာင့္ တစ္ဆင့္ခ်င္းစစ္ေဆးရမည္ျဖစ္ပါသည္။  စစ္ေဆးမႈ၏ရလဒ္ကုိ ပံုၾကမ္းႏွင့္တကြ 
ေန ့စဥ္အစီရင္ခံစာတြင္ေဖာ္ျပရပါမည္။ အဆုိပါပုံၾကမ္းကုိ စာတမ္း၏ ေနာက္အပုိင္းတြင္ေဖာ္ျပထားပါသည္။ 

Use sand
for masonry

Sieved
big size sand

Sieving net
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(1) ႏုန္းထိန္းတမံ 

1) ေျမတူးလုပ္ငန္းကုိစစ္ေဆးျခင္း 

ေျမတူးၿပီးသည့္အခါ ေအာက္ေျခအတုိင္းအတာ၊ level တုိ ့ကုိ ဓါတ္ပံုႏွင့္တကြ စစ္ေဆးရမည္ျဖစ္ပါသည္။ 
ေအာက္ပါပံုတြင္ျပထားသည့္အတုိင္း အေဆာက္အအုံ တုိင္းတာမႈ(တိုင.္.စသည္ျဖင့္) လည္းလုိအပ္ပါသည္။  

 

ဇစ္ျမစ္ - JICA ကၽြမ္းက်င္ပညာရွင္အဖြဲ ့ (2020) 

ပုံ3.8-2 ႏုန္းထိန္းတမံ၏ ေျမတူးျခင္းလုပ္ငန္း စစ္ေဆးျခင္း (2019 ကုန္းနီေက်းရြာေဆာက္လုပ္ေရး) 

2) ပန္းရံလုပ္ငန္း စစ္ေဆးျခင္း 

ပန္းရံလုပ္ငန္း ၅၀ စင္တီမီတာ ၿပီးသြားေသာအခါ ၄င္း၏အတုိင္းအတာႏွင့္ ပန္းရံလုပ္ငန္းအေျခအေနကုိ 
ဓါတ္ပံုႏွင့္တကြ စစ္ေဆးရမည္ျဖစ္ပါသည္။ 

 

ဇစ္ျမစ္ - JICA ကၽြမ္းက်င္ပညာရွင္အဖြဲ ့ (2020) 

ပုံ 3.8-3 ႏုန္းထိန္းတမံ၏ ပန္းရံလုပ္ငန္းကုိ စစ္ေဆးျခင္း(2019 ကုန္းနီေက်းရြာ ေဆာက္လုပ္ေရး) 

(2) ေရလမ္းေၾကာင္း 

ေက်ာက္စီလုပ္ငန္းလုပ္ေဆာင္စဥ္အတြင္း ေက်ာက္စီခ်ထားမႈကုိ ဂရုတစ္စိုက္စစ္ေဆးရမည္။ ေက်ာက္မ်ား 
အၾကား အဟႏွင္ ့ၾကံခိုင္မႈကုိစစ္ေဆးရမည္။ လုပ္ငန္းၿပီးသြားေသာအခါ socket အရြယ္အစား၊ အလ်ား၊ အနံ 
တုိ ့ကုိစစ္ေဆးၿပီး ေန ့စဥ္အစီရင္ခံစာတြင္ မွတ္သားထားရမည္ျဖစ္ပါသည္။ 

 

Inspection: Basement level Inspection: Basement dimension

Inspection: Leve & Dimension
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(3) ေရလႊဲလမ္းေၾကာင္း 

ေရလႊဲလမ္းေၾကာင္းတူးေဖာ္ၿပီးပါက အလ်ား၊ အနံ၊ အနက္ တုိ ့ကုိစစ္ေဆးၿပီး ေန ့စဥ္အစီရင္ခံစာတြင္ မွတ္ 
သားထားရမည္ျဖစ္ပါသည္။ 

3.9 (အခန္း ၉) ေဆာက္လုပ္ေရး၏ မွတ္တမ္း 

ေဆာက္လုပ္ေရးအတြက္လုိအပ္ေသာမွတ္တမ္းမ်ားမွာ 1) ေန ့စဥ္အစီရင္ခံစာ၊ 2) ေဆာက္လုပ္ေရး အစီ 
အစဥ္ဇယား၏ ေအာင္ျမင္မႈ၊ 3) ဒီဇိုင္းေျပာင္းလဲမႈမွတ္တမ္းႏွင့္ 4) as build drawing တုိ ့ျဖစ္ၾကပါ သည္။ 

3.9.1 ေန ့စဥ္အစီရင္ခံစာ 

ေနာက္ဆက္တြ ဲ (၉)တြင္ေဖာ္ျပထားသည့္အတုိင္း လုပ္ငန္းအားလုံးႏွင့္ ပစၥည္းေရာက္ရွိမႈပမာဏ(သုိ ့) 
ပစၥည္းသုံးစြမဲႈပမာဏကုိ ေန ့စဥ္အစီရင္ခံစာတြင္ မွတ္တမ္းတင္ရမည္ျဖစ္ပါသည္။ ေန ့စဥ္အစီရင္ခံစာတြင္ 
ပါ၀င္ေသာအရာမ်ားမွာ 1) အေျခခံသတင္းအခ်က္အလက္(ရက္စြဲ၊ေနရာ၊ ေဆာက္လုပ္ေရးလုပ္ငန္းအမည္၊ 
ရာသီဥတု…စသည္ျဖင့္)၊ 2) လုပ္ငန္းအမ်ိဳးအစား၊ 3) အလုပ္သမားမ်ား၏ သတင္းအခ်က္အလက္၊ 4) 
ပစၥည္းေရာက္ရွိမႈ သတင္းအခ်က္အလက္ႏွင့္ 5) စစ္ေဆးျခင္းအပါအ၀င္ လုပ္ငန္းမ်ား၏ ပံုၾကမ္းမ်ား စသည ္
တုိ ့ျဖစ္ပါသည္။ 

3.9.2 ေဆာက္လုပ္ေရး အစီအစဥ္ဇယား၏ ႀကိဳတင္အစီအမံႏွင့္ေအာင္ျမင္မႈ (plan & achievement) 
ကုိႏိွဳင္းယွဥ္ျခင္း 

ေဆာက္လုပ္ေရး အစီအစဥ္ဇယားကုိ bar-chart ျဖင့္ျပင္ဆင္ေရးဆြဲထားပါသည္။ chart တြင္ စေကး(၃)မ်ိဳး 
ရွိပါသည္။ i) အေဆာက္အအုံတစ္ခုအတြက္ ေဆာက္လုပ္ေရး အစီအစဥ္ ဇယား၊ ii) အေဆာက္အအုံ အမ်ား 
အတြက္ ေဆာက္လုပ္ေရး အစီအစဥ္ဇယားႏွင့္ iii) Mobilization, Demobilization တုိ ့အပါအ၀င္ အလုံးစုံ 
ေဆာက္လုပ္ေရး အစီအစဥ္ဇယား တုိ ့ျဖစ္ၾကပါသည္။ ၄င္းတုိ ့ကုိ ေဆာက္လုပ္ေရးလုပ္ငန္းမစတင္မီကပင္ 
ႀကိဳတင္ျပင္ဆင္ထားရမည္ျဖစ္ပါသည္။ 

ေဆာက္လုပ္ေရးလုပ္ငန္းစတင္ေသာအခါ ႀကိဳတင္စီမံထားသည့္လုပ္ငန္းပမာဏသည္ အမွန္တကယ္ 
လုပ္ငန္းပမာဏႏွင့္ ကြလဲႊဲနိဳင္ပါသည္။ သုိ ့ျဖစ္၍ ေဆာက္လုပ္ေရးလုပ္ငန္း ၿပီးဆုံးသည္အထိ ႀကိဳတင္ 
စီမံထားမႈႏွင့္ အမွန္တကယ္တုိးတက္မႈအၾကားႏိွဳင္းယွဥ္ခ်က္ကုိ အေျခခံကာ ေဆာက္လုပ္ေရးလုပ္ငန္း၏ 
တုိးတက္မႈအေျခအေနကုိ တြက္ခ်က္ရမည္ျဖစ္ပါသည္။ ထုိ ့ေၾကာင့္ လုပ္ငန္းတုိးတက္မႈကို စီမံခန္ ့ခြဲနိဳင္ 
ရန္အတြက္ ေန ့စဥ္တိုးတက္မႈအေျခအေနကုိ bar-chart ဇယားတြင္ မွတ္သားထားရန္ အလြန္အေရးႀကီး 
ပါသည္။ ေနာက္ဆက္တြ(ဲ၁၀)တြင္ ေဆာက္လုပ္ေရး အစီအစဥ္ ဇယား၏ နမူနာပံုစံကုိ ေဖာ္ျပထား ပါသည္။ 

3.9.3  ဒီဇုိင္းေျပာင္းလဲမႈ မွတ္တမ္း 

ဒီဇုိင္း drawing မ်ားကုိျပင္ဆင္ရာတြင္ မ်ားေသာအားျဖင့္ ၾကမ္းျပင္ေက်ာင္ေဆာင္ကုိ ေဖာက္ထြင္းတုိင္း 
တာ(boring survey) အတည္ျပဳၿပီးမွ ဒီဇိုင္းျပင္ဆင္ျခင္းမဟုတ္ေသာေၾကာင့္ မွန္းဆခ်က္အခ်ိဳ  ့ပါ၀င္ပါ 
သည္။ ထုိ ့ေၾကာင့္ မွန္းဆထားသည့္အခ်က္အလက္မ်ားကုိ စစ္ေဆးရမည္ျဖစ္ၿပီး ကြလဲႊဲမႈမ်ားအား မွတ္သား 
ထားရပါမည္။ ဒီဇိုင္းႏွင့္ အမွန္တကယ္အေျခအေနအၾကားကြလဲႊဲခ်က္ကုိအေျခခံ၍ ဒီဇိုင္းမ်ားကုိ ျပန္လည္ျပဳ 
ျပင္ရပါမည္။ ေနာက္ဆက္တြ ဲ(၁၁)တြင္ ဒီဇိုင္းေျပာင္းလဲမႈမွတ္တမ္းပံုစံကို ေဖာ္ျပထားပါသည္။ 
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3.9.4 As build drawing 

ေဆာက္လုပ္ေရးလုပ္ငန္းၿပီးဆုံးသြားေသာအခါ ၿပီးစီးသြားသည့္ အေဆာက္အအုံ၏ ဒီဇိုင္း drawing ကုိ “as 
build drawing”အျဖစ္ ျပန္လည္ျပဳျပင္မြမ္းမံရပါသည္။ အဆုိပါ “as build drawing” ကုိ ေနာင္တစ္ခ်ိန္ 
ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရးအစီအမံမ်ား ေကာင္းေကာင္းအလုပ္မလုပ္သည့္အခါ (သုိ ့) ပ်က္စီးသြားသည့္အခါ 
တြင္ အသုံးျပဳရမည္ျဖစ္ပါသည္။ ထိုက့ဲသုိ ့ျဖစ္ရေသာအေၾကာင္းရင္းကုိသိနိဳင္ရန္ site ထဲတြင္ “as build 
drawing” ႏွင့္ စစ္ေဆးရမည္ျဖစ္ပါသည္။ အေဆာက္အအုံအားလုံးတြင္ အဆုိပါေကာင္းက်ိဳးႏွင့္ ဆုိးက်ိဳး 
ႏွစ္မ်ိဳးစလုံးရိွပါသည္။ အဆုိပါေကာင္းက်ိဳး၊ ဆုိးက်ိဳးအခ်က္အလက္မ်ားကုိ ပုိမုိေကာင္းမြန္ေသာ စီစဥ္ျပင ္
ဆင္မႈမ်ား၊ ဒီဇိုင္းႏွင့္ တည္ေဆာက္ေရးလုပ္ငန္းမ်ားတြင္ အသုံးျပဳသြားရမည္ျဖစ္ပါသည္။ ေနာက္ဆက္တြဲ 
(၁၂)တြင္ “as build drawing” ပံုစံကုိေဖာ္ျပထားပါသည္။ 

3.10 (အခန္း ၁၀) ေစာင့္ၾကည့္ေလ့လာျခင္းႏွင့္ ျပဳျပင္ထိန္းသိမ္းျခင္း 

ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရး အေဆာက္အအုံမ်ား၏ဒီဇိုင္းမ်ားကုိ ယူဆခ်က္အခ်ိဳ ့အေပၚအေျခခံကာေရးဆြခဲဲ့ပါ 
သည္။ တစ္ခါတစ္ရံခန္ ့မနွ္းထားသည္ထက္ ပုိ၍မုိးႀကီးနိဳင္ပါသည္။ ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရး အေဆာက္ 
အအုံမ်ားသည္ အျခားအေဆာက္အအုံမ်ားႏွင့္ မတူပထိဲခိုက္ပ်က္စီးနိဳင္ၿပီး ေရရွည္အသုံးျပဳနိဳင္ရန္အတြက္ 
ျပဳျပင္ရန္လုိအပ္ပါသည္။ ထုိ ့ျပင္ တစ္ခါတစ္ရံေမွ်ာ္လင့္မထားသည့္ ျပင္ပအေၾကာင္းရင္းမ်ားေၾကာင့္ ျပန္ 
လည္တည္ေဆာက္ရန္လုိအပ္သည္အထိရိွလာနိဳင္ပါသည္။ ျမန္မာနိဳင္ငံတြင္ ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရးသည္ 
ၿပီးျပည့္စံုမႈမရိွေသးပဲ မသိေသးေသာ အေၾကာင္းရင္းမ်ား မ်ားစြာရွိပါသည္။ ထုိ ့ေၾကာင့္ အေဆာက္အအုံ 
ေဆာက္လုပ္ေရးလုပ္ငန္းမ်ားအေပၚ ေစာင့္ၾကည့္ေလ့လာျခင္းသည္ i)ေရရွည္အသုံးျပဳရန္အတြက္ အ 
ေဆာက္အအုံမ်ား၏အေနအထားကုိ အေကာင္းဆုံးထိန္းသိမ္းရန္ႏွင့္ ii) အနာဂတ္တြင္ အစီအစဥ္ေရးဆြဲ 
ျခင္း၊ ဒီဇိုင္းႏွင့္ေဆာက္လုပ္ျခင္းလုပ္ငန္းမ်ားအတြက္ နည္းပညာမ်ားတုိးတက္လာေစရန္အတြက္ အေရးႀကီး 
ပါသည္။ 

3.10.1 ေစာင့္ၾကည့္ေလ့လာေရး အစီအစဥ္ 

အေျခခံအားျဖင့္ ေစာင့္ၾကည့္ေလ့လာေရးကုိ တစ္ႏွစ္တစ္ႀကိမ္ေဆာင္ရြက္ပါသည္။  

ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရး အေဆာက္အအုံမ်ားသည္ မိုးရာသီတြင္ မိုးသည္းထန္စြာရြာသြန္းျခင္း မိုးရာသီၾကာ 
ျမင့္ျခင္းေၾကာင့္ ထိခိုက္ပ်က္စီးသည့္ အႏၱရာယ္ရွိလာနိဳင္ပါသည္။ ထုိ ့ေၾကာင့္ မိုးရာသီၿပီးလ်င္ အေဆာက္ 
အအုံ၏အေျခအေနကုိစစ္ေဆးရမည္ျဖစ္ၿပီး ထိခုိက္ပ်က္စီးမႈအခ်ိဳ ့ရွိပါက ေနာင္လာမည့္မိုးရာသီအတြက္ 
ႀကိဳတင္ျပင္ဆင္သည့္အေနျဖင့္ ျပဳျပင္ရမည္ျဖစ္ပါသည္။  

ဤစာတမ္းတြင္ အၾကံျပဳထားေသာ တန္ျပန္မႈအစီအမံမ်ားသည္ ႀကီးမားခက္ခေဲသာအေဆာက္အအုံမ်ား 
အတြက္မဟုတ္ေပ အဘယ္ေၾကာင့္ဆုိေသာ္ အေဆာက္အအုံမ်ား၏အဓိကရည္ရြယ္ခ်က္မွာ သဘာ၀ေပါက္ 
ပင္မ်ားမွ သဘာ၀အေလ်ာက္ျပန္လည္ေပါက္ေရာက္ဖံုးလႊမ္းနိဳင္သည့္စြမ္းအားကုိ အေထာက္အကူျပဳေစရန္ 
ျဖစ္ပါသည္။ ဤအခ်က္သည္ ကၽြမ္းက်င္ပညာရွင္မ်ားအားလုံးမွ ျပႆနာမ်ားကုိ မည္ကဲ့သုိ ့ေျဖရွင္းရမည္ကို 
ထည့္သြင္းစဥ္စားၾကသည့္အေရးႀကီးဆုံးအခ်က္တစ္ခ်က္ျဖစ္ပါသည္။ ဘတ္ဂ်က္အေျမာက္အမ်ားရနိဳင္ပါက 
ကမ္းပါးအားလုံး၏ေလွ်ာေစာက္မ်ား၊ ကမ္းပါးၾကမ္းျပင္၊ ကမ္းပါးထိပ္၀တုိ ့ကုိ ျဖတ္ထုတ္ၿပီး ကြန္ကရစ္ျဖင့္ 
ေဆာက္လုပ္နိဳင္ပါသည္။ ၄င္းသည္ “scrap & build” ၏သေဘာတရားျဖစ္ၿပီး အေဆာက္အအုံတည္ 
ေဆာက္ျခင္းႏွင့္ အလားသ႑ာန္တူသည္။ သို ့ေသာ္လည္း ဤစာတမ္းတြင္ေဖာ္ျပထားေသာ အေျခခံ 
သေဘာတရား “basic concept” သည္ ဂ်ပန္နိဳင္ငံရိွ ေတာင္ထိန္းသိမ္းေရးလုပ္ငန္းကုိအေျခခံ၍ ျပင္ဆင္ 
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ထားသည့္ အေျခခံသေဘာတရားျဖစ္ပါသည္။ ဤသေဘာတရား၏ နည္းစနစ္မ်ားသည္ အရာအားလုံးကို 
အလုံးစုံထိန္းခ်ဳပ္လုိမႈမရွ ိ (သုိ ့) သဘာ၀တရားကုိသိမ္းပိုက္လုိျခင္းမရိွပ ဲ သဘာ၀ကျပန္လည္နလန္ထူလာ 
နိဳင္စြမ္းရွိသည္ဟုယုံၾကည္ၿပီး ၄င္းကုိအေထာက္အကူျပဳေပးရန္သာ လုိအပ္သည္ဟု ယုံၾကည္ပါသည္။ 
ထုိ ့ျပင ္ အေဆာက္အအုံမ်ားသည္ ကုန္က်စရိတ္အနည္းဆုံးႏွင့္ အက်ိဳးထိေရာက္မႈအမ်ားဆုံးရရိွရန္ ရည္ 
မွန္းထားၾကပါသည္။ အဆုိပါသေဘာတရားကုိ အေျခခံ၍တည္ေဆာက္ေသာ အေဆာက္အအုံမ်ားသည္ 
တစ္ခါတစ္ရံၿပီးျပည့္စုံမႈမရွိပ ဲထိခိုက္ပ်က္စီးမႈမ်ားရိွပါသည္။ ထုိ ့ေၾကာင့္ အေဆာက္အအုံမ်ား ထိခုိက္ပ်က္စီး 
မႈရွိသည္ကုိေတြ ့ရိွပါက ျပဳျပင္ထိန္းသိမ္းျခင္းလုပ္ငန္းလုပ္ေဆာင္ေပးရမည္ျဖစ္သည္။ ထိုသုိ ့ လုပ္ေဆာင္ 
ျခင္းသည္ အေဆာက္အအုံသက္တမ္းကုိၾကာရွည္ေစပါသည္။ ထိခိုက္ပ်က္စီးမႈမ်ားအားေစာင့္ၾကည့္ေလ့လာ 
မႈ လုပ္ေဆာင္ျခင္းမွ ေတြ ့ရွိျခင္းသည္ ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရးႏွင့္ ကမ္းပါးျပန္လည္ေကာင္းမြန္လာေရး 
လုပ္ေဆာင္ရန္အတြက္“ေစာင့္ၾကည့္ေလ့လာေရး”သည္ အေရးႀကီးဆုံးေသာလုပ္ငန္းစဥ္တစ္ရပ္ျဖစ္ေၾကာင္း 
ကုိ ေဖာ္ျပေနပါသည္။ 

 

3.10.2 ေစာင့္ၾကည့္ေလ့လာေရး နည္းလမ္း 

ကၽြမ္းက်င္ပညာရွင္မ်ားမွ အေဆာက္အအုံမ်ား၏ အေျခအေနကုိစစ္ေဆးမည္။ ထုိ ့ေနာက္ အေဆာက္ 
အအုံႏွင့္ “as build drawing” ကိုႏိွဳင္းယွဥ္မည္။ တစ္စံုတစ္ခုကြလဲႊဲေနပါက ျပဳျပင္ရန္လုိ/မလုိကုိ ကၽြမ္းက်င္ 
ပညာရွင္မ်ားက ဆုံးျဖတ္ရန္လုိအပ္ပါသည္။ ေစာင့္ၾကည့္ေလ့လာရမည့္အခ်က္မ်ားမွာ ေအာက္ပါအတုိင္း 
ျဖစ္ၿပီး ၄င္းတုိ ့သည္ ထိခိုက္ပ်က္စီးမႈအျဖစ္မ်ားေသာ အစိတ္အပုိင္းမ်ားျဖစ္ပါသည္။ 

(ႏုန္းထိန္းတမံ) 
1) ႏုန္းထိန္းတမံ၏ေအာက္ဘက္အစြန္းႏွင့္ ေရလမ္းေၾကာင္း၏ ဆက္သြယ္မႈအစိတ္အပိုင္း 
2) ႏုန္းထိန္းတမံ၏ ေတာင္ပံႏွစ္ဖက္စလုံး၊ အထူးသျဖင့္ ေလွ်ာေစာက္ႏွင့္ဆက္သြယ္ထားသည့္အပုိင္းႏွင့္  
3) ႏုန္းထိန္းတမံကုိယ္ထည္ေပၚရွိ အက္ေၾကာင္း 

(ေရလမ္းေၾကာင္း) 
1) ႏုုန္းထိန္းတမံသုိ ့ဆက္သြယ္ထားသည့္အပုိင္း၊ အထူးသျဖင့္ ေရလမ္းေၾကာင္း၏အေပၚဘက္ 
2) ျပဳတ္ထြက္သြားေသာေက်ာက္အေပါက္မ်ား(သုိ ့) မၿငိမ္ေသာေက်ာက္မ်ား 
3) ေဘးႏွစ္ဖက္လံုးႏွင္ ့ေလးေထာင့္ကြက္၏ ေအာက္ဘက္အပုိင္းႏွင့္ 
4) ေရလမ္းေၾကာင္း၏ေဘးႏွစ္ဖက္လုံး 

(ေရလႊဲလမ္းေၾကာင္း) 
1) ေျမဖုိ ့ထားသည့္အပုိင္းႏွင့္ 
2) ေရလႊဲလမ္းေၾကာင္း ေဘးႏွစ္ဖက္လုံး၏ ၿပိဳက်မႈ 

3.10.3 ေစာင့္ၾကည့္ေလ့လာေရး မွတ္တမ္း 

အေဆာက္အအုံမ်ား၏ အေျခအေနကုိစစ္ေဆးစဥ္ ၄င္းအေဆာက္အအုံမ်ား၏ တည္ေဆာက္စဥ္ကာလႏွင့္ 
ေစာင့္ၾကည့္ေလ့လာမႈလုပ္ေဆာင္သည့္ကာလရိွ ဓါတ္ပံုမ်ားကုိႏွိဳင္းယွဥ္နိဳင္ရန္ တူညီသည့္ေနရာမ်ားမွ 
ဓါတ္ပံုရုိက္ယူရမည္ျဖစ္ၿပီး ထိခိုက္ပ်က္စီးမႈ၊ ပ်က္စီးမႈျဖစ္ရသည့္အေၾကာင္းရင္းမ်ား၊ မည္ကဲ့သုိ ့ျပဳျပင္မည္ 
စေသာ နည္းစနစ္အစီအမံမ်ားကုိ ကြင္းဆင္းေဆာင္ရြက္မႈမွတ္စု “Field note” တြင္ မွတ္သားထားရမည္ 
ျဖစ္ပါသည္။ ေစာင့္ၾကည့္ေလ့လာမႈ၏ ရလဒ္မ်ားကုိ ေစာင့္ၾကည့္ေလ့လာမႈအစီခံစာအတြက္ အသုံးျပဳမည္ 
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ျဖစ္ပါသည္။ ေနာက္ဆက္တြဲ (၁၃) တြင္ ေစာင့္ၾကည့္ေလ့လာမႈအစီရင္ခံစာ ပံုစံကုိေဖာ္ျပထားပါသည္။ 

 

3.10.4 ျပဳျပင္ထိန္းသိမ္းေရး လုပ္ငန္း 

ထိခိုက္ပ်က္စီးမႈေတြ ့ရွိပါက ျပဳျပင္ရမည္ျဖစ္ပါသည္။ ျပဳျပင္မႈမျပဳလုပ္မီ ထိခိုက္ပ်က္စီးမႈျဖစ္ရသည့္ အ 
ေၾကာင္းရင္းႏွင့္ ေနာင္လာမည့္တည္ေဆာက္ေရးလုပ္ငန္းႏွင့္ ဒီဇိုင္းအတြက္ နည္းစနစ္အစီအမံမ်ားကုိ ထည့္ 
သြင္းစဥ္းစားရမည္။ ထုိသုိ ့လုပ္ေဆာင္ျခင္းျဖင့္ ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရး၏ နည္းစနစ္မ်ား ပုိမိုတိုးတက္လာ 
မည္ျဖစ္ပါသည္။ 

---စာတမ္းၿပီးဆုံးပါၿပီ--- 
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ေနာက္ဆက္တြဲ စာရင္း 
ေနာက္ဆက္တြဲ (၁) ကမ္းပါးအေျခအေနျဖည့္သြင္းျခင္း မွတ္တမ္း(နမူနာပံုစံ) 

 [Field Note Example]: 
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ေနာက္ဆက္တြဲ (၂ ) plan view drawing (ကုန္းနီေက်းရြာ ကမ္းပါးေဆာက္လုပ္ေရး) 
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ေနာက္ဆက္တြဲ (၃) Longitudinal profile (ကုန္းနီေက်းရြာ ကမ္းပါးေဆာက္လုပ္ေရး)

  



ေနာက္ဆက္တြ ဲ
ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရး တန္ျပန္မႈအစီအမံ၏ လုပ္ငန္းစဥ္(မူၾကမ္း) 

 

July 2020 

ေနာက္ဆက္တြဲ (၄) Cross section drawing (ကုန္းနီေက်းရြာ ကမ္းပါးေဆာက္လုပ္ေရး) 
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ေနာက္ဆက္တြ ဲ(၅)  ပစၥည္းပမာဏတြက္ခ်က္မႈစာရြက္ (ကုန္းနီေက်းရြာ ကမ္းပါးေဆာက္လုပ္ေရး) 

 

 

 

Volume Calculation As build

No. 1 Check Dam (improve) 19-06

1. Volume of Masonry

F - block A~E - block

a= 5.1 [m] block area (m2) width (m) Volume

b= 0.2 [m] A 0.21 1.0 0.21

A= 2.0 [m] B 0.24 1.0 0.24

B= 0.4 [m] C 0.33 1.0 0.33

H= 1.5 [m] D 0.36 1.0 0.36

E 0.10 1.0 0.10

V=h6(Ab+aB+2(ab+AB)) subtotal 1.24

V1= 1.52 [m3]

G - block

a= 5.1 [m]

b= 0.2 [m]

A= 2.0 [m]

B= 0.3 [m]

H= 1.0 [m]

V=h6(Ab+aB+2(ab+AB))

V1= 0.86 [m3] A~E+F+G

1.24 + 1.52 + 0.86

= 3.62 [m3]

Volume Calculation As build

No. 2 Check Dam (new) 19-06 No. 3 Check Dam (new) 19-06

1. Volume of Masonry 1. Volume of Masonry

(1) whole structure (1) whole structure

a= 4.5 [m] a= 3.1 [m]

b= 1.0 [m] b= 1.0 [m]

A= 1.7 [m] A= 2.0 [m]

B= 1.8 [m] B= 1.5 [m]

H= 2.0 [m] H= 1.2 [m]

V=h6(Ab+aB+2(ab+AB)) V=h6(Ab+aB+2(ab+AB))

V1= 8.31 [m3] V1= 3.77 [m3]

(2) detection (2) detection

A= 0.27 [m2] A= 0.27 [m2]

Width= (1.0+1.1)/2 Width= (1.0+1.1)/2

1.05 [m] 1.05 [m]

V2= 0.14 [m3] V2= 0.14 [m3]

(3) Volume (3) Volume

V= V1-V2 V= V1-V2

V= 8.17 [m3] V= 3.63 [m3]
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Material Volume Calculation

No. 4 Check Dam (improve) 19-06

1. Volume of Masonry

F - block A~E - block

a= 2.4 [m] block area (m2) width (m) Volume

b= 0.2 [m] A 0.08 1.0 0.08

A= 1.0 [m] B 0.14 1.0 0.14

B= 0.6 [m] C 0.23 1.0 0.23

H= 1.3 [m] D 0.09 1.0 0.09

E 0.01 1.0 0.01

V=h6(Ab+aB+2(ab+AB)) subtotal 0.55

V1= 0.82 [m3]

G - block

a= 2.4 [m]

b= 0.2 [m]

A= 1.0 [m]

B= 0.3 [m]

H= 1.1 [m]

V=h6(Ab+aB+2(ab+AB)) A ~ E + F + G

V1= 0.45 [m3] 0.82 + 0.45 + 0.55

= 1.82 [m3]

Volume Calculation After modification at site

No. 5 Check Dam (new) 19-06 No. 6 Check Dam (new) 19-06 No. 7 Check Dam (new) 19-06

1. Volume of Masonry 1. Volume of Masonry 1. Volume of Masonry

(1) whole structure (1) whole structure (1) whole structure

a= 3.7 [m] a= 2.7 [m] a= 2.7 [m]

b= 0.7 [m] b= 0.7 [m] b= 0.7 [m]

A= 1.0 [m] A= 1.0 [m] A= 1.0 [m]

B= 1.0 [m] B= 1.0 [m] B= 1.0 [m]

H= 1.0 [m] H= 1.0 [m] H= 1.0 [m]

V=h6(Ab+aB+2(ab+AB)) V=h6(Ab+aB+2(ab+AB)) V=h6(Ab+aB+2(ab+AB))

V1= 1.93 [m3] V1= 1.53 [m3] V1= 1.53 [m3]

(2) detection (2) detection (2) detection

A= 0.13 [m2] A= 0.13 [m2] A= 0.13 [m2]

Width= (0.7+0.7)/2 Width= (0.7+0.7)/2 Width= (0.7+0.7)/2

0.7 [m] 0.7 [m] 0.7 [m]

V2= 0.05 [m3] V2= 0.05 [m3] V2= 0.05 [m3]

(3) Volume (3) Volume (3) Volume

V= V1-V2 V= V1-V2 V= V1-V2

V= 1.88 [m3] V= 1.48 [m3] V= 1.48 [m3]



ေနာက္ဆက္တြ ဲ
ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရး တန္ျပန္မႈအစီအမံ၏ လုပ္ငန္းစဥ္(မူၾကမ္း) 

 

July 2020 

ေနာက္ဆက္တြ ဲ(၅)  ပစၥည္းပမာဏတြက္ခ်က္မႈစာရြက္ (ကုန္းနီေက်းရြာ ကမ္းပါးေဆာက္လုပ္ေရး) 

 

  

Material Volume Calculation

No. 1 Gully head protection 19-06 As build

1. Volume of Masonry

A ~ C - block

L= 3.8 + (1.1+0.9)/2 4.8 [m]

A= 0.45+0.14+0.45 1.04 [m]

V= 4.99 [m3]

D - block

A= 0.17 [m2]

L= 1.1 + 1.1 2.2 [m]

V= 0.37 [m3]

Apron

A= 1.4 * 0.2 0.28 [m2]

L= 3.8 [m]

V= 1.06 [m3]

Girdle

a= 1.7 [m]

A= 0.3 [m]

b= 1.7 [m] Total volume of Masonry

B= 0.45 [m] A~C + D + Apron + Girdle

H= 0.5 [m] 6.74 [m3]

V=h6(Ab+aB+2(ab+AB))

V1= 0.32 [m3]
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Volume od Water Channel As build

Dry Stone

No. L (m) W (m) D (m) A (m2) V (m3) avg. W (m) Total L Total A Total V

No.1 3.1 1.5 0.15 4.65 0.70 1.5 3.1 4.65 0.70

No.2 5 0.8 0.15 4.00 0.60 1.3 9 12.00 1.80

4 2 0.15 8.00 1.20

No.3 2.6 0.8 0.15 2.08 0.31 0.8 10 8.18 1.23

1.2 0.7 0.15 0.84 0.13

3.2 0.8 0.15 2.56 0.38

3 0.9 0.15 2.70 0.41

No.4 7.6 0.6 0.15 4.56 0.68 0.6 7.6 4.56 0.68

No.5 3.7 1.6 0.15 5.92 0.89 2.2 5.2 11.32 1.70

1.5 3.6 0.15 5.40 0.81

No.6 6.1 0.7 0.15 4.27 0.64 0.7 6.1 4.27 0.64

No.7 17.9 0.7 0.15 12.53 1.88 0.7 17.9 12.53 1.88

8.63

Masonry Girdle

No. L (m) W (m) H (m) V (m3)

No.1 W.C. Girdle 1 1.3 0.3 0.5 0.20

Girdle 2 1.3 0.5

0.2 0

0.75 0.7 0.25 0.13

Subtotal 0.33

No.3 W.C. Girdle 0.8 0.3 0.5 0.12

No.5 W.C. Girdle 1.7 0.3 0.5 0.26

Total 0.71



ေနာက္ဆက္တြ ဲ
ကမ္းပါးၿပိဳမႈထိန္းခ်ဳပ္ေရး တန္ျပန္မႈအစီအမံ၏ လုပ္ငန္းစဥ္(မူၾကမ္း) 

 

July 2020 

ေနာက္ဆက္တြ ဲ(၅)  ပစၥည္းပမာဏတြက္ခ်က္မႈစာရြက္ (ကုန္းနီေက်းရြာ ကမ္းပါးေဆာက္လုပ္ေရး) 

 

Material volume calculation of Masonry Structures (Kon Ni Gully) 2019 As build

(1) Masonry volume

Structure Plnned Volume As-build volume unit Remarks

No.1 check dam 7.92 3.62 [m3]

No.2 check dam 8.94 8.17 [m3]

No.3 check dam 3.63 3.63 [m3]

No.4 check dam 3.98 1.82 [m3]

No.1 gully head protection 3.54 6.74 [m3] Apron was added

No.5 check dam - 1.88 [m3] Consytucted additonally

No.6 check dam - 1.48 [m3] Consytucted additonally

No.7 check dam - 1.48 [m3] Consytucted additonally

No.1 Water channel 0.33 [m3] Girdle

No.3 Water channel 0.12 [m3] Girdle

No.5 Water channel 0.26 [m3] Girdle

total 28.01 29.53 [m3]

Volume of stone, cement, and sand / masonry (for  2.83168 m3)

Stone 3.53961 [m3]

Cement 408.233 [kg]

Sand 0.849505 [m3]

Ratio= 10.42843824 [  29.53 / 2.83168  ]

(2) Material Volume (Asbuild)

(1) Stone = 3.53961 * 10.42843824 36.91 [m3]

(2) Cement = 408.233 * 10.42843824 4,257.23 [kg]

(3) Sand = 0.849505 * 10.42843824 8.86 [m3]

(3) Material volume for purchase (include ross ratio)

Loss ratio= 0.1

Material As-build volume unit

(1) Stone for masonry 36.91 [m3]

     Stone for water channel 8.63 [m3]

     Ston total 45.54 [m3]

(2) Cement 4,257.23 [kg]

(3) Sand 8.86 [m3]

(4) Delivered material

by Calculation

Designed Volume: A Delivered Volume: B Remaining Volume: C = B-A

1) Stone

45.54 [m3]  = 52.77 [m3] 7.23 [m3]

about 1 truck volume was remained actually. ---> 4.5 [m3]

2) Cement 3.8554 [bag]

4,257.23 [kg]  = 4,450 [kg] 192.77 [kg]

about 2 bags (100kg) were remained actually.  ---> 100 [kg]

3) Sand

9.24 [m3]  = 13.22 [m3] 3.98 [m3]

no remaining sand actually.---> 0 [m3]

(5) Comparison between Calculated and Used material (actually)

Item Calculated Volume: A Used Volume: B Ratio (B/A)

Stone 45.54 [m3] 48.27 [m3] 1.06

Sand 9.24 [m3] 13.22 [m3] 1.43

Cement 4,257.23 [kg] 4,350 [kg] 1.02

(6) Proposed loss ratio

Item Loss Ratio

Stone 10%

Sand 40%

Cement 5%

9.24

Planned Valume with 10% loss

38.51

21.00

59.51

4441.91
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Cost estimation of Pilot Activity [Gully erosion control work @ Kon Ni Village]

(1) Material cost

Material Volume unit Purchase unit unit Cost unit Cost unit

Volume (Ks)

(1) Stone 56.43 [m3] 24 [truck] 65,000 [Ks/truck] 1,560,000 [Ks]

(2) Cement 4,441.91 [kg] 89 [bag] 6,200 [Ks/bag] 551,800 [Ks]

(3) Sand 10.04 [m3] 4 [truck] 35,000 [Ks/truck] 140,000 [Ks]

Total Cost 2,251,800 [Ks]

(2) Labor cost

Type
Amount

(md/person)
person/ day

Amount

(md)
unit unit Cost unit Cost unit

Skilled worker (Sr) 30 [md] 12,000 [Ks/md] 360,000 [Ks]

Skilled worker (Jr) 90 [md] 10,000 [Ks/md] 900,000 [Ks]

General worker 358 [md] 8,000 [Ks/md] 2,864,000 [Ks]

Total 4,124,000 [Ks]

(3) Mixer lease cost (include generator, transport, fuel)

Type Amount unit unit Cost unit Cost unit

Mixer 10 [day/set] 30,000 [Ks/set/day] 300,000 [Ks]

(4) Small truck lease (include driver, fuel)

Type Amount unit unit Cost unit Cost unit

Small truck 15 [day/set] 30,000 [Ks/set/day] 450,000 [Ks]

Total Cost

Item Cost unit

(1) Material cost 2,251,800 [Ks] 30.1 %

(2) Labor cost 4,124,000 [Ks] 55.1 %

(3) Mixer lease cost (include generator, transport, fuel) 300,000 [Ks] 4 %

(4) Small truck lease (include driver, fuel) 450,000 [Ks] 6 %

Total 7,125,800 [Ks]

(5) Miscellaneous 7,125,800 5% 356,290 [Ks] 4.8 %

Ground Total 7,482,090 [Ks]

0.00066

4,940 [USD]

0.071

531,000 [JPY]
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Layout of Schedule as planned 
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(1) Layout schedule (result)  
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 (2) Structure construction schedule (result)  
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(3) Detailed structure construction schedule (result) 
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ေနာက္ဆက္တြ(ဲ၁၁) ဒီဇုိင္းေျပာင္းလဲမႈ မွတ္တမ္း (နမူနာပုံစ)ံ 
Design change of No.2 Check Dam on daily report
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July 2020 

ေနာက္ဆက္တြ(ဲ၁၂) As build drawing (နမူနာပုံစ)ံ 
 (1) Plan view drawing
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ေနာက္ဆက္တြ(ဲ၁၂) As build drawing (နမူနာပုံစ)ံ 
 (2) Longitudinal profile 
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ေနာက္ဆက္တြ(ဲ၁၂) As build drawing (နမူနာပုံစ)ံ 
 (3) Structure drawing (No.2 check dam)
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ေနာက္ဆက္တြ(ဲ၁၃) ေစာင့္ၾကည့္ေလ့လာေရး အစီရင္ခံစာ (နမူနာပုံစံ) 

 (1) Monitoring report of each structure 

  

No.1 Water Channel 

Conpletion (End of July 2019) After 6months (15 Feb. 2020) 
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 (2) Detailed monitoring report of major structure (water channel and check dam)
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 (3) Detailed monitoring report of major structure (water diversion channel) 
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