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1 SUMMARY 
Forty-seven households from two of the villages that will be affected by the impoundment of the Nakai 
Reservoir, Ban Sop Hia and Ban Nam Nian, wish to be resettled near to the Khamkerd District Center of 
Lak Sao in Bolikhamxay Province. The Khamkerd District officials have proposed two possible areas for 
village and irrigation development. The areas are adjacent to the small rivers of Houay Sot and Nam Pan and 
both can be reached from the Lak Sao to Nakai Road No. 8B. Bolisat Phattana Khet Phoudoy (BPKP) has 
prepared drawings and a design report for the Houay Sot irrigation scheme. The Khamkerd District 
Agriculture and Forestry Office (DAFO) have prepared a preliminary assessment report on the Nam Pan 
irrigation scheme and have commenced topographical survey. 
 
It is planned to move the two villages no later than 2005. Consequently, for planning purposes, the number 
of households was increased slightly to fifty. An irrigated plot area of 1.5-ha per family has been assumed, as 
these resettlers will have reduced opportunities when compared to the resettlers on the Nakai Plateau. 
Consequently a net irrigation area of 75-ha is required. Taking into account land lost by right of way for 
canals, access tracks, plot boundary berms, high and low spots, etc, the area should be increased by 10 per 
cent and a gross area of 82.5-ha established.  
 
The Houay Sot drawings and design report were reviewed and not considered feasible. The scheme area is 
63-ha and located near to a river, the Nam Phao, that caused considerable flash-flood damage along its banks 
at the end of the last wet season. The scheme requires two fairly large embankment dams, 160 and 150-m 
long and height from streambed to crest of around 16-m, a spillway, two main canals and two secondary 
canals. The estimated cost is US$ 454,116 or US$ 7,208 per hectare. The final cost is likely to be considerably 
more as the spillway design is not good and no dam geotechnical investigations have been undertaken. 
 
The Houay Sot catchment area above the dams is relatively small at 9 km2 and it is unlikely that most years 
there will be discharges during the last few months of the dry season. The relatively high dam heights are 
necessary to raise water levels so that river flow is diverted into the two main canals. Without pumping, none 
of the water stored behind the dams is “live” storage and can be used for irrigation. For the above reasons, it 
is recommended that the Houay Sot Scheme is not pursued further. 
 
The Khamkerd DAFO has recently commenced investigating the Nam Pan scheme. The proposed area is 
located in an undulating area of low hills between mountains to the east and the relatively flat Lak Sao town 
area to the west. The undulations are between 509 masl and hills over 540 masl. The area is mostly mixed 
forest with dense undergrowth with a few areas cleared, assumed by farmers from the nearby existing Ban 
Nam Pan.  
 
The Nam Pan is a larger stream than the Houay Sot with a catchment area of 13.8-km2 above the proposed 
dam site. The area has a good forest cover and the river is perennial but with low end of dry season flows. 
There are a series of narrow winding tracks in the area and the present distance from Road 8B to the 
proposed dam site is about 12-km. 
 
Unfortunately the DAFO preliminary proposal appears to be heading in an expensive direction. The report 
gives brief details of an earth dam 780-m long and 28.7-m high from streambed to crest. The cost is 
estimated between US$ 0.9 to 1.5 million depending on the depth from streambed to an impervious 
foundation and the unit rate used for compacted earth fill (the DAFO unit rate is US$ 2.5/m3 and the Pilot 
Village rate is US$ 1.4/m3). The spillway and main canal intake structure are likely to be expensive as a 
general rule is that the higher the embankment dam, then the higher the cost of these structures. The spillway 
has a greater drop from the crest back to the riverbed and the intake structure has a greater depth from the 
crest to the lower reservoir storage depths. It is assumed that DAFO wish to store as much water as possible 
for maximum area dry season irrigation. 
 
A less expensive option is to: 
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• Do not attempt to create a large reservoir storage volume for dry season irrigation of rice. Assume 
wet season rice and dry season non-rice crops. 

• Do not attempt reservoir storage for all the dry season. The structure is designed to store dry season 
night flows only or perhaps no storage, diversion only. 

• Do not attempted to irrigate land above the 530-masl contour. 
 
Then a dam around 190-m long and 15-m height is required with an indicative cost of around US$ 122,800 
based on a foundation depth of 5-m and unit rate of US$ 2.5/m3 for the compacted fill. 
 
An irregular rectangular shape irrigation area and gravity open channel canal system has been identified. The 
area is about 265-ha but includes fifteen hills of various sizes that cannot be commanded by a canal system at 
a water elevation of about 530-masl. After deducting these areas, plus some more for a swamp area and other 
undulations and steeper slopes, it is considered safer to assume an area of around 150-ha. This is sufficient 
for the Sop Hia and Nam Nian resettled households plus about 67-ha extra. Farmers from Ban Nam Pan 
could use this extra area. 
 
A preliminary canal system has a main canal supplying four secondary canals. These in turn supply a series of 
tertiary canals. The canals are excavated and wind along the side of the hills in the area and irrigate the lower 
land. Imported canal compacted earth fill volumes are minimized. Because of the undulating nature of the 
area, the canal lengths are relatively long when compared to a “flat” area irrigation scheme. The main canal is 
about 0.7-km long, the four secondaries about 3.9-km long and the tertiaries over 5.3-km long. If vehicle 
access tracks are incorporated along the canal banks, the earthwork volumes increase considerably. 
Provisionally, vehicle access is limited to the main canal only. The canal system will require regulation, 
conveyance, protection and measuring structures including turnouts, checks, emergency spillways and 
culverts.  
 
The area is naturally draining in three directions and the inclusion of a drainage system is not required. 
 
The resettlers will decide the location of the new village housing. A good possible site is along the banks of 
the Nam Pan on the northern boundary of the scheme. It is proposed that the existing access road from 
Road 8B to the existing Ban Nam Pan is upgraded by some realignment, widening and a gravel surface. A 
new road can then follow the Nam Pan in an easterly direction to the village housing area and then on to the 
new dam site. Other possible housing sites are above the new reservoir and on the high ground above the 
main canal. The latter location has the advantage of less walking distance to the scheme southern areas. The 
housing area will include buildings for a school, clinic, community center, workshop and rice mill. 
 
A new village domestic water supply will be installed. Hand dug wells with handpumps are proposed as there 
are no streams that can provide a gravity fed supply available. Pour flush latrines will be installed at every 
house. An electricity supply will be provided. Lak Sao has a good supply from the Theun Hinboun Power 
Station. It is proposed to install a new 22 KV line along Road 8B to the village, about 9-km long.  
 
The forested Nam Pan catchment area is in good condition and has good potential for the collection of non-
timber forest products (NTFPs) and hunting. 
 
The Nam Pan area appears suitable and it is recommended that it be pursued further. Technically, the next 
step is a Nam Pan irrigation scheme pre-feasibility study. The existing Ban Nam Pan must be consulted, as 
they will have traditional rights to at least part of the area under consideration and the discharge in the Nam 
Pan will be affected by the new scheme. The Khamkerd DAFO has commenced topographical survey. If the 
completed maps show that a canal system can command a suitable area without undue large earthworks 
volumes, then this, plus the consultations with Ban Nam Pan and some exercises on dam size and reservoir 
storage volume, will suffice as this study.  
 
If the pre-feasibility investigations prove positive then further feasibility studies are required. Important are 
geotechnical investigations for the dam and spillway as is a more in-depth examination of the cropping 
patterns, cost of various reservoir storage options with regard to dry season river discharges and downstream 
riparian flows. This includes considering full dry season storage, nigh-flow storage and no storage, i.e., use a 
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diversion weir and no crops grown for several months of the year. Also important is discussion and 
agreement on the scheme beneficiaries. Will the beneficiaries be: 
• Sop Hia and Nam Nian resettlers only?  
• The resettlers plus Ban Nam Pan households? Not including them in the scheme may cause friction 

and problems later. They could use the area irrigated by Secondary Canal S1. 
• Also households from other villages if there is area available? 

 
The Khamkerd DAFO identified the Nam Pan scheme as part of their own irrigation development 
programme with regard to reducing shifting cultivation areas and poverty alleviation. If the scheme is proved 
feasible, then it is unlikely that the District will simply allow NTEC to develop the area without any 
conditions. They will likely wish to maximize the scheme and include other farmers. 
 
NTEC are unlikely to finance a large scheme for non-Project farmers and cost sharing with the Khamkerd 
District authorities should be considered and is a preferred option. However it should be noted that cost 
sharing might lead to later complications regarding the choice of Consultants for further studies and detail 
design, and the choice of Contractors for construction. Then later, the District may have problems with 
making payments of its share of the cost to the Contractor.  
 
Indicative cost estimates have been prepared with two summaries. Summary No. 1 is for a 150-ha irrigation 
scheme assuming that the scheme should include farmers from the existing Ban Nam Pan and NTEC 
finances the full scheme. Summary No. 2 considers an option for cost sharing with NTEC financing the dam, 
spillway, main canal and the cost of the remaining irrigation development is shared with Khamkerd District.  
 
Table 1 shows that the Summary No. 1 grand total is US$ 805,200 at US$ 16,104 per household for the fifty 
Sop Hia and Nam Nian households. The irrigation scheme claims 56 per cent of the total at US$ 447,100. 
For a 150-ha scheme, the cost is reasonable at US$ 2,981 per hectare. Indicative estimates for access road 
construction, village housing and community buildings, water supply and sanitation, and electricity supply 
have also been prepared totaling US$ 358,100. 
 
Summary No. 2 shows the NTEC contribution is US$ 731,400 at US$ 14,628 per household for the fifty Sop 
Hia and Nam Nian households. Khamkerd District contributes US$ 73,800 for the remaining 67.5-ha area 
development. The irrigation scheme cost is US$ 373,300 or US$ 4,525 per hectare for 82.5-ha. 
 

Table 1: Cost of Infrastructure Development without and with Cost Sharing. 

Item Description Amount (US$) Percentage 
1. Summary No. 1: No Cost Sharing   
1.1 Nam Pan Irrigation Scheme, 150-ha 447,100 56%
1.2 Other Infrastructure  
1.2.1 Access road 23,000 3%
1.2.2 Village Housing and Community Buildings 217,600 27%
1.2.3 Water supply and sanitation 8,500 1%
1.2.4 Electricity supply and distribution 109,000 14%
 Sub-total, Other Infrastructure 358,100 44%
 Total 805,200 
2. Summary No. 2: Cost Sharing (Preferred Option)  
2.1 Nam Pan Irrigation Scheme, Headworks and 83-ha irrigation area 

development 
373,500 46%

2.2 Other Infrastructure 358,100 44%
 Sub-total 731,400 91%
2.3 Khamkerd District Contribution, 67-ha area development 73,800 9%
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2 INTRODUCTION 

2.1 General 

After impoundment of the Nakai Reservoir, thirteen of the seventeen affected villages will be resettled on 
various sites on the southwestern edge of the reservoir. Two of the other three villages, Ban Sop Hia and Ban 
Nam Nian, had previously indicated during public consultations that sections of the villages wish to be 
resettled north of the reservoir, near to Lak Sao (Lak 20), the Khamkerd District Centre, Bolikhamxay 
Province. A significant number of the households in the two villages were originally from this area. 
 
Figure 1 shows the location of Ban Sop Hia, Ban Nam Nian and Lak 20.  
 
The Project package for resettled villages includes new housing, water supply and sanitation, road access, 
irrigation facilities and other means of livelihood, electricity supply, and community facilities including 
community and health centers, rice mill, workshop and school. 
 
The Manager of the Resettlement Management Unit (RMU) had previously held discussions with Khamkerd 
District officials and had been shown drawings for a Houay Sot Irrigation Scheme located near to Lak Sao. 
Consequently the Irrigation Consultant visited Lak Sao on 5 and 6 June 2003 accompanied by the RMU 
Manager, Mr. Hoy Phomvisouk. They met with the District Governor, DAFO officials, principally Mr. 
Khampanh Xayavong, Deputy Head of Agriculture and Forestry, and made a site visit. 
 
The District officials proposed two areas: 
 

1. Houay Sot Irrigation Scheme, area 63-ha, designed by Bolisat Phattana Khet Phoudoy (BPKP). 
BPKP had prepared one volume of drawings and a design report dated January 2001. 

2. Nam Pan scheme under preliminary assessment by DAFO. Investigations had commenced in 
March 2003 and a topographical survey had commenced. 

 
The two areas are covered by 1:25,000 map sheet E-48-67-A-c. Lak Sao is shown on adjacent map sheet No. 
E-48-66-B-d. Figure 2 below is taken from these map sheets and shows the location of Lak Sao and the 
proposed Houay Sot and Nam Pan areas. Aerial photographs L-10B, 25 and 26, also cover the areas.  

2.2 Number of Households to be Resettled near Lak Sao 

On 8 June 2003, the RMU Manager had further public consultations with the two villages. The household 
numbers that wished to be resettled near Lak Sao are shown in Table 2. 
 

Table 2: Ban Sop Hia and Ban Nam Nian Preferred Resettlement Locations  
No. of Households Village 

Lak Sao Nakai Reservoir Elsewhere 
Totals 

Sop Hia 21 32 4 57 
Nam Nian 26 0 0 26 
Total 47 32 4 83 
 
The projected number of affected households to be resettled is based on a natural household expansion of 
2.2 per cent per annum. At this time it is planned that the two villages will either move in 2004, or at the 
latest in 2005, in two years time. A rate of 2.2 per cent per annum equates to a total increase of 4.5 per cent 
over two years. This equates to 49 households. To include a minimum factor of safety, the number of 
resettled households considered in this report has been rounded up to 50.  
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Figure 1: Topography and Village Location. 
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Figure 2: Location of Proposed Nam Pan Irrigation Scheme. 
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2.3 Livelihood/Income Scenario 

2.3.1 Farm Plot Area 

For the villages that will be resettled adjacent to the Nakai Reservoir, the following irrigation facilities per 
household will be provided: 
 

• 0.5-ha irrigated farm plot for growing field crops, perhaps wet season rice, vegetables, fruit trees, and 
fodder for livestock consumption; 

• 0.15-ha irrigated paddy for wet season supplementary irrigation and perhaps vegetables and fodder in 
the dry season. 

 
However, when resettled near the reservoir, the resettlers will have access and opportunity for: 
 

• Fisheries resources from the reservoir; 
• The Nakai Plateau Village Forestry Association which will pay each household US$ 100 per year and 

employ somebody from each household for at least 50 days a year; 
• Other employment opportunities created both during and after construction of the hydroelectric 

project.  
 
Near Lak Sao they will not have the same opportunities, therefore the irrigated plot size must be increased 
accordingly.  
 
Table 3 shows a comparison of projected household incomes from livelihood elements at full development. 
The table shows that a 1.5-ha size plot at Lak Sao will provide a similar income to the Nakai Plateau. 
 

Table 3: Projected Full Development Household Incomes, Nakai and Lak Sao 

Nakai Plateau Lak Sao Element & 
Component Remarks Projected Income 

(US$/year) 
Remarks Projected Income 

(US$/year) 
Agriculture     
Wet Season 
Rice 
Other crops 

 
0.15-ha plot 
0.5-ha plot 

 
45 
87

 
1.5-ha plot (*1) 

 
450

Dry Season   
Vegetables 0.03-ha plot 87 0.25-ha plot (*2) 290

Field crops (*3)  0.62-ha 100 1.25-ha 200
Fruits 70 trees 33  0

Buffalo 5 buffalo 65 As Nakai 65
Pigs 1 pig 40 As Nakai 40

Forestry   
Dividend  100  0

Wages  125  0
Fisheries  350  0
Employment  250  0
NTFPs  20 (*4) 75
Total  1,302  1,330
Notes: 
*1 Income based on an average yield of 3 tons per hectare and US$ 0.15 per kg price. Cost of seed, 

fertilizer and chemicals deducted. 
*2 An increased area is shown, as the resettlers will have no opportunity for forestry, fisheries and 

increased employment opportunity. 
*3 Field crops include maize, beans and peanuts. Forage crops for fodder production also included. 
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*4 There is more potential for gathering non-timber forest products and hunting near the two possible 
irrigation areas than on the Nakai Plateau.  

 
Consequently a 1.5-ha irrigated farm plot has been chosen. 

2.3.2 Irrigation Scheme Area Required 

For fifty households and a plot area of 1.5-ha, a net irrigation area of 75-ha is required. Allowing a 10 per 
cent increase for land lost by right of way for farm access roads and walkways, irrigation canals, drains, 
terrace berms, and other non-farm areas such as natural gullies, termite mounds, other local high spots and 
depressions, a 82.5-ha gross scheme area is required. 
 

3 HOUAY SOT IRRIGATION SCHEME: CONSIDERED NOT FEASIBLE  

3.1 Introduction 

The proposed Houay Sot scheme is located about 6-km northeast of Lak Sao. The Houay Sot is a tributary of 
the Nam Phao, which is the river that flash-flooded and caused a considerable amount of damage along its 
banks at the end of the last, 2002, wet season. 
 
As Stated previously, BPKP have prepared a volume of drawings and a design report. The design report 
concentrates on topographical survey results and canal design only, with no details of the dam and spillway 
design. It also contains an Engineers Estimate of total US$ 454,115.80. 
 
The scheme irrigation area is 63-ha. This is smaller than the 82.5-ha area required for the resettlement 
irrigation scheme and is sufficient for about 38 households. However the report and drawings were reviewed 
because it is not imperative that the two villages use the same irrigation area. 

3.2  Scheme Components 

 The drawings volume shows the following scheme components: 

3.2.1 Embankment Dam No. 1 

Embankment Dam No. 1, with spillway, is located fairly close to the confluence with the Nam Phao. 
Important dam details area as follows: 
 

• Crest length      about 160-m 
• Crest elevation      520.50 masl 
• Full Supply Level (FSL) & Spillway elevation  519.00 masl 
• Crest width      4-m 
• Max. height from natural surface to dam crest  15.87-m 
• Upstream & downstream side slopes   1:4 and 1:2 

 
The drawings indicate a zoned dam. There is no geotechnical information shown and consequently it is 
doubted that any investigations have been made. 

3.2.2 Dam No. 1 Spillway 

A spillway consisting of a reinforced concrete box-culvert located on dam fill about 50-m from the left 
abutment. There are 7 boxes of dimension 2 x 1-m. Areas of hand-placed rock are shown on the dam 
upstream and downstream side-slopes adjacent to the culvert. This arrangement is inappropriate and 
discharge through the spillway will cause dam downstream erosion. The spillway should also be located on 
natural ground left of the dam fill. 

3.2.3 Embankment Dam No. 2 and Main Canal Intake Structures 

Embankment Dam No. 2 is a saddle dam required to prevent impounded water from overflowing into 
another, southern, watershed area. The dam has similar characteristics to Dam No. 1 as follows: 
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• Crest length      about 150-m 
• Crest elevation      520.50 masl 
• Crest width      4-m 
• Max. height from natural surface to dam crest  15.6-m 
• Upstream & downstream side slopes   1:4 and 1:2 

 
This dam has two Main Canal irrigation outlets (MC 1 and MC 2) shown to provide water to relatively flat 
southern area. Similar to the spillway, the outlets should be located in the adjacent natural ground away from 
the compacted fill. 

 
The MC outlet pipe diameters are 1-m and the invert elevations are shown at 518.00 masl. As the dam FSL 
level is 519.00 masl, all the water stored behind the dams is dead storage and there is no live reservoir 
storage for irrigation purposes. The addition of pontoon mounted pump sets and delivery pipelines to 
stilling basins would be required to utilize this water stored behind the dams. 

3.2.4 Irrigation Canal System 

The canal system for the 63-ha irrigation area consists of trapezoidal compacted earth-fill open channels. The 
following canals are required: 
 

• MC 1    835-m long 
• SC 1, from MC 1  392-m 
• SC 2, from MC 1  186-m 
• MC 2    216-m 

 
There are no tertiary or quaternary canals shown to distribute the water further and to irrigate individual 
paddy plots. 
 
MC 1 crosses an area of low ground where there is a natural drain. The height of fill from top of canal bank 
to the culvert pipe invert elevation is 8.36-m. 

3.3 Design Problems 

As stated above, there are no geotechnical details regarding embankment design for the two compacted 
earth-fill dams. This includes, but not limited to, no details on borrow pit materials for the different zones 
and depth to a suitable impervious dam foundation. 
 
The spillway arrangement is unsuitable as regard the downstream protection required to prevent erosion. It 
should be located away from the embankment compacted fill. There is no hydrological information or 
calculations regarding the spillway design flood. No hydraulic calculations and information on the estimation 
of spillway dimensions. The catchment area is about 9-km2 and the 50-year design flood should be about 52 
m3/s. 

 
The arrangement and design of the components is such that even with two sizeable dams, there is no 
reservoir storage for times of low or no-flows in the Houay Sot. The scheme is basically a “run-of-the-river” 
type. As the catchment area is small, there will be some dry dry-season months and any economic analysis 
cannot include a full dry-season crop. 
 
A height of fill of 8.36-m on MC 1 is excessive. Consideration should be given to a canal inverted siphon 
structure under the drain at this location. 
 
The scheme is located adjacent to the Houay Phao. If the scheme had been constructed during the 2001/02 
dry season, then not much of it would have survived the 2002 September flood. 
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3.4 Scheme Costs 

The Engineers Estimate is US$ 391,479 plus 2% for construction supervision, 4% for transport and 10% for 
tax, total US$ 454,116. DAFO stated that if they were given the construction contract, they would not charge 
for supervision and tax. The main components of the estimate are as follows: 
 
Canal compacted earth fill, 34,795 m3 at US$ 2.50/m3   $ 86,989 
(MC 1 fill is 30,816 m3) 
 
Dam compacted earthworks, 85,986 m3 at US$ 2.50/m3   $ 214,966 
(Dam 1, 50,852 m3. Dam 2, 35,134 m3) 
 
For 63-ha, the cost is US$ 7,208 per hectare. This is too high for a scheme with dry season water supply 
problems and the risk of wet season flood damages.  
 
The final estimate may well be considerably more when considering the following: 
 

• A more suitable design for the spillway is included; 
• The results of the required geotechnical investigations are incorporated into the dam design; 
• If, similar to the Pilot Village Dam, a suitable foundation depth is 8-m below the stream bed level, 

then the dam embankment volumes will be considerably higher; 
• The inclusion of filters between the two zones and a downstream horizontal drainage blanket; 
• Rock protection on the upstream dam faces and sodding on the downstream faces. 

3.5 Other Resettlement Village Components 

3.5.1 Village Housing and Water Supply 

There are areas of higher ground located between the reservoir and the Houay Phao that could be cleared for 
a housing area. Then, with the addition of a pump water supply system, the impounded reservoir would be a 
source of the village water supply. 

3.5.2 Access Road 

Access to the area would be from Road 8B. About 5-km from the centre of Lak Sao there is a good laterite 
surface road to Ban Nagnom. About 400-m along this road there is a narrow track, about 3-km long in a 
nearly due north direction, to Ban Nam Pan. A permanent bridge crossing, or a lower cost Irish Crossing, is 
required over the Nam Pan. Then it is about another 2-km to the possible housing area. 
 
The narrow 5-km long track is in undulating mixed forest with dense undergrowth and would require the 
following improvements: 
 

• Widening from the present 2.5 to 3-m width to at least 5-m plus tree and bush clearing/cutting for a 
further 2-m on neither side; 

• Some earth fill in lower areas and a gravel surface along most of its length; 
• Side drains and culverts were natural streams cross the road; 
• Some realignment in steeper sections and also along lower sections where farmers have cleared land 

for paddy development. 
 

3.5.3 Electricity Supply 

Lak Sao has a good electricity supply from the Theun Hinboun Power Station. There is a power line to near 
the confluence of the Nam Phao and Houay Sot as there is a GoL Poultry/Fish farm located there. A further 
1-km long extension, crossing the Nam Phao, of this line would be required to the housing area. 
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3.5.4 Agriculture and Forest Lands 

The area under consideration is gently undulating with mixed forest and dense undergrowth. It is not heavily 
populated and there is no pressure on the land. Areas of shifting cultivation are noted, as are some areas of 
permanent paddy. The soils varied, but on the lower ground were suitable for paddy development. There is 
potential for the resettled farmers to gain income from NTFPs and growing vegetables on the reservoir 
banks. 

3.6 Recommendation: Not Considered Feasible 

It is recommended not to pursue this area further because of the following problems with the proposed 
irrigation scheme: 
 

• The BPKP irrigation scheme estimate is expensive at US$ 454,116 or US$ 7,208 per hectare for 63-
ha. 

• The final cost is liable to be considerably more: 
o The spillway design is poor. It will require repositioning and more downstream protection 

than that shown on the drawings; 
o More geotechnical investigations are required on the dam foundations and borrow pit areas. 

The investigations are likely to show that the depth from the Houay Sot streambed to an 
impervious foundation will be more than the 2-m shown on the drawings thus increasing 
the compacted earth fill volumes; 

o The two dams require additional features including slope protection. 
o The river has a small catchment area with low dry season discharge and no-flow some years. 

The two dams are required to raise river water levels only for diversion into the two main 
canals and will have no storage for irrigation purposes unless pumping arrangements are 
added. 

 
The proposed scheme is located near to the Nam Phao. If the scheme had been constructed in the 2001/02 
dry season, the Nam Phao flash flood that occurred at the end of the 2002 wet season would have damaged 
much of the infrastructure. 
 

4 NAM PAN SCHEME, DAFO PRELIMINARY PROPOSAL 

4.1 Introduction 

The proposed irrigation area is located south of the Nam Pan in an undulating area of low hills between 
mountains to the east and the relatively flat Lak Sao town to the west. The undulations are between 509 masl 
and hills over 540 masl. The area is of mixed forest with dense undergrowth with few cleared areas. 
 
The Lak Sao DAFO has recently commenced investigations in March 2003 on this scheme. They have 
prepared a brief preliminary report, which appears to have been prepared to obtain funding for a 
topographical survey. A topographical survey has commenced and benchmarks were observed at the dam 
site. 
 
The location of a fairly large dam on the Nam Pan has been shown on a 1: 25,000 map. The Nam Pan also is 
a tributary of the Houay Phao and is the next southernmost watershed to the Houay Sot. However the 
location of the proposed dam is about 4-km from the Nam Phao and will not be affected by any Nam Phao 
flash flooding. The Nam Pan has a catchment area measured at 13.8-km2 above the proposed dam site. The 
area has a good forest cover with the highest point being Phou Chomvoy with an elevation of 1,219 masl. 
The river is perennial but with low dry season flows in March and April.  
 
There are existing narrow tracks from Road 8B to the dam site. The distance is about 12-km. 
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4.2 Embankment Dam 

The principle preliminary embankment dam data as shown in the preliminary report are as follows: 
 

• Crest length       between 750 to 800-m 
• Crest elevation       553.70 masl 
• Full Supply Level (FSL) & Spillway elevation   551.00 masl 
• Approx. river bed elevation     525.00 masl 
• Therefore, max. height from natural surface to dam crest  28.7-m 
• Crest width       5-m 
• Upstream and downstream side slopes    1:3 and 1:2.5 

 
The DAFO sketch shows a reservoir behind the dam with a FSL surface area of about 1 km2 . No estimate 
of storage volume can be observed. From observing the 1:25,000 maps, it appears that a shorter dam at crest 
elevation 553.7 masl but repositioned for less storage could be about 380-m long. The DAFO sketch shows 
the dam being extended to also block two minor tributaries of the Nam Pan. 
 
A dam height of 28.7-m from natural surface to crest is high. If a suitable impervious dam foundation is 
around 5 to 8-m below the riverbed level, the total dam height will be around 35-m. Preliminary estimates of 
the dam cost are as follows: 
 
5-m deep cutoff and Houay Sot report compacted earth fill unit rate of US$ 2.5/m3 US$ 1.5 million 
8-m deep cutoff and Houay Sot rate of US$ 2.5/m3     US$ 1.6 million 
5-m deep cutoff and Pilot Village contract compacted earth fill unit rate of US$ 1.4/m3 US$ 0.8 million 
8-m deep cutoff and Pilot Village rate of US$ 1.4/m3     US$ 0.9 million 

4.3 Spillway  

On the sketch of the dam site, a spillway has been shown on the left bank of the dam discharging into 
another small stream watershed and not returning to the Nam Pan. This is not acceptable because: 
 

• The Nam Pan will have a significantly reduced catchment area downstream of the dam, only 2-3 
km2. Therefore there will be near to no discharge downstream of the dam thereby cutting off the 
households at Ban Nam Pan, located some 3-km downstream; 

• The spillway will probably discharge considerable amounts of water in the late wet season and a new 
river will be formed.   

 
The spillway must return discharged water back to the Nam Pan channel. The vertical drop from the spillway 
crest back to the streambed is about 26-m (551.0 – 525.0). 

4.4 Irrigation Area 

The DAFO report shows the start of the canal system and no other details. The area is generally undulating 
with few flat areas. Only small areas have been cleared for shifting cultivation and paddy purposes. 
 
The start of the main canal (MC) is not clearly shown on the photocopy of the DAFO report obtained. It 
appears to be located around 540.0 masl. This will have the following problems: 
 

• Similarly to Houay Sot, the reservoir storage below elevation 540 (some 15-m height of storage) will 
be of no use for irrigation purposes unless additional pump sets are installed; 

• The control of the flow through the outlet structure pipe is usually by manually operated screw-
gates. The gate handle must be above the flood discharge elevation in the reservoir. If the flood 
discharge level is, say 553 masl, then the outlet structure must be about 13-m high (553 – 540). This 
is excessive with regard to reinforced concrete volumes and gate stem length. 
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5 NAM PAN SCHEME, CONSULTANTS PROPOSALS 

5.1 General 

The preliminary DAFO proposal is appears to be heading in an oversized expensive direction. A dam 750-m 
long and 35-m high is a considerable structure. A spillway drop from FSL to riverbed of 26-m is likewise. In 
order to make the scheme more affordable, the following is recommended: 
 

• Do not attempt to create a large reservoir storage volume for dry season irrigation of rice. Consider 
dry season non-rice crops only, which require far less irrigation water. The stream is perennial but 
with low-flows in late dry-season months. Therefore just design the spillway elevation to store night-
flows but allowing some water to pass downstream for Ban Nam Pan. 

• Do not attempt to command the whole area. Lower the elevation of the main canal water level to 
around 530 masl and attempt to keep it in hillside cut. It is still possible to command a significant 
area at this elevation; 

 
The above will greatly reduce the dimensions of the dam, spillway and main canal outlet structure. 
 
Figure 3 shows the proposed irrigation area and preliminary canal layout. 

5.2 Embankment Dam 

For the design of the dam and spillway assume the following: 
 

• MC water level of 530 masl; 
• A spillway elevation of 530.50 is required to ensure this MC water level; 
• Allow around 2-m head for storing dry season night discharges only. Therefore the spillway level is 

now 532.5 masl masl; 
• Allow 1.8-m head over the spillway for 50-year flood discharge of 65 m3/s and safe freeboard. 

Allow a further 20-cm for any crest settlement. The dam crest elevation is now 534.5 masl. 
 
For a dam of lower crest elevation than the DAFO proposal, the dam location can be moved downstream of 
the DAFO proposal.  For a dam of elevation 534.5 masl, there is a suitable location just before where the 
river valley opens out. The preliminary dam details are now as follows: 
 

• Crest length       about 180 to 200-m 
• Crest elevation       534.50 masl 
• FSL and Spillway elevation     532.50 masl 
• Approx. river bed elevation     525.00 masl 
• Therefore, max. height from natural surface to dam crest  9.5-m 
• Approx. drop from spillway crest to riverbed   7.5-m 

 
The crest width should remain at 5-m width. However the embankment side slopes may be reduced to 1:2.5 
but depends on the characteristics of the borrow pit materials. Similarly to the DAFO proposal, the depth 
from natural surface to an impervious dam foundation may be between 5 to 8-m. This equates to a 14.5 to 
17.5-m total dam height. 
 
For the preliminary estimate of the dam cost, a 5-m deep foundation and a unit rate of US$ 2.5/m3 has been 
assumed. The indicative cost estimate shown in Table 4 is US$ 122,500, considerably less than the DAFO 
proposal. 
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Figure 3: Proposed Nam Pan Irrigation Scheme, Irrigation Area and Preliminary Canal Layout. 
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Table 4: Indicative Cost Estimate, Nam Pan Area Irrigation Scheme and Village Development. 

Item Description Unit Quantity Unit Price Amount
(US$) (US$)

A. ACCESS ROAD, From ROAD 8B to DAM SITE
A.1 Improve existing track from Road 8B to Ban Nam Pan km 3 2,000 6,000
A.2 Clear & cut new 5-m wide track to Village Housing and Dam Site km 2 3,500 7,000
A.3 Improve existing culverts and bridges LS 1 10,000 10,000

Sub-total, Access Road 23,000

B. NAM PAN IRRIGATION SCHEME (assume 150-ha scheme)
B.1 Embankment Dam on Nam Pan (assume 5-m deep foundation)
B.1.1 Site clearing m2 6,400 0.50 3,200
B.1.2 Stripping and grubbing m3 3,200 1.00 3,200
B.1.3 Coffer dams, including dewatering and diversion channel LS 1 1,000 1,000
B.1.4 Excavation m3 5,000 1.00 5,000
B.1.5 Compacted embankment m3 40,000 2.50 100,000
B.1.6 Upstream slope riprap protection m3 1,500 5.00 7,500
B.1.7 Downstream slope sodding protection m2 2,900 1.00 2,900

Sub-total, Embankment Dam 122,800

B.2 Chute Spillway and Main Canal Intake Structure
B.2.1 Site clearing m2 4,000 0.50 2,000
B.2.2 Excavation, including outlet channel m3 30,000 1.00 30,000
B.2.3 Compacted backfill around structures m3 500 1.40 700
B.2.4 Reinforced concrete, including formwork m3 150 200 30,000
B.2.5 MC intake structure slide gate LS 1 2,000 2,000
B.2.6 MC intake structure PC pipes, 1.0-m dia m 30 30 900
B.2.7 Gabion baskets, galvanized, supply, install and fill with rock m3 400 60 24,000
B.2.8 Geotextile filter under gabions. 1500UV. Supply & place. m2 300 3.00 900

Sub-total, Headworks Structures 90,500

B.3 Canal System
B.3.1 Main canal excavation, to top of bank m3 56,000 1.00 56,000
B.3.2 Main canal excavation, trapezoidal waterway, and dispose m3 1,900 2.00 3,800
B.3.3 Main canal structures LS 1 10,000 10,000

Sub-total, Main Canal 69,800
B.3.4 Secondary canal clearing, to top of bank, and dispose m3 39,000 1.00 39,000
B.3.5 Secondary canal excavation, canal waterway m3 2,400 2.00 4,800
B.3.6 Secondary canal structures LS 1 9,000 9,000
B.3.7 Tertiary canal clearing, to top of bank m3 30,000 1.00 30,000
B.3.8 Tertiary canal excavation, canal waterway, and dispose m3 600 2.00 1,200
B.3.9 Tertiary canal structures LS 1 8,000 8,000

Sub-total, Secondary and Tertiary Canals 92,000
Sub-total, Canal System 161,800

B.4 Land Clearing and Leveling
B.4.1 Clear trees and vegetation, by slash and burn ha 150 30 4,500
B.4.2 Removing tree stumps ha 150 50 7,500
B.4.2 Plot Leveling ha 150 400 60,000

Sub-total, Terracing 72,000

C. VILLAGE HOUSING and COMMUNITY BUILDINGS
C.1 Clear site ha 6 100 600
C.2 Level plots ha 6 2,000 12,000
C.3 Timber houses Nr 50 3,500 175,000
C.4 Community buildings: centre, clinic, school, workshop & rice mill Nr 5 6,000 30,000

Sub-total, Village Housing 217,600  
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Item Description Unit Quantity Unit Price Amount
(US$) (US$)

D. WATER SUPPLY and SANITATION
D.1 Hand dug well, 1-m dia concrete rings and apron Nr 4 500 2,000
D.2 TARA Handpumps, supply and install Nr 4 1,000 4,000
D.3 Pour flush latrines including local materials building Nr 50 50 2,500

Sub-total, Water Supply and Sanitation 8,500

E. ELECTRICITY SUPPLY and DISTRIBUTION
E.1 22 kv 3 Phase Line, including installation, poles & fittings km 9 10,000 90,000
E.2 Transformer, 160 KVA, including installation, poles & fittings LS 1 9,000 9,000
E.3 Household distribution, including meters Nr 50 200 10,000

Sub-total, Electricity Supply 109,000

A. ACCESS ROAD, From ROAD 8B to DAM SITE 2.9% 23,000
B. NAM PAN IRRIGATION SCHEME (assume 150-ha scheme)
B.1 Embankment Dam on Nam Pan (assume 5-m deep foundation) 15.3% 122,800
B.2 Chute Spillway and Main Canal Intake Structure 11.2% 90,500
B.3 Canal System

Main Canal 8.7% 69,800
Secondary and Tertiary Canals 11.4% 92,000

B.4 Land Clearing and Leveling 8.9% 72,000
Sub-Total, Irrigation Scheme 55.5% 447,100
No. of hectares 150
Cost per hectare 2,981

C. VILLAGE HOUSING and COMMUNITY BUILDINGS 27.0% 217,600
D. WATER SUPPLY and SANITATION 1.1% 8,500
E. ELECTRICITY SUPPLY and DISTRIBUTION 13.5% 109,000

GRAND TOTAL, A - E 805,200
No. of Households, Ban Sop Hia and Ban Nam Nian only 50
Cost per Household (no cost sharing) 16,104

A. ACCESS ROAD, From ROAD 8B to DAM SITE 2.9% 23,000
B. NAM PAN IRRIGATION SCHEME (Dam, spillway & 82.5-ha of canal system & land leveling)
B.1 Embankment Dam on Nam Pan (assume 5-m deep foundation) 15.3% 122,800
B.2 Chute Spillway and Main Canal Intake Structure 11.2% 90,500
B.3 Canal System

Main Canal 8.7% 69,800
Secondary and Tertiary Canals (82.5-ha) 6.3% 50,600

B.4 Land Clearing and Leveling (82.5-ha) 4.9% 39,600
Sub-Total, Irrigation Scheme 46.4% 373,300
No. of hectares 82.5
Cost per hectare 4,525

C. VILLAGE HOUSING and COMMUNITY BUILDINGS 27.0% 217,600
D. WATER SUPPLY and SANITATION 1.1% 8,500
E. ELECTRICITY SUPPLY and DISTRIBUTION 13.5% 109,000

GRAND TOTAL, A - E 90.8% 731,400
No. of Households, Ban Sop Hia and Ban Nam Nian only 50
Cost per Household 14,628

Cost Sharing: Finance from Khamkerd District
B.3 Canal System

Main Canal 0
Secondary and Tertiary Canals (67.5-ha) 5.1% 41,400

B.4 Land Clearing and Leveling (67.5-ha) 4.0% 32,400
Total, Khamkerd District 9.2% 73,800

SUMMARY No. 1: NO COST SHARING

SUMMARY No. 2: COST SHARING, 55 Families Only (Preferred Option)
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5.3 Spillway 

The recommended spillway is a reinforced concrete chute type with straight inlet constructed in natural 
ground away from the dam earth fill. The spillway flood discharge must be kept clear of the dam 
embankment. The preferable location, as regard natural river configuration, is the southern abutment (or left 
abutment looking downstream). However the MC intake structure must be located on the left abutment. 
Similarly, the access road to the dam is on the left abutment and must be kept open for easy access for 
regular dam inspection and any maintenance works required.  
 
Consequently the spillway must be located on the right, northern, dam abutment. Unfortunately this will 
necessitate a large excavated outlet channel so that spillway discharge can return to the Nam Pan 
downstream. A “straight” inlet with flared entrance wing walls (at 450) is applicable. A spillway inlet width of 
20-m and 1.8-m high sidewalls will accommodate a 50-year flood of 65 m3/s with freeboard and 100-year 
flood of 80 m3/s without freeboard. The flood discharges have been obtained from the “Pak Mong curves” 
which are commonly used in Lao PDR for a preliminary assessment. 
 
The spillway will discharge into an excavated trapezoidal channel about 100-m long. The channel bed width 
is 20-m, side slopes 1:2 and bed slope 0.0013 m/m or 13-cm per 100-m. The new channel will then discharge 
into a tributary of the Nam Pan before returning to the Nam Pan main channel. It would be ideal if the 
excavated channel material can be used for the dam earthworks. It is preferable if the Nam Pan tributary is 
excavated to the same dimensions as the outlet channel so that tailwater levels are controlled for a significant 
distance downstream of the spillway.  

5.4 Irrigation Area 

The proposed irrigation area is irregularly undulating. The only information available is maps at scale 1: 
25,000 with 10-m contour intervals and some 5-m intervals shown. Consequently a canal layout based on this 
information is provisional, to say the least, in an undulating area such as at Nam Pan. There are likely to be 
more undulations that are not shown on the map that will affect the canal layout. 
 
The irrigation area is south of the Nam Pan and is of roughly rectangular dimensions of 2.2 x 1.2-km. The 
area is defined by the following boundaries: 
 
North  The Nam Pan. 
East The dam is located to the east of the irrigation area. Behind and adjacent to the dam are high 

ground and hills. To the southeast, a natural drain is the boundary. 
South A natural drainage gully flowing in a southwesterly direction. 
West  Low ground between the scheme and a line of hills. 
 
Within these boundaries there is an area of approximately 265-ha. However within the area there are fifteen 
hills of various sizes shown that cannot be commanded. Consequently it is estimated that the area 
commanded by a canal system located at, or just below, the 530-masl contour will be about 200-ha. When 
taking into account: 
 

• There will be more minor undulations that are not shown on the map and some of the hillside slopes 
will be too steep for terrace development; 

• An area of swamp is shown on map; 
 
it is safer to consider an actual irrigation area of about 150-ha. This is sufficient for the 82.5-ha scheme 
required for the Sop Hia and Nam Nian resettled households plus 67.5-ha extra. 
 
It is appropriate, at this preliminary stage of the investigations to consider a 150-ha scheme area because of 
the following reasons: 
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• The Khamkerd District officials will most probably wish to maximize the area as they wish to reduce 
shifting cultivation practices in the District as per Government of Lao policy; 

• The northwestern area of the scheme is close to the existing Ban Nam Pan. Part of the scheme area 
will most probably be within the Ban Nam Pan traditional village land use boundaries. Ban Nam Pan 
has no existing irrigation facilities and if some irrigated land is not allocated to this village, then it is 
likely to cause friction and problems later.  

5.5 Irrigation Water Requirement 

 The irrigation water requirement (IWR) for the design of the canals is based on: 
 

• Wet season supplementary irrigation of rice; 
• Dry season vegetables and field crops including maize, peanuts and beans. 

 
For the wet season supplementary irrigation of rice a peak IWR of 13 mm/day is assumed to take into 
account crop water requirements, canal conveyance and field application losses. For peak 12-hour irrigation 
this equates to a canal water duty of 3 liters per second per hectare (l/s/ha).  

5.6 Main Canal and Main Canal Inlet Structure 

The wet season rice IWR is 3 l/s/ha and the irrigation scheme area is about 150-ha, therefore the MC should 
provide 450 l/s or 0.45 m3/s. A trapezoidal earth canal with a 1-m wide bed width, 1:2 (V/H) side slopes, 
water depth of 0.6-m, freeboard of 0.4-m and bed slope of 5-cm per 100-m, will provide this.  
 
The reinforced concrete MC inlet structure will be located on the left abutment of the dam. Assuming an 
arbitrary canal water level of 530.00 masl, the canal intake structure will have an invert elevation of 529.00 
masl. Therefore the height of the structure is 5.5-m (dam crest of 534.5 – 529.0).  

5.7 Canal System 

5.7.1 General 

The canal conveyance and distribution system will be by open trapezoidal channels. A MC will feed four 
Secondary Canals (S1, S2, S3 and S4), which will feed tertiary canals. There will be some instances were 
quaternary canals will be required to distribute water from the tertiary canals. The MC should be a 
conveyance canal only and there should be no irrigation outlets direct from the MC to the farm plots.  
 
A canal compacted earth fill unit rate is far higher than the unit rate for excavation. To avoid high canal 
compacted fill volumes, the canals are excavated in side slopes of hills. This will not always possible and there 
will be some canal reaches in fill. 

5.7.2 Preliminary Layout 

A preliminary canal layout is shown on Figure 3. Not all the tertiary canals have been shown. After 
topographical survey mapping, it will probably be found that more tertiary canals are required because of the 
undulating nature of the area.  
 
The provision of vehicle access along a canal bank considerably increases the earthworks volumes and cost. 
As there are few tracks in the area, it is proposed that the MC has vehicle access along it. Further 
consideration for vehicle access along the secondary canals should be given after topographical survey is 
complete and a more accurate assessment of the earthwork volumes is possible. Particularly the S3 canal 
should be considered as it is a continuation of the MC access track and a short extension can connect to the 
existing tracks shown on the bottom of Figure 3. 
 
A MC of about 2.1-km length is required to supply four secondary canals varying in length. These in turn 
supply about eight tertiary canals of varying length. At this stage in the investigations, it is not worth 
considering the layouts in any more detail. The MC only conveys the scheme full supply for about 700-m. 
Then it reduces in discharge after each Secondary Canal. 
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Because the proposed area is undulating and the irrigation canals have to wind around hills, there will be 
relatively long lengths of canal required to irrigate the area. Four Secondary Canals, total length about 4-km, 
have been identified: 
 

S1 is about 1.3-km long and irrigates about 70-ha 
S2 is about 0.20-km and irrigates about 20-ha 
S3 is about 1.2-km long and irrigates about 35-ha 
S4 is about 1.2-km long and irrigates about 25-ha. 

 
The following minimum Tertiary Canals are required: 
 

S1 will require four tertiaries of total length about 3.7-km; 
S2, two tertiaries of total length about 0.6-km; 
S3, one tertiary of length about 0.2-km; 
S4, one tertiary of length about 0.8-km. 

 
A total tertiary canal length of over 5.3-km is required. 

5.7.3 Canal Structures 

Examples of the canal structures that will be required in the canal system are as follows: 
 

• Turnouts to deliver water from a canal to a smaller order canal; 
• Pipe outlets, that can be easily blocked off, from a canal to individual farm plots; 
• Check and end structures to maintain water elevation in the canal when canal discharges are less than 

design; 
• Culverts to convey natural drains under the canal or inverted siphons to convey irrigation water 

under a natural drain; 
• Emergency spillways to prevent a canal from overtopping due to mis-operation or blocked canal; 
• Measuring structures are frequently not included because of the extra cost and head loss involved. 

However their inclusion will assist scheme management with the equitable distribution of water 
throughout the scheme. 

 
For long-life and easier operation, the structures should be reinforced concrete with steel gates rather than 
stone masonry and timber drop boards. 

5.8 Irrigation Farm Plot Development 

As stated previously, there are only a few farm areas in the proposed irrigation area that have been already 
cleared. This is considered because the area has a low-density population rather than poor soils. The cleared 
areas are located in the lower “valley” areas between hills. To fully develop the undulating area, the area will 
have to cleared, tree stumps removed and terraces developed on hillside slopes. The extent of the terracing 
and plot sizes will be determined after topographical survey is completed. 
 
Because of the undulating nature of the area, several natural drainage systems exist: 
 

• The Nam Pan to the north; 
• The Nam Phao to the east; 
• The Houay Phaleng to the southeast 

 
Some deepening and widening of natural drainage gullies may be required, but not enough for any 
consideration in the cost estimates. Individual farmers can undertake any excavation where required.    
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6 OTHER NAM PAN RESETTLEMENT VILLAGE COMPONENTS 

6.1 Access Road 

An access road is required from Road 8B to the new resettlement village and dam site for construction 
purposes. The existing access from Road 8B to the dam site is a narrow winding 12-km long track. If the 
existing track were to be used, it would require the following improvements: 
 

• Widening from the present 2.5 to 3-m width to at least 5-m plus tree and bush clearing/cutting for a 
further 2-m on neither side; 

• Some earth fill in lower areas and a gravel surface along most of its length; 
• Side drains and culverts were natural streams cross the road; 
• Some realignment in steeper sections and also along lower sections where farmers have cleared land 

for paddy development. 
 
The road is winding because it connects isolated areas that have been cleared for cultivation. A new road 
from Road 8B direct to the dam site would be far less than 12-km long. 
 
There are several options available for the location of the new village housing and the final choice should be 
left to the resettlers. Below it will be explained that a location of the bank of the Nam Pan has been 
provisionally chosen. Apart from construction access to the dam, it will also be necessary to cut a road from 
the borrow pit site to the dam location. The final route of the road will be chosen after the geotechnical 
investigations and topographical surveys are complete. It is generally of lower cost to improve the existing 
track rather than construct a new road along a different route. Therefore the road to the new village could be 
a mix of improving the existing track and new construction. A provisional route is as follows: 
 

• Upgrade the existing track from Road 8B to Ban Nam Pan, approximately 3-km; 
• Construct a new reach along the hills on the southern bank of the Nam Pan to the housing area, 

approximately 2-km; 
• Upgrade the existing track to the dam site, approximately 1-km. 

6.2 Village Housing 

As stated previously, the location of the village housing area should be left to the resettlers. However it is 
assumed that they will choose to live adjacent to the Nam Pan. Although the resettlers will be provided with 
a water supply and latrines, there are still other reasons for living near to a small river including recreational 
and some fishing possibility. There is a suitable 2-km long reach available between the existing Ban Nam Pan 
and proposed dam. The new village will be located above Nam Pan flood elevations.  Other possible 
locations for the new housing are: 
 

• Above the new reservoir. This is nearer the forest area to the east of the dam and there will be the 
possibility of fisheries in the reservoir. 

• On the hills above the MC. This is a more central location with less walking distance to the southern 
irrigation plots.   

 
The village housing area has been estimated, based on the Pilot Village layout, at 0.07-ha per household for 
housing and village roads plus an extra 2-ha for the school, market, workshop, community centre and rice 
mill. 0.7-ha equates to a 28 x 25-m rectangle or a 25 x 25-m plot with a 3-m wide village road along one side. 
Consequently for the 50 households that wish to be resettled in Khamkerd District, a housing area of 5.5-ha 
is required. Generally, villagers wish to have immediate or close access to the main access road. Therefore a 
long, rectangular village boundary shape of about 500 x 120-m has been assumed, so that no house is far 
from the road. The general area where the new village can be located is shown on Figure 3. 

6.3 Water Supply and Sanitation 

The three possibilities for a rural village water supply are: 
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• Rainwater collection from roofs via gutters into storage tanks; 
• Gravity fed supply from a perennial spring or stream located above the village; 
• Groundwater abstracted by handpumps or by rope and bucket from hand dug or bored wells. 

 
Rainwater collection is usually the most expensive and there can be problems with sufficient storage to last 
through the dry season. There are no perennial springs or streams located above the possible village locations 
that can be developed for a gravity supply. Groundwater is usually the cleanest source and if the village is 
located adjacent to the Nam Pan, then it will be only a short vertical distance from the natural surface to the 
water table. Therefore hand dug wells with handpumps is the chosen option. For shallow wells, the “TARA” 
hand pump, designed and manufactured in India, is the most reliable and are commonly used by UNICEF. 
However there are cheaper Thai and Lao manufactured pumps available. 
 
So that it is not too far from every house to a well, four wells have been proposed. 
 
Every household should have its own latrine. There are several types of latrines available in Lao PDR. The 
usual village choice is “pour flush latrines” with vent pipes. Pour flush latrines require between 1.5 to 2 liters 
of water for flushing but are odor free and are the safest type of latrine regarding the transmission of excreta 
related diseases. They have a long life and there is no need to move them for many years. They should be 
located at least 20-m from any wells. 

6.4 Electricity Supply 

As stated previously, Lak Sao town has a good electricity supply from the Theun Hinboun Power Station. It 
is not proposed to extend the line from the GoL fish/poultry farm on the bank on the Nam Phao that was 
proposed for the Nam Sot scheme. This would be fairly short at about 4-km, but would necessitate crossing 
the Nam Phao and building a new road especially for this line extension. Consequently it is proposed that the 
supply to the new resettled village from Lak Sao along Road 8B, about 4-km, and then along the access road 
to the new village, about 5-km. Thus the total line length is about 9-km. 
 
A 22-KV line will be installed as will a 160-KVA transformer. The Bolikhamxay Branch of Elecricite du Laos 
(EDL) will probably undertake the installation.  

6.5 Agriculture and Forest Lands 

Similar to the Houay Sot area, the area under consideration is gently undulating with mixed forest and dense 
undergrowth. It is not heavily populated and there is no pressure on the land. Isolated areas of slash and burn 
are noted, as were some areas of permanent paddy. The soils vary, but on the lower ground are suitable for 
paddy development. There is significant potential for the resettled farmers to gain income from non-timber 
forest products and hunting in the area. Behind and to the east of the proposed dam site there are mountains 
that stretch back to the Nakai Nam Theun NBCA. From aerial photograph observation, this area appears to 
be in fairly pristine condition. 
 
As there is no pressure on the land there is land available for cattle grazing. There is some potential for 
fisheries in the new reservoir, but more for recreation than income generation. 

6.6 Indicative Cost Estimates 

An indicative cost estimate for the development of the irrigation scheme and the above village development 
components is found in Table 4. The estimate does not include the cost of the further studies required and 
cost of the preparation of detail designs, drawings and contract documents.  
 
The estimate has two summaries regarding the irrigation development: 
 

• Summary No. 1 is for no cost sharing. That is, the cost of developing a full 150-ha irrigation scheme 
even though only 82.5-ha is required for the Project resettled farmers. 
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• Summary No. 2 concerns a possible cost sharing option. This is that NTEC finances the dam, 
spillway, main canal and 82.5-ha of the remaining canal system and land clearing and leveling. The 
estimated cost of this is US$ 731,400. The Khamkerd District authorities finance the remaining 67.5-
ha at an estimated cost of US$ 73,800.   

 
The total estimated cost for the 150-ha scheme is US$ 805,200. The most expensive component is the 
construction of the irrigation scheme at about 56 per cent of the total cost. The estimates are indicative. For 
example, the irrigation scheme costs are based on information from a 1:25,000 map. The earthworks volumes 
for the earth dam and canal system may vary significantly after detail design.  
 

7 NEXT STEPS IN THE DEVELOPMENT OF THE NAM PAN SCHEME 

7.1 Technical Procedures 

Technically, the normal procedure to develop an irrigation scheme after a potential scheme has been 
identified and an outline proposal prepared, similar to the previous chapter, is: 
 

• Pre-feasibility study. 
• Feasibility study. 
• Prepare detail design and drawings and contract documents. 
• Undertake tendering procedures, contract award and construction. 

7.1.1 Pre-feasibility Study 

The pre-feasibility study does not need to be a formal study. For example it is known that the Nam Pan is 
perennial. Local farmers have cleared some plots in the scheme for paddy, so these soils should be good. The 
Khamkerd District has commenced topographical survey of the area. If the survey maps shows that a canal 
system, similar to the one proposed, will command a suitably sized area, then this is sufficient for the 
technical side of a pre-feasibility study. 
 
As regard the social side of the study there are existing tracks in the area, probably cleared by the villages of 
the existing Ban Nam Pan while looking for new paddy areas. This village should be consulted as they may 
have, or consider they have, traditional rights to a considerable part of the area under consideration. The 
village traditional boundary should be identified, as should any other village boundaries that may extend into 
the study area. 

7.1.2 Feasibility Study 

Further studies are required to produce a concise feasibility report. The studies include: 
 

• Embankment dam geotechnical investigations on foundation and borrow pits. Spillway foundation 
investigations. Location and cost of other local construction materials – sand, gravel and rock; 

• Nam Pan hydrological studies. Estimates on mean monthly discharges and further design flood 
calculations; 

• A full soil survey and mapping of the command area is probably not required. Perhaps just a more in 
depth examination by a soil scientist and agriculturist for a couple of days; 

• Compare options for different dry season dam storages and considering downstream riparian Nam 
Pan flows, cropping patterns, command area and canal arrangement. As stated previously, a general 
rule is the larger the reservoir storage, the higher the cost of the dam, spillway and MC intake 
structure. Dry season rice is an expensive option and should be eliminated at this stage. Consider full 
dry season storage for non-rice crops, overnight storage only and no storage. If no storage is 
required, consider a diversion weir rather than a dam and spillway; 

• Preparation of cost estimates for the different options. 
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7.2 Involvement of Khamkerd District 

The involvement of the Khamkerd District will complicate the above procedures. The Khamkerd DAFO has 
their own irrigation development programme with regard to reducing shifting cultivation areas and poverty 
alleviation. It would be ideal if the District were to simply allow NTEC to develop the area without any 
conditions. However this is unlikely to happen. Therefore this section considers some of the non-technical 
problems involved in the development of the Nam Pan area for NTEC to consider and decide how best to 
proceed. There will have to be discussions, negotiations and agreements between NTEC and the Khamkerd 
District Officials. The subject matter could include: 
 

• Initially, the preliminary concept and size of the scheme. For example, the preliminary DAFO report 
indicates a large dam and this Consultant proposes a small dam. Also, should households from 
outside of Ban Sop Hia and Nam Nian be included in the scheme, particularly farmers from the 
existing Ban Nam Pan? 

• Cost sharing for the studies, design and construction, if any. 
• Who undertakes the design and construction? The Khamkerd officials may wish for District or 

Provincial Enterprises to undertake the design and construction without any tendering processes, e.g. 
BPKP or the Bolikhamxay Provincial Irrigation Service. NTEC will require competitive bidding, 
especially for the construction. 

 
More discussion on the above subject matter follows. 

7.3 Scheme Concept and Size 

The potential for further irrigation development in Khamkerd District is not known. It is possible that the 
“best” schemes have already been developed. Therefore the District Authorities may wish to maximize the 
scheme area and include other resettled villages from within the District. In the case of the existing Ban Nam 
Pan, to not include the village would be unfair and may cause local friction and problems later. 
 
It is fairly typical in Lao PDR, and appears to be the case at Nam Pan, that the Khamkerd DAFO wishes to 
have a “large” scheme. This is apparent from the large 750-m long, 28-m high dam shown on their 
preliminary assessment with an estimate cost varying between US$ 0.8 to 1.6 million. The NTEC 
management is certain to consider this size of structure prohibitively expensive for fifty resettlers. The 
Consultants proposal for a much smaller dam, albeit with less storage volume, with an estimated cost of US$ 
122,800 is much more likely to be considered positively by NTEC management. 
 
Similarly for the irrigation area. To increase the area as identified by the Consultant will require a significant 
increase in canal compacted earthworks and canal structures to convey water further than the identified 
scheme boundaries.  
 
Consequently the first NTEC discussion subject and agreement with the Khamkerd District officials is 
whether to include households from other villages in the Sop Hia/Nam Nian resettlement scheme? 

7.4 Cost Sharing – Feasibility and Design Stages 

Further studies are required for the preparation of a feasibility report. Provincial and District administrations 
frequently do not undertake feasibility studies and do not consider alternatives – the original large-scale 
concept can be carried through to construction. Cost sharing for the studies and detail design is not 
recommended, NTEC should cover all the costs. 
 
The District administration may wish that BPKP or a District/Provincial Enterprise undertakes the study 
and detail design. It is recommended that an agreement with the Khamkerd District office should include 
that a local Consultant Company, after competitive bidding, undertakes a feasibility study with Terms of 
Reference prepared by NTEC. The contract award should be based on the Consultants previous experience, 
proposal methodology and work schedule, CVs of the team and price. If the Consultant prepares a good 
report, then it is preferable that the same company undertakes the detail design stage. If their bid is too 
expensive, then the work is re-advertised.  
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7.5 Cost Sharing – Construction 

If it is decided that the scheme will be larger than the 82.5-ha required for the Sop Hia/Nam Nian resettlers 
and assuming that NTEC do not wish to finance the whole scheme, then some sort of cost sharing 
agreement will be required. Any construction cost sharing between NTEC and Khamkerd District will have 
to be carefully considered. There are possible cost sharing options available, two options are considered 
below. 

7.5.1 Possible Option 1 

Assuming a 150-ha irrigation scheme rounded up estimated cost of US$ 450,000, the cost per hectare is US$ 
3,000. The possible cost sharing could be: 
 

• US$ 247,500 to NTEC for a 82.5-ha scheme for NT2 resettled households only, and 
• US$ 202,500 to Khamkerd District for the remaining 67.5-ha for farmers from Ban Nam Pan. 

 
It would be difficult for the Khamkerd District to raise US$ 202,500 in a timely manner as typically District 
offices in Lao PDR have trouble funding infrastructure projects. To finance infrastructure projects some 
Provinces resort to paying Contractors through logging concessions. Others can make a few payments and 
then cease. Then the contractor has to accept whatever is offered. This can include non-inflation adjusted 
payments stretching over many years. 

7.5.2 Preferred Option 2 

Another alternative is that NTEC pays for the dam, spillway and main canal. The cost sharing is limited to 
secondary and tertiary canal construction and land clearing and leveling. This alternative is shown in the 
indicative cost estimate in Table 4 as Summary No. 2: Cost Sharing. The cost to Khamkerd District would be 
US$ 73,800, less than half the above amount. 
 
It may still be difficult for the District to raise US$ 73,800. However, it is possible to prepare a construction 
contract for the development of 82.5-ha only. Secondary Canal S1 irrigates an area of around 70-ha. This 
canal could be allocated to the Ban Nam Pan farmers and the Sop Hia and Nam Nian resettlers use the rest 
of the scheme.   

7.6 Competitive Bidding 

It is probable that the Khamkerd District has little or no experience with the competitive bidding process and 
usually uses either BPKP or a District/Provincial Enterprise using GoL unit rates for construction projects.   
If there is construction cost sharing with Khamkerd District, then the Khamkerd District may request that a 
local Contractor undertakes the work without competitive bidding. This is not recommended. 
 
 


