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1. INTRODUCTION

' 1. 1 CONCLUSIONS AND RECOMMENDA’I IONS

Thc twentleth century has come to an cnd now, a ccntury in whrch people have aimed to achleve
a stable growth of their national economic power leaving no stone unturned, even under any kind
of political system. People debated on conflicting matters lying between nature conservation and
~ natural finite resources development under the absolute national target, and people proceeded a
- natlonal development to obtam the maxrmum publlc mterest through the best way Judged by a
- sense ofvalue in age LT : S

' The large scaled dam development has expedlted a national economtc growth in all countries.
‘However, the risks which come with the development have had an effect not only on natural and
- soctal envrronments but on state control and mvestors due to lts own development scale

Under the above understandmg, we have started the Study on the Pro;ect almmg to lmplement _
the Environmental Impact Assessment in the course of gropmg a dam development procedure for
the benefit of future generatrons DR : :

‘ Generally, tasks of the large scaled dam are multlfarlous ﬂood protectton 1rngatlon mdustrral :
~ and municipal water supply and hydroelectnc power However, the history of its development is

not long, only around 50 years since its beginning. Therefore, the short history has not created
" debate concemmg envrronmental aspects caused by their large scale and consequent serlous

- effects

On the other hand some advanced countrles mvolved wnth many large scaled dams wrth SO years -

" of history have postponed and disconnected the proposed dam development schemes to finish the

- large dam’s tasks for national development. - Therefore, the large dam development cannot keep
- a further balance with human life in the surrounding natural and social envn'onments so we, and
L anybody related wrth the development should be serlously concemed : ST

However on one hand some advanced countrres lost sngmﬁcance m the dam development and

- on the other hand it is a fact that some developlng couniries need it as a tool for their national

S _devalopment Accordingly, we had provided them not only financial aid but also the intellectual
- assistance to }udge the priority of development from the environmental standpoint. - The
e judgements were on the basis of understandable national development policy on national
.- intetests from the other countrles by an effectwe utlllzatlon of rlch water resources under the bcst
L geopollucal advantages SR IR L e

As a conclusron of the aboVe, the Study Team proposes to construct “the Mlllenmum Dam

* the'end of the Study. We named a dam of the Nam Ngiep-I HEPP as “the Millennium Dam” on

L NCANAMNGIEP-THEPP

- ground of our oath to recover “the silent rivers” in the next century, not by the reason of our
_ memorlal to propose it at the end of thts century - SR .
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Thercfore, in order to that the proposal of “the Millennium Dam™ may be worthy for coming
ages, the detailed prdcedures to reach the conclusion were shown in the report hcreinafter.

. The conclusron reached both to minimization of envxronmental unpacts at the extent and
- realization of an economic-viable and financially attractive development, is the universal truth
for the coming hydropower developmcnt Conscquently, the alternative with FSL at EL 320m is
proposed to select the nmost promlsrng development scheme for the Pro_;ect

This conclusion was made on the recent worldwide circumstance and wrth understanding that the -
- development should be made on the international rule even in the developing countries.
However, on the other hand, there is a different recognition that it is stitl permlssrble greatly for
the developing countrrcs to glve national developments the hlghest prlorrty in order to maximize
their own beneﬁts . = . o : '

T he Study has not bcen camed out in lme wrth the theme of chorce between “Envrronmental
)Conservatlon” and “Promotion of National Development” But, the same will probably come to -
the main theme by shapmg up of the Project. The scale of the PrO_]CCl which constructs the
permanent structure, is determined based on the sense of value at that time. Especrally, for the
Project likely to be 1mplemented by IPP, the mnumrzatlon of nsks is a key factor for
_ detcrmmatron of the development scale ; ' . : :

- 'Therefore, the extent and scopes for further 1nvest|gat|on and study should not be lmnted only o
for the medrum scale development of FSL 320m ; : : - s

'1 2 BACKGROUND OF STUDY

_Lao PDR has a land arca of 236 SOOkm and a populatron of 5, 26 rmlhon (estlmated in July o
1998). The 90% of the working populatlon was in rural arcas and engages in agricultural work.

Ghp (Gross Domestic Product) grew at an annual rate of 7. 6% from 1994 to 1998 GDP per o

caprta in 1997 was about US$370

Tot*rl mstalled capacrty of power generauon in 1999 was 576MW whlch consrsted of 561MW of o

hydropower and 15SMW of diesc] power. The latest plant is the Houayho HEPP- (capacity

_ 150MW) which started the commercial operatlon on September 3, 1999 as an IPP project. -
Among the hydropower plants, the Nam Theun-Hinbun HEPP- (capacity 210MW and annual

B production 1,635GWh) completed in April 1998 overtook the Nam Ngum 1 HEPP (1SOMW and " -_ -
'990GWh) as the largest in Lao PDR. - The fourth largest plant is the Xeset HEPP whlch has SR

45MW ol' mstalled capacrty and produces lSOGWh of energy annually

: Annual total energy consumptlon in. 1995 was 337GWh Consumptron of energy is growrng at
the annual rate of 8 to 10% and future growth of demand and the maximum output of energy is .
assumed to be 214MW and §18GWh in 2005, 329MW and l 2I3GWh in 2010 and 506MW and '
1 783GWH in 2015 respectwely i : '

Lao PDR is selhng surplus hydropower energy to Thauland whlch has a lack of pOWer supply _. 3

- Earnings from those sales was US$29 million in-1994, which was an espemally high-water year ' ".,

and US$24 mrlhon in 1995 lt is the second most promlsmg source of income for Lao PDR
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The Government of Lao PDR exchanged MOU (Minutes of Understanding) in 1995 for 25
hydroelectric power projects to be developed on a BOOT basis (Build-Operation-Owned-and-
Transfer) and power from those projects is all scheduled to be sold to Thailand. Lao PDR has a
policy to positively develop their abundant hydropower potentials, especially the projects close
to Thailand and Vietnam, which are scheduled to be devcloped for sellmg power to those
countnes '

'lhe Nam Nglep -I Hydroclectric Power Project was ﬁrst studied by Prench consultant Sogclcrg
Sogreah with an untied loan from the French govemmcnt He executed a Pre-F/S (Pre-
Feasibility Study) from 1989 to 1991 and the first report was prepared in January 1991. Two (2)
reports of the updated Pre-F/S were issued in February 1992 and November 1995. Sallcnt
features of the recommended scheme in the Pre-F/S are as follows

__ Table 1. l Sallent Features of Recommended Scheme in Pre-FlS

Catchmenl area at dam site 3, ‘It}O km?
Annual average basin raml'all 2960 mm__- ; T
Annual mean runoff - 210 m*/s (6,620 mnllton m ) .
- - 1 Average run-off coefficient 0.61 - ]
Reservoir { Probable maximum flood (PMF) 15,900 m*/s
' Mean annual scdnment ﬂow 374 vkm?/ year
Reserveoir area ‘ 156 km?
Gross reservoir capacily 7,200 x 10°m
Effective storage volume 4,200 x 10° m’ :
Dam type - : Concrete faced rockfill dam
Dam height & Iength s 185 m, 620 m R
Dam volume S 13.9x 10°m
| Dam crest level EL.367.0m -
Dam Full supply level EL.360.0m
Spillway crest level EL.346.5m
Minimum water level - - EL.330.0m
Spillway capacity -~ Lot 8,730 m’/s C
Installed capacity / annual total energy productlon 440 MWV / 2 900 G\Vh
l 3 PURPOSE OF STUDY

| ln October 1996 the Govemment of Lao PDR made an ofﬁcral request to the Govemment of
~ Japan to conduct a feasrblllty study of the Project, including review of the studies carried out

" under Pre- F/S rcsulttng in a possible altemative for the hydropower development scheme due to -

- its high economic factor and good accessibility to Thailand. The American developer Shlapac
_ annulled the MOU in July 1996 whreh was exchanged in January 1991 '

In response to the request it was dec;ded to dtspatch a pr()ject formatlon mission w1th condltlons B
at the internal meeting for the pOSSIble environmental impacts on resettlement and deforestauon
- due to its large scaled dam development The Government of Japan dispatched the mission in
- November 1997 and required consent with the conditions resolved at the meeting. GOL agreed
“on (i) an rmplementatton of a basic study focussing on EIA (Envrronmental Impact Assessment)
Cprior to a usual F/S, and (ii) an establishment of Public Involvement (PI) through a
, V.\comprehensrve development procedure with free access to information including local people
- and NGO consultation.  Following his consent, the Govemment of Japan decided to dispatch a -
prellmmary mlssmn to dlscuss and conclude the scope of works wrth the Government of Lao '

PDR..

'- 'JICAN'AMNGuszI HEPP 1-3 " “February 2000 -
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Though the mission was dispatched from late lebru*try to early March 1998 and pre-studied
survey items and the schedule for the Study, GOL reserved sngnmg on the agreement during the
mission duc to a tight schedule. Upon dispatching a consequent mission in late March 1998 the
agreement was reached on March 27, 1998 between GOL and GOJ. :

The ob_;ecttve of the Stndy is to \\ork out the most rccommendable reservoir type hydroelectrtc
power project. However, in a study of this kind, an Environmental Impact Assessment (EIA)
“survey is mainly carried out to evaluate the environmental impact and to assess the possible
" mitigation measures for both the existing scheme and the alternative plans. Based on the results,
- both the Japanese and Laotian governments will mutually agree whether or not the Study should
contmue to the second stage on detailed lnvestlgatton : S -

As this Draft l ‘inal Report has proposed to contmue studymg for the second stage the FIS grade
- design and the detailed investigations arc required to be carricd out in addition to the continuous
hydrologicat survey and the environmental survey. The detailed investigations include an acro-
photo geological survey covermg the whole proposed reservoir area and a geological survey with
core-boring investigation at the proposed dam srte whrch have not been executed in tlns first
stage -

It is also one of the major objecttves to achreve transfer of technology and trunmg of the
- counterpart personnel of HPO/MIH through and during the Study. As it is scheduled to invite a
trainee to Japan for several weeks each year, the chief counterpart of HPO finished the first year
~ program in Japan from late March 1999 for about one month. For the second year, the other
counterpart personnel wsrted Japan late October for about one month ' -

1 4 WORK PROGRESS OF STUDY

:The Study has been conducted since late July 1998 to January 2000 for 18 months in two (2)
fiscal years foeussmg on the Environmental Impact Assessment (EIA) survey as shown i in Flgure
L1 :

: The Envrronrncntal Assessment Commtttee (EAC) was organtzed by J 1CA as an advnsory panel
and was independent of the Study Team. The EAC meetings were held prior to each General
* Workshop by five (5) members consisting of Laotian, American and Japanese members with a

 Japanese hydropower specialist as a coordinator. The substantial EIA survey has been carried

~_ out divided into the 1st Fiscal Year (December 1998 to March 1999) and the 2nd Fiscal Year .
(May to September 1999) by the Laotran sub- contractor who was selected through the local__':'f S

: competmve btddmg (LCB)
' _EtzstEmaLXea[

. lhe ﬁeld mvestrgatron of thc lst Ftscal Year was commenced by clrspatchmg the Study Team to' '
- Vientiane in Lao PDR on August 10, 1998, Right after arrival, a joint site inspection by a large
_ helicopter content was performed on August 10, 1998 ﬂymg over the proposed reservoir area, - -

and the Inception Report was explained to HPO/MIH for their approval on the contents. =
- Explanation, discussion and some pending matters on the contents of the Report were comptled S
~into the Mmutes of Meetlng, whtch was conducted at the srgnmg ceremony held on August 17 G

~ NCANAMNGIEPAHEPP S led e T February 2000 <o
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1998 with acknowledgement of related peoples meludtng the Vlce Minister of Industry and
Handicrafls, Ambassador of Japan Embassy, etc.

The 1st Gcneral Workshop for Inceptron Report was carried out in the capital Vientiane on
November 26-27, 1998 after submission of the Progress Report at the end of October 1998. That
‘compiles the Initial Environmental Examination (IEE) results, the Environmental Impact
- Assessment (BIA) survey progress, installation of the hydrological observation equipment, the
GPS survey in the reservoir area and the alternative study progress of hydropower plan, etc. The
Workshop was held during the 2nd Field Investigation to explain the contents both of the
Inception and Progress Reports aiming at the exchange of views with local people and NGOs by
a positive challenge for free access to information. During the Workshop, it was proposed (i) to
_hold a Site Workshop at the proposed reservoir area apart from the General Workshop in capital,
(ii) to carry out a ground survey in the Thaviang Sub-District which is the key area for the
Project at the upsiream area of the reservoir and (iii) to deliver promptly the reference papers for
' the prospectrve parttcrpants prror to the Workshop o '

The lst Stte Workshop was held both at B. Dong of the Thavrang Sub-Dtstnct in the upstream of
reservoir and B, Sopyouk in the downstream with the attendance of HPO/MIH counterparts and -
the Study Tcam with a large helicopter. It was aimed at public consultation of the methadology
and purpose of the Study. However, the vrllagers were htghly mterested in the PrOJect because of
o possrble resettlement due to alternattve study results : :

: The Interim Report was submttted as the study results of the lst Flscal Year at the end of March

1999, which compiles the Interim Report of EiA survey, the ground survey results in the

" Thaviang Sub-District, the hydrologlcal observauon results and the alternatwe interim study
rresults of hydropower plan etc : : :

: VA.:SQQV[!'I]- d Eisc' a] )-:fearr S ': S - o

_The field mv'estlgatron: of the 2nd Fiscal Year was commenced by dispatching the Study Team to
" Vientiane in Lao PDR on May 18, 1999. The 2nd General Workshop was held in Pakxan,
Bolikhamsay Province near the junction of the Nam Ngiep River and the Mekong River on June

7 9-11, 1999, aiming to present the Interim Report Questionnaires concerning the requirements

. and questtonnarres on the regtonal development plan of the Project and the reseltlement aspects
- were raised more than that in the previous General Workshop in Vrentrane due to the attendance

- of many local gOVEIMOTs and resrdences moved by a large heltcopter in addition to the definite

- ‘contents of the Project. ' It was requested (i) to submit the draft Final Report earlier than the
schedule for the next Workshop, (i) to execute an additional investigation on the proposed
resettlement area by local govemment and (m) to hold the Srte Workshop prowdmg a gender

"3-'cxpen

: Followmg the 2nd General Workshop, the 2nd Slte Workshop was held at the center of |

. :' downstream area of the proposed dam site, B. Somseuam (B.Muanmai) of Bolikhan District on
.. June 24, 1999. During the Workshop, the Study Team explained mainly the potentral impacts

o and possrble mitigation strategies of river water ﬂuctuatron due to dam construction, since their
s 1mpacts are qurte drfferent from that in the reservorr area where the prevrous Stte Workshop was
held. - ' e e 2 e . e

= The lst Draﬁ Fmal Report was subnutted at the end of September 1999 eompllmg the Draﬂ

Pmal Report of LIA survey, the mmutes of both the 2nd General and Srte Workshops and the 2nd

S JICANAM'NGIEP-I'HE_PP_"4.- L el e S T e e T T Pebruary 2000
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EAC meeting and the alternative final study results of the hydropower plan etc. After
comprlauon of the comments by MIH/HPQ during the presentatton of the Ist Draft Final Report
in October 1999, the 2nd Draft Final Report with executive summary was submitted in mid-
November 1999. The Study Team recommended to proceed the medrum scale dam dcvelopment
in thc Report o : : :

I‘ollowmg the 3rd EAC meetmg on December 3-8, 1999, the 3rd General Workshop was held in
Vientiane on December 9-11, 1999 with about 120 participants. This time also, as a large
helicopter was prepared for transportation of the villagers and the local govcrnment officers, they
understood an intention of MIH/HPO and JICA to have respect for opinions by local peoples. At
the Workshop, the comment was raised (i)a concentration among a flexibility of the development
- scale decision prior to a detailed ficld survey for the next stage F/S, (ii)requirements on definite

conditions of compensation for resettlement and (m)executton of a rural development m ime' i

w1th the resettlement action plan ' : L Ll

l‘ollowrng the General Workshop, the 3rd Stte Workshop was held at the 3 vrllages where had
“been held the Workshop previously. According to the prior site visit by the Gender Specialist
-and unhmtted number of participants, the number of participants at both villages in the reservoir
was over 200 people and a half of them were women, The women’s speaking attracted attention _
at all Site Workshops, they proposed a sufficient compensatton and a rural development as they ;
- would obey the govemmcntal Judgemcnt if they should move. ' ST :

lanuary 2000 the Study Team made a ﬁeld survey in Tharland ad Vletnam for research of therr '
‘current economic and power markel condrttons, and the ﬁeld reports and analysts results had s
been contamed in this Final Report ol SR '

In upcommg March the dlSCUSSlon meetmg for the evecutton of the next stage FIS is scheduled R
to be held in Vrentlane between JICA and ‘VlleHPO based on thts Final Report : '

All the Study Reports submttted prror o the I mal Report are shown below S
: Table 1.2 Submttted Study Reports S ;'ﬁ.- s

ReportTrtle e T | Dateof Submlssmn

No. : :

"~ 1.7 | Inception Report - -~ - o e e | Agsust -0 1998
2. Draft Execution Plan ofElA SurVey S | August v 1998 0
3. | Tender Documents of EIA Survey Cieensa e | September 1998

© 4. | Contract of BJA Survey - o0 o0 0 e 0 s December 1998
5. L jProgressReport v ol oo mi e o October o 1998

~ 6. | Supporting Report (A) : IEE Report S e o 2 October 1998

- 7. - | Supporting Report (B) : Execuuon Plan of ElA Survey | October - 1998 °
8. Interim Report = - S | March -7 1999

.- 9. 7 | Supporting Report (A) : lnterpretaere EIA Interlm Report S| March 0 1999
10. | Supporting Report {B) : Sub-Cantractor’s EIA Interim Report - | March -~ 1999 -

“11. - | Supporting Report {C) : Data Book of Hydrologlcal Observallon March - 1999 &

12 Ist Draft Final Report (Main Réport) - -7i 2 ] September - 1999 -
13. ' | Supporting Report (1) : First EIA Report - b September - 1999
14. - | Supporting Report {11} : Environmental Management Plan “77- | Seplember 1999 -
15. | Supporting Report {I11) : Preliminary Resettlement Plan - -~ - | Septémber 1999 -
16. - | Supporting Report {V) : Records during Field ]nvesttgauons .| September- 1999

- 17. - | 2nd Draft Final Report (Main Report) - - - | November 1999
18. - | 2nd Draft Final Report (Executive Sumtmary) - .=~ " | November 1999 °

ICANAMNGIEPAHEPP - 0 e a6 T T e Febary 2000
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1.5 COMPOSITION OF STUDY REPORTS

The Final Reports consist of the main report, the executive summary and the supporting reports
(5 volumes). The supporting reports contain not only the environmental assessment report as the
major scope of work but also the data book for the minutes of meetings for Environmental -
Assessment Committee and General and Site Workshops with scparate volumes for casy
multiple use. The composition of the study reports is as shown below:

Table 1.3 Composition of Stud'y' Reports

Vol. . ' | Japanese English

No Report Tltie Contents _ _ TICA JICA MIn
Main Report . - : : : "0
Executive Summary : 0

Supporting Report (1) | First EA1 Report K - -

Supporting Report (11} | Preliminary Environmental Management Plan -

Supporting Report (11) | Preliminary Resettlement Plan - : . -

Suppoiting Repori (1V) | Sub-contractor’s Field Investigation Report _ -

NS B
QO|O|0|0|ClO
QO OICIC|CIO

Supporting Report (V) | Records during Field Investigation : -

COICANAMNGIEPAMERP o .17 T L February 2000
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2. GEOPHYSICAL SURVEY

| 72 1 GFNERAL

: Bmstmg maps used for the Study are of 1:50, 000 scale (contour 20m pltch as of 1967) and
- 1:100,000 scale (contour 40m pitch, as of 1982). However, since both types of maps are made
by aerophoto surveys (photo scale: 1:60,000), accuracy of the counter line is assumed to be
+10m. Therefore, it is expected that the elevations in the counter map and actual elevation do
- not conform with each other, which will cause large dlscrepanmes between the proposed
© reservoir mundatlon area and the actual one. In this context, checking and survey on the existing
counter map elevation were executed through GPS (Global Posrtlomng System) smgle pomt
_ survey at the lst Fleld Investlgatlon in August to Septembcr 1998 '

~ However accordmg to the results of GPS survcy which wall be descnbed below thcrc were 1o
relations between the two (2) elevations of the GPS surveyed point and the point on the existing
~ map. Consequently, the attempt to estimate the lowest elevation of the village and field failed by
: applymg the GPS surveyed points at represented villages. The inundation of the Thaviang Sub-
" District is the largest concern among the social environmental aspects of the Study. In this
4 _'context an additional ground survey to identify accurately the distribution and elevation of both
 villages and fields was proposed to be executed at the 1st Environmental Assessment Commitlee
. meeting prior to the 1st General Workshop in November 1998. TFollowing JICA’s approval on
~ the Study Team’s requirements to carry out the inevitable ground survey, 1t was performed
. durmg the 3rd Fleld Investlgatlon in I-ebruary 1999. - :

" 'Pl‘lOI’ fo executton of the ground survey at Thavnang Sub Drstrrct the survey schedule was

" established by grasping the fatest distribution of villages and fields by SPOT satellite plcturcs'

- purchased These pictures are takcn by a satellite launched at the height of 832km by France
SPOT in 1997, by Wthl‘l vanous analyses and mappmg are posstble

;As a result of the above wo (2) geophysrcal surveys, the prospectlve mundated area at the
. Thavrang Sub DlSl.rICt by PSLs of the proposed reservorr was apphed to the altemahve sludles

U NCANAMNGIEPAMERP o 2el o LT el Febuary 2000
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2.2 GPS SURVEY IN PROPOSED RESERVOIR

22.1 GENERAL

Consndermg the fact that (i) local survey compamcs had poor experiences on GPS Survey, and
- (ii) ordinal traverse survey took a long time since there was no road along the river, the Study
Team brought survey equipment from Japan, hiring local supporting staffs in cooperation with
HPO’s countcrparts, and executed direct survey using a small helicopter for transportation.

Target regions of GPS single point sur‘.re_\,r were decided to be the existing benchmarks in the
proposed reservoir and its vicinily area, along rivers and villages etc. A ground leveling survey
was also executed starting from the benchmark in Pakxan up to the upper most area of the
proposed reservoir (the Thaviang Sub-District), and clevation adjuslment of GPS single point
was executed for more accuracy. Durmg the survey works, material collection also was done to
_ conﬁrm mundatcd v1|l'lges :

 For thc purpose of adjustmcnt of the proposed reservoir area and slorage volume measured by

- the existing map, the same clevations as the GPS survey points were also derived from 1:50,000
existing map to compare with the results of the GPS single point survey. However, differences
between those points were not uniform. At some points GPS survey elevation was 33.88-2.32m
higher than the existing map and 15.36-0.85m lower in other points. It was thereby judged to be
mappropnate o adjust reservo:r area and storage using these differences.

The extent of the geophysucal survey camed out durmg 1he lsi Field Invesllgauon was for a total
of twenty-three (23) points of the GPS survey and ground leveling survey made for the streich of
- 100km long between Pakxan and the Thavnang Sub-District as shown in Figure 2.2.1 and Table
2.2.1 below:

Toble 2.2.1 'l:*‘ealu.re of Geophysical S'urv'ey

Survey ' ltem : -+ Extent : . Remarks
'_ Existing Base Point ' 5 . : o
GPS Survey Point - Rl-ver Walor Level Point . -3 Red paint was coated on the stakes
- g Village Point - - 15 - . |exceptforonepart.
Total Point Number i 23 : S :
_ . . | Distance between Beginning point and
_ Existing BM - | End point was about 100km. '
Beginnin Pomt Pakxan
gmem of Levellog g g ( ) (GPS 0102) : Survey was made simultaneously by
urvey . : L
two parlies with open survey melhod
End Point (Thawang) B. Halsam Khone to keep a required accuracy. '

The following table shows lhe_ comparison of an cxccution plan and aclual works. Around 30

point survey works were planned, however, 23 poinls were done. The reason is that, in addition
“to the fact that the works were done in the rainy season, which limited the flight route of the
" helicopter and extended flight time of the helicopter, the helicopter could not land due to the
- increase in water level in the river, By taking the countermeasure to change the ptanned GPS
poinis to others, GPS surveyed points covered the whole of the proposed reservoir.

" NICANAMNGIEP-TIEPP - 22 _ - February 2000
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2.2 GPS SURVEY IN PROPOSED RESERVOIR

22,1 GENERAL

Considering the fact that (1) local survey companies had poor experiences on GPS Survey, and
(i) ordinal waverse survey took a long time since there was no road along the river, the Study
Team brought survey equipment from Japan, hiring local supporting staffs in cooperation with
HPO’s counterparts, and executed direct survey using a small helicopter for transportation.

Target regions of GPS single point survey were decided to be the existing benchmarks in the
proposed reservoir and its vicinity area, along rivers and villages etc. A ground leveling survey
was also executed starting from the benchmark in Pakxan up to the upper most area of the
proposed reservoir (the Thaviang Sub-District), and elevation adjustment of GPS single point
was exccuted for more accuracy. During the survey works, material collection also was done to
confirm inundated villages.

For the purpose of adjustment of the proposed reservoir arca and storage volume measured by
the existing map, the same clevations as the GPS survey points were also derived from 1:50,000
existing map to compare with the results of the GPS single point survey. However, diflerences
between those points were not uniform. At some points GPS survey clevation was 33.88-2.32m
higher than the existing map and 15.36-0.85m lower in other points. It was thereby judged to be
inappropriate to adjust reservoir arca and storage using these differences.

The extent of the geophysical survey carried out during the st Ficld Investigation was for a total
of twenty-three (23) points of the GPS survey and ground leveling survey made for the stretch of
100km long between Pakxan and the Thaviang Sub-District as shown in Figure 2.2.1 and Table
2.2.1 below:

Table 2.2.1 Feature of Geophysical Survey

- Sur_\_p o hem 1 ~ Extent Remarks
Existing Base Point 5
noe I ’ H ‘ 1 2 -
GPS Survey Point Rn_\ er W atc_r Level Point 3 Red paint was coated on the stakes
Villaoe Point s except for one part.
Total Point Number | 23
Distance between Beginning point and
- ; Existing BM End point was about 100km
Extent of Leveling Beginning Point (Pakxan = i 5 ’
Survey S = ( ) (GPS 0102) Survey was made simultancously by
b two parties with open survey method
End Point (Thaviang) B_Hatsam Khone | to keep a required accuracy.

The following table shows the comparison of an execution plan and actual works. Around 30
point survey works were planned, however, 23 points were done.  The reason is that, in addition
to the fact that the works were done in the rainy season, which limited the flight route of the
helicopter and extended flight time of the helicopter, the helicopter could not land duc to the
increase in water tevel in the river. By taking the countermeasure to change the planned GPS
points 1o others, GPS surveyed points covered the whole of the proposed reservoir.

NCA NAM NGIEP HEPP 2-2 February 2000
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'_ Table 2.2.2 Comparison between Execution Plan and Actual Works

Survey Item - - implementation Plan - Actual Works

30 in total (10 points along the river at
10 ki intervals, 20 points at dam site,

Number of survey 23 in to'lal'(Exisling benchmark 5 points, 3

point | villages, basin, depressions, etc.) points along the river, 15 points in the village)
Leveling survey About 100 km Pakxan to Thaviang ~ 1 From Pakxan to B.Hatsam Khone (Thaviang)
Leveling accuracy | 1:10,000 . No change :

2. 2 2 GPS SURVFY
(1) Gwcn Pomts and B'ise Pomts for GPS Survey

leen pomis and base pomts fer GPS survey are as shown in the lable be!ow

I‘ able 2, 2 3 Gwen Pomts for GPS Survey

~ Purpose of Point - District - RN © GGiven Pemt :

For X-Y coordinates | Pakxan - - . -~ | GPS 0102, GPS 0001 - - ]
Fbrzel l . | Pakxan - - . | GPS 0102, GPS 0001, BM 0609 -
evations Phonsavan | BM 0111, BM 0576

v Table 2 24 Base Points of GPS Survey

No. - | -7 ltem e I Standard
= Height '~ . - | Mean sea waler Jevel
2 Baseellipse = - = Everest and Krasovskie -
' 3. Method of prejecllons UTM 48 zones (Fverest)

(2) Vllhges and Rlver Water Level Measurcment surveyed by GPS o

j 'Among the total of 18 v1llagcs wh:ch w1|l be 1nundated for the case cf PSL EL 36()m 15
- villages were surveyed by GPS." And, river water level of the Nam \lglep River was observed
for the followmg three (3) conﬂuence pomts with branch rivers:

Table 2 2 5 aner Water L evels Observed _ "

No. Branch River | ~--7-- Survey Point - Elevation (mn)

1. Nam H.Katha | At lkm u/s of propased dam sne | EL97LLS
2. Nam Chian 5km dfs of confiuence . ‘ ) -+ EL.294.76 .
3. -

Nam S]am . 200km ufsofconﬂuencc oo e | ELJ362.64
. 7(3) F ime Schedule for GPS Survey

Confirmauon of coordmates for the ex1st1ng base pomls (bench marks trlangulatlon pomts GPS :
.. survey points), field reconnaissance and observation for the pomts to be ncwly cstabhshcd 1ts '
- __'1djusnnent etc werc performed with the followlng tlme schedu]e : e S

P j Table 226 I‘nne Schedule ofGPS Survey L
No. | ... Works | Schedule(n1998) | . . Site |

1. | Field reconnaissance August 14-27 - - Pakxan B l]at Sam Khone B. Phone Hom Base POmis
2. | GPS base point survey | August26 ... " | Pakxan 7 : :
3. | GPS new point survey | August 28 to Sept 3 | Proposed Reservoir

Dafa adjustment - - | SeptSto7 = - -

L NCANAMNGIEPAHEPP . 7 o 2ed e e S by 2000 5
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(4) GPS Survey Fqunpmcnt and Calculation Method

GPS survey was exccutcd by using three (3) units of 4000SSE (Trmblc -brand) for the
benchmarks and new base points, and definite values of clevation were determined with
adjustment for the readings. -

Longitudes and latitudes of the respective poinis were calculated based on the Krasovskie and
Everest ellipses. Plane coordinates were computed by 48-zones of UTM conformmg to the
Everest ellipse

GPS survcy network the survey schedule and the survey results showmg the dally time table
aetua]ly applied for the survey and machme Nos. set out at the points were grven in thc :
Supportmg Report (VD). . .

223 GROUND L I:,VPLING SURVEY
(l)_ Gwen Pomts Adopted and Vlllages for Ground Levelmg Survey

GPS 0102 was grven as the Base Pomt for the ground levelmg survey The elevatlon of this
: pomt has been determmed in advance by the 51n1phﬁed ground survey

Elevauons of the glVen pomts (1) and (u) in the table below were ﬁrst measured and were
~ provided as reference benchmarks for the ground leveling survey. As for the viltages in (iii) and
" (iv), these elevations were roughly measured based on the intermediate point levels taken in the
ground survey, because these pomts are located near the routc of thc ground survey '

Elevatlons of two wilages in (v) and (VI) have not been observed by thls grouud survey, but it
- has been confirmed that these vnllages lie on mten'nedlate levels of the rcspecuve adjacent
: wllages al up and downstream areas. o R :

Table 2 2 7 Vlllages Selected for Ground Levelmg Survey - o

i No. . i Pomt N Vlllages o .‘- Remarks o

@ -} "GPS6  |BPou - - | Reference benchmark -
Sy GPS7 | B.Hat Sam Khone = - - | Refereace benchmark - -
“Gii) | - - |BNaphang . - | Assumed EL322m-323m -
~o {iv) . - -7+ | B.Nam Long .- -1 Assumed EL.363m -364m -
~o W) | oo -1 - | BJPhongyeng -~ | Assumed EL.327m - 330m -
R (vi) L BNaxal I Assumed EL.330m - 340m

" .-(.2) Schcdule of Ground Levelmg Survey

- Conﬁrmauon of the loeauon of the reference benchmark at GPS 0102 Was made in the ﬁeld
. reconnaissance. A ground levelmg survey was performed by. using two (2) units of NA2000
(W]ld Brand), and elevations at two (2) poirits of GPS 6 and GPS 7 were measured However, -

. the elevations of other points were obtained by GPS survey in relation with the ‘measured

elevauons for GPS 6 and GPS 7 and determmed with a level adjustment The actual schedule set
o up for ground lcvelmg survey was as shovm in the followmg table ' L
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Table 2.2.8 Time Schedule for Ground Leveling Survey -

Schedule (in 1998) : Works ' Site
August 26 : Field reconnaissance | Existing bench marks
August 27 1o September 9 Ground survey -~ - Pakxan to Thaviang
September 10 to 14 Data adjustment Vientiane '

224 LEVEL DIFFERENCES BETWEEN GPS SURVEY AND READ ON MAPS

A comparison was made for the clevations of villages measured by GPS survey and the reads on
“the existing topographic maps of the scale 1:50,000.  As a result, there are remarkable -
discrepancies between the survey and read as shown in the table below wnh +33 88m as the
highest and 15 36m as the lowest dlscrepancy - '

 Table 2.2 9 Drscrepancy of Elevations Bel\.\een Surve)' Resull and Read on Fxlslmg Map

Poinl Name o Survey Location hgfsgf)d : Eh;;a(ﬂ:)m Drfl;e]rlc)nee
GPS1 River conﬂuence : : 192.15 198 - -0.85
GPS2 Ban Sopyouak {primary school) - | - 24548 260 -14.52
GPS3 - | Ban Sopphouan ' 1 261.22 250 ] L2

. GPS4 Ban Nakang o - 35498 © 352 2.98
- GPS5S | 5km do“nslream ﬁUuncllon ofrlvers ' 294.76 280 ) 76
GPS6 - [|BanPou - - - - 1 - 31892 - © 295 2392

- GPS?7 - ‘iBanHatSamKhone <+ . - i o)< 33605 296 30.15

* GPS8 . | Ban Phiengta .~ ' R D32265 1 - 312 “10.65 .

. GPS9 Ban Nahong -~ - 7« -0 i s - 34188 | - 308 . - 33.88
GP510 _ | Ban Phone Hom e e 36832 "] 366 - | 232
GPSI1 Ban Dong (grass land) - - - . - 32724 | 310 | 1724
GPSI2 Ban Dong (school ground) - R 335.65 319 16.65

_ GPS13 | Ban Naxong -~ - oo n - 33044 o 0 321 | 944

- GPS514 - | Ban Viengthong S - 339.40 - S 330 )94

- GPS15 Ban XiengKhong  © - o - 36172 | 360 -] - 172
GPS16 - | about upstream from junclion of rivers 36264 -] 318 -1 -15.36
GPS17 Ban Houay Pamom -~ - - | 21459 0 - 280 =541
GPS1E8 | Ban Nam Youak (pnmary school) T 27192 ¢ - 215 | . -3.88

: Additional Ban Nam Long : : abt. 363.75 350 [ 13.75
. |__Additional Ban Naphang - o abt. 322.53 .| - 315 - 7153

23 oRoUND SURVEY AT THAVIANG SUB-DISTRICT

231 GLNERAI

) '_'llns ground survey was camed out wnthm the llmll of lhe Thavrang Sub Drstrlct upstream of the _
' proposed reservoir where, it will be mundated wrdely in case of the Iarge scale dam scherne '

" The purposes are the correction of the existing 1:50,000 map at the Thavrang Sub Dlstnct by a_: i :.. :

' cross section survey and the eslabllshment of accurate elevatlons s

' ln delall addluonal survey pomts are extended for cultwatlng lands in the Thavrang Reglon froml: |

GPS 6 to GPS 14 which were eslabhshcd durmg the 3rd Freld Investlgatron in February ]999 S
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" These points were connected by a traverse survey, elevations of which were given to the
extended additional points by a leveling survey so the number of villages and area of culuvalmg
land to be mundated are grasped for the respective FSLs.

The Study Team brought survey cqurpmcnt from Jap'm same as the previous GPS survey in the
1st Field Investigation, hiring local supporting staffs in cooperation with HPO's counterpatts,
and executed a direct survey using 4WD vehicles for transportation.

2.3.2 PREPARATORY WORKS

* For the sniooth execution of the ground survey at the Thaviang Sub-District, the modification of

topography was made on the map of 1:50,000 scale by using SPOT-Satellite Pictures, by which
 the target of size more than 10m can be read. As accuracy of the altitudes read by the SPOT-

- Satellite Pictures was not so high, the topography was adjusted by the results of the traverse
' survey, which not had been revrsed before survey :

A vector conversion is made for !he scanned exrslmg 1 50 000 scale map, and gcographlcal
objects and contour lines were digitized by a computer graphic software. The modified map was
used for the ground survey in the 3rd Field lnveshgahon '

: 2.3.'3 l‘lELD SURVEY WORKS

E .Traverse survey and cross sectlon survey were camed oul based on lhe GPb pomts slaked durmg -
- the 1st Field Investigation for the cultivation arca developed at the Thaviang Sub-District of

- 20km’ long stretch along the Nam Ngiep River from B. Viengthong to B.Pou. And, elevations of

" those survey points were measured by a direct leveling survey and offset survey. The schedule
of respecuve survey works was as shown below : .

Table 2, 3 l Work Schedule of Geophysrca! Survey

e SR I -5 | 7 Actual Schedule
: Krnd of Survey B \Vork lt_em _ (in February 1999)
S Site reconnaissance 6-71

Traverse Survey - - | Measurement : - 6-15
ol R Computation : : 6-17

T el | Measurement 7-16

Cross Section Survey | Computation 14-18

Leveling Sufi'ey Measurement : o 18-21

Compuiation 2t -23
(1) lraverse Survey

By referrmg GPS 1 l and GPS 12 an eccentric pomt P-l was staked in the schoolyard at B. Dong, 7

" and an open traverse survey was made in three (3) directions to B.Viengthong, B.Phonehom and

| - B Pou based on the pomt P 1 '1 otal lenglh of the lraverse survey was about 20km,

'. The equrpment used for the traverse survey were Topcon GTSSOS 2 sets) and ']opcon GTS305

- (1 sel)
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(2) Cross Seetion Survcy

On the traverse survey line prowded durmg the 2nd Ficld !n\'estlgatlon a!ong the Nam Nglep
River, a total of 16 base points were newly provided for a cross section survey. From the base
points, an offsct was extended in the cultivating land neighboring the respective base points and
a point leveling survey was carried out to determine an average elevation of the respectlve
villages and cultivating lands by using a total station system. - Lo -

]hc equipment used for the cross ‘section survey were Topeon GTS 505 (2 sets) and T opcon
GTS 305 (1 set).

_ (3) _ Land Levelmg Survey _
The land levelmg survey was slarled from the GPS 7 of whlch elevatlon was glven bascd on the
Bench Mark at Pakxan, and clevation adjustment of the respeclwe GPS pomts and survey of

: elevatron for the cross survey points were made

F he equlpment used for thc land Ievelmg survey was W ]LD Auto Level (1 set)

234 RI'SUI I OF FIELD SURVEY

It was revealed that thcrc were 0. 2m to 0 9m of dlscrepancy on the GPS point elevatlons between
" the results of the previous survey and direct land leveling survey at the 3rd Field Investigation.
As the error of the round-survey at the 3rd Field Investigation was 25mm for the onc-way

- _ distance of 20km, it was judged that the aecuracy of the survey was higher than the previous and

quite satisfactory. T herefore, the inundation area of cultivating land and the number of villages
- were determined based on the result. The inundation area maps of cultivation land based on the

survey results at different PSLs were glVen in Flgure 2 3. l and Fxgure 2.3 2 respectlvely for
- EL.320m, and EL. 360m AT . . T ,

' Olher mundailon area maps for EL. 300m, hL 340m and EL. 380m and the coordmate hsl of the

- observed survey pomts and observcd pomt elevatlon map are shown in lhe Supportmg Report
' (VI) : . S ; _ _
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FINAL REPORT (MAIN REPORT) ' ' Chapter 3 : Geological Sunvey

3. GROLOGICAL SURVEY

A e

301 GhOLOGICAL DA TA COLLECTION

Durmg the lst and 3rd F1eld lnvestlgahons the followmg gcologlcal nnps and a report were

- _ collected

s m&té 3.1_._l (l'oological Dala Colloo_tion'

No. [ ="~ Title -~ = © o Seale 2o ] - Publish - , ~ Obtainedby  ~
| Geological Survey for =~ .. | i PR Metal and Mining
2o | Vietnam, Geology of - | v ann ann | iant Vietoam 1€ * | Industrial Agency, ~
.:l.' Cambodta Laos and i 1514’,0 O{_'}_?OOO - H_-a]!(."’ Vietnam, 199 l_ - | Resources Information
Vielnam . 0 B DR ' S .| Center Japan

* | Report of DMR-COOP- 2

MMAIJ Joint Sefvinar on - . - . . 1‘7 19 Fcbruary 1988, - Application of Satellite

Image Analysisin

2. | Application of Sateltite .-, |- . | Bangkok, Thailand, p36 33 . . .
- | Image Analysis in Mineral = ;- < .. . .| Khampha Phommakaysone Mineral Bxploration in
s MiReral v e ‘ampha Fhon | Lao PDR
Exploration i " . = . : B , 10 £ _ ,
. .| Photo Geologtcal s T U 07 e ] Lo Geology and Mines,
3. - [ Reconnaissance Map .. [ 1:250,000 - é;iﬁgb)i(:;esl:ii‘;?;e]?(fndon' Ministry of Industry
" | PAKSANE and BANBAN | -~ - ueological science, LONCON | o4 Handicrafl (MIH)
i G ey oo | British Geological Survey Lo -
4. |Lao PDR G?-‘_)l.‘,)g,lcal and 1:1,000,000 .. | and Depariment of Geology' Ministry oflndustry
o | Mineral Qccarrence Map -~ | 70 _ - . | and Handicrafl 1990
cpn | AR VLTI AR ) Do andeos o :
ol Tt RV LRANET UL FETH Epviatp gy S 32 sheets (surrounding
.S' g Aotlalphotogta_oho_: S 1._30,0()0, in1981 | . 20| area of reservoir)
6. Acrlal photbgr'aphs e 125000 5 s | o s e | 8 sheels (damsile)

B 3 12 GE.OLOGI(,AL S'[RUCTURES or INDOCHINA

2 The Nam Ngtep basm is sntuated in the central part of LAO PDR Mesozmc Palacogcne. ﬂat ;
» formattons are distributed around the proposed damsite where high cliffs are found with outcrops

- of flat or gently sloped formattons Palaeozoic formattons folded and separatcd into blocks by

. faults while Iate~Palaeozow are dtstrlbuted in the reservoir area. - General geology is

summarized in Figure 3.1.1.° Lmeamcnts (NW-SE,-W-E and NE-SW) ; are found, which were -
R produccd by old geologtcal structure and tectomc movcments Thero is no report on actlve f'utlts. i

" HCANAMNGIEPIHEPP L  Febuary 2000
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FINAL REPORT (MARN REPORT) - Chapter 3 : Geological Survey

Geological descriptions arc mainly based on “Photo Geological Reconnaissance Maps
PAKSANE and B.B. at scale of 1:250,000 prepared in 1973 by the Institute of Geological
Science, London” and “Lao PDR Geological and Mineral Occurrence Map at scale of
1:1,000,000” both of which were compiled in England and contain more detailed ficld
information than “Geological Survey for Vietnam “Geology of Cambodm, Lao PDR and
Vietnam”, at scale of 1:1,000,000, Hanoi, Vletnam 1991. :

. 3 l 3 GEOLOGICAL S'l RUCTURFS OF NAM NGIFP BASIN

_Gcologlcal map in the Nam Nglep basin is shown in Flgure 3.1 2 wlnch is mamly based on
photo-geological reconnaissance maps PAKSANE and B.B., but dlstrlbutlon of granite mass and
- Palacozoic formations in the middle reach of the Nam Nglep River are corrected according to
Geolog1cal and ‘Vlmeral Occurrence Map and also accordmg to the ﬂc]d investigations. '

' :fDevoman Pemnan shale mudstone calcareous series and sandstone mtruded by gramte are
'w1dcly dlstnbutcd ' : :

' leestonc blocks are scattered as relattvely small blocks in Lower Carbomferous to Devoman
“Calcareous series mamly ‘of massive limestonec are not found for Permian to Upper
~ Carboniferous in this area, which are distributed beyond north of Phonsavan to Jars plain,
outside of Nam Ngiep basm Granite is widespread as intrusive to Palacozoic. Lower Jurassrc

'_serles are dlstrlbuted as graven in parallel along folded Palaeozolc basements L '

Most of the rocks formmg the substratum underlymg the fulure reservolr are sedrmentary The
_' geology of the reseerr falls basncally into four (4) types o ,

: (i) ‘ '-l Mesozorc Jurassw to Cretaceous ﬂat formatlons wrth sandstones conglomerates and

7 mudstones are located around damsite and in the lower part of the planncd reservoir arca.

B Sandstones and conglomerates are very thick, homogeneous and massive and are found
on the upper slopes where they form the crests and summits. Mudstones are interbedded
wrth rather thm srltstones sandstone and conglomerates :

(i) Palaeozorc Devoman to Permlan, formatlons folded and separated mto blocks by faults
.77 during Late-Palaeozoic are located in the middle to upper parts of the reservoir arca,

- including shales, mudstores, sandstones and schlsts They are eonsolldated fon’nahons
"._.andhardlypermcable LT L SRS

(i‘ii') ' Latc Palaeozmc gramtes are located as mtruswe to Palaeoaolc formatlons in the middle
RS . of the reservoir area. They are hlghly fractured and sometlmes deeply wcathcred The
rock is nnpermeable at dcpth ' T . : :

' '-"'(iv) _ .Mesozow Trlassw to Jurassw sanclstones, shales and conglomerates are ]ocated in the
-~ 'middle part of the reservoir area as graven parallel along folded Palacozoic basements.
e They are partly fractured and deeply weathered The rock is 1mpem1eable at depth.

U JICANAMNGIEPAMEPP o s T34 Tt e T February 2000
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