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3.1.1

Present Situation of Electric Power Industry

- Form of El'ectric Power Industry
_Form of Enterprise

Most of electric eniterprises in Laos are operated under state or public management. . The

gréater part of them is run by EDL (Electricite' du Laos) established under the French
administration and for the rest, only small hydropower-and diesel power generation, etc. are

operated by local governments in an isolated system. Fig. 3.1-1 shows the electric power
industry organization in Laos.

Fig. 31-1  Electric Power industry Organization in Laos

© Ministry of Industry
and Handicraft
. . _ * Hydropower Bleetrificati '
Electricite' du Laos ~ Engineering E::;ﬁ]g?gg%noggany
- : Consaltants . '

EDL. - Power generation, transmission and distribution and maintenance
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. Plapning (F/S)
- Désign"_ '

"BIC - Promotion of electrification

: -Pdpuléﬁi&tion'of electric appliances

| EDL is now under the control of MIH (Ministry of Industry and Handicraft} which is its

'supemsory office and conducts intograted management including power generation,

transmission and dlstnbution and electricity export to Thailand. However, the Laos

' elcctnc power system is still imperfect and the trunk transmission power system linking

mtemally has- not been well arranged yet. As mam power systems, Nam Ngum power

| _plant and Vlentlane system Xe. Set- power piant and the southem system and Thakhek

3.1



3.1.2

district and Savannakeht system wherc electric. power is supplled from Thailand are

operated respectively in an isolated system.

EDL now conducts power management according to the condition of each system, centering
on the above four main districts under the supervision of respective local governments.

EDL Vientiane works together with these organizations in large scale investment, power

- selling and technical cooperation. In future, the organization of EDL will be reformed

along with expansion of power systems.. The organization reform pmJect was already

'startcd in 1990 by UNDP finance. -

As électric power related enterprises under the supervision of MIH besides EDL, HEC_
(Hydropower Engineering Consultants) conducts investigation and design of hydropower
development and EIC. (Electrification and Installation Company) work for faclhty

investment and popularization of electric apphanccs to promote electrification.

Build Operate Transfer (BOT) projects and Joint Venture (JV) projects like Nam Thun
Hinboun hydropower projéct recently started are directly managed by the Foreign
Investment Management Committee (FIMC) under the Planning and Corporatiori.
Committée (PCC). PCC is an upper agency of the MIH. These BOT and JV prOJects
are- orgamzed mdepcndcntly project by pro;ect o

Demand and Supply

All electricity power in Laos makes use of watér power except small scale internal
combustion power generation and its greater part is generated by Nam Ngum hydropower
plant of the Vientiane system and Xe Set hydropower plant'of_'. the southern ' system.

‘Electricity power is mainly consumed in Vientiane, capital and its outskirts and it accounts :

for about 80 percent of power consumption (15 pcfcent for the centrai's'yétem and 5 percent
for the southern system). - Table 3.1-1 shows the electncxty balance in 1980 through 1993,
Demand centers on residential and commercsa! use, excluswe of export and only about 5
percent and 6 percent arc consumed_ rospectw_ely for agr:cultural and mdustnal_ use, as

shown in Fig, 3.1-2,




Table 3.1-1 Electricity Balance F{e_cord in Vientiane Area, 1980-1 993

Year | Generated | Sending | Imported | Exported | Total supply Consumption

1980 886.19| 853.68 199  766.40| " 89.27 64.58

1981 | 845.88} 799.36| 839 708.70] 99.05 74.97

1982 | 910.45| 876.71|  10.66] 749.76 137.61 107.20].

oy _ 1983 863.38| 834.00( . 1337 69441 = 15296 123.26|-
f | 1984 890.97| 864.44]  16.63] 709.71{ 171.36 127.68)

1985'| 90662 $67.91 1756/ 71628 169.19 130.28|

1986 |~ 867.30| 834.06| 17.20] 683.56 167.70 122.50

1987 |- 566.60| 549.59{ 17.99] 387.25) 18033 . 125.53

1988 | 522.64| 539.10{. 19.80} 363.60 ©195.30] . 139.08]

1989 698.02| - 677.74]  23.09| = 490.54 21029  149.20|.

1990°{ - 820,56) 796.65|  25.94| 595.19]" 227.40] . 163.58

1991 | 684.22| 66438 3490 43600/ - 26328 180.52

11992 | 60436 585.06| . 40.44| 34039 28511 194.00

11993 708.50]° 77045  53.690 50437 319220 20727

“Source : EDL.

Fig.31-2 Electricity Consumption Record by Type 1980-1993
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. Because e]ectnc for home and commermai use is the center of its demand the: consumptlon
pea.k comes in May which 1s in the dry scason - and reaches the maximum temperaturc .
_ throughout the year and peak tlme ina day is from 18:00'to 22: 00.
o '-Flg 3. 1—3 shows the dally load partem in Vientiane system of heavy load season in 1987
: through 1991, '



Fig. 3.1-3  Daily Load Curve in Vientiane System 1987-1991
(The third Wednesday in May)
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Power consumptlon per caplta in Lao is as low as 88 kWh in 1990 whlch is on the 1/12

level as compared wrth that of- Thatland nerghbonng country Bi; consrdered per one -
~ consumer, it makes no great drﬂ‘erence from that of Tnarland Thrs shows dﬂ’ference in the

rate  of electric power populanzatlon and electnﬁcauon between two countnes

Electrification per caplta in Thaifand is about 70 percent but that i in Laos 1s as low as about

6 percent,

It is considered that growth of power demand in Laos is linked with not only growth of

cconomy and industry but also the electrification program and facility expansion program.

Batteries are used as electric source for television, radio and lighting in the nonéeleetriﬁed_
district about 100 km away from the electrified dlstnct Their oost 1s very hlgh as compared -

with electncrty charge and electnﬁcatlon is desrred also for oonvemence In the present

power supply and demand structure centermg on home and oommerelal consumptlon these

latent demand exists although not ]arge in quantlty It is consrdered that demand will

increases according to extension of transmlssron and dlstnbutron lmes Frg 3. 1-4 shows
the electricnty demand forecast by EDL for 1994 through 20()3



Fig. 3.14  Electricity Demand Forecast by System 1994-2003
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Area of this master plan are located in Champasack province, Seravan province, Attapu
province, Sekong province and the southern system supplying. power 10 Pakse city.
~ However, Attapu and Sekong have an isolated systerﬁ by diesel power generation at present.
-Fig. 3.1-5 shows the electricity demand record up. to 1993. This power supply and
demand record in the sdu_thérh area shows basically the same trend as other areas. The
greater ‘part of the electric power generated by Xe Set hydroelectric power plant and
Selabam hydroelectric power plant is exported to Thailand.  According to the 1992 record, '
91,955 MWh of electric power was exported to Thaﬂand and 2,117 MWh was imported
from Thailand in the dry season. 14,997 MWh of power was consumed domestically and_
1,617 KWh was consumed per one consumer. According to the long-term demand
 forecast by EDL, the demand will come to 22,000 MWh in 2000 and 28,000 MWh even in
2003,



Fig. 3.1-5  Electricity Demand Record in Southern Area 1985-1 993
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 Electricity Tariffs

Electricity tariffs of EDL in the country are politically curbed to the low level below
generation cost and a subsidy of about 20 Klpkah on the average is included.  Electricity
tanﬁ's and average unit price trial calculation example are shown in Table 3.1-2,

. Table 3.1-2. Eléctricity_Tariffs in,Laosl'. (Effective 1 June 1992)

Consumer Charge | Minimum charge Average -
 (kipkWh) | (kip/month) | . (kipkWh)
Residential . o _ '
~ From 0 to 100kWh 8 ' 150 7.0

From 101 t0200kWh | 15 .

From 2011<Wh 25 | _ .
Embassies 2 60 1,500 NA.
|Commercial | 41 | 700 B 5.0
Government oﬁices ' 30. . 700 5.0
__gnculture : . 7 | 1,000 5.0
Industry . 30 1,000 S50,

Source: EDL
Imp'ort and E_xport of Electric Power -

Electric power is the most important export item to acquire foreign currencies. According‘
to the 1993 record, 504.4 GWh or about 63 percent of 770.0 GWh gcncrated was exported
to Thailand and 53.7 GWh or "about 26 percent of power consumption was 1mportcd in the
dry season in the Vientiane system centering around Num Ngum hydropower plant. Inthe
southemn systcm centering around Xe Set hydropower plant, 92.0 GWh was exported to
Thailand and 2.1 GWh was imported in the dry season.  All power was imported from

_ Thailand in Thakhek systéxﬁ and Savannakhet system of the central area.

. Actual power transactions arc conducted between EDL and EGAT of Thailand on the

contract terms called TOD and Table 3.1-3 shows electricity tariffs for trading. This

electric power impo_rf/export contract is renewed every three years.

Concretely, electric power is measured by watt—hour meters installed for tradmg in Phone

Tong sub-statlon of Laos in the Vientiane svstem and Udone Thai sub-station of Thailand

' and transactlons are totah.aed every month In the southem area, transactlons are conducted

37



between Bangyo sub-station of Laos and Sirindhom power station of Thailand. ~ The loss
between two stations is equally shared by them. '

As for the mutual power intérchange pattern, the import and export plah is set monthly

depehding on the water level of the dam, rate of inflow and demand.  The daﬂy operation

pattern is given by telephone from the actual operator (EGAT load-dlspatcher) to the EDL

operator on the preceding day. If any “¢hange becomes necessary during operatlon the
" power generating rate can be changed by tclcphone in increments of 30 minutes. -

Table 3.1-3  Electricity Tariffs in Trading (Effective November 1994)

Num Ngum ~.Charge . Xe Set : _Charge

(Vientiane system) (USS/KWhy | {Sguthcm system) (US$/kWh)
Export - ' ' Export._ o .
Peak(i8:30~21530) ] 00580 | Peak (18:0021:00) | 0.0580
Partial Peak (8:00-18:30) | 0.0332 | Parta Peak (7:30-18:00) | 0.0332

| Offpeak (21:30-8:00) | 00265 | OFf peak (21:00-7:30) 0.0265 :

Thakhek and Savanaknet | SRR B L
T _ _
Peak (18:30-21:30) 0.0630 |
Partial Peak (8:00-18:30) | 0,0382 B -
Off peak (21:30-8:00) - 0.0315 | o

Source : EDL _
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Electric Power Equipment

.Generating Equiprhent

The total generating capacity in Laos is 210 MW as of 1991 and about 94 percent of them

- are hydroelectric generating equlpment while the remaining 6 percent are diesel or other

small scale internal combustion power generating equipment.

Main power plants include the Nam Ngum hydroelectric power plant {150 MW) of the
Vientiane gystem, Selabam hydroelectric power plant (2 MW) of the southern system and
Xe Set hydroelectric power plant (45 MW) which started operation in 1991.  Table 3.2-1
shows the outline of the existing generating cqulpment and Table 3.2-2 shows the operation

rccord.

Nam Ngum Hydroelectric Power Plant

* The Nam Ngum hydroelectric power plant is a reservoir type power station and is located

about 90 km north of Vlentlanc city. -The first two scts of Phase ] started operation in

" 1971 and then, Phase 2 and Phase 3 were reinforced.  The cx:stmg five sets of the turbinc

and generator started operatlon in 1985. ° The spec:ﬁcatlons of the power plant.are shown

© capacity -

“below.
Phase 1 Phase2and 3 - -
- Reservoir - Reservoir : '
- Active storage volume 1,600 (M m3) Active storage volume : 4,700 (M m3)
Installed capacity 30 (MW) Installed capacity © 120 (MW)
. Effective head 45.5 (m)- Effective head 45.5 (m)
+‘Number of unit S 2 Number of unit B 3
" Turbine type Francis . Turbine type Francis
speed 176 (rpm) _ speed 136.4 (rpm)
Generator capacity 17.5 (MVA}  Generator capacity 50 (MVA)
' voltage 11.0 (kV) voltage 11.0 (kV)
Frequency 50 (Hz) Frequency 50 (Hz)
Main transformer - Main transformer _
0 type 3-phase YT type 1-phase
number 2 ~ number 10
“voltage U110 (kV) - voltage 11/110 kV)
‘capacity. . 17.5(MVA)

16.6 (MVA)
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Generated electricity is step-upto three circuits of 115 kV transmission line and supply to
the Vientiane system or is export to Thailand from Phon Tong sub-station through the

internzition_al linkage line, Operation is done by notice from - EGAT and the speéd goﬁemdr '

is in the limit operation mode and is not used for control of frequency of the syétem. The

frequency of the Vientiane system is dependent on the EGAT system through the

international linkage line. “The power line carrier system is used as- communication means
with EGAT and transmission line protection and communication ooncermng operation of
the power plant is done by using this telephone line.

Because this is the most important generating facility in Lao's, thoughtful consideration is -

given to its maintenance and hourly 6perati0n record and annual regular inspection which is
condncted for two weeks by removing water from: the turbine are done. In- addition,

overhaul of the main equipment is conducted at intervals of 8 to 10 years for each unit,

Xe Set Hydroelectric Power Plant

 Xe Set hydroelectric power plant is the most important power piéﬁt in the southern systém

and is a run—ot’f-ri\?er p!anf Tt is located on. the northem side of Bolaven Plateau and
between Pakse city and Salavan city northeast of Pakse c:ty It 'started operatlon in 1991

and is the latest power plant in Laos Its specifications are shown below

Unitland2 . Unit 3, 4, and 5

Installed capacity 6 (MW) Installed capacity -39 (MW)
Effective head 157 (m) Effective head 157 (m)
Number of unit .+ 2 Number of unit - - : 3
Tuibinetype - Horizontal “Turbine type calon Verfica_.l
_ o Francis: o : _ .~ Francis
- Generator capacity - = 3.5 (MVA) ~'Generator capé.city o 15 (MVA)Y -
' voltage . 66(kV) - voltage = 6.6 (KV) -
Frequency 50(Hz) frequency 50 (Hz)
: Mam transformer =~ - " Main transformer ' S
type - . . 3phase - type .~ 3-phase
number o2 _ number_ 3
voltage . °  6.6/110 (kV) © voltage . 6.6/110 (kV)

capacity . - 3.5 (MVA) - - capacity, - 15(MVA)

The power plant is of the run-off-tiver type and the reservoir has little adjusting capacity.-

Therefore, large and small turbines and generators are used to conduct operation according

to flow duration.
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Still, quantity of flow runs short in the dry season. | Opcré.tion may drop to 3 MW or less
and come below domestic demand of the ‘southemn system. -Generated electricity is step-up
to one 115 KV transmission line and 22 kV power distribution line. Tt is supplied to the
southern system or exportéd to Thailand from 'th.e Bangyo sub-station through the
international linkage line. The speed governor is in the limit operation mode and is not used

" for control of frequency of the system: The frequency is dependent on the EGAT system

through the international linkage line in the same. way as the Vientiane system. The power

line carrier system is also used herc as communication means with EGAT and

. power-transmission line protection. Notice concerning operation of the power plant is also

don¢ by usmg this telephone line. The greater p'ar't'bf electric power is transmittcd through
the Sirindhom power plant and power transmission is done over a long distance of about
300km - tothe load center in Thailand.. Two banks of reactors are installed in the Xe Set

power plant to control voltage of the transmission line.

© Selabam Hydro_elgétric‘l’ower. Plant "

The, Selabam hydroelectric power plant is in the southern system along with the Xe Set

. power plant and is a run-off-river power plant located north of the Pakse city along the river:

. Xe Dong: - Three Kaplan turbines and generators with output of 680 KW are installed and

. electric power generated is oonnected to the 22 KV distribution network and is transmitted
- to the Pakse c:ty

This power plant started opefation_aWay back in 1969 and becomes obsolete. One turbine
was in operation at the'tifne of‘ the field investigation and the discharge ring in the lower part
of the casing was damaged (ﬂowed out) A large»séalc repalr may be necessary to recover
the dcmgned performance of the power plant including replacement of turbines, generators

main transformers and other principal _equ1pment.

Extension work of one Kaplan turbine and generator with output of 3 MW was ﬁmshed and
started commercnal operation in 1994,

Existing Generating Equipment in the Se Kong Basin Area

Itis considéred that the drea to be covered by this._master plan is basically included in the
_ -southem system in future (According to the EDL plan, the Attapu district is to be kept in

an isolated system even in future ) Under the present condltlons however the terminal of

the 115 KV power transmxssxon line is the above-mentioned Xe Set power plant and the

distribution network is cons_tructed only to the Salavane city or Paksong city. As for the

S | _.3,‘.11 :
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_Attapu district and Sekong district covered by the plan, the 22 KV distribution ngtwork of
-an isolated system and diesel generator with output of about 200 kW are installed by the

local government in part of the central area only and it is operated only for four hours a day
from 18:00 to 22:00.

‘Power Trahsmission and Transformation Equipment

Fig. 3.2-1 shows locations of the transmission and sub-station équipment controlled by

 EDL at present. - As these transmission- and sub-station equipment, there are the

transrmssxon line (115 kV) with route distance of 218 km distribution line (22 kV) with

. route distance of 1,682 km and five sub stations. In add:tion it owns four mtematlonal
hnkage lines with Thailand (two of them are 22 kV distribution lines.). = As mentioned

above the supply area by EDL is divided into the Vientiane systém supplying power to
Vientiane city and it’s surrounding arca, the southem system supplying to the Pakse city
and Saravan city and the Thakhek city and Savannakeht city receiving power from the
Thailand distribution network and is limited to the principal cities. The transmission

network 1mkmg the whole country has not built yct

Itis considered that the electricity of 'the area ooveréd by this master plan will be exported

to Thailand through the southern system in. future. At presenf 115 kV linkage line

_crossmg the river Mekong is operatcd next to the Bangyo sub- station west of' the Pa.ksc city.

A large scale equipment is installed to cross the river Mekong with a span of 999 m and
steel towers of 84.7 m io height. The same or hlgher Ievcl of the equipment is ncccssary to

‘export electric power generated in the area covered by this master plan to Thailand.

3-:12
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‘Table 3.2-1  Summary of Generating Facilities in Laos

. Name of Power Installed - Opcrati_ron Commencement Remarks
Station L Capacity (MW)‘ o .(Year) B
NamNgum 1 | .15 e Hydro
- 2 15, | L1971 |
3 40 1978
4 40 1978
o 5 40 | 1984
 |Sokpaluang 1 2 1971 . |Diesel
. . 2 2 - 1971 :
3 2 - 1971
-4 2 NI A .
NamNdong =~ -1 1 0.336 1970 {Hydro
2 0336 {1970 |
| 3 0336 1970
Luang Prabang . ‘1 . 0.1 197183 - |Diesel
o | 2 o 1971-83 |
3 0235 | - 1979,
| L 4 | 025 | 1960 |
|Selabam 1 0.68 1969 - |Hydro
2 ’ 068 1969
3 068 1969 |
Pakse 024 1970 Diesel
Chémpassak ' - 0.1 1982 Diesel
| Paksong - - 0.04 1981 Hydro
Xe Set 1|3 1991, |Hydro.
2 3 1991
3 13 | 1991
4 13 1991
L 5 13 1991
Savannakhet 1 0.2 1985 Diesel
2 | 02 1985 :
Othier o 3.0 N | Small Hydro Diesel
| Total - 2105 ' - |

. Note: These figures are the figures as of 1992

: 1:3':-. 13



Table 3.2-2 - Energy Production in 1992

. _ (MWh
Main Nam Ngum Xe Set Selabam _ Nam Ndong
Plan | Actual | Plan | Actal | Plan | Actual | Plan | Actual
Production "Production Producﬁon Production
I | 56,196 . 38659 3,7401 4,109 | 250] 131 3891 - 360
2 | s2,576] 52692 | 2006] 2328 | 250 0 2731 290 E
3 | 45803| 44534 | 21880 1944 | 250 0 2631 22
4 1 aa321| s3222 | 211 1ms | 250l 174 | 164l 264
5 | 45773] 54394 | 6545 3385 | 250] 174 144! 219
6 | 53252 59,033 | 11,817] 10214 250] 174 144 300
7 | 77,33] 68210 | 23607] 25,613 | 250] 863 190 300
8 |107,650 68922 | 33551 30552 | 250] 926 400 433
9 107,211 46,002 | 32,619| 27,602 | 250 975 402| 444
10 | so625| 47,809 | 26209] 17,046 | 250| 847 | a02| am
11 | s4543] 35087 | 12,790 8270 250| 1,09 516 371
12 | 59.996| 35017 | ol 4707 | 250] 250 | 523 346
Total | 785,000 604,481 | 167,000| 137,057 | 3,000{ 5775 | 4251] 3951
| (7% | @%] | aewl| (93%)
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Location Map of Main Power Station, Sub-Stations and Transmission

Fig. 3.2-1
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4.1

- Electric Power Development Plan and Power Export Plan

Electric Powe'r Development Plan in Laos

As shown in Fig, 3.1-4, the demand for electricity in Laos as estimated by EDL and based - '
on todays data is 195 GWh in 1993, 398 GWh i in the year 2000, and 502 GWh in the

- year 2003, When focusing solely on domestic demand, it is possible to satisfy that

demand by a combination with the existing fac:lmcs and export to Thailand. However, as

‘the Nam Ngum Hydro Power Plant is the only full gépacity reservoir type power plant, the

construction of a new hydro energy source will be vital to respond to the domestic demand

throughout the year and to cnsure eléctricity export as an important source of foreign

revenue.

In addition, the power demand increase in Thailand, the major purchaser of electricity is 8%
- 9%, a figure which is expected to continue to increase by approximately 6% in the future.

In Thailand today, it is difficult to construct néw power sources and transmission facilities

 due to environmental problems and increasing land costs. Consequently, Thailand expects

Laos to supply it with more electricity to the extent where the two nations have now agreed
that Laoé'will formulate plans to supply Thailand 1,500 MW by the year 2000. It is
possible in the future that the study and development of hydro power sources will also be
accelerated by the private sectors The current electric power development planby EDL is

shown in Fig 4.1- 1



Fig. 411 Curment Electric Power Development Plan by EDL
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Assdming that construction is promdtcd. according to the plém, the tofai faclllty @apacity in
the year 2000 will be 2,255 MW (8,451 GWh annual power generation), 4,190 MW in
the year 2003 (20,211 .GWh annual power generation), and 6,279MW in the year 2010

© (30,797 GWh annual power gencration). ' -
Regarding the sites in this Master Plan, some are partiaily included in the above -
development plan by EDL such as Se Kong 4 and Xe Namnoy . However, the majonty
will be appropriated for  development after the year 2003. .

 Power deﬁelopment in Laos is baéiéaily not directly linked to the domestic demand and most
electricity. is exported. The development period will, therefore, be affected by thé market '
price of electricity and construction fund procurement. Motivated by the expoit/import
agreement between Thailand and Laos, currently, BOT style developmeht.s', ,b.eing joint
ventures with foreign capital are being _sfudied for many projects. . ' .



Table 4.1-1 'BOT Project List of Electric Power Development Plan in Laos

Project Name Caplaltlcsi:;'} IFI\?{W) Project Name Install(e;id%paqity
| | Nam Theun Hinboun am| 210 Nam Ngum 3 400 _
Nam Then 2 5 600 (210)  |[Nam Ngiep 420
" tHouay Ho o ' 130 Nam Theun 1 400
Hongsa Lignite . 150 (600)  |[Xe Namnoy 192
(Coal Thermal) . N |
NamMang3 - {. .. 30 Xc¢ Kaman No. 1 255
INamNgum2 | 320

Source; MIH and others

~Fable 4 1-1 shows the power development prolccts now under study in some form for BOT
-style and carried out mamly by the pnvatc sectors. These deveiopment prolects will be

exccuted as soon as their funding is ensured and their development consortiums established.

Since the previously described . power development plan of EDL is also not linked to
dom@sﬁc démand in Laos, it is, therefore, considered to be one of the development projects
on the list, The development._plans, including those not listed in.Fig. 4.1-1 and Table
4.1-1, will be affected by movements in the electricity market in Indochina. Th.ey are
affected by ‘development fund procurement, the demand increase in Thailand, the
completion of the interconnection systein with Vietnam, and the opcration start’ of the .

~ Malaysian DC interconnection system.

The first development project promoted by thc: private sectors in Laos is the Nam Theun
Hinboun Hydro Power Development Project. This projebt haé been brought into a definite
:form by the Laotian Govemment (60% shares, oancd by the Asia Development Bank), a
European development group NORDIC HYDRO (20% sharcs) and a Thai development |
_group,. MDX (20% shares). The electricity fee has been also agreed to by the Electric

Power Agency (EGAT) of Thalland which is the purchaser. The construction works are

~ going on.



As described in Chapter 3, in Laos, there is 1o power system running from 'north to south,
For a future power system it is, therefore, necessary to plan not only a domestic
interconnection system, but also to dctcrmme how to supply the power to the market
eﬁicnently along- with these export power development plans. Smce excessive facility
construction as a future investment is not a preferred factor in the devclopment promoted by
the pnvate sectors, it is possﬂ)Ie that each private sector will construct minimum
transmission/distribution facilities individually. This could possibly affect stability in the
power system, transmission/distribution routes and the environmental iandscape. It is
necessary, thereforé, to categorize the deveibpment plans localiy'or in each area to a certain
level and to organize the transmissionfdistribution facility expansion plans and construction
fund distribution accordingly. The Laotian Government has already initiated studies with

a European consultant regarding the transmxsswn/dxstnbutlon facility expansion plan based -

on thc electnclty export plan. Its outline is described in Fig. 12.2-1 in the Chapter 12.2.
-The comparison between the extstmg transnussmnfdlsmbution lines and transmxssxon/
' dlstnbutlon lmes in the year 2000 is descnbed in Table 4. 1 2.
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4.2

Electric Power Development Plan in the Se Kong Basin -~

The Project of this Master Plan is located in the Southern System \?\fhich supply power to
Champasack Privince, Selavane Province, Attapu Province, Sekong Province and Pakse

City, as descrived below. - The output of this Praject will':be connected to this Southern
System. In the Southern System, the electricity demand was about 17 GWh in 1993,

- and it will be on]y_.22 GWh in 2000, and 28 GWh in 2003. - Therefore, the facility has

-sufficient capacity so far as annual encrgy gencration is concerned, although power must

be imported from Thailand in a dry seasen via the 'exsting: pbwef fabilities;

The current development plan of the EDL does ot include a plan of power gc'nerating

facilities for domestic power supply. In future, it is excepted that the development of

power generating facilities designed for export such as this Master Plan study will
encourage the expansmn of roads and dlstnbutxon lines, and the substatlon facﬂmes for

such distribution systems will be installed in these power plants for. export'

Specxﬂcally, Sekong Town will be fully clectrified by- the Se Kong No.4 power plant,

_and Attapu Town by Xe Kaman No.1 power plant, thereby- provxdlng the basis for rural _
clcctnﬁcatlon - Congerning Xe Namnoy power- plant, the’ rel1ab111ty and supply _
- capacity of the existing facilities will be 1mproved by 1nteroonnectmg the distribution

network of Pakson Town to the powcr plant. The construction cost of thcsc rcgional

supply facilities have bacn mcludcd in the estimation of the Pre-fea51b111ty Study sta,gc to -
“be dlSClISSCd later. ; ; :
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Electric Power Export Plan

- Examples of Interconnection in System

The most important factor in planning glectricity import/export is to determine which
nation is the present and future market and where the location is. . The development and
construction of electric power facilities including power plants, substations and
transmission lifies require large capital investment. It is also difficult to change the
systems, should the demand decline or ¢client éhange The key factor in an-
unporb’export plan is to accurately predict the demand in the market for the long term.
In both Europe and North America, across- -the-border electric power trade was planned
and instituted at the multl-natlon level wherein an electricity trade market was formed by

mutual supplementation. Thc followmg examples are major trade cascs in Europe.

Fig. 4.3-1 Interconnection system in Europe
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(1) NORDEL Interconnection System

NORDEL is an international cooperative organization in northem Europe (excluding
Iceland), formed by Norway, Sweden, Finland, and Denmark wheérein member nations
are linked to their neighboring countnes The system incorporates a total of 22 circuits. ;‘

The following figure provides an outhne of the interconnection syster.

Fig.- 4.3-2 NORDEL Interconnection Systém
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Among the NORDEL member nations, Norway is totally dependent on hydro power

‘generation while Denmark totally depends on coal fired power generation.  Finland's

and Sweden's power generation facilities consist of a mix of hydro power, coal fired, oil

' fired, and nuclear power plants. In terms of capacities, the facility capacity of both

Denmark and Finland exceeds their own maximum demand, thereby aliowing a margin
for the peak load.  When evaluating their annual power generation volume, those of
Norway and Sweden exceed their own demands, thereby enabling the export of power.
NORDEL, regrouping of nations with different power sources, enables those nations to

supplement their power and efﬁoientiy manage their energy sources.

Dependmg solely upon hydro power Norways power generation capacrty is greatly
mﬂuenoed by seasonal rarnfall Also, as-that country's dam control capacity is
restricted; Norway exports power to the nerghbonng nations during the wet season and
imports the power produoed by’ nuclear and coal fired power plants during the dry

_ season. As leand‘s power is based on nuclear and coal fired power generation with

little or no dependeney on hydro power, leand 1mports economical peak power
produced by hydro power plants in Norway o oontrol its load. Finland also exports the

base power durmg the dry season, Having no hydro power as a peak power source,

Detimark i mereases its own eoai fired power generation during the peak load period due .

to its thh power generatron umt price. In return, They meort economroal power from
Norway. ' :

UCPTE

- Established .over 40 years. ago, UCPTE: is . an ,’intema‘rional__pow_er cooperative

‘organization in western Europe. Currently, it regroups of 12 nations m_aini_y connected

by 330 kV and 220¢ kV interconnection systems.  The Laufenburg-Power Dispatching'

Center (Laufenburg Power ‘Corporation) -in Switzerland, located in central western

Europe, conducts power ﬂow control, frequency eontrol and takes care of the power

L supply b_ased on the UC_PTE power exehange plan R

S The basre operatlon of UCPTE is oamed out with the. base: power export by nuclear

e generated power in France seasondl and peak power supply by. hydro generated power:

in Sw:tzerland Italy, and Austria. The-power supply is conducted not only for long

. term contracts but’ “also for emergenc;es according to instant load variations. It is

- handled equivalent to a new power plant plan when they plan power source



development. UCPTE also owns interconnection systems ‘such as' BTB Substations
and DC transmission facilities in the NORDEL member nétions, UK, former castern
Europe, and Russia which are not UCPTE members. This enzibles a b_r_oad area of
eleciricity import/export. ‘ '

Fig. 4.3-3 UCPTE Interconnection System

«:-» Parallel ‘operation e _ @
~—=s : Radial .operation o :

There are other- international powcf exchange organizations such as. the UPS(former
"COMECON) system' in eastern Europe ancl the former USSR, ‘the “interconnection

system in north America where hydro power is exported from Canada to the U. S A and
| electricity exported from Turkey to certain eastern European nat:ons

In As1a mtematlonal electnclty tradmg has been conducted between Laos and Thmla.nd '
Malaysia and Thailand, Malaysia and Singapore, and Hong Kong and mamland China.
~ This trading, however, is done only between two nations and has not been developed to a : “‘
level where the pnmary energy is supplemented throughout the area for its. maximum '
- efficient use:”



L
s =

432

Interconnection Plan in Indochina

Thc-.pfimary factors for considofation in p!a_mnihg intcmational power exchange in
Indochina are the hydro power resources of Laos and Myanmar and the power demand
predictions of Thailand. - With this, the manpower and fossil fuel resources of Vietnam

and the recovery of Cambodia must also be considered, although they are not ¢currently

- interconnected.

At this time, in 1992, .Thailand's electricity genieration (max. 88,730 MW) and its

" consumption - (56,006 GWh/year) were the largest in' Indochina in 1992, making
‘Thailand the major consumer for the time being.  According to the EGAT demand

prediction, - Thailand's- max.. power generation Will reach 17,765 MW against
112,598 GWh annual power consumptlon in the year 2000. Inthe year 2005, its max.

* power ‘generation ‘and annual power consumption will reach 24,150 ‘MW and

157,311 GWh. Demand wﬁl grow by an average of 6% to 10% annually in the future.

~ - Although power facility expansion has been planned in response to these predicted
" demands, the construction plans -have been canceled or delayed due to env:ronmental
'problems ‘The ‘Thai and Laos governmentis - have agreed to dovelop a: 1,500MW
'faclhty in Laos by the year 2000 to Suppiy power to Thailand. Assumlng that- thc

E significant demand increase continues after the year 2000, Thailand will noed to increase

its power iniport and will become Laos's largest client,

In the case of Cambodia, that country still has no electric power system that completely

encompasses the entire nation. 'Indee_d, ‘Cambodia is now making efforts to recover

- from the effects of the civil war. " Considering Cambodia present status, there is little or

no chance that it becomes a ¢onsumer or supplier of electricity in this, the 20th. century.

Only when Ca.mbodla clears the mmcs and stabilizes- its pohncal and social climates

would it be posszblc to increase investment and aid from overseas, thereby resultmg in

'-mcreased powcr demands and power oxpormmpon

B In 'Vimm althou;gh' it ‘-has a very lafgc'population-(GB 'miliiohs); certain geographic.
g -restnctlons e)ust for mteroonnecnon system development as it is molatcd by the Annam
) Mountalns 'I‘akmg adva.ntagc of Vietnamies-human resources and the pnmary energy
resources mcludmg petroleum and natural gas, Vietnam has the potential to attract and
o develop industries sxgmﬁcantly Following the hﬁmg of the trade ban by the UsSA,

: mvestments from forelgn natnons mcreasod sharply and demand for electnc:ty has been

: .:4:.-.11_ e



increasing, Therefbre, next to Thailand, Vietnam has a latent potential of becoming the
second largest market in Indochina. - According to a prediction by the Ministry of

Energy of Viemém, its max. electricity generation and its annual consumption will reach - -

5300 MW and 27,200 GWh in the year 2000, and 6,950 MW and 34,570 GWh in
~ the year 2005, assuming the highest figures. Assuming the low figures, its max.
electricity generation and annual conéumption'will reach 4,595 MW and 23,180 GWh
" in the year 2000, and 5,680 MW and 28,410 GWh in the year 2005, |

These figures strongly indicate that Vietnam will indeed become a large market,
Additionally, Vietnam has already constructed a single 500 kV transmission line
connecting the southern and northern systems.. In. contrast. to this line, it is also
possible to develop a 500 kV system along the international ‘road which is planned to be
built near Da Nang from southern Laos. It will not enly hnprove_electridity export
' from southern Laos, but will also serve to enhance the system stabiiity’ of the south-nofth
linkage and therefore, is a most valuable factor, - In the dry..séason.,‘ contrarily, this
would allow Vietnam tb éxpo_rt the electricity generated at her coal fired poWer plants.

There is also a plan'to develop a DC interconnection system. between Thailand and
Malayéia When that is comp[etcd it would be possible to supply eléctricity from
Malaysia. to Smgapore through Thalland Also, assummg development of DC
transmission lines between Malaysia and Indonesia over the Straits, the electricity

gencrated by the hydro power plants of Laos and Vietnam could be effectively used.

during the wet season.. This would also enable dzstnbution throughout Indochina of the

electricity genérated by nuclear power and the natural gas power in Indonema,. by the-

coal fired power and natural gas power in Vie_tnam.

Prior to any develdp'ment of an interconnection syster_ﬁ, howcife_r_, it will be necessary to

~ establish an international power cooperative organization similar to those of the
previously described UCPTE and NORDEL systems. = This would enable efficient
construction and management of such an interconnection system throughout Indochina,
including any required related fund procurement.. ‘Laos would play an important role
- as a power suppher and wheeling country and it is poss:ble that it would coordinate the
international power exchange, as does SWItzcrland in the UCPTE system.. . ‘Laos would
. then be able to use the income realized from its elec_tnclty cxports and the resultant
.whe.e]ing fees to expand her own domestic i_nfraétmdtures and to-invite mdustncs

4-12



.Once the intéroonnection system is completed, Thailand would not be her orﬂy market,
- thus providing an advantage when negotiating supply agreements. “In the face of the
present political and -economic situations in Indochina, the development of an
interconnection systerﬁ is difficuit. Heavy funding is especially required for the
construction. However, devetdpmgnt would be possible if the nations ¢oncerned
progress carefully, step-by-step and considering the ‘construction plan of power
generation facilitics based on the nceessity for the demand. It is, therefore, qﬁite
meaningful to establish an international cooperative organization which would control
the priority projects, rﬁan_age fund procurement, and benefit concerning pbwer source -
development and the intcroonnéctio_n systems, and to start talks accordingly.  Fig. 4.3-4

shows the concept of these interconnection network systems.

4-13



Fig. 4_.3-4 Basic Concept of the Interconnectiqn System in Indochina area
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4.3.3

Power Export Plan in Laos

Accord_iﬁg to the present electricity export/impon agreement with Thailand, the highest
price (peak time) is US$0.058, as shown in Table 3.1-3. The demand/supply has been
agreed in average for the newly agreed Nﬁm Theun Hinboun Hydro Power Project with
EGAT. There is almost no difference compared to the demand/supply agreement for
the existing Nam Ngum Power Plant because the main client in the power export/import
inarket in Indochina is currently Thailand. Since the wholesale price of EGAT in
Thailand is approx. US$0.06, the price is expected to move at this level in the future.
Therefore, projects able to achieve a low unit sale price and clear this price level will be
dc{felopcd.

How much electricity is to be accepted by Thailand will be determined by her demand

estimate, power deve_lopment plans and her energy security policy. Currently,
1.S00MW in the year 2000 is the indicator set by the two governments. 1,500 MW in
the year 2000 represents approx. 15% of the power supply facilities in Thailand in the
year 2000 and is equwalcnt to the auxﬂ:ary stock in the supply system aimed by EGAT
(PEAK + 15% (aumha:y)) An equivalent exp_orthmport market is expected in the
future.

Vietnam is the second client with potential to expand this market significantly and.

interconnection with Vietnam is considered to have a large impact. As described in 432,

_ therefore it- is ideal to connect all of Indochina with a 500 kV mtcmatxonal _

mterconnectxon system and use the Laotian hydro sources effectively. Considering all-

_ the major factors, including the agreement negotiations, it is necessary that in addition to
: Tha11and Laos acqulres more clients. Cambodia is another potential client. The

development site in this Master Plan is situated in the most southern part of Laos, Of |
all the power sources, it is the nearest to southern Vzetnam which is expccted to be the
future demand area and Cambod:a Therefore its value as the resource is very iargc
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Existing Data

- Previous Sttjdies

The Mekong Committee has carried out preliminary hydropower potential studies on the Se
Kong Basin. The latest r_eport of a series of the studies was issued in 1984 with 14 projects
as shown in 'I_‘able 5.1-1. On the other hand, for the basin of Xe Namnoy river, alternative
development projects have been proposed by JICA in the Feasibility Study on Xe Katam
Small-Scale Hydroelectric Power Development Project as shown in Table 5.1-2. The

_ Jocation of these projects is shown in Fig, S.1-1. However, any ﬁeld surveys such as

topographic survey, geologlcal mvesnganon environmental impact survey have not been

surveyed in the basin, except some data at the meteorological and hydrologica! observation
stations.

The review of these development plans proposed in previous stidies are development plans

prép’oséd in previous studies are described in Chapter 7.



Table 5,1-1

Study conducted by Mekong Committeé ;

Site Installed 'Capacity Annual Energy Construction Cost
(MW) . Production (GWh) (10°US$)
Se Kong No. 5. 305 1,533 381.9
Se Kong No. 4 ; _4'70_ 2,327 600.2
Se Kong No. 3 - 320 : 1,581 371.1
Dak E Meule 185 932 3034
H. Lam Phan Niai 76 382 844
Xe Namnoy 530 2,653 6224
Xe Kaman No. 4 155 769 1725
Xe Kaman No. 3 230 1,143 230.1
Xe Kaman No. 2 . 135 668 2082 -
Xe Kaman No, 1 390 1,940 439.1
Xe Xou 95 474 147.5
'Nam Kong No. 3 30 146 414
Nam Kong No. 2 60 302 74.6
‘Nam Kong No. 1 150 763 149.2
Total 3,130 15,613
Source: Lower Mekong Water Resources Inventory, 1984, Mekong Commitiee
Table §.1-2 Study conducté_d by JICA
Site Installed Capacity Annual Energy Con_s'trucﬁon Cost
L (MW) "Production {GWh) (10° Us$).
Xe Namnoy 200 5291 158.4
Houay Katak-Tok 118 - 3314 104.0
XeNamnoy 36 181.9 612
Total 354 1,042.4 "

Source: Feasibility Study on Xe Katam Smali-Scale Hydroelcctnc Power
Devempment Project, March 1992 JICA
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5.2.1

0y

Meteorology and Hydrology

-Meteorological Data in the Se Kong Basin and Surrounding Area

Meteorological stations in-the southcm Laos are mainly distributed along the Mekong River

~ and on the Bolaven Plateau. The stations, most of which are controlied by DHM, have

comparatively long term records and such data have been periodically furnished to the
Mekong Committee.

" In the Se Kong basin, there are few meteorclbgical stations which were established before

and after 1990; Eépccially in the east part of the Se Kong basin whose area shares more than

70% of the river basin, only three stations are existing in this area.

“Only one station in Attapu in the said three, which is belo'ngihg to DHM, observes

meteorologlcal items such as rainfall temperature, humidity, and wind etc. However, the
data of other two stations in Sekong town and Dakchung are lumtcd to rainfall,

The location miap of these stations is attached as Fig. 5.2-1 and the collected data are listed in
Tabie 5.2-1. |

B Prescnt situation of each station is as follows whxch are based on the observation during the

site reconnalssance conducted between July 23 and August 23, 1993

. Attapu Mete’oro]qgical Station

Attapu iocatcd at the ]uncuon of the Se Kong River and the Xe Kaman River is the capital of

- Attapu Provmcc Although the building itself and the devices seem to have been completed
© . quite before, the data are available from 1988,

@

Se Kong Ramfall 'Stait'ior.l'_ |

The rainfail gadge is installed in the station in Se Kong town. The station is located about
35 km downstrcam of the Se Kong No. 4 project site. Measurement is being continued on a

' daﬂy basis by an observer inthe wllage and the data are perlodlcally sent to DHM in Attapu
'The data are avallable from 1989.
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Dakchung Rainfall Station

This station was installed in 1987 by UNDP for their irrigatibn project purpose, and is
situated in the mountain area of the Se Kong basin. The report on this project (reference No,
6.3-1) presents availability of daily records from April, 1987 to April, 1989, -

Five Rainfall Stations in the Xe Namnoy Basin

Five (5) tilting-bucket type rainfall gauges with. automatic recorder, which are the same types
as the gauges to be distributed in the Se Kong basin in this stuc_ly,' were installed in the Xe

- Namnoy basin in 1990 by JICA Study Team for Xe Katam Small Scale Hydropow_er Project.

The stations seem to. be well maintained, though time delay was found in two Tecorders

during our reconnaissance. It is deemed that time delay would have been caused by wrong
sequence of the rolled paper equrpped in the rccorder '

_Tlic stations belonging to MIH are maintained by villagers and_the data are conveyed to
.~ Vientiane through MIH in Pakse. The data from February, 1991 are available. .

JICA Study Team for Master Plan Study on Hydroelectric Power Development in the Se
“Kong Basin has the intention to mstaH three (3) automatlc ramfali recorders and evaporatlon
" pans 50 as to contribute to the exxstmg observatton network

The new observation stations were -supposed.tq be distributed uniformly in the river basin.
However, location was limited m tenns_of_ accessjbility to the site and availability of

. observers.
- After dlscussmn between JICA Study Team and MIH the equipment were mstalled in the

four stations as tabulated betow.

Automatic " Evaporation

Rain Gauge “Pan Class A
" Sekong Town 7 0 RN T
- B. Pak Kayon 0 P
: Atthpu'[_‘om B O o O _
B. Latsasin - | O

O: tobe installed -
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Hydrological Data in the Se Kong Basin

The available discharge data for the Hydropower Potential Stege were just the water level
records and flow discharge measurement data in Attapu, as well as the monthly basis

discharge data at B. Khmuon located at the river mouth of the S¢ Kong River obtained by the

Mekong Committee. The former was available from July 1988 to June 1993 and the latter
was from 1961 t0 1969. ' |

One (1) staff gauge station at the Se Kong River and three (3) staff gauge stations along the
tributaries of the Se Kong River were found during the reconnaissance. Howevcr, the data of

these stations did not contribute to our study at this Hydropower Potential Stage because of

the following reasons.

Sekong Town ‘_Wate_r Level Gauging Station

~ A staff, gauge. is located at the nght bank of the Se Kong River and water level has been read

" . everyday by an observer:in the village. - Water fevel records from January 1989 are. only

@)

‘available in MIH in Vientiane, because no drscha_rge measurement was carried out and the
- rating curve has not been established yet.. ' o

Periodical discharge measureriient and survey of river cross section were planned and carried
out from October, 1992 by MIH using current meters supplred by JICAin order to obtain the

* data in the néxt pre-feasrbllxty study stage

B, Latsasin Water Level Station

An automatic water level recorder and a staff gauge were mstalled at the left bank of the Xe
Namnoy River in 1991 by JICA for the study on Xe Katam Small Scale Hydropower

'Development Prolect The water level has been recorded and malntamed by villagers since
' February 1991 and the data have been kept at MII-I Dlscharge records are also available.

However measurement was made only in small flow pcnod The data are not sufficient due
to lack of the rating curve. Because the Xe Katam Small Scale Project had been planed as a
run off river type, it was not l_lecessary to measure the dlseharge in flood period at that stage.

~Since each prOJect in Xe Namnoy Rwer is planed as a large scale project with a reservoir,

' dlscharge measurement should be carried out not only in dry season but also in wet season.

So that, MlH planed and sct up the facilities to measure river dlscharge by current meter even
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in wet season. Steel wire across the river and cables with pulieys to control the current meter

_from the bank were installed in October 1993,

- B, Nonghin Water Level Station

The same type water level recorder and a staff gauge were installed at the bank of Xe Katam
River in 1991 by JICA for the same purpose as that of Xe_ Namnoy Ri'v:_ar.

River dlscharge measurement had been made only in the dry season, as same as mentioned in

- the case of Xe Namnoy River.

B. Fan.gdeng Water Level Station

Although no data were found, one station was-found during the reconnaissance.’ It could not

“be confirmed that what department or organizaﬁon is responsible for that station,

B, Fangdeng is the village at the right bahk of the Xe Kaman River and locatéd 10 km west
from Attapu. The discharge data at this station are important because the Xe Kaman No 1
project is one of the most proxmsmg prO_lCCtS ' '

Tha same type cableway as that in Sekong Town and B, Latsasm to measure the dlscharge :

was: installed in October 1993




Table 5.2-1  List of Collected Data (1/3)  asof sep12,1904

A complete

1) Water Level Recoid B: not complete

Year

=

File Name

Saravanne

2) Discharge Meas’;uremenl_ :

Station ' Year
Name Data 80| a1| 821 83} 84| 85| 861 87

89

Zls
wlo>|e

o4)l Remarks ° File Name

| (o
o (@ o [mlie

‘B Hatsaykhs
Spuﬁanna”b(hili
~ |:#hong Sedone:

:3) Diséharge Reéord

Station . . . Year
Name Data 81} 82| 83| 84]. 85| 86) 87| 88

901 91| 92| 93} 94 Remarks File Name

i Nl

Vit Nam;
Viet Nam,51-79.
Miet Har,51:74
61-70

Souvanna Khili .

&) Temperature 7 Re&drd :

[Staion -~ — . . T —
Name Deia .. BT 81| 82] 83] 64| 65] 66] 67] 68] 89] G0] 91]. 92] 93] 94l Re

‘File Name °

51-74,79

Monthly
Daily:




Table 5.2-1 List of Collected Data (2/3) s of Sep.12,1004

A~ complete
£} Humidity Record . : : B : not complete

Station . - : : Year

Rémarks FileName.

ally
Monthly

Monthiy . : : AlALA]B

Dally 1 AlalAl T - )

Attapu Monthly
. Daiiy

o |

B Lalsasin -
B Nonghin
Viend

6} Evaporation Record

‘Station ) . : Year

Name Data [ 80] 81] 82] 83 84] 85] 86 87] 88] 89] 90]'91] 92] 93] 84} Remarks | Fie Name *
. PO ga:aia: = = Ty

B A’ : 6104,

Savannakhet | Monthly : A : _ 58-69,71-74 .-

B.l.atsasin

7) Wind Record

Station L T Year

| File Name

Savannakhet | Monthiy
 Nikhom 34 Marith

8) Dew Point Record

Slation
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5.3 Topographic Maps

Topographic maps available for the study have been prepared and issued by NGD (National
Geographic Department) as following scales.

1/50,000
1/100,000
1/200,000
1/500,000
1/1,000,000

These maps have been collected by the study team.

1/50,000 and 1/100,000 scale maps are covered all of the Se Kong basin, and the maps were
very uscful for the site selection of the hydropower potential study. '

54 Geology

Existing data relat'ed 1o geology were collected in Laos and in Japan as follows.

| Tien,P.C.(1988). Geology of Kampuchea Laos and Vlemam
- JICA (1992). Feasibility Study on Xe Katam Small Scale Hydro¢lectric Power
' Developmcnt FinaReport.

 UN.(1992). ~ Atlas of Mineral Resources of the ESCAP Region, Vol.7, Lao PDR.
Mullins,].(1987). Southern Area Development Master Plan, Sectoral Report, Geology
' " and Mineral Resources. -

ADB.(1990). Geological and Mineral .(_)ccurence Map.
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