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94RRATIVE SUMMARY OSJECTIVELY VERIFIABLE INDICATORS MEANS OF VERIFICATION IMPORTANT ASSUMPTCNS 
ets: -A-4)or Sectr Goal: The b:oaer obiective to Measvres of Goal Achievement; (A-2) (A-3) Assumptions far echieving god t 


, - this project contributes: (A-i)
 

riot become a majcr pro­
1. 	Support RTG national development la. Project objective dovetail la. National Plan and NESDB/NEA - Thailand wdill 


with those of RTC-. stated intentions in energy ducer of fossil fuels.
 
objectives, 


sector.
 
- Small hydro generation will continue to
 

Imorove the national balance of lb. Foreign exchange and opera-

ting cost savings are achieved lb. *Site operating agency-(PEA,RFD, cost less than fossil fuel ceneration in 

payments situation. 
terms of foreign exchange and operating

by Project installations, etc.) records. 

costs.
thereby loosening up these 


monies for other RTG develop- 2a. Same as lb. above, and local
 

ment goals. production statistics.
 

2. 	Project installations reduce
 
need for imported fuel, parts,
 
etc. and simultaneously
 
improve local export produc­
tivity within ZIP of each site
 

Best Available Document
 



- 'OJECT DESiGr . M AZ-Xpeayoc 
WPPLC ENT I LOGICAL FRAMEYORK~~Total 	 COr FY ___toFY____U..Fundims81 MillionFreitet Title & Number: Micro/Mini Hydroelectric Project (493-0324) Dale Prepred, .- 3U-oz 

NARRATIVE SU,AJARY OBJECTIVELY VERIFIABLE INDICATO_S MEANS OF VERIFICATION 	 IPAPRTANT 2SU)PTiONSFroie:t Purpose: (B-i) 	 Conditons that will indicate purpose has been (B-3) Assumptions f A (-4)ochieylng pupose: 
achieve& End of project status. (B-2)To systematically develop options 
- An empirical body of knowledge - Project records.
to reduce Thailand's dependence 	 - The differential •financial and economicof the potential for small hydro
on fossil fuels for electridal devel6pment in Thailand, in a 	

costs of thermal vis-d-vis hydro cont:.
 
to-favor hydroelectric generation optic­energy generation through the 
 form utilizable for future
development of economically 
 sectoral investment decisions.


attractive, indigenous micro/ - Thatthe project model accurately assec 
mini hydropower resources. the economic worth of each Project- Project installations generate installation.
 

electricity which either: replac.

existing diesel generation,
 
feed an existing oil or gas

thermal-powered grid, or
 
develop new power in an area
 
which would have required
 
fossil fuel generation.
 

- All Project installations are
 
declared economically attrac­
tive.
 



PROJECT DESIGN SUMMARY Life of Project: 
AO - - LOGICAL FR:ORK - From FY 82 .... Jo FY 86 
S .Pr.EMEMT I Total O.S. Fund;haS8.1 Million 

FrojetTitle & Number Micro/Mini Hydroelectric Project (493-0324) 	 Doie PAGE3 

NARRATIVE SUMMARY O.IECTIVELY VERIFIABLE" INDICATORS J MEANS OF VERIFICATION IMPORTANT ASSUMPTIONS
 
Oepuls: (C-l) Mao'itude of Outputs: (C-2) (C-3) Assumptions forochieving output= (C-4)
 

1. 	Creation of new "run-of-river" la. Twelve (12) "run-of-river". la. Site examination; flEA, supervisor - RTG sector objectives, budgets and 
hydroelectric power generation generation/distributioh sys- -engineer and construction con- allocation of sector analysis responsi­
systems providing electriciti to tems with a total design tractor records. bilities to NEA remain as ncw conceive. 
local villages or to the national capacity of approx. 4000 KW. 
grid. lb. NEA,PEA, and other operating Cooperation of operating agencies 

lb. 	Estimated 72 villages clectri- agency records. (PEA,RFDetc.) is forthcoming.
 
2. 	Enchanced capacity of Thai insti- fied through Project installa­

tutions to develop the country's tions with total population 2a. Existence of NEA models. That appropriate, qualified technical
 
small hydroelectric potential. of 60,000 people, of which assistance (both contract and !Z7A)
 

50% will receive electricity. 2b. Performance ev iluation of engi- be located and-assigned to the Projec:
 
neers by NEA Deputy Director in a timely fashion.
 

2a. One integrated small hydro General.
 
site selection model.
 

2c. NEA assessment and manufacturing
 
2b. 	Two (2) :NEA engineers with promotion consultant reports.
 

new specialized skills in
 
small hydro development. 2d. Consumer promotion consultant
 

reports and NEA/PEA assessment.
 
2c. Imnroved Thai power plant
 

manufacturing capacity.
 

2d. 	Irprc-ed village-le el capaci­
ty to utilize electricity
 
generated in project.
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PROJECT DESIGN SUMIAARYsl.: r-7T 1 LOGICAL FRAMEWORK ___ I,___ 8 
$ 8 "I Total US. Fun'jn Million
 

rr:'.et Title &Number: Micro/Mini Hydroelectric Project (493-0324) Dote Prepred: ­________________________PAGE 

NARRATIVE SUMMARY OBJECTIVELY VERIFIABLE INDICATORS MEANS OF VERIFICATION IMPORTANT. ASSUMPTIONS
 
I..-:i: (D-1) Implemenction Target (Type and Qucntity) (D-3) 
 Assumptions for providing inputs- (D-4) 

(D-2)Civil works construction 
 I. Est. twelve site construction - Procurement and contracting - RTC and AID funding will be made availab-. 
- contracts of total value records. as planned.


2- Technical Assistance $5.7" million.
 
- Contractor progress reports and
 

.- uipment 2. Est. 167 person-months of records.
 
contract services of total
 -.inal Engineering & Supervision value $0.8 million. - Site inspections and 'onstruction
 

inspection documentation
 
-. -ccwer Plant Procurement 3. Est. $20,000 of minor equip­

ment to support POU staff. - Audit
 

4. Est. twelve site encineering
 
design and supervision con­
tra-ts of total value SO.6
 
millon.
 

5. Est. twelve power plants of
 
scre 4000 !.kWaggregate
 
capacity at value S1.8 million.
 

(Above is exclusive of contin­
gencies and inflation)
 



ANNI:.N 11I':V CN(AI,ANAI,Y!;Il, 

I. iHasic . lnineerinit l)ScripLion 

This project proposes to assist the RTG with developing perhaps 
as many as 12 micro/mini. hydro electric power plants in rural are.as. 
Of these 12, six sites have been identified, inspected, and prelimi­
nary design characteristics determined. These six sites are expected
 
to be fairly representative of the cost and scope of all 12 sites to
 
be funded.
 

It is anticipated that all sites will have a general layout as 
illustrated in Figure Al. They are "run-of-river" schemes with the
 
following primary features:
 

- Diversion 5tructure which consists of a weir, intake,s: 
gate and a bulk trash rack. The weir's primary function is 
to control the water level at the intake to the headrace although 
it may also serve to impound a small volume of storage water. 
The diversion structure may be designed to divert a fraction
 
or the totality of the river flow to the headrace.
 

- Headrace (or power canal). The headrace transfers the water 
from the diversion structure to the top of the penstock. It 
can be an open canal, unlined or lined with concrete, or a 
closed pipe channel depending upon the terrain. 

- Forebay. The forebay is the structure at the inlet to the
 
penstock and is designed to handle surges in water flow, to
 
prevent sand and trash from entering the penstock, and to ensure
 
that air is not intrained in the water flow through the turbine.
 

- Penstock. The penstock is the piping which transfers the 
water throujh the difference in head from the forebay to the 
power house.
 

- Power House. The power house encloses the turbine, generator,
 
switchgear, and control equipment.
 

- Power Plant. The power plant consists of the turbine, generator, 
control equipment, switchgear, and step--up transformer. 

- Distribution. The electrical distribution consists of the lines 
and structures required to transmit the electrical power from 
the station transformer to the end users. 

The potential power at a site is proportional to the quantity of
 
flow (Q) times the effective head (H) . In "run-of-river" schemes
 
the head is constant and the flow varies from day-to-day, season-to­
season, and year-to-year. The river flows, as a function of time
 
can be graphically represented by the site flow duration curve. From
 
this curve, three flows are important:
 



Figure Al Sketch of a resentative Project Hvdrelectric Power P!ant 
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- M ir:nm .Ut)w j o" (d f! u u ' or pOweLllini l t. lmi.nii iifulOli fir111 

capacity of thu site.
 

- Design flow - the flow throujh the p r 1 .jit that optimizesIliwUl 

the sysotem' . os t,and l>,fli. I. Al.I. ilt, civil, m:chani.cal., illd 
alectL.i cal componrt-nt:; wi. I li., b.hi.sha,:;,-i Iujon des igi, parame ter. 

II. Site Selection Methlodology 

The approach uti.] ized in the feasibilit 7 studies and pre-testing 
studies of the f:irs!t fix ;itUs ( first trinch:,) is noted below. The 
experience gathered from analysi., of the first tranche sites has 
permitted the PP team, ill (:o lahrati.on with N'A, to develop a simpler, 
less expensive site seo -eLionmo(1.[ (:!e:, Ariiox P) whicil should 
reduce selL -)n tLime whi lu impr(,v.iunj i( Uucy for the second tranche 
site:-;. (If succcns fuL, NI-A hlas; indic,ii,., anl :Interest in adapting the 
model. as a staridardjZoS(.., , l ( It ot: JLIL' r1"future s ito selectLon). 

F.or the fi.irst tranche, sol.ece i,.,iof vai iiu; probal. e locations 
for ,;mall scale hydro diOvlopment, %wefr! t,keii froii several sources.' 
These included inven tori!:- ionje by th(- NEA and Royal Thai Forestry 
Department, which included e:.;tirates of avaiJ.abl.(:- head and orobable 
minimum dry season flow at various location; throuqhout Thailand. 
Additional sites were sReJcted fIrom on- to 50,00) scaled maps. All* 
of these sites wore also studied on 50,000 m:n.)s to give a projection 
of probable village locations wi thin the ar(a. Armed with this data, 
NEA and ARD engineers visited some 22 sites with a team of socio­
economic specialists to pre-screen engineering and bccial feasibility. 
From the select group (including locations in North, East, South 
and West Thailand) the list was prioritized from an engineering, 
social and economic standpoint, and the hiilhest ranked sites were 
selected for fur thr o.-;te studies. ,, : ito:-; ,'re dropped from 
consideration because II l,ick of adeoiauat.-1y 1 1ai topographic andedi 

hydrographic inforinat ion; ) t: rf; wreI a:.' ()v-i b(cause- el.('ctric 
demand or potentia] rici. Ly h.leetaien(a,dvi, lit: 1 , prospect of economic 
payout; and still oth( r; were po:,ton.d 1'(,,i r:.;r.s of exp)ediency and/or 
difficulty of access witLb n tUi, :1;j,-:i ! t if : f~rime a.lotted for 
inspections. 

Teams of surveyor:; were (.io :;.n U ,,lk.si te to acquireI-to profile 
information on th( ILiijith of water our:;( I,,I,..,(,n ti:,e probable intake 
works and tailrace. Tol)oqraphic surveys; were accomplished at the 

intake power house wJid tai.lrace locations. The head race canal 
works were surveyed and ;te slop:; we(, s_;urveyed to give an indication 
as to the type ol- caral (versus pi.,) whi.ch would best fit the local 
conditions. Environmentlrl p)rotectior wv; crefully designod into the 
construction of this portion or the civi.l works. This data was put on 
site maps (attached for re:uiica.;),, iid a .',,iatiw.]y El rm cost estimate 
was Iprojcct(:d. 'l'hc;e c:o:t.:; jiil .L o m.ite!ria.liy vary excel)t 
as inflation may al f'-ct works beL:weei Ili.is wrilting and actual. con­
trac:ting for construct:ioii. 

Best Available Document
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I.OWh l( ANI) ,.ND1.,< Y CAI.,CUI,AT.1 (.)N.-; 

Project No: 1 Project Title: Mae Hat
 

District: Chianq Dao Province: Chiabq Mai_
 

Item No: Description Amount
 

1 Turbine discharges:
 

Maximum 1520 liters/sec
 

Minimum 460 liters/sec
 

Design flow, average 620 liters/sec
 

2 Head:
 

109 meters
Gross head 


9 meters
Losses 


meters
Design head 100 


3 Plant Capacity:
 

Installed capacity 440 KW
 

4 Energy:
 

Average annual energy 1.40x]06 KWH
 

Plant factor 36.3
 

5 Dependable CapaciLy: 

Flow, depondible 460 liters/sec
 

Head, at depundable flow 100 meters
 

CapaciLy, opendable 325 KW
 



' .lA2:
 

POWI';R AND !,N(;I{,IY CAI.,1CUl1A1.LONS 

Project No: 2 I jL!oju L Tit].e: Mae Suk 

1)is tric : Mae Cl aew PPlovi cc Cl~an. MaPi. 

Iter No: De scr-.L.ion 	 Amount 

1. 	 Turbine di;char'jcs: 

Maximum .050 liters/sec 

Minimum 370 liters/sec 

Design flow, average 460 liters/sec 

2 Head : 

Gross head 67 meters 

Losses 5 meters 

Design head 62 meters 

3 Plant Capacity: 

Installed capacity 305 KW 

4 Energy: 

Average annuLil energy 1.15xI6 KWH 

Plant factor 43.1 % 

5 Dependable Captci ty: 

Flow, deper~iab]e 370 liters/sec 

Head, at dependable flow 62 meters 

Capacity, dUeerdable 240 KW 
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Project No: 3 	 Project Title: Mae Aep
 

Province: Chiang Mai
District: Hot 


Item No: Description Amount 

Turbine discharges: 

300 liters/secMaximum 


100 liters/sec
Minimum 

Design flow, averaye 	 170 liters/sec
 

2 Head:
 

79 meters
Gross head 


4 meters
Losses 


75 meters
Design head 


3 Plant Capacity:
 

100 KW
Installed capacity 


4 Energy:
 
0.50x106	 KW
 

KWH
Average annual. energy 	 _____ 

56.6Plant facLor 


5 Dependable Capacity: 

100 liters/secFlow, dependable 

Head, at dependable flow 75 meters 

Capacity, dependable 60 KW 



t.OWEiR ANI' JLN(;hIRY CALCULATIONS 

Project No: 4 Project Title: Mae Chon Luanq 

District: Mae Cham P.ovince: Chiariq Mai 

Item No: DeSc L tion Aiu1ount 

1 Turbine discharges: 

Maximum 300 liters/sec 

Minimum .160 liters/sec 

Design flow, average 230 liters/sec 

2 Head: 

Gross head 77 meters 

LosSe S 2 meters 

Design head 75 meters 

3 Plant Capacity: 

Installed capacity 100 KW 

4 Energy: 
6 

Average annual energy 0.53Yl0 KWH 

PlanL factor 60 V-. 

5 Dependable Capacity: 

Flow, dependable 160 liters/sec 

Head, at dependable flow 75 meters 

Capacity, dependable 60 KW 



Project No: 5 	 Project 'litle: Khlong Ta Riu 

Provincu: ChanthaburiDistrict: Makam 

Item No: Description Amount 

Turbine discharges: 

1000 liters/secMaximum 

Minimum 350 liters/sec 

Design flow, average 455 liters/sec 

2 Head: 

Gross head 55 meters 

5 metersLosses 

Design head 50 meters 

3 Plant Capacity: 

Installed capacity 145 KW 

4 Energy: 

Average annual energy 0.57xi06 KWH 

45.1
Plant factor 


5 Dependable Capacity: 

Flow, dependable 350 liters/sec 

Head, at dependable flow 50 meters 

Capacity, dependable 115 KW 



'1OWl;,l AND L.N(;I:,CA I.CU IATI UN,"IY 

Project No: 6 lProj ecut Title: Khlonq Ra 

1)i s tric t : l'haI )r. u1Lt nco : Thanqncra 

Item No: Decr:[p iA iot 

1 Turbine dischar-u:es 

Maxi Mum 1150 liters/sec 

Minimum 400 liters/sec 

Design flow, average 560 liters/sec 

2 Head:
 

Gross head 132 meters 

Losses 7 meters 

Design head 125 meters 

3 Plant Capacity:
 

installed capacity 355 KW
 

4 Energy:
 

Average annual energy 1.50x106 KWH
 

PlanL factor 48.3 %
 

5 Dependable Capacity: 

Flow, dependable 400 liters/sec
 

Head, at dependable flow 125 meters
 

Capacity, dependable 250 KW
 

'-V
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[FIROJI,;CT.1 DATA II:T 

Project No: 1 Project Title: Mae Hat
 

Province: Chiang Mai
District: Chiang Dao 


General:
 

Type of plant Run-of-river
 

77 km2
 

Drainage area 


Head data:
 

Type of diversion Over flow weir - 5 m high 

Elevation at diversion 415 meters
 

Elevation at tailrace 306 meters
 
Design head, after losses 799 meters
 

Waterways:
 

Intake Concrete w/qated control & trash rack
 
Open channel (if required) 1100 meters trapezoidal concrete lined
 
Pipeline (if required)
 

Forebay Concrete w/screen & by pass
 
Penstock 150 cm 0, 350 meters, steel
 
Tailrace 80 meters open channel
 

Power Plant:
 

Turbines 1-500 hp-horiz Francis
 
Generators 1-750 kw 220/380 volts
 
Governor Mechanical
 

10 - concrete block
Powerhouse 5 x meters 

Total installed capacity 440 kw
 
Total annual energy 1.40 x 10 kwh
 
Plant factor 36.3%
 

Electrical:
 

Transformers 1-30, 1500 kva, 22 kv
 
Switchgear metal clad
 
Transmission lines 30 Km primary
 
Distribution lines 8 Kin scondary
 

Special Items:
 

Access road to site Needs improvement
 
Project roads 11 Km steep sidehill
 
Special work (if any) none
 



Tl'ib]c, A8:
 

.PRI ,J J,,CT IOA'IA
 

Project No: 2 Project Title: Mae Suk
 

District: Mae Chaem Province: Chiang Mai 

General:
 

Type of plant Run-of-river-daily ponding 

8Km
 
Drainage area 


Head data: 

Type of diversion Small. dam-center overflow, 8 meters
 
Elevation at diversion 179 meters
 

Elevation at tailrace 95 meters
 
Design head, after losses 62 meters
 

Wa t erways: 

Intake Concrete.,cated control & trashrack 
Open channel (i" required) 

Pipeline (if required) 1.15 m 2.25 Kms, buried stel 
Forebay Concrete,_ Wqat, screen & by pass 
Penstock 115 cm 9, 375 meters, steel
 
Tailrace 20 meters open channel 

Power Plant:
 

Turbines 1-400 ho cross-flow
 
Generators -350 Kw 220/380 volts
 
Governor mechanical
 

Powerhouse 4 x 8 meters concrete block
 
Total installed capacity 305 Kw
 

Total annual energy 1.15 x 106 Kwh
 
Plant factor 43. 1
 

Electrical:
 

Transformers 1-30, 1000 Kva 22 Kv 
Switchgear metal clad
 
Transmission lines 8.5 Km primary
 
Distribution lines 1.0 Km secondar 

Special Items:
 

Access road to site Available - needs improvement 
Project roads Existinq - repairs necessary
Sp'_cia]. wol 11"(.i ,Illy).J .'_.jt .J_._j .{o_ -!. .. Jp ;t e 
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Project No: 3 Project Title: Mae Aep 

P]rovince: Chiang MaiDistrict: Hot 

General:
 

Type of plant Run-of-ri-er
 

26 Km 2
 

area
Drainage 


ifead data:
 

Type of diversion Overflow weir, 2 meters
 

Elevation at- diversion 7-- met-ors
 
Elevation at tailrace -6ifleL-


Design head, after losses -75 meters
 

Waterways:
 

Concrcte gated cnetral w/trashrack
Intake 

Open channel (if required) Trapezoidal 2 Km, concrete lined 

Pipeline (if required) 

Forebay 

_ 

Concrete, screen, gate & by pass 
50 cm F, 180 meters steel
Penstock 

20 meters open channel
Tailrace 


Power Plant:
 

Turbines 1-]40 hp Cross flow
 
-7MTTO0 KW 220/380 volts
Generators 

Mechaniacal
Governor 

-7_7 meters - concrete blockPowerhouse 


Total installed ca.)ZIcity T0- ....
 

Total annual enurgy 0 --- __
 

Plant factor 
 __' __ 

Elctrical:
 

1-30, 250 Kva 22 Kv
Transformers 

Metalclad
Switchgear 

2-n prima
Transmission lines 

3 Km secondaryDistribution lines 


Special Items: 

i:;x.!;Ling - [,Ai.r conditionAccess road to site 

T7ii-'F aver7a]e workProject roads 


none
Special work (if any) 
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Project No: 4 Project Title: Mae Chon Luang 

District: Mae Chaumn Province: Chiang Mai 

General: 

Type of plant Run-of-river 

Drainage area ].9 Km 2 

Head data: 

Tvpe of divers ion Over flow weir - 2 meters high 
Elevation aL divursion 730 meters 
Elevation at tailrace 657 meters 
Design head, after losses 75 meters 

Waterways: 

Intake Concrete, gates_ 8c trashrack 
Open channel (if required) 2.2 Km. t-apezoidal, concrete-lined 
Pipeline (if required) 
Forebay Concrete bypass screen and gate 
Penstock 30 cm _r250 meters steel 
Tailrace 10 meters open channel 

Power Plant: 

Turbines to be determined 
Generators 220/380 volts 
Governor Mechanical 
Powerhouse 4 x 6 meters concrete block 
Total installed capacity 100 Kw 6 
Total annual energy 0.53 x 10 -KWH 
Plant factor 60 

Llectrical: 

Transformers 1-30 1.00 KVA 22 Kv 
Switchgear Metalclad 
Transmission 
Distribution 

lines 
lines 

2 Kms 
1. Kms 

primary 
s con da __.__ry 

Special Items: 

Access road to site I'arm-nrecds extension 
Project roads 2 Km- average work 
Special work (if any) none 
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Project No: 5 Project Title: Khlong Ta Riu 

Province: ChanthaburiDistrict: Makam 


General:
 

Type of plant Run-of-river w/storage
 

70 Km2
 
Drainage area 


Head data:
 

Small dam center overflow - 3 m highType of diversion 

Elevation at diversion 135 meters
 

-0 meters
Elevation at tailrace 

Design head, after losses 50 meters
 

Waterways:
 

Concrete, trashrack, gated control
Intake 

Open channel (if required) 2.5 Rm. Lrapeo1da-,concrete-iihed
 
Pipeline (if required)
 

Forebay Concrete, byrpass screen and gate
 

Penstock 80 cm 0, 250 meters steel
 
Tailrace 20 meLers open channel
 

Power Plant:
 

Turbines 1-250 hp - Cross flow
 

Generators 1-210 Kw 220/380 volts
 
Governor Mechanical
 

4 x 8 meters, concrete block
Powerhouse 

Total installed capacity 1.45 Kw 6
 

Total annual energy 0.57 x 10 Kwh __
 

Plant factor 45.1%
 

Llectrical:
 

1-30 400 Kva 22 Kv
 
Switchgear Mealcldd
 

Transmission lines 7.0 Kms primary
 
Distribution lines 6.0 Km.; secondary
 

Transformers 


Special items: 

Access road Lo site All-weather-needs extension 
Kms steel, rock slopesProject roads 3.0 -


Special work (if any) None
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Project No: 6 Project Title: Khlonq Ra 

District: Thap Put Province: Phangnga 

General:
 

Type of plant Run-of-river 

Drainaje area 90 X1_ _ 

Head data: 

Type of divcrsion Overflow wei27-5 meters high 
Elevation a(- diversion 305 meters 
Elevation at LaJilrace 178 melers 
Design head, af ].r.iSS 125 inc, tcrs 

Waterways:
 

Intake Concrete, w/gates, trashrack 
Open channel (if required) 
Pipeline (if required) 1.0 rT7, 2 IRms long - buried steel 
Forebay Concrete, screen and bypass 
Penstock 1.0 meters 0, 200 meters steel
 
Tailrace 20 meters open channel
 

Power Plant: 

Turbines 1-450 hp - Impulse, horiz 
.Generators 1 x 600 Kw 220/380 Volts 
Governor Mecha nica II _____ _ 

Powerhouse 5--K 0 meters, concrete block 
Total installed capacity 3 5 Kw __ 


Total annual energy -1.50 x 10 Kwh 
_ _
 

Plant factor 48.8
 

Llectrical:
 

Transformers 1-30, 1500 Kva 33 Kv
 
Switchgear Metalclad
 

Transmission lines -570 Kms primary 
Distribution lines 2.0 Kms secondary
 

Special Items:
 

Access road to site Existing - OK, all-weather 
Project roads 2.0 Kms - rocly canyon 
Special work (if any) None 



,Table A13: Salient Physical Characteristics of Tranche One Sites
 

1 2 3 4 5 6 
ITEM MAE HAT 1,AL SUK MAE AEP MAE CHON KHLONG KHLONG 

LUANG TA RIU RA 

2 2 	 2 2 22 

KM 2
K1M2Catchment Area 72 85 KM 26 K,1 21 38 KM 23 KM 

Design Flow 0.62 CMS 0.46 CMS 0.17 CMS 0.23 CMS 0.46 CMS 0.56 C:.IS 

Headrace Concrete Concrete Canal Canal Concrete Copcrete 
Pipe Pipe Pipe Pipe 

1700 M 2300 M 2800 M 1300 M 3000 M 1700 : 

Penstock 380 M 350 M 250 M 250 M 300 M 280 M 

Transmission Line 22 Kiwi 9 Km 7 KM 9.5 1 1 KM 6 K-% 

Installed Capacity 440 KT 305 KW 100 KW 100 KW 145 KW 355 1KW 

Effective Head 100 1 62 M 75 M 75 H 50 M 125 

Source: 	 Singh Mohar: "Planning of Mini/Micro Hydropower Projects in Thailand"
 
NEA,
 
June 1981.
 



Table A14: Project Cost Recapitulation ($US , June 1981 Prices)
 

ITEM MAE HAT MAE SUK MAE AEP MAE CHON 
LUANG 

KHLONG 
TA RIU 

KHLONG 
RA 

(Stage 1) 
50 KW 

1 
2 
3 
4 
5 
6 
7 
S 
9 

10 

11 
12 

Headwork 
Headrace 
Forebay 
Penstock 
Power House 
Power Plant 
Trans/Distrib. 
Road 
Sub-Total 
Contingencies 

(15%) 
Lng & Adm (10%) 
Total Cost 

36,150 
85,000 
15,000 
99,750 
15,000 

178,900 
220,000 
40,000 

689,800 

103,450 
69,000 

862,250 

36,150 
195,500 
15,000 
91,900 
15,000 
149,050 
90,000 
20,000 

612,600 

91,900 
61,250 
765,750 

24,100 
60,500 
10,000 
28,750 
12,000 
49,700 
38,500 
10,000 
233,550 

35,030 
23,350 

291,930 

24,100 
31,100 
10,000 
28,750 
12,000 
24,850 
19,230 
20,000 

170,050 

25,500 
17,000 

212,550 

26,500 
165,000 
10,000 
52,500 
12,000 
75,000 
66,000 
10,000 

417,000 

62,550 
41,700 
521,250 

26,500 
116,S50 
10,000 
73,500 
15,-0 

194,150 
60,500 
10,000 
506,500 

75,950 
50,650 

633,100 

(Stage 2) 
50 KW 

13 
14 

15 

Plant Capacity 
Cost/KW (US $) 
Power Plant 
Distribution 

Contingency, 
Eng & Adm 

440 KW 
1,960 

305 KW 
2,51.1 

100 KW 
2,920 

24,850 
33,000 

14,500 

145 KW 
3,595 

355 KW 
1,784 

Total Cost 284,900 

Cost/KW (US $) 2,849 

Source: Singh Mohar: 
NEA, 
June 1981. 

"Planning of Mini/Micro Hydropower Projects in Thailand" 
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Po,,,-r, both i.ni KW of: nr; t.illed capacity atin(WlI of e.ectric energJy 
to be developed. This data is summarized on separate project data 

sheets as follows: 

Table A7 - Mae Hat
 
Table AS - Mac Suk
 

Table A9 - Mae Aep
 

TabJ AI0 - Mae Chon Luang
 

Table All - Khlong Ta Riu
 
Table A12 - Khlong Ra
 

The salient features of all six sites are recapitulated, for
 
references, in Table Al3.
 

Using the site ]ayouts from the topuojraphic map data, the Power 
and Energy calculation.,, and the Project. data sheets for reference, 
estimates of Cost were prupared for each site, arid are recapitulated 
in Table A14. 

IV. 	 Power Plant Ana]v.'.i!; 

A. 	 Background: Generation of electric power and energy in the
 
United States dates back to the days of the so-called Indus­
trial Revolution of the mi.d-1800's. Water wheels, though
 
extensively used for various mill projects, were relatively
 
slow speed, undershot or overshot and used to lift water,
 
drive grinding wheels or other nachinery for processing raw
 
materials to usable products. Soon after development of
 
commercial electric generators, numerous innovators coupled
 
water wheels to generators for development of power as a
 
more convenient and economic way to transmit power to mach­
inery remote from the generator. In a short time, as techno­
logical research and practical e:perience accumulated, more
 
sophisticated water wheels were developed, and were known as
 
water turbines. In this gen.ral cateiory, the net head avail­
able to the turbine runner dictat-es the type of turbine suit­
able 	for a particular installation, and the rate of flow expect­
ed through the turbine determine,; its capacity. When the two 
basic characteristic:. are combined in multiplication, with a 
factor, power i:; developed. 

In general, hydraulic turbines have two classifications: either
 
impulse or reaction. The reaction type of turbine is the most
 
widely used class of turbine, but is not as efficient as an
 
impulse turbine at high heads, generally over about 60-70 meters.
 
And this is especially true in the small-sized units usually
 
available for mini/micro hydro installations.
 

Reaction turbines are classed as Francis (mixed flow) , or 
Propeller (axial flow). Propeller turbines are available with 
both 	 fixed blades and variab.e pitch blades (Iaplan) . Both 
classes, Francis as well as Propeller, can be mounted either
 
horizontally or vertically; propeller units can be slant mounted
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large capacities have been in.s"talled in heads over 60-70 meters,
but small t:.i.zed vertical Francis ullits; have found acceptance
only at low heads, u.';ually under 15-20 meters. 

In addition t:o the cenealities cited above, there are two 
proprietary turbines in common use on small scale hydro plants;

they are the Ossberger, or Cross Flow turbine, and the Straflo,
 
or Rim turbine. 
 The Straflo turbine (a manufacturer's modifi­
cation on a tube turbine), 
is limited to low head installations,

whereas the Ossberqer unit ;i.s suitable and reasonably efficient 
at high head.;, especially under relatively constant heads.

Figure A8 herewith illustrates in cross-section the various types
and classes of turbine in typical installations. Figure A9 
reflects a (Ioneralized interpl:ctat-ion of the usual turbine oper­
ating range,. ft demonstrate.s; that, in accordance with normal 
practice, i.nsti;allations with normal operating heads over about 
30 meters and under about 5 MW capacity are limited to use of 
horizontal Francis, orimpulse cro!;.s;-flow turbines. 

Thailand is 'presently aanufacturi.ng their own cross-flow turbines 
at a much lower cost than they can 
import foreign turbines. l,1ow­
ever, the application range for cross-flow turbines is not well

known. 
Notice that Figure 3 does not include cross-flow turbines.
 
The history of cross-flow turbines has many success stories of
 
installations that have operated for decades, and disaster stories
 
of units that were developed and destroyed within months.
 

NEA has installed and operated their cross-flow turbines success­
fully. 
One of the purposes of this project should be, therefore,
 
to expand the number of Thai turbines installed, and compare

their operation against imported turbines.
 

As a result of reconnaissance in the field, and discussions with
 
NEA representatives, who are advocating heads above 30 meters at
all proposed sites, it is apparent that for mini/micro install­
ations under 1 MW (the upper limit of capacity by definition),
only impul.se or cross-flow turbines are recommended, though in 
special circumstances, a horizontal Francis unit may warrant
 
consideration.
 

B. Manufacturin; Capabilities
 

1. U.S. Source. Part of the purpose of AID's program for furnish­
ing technical and financial assistance to the RTG selected agency

to install small-scale hydro units is to demonstrate the apparent

superior efficiency of US-manufactured equipment. If successful,

this would warrant further purchase by agencies of RTG from US
 
supplies.
 

However, as a result of low petroleum product prices in the USA
 
and the impetus for generation of electric energy by nuclear­
fueled plant,:, the turbine manu facturinq industry after World War II
declined both in number of manuf,icturers and number of units manu­
factured.
 

http:impul.se
http:aanufacturi.ng
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 mit ]i,urtcik c -;o12 hi'Vh quality and the mot;utficient turbines. 

2. 
Allis Chalmers, widely accepted maker, and a close

competitor to S. Morgan Snith. 

3. James Leffel and Co., 
recognized as 
a long time
participant in the field, but more or less stodgy
in approach, and conservative in research or innovation.
 
Recently, however, as 
oil prices have skyrocketed and intensive
searches were instituted for alternate sources of generating
electric energy, the turbine manufacturing industry has under­gone major changes.
 

First, Allis Chalmers bought out S. Morgan Smith, not only to
eliminate a competitor, but to capitalize on the technical
expertise and capability of S. Morgan Smith and tl, 
 upsurge in
markets of big hydro installations, mostly foreign and mainly
in South America.
 

Second, during 1980, Tempalla of Sweden, in joint venture with
Bofors, also a Swedish conglomerate, purchased James Leffel and Co.
in order to gain access 
to the American market, and a tremendous
stock of old patterns, molds and engineering data, compiled by
Leffel over the past 100 years.
 

Third, many small manufacturers have started up in business in
the United States, fabricating units on a custom order basis in
the mini/micro field. 
 Some of these, but not all, certainly,

include:
 

1. 
Bell Hydropower, Cooperstown, New York 
- small cross­
flow turbines.
 

2. 
Independent Power Developers, Sandpoint, Idaho 
- smallimpulse and propeller turbines.
3. 	Small"Hydro-electric Systems, Custer, Washington - smallimpulse turbines.
4. 	Siemens-Allis, Atlanta, Georgia 
- bulb turbines only.
 
The first four are, 
or at least were, 'juite small, with 	limited
capitalization and rely on 
firm orders before initiating any work.
The fifth is an attempt by the German firms of Siemens, in
association with Allis 
(agenerator manufacturer) to work in the
small scale hydro program in tbe US, 
in the 5-15 MW range - all
low-head units.
 

To summarize briefly, present capability for manufacture of small
scale hydro units seems to fall into two distinct categories:
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V. It.:and Ana I y:'.i... 

A. Project Demand Forecasting
 

The methodology used in preparing the estimate of customers 
was from the Cbensus records of the Province and District to de­
termine the population in the service area. A population growth 

rate of 3% was utilized to determine the estimated population 

at year 5 and 10. 

The number of dwellings in each area was available with the
 
above data and each area varied in the members/dwelling. This
 
same factor was used to determine dwellings for year 5 and 10.
 

The number of customers for years 1, 5 and 10 was estimated
 
to be 50% at Year 1, 65% at Year 5, and 90% at Year 10 of the
 
corresponding number of dwellings.
 

The number of small and med [um business customers was 
estimated by ruvi-wing the result:; of ,n site vil]age interviews 
and consideration Uf the ec:oiomic ,tatuk of the area. Within 
the classification C small busines, i . would contain stores, 
restaurants, dre;smaking establismwnnts , and rice mills. In 
the classification of medium businec:; su.h things as cottage 
industry, small irrhyation liumps, irj,. rice mills, sawmills 
and tapioca crushing equipment. [hn fo]lowing were the initial 
and projections for the classifications: 

Project Business Customers
 

Small Medium
 

#1 Mae Hat 24 1 5 10
 
#2 Mae Suk 32 1 2 3
 
43 Mae Aep 28 2 3 4
 
#4 Mae Chon Luang
 
i#5 Khlong Ta Riu i2 1 1 2 
#G Khlong Ra 20 1 2 2
 

Thle KWH/mon th consimpt:.ion on) Lh, prop)osed c:ustomers was 
assumed to be 16 KWH/mo. for 5 of 1.h sA,t.-; and 24/KWH/mo. 
for Mae Hat project:. 'the basis f.or the hi ghec assumption in 
the Mae Hat arua was Ithe higjher coq F !)tmleum products 
due to transportation charges andI t iu prosperity of the iso­
lated valley. Three scenarios wore prepared utilizing a 5%, 
7.5% and 10% growti in KWH consumnpL. ion. The following is an 
analysis of the PEA electric syst.m's rowth in KWH for the 
(1970-79) period.
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Residential 

Growth % 

Monthly :KWII 
Groivth 

Small Business 


Growth % 

KWH 
Monthliy 
Growth % 

General Business 


Growth % 


S KWIH 


Growti 1 

Medium Business 


Growth % 


lWH 

I.!onthly 
Growth 

)', (.hy;~ f( 

I EA 

S97() 

470,584 


42.7 

5,228 


2, 115 

216 


4'7,261. 

12 


290,028 

PEA 

1975 1979 

768, 160 1,542,303 

10.30% 12.60% 

59.4 63.6 

6.82% 4.53% 

8,455 22,166 

10.09% 17.41% 

3,072 2,989 

7.75% 3.92% 

497 954 

18.14% 17.94% 

49,799 56,796 

1.01% 1.47% 

67 106 

41.052 27.39% 

235,572 283,019 

(4.07%) (0.27%) 
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Aaolysis or KWH GrUwLil 

. I r tthi :y:;t'(! 1:-; aThe 1c: ;id ntL 'oiisun. on M1:A h1 had :rowth 

rate of 4.251 (1970-79) usinq 224 KWH/mu. in [979, compared to 

the same classification on the PEA system the growth rate is
 

4.53% (1970-79) using 63.6 KWH/mo. This is a reasonable result
 

taking 	into the difference of the levels of consumption as the
 

MEA user is 3.5 times more. A proposed growth rate for the
 

small isolated units will be 5.0%, with two additional scenarios
 

at 7.5% and 10%.
 

The Small Business consumer on the MEA system had a growth
 

rate of 5.90% (1970-79) using 804 KWH/Mo. compared to some
 

classification on the PEA a growth rate of 3.92% using 2,989
 

KWH/Mo. The differenco in level. indicates a classification of
 

combined rates Ln tLW: two system.s. A proposed growth rate foc 

Small. Business is assumed Lo he .(0.2, with consideration given 

to the same scenarios at 7.5% and 10:1. 

The estimtLed dean,,id of each Iwo V- :r area was determined by 

utilizing the so-called "A" and "H" fn::tors from REA Bulletin 

45-2. The;e factors were dervwd by plhottinq KIIW/mo./KW versus 

consuners for actual field n,casuremunt. and he following 

eequations derived: 

Factor A
 

Factor 	"A" = C (1-0.4C + 0.4 (C2 + 40) 

where C = number of consumers 

Factor B
 

= 0.005925 (KWH/mo/consumer)0.885
 Factor "B" 

Demand = ,actor: "A" x Pac Lor "B" in KW 

In dote rming the valu, of ack:tir "IN'the avq/kwh/month was 

calculated by utilizing the totaL kwh sold/month and dividing 

this figure by eutLmated users for tLhu project for the corres­

ponding year. The formula takes into c:onsideration the system 
lossess.
 

The annual load factor was determi nd by utilzing the esti­

mated demand for each site by year. 

A recapitulation of individual. silo demand is presented 

in Tables A]6 through A23, for refuronc. Population base data 

was drawn from the Social Analysi. undertaken by the PP Team. 
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'l'. I,- A 1/: 
I,::;tLi miiLec kwh l..',IU.i.LeImuj l.; ,uidl:;aiJcos 

Ma c Hlat 

Site #1 

• 
Proposed Rural Village System 

Year Ending 

1 5 10 
Residential Customers 727 .1,066 1,719 

Avg kwh/mo. 24 29 37 

kwh/month 17,448 30,914 63,603 

Small Business Customers 24 31 43 

Avg kwh/mo 240 292 372 

kwh/month 5,760 9,052 15,996 

Medium Business Customers 1 2 3 

Avg kwh/mo 2,400 2,917 3,723 

Kwh/month 2,400 5,834 11,169 

Total kwh sold/month 25,608 45,800 90,768 

% Line Loss 15.0 14.0 12.0 

kwh of Line Loss 3,841 6,412 10,892 

Total kwh Required/month 29,449 52,212 101,660 

Annual kwh Requirements 353,388 626,544 1,219,920 

Estimated Demand (kw) 102 178 343 

Annual Load Factor % 39.6 40.2 40.6 



'J~h1 AMI: 

.!3ttlaItd kwh L a(etuirerneitnd Sales 

Mac Suk 

Site #2 

Proposed Rural Village System 


Residential Customers 


Avg kwh/mo: 


kwh/month 


Small Business Customers 


Avg kwh/mo 


kwh/month 


Medium Business Customers 


Avg kwh/mo 


kwh/month 


Total kwh sold/month 


% Line Loss 


kwh of Line Loss 


Total kwh Required/month 


Ahnual kwh Requirements 


Estimated Demand 
(kw) 


Annual Load Factor % 


1 


317 


16 


5,072 


32 


160 


5,120 


2 


1,600 


3,200 


13,392 


15.0 


2,009 


15,401 


184,812 


53.4 


39.5 


,.Year Ending
 

5 
 10
 

474 
 778
 

19 
 25
 

9,006 
 19,450
 

36 
 42
 

194 
 248
 

6,984 
 10,416
 

3 
 4
 

1,945 
 2,482
 

5,835 
 9,928
 

21,825 
 39,794
 

14.0 
 12.0
 

3,056 
 4,775
 

24,881 
 44,569
 

298,572 
 534,828
 

85.3 
 152.4
 

39.9 
 40.1
 



EStimatud KWII 
Requirements and Sales
 

Proposed Rural Village System 


Residential Customers 


Avg kwh/mo 


Kwh/month 


Small Business Customers 


Avg kwh/mo. 


kwh/month 


Medium Business Customers 


Avg kwh/mo 


kwh/mrnth 


Total Kwh Sold/month 


% Line Loss 


KWH of Line Loss 


Total KWH Required/month 


Annual KWH Requirements 


Estimated Demand 
(KW) 


Annual Load Factor % 


Mae Aep
 

Site #3
 

1 


357 


16 


5,712 


28 


160 


4,480 


1 


1,600 


1,600 


11,792 


15.0 


1,769 


13,561 


162,732 


48.1 


38.6 


Year Ending
 

5 
 10
 

531 
 867
 

19 
 25
 

10,089 
 21,675
 

32 
 38
 

194 
 248
 

6,208 
 9,424
 

1 
 1
 

1,945 
 2,482
 

1,945 
 2,482
 

18,242 
 33,581
 

14.0 
 12.0
 

2,554 
 4,030
 

20,796 
 37,611
 

249,552 
 451,332
 

73.5 
 132.5
 

38.8 
 38.9
 



~I .! 


E_tmcd KWII Requirelnejts ;1d :ales 

Jhlong Ta fl.i.u 

S.ito' 115 

Year Ending
 
Proposed Rural Village System 
 1 
 5 
 10
 

Residential Customers 
 409 
 608 
 993
 
Avg KWH/mo 
 16 
 19 
 25
 
KWH/month 
 6,544 11,552 
 24,825
 

Small Business Customers 
 32 
 36 
 42
 
Avg kwh/mo 
 160 
 194 
 248
 
KWH/month 
 5,120 
 6,984 10,416
 

Medium'Business Customers 
 1 
 1 
 2
 
Avg kwh/mo 
 1,600 
 1,945 
 2,482
 
Kwh/month 
 1,600 
 1,945 
 4,964
 

Total kwh sold/month 
 13,264 
 20,481 40,205
 
% Line Loss 
 15.0 
 14.0 
 12.0
 
Kwh of Line Loss 
 1,990 
 2,867 
 4,825
 

Total KWH Required/month 
 15,254 
 23,348 
 45,030
 

Annual KWH Requirements 
 183,048 
 280,176 
 540,360
 

Estimated Demand 
(KW) 
 54.1 
 82.5 
 157.6
 

Annual Load Factor % 
 38.6 
 38.8 
 39.1
 



'abIo A22: 

Estimated KWHRcTuiremients 

Site #6 

Proposed Rural Village System 
 1 


Residential Customers 
 413 


Avg kwh/mo 
 16 


Kwh/month 
 6,608 


Small Business Customers 
 20 


Avg kwh/mo 
 160 


Kwh/month 
 3,200 


Medium"Business Customers 
 1 


Avg kwh/mo 
 1,600 


Kwh/month 
 1,600 


Total kwh Sold/month 11,408 


% Line Loss 
 15.0 


Kwh of Line Loss 
 1,711 


Total kwh Required/month 13,119 


Annual KWH Requirements 157,428 


Estimated Demand (K(W) 47.3 


Annual Load Factor % 
 38.0 


and Sales
 

Year Ending
 

5 10
 

609 990
 

19 25
 

11,571 24,750
 

23 26
 

194 248
 

4,462 6,448
 

2 2
 

1,945 2,482
 

3,890 4,964
 

19,923 36,162
 

14.0 	 12.0
 

2,789 4,339
 

22,712 40,501
 

272,544 486,012
 

80.4 143.2
 

38.7 38.7
 

'0
 



Table A23: 

Combined Consumer Requirements 

Sites 1 thru 6 

Site F Name 1 

Customers 
Years 

5 10 1 

KWH Required 
Years 

5 10 

2 

Mae Hat 

Mae Suk 

Mae Aep 

Iae Con Luang 

Khlong Ta Riu 

Khlong Ra 

752 

351 

386 

442 

434 

1,099 

513 

564 

645 

634 

1,765 

824 

906 

1,037 

1,018 

.353,388 

184,812 

162,732 

183,048 

157,428 

626,544 

298,572 

249,552 

280,176 

272,544 

1,219,920 

534,828 

451,332 

540,360 

486,012 

Combined KW Requirements
 

Years
 

1 5 10 

345 563 1,053
 

A­
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13. Sa.es to the Grid 

An interconnection agreement wi.1.1 h(e required between PEA 
and NEA to account for both the surplus energy from the hydro 
systems and thp so-called.emergency or back-up capacity and
 
energy to be furnished the three projects that are contemplated
 
to be interconnected 1:0 the PEA system. 

A concept that might be used is the so-called "split the 
difference" method. This means that there is a difference in
 

each party's average cost/KWH1 and it would be advantageous for
 
one or the other to receive surplus energy. As an example, if 
PEA's average cost of producinq energy for the area by small 
diesel was 3 baht/KW11"a>nd the NEA hycro costs were 2 baht/KWH, 
PEA would pay NEA 2.5 baht/KWI and each party would benefit 
by the transaction. However, where ]:'EA system is interconnected 
to the grid and pays the standard EGAT rate, it would be more 
difficult to practise this concept. If the goal of reducing
 
the country's dependency on imported petroleum products is to
 
be realized and the complexity of operating an interconnected
 
system, and the experience of both PEA and R'D, the overall 
benefit to the ultimate consumer would be better served by this 
proposed arrangement. 

The following two sites are cont.emplated to be inter­
connected to the PEA system:
 

Project Name 

#2 Mae Suk 
#6 Khlong Ra 

PEA or EGAT could not: provide sic.-ci.fic co!;ts for this type 
of interconnection, but during discussion with EGAT personnel, 
comparable costs were agreed upon. The costs of a non-syn­
chronizinq interconnect installat-ion including a recloser, 
protection, disconnects, relaying and metering would be estimated 
to $10,000. This cost will be added to the electric system 
costs on the above tujjo projects. 

In view of the lini.tcd priod of NEA's proposed operation 
of the systems, it miqht: be worth con5;iderinvl the need for that 
investment for a relatLvely Jo-L: i.mU. Anrt her method of 
determining the anmount of enerly prnvi.'1€l( throuqh the point 
of interconnection would be to iL-ilize the station production 
meter less KWI sold and arrive at an agreed upon transfer each 
month. 
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ANNEX C: FINANC[AL ANALYSIS 

This Annex is devoted to the provision of a detailed budget
 
description fo the Project as well as a review of the recurrent costs
 
obligations that it will generate. These two aspects of the Project
 
are presented hereafter under separate headings.
 

I. Project Financial Plan
 

In accordance with standard AID procedures, a complete financial
 
plan of expenditures has been presented in Table Cl. Final accounting
 
includes a generalized 10% allowance for physical contingencies as well
 
as a 15%/yr. rate for inflation, compounded annually over the life of
 
the Project. All costs have been calculated in current 1982 U.S.
 
dollars at an exchange rate of US.$1.0O = 23 baht.
 

The detailed description of the individual financial plan entries
 

is noted hereafter. 

Item A: Final Engineering 

It is intended that all final engineering of the Project sites 
will be done on a contract basis with a local Thai consulting firm. 
Final engineering here is defined as including both the drawing up of 
finalized plans, specifications and bid documents, as well as 
supervisory engineering services for actual site construction. Costs 
for this item have been calculated, based on past NEA experience, at 
11% of the total cost of Tranche I site developirent (excludes power 
plant procurement). The percentage used on Tranche 11 sites was 
reduced to 8% to account for the heavy incidence of inflation in the 
year after engineering design. This cost item could be reduced 
somewhat, if, upon completion of final engineering, NEA feels it is 
capable of taking on part or all of the supervisory engineering 
responsibilities, thereby excluding the necessity to utilize a 
consultant. It is tentatively expected that USAID and RTG will share 
these expenses on a 50:50 basis. 

Item B: Construction Costs
 

Finalized construction costs will, of course, only be possible
 
following completion of final engineeriag plans (later in 1982 for the
 
first tranche sites). The constrLuction costs reflected in the Project
 
Financial Plan are those submitted L'y NEA as being representative of
 
the current cost of such structures in fhailand. These costs have been
 
reviewed by O/EST and have deemed adequate for the purposes of project
 
budgeting (+ 20%). It should be noted that the construction contract
 
and power pTant procurement portions of the individual site estimates
 
have been separated for purposes of Project planning. It is currently
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anticipated that NEA will undertake independent power plant procurement 
for each of the sites and that the construction contract will cover 
civil works, transmission and major distribution lines only. Costing 
of future site construction (item B.7.) was undertaken on the 
assumption that averarqe site size for future projects will probably be 
in the 400 KW range. Ccsts of second tranche siLes were based on first 
tranche estimates and were escalated out accordingly to include 
inflation prior to and during construction. It was anticipated that, 
due to improved loal manufacturing capacity, all power plants could be 

purchased in Thailand (local cost only). It has been anticipated that 
the civil works construction contract will be funded by USAID and the 
RTG on a 50:50 basis. All power plants procurement will be funded by 
USAID. 

Item C: Project Staff
 

Staff utilized for the Project will be located in the Project
 
Operations Unit (POU) and will include both NEA line pesonnel and
 
Project-funded contract personnel. Table C2 indicates the PP estimate
 
for personnel requirements over time. Although this estimate should
 
prove reasonably accurate for key Project personnel (NEA Engineers,
 
Senior Engineer, Construction Manager, Socio-economic Planner) it
 
should be noted that the need for, and timing of, other part-time
 
specialists is highly speculative. Project manaqjement should be
 
allowed maximum flexibility in contracting for these categories of 
personnel.
 

A full-time contract secretary has been assigned to the POU
 

and will be located in Bangkok. All other POU support personnel
 
(drivers, accountant, supplemental secretarial assistance) will be
 
supplied by NEA.
 

Total expatriate personnel costs (salary, housing, etc.) have
 
been calculated at $10,000/month. Thai contract personnel have been
 
costed (all expenses) at $2500/mo. (Construction Manager,
 
Socio-economic Planner, short-term specialists). NEA staff salaries
 
have been calculated at global current NEA rates (Baht 9000/month for
 
engineer/short-term specialists and Baht 3000/month for support
 
personnel, including all expenses (per diem, travel, etc.).
 

Item D: Equipment for Technical Assistance
 

A lump sum of $20,000 has been allocated for minor equipment
 
directly supportive of POU analytical activities (programmable
 
calculator, simple soil kit, simple hydroloqiy and sturveying
 
instruments). Allowance for computer tinme (estimated maximum $5,000) 
has also been included under this item. NEA will procure three
 
vehicles with RTG funds for full-time use by POLl. Two four-wheel drive
 
pick-ups will be purchased for up-country travel and one station wagon
 
will be purchased for use in Bangkok and occasional triaps to the
 
field. The two pick-up trucks were estimated to cost $13,000 each and
 
the station wagon $15,000.
 



Table C2: Project Personnel Requirements 

(In man months per calendar year)
 

Oescription 1982 1983 
 1984 1985 1986 Total Expect Source
 

1. NEA Engineer 9 12 12 12 2 47 NEA
 

N" Engineer 6 12 12 12 2 
 44 NEA
 

3. Senior Engineer 9 12 12 12 - 45 Contract 

. Construction IManager 8 12 12 7 39 
 Contract
 

. Socio-econonic Analyst(s) 5 6 3 3 18 Contract 

(mos. U.S. and 
15 mos. Thai Source) 

S.'.anufacturing Promotion 3 6 - - Contract
 
(3 mos. U.S. and
 
6 mos. Thai Source)
 

7. Consumer Promotion 3 0 8 3 
 14 Contract
 

(6 mos. U.S. and
 
8 mos. Thai Source)
 

';:A Geoiogist/Hydrologist 3 5 
 8 NEA
 

-. Forecasting Specialist 3 ­ - 3 Contract 

(U.S. Source) 

,2. ,1EA Computer Specialist 3 - ­ 7 - 3 NEA 

* . Secretary 9 12 12 12 2 47 Contract
 

:_. ,-A Accountant 6 12 12 12 
 2 44 NEA
 

.,FA Drivers (3) 6 12 12 12 
 2 44 (132) NEA
 



iRem E: Seminar Sup porL
 

A lump sum of'$5,000 has been allocated for two seminars to be
 
sponsored by POU (See p. 19 of Project Paper) to further widespread
 
understanding among public and private interest groups of the small
 
hydro sector in Thailand
 

Item F: Special AID Evaluation
 

Some $69,000 (approximately $100,000 after contingencies and
 
inflation) will be utilized, as required, to finance special USAID
 
needs during the course of its mid-stream evaluation (see page 45 of
 
Project Paper). This constitutes the only Grant-funded item under the
 
Project.
 

II.Recurrent Costs
 

Although a public sector project, each of the hydroelectric sites
 
should generate sufficient revenue from electricity sales to consumers
 
to cover all recurrent costs (overhead, regular and periodic
 
maintenance) over the useful life of each site.
 

The site selection model (Annex F) utilized by the Project for
 
second tranche sites will build in additional safeguards in this
 
respect through its financial analysis which stipulates the necessity
 
for an 8% financial rate of return. This rate of return on capital
 
investment should ensure auto-financing of each site, not only for
 
basic operating costs but also for future site expansion (e.g., new
 
transmission, second phase generator, etc.).
 



ANNI,:X 1: ' )'AI, ANAIY.l :; A 

I. I'I. fl.ject: ;u i aI. I oli I( e 

A. Demography and Income: 

Local demographic and revenue trends are exceedingly important 
in hydro-electric site selection as they are the point of departure 
in determining demand forecasts. Due to lack of time and resources, 
demand forecasting of the first tranche sites (#i-6) was based 
essentially on official data as corroborated by short field trips to 
the villages located in the individual sites' zones of influence.
 
The accuracy and localization of this data will be greatly enhanced
 
for sites 7-12 through the utilization of the field survey prescribed
 
in the site selection model contained in Annex F.
 

The first six s.ites proved reasonably easy to characterize.
 
Though population density in the various site zones of influence were
 
low, there were still enough beneficiaries withi.n the radius of i5 
kilometres to make the program worthwhile. At least 500 house­
holds with more than 2,000 population will bu benefited from each 
electric site (see Table D-I) . There are diffrence,; in :ocial an,, 
cultural organization among the various selected communities of each 
particular region, but all are well integrated into the wider national 
economy and society through the systems of education, transportation
 
and communications. Ethnically, they are also different, especially
 
the F .- selected communities in Chiang Mai, but most still identify
 
themselves as Bucdhist Thai when faced with outsiders.
 

Furthermore, ecological differences make for differences in
 
occupation and hence differences in income distribution. Most of
 
the communites in Chiang Mai , where most of the
 
population belong to various ethnic groups, are poor and remote so
 
that contact with outside is rather limited. Their main income is
 
derived from wet and dry rice cultivation, opium growing (among the
 
H'mong, Lisu and Lahu), trade and workLng as wage labourers for the
 
Forest Department stationed in the areas. ;Xo:e than half of the 
population have income below the World Bank':; poverty line (p2,300/year). 
In the South and the Ea,;t (Phang Nga and Chart.aburi_) villagers earn 
higher income from mininq, but there is it:Llu opportunity to grow 
rice, the main staple. More often, most have to buy rice for more 
than six months a year. Thu economy is hirghty commercialized and is 
more subject to the outside markets.
 

B. Rural Energy Consumption Patterns 

Though most communities have no experience with the using of 
the small hydro-electric generators, they ir(- cert ainly familiar with 
electricity for home use. There are, particularly in the North, some
 
villages which have already had household electricity generated from 

*For greater detail on the results of PP field studies, see Preecha,
 
Kuwinpant, "Small Scale Hydro-electric site survey: A Preliminary
 
Study" May, 1981, not included in this PP.
 



Table Dl: 

SUMMARY OF SOCIAL AND ECONOMIC 

CONDITIONS OF COMMEUNITIES 

Project :' District Province "Villages Population Potential Resources Economic State 

U 

Mae Hat Chiang Dao Chiang Mai 

* 

6 5,398 
* Tai Yai,

Northern 
Thai 

- rice mills 
- estimated 10 
pick-up buses 

- 12 village shops 

prosperous: 
- main income 

from trade 
- soon becomnin 

sub-district 

#2 
elae Suk Mae Chaem Chiang Mai 8 5,351 

Karen, 
Northern 
Thai 

- rice mills 
- pick-up buses 
- village stores 

intermediate: 
- easily reache 
- plenty of wa7 

for agricult 

#3 
Mae Aep Hot Chiang Mai 7 4,069 

Chinese Ho, 
Thai Yai, 
H'mong, 
Karen 

- rice mills 
- 5 village stores 
- pick-up cars 
- rojects on 
development
supported by 
Forest Department: 

intermediate: 
- easily reache 
- Forestry Cent 



Economic State
 Villages Population Potential Resources 

oject District Province 


#14 
Mae Chaem Chiang Mai
Mae Chori 


Luang 

5 

Klong Ta 
Riu 

Nakham "Chanthaburi 16 5,703 - wet rice 
Thai and in- tapioca 
migrants from plantation 
the North- - Irrigation 

East and near- electricity will 
by provinces be useful for 

pumping and thus 

second cropping 
can be practised 

- the poorest 
of the distri­
r-road is being 
construczaa 

- Volunteer Sz-
Unit 

- 5-6 own e:'e-­
genera-orS an 

I TV sets 
- hired ou-os 

#r6 
Khlong Ra Thap Put Phangna 8 5,125 ,-mining 

Buddhist Thai - few rice farmers 
most co1&nerc:­
mines are o.: 

in-migrants 
from the 

I North-East 

. 
- rubber plantation 

electricity is 
available forlarge mines 

by to-f.speo>­
-almost all ho­

holds own MOZCcycles 

. 
very close to the 
town and-buses are 

-buying rice fc 
consumption 

I , available. - TV sets ava--­
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,mL.I prl va te i..:,l 'iI. ',o] ., huwovu: , have Iuss opportuniLy
IC ' m ;.e lh'illI 1o:y. ,.(,CIl'ic.i. h t1.he tin m'ninq,tjoy I ,5, [o

viLlagers in tihe South are also templ.ed wiLl eluctriiLy, but li.ttle
 
chance to utilize it.
 

Villagers rely mainly on kerosene lamps for household lighting
 
and wood (charcoal) for cooking. 
The cost of wood i3 nothing but
 
the surrounding treos. Kerosene is purchased from either the towns 
or village stores at the price of 10 baht for one bottle. The
 
average household use is 4-5 bottles a month, depending on the number
 
of household members and some special occasions such as house blessing

and the like. On some ceremonies at the wat (temple), a small
 
electrical generator is hired either from the town or tambon centers.
 
Thus, many villages, though remote and not yet hooked up to the grid,
 
are fairly familiar with electricity and its uses.
 

C. Assessment of the Impact of Electrification
 

To be Cami idair with eloctric iLy is not. to say that the
 
villagers all realize about what 
and how to make productive uses of
 
it. In additien to ' iIliting, most just do not know what they can
 
apply for 
to make tlhe most use of it in terms of economic development. 
Nevertheless, potential resources are there and only some guidance. 

needed.
 

As part of the country, electrification is crucial to inte­
grate these villages into the economy and society. With electricity,

knowledge about the outside world increases through the employment

of radio and television, not mentioning lighting, refrigerator
 
and other household uses. The actual use of television is not for
 
one particular household, but is also enjoyed by other nearby house­
holds who cannot afford 
 to have their own and the house soon becomes
 
a center for villagers.
 

Electrification also helps reduce the cost of kerosene and
 
extends working hours, particularly for housewives to weave and for
 
children to study. Such conveniences are the main reasons for the
 
need of electricity. ]In addition, electrification also benefits
 
schools, health centers and the wat for public purposes which will
 
be enjoyed by all villagers. Such institutes have already existed in
 
all communiti.ces under ,3urvey.
 

As far as the Forest Department is concerned, at Mae Aep site
 
(Chiang Hot District, Chiang Mai Province), electricity mainly serves
 
the forestry center. 
Several projects such as distribution and
 
experimentation of substitute crops for opium and industry of some
 
local products - flowers and fruits 
- have already been introduced.
 
It is hoped that electricity will attract more hill people to settle
 
around the center and also help accelerate economic growth in the
 
area. 
 However, careful study and attention must be given to the
 
existing social and cultural forms of the local dwellers to prevent
 
any destruction of social life.
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mininy stati.ons hopefully to incei oase their capacity. As the mines 
tiru j11-owill 1, mrniro 1.hlxr f.:llll.c@yIlioHIl I ; '111 .c:i pl,1l.d ],XveoIindividual 
minier.. can also increa:e and un. orge tLheir own operations. However, 
caution must be jiven to lotcInLial conflicts between villagers and 
owners for most of the land has been granted concession to large 
mines. 

Furthermore, all villages have several stores and rice mills
 
functioning as centers whereby any information is likely to be heard.
 
Extension of working hours means the increase of sales and the amount
 
of products. Normally, owners are prosperous and are able tc afford
 
television and other facilities, and often act as innovators intro­
ducing some new activities and methods concerning agriculture.
 
Hypothetically, the more the number of village stores increase, the
 
more chance that electricity will be used productively and success­
fully. The poor thus indirectly enjoy the benefit and participate
 
in the phase of development.
 

Finally, though electricity is needed, there are many who
 
cannot afford to pay up the the real cost of electricity. Fifty

baht a month as compared to the use of kerosene is the average price
 
which most are willing and able to pay. This, however, is a matter
 
of further discussion among all concerns. Each particular community
 
may require specific arrangements according to social, economic
 
and cultural conditions of each area.
 

II. Institutional Analysis
 

A. Basic Strategy:
 

An electric utility is a unique business as it requires a
 
large initial investment with a relatively low rate of return,
 
normally orly one electric service entity in any given locality which
 
in turn makes the utility a monopoly. The operation of a utility is
 
a complex business requiring ccripetent management and trained employees.
 
The PP team suggests, therefore, that first tranche sites (#1-6)
 
be turned over to PEA Cor management upon completion of power plant
 
construction. As the Project will only finance construction up to
 
the center of the user viliage, metering, hook-up and arrangements
 
for billing and collection will be the responsibility of PEA for
 
the first six sites. NEA should therefore coordinate its activities
 
carefully with PEA prior to commencing construction so that downstream
 
users will already be integrated into the power system when it is ready
 
to be electrified.*
 

For the second tranoTesites (#7-12), however, advance 
planning should pormit greater flex-ibiliti in experimenting with 
other management options, including RFD, RID, EGAT and most importantly, 
private ownership or cooperatives. Because it is a fairly complex 
question, utilization of the cooperative option is discussed more 
fully below, although the PP Team esteems that it would be premature 
to attempt such a system at this point in time. 

*NLA reserves the right to operate the power plant .for a period of 
one year to ensure proper technical functioning of the system, as
 
well as to permit a smooth- . transition to -a P- management S/,14L
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datjnI back to I .i. '1i' I ir;;t C oop raLiv: S'ocieties Act was promul.­
gated in 1928. hater, in 1')(j8, the (ooprurtI:Ive Societies Act: B.E.
 
2511 (1968) was approved and the carl ir aut was repealed. The 1968
 
Act provided for the followinq six typos of cooperatives.
 

'n T ,111d, tci t ive l. has:-; long history 

1. AJ)7i.cuJ tt1'a]. C o)ps 

2. Fishery Coops 
3. Land S(! .tlement. Coops 
4. Consumer Coops 
5. Service Coops 
6. Thrift and CrtliLt Coop.; 

The Cooperatives in Thailand are vertically organized at 
three levels: primary coops at the local level, secondary coops
 
at provincial level and thi: so-cal.Led apex coops at the national
 
level. This i.:; vw'icy ti.miiar of in
sructure to l(v(,ls cooperatives 
the United Stat-,s ind pro vidtes '. v J.e:.1, ror qI owth of six types of 
coops in T']hailand. 

Cooperatives Sociities Act'. B.E. 251. (.1968) provides that 
the Director-General or its equivalent Re( istrar of Cooperative 
Societies will register all. cooperatives and notify in the the Govern­
ment Gazette as to the type of coop in what: locality and occupation 
of the prospective members tlat will be accepted for registration. 
In addition, the Act sets forth requirements of membership, accounting 
records required, and provision of dissolution. 

The Act also provides for two types of cooperative: a limited 
and unlimited cooperative. In a Limited coop, the liability of a 
member is the amount remai.ning unpaid on the shares held, while an 
unlimited coop the liabil.ity of all members is joint for the coop's 
obligations. tn addition, the Act permits 3 or coops operatemore to 
a so-called Federation, similar to the regional cooperatives in 
the United States. At the national levul or so-called Apex Coop, 
the Cooperative League of" Thailand's duties and obligations are also 
included in thn enabi ing legJi.s].ation. 

The t.chni.c,tl division of tlite Cooperatives Promotion Depart­
ment. provides a co.t]JluLe and dutailed model Bylaw for an Agricul­
tural Cooperative limited. The Board shall consist of at least seven, 
but not more than fifteen directors. The bylaws are very complete
and detailed, providing the guidelines and requirements of all 
cooperatives.
 

The Technical Division of the Cooperatives Promotion Depart­
ment indicate that an electric cooperative could presently be organized
under th existing enabling legislation under Agricultural type 
Cooperative.
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iprodluc:ive u;s or VI:..cLi¢N: a.lso in uraq ing (jr€aterty, but i nu'"c 
participation in Phu [unctiol.nig or L-he ;y tern. The future site 
selection modcl. pris:;ented in Anne W.[].1I,' ovi de considerable data 
for the generation and evaluation aft such concepts. 

SpecificalLy, From a soci.al sounlno's standpoint, it is 
suggested that the following .it.;ks; be carried out by Project specialists: 

1. Socio-cconomi.c research and its follow-up of information 
in all electricity-site communite:;. Certain things can then be 
said about the success and problems concerning the overall project. 

2. Promotion of productiv uses and rural development. Villagers 
must be encouraged to make pro(uct-:ive u:.;e of: electricity. Certain 
types of help arc needrd. With a thorouqh knowledge, several develop­
ment proj ccL.: could u inn,,vatrid. rt i.s cxpucted that liason with 
relevant eov,.rnrmoniti: r vi,:s would make thi:; p sslbi.e, especially 
those concurnud with ji iciltur : 

3. Promotion of rural parti-.ci.at ion and decision-making. 
This involves discussion witih village leaders and villagers to insure 
participation from the beginning to create a sense of ownership. 
Villagers must be well informed and encouraged to participate. With
 
a good understanding of village social organization, the best way can
 
be determined.
 

4. Formal soure:; ,f crud it for local industries. These 
are needed to help local entreprencurs and villagers with good local 
"industrial" projects which are worth credit investment. BAAC and 
commercial banks and donors could become involved.
 

5. Training of selected employees to run cooperatives, and 
training in various aspects of productive use of electricity. Certain 
skills and r,::nim.rrw; o ::i i lug ii local comm~rini:ies should be identified. 
Workshops could ,.l]sIbe arranqdIurnn ,xcianjeof knowledge among 
partici.pants From ti di Lforen t comiuni Li c. 

6. . tbl i :;inet (if at ]M.ast one Pl]ectnicity cooperative 
with appropriate method:-; and accepted form:;. This needs to be 
discussed with vi llager:; on a frequent bas i. 

To accomplish the above tasks, givun institutional and timing
 
-
constraints, it is suggested that Project staff may wish to use a 

local institution which has most of the needed expertise. Several 
likely institutions arc available in Thai universities. If utilized, 
a contract should be signed out prior to construction so that village 
participation can be derived from the beginning. This would probably 
be most pertinent for second tranche site (iqvelopment. The contracted 
institution must be able to point out each year progress and problems 
of the overall project and recommend what shall have to be done in 
successive years. The first year of the contract is the most critical 
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one, involving the bulk of conceptul duvclopment. 

Opera hii onia 1, .1h conl(Jusi.io ofl-;0Iis soc. al rrsnearch 
should be ulti'nliatoly i Il- lgd ted i.1nto t:h- , ;t;ick:UJon inodcl to 

ensure that key social considerati.ons are addressed in a systematic 
nd balanced mariner. 
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1. Introduction to Economic Analysis
 

Considerable amount of: time and field effort went into the develop­
ment.of the econominic analysi!; methodoLogy ill LiJ:; p roject paper. 
As will be noted in the following pages, economic analyses on a 
cost-benefit basis were performed for tile first six project sites 
to be constructed under the Project. On the basis of the experi-. 
ence of these first six site investigations, however, a simple,
 
justifiable site selection model which includes least..cost economic 
analysis and comparative cost- benefit fLnancial analysis was
 
developed. That model Ls included in Annex F and should be 
utilized for the future selection of: all new -roject sites done 
under the project. 'his annex wi]l, threfore, present only the 
economic methodology and results; of tLe econrumic analyses for 
the first six project sites. 

2. Justification for First Six Sites 

Economic analyses were performed for !iix hicji-head proj !ct sites. 
The IRR's range from a low of 11 t. to a high of 40%. The primary 
reason for the very high return is that it was assumed,as is 
expected,that all surplus energy generated wiLl be fed into the 
grid wherever possihle substituting for energy produced by diesel 
or thermal powered generators. Even i.f no energy is transmitted 
to the grid, however, the IRR is still over 12% overall. Generally,
 
according to the methodology utilized .nong the six sites, the 
"indirect benefits"per kilowatt hour of electricity usedl fcc 
agricultural use are much higher (roughly 4 times greater than 
those generated by residential social facilities or commercial 
industrial uses in areas similar to tho!;e of the project) . As 
will be noted later in the finalized project selection model 
developed under this project, because of problems of measurement, 
the'indirect benefit" calculation has be.n abandoned for future 
project use. itce. pcIntio.I :-or agricultural use in the six areas 
is rather low, mainly as a conseuuen:w k,t the terrain associated 
with these high hc a I ;ysteis. 'Plh It I: t (1()o-; intend to install 
some low head .,r em;evuntual]y, is'.aWv,,r , ,'us I these areas are 
likely to have moru ,agriculti:tra k.indI tk i:, could profitably 
be irriga ted by pumpingj. Sites 3, a:id 7 have relatively high 
IRR's. At least in part th.is is expliin.-di by a comparatively 
high utilization of- capacity - for only Lwo years after cominq 
on stream w:i1 dupeshl e ower ,l to peakc of,,qii.iL meet demands. 
For.the utrpo:;e of tlhis ,!coiiomi(: anal'si!;, it. was jre surtied that: 
C111V deficit in t)ower woul ic1w ,,t Io y o'lhr (,x'tra-projuct) sources. 
'This is I ar Ifron cr L'a i:, howev(!r, ,iid WI course very cotstly. 
in any case, the large clfi, i.L:s b,,*l.w'.:i: leak demand and dependahle 
capacity will result in some rathr ;eve:re community problems. 
The deficits could be reduced by a more restricted distribution 

Best Available Docureo QI'
 

http:of,,qii.iL


:.;ys-;ltwl L H i,( :i,;I. w :r i(Ill I.i10 uLtput.itI , l il.i I .. Zl. ci Ji.liit:; 
potential and servicc Lo a number of housenholds. The load facLors 
i.e. average relative to pea~k power, are low for all sites,
 
about 40%.
 

The project should try to be innovative in keeping construction 
costs down. it was in this context that; the investment costs 
were estimatind and consequently, Na,,n on the optimistic side. 
Because of this, the sensitivity analyse:; assumed an extraordinary 
large(33: incrf.,as ) in these costs. A:. 'ah.le E.l shows, the IRR 
was not very sisi t.e Lo is . impacted onL:', c:harcrje ft the IRR
 
approximat ,y hen same at an as.umoi 2'9; decrease in demand
 
(consumpt:ion) for en:rgy. '[1i:s i.s also a rather large change,
 
so used b .cause we-j 1levelof consumption assumes a
th, ct::cl 
special ef ort t:o prmoLi: tLhe use of clec't.rical energy especially 
for "productiv use:;". tEs timaLt.,s of indiruct benefits are 
subject to raLhr large .rror. A decroea:;e of 1/3 was assumed 
in these bnufit:s Cur a sensitivity ttalyss. s The impact on 
the IRR was approximately the same as for the assumed increase 
in capital costs and decrease in energy consumption. The assump­
tion that the project: would suffer all three of these adverse 
changes, judged to be a very unlikely occurence, reduced the
 
IRR only about half.
 

Conservative assumptions of plant efficiencies were used for
 
the economic analysis - 72% for the two plants which will install
 
US manufactured turbines and generatorand GO% for locally
 
manufactured, en increa.., i- Efficiency from 60% to,say,80%, 
(a 33% increase)would be acco::pani.ed by the same relative 
increase in capacity. This would be of no value for sites (not 
connected to lhe r1id) which will have adequate power to meet
 
local requiremcnt; and for which thre is no external market for
 
the surplus. )cy - :;5t:es with .inadequate stream flow, however,
 

-the co:;t: of wmalct Lwiring more e fl'iJciI t equipment should be
 
investigated and thLs cost measured aqainst the benefits of the
 
increased energy.
 

Another arua merit i ug investiqation is the storage of water 
during low power use for use during periods of peak demand.
 
This would require the construction of a dam instead of a
 
vuel'rand would cost more. This cost could be compared with the
 
extra benefits resulting from the higher power.
 

And finally, an effort should be made to devise a scheme which
 
prices peak power time energy substantially higher than at other
 
times.
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(.() iil',:I r lr-1t. Ii i)Vlj31.'lc l,'i t Lan thiy wou.l 
he: otherwis l.n duI i ion, season 

(114 	 I.1:;( ii 
ai. bcatus;e of busy 

labor :;hortis'Jcs, i.nuiova tions 11nd crop area extension 
t-haIt requir,. ]a))or (lhir.irig i)Q;Lk :noa;on are hampered. 
A';o, dmilius diroeuLly afrec tl by such shortages may 
opt loI; exptndin[( tIeir si ze, an uneconomical way of 
jIm(:t:ill( crit ical (: m:(I Jy IuedI;. 

,lectricit.y in work. ,;l.ps ,;aves fu(e. costs, it 

increases 
labor prociuctL iv it:y by :;Ubs titutL horse power for manual, 
the former heingi much cheal)er thin the latter. Also, 
dome, ;t ic industr i,,s th.11' make e.lectrical appliances and 
fixturcs gain b,..o Of an i.m r-a;c' in dcmand for their 
produr: ts. I: Leetr ircil.y a] ;o introduces refrigerators and 
ic:e to vil.klaqe shop:;I , collsequemLJ.y, rural people will have 
acce,;s I-o many t ~urishable products, to medicines that require 
r,:fri;(,rat:ion, ro]d cirink!;, , I.. Villag shops also gain 
by usi ng jpower for pumping water ard lighting. 

Residential customers benefit by substituting electricity 
for kerosene through a) savings in fuel costs and b) by 
using nights productively on such things as studies, 
farm tool rL-pairs, mending shoes and clothes, sewing, 
spinning, weaving and producing other homemade goods. 

Communal (social) benefits are mostly non-quantifiable. 
Estimates can be made, however, of some such benefits, e.g. 
of pilpd wat'er and of qreat.r ii!;ue of facilities such as 
sr) oo1:; and heait]i centers. 

b ) Uo2t', 

Project co:-;t: are essentiall.y those costs provided to the 
economist by NEA and the Project I'aper engineer. No allow­
ance has bon maide for any economic shadow pricing and 
taxes have been judged to be such a small element of the 
overall project costs that they have not been considered 
in the economic costing either. Finally, as the costs 
will be utilized in a discounted analysis, no allowance 
was made for inflation in estimation of economic costs 
of the project. 

4. Distribution of Benefits
 

This project is .l.iko.ly to yi(d few (i.rect benefits to the poorest 
household,; . llowrver, through emp]oyu:nt generation, the indirect 
benefits to the lowest Lncome clasf;l:; may be substantial, for NEA 
views this project. is fundamenta].ly a rural development project and 
stresses the promotion of productive "uses" - agricultural,industrial,
 
commercial, residential, and communal - which can be made of the 

* 	 N..: ,onorr ie a . i., for the si.Los I-( was; ujid-rLikf. in 1.9PI, using 

mid-:year ]24 ] ;,cicm .. 'Thi!3 wi 11, rli.ffe-r i')'-' P'ro..1PcL cests used elsewhere, 
which rm floc,. early 1982 price.s. 

http:fundamenta].ly
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i.come and deman.d for hhOL in the Iproject areas..increase outpuLt, 
An example of such promotion might be thc provision of electricity 

at a very low pricu for pumlpiun irriytion water during off-peak 
periods.
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I) I t 	 . It kL'CI rr I~I t ( 

1. pair & Maintenance: 2', of Invustmcnt Cost- (item 13) 

2. 	 Personnel/Suppo-t 
a. 	 One plant custodian per plant at $24,000/year each 

b. 	 rLocal profc:;s.ional staff at: )500,000/y.ar each for project; 
Cost coverrs s)lor. WV0i.(W.­zp 1inUIq 
- Year 1: .1at. $'3)00,000 ca $:.u MiLli.on 

- Years2&3: 2 at $500,000 ea = W-I. Million 

- Years 4-10: 1 at $500,000 = Z0.5 Million 
c. 	 Expatriate 

- Cooperatives Expert: 3 mos., Yr. 1; 4.Mos., Yr. 2; 2 Mos., Yr. 3 

and I Mo., Yr. 4 at $85000/Mo. 

- Mechanical Engineer: 12 Mos., Yr. 1.;6 Mos., Yr. 2 at $8350/Mo. 

Table E4: Recurrent Cost Scse~dule ()]00(0) 

Project Sit 

a. 	 Repair & Maintenance 1 2 3 4 5 6 Total
 

Project Year
2 	 hi)L" [ .;" ' 1 1./ ,2 6. 3 "1 

3-50 j4. j,/ 	 : ~// *J / 
b. 	Personnel/Support:
 

(1)Custodian 

(2) 	Professi nal .t' 

(a) Local­

2-3 ,i?''t, . I c- -. 

4-10 b/I 3'7 I I ' . I I"/ 

(b) 	 Expatriate-/ 

2 . " r.../Id 	 *3/:: ;-. :. 

4 , .', 	 rl / ,/.. 
c. 	 Total. Current 

1 I , / o 'i l) /IL/ ;(- 4c .. " I , / (. ";' 

2 2,/ " - l. 2/: l 5 1 .";. c I 1 

3 	 : .r/"- ':'" -. , If I z/7" "t ',f 

4, sl , , Is - 1r3,A ? ,I'/ '/4 .-. "' 
5-10 .'Yb I: /I* /'',3-. .'4',,ivP /a 6, ',/.0 

t apaci ty is of all 

capacity: respectively for sites .1., 2, 3, /, ., & 
a/ 	 Allocation based on ;wjr : ion that eac: i :,;I~' 

b/ 	 Coopecratives conu ta:n t co: I Thlo,,t ud to :i .'.; . &, ' only. Ai.]oce tion 

based on plants' capaciLions. INem,.i n ot e:,,I u I.taiit ti me allocxited same 

as a/ above. 
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1. Turbin, dL:,;charc)a .3 (11 
a. Minimum 	 ,/1, 
b. Averag. (J)u jgn) ,.. 

2. I,:fftective h,ead (M) 	 / ' 

3. Plant Efficiency ('I, "­

4. Plant Capacity (KW) 
a. Dependable 
b. Average (Design) "',/ 0
 

*DV'ta for 2 uni.t.,;
 

b. Cdji La C'o; L (m:;:) 

Iter1 I..,',I. Yoa r .1 
 Year 2
 

1. Headworks 	 'r /. , /,, *-':, ..... 
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a reasonable initial estimate for basic I easibi Ii Ly (Iete.minati on per site.
 

TIME 
SEQUENCE PERSONN E I, Ok i.RVATTONS 

Step 1 (2 days) I - onclirieor Vi.ual Field test of preliminary 
Initial Field I - ct I 2om il1. scr,_eini assnumlptionis. If conlirmed 
Reconnai ssance 1. imm I i,-l( t l y for suIlort" Iursor e].,1:,1. 

,I i, 2cnI, i I inl(il, I t, v2 teo Ii5.txt si 1u:. 

!2I .,.... (It) 2,I'.;) I - 2'I' I II" l , I w i I I i 2l2lI,,fl lkl, :; i i l ,, !;lr( ,1(:(! 
)ail Co0 Ilcir:iOll I - ri'l inil '(JIll,,ly, , Iioloqy jind :isllrvl--y work, 

A - L(41, iiiisk3 I led ,ivoijil e,i ,,xJ ,-;:. of full Sitl.. Cre2w. 
1 - economi s t. Wi.l.l hh provided with necessary fun dinq
2 - mnijilera tor. 'or1:nil. hit(r, or may request volunteers 

Frot I 2),2l I vi 1.1a e. 

Step 3 (3 days) 1 - cni nie-r Will 1'mlL( basic Lin thet:l. f ea:ibi.li ty 
Synthesis and 1 - econoini.;t I'iili i rior Lu mov.inq to next site or 
Management ret'urn nq to liangkok.
 
Recommendations
 

because of the approximate nature of the field work, it would seem
 
essential that it take place only durinq thle dry/ ..;eason (i.e., period of
 
easiest hydro oqy me,,n1urernm:e ie 0 sisie:;l: acct:e and, even
.nd iod f .ecess) 
then, pref27r-bly ,:lLrill(I 12h( h ,ill: (22 I li, ,lry :;1,,:.,.,l2 (I.'irun 'y-Mar(h). i 
al.o shou ld ilot.td , " Iflit,;2)n112il . I,2,2,,:,,il pi, u:;nne ; I,,irI' !.LtfhIC,1oe t .llev 

(l' lit Ir .,; I t2)I u: I Il ,l, ,, I) I h2 . : tbjt Ihc ,.i'V , y.111,/m)). I 

this 1ri!:;InInl .i-I, ll()w e-vr, .1 , :; iena l hy21l() ,,,li:;l lmhay 1.22:'r(.-1I rod. TI i 
WOtLIId I'I l e h - 1 ()I 1 t )q, iI io :1)1 (:,I:; :0 2. , 1I,' ,I I I :: ;. 

F~itnlll. 2 , itl tli d~, , {)tit I i11t':; : ('l 'h l i , lly, fill- ,' 1-iv ily lt'lr , I;', h isll 

fol Iow,-t by tilt: I,!i. tui il]. R :;pI2:; i 1)i I iI % I,,1i ii - -l,'lkiiiij ()I- 1 I -.-h ind 
c:olumn ,ict;A vit.J -s. li. );si:,Il ly with III( I ,ldI, ii, I,(,{.l" 22421 ,2:t iv L-i(_!: fr 
Uiu righIt.-hand column iL With Ii ,-I 'iw l( e,I IIIi!i1 . (C ntral cul ami a c ivi tzie:, 
and overa ll doci ion-mikinlcl I i2, jo it ly vil h ,2,1 I:. I'olli Should arrive in lhe 
ficld :;i nIIlt.ane: ou:;ly -I!; wel I ,I.!; opurat(. I i,/:ly t-hrotqhout the studyi t:2)0le 

Period. 

t,lhe I'l t.,aln ha'; rhev lol)Aed I .li!.;iuoLI.-I with I .itrnhor of assuilm tions whi clh 
simply analysis and reduc(: ,-o:; :.. . e ,: :olsurnl.iojis arc made cxlicit 
below and may be modified a!; deemed reasonable and api)roi)riate by RTG and Project 
specialists. 
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project objectivo ol electrica] ceneratlion. 

2. 	 I:lect.rica.l. supply and delnaiid wi.ll] be matchod in the fol.lowi.nq 
11171 t':'nlfl( 


- to avoid dlalu(j LoL i clclie i:dt ;yi.o.urn, demand will never 
exceed suppjl.y, 

- no "tolpi nq olff" of hyIro lenora t in witli, di.ese]. qeuIrati.on 
is anticipated, althoeigh llay curreint PEA plans for grid 
extension into the sit. area wi l. e :orsidered, 

- local. current ii liitiir'o ,hoinatiI wi I I, f ',,,',istonly from 
.oc;,il ,I.J1:.i -,,Ithiriliqcl,illio r 1.1w, :l i.,./ 

V,a '.ioi II I I 1 . l Il , it i-;uifromI rvoll yuVCwor.k 
may 	 be lnt-roiiciu. ill ,111Iidil i L t h i' ,I ( iC- hyypothesis 

coriclitioliis LeU 
stimulation tllroucih promot ional activil:ies and/or tariff 
if local 	 .i.id.c,i hW I )(A lit. iii 1'(.)r demand 

maniulation and such activities are included in the Project.
 

3. 	 To simplify construction and install.it ion loqistics, phasing 
of construction wil. niot be ruecommenide. tliess deemed reasonable at 
intervals greater than ten years. 

Conclusion of basic fuasihi ii ty rie]id s.tdy then sets the stage for 
active coordination of site Ih.w ]olpmllt atclivit.iu!-, with the ant-icipated 
OlWIeatillli (QenCy (0. . IIA, [-:LA']', il'l, C('lui, ,rI iv,.!;, (,t.(.:.) to t i1Lh-.lit.C 

flo ward ii Iili nqi.11oit ol ;:tIrii I.i4,i l, ,iiI.lil., ioiillumi i ill , Il. U:f, i I hl u] 
with the objectives of both iloenci,.. 
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3.2.0 General 

The following guidelines are to provide a qualified site
engineer with a list of the data to be gathered for the feasibility.
They are not mearLt to define each step, or to anticipate what might
be found at site. It is important that the engineer carrying out
the work be a qualified, experienced field engineer, with construc­tion experience. With this background, tasks identified can be carried
out by the engineer, and the methods of measurement and calculations
will be obvious. The guidelines will not provide, and cannot provide,
an inexperienced iman with the necessary guLdance to perform this portion
of the field i. ive:t icja1 ion. 

Additional data obse:t~rved at -i te. should be added to thesite evaluation. The ungineer ';hould use good judgment interpretingspecific site data to be incorporated in the record, and to be takeninto consideration in advising on site feasibility. 
Photographs

should be taken at site and included in the report.
 

3.2.1 Local Stream Flow Data
 

If gauging data are 
not available on the particular stream
being studied, or nearby within the watershed, on site data can be
used to guide design decisions. If, however, long-term stream gauging
data is available, this element of the site study 
can be eliminated.
 
If stream data are to be collected, the following steps should be
 
taken:
 

A. Local tradition can provide historical data on how high
water rosc' up the L.tream bank during maximum flood.
Titk to vi] layo ],de,' ; o) Lder 1pe:ople within the village,
,111d do l.ot l it., (M 0 1sj c i.'ifiU ho0:4ttion,how high people
rumemtuber Lht. waLr extendinr i up a vertical bank 'rock 
projection or other identifiable feature. Also, evidenceof recent high water marks can be found by observing

small piles of limbs, debris, or other items carried by

flood waters, which are deposited on the side of the
 
stream bank. Indications of stream low water can also
 
be gathered from local sources, to arrive at a "best
 
guess" on the normal low water, and possibly the extreme
 
low water at a specified location. 
A cross section of

the stream can be measured at the point where these high

and low levels have been estimated, and, based on the

measured average of stream velocities through the area,

estimations of extremes of high and low water quantity 
can be obtained. 

B. 
At the section of the stream with uniform velocity and,

hopefully, confined banks, where high and low water

indicators are identified, cross-sections should be

moo;ur'cl ror HitI! viriou:; flow l"r imotert in that section. 
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DIPACI' IDI'rCA'I'1ON AND ',VAI.AIJI'(:IN "O1M4 

Impact
Identification
 
and 
Evaluation 2/
 

1. Changing the character of the land through: 

A. Iand clearing____ 

13. Changjing !;oi.1 (.'harcact :,r 

2. Altering natural defenses
 

3. Foreclosing imfportant uses
 

4. Jeopardizing nn or his works 

5. Health:
 

A. Changing a natural environment
 

B. Eliminating an ecosystem element 

6. Other factors:
 

2/ Use the following symbols: 	 N - No environmental impact
 
L - f-ttle environmental impact
 
M - Moderate environmental impact 
H - ghenvironmental impact 
U - Unknown environmental impact 
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IIOJ::C'L DATIA 51ll:l'N.J.,
 

Project Title:
Project No: 


Province:
District: 


General:
 

Drainage area Km 2
 

Head data:
 

Type of diversion
 

Elevation at diversion
 

Elevation at tailrace
 

Design head, after losses
 

Waterways:
 

Intake
 

Open Channel (if required)
 

(if required)
Pipeline 


Penstock
 

Tailrace
 

Power Plant:
 

Turbine Type
 

Special Items:
 

site
Access road to 


Project roads
 

(if any)
Special work 




'.;-..- '; ' ,6 ,

'I,--- I. , I . , 4 o I I .. I I : . . . I I ., - I: 1, - . ..1: Ii , I I - I . I I I .. , , I , , - , I - , ­.1 I I II . II. I - , , *' 1. If i ; I ,. , 1. I I . . . I . .1,I. I I I . I . ,7 llc . ,; - .1 I ; .1.I11 11 I I 11 - , .1 I.,. 11I I 1. I I , , , , : ? ,:,I , -,. -, I -, ,4 , , . ., , , , oI . . I - . ,,; ,I ,. , . I , I - - .. - ..- , . - '. I , - ',i - . o I I - - - , I I . .1 , A . ! I I . - I I .;., .* , I.11 , - .-:; , , 11 , . . . : . . , I I I , ll. , - . :- . '', . , I': , ! , . , , ,I .4 I I I ", ! .11 I .., . , ,, 11, ,I -, . ;.,, I . 11, . :, 'I , , ,,- :: :: (. I , ,,, . - .1 - I 
I 1: , , ;- . ., , , ;, , I I 11 I I : ''N , - I;I -

1''. I:,. , ., ,. % , , , 
.. I 

, 1,I I ,r,,, .I , ,I 4. . , 
1 11, . . , , :. 

, I , 111, 'i . :, '! !I .I I I - . I I . . I I -; !",, , I . , : , l -,- , I. I , . I . ,. , :; - - ' " "', P, *-.,. I . I I, - , . o , I I .,I 11. I . ., ". ., ;I. I ,I , - - . ;III . I I,,.,, I 1, , , . I ; I V , , I.41 .I 10 
'i-

,, I -",- I I :, , - . . , . I . , 1 , e " , , I , , ., . , -, , , , , 1 " , . , ,, . ? ,, I I . , ., - . , I . I ., I I I II " - I , r ,-. . ": ,, ,I 1. 
I . J 11. . I. , - , - , " . : , , 4 . 1, I i 1 I : " . I .1 11 I . Ij ­

, : ... , , , .
I : 

, 
-. , I. 

. 
- .-4,I 

--,I --1 I, I . 
-

11
,, 

II , 
,
11- 5, 

., 
11
, 

. 
., , 4 .4-1 , , , , . , 

, ,7 , , I 1, . I 
I 

I I I 4 , 
I 
. 

I I-
, 

. . . 
, ' , ,, I 1 - 1., 

I .I , -, , ' 
, 
,o :1 1I 

-
.
" 

I
I:1 

, 6 
I1, i, I-1^I!, 'i I . . :, 1. . . " , , !. t , " I -%. , , -

, 
I . ,. -1 . I 

, 11", , , , ,, , ... z ; I- I . , , , , . -, :,-, : j, - , . , - -,. ,.­
1.141O.M4," . , ,1, , - 1 I I I .. 

. . . I I': , " , , , . :1. . I I - I I I . , I , , I , I , ': . ,(: :-. .! , " --"", , " 4 - , . . :I 
I I 

, f * .0 .1 . . . , ,. 
I -

-
, ,,,, , . 

, 
I I I - I I , ,,, I , , . . , - , ,, I , , I, : 

I I11 II 1;., 
I ,
 

. . I: il. I , . , I I I , I I I ,:, , , " - - I , I I ,. 11 " I. I 1, I I , , .,' ; I .- , , - I'. . . : " 1, - , 1, I , I",I
 .. I . , I . I I I , I I . I I , - . , , , ..; : ", :, . LIi kI"I", .. ) : iw A ) , - -,' !m!) ,(iow 1011m og 0 0 4PORW AANIkof I , - 1 ,1.t . , , ,- '%..r..I - , , 1; , , -01 k.I :': , , -i-, - .. - 1I , ,, q, I..1 , . I, ,-:-11, -.1:, , . , I, I1' I 1,. ., , ".- , =, , ".-1 . I II ,-,;I.t:,, , " .. " -,2 1 .1 I . 4 . - , 1, !.1. .,! ,! q frl, .1, afi)%ric, -44, ,,I,,:, . '.., t, , I , . ... , I"I :., -. .- II "."", I I 1. -, , " , , "'. , , , .:,,,, - - . , ,,, , ,:, 'I"...-'', , , '. - , . ,, , I "., I , I ; I, ,I,, I ,, "',4,.,*­111,I I - " . 5., , ,II:,II , ,, , .,. , , , " . I . , ! -" ,!, ', :- -,, . ,, --": , I,. I I ,:,- , ,., ,.-1 I % '461 'L k , - I , . I ;, ,..I- to#-Aw low1,14 , 14 104)1 p U* :u4il"acolop) i ! -,&-;I*:ow ,A)kol ,I : . "', "­'' -..I ': ,g - I I I , I . ,. - , . .. ... , . . . . I IIA-, I 11. I I ; og, ­, O ,.,4.1 ,Iw t6l , ,''-,," , -1-11'.1,,, I" (k,-):wxm,)1,- I!, - I I - , I '-sio (Iji[Omm "fog) 40 .40)1446ww ,.-44IW01) 1101#0 oi IA00". 8 , . ,,,, ,, , ., ­, I _:, , 's I - , I ';-I , . - , . if. " . ,- I I', I I - , - - - . " - I . , . , : -, '' . v I , :1 4, , , ,." 1,I - - V 14 -,', :,_ I-; *,', , " , ., , ., ", 1, , , .1 '.1,11.,'I,. * .I t , , I I ; ,, II"., "I I .Ag'. , .- 4. . , . . . I . . ' . , , , , , I, .1,I- .. I . . . , . .11. I - II I I 
, 11-,,, ,,.I ,.I,,----,,. - ,,",t.-",-,--4 -'-"-. . ,f-I.I ,.-,.,-:,"'i"'. ,;:, I6b - *, (141,11)11m m: 141 41 i)4 I' 94600-fi-10 T- '-,%II-I---I--,-,---_f,- .... . I -I- ''I. - - -,-:.--., arih itfmmqk , 1, A 1"t 'i , ,,,-,-,1% . - , , -W (- - mm#wwaIaw-IjA&Aa - : - I.4,. . 111- I I 111,I I I I i,,, I -r * g I."ft,-I-tsml -,, , " I II , A ",40.,IvIV (ftgAoh -w." I.9, , 1,: ., I . I I , I . "'.,, - ; 1, '.'- I . I 1 13 , , , I 40a -k -- zI II I'.".I I , '.- .. . 11--," . - I . . :, . _ . II I I I , " , I , , ,%'': ; I 11 I , ,. .,, .. 'i,'' ''2, -- , . -i " - , twv mo( ,Oa I'':I , I :- , ;.i, I -" i I -1, ,(vi6a%4-*o j '' W ;,iwo (44g (i - 7-LAC-t4i w -v vkvv''r I -. "' 114A idAi: .!---, ;ikre,61- ". -)OWO"Ii"I I - , , .= Ijww-i ft ,4 , , .11,11, "I'', , . '. , . ,. I ,,:,. -,I . 6 , a ioivA, iv, , ftw- -,'A ", I,z WA 0. I., - ' I* ,- I I '.. 11 , '. . 4, i - -( ,4 " . v , ,l - - 11 : - - - ,- :- , , , " - - I I

1, t , ,!,- -: , I" '. '.I.. . :- ,.,;.1 , . twko,*q, - ., tirpmomov .- I . I s II" Id, - -,,,,-, - , I- ... , , I- , " -',,i .... I - 6. " "A,W) ttk#w , ,, f , I , , , . II .1. Iio -..I...: 11. Il,'' - .. 1 4.' ', .# , . ,:, -:-,! , %', 4 t- - , - o . I ,,, - , --,11 , , , , , , , , , , - , , I , , I - , - . ,, . , ,:1. ; I I s I ...;-,.. '' ,1, AW -g , - , a 1 -7, . .:,., , , , I , 
, II , *1 - , , . I II .,,:, , , -,;. -,. . - 1:',' :! _ ', , - :, ". 'i Its OF, (10to v oo),Ao -#hO(4 I:mB (0 0i lvhwia 3 1: ! " ,I I:' ,I I , " I - * 4 , I.1 " I - : I'a 4 - - "'. I. I - I .I, I , lwli ** , 11 ,. ..- , - - ,; 1..I 1,, ,: , :,11 11I * ' , ,,, , , ".. *No- , " , I'vow (4t to ...4ihlrl 'i I a . ": , .1

II, - ,, ,!; N;,", ,-" ii 4 i4flil) 4- . -,.'' W : , , - , , - e-I II-- 1 1, I t . , ,, I qoo-Aftlill p .,.i1: ,' ,-".,.* :, -- - "."I' ' I , "I . Y - Z I ,; , , ""'" , . , ;I , ''I ;Q . I.-1 I , ..I... 1- , " , 7,If, - 4-1-I I .1 0141* 4%k e OW11 .",I . II::,-I '- ..- " , "40U."', -,tt"., OP , '' 11" "' ji-qc!Nrl".I.;,-f.:, -:-.j-,ll,A, 1. ,::! I I­, -- . : ,- ," .!- , .14 . AL--WWw t',:,I.i 14 1 I , I - I tW 'A ooi' 11, ... . I, - , 1.11 11,I I - !,. - ,.O.- w .o -;: - z."'i''Ill., - .. I j,-.: - 41 : , I I .-, . I I11 , .,* , I I I oO,-* , i '' - !,...:, ., '... ., -,e, , ,:, , I I II I . , I, 1. I .. ,.,I- I- . .., I ; ,I' I , - -, 11 I-, Kl !--;"kl, i-io ,f,' , ",'. - . -'. - - '. 11 , I'' ; 4 :4 ,- . , , i,%,i , ,.!'1I I, 1. - - I, i, , -' - ., - -" 1, qfi", ,I .11:' I .- -. , - . -s'.....I ... -, , O-W - - - " , , , ,,, ­1, - , - - - ,-- - I0. I,.I , I .1;, ,I . '" ' ,, I"IIi,::,4 ,,': " 1,L-10-, :-,',,_. -,:,.k -i,!:; f . ... ,"," , "-:L."...,i - ,, ,:,''':,", -IL0:),, ,- I :%, , - , .,. , 1. - . . ,,, y ,", 11 , ; ,- - ,*d -6 '' - I,3c-.;t!.g;,!' :-:LJ,'-', 'I-, ,,' .,I., I. I-- ,;, , , , I , 
. " ,l, - I siotkaqko) " " , , I"'W ,.,M-,:"-- A , ; , - .If -, ., ,, ,,; - - "V, ,,:'-,.k ,* . ! ,il W . - , : I. ,I, . .I-, .1, - I I : :- - I t. ,,,,;, " .- 4 , 4'. 1 ft , , - ''' . '. , - , 11 - " .1 ,,, 1, ,, , '; '", , 1, - - ,IN' ;;.'-,', ;', -'.' I .t f--, '! . _ - !,-k- 4WO 4* , - q-, 1,- I i I!, ,, , , ,'. , il ! 4 Ti4 a"" 94:) ) : I - , , , ", ,,.",I 1. ; ,;- .''t , - ''. , - 1,, '. ", ', - . I , ".",. - 0000" , ', % ",, " ,­"',-,-,'t- , , ,', " , ,11 *111, ".""" , ," " ;.,.., , , , - - 'l,1. ,,­-:,, * - 1 .: - , "'' - !."-, I sv:.:,,11, -,:., , - , , I ,@w (,R0 , ?, :.,,-k '. -,11I"I",O,.11"I'k",,,AL,. . I I -1i. . : iaw II , 6 I-"'i,'tII.' " I"I­,,*. .i.,',' ,,,, w -g . I .,; ,­, -;" .,--i,:: ,; I ' ,, -. "I;,-.1 '( - ".I I "L , , Ow* ,- ,, , , ." .. ,., ;i -,.--;"-,A-" " --,; - I .,* I.;,..:, " , __*I 11 K , - , , q., - ,, , , A , . ".i ... .111,,."., t!,'I.'-I,,-c. :-#-,,o ; ;,,, :"t..-: , ,.'%,-,; o :. i,;,,i ,, ,::,-,.,.,.j-- .:,-.". -11 ;(jMK& .ttj , II I',' ,,, "..t-;-, --,-. ,: -- --:,"., - i ,­11 w... - , , - ) __ ,- "-, . I,", .. - ."... . .i. -,!, ., _ _ - - oI : . ""I"',,"I 't.'*­1I.I ,, ..- ..,, ,. ._ .,,::; :,-.,, , - :1 ,.".: 14.,,j1).'. A , -. ,I I- , I.M- ....11 -1 0 . I.. . ,.."O.i.:;,,-, .! ,- "1,1,::, I,*.- ,. . . .;..... . .,%iil,--* "'- ,- - I- . 1, 0 ......, ... .,I"'. ;..... -,;:, ,-,,. ,;, " "s,-', !-,. -4 , - " I - 1* 2i- a'.. , ...1-ll-I-,, .- , -I.;I.:tII,, , ",... '.Ivtk . " . " . .. I .1 - .. - , ....n4 l"". ..":.. . " 40 0 

Alko,' ,-,,0 po .... "' , , - .r, 4 " .4 k) - , . ..-.!,,, ;-.
, 

.. :, - --T, , I, I , " ' I ., . ,j ;j,-7, [,.,...! 1,4. I. I-- -' -
- ..., , ' L. ,,,,, j , o Y,.,r-J 'j . O ...::, - -"O - - ,;, 

-- I, .:7., --.,-- ,-,-..i'-- ,' - % I , -- A, ". 
11 . t - v,- ., ...- --- , .!.;."-",--' 

N;;z-.-.S i!!.;: 
WW t - .gxp, -'PK" f7,, 1 .1 . , -i-', ,.-Z,

.i, .. , N , --f '..!. I., M 11 ll'i-7[ ,:. ".".%"' ,, . .t ,­, O O- m''e%..,.'i, tw'-T31 r,,M: '.t ,:V., , VAIZ; , , -,K,;,I%-,!.-,.,..n , "firl.fj . :-. 
.. , ,,;;,.-',* . i' .. Y.--- .. - il , - ) ;Aw.; OW- . " Itil.-I., 1"Y.'_,'; . - :, . ...... - i, ... .I.; . . I. . ., .ft- , I - . ,--i.I .. ":'o.., 


.....
-i. .'e. . s -- ,-,i,15-,- ; . ...;-" - ... " . , . .... 
., .*5'f 4' 'N .. -I.. . - -;""l -.---. ,-;;..L, "W.t"'.%I,(-,;i.!;; .",.:;:.I '.'---. ; :,,'-, , --- I -ft ', ."!, pj -S. , 'i.,IV.-- -,11.,-; f, -1,!.,.-. -- : N1' . -, ,;,:,, -,',, .,..."-7,!I,..,.,I ,;-,.. , . AJm .; ... - , ,, zfz-i, r - -"'0A40.... I , ,, -i: , I * 'q - .. . .. . f.. I -.I.. .r1-;;.." Z,i--,- -..-.,: .1-I.... lw- T111114'i ,"",;,"",?,.:"i",.!-,.,,., i m !I I . . -, I. .. .. 

:0 . . 6" . -V.- "... r.. a.-iti;, ", ...,,171. - --.". :.*
 . ,, " X , . . A w - - , ! 
' Ut . :,Oxl ,6"",,, li%--- -­-- - - A "k, ,-;%;y .-."" 7-m---o,,'.--;-.,-. ;,[,.-"It. ,;i:."7.";L.. '7-4;,..,-",.I:.6?-,;,, . %k*%64 W .. - -a -.6'. 

-I", ,r.,.--m-.;I.I!Ii-.-I.. '-.- r. - z,,.. . ;::.".!,I, .;.,-,!:;.::, . * ...i 411-- . . ... ,4 , .-IL-3-a-, 
: ' '... 5. . " , - .....-ZV 

I.-
.7% ,, ".Z. .-...........
- ,7,'!I,',A3';-......,, -I.I...,Z-,!,5- ",- t,4.-.- .'7.:'.':i"."...,,i";, , ," Ii,:., v '.i - "" M d . . . " '--- 1" , . .',l.;%.'Iq.- - -1;1. -, -"',r illil..IItOs a ii"O.!N-I).,--, I-, W I ,,,,Ir,'!!!, I %-.. .p. r ....- '.. . -0, -,k.-i1, i,:-,0....v-"I

'. 
;: -' 

,... 

"'... ;-I. ,
;-.,"*. . "-.L , . 4 z --- i I"1 0-1. 4.""ri i].A.., A.. - ... - ,. 0 . kill ..", f, " , . X0 ; jl- ... .iii 4-;,II.. 1, ', ..... ... - -r ..... .1 --;.m;..,...---q.,.....'!!,: I- 9, .,-


, '... , - - ,z., 'k,. r1; .'i,: , 
.". 


."i"- -,i.", ,.I.i:.,. .. %-In. .ls;.Iz-v..,.1 k- '.. - . , " .,. ; , i 1 1111:.- ,i '-,' I. ,'; ,,-; .
 
.- . -.... .. ......-,R , , ,.k,-tl .%I.-i'v ; 


""'?!,? t, -
.--. Al....",- , ." ,'4 

I 
.- A:."..'e, 

".. .. 
-

- . 

- - . 
y . Ji;,;.,; , lm' - 'k, P;;;!' , r , !.;....;,-,;' _ 

..--..-.I-I...-,.;. hj - ;---, I.I....Z.-I.-"..10. I . ': . . I , .. - ,- t =-, fm;',,!,,, jt',I.-.-.;?,.I'.P.. .,, ,- ,."il -, .-, .. I 'i..1... ',' - I.il.ill..1 "; :16. I W P.- . " . , . ,c " -- ,; 
. ; , , t. --- , --.-.. .. . i -I," ­

....,.: -,i "I.. .,.,I 
-

',,'.. 
..'-.,- ,!!i..,i..,!,. .P -, 111M ... .. . .. .:'g.,.. k.-:; .,- '- .!- -!, "' -, "1",-,-.,,",;.,:.,, .'i-' ,"%Vii .;,,t..,'.,.,!:, , .-.; ':.1 .......... - : l l,,."r,;"" t.' '. ,.,,!,!;,,,, ' i 'i t i .- 'IC4,I",i i;.... I .iz.,... -. ; -- -, o... .,. . -, : ,.', W.., ,,
 

- : .111.1 .- ;;,."., "";.if'r..!";., '! .. -'' --"!",- . -, --. l- - -. %... 14 
%o,;;,N;, t;t 'Iff, j ,-'_?. , i - ,"-" J jl .. :."... ! i 

,i '-'R-."r. ".-:-tli,,i,-, ,, ---;(', , ff .? . :',?,;) -P . ;X . .; :.." ., 
k,VNI .1- "'17. .. Im::: 1. 

. 1., ., , . K! -- el . , . _ -J.,. :,. ..... 
.1 g--:.---7-. ,il, 1j, .' ;"; P . .;Ir...11 L.P. _A -I.."I.iZ.V;'.,, . , 7 . -, . ­- 24- -V 'W 1-11::,F, -W -M.A -. 7..- " .. . 51, ..'N" 

.i 
- - . & - .. - . . - ,; 7 

, _ , - I . .:. -- I 1 I.. , - -- --5.--'!, v ." .i : - ".. :--.I 1'1 
-;,i,--':iw-i0I.E-t", -,,I...Ii,.' .-;.--.,'i t.",-,.'". ,'!'7 ', ' ,-,., "'i-,"". -L" - Iiii-I I !."7 .i'--.-', -" '4'.- o!..-;A,!) !.-,,'-,_-""i..- .... .. ' I!- I . " .."J.-, . . -, ' .. . 

.,-,.V"i..,-.... - .'-,'.- . !-f'.,.'--'-; im . 
... ,; ... '.... .',. _r -.. k.. -1 "' , ... , " 1." t:? , ,! 1,

., R4 PM . t . - . - . .-,.;,, , .,, ,,, . ..,. , -,Ai. !,,) ."ti:" .,,.,.,,,,,-":! .,-..-.,.-,,,,,',. ..',....''....., . .iL:, - '. 41 ., - -- - 'a, -,I- I,; , . .., - ,"K.,.... . -; ' . Ii., - II.....I... , , " , 

.. I.r.U,,:..Y 
.. 

-, --. , 
.. 
- - - 11 . . , ., "'.. 

43 1 I ,I". . r i'-, ,'.---.';-; i :1 --. , -4.' - .ji,'t . . -- i;-,. .- O.A.... -1 . :4 - ?. A I '.. I. - . 'A::-,z9' .- - , ,-",;" . ',,' ! ,, litllt;L'I:; :"( -.. 4..,,- ,.,11.., . Rl,. . . - ,%%%; I .; ., 
, , -Ii ), .G.'I.,'-:; -'. 1111- 1 . i i,- ,,, , -, ; :7.i,-.."'..ij',!.,' .-'p I - ,?:. .1 !. CS ,4, -, , : 

. .01'1 !.lj-;jk7-, I- I,..I;-., . ;.,.,, . . :. ";",?:.... ;,i,.2, , I -."., r .;; ,
I ... 

.,M . I. . . . 
: 

w i 
k 

: '_ ....; .I.I;,;.T,--.!: -,-Y.t'.-. , ,,,, I. I
, I 

11.'. ',- A-; .1-11, ;I..-,:;..-,je2l "-. i .. -, . ." q .. e:
 
_J "'c' ' .,....4;. 

... ... - 1 ­.". Iv
l.' , 

!' ,-'.- , n-,,; i.--;,,--.,r . . i --.!0 ?-, .,-,.;, -- -1, ,,."--.--,f :' T!."4 m m w fe : - k ', ... .. - I - . . . , , , I I I . 
.,'..,- l:',',,.- . iii.,L.'-',k - ,-", -'O;.iiIN"'"' l".',' !;,.."i.-",-:,., . 

",?,., 
v 

, N ,,I, .. .'.,,-, 
I.1-1 -

-
"--."'.] 

..-:.. M . 
,ft 11.!% Ir. 

j . ., 
, 

.. 
. ­

. 
'... A, ,!::Cm: - - - '. -1, - k - ;. .-,;, ... '....- :. . I 1 I . I! . , 

I
7 , ,

',.,,,, 
, 

II. . -. 1 -, , - - -On ., ,,v'.,
xJ 

! . . ... . .- , _ ., .",!i "i ., . . .-.. , ,I j, ­
. 

: .---,I"--.y ;;,.,I-- - i .- , . I --- f ::'.: ...,. 1, ,: .I I1, ...... ?, , .;),..,.i!",,. ,,; ;-. e.- . L I ±;I-'.-4I.-.! .;..
;.A.,k",-'l-T!, - 'xi; :."', -174,,;

k-I.--#4Iin,.,-"..i, ...1...,1 ,;.,. I , 1. ? '.,'. ,6 L . !""L.;!;',, e '.,.,.. . . ?'I . . 1. . " , ," 
, . - .r -ti , z -P.I.,;II;: . , ,6 . 'A... ! '.- - ,,,,, .--r .. , " ?111 I . ,. ,, - -. 4i . 

, - . , 1 ...,. " I I 

i ., -;-.I:'.;,.-N,7e.,JiI?-!":, -,%:4,
". ! 

i,
-:-kl

, -, ., , -I .. ;-;---';.w, , jk, - I, :.:: !:. . , , 
-.--'.1E5:: -"-. -. --- O , ...,! .'- :,"',-i"., . - .ji ; : ... I - , 11 .,.'-,4'-. ', 'A fqV'!i.',!' , " ... ­. -R;V.-;....!;,i, -. ' -.- 41 " ", -," :, 11. .. . " '. ... . -,e," 7,;:- 3i' ,V- ,'?JrA',;T-.,.,Li" :I I , !', , . .. .. -W I .... ",'--, . ' .; *;i ;, 2 - , .. , , - y:4", ' ;!qw r; * , ", ; . I ;,. 9 1'... L','j";'. f,'.":.'."':.L - ,, '-"., - , , , . 

- . .. , . . . 4% i ji'M . W:1 11V;, itr, , & , ,""- .. . , - ,-,., - --, 1'44.11A -.--!,. I:.ne.. r--% , , i --- . .4 ..I.- ) :..rl. --- L"-I.- I V.1-:k....
i. 

,, -_'.jj'..; 
" _ 

:, 
-1-04i-I'i- i.; - , 1'1 -7 .7- .IJkjj'.'.kt j,,'I!, I, ,i L, - -.-. - -

.. j 
....... 

".
-. -0 .1........v.;..,. , _ -T.d :W-, - . .. , . '. I I
i _ A. 
i' ,; jj j--Ii24-,:1 fz :-, . " ', -.bi- .. :; I , l,,,, ,,.,,.,4,; ,,r,

:,;;. .j ,!, ,,,'-,,.. ,..-'iu,--,:- -i".-":S-,-. ....., .:'..-"l."7:.3;,!o..;. ..- "-Y.'- -.-? .. - - ",.4?.".,. 'll., ..". '..;e,m,-- :,*.,..--, , ffin" -.- rr- V1,11b'j.:1 Ulu. 1r, "" "; I ­
-,. - 1-1,. ,.zk ..... '.4 ,10ki, 0 41 .--. I ;.. ., - t P N -tl: ;!'- - - -,
 

...I....."A ,.,.:',,.-,. ,;;-,.4"",.,k .....-M.- .. 1... --- ''I L ,'.4!, -i",;;;, ; ... :',"";,:',L _ I --- ... i ;:" i.",.": i,. -;;,-, *,'.. I 11 . , - t: ,_ ',_ 
.- -... - ... I.. . - I --... I..- , . . ! f4- , 

1 , i a jw , ..-1,
.',". - 11-1---,- ".....f. .I.-- jj - I - , ., "# 11. , ", ."-I,,! .'.,.. !: -.., , 1 , .,,- If ll......I i:. X, W tal", . jw '- , . ,i ': . . i'.-., .-,;::.- 4"­k 1 .M. "' , ! 

- . 0, " " , , Y-
:. 

. vt,.,4...... . IkI 'c ; 
W.- . " 1,.T. J 

'i '1 , . . " - W100 "". V :,%.- i? - 4 i 7.-,.v . . ,--:""":.",,.'?.i ; t ""!-,.,.: "'!-. ;-,-I'-,;'! , , -.- -*4:-- . '!- - " " i "., , , I . I il . L, .,i::-,:!.W'- ,. -- ,;,- -,."- .. , , ......, 't. I lii -, - ,,-.i-,4i- ,.I.;'-, V.rW'. AIR , :...1- -V. !,;;.-.::11i ..,-! -I....M2 -, - ;! .. ,-,jc . .. 1 , .. ­
::i

',",,t,,, - ,.. 4, d- ..... - . , 4"N'1 T. %'R if v - ... , ....... I .1, i 1.1-1 , -'-.
 
ko-;, cxl.4;.. .,.-"., - -. 1. - * 'I I,,.,: I A 190i. -.-...... .. . , ,.!,X!,.
 
.. .. ,) i'4-, i , i . . ; 1-: ....;- -,; w,!.-:.'i ..".:,.. ..."Zi"- . . '. . .- L .
.:.z ...,, iv- :--.!, .. .A, ".., ; '.;,.k"I,-.i. ., , .,",, - - - , .. ,-

I .. I . , - . , . , - li, - . i O L!, ... - " . . '..,. I.-c I ..... - Rm'. K - " ; ,- 141.1 
,-!.: :.: . . , . i 6-ii .- !;..-.,,-, -ir;. ,,,,'t ,-',,,41,,'ti -1? ."* - ­.? .-. . - .1.. , I 

, '. _ -- V ai. s , -. v 1,- ".. - , 4,- ,"-!.Jhm;,.. . . " Of I -1'. ;";".,!,:;i";",,''-.-..- --,A.3iF i!-- i ,, .-.'m -."i: - , ,"r.".",,-.F "li 31.0"%" - Ji,! ,j-y,:U ,Zj'Fk' j."., 1". i ..4: " .1 . -.,.. -4 ; .i . ..", , 111.,;w!'-;..'-.-.',:- ,;-I 
..

,. -..- 'j""i, .. 

I 

, ' ,f 21 Ll"";,,. -. . I.I 1 
-

-i"""'i,f_.....'..." -.--, l.,!.'.,;,-.*..":; 
. 

-iI - , j,!L;: ;j- . .,!L'1'?-:.o.....i.,I .1- .,. , , I , '1;47!!4, ,.,-. . ,-,,;L"i-,t,I ­
... Jl 1 ...' I " ,z ,.1 I. "I :.j ".'AK .'.',..." ,.;11','-"f---,t:-,,--!,..... --m"'L-- -..t.0-:1..-- .-.4 .. I-..",-,."--,;-;",4'R-S.7.; ; .,- ., 0,,;z-",4 .lliltz#''-"j:-I-;..'"i.-etz.i-A-Me-q..-.f--.Rr.,.:'r IZV. I o --., - . . : -- - I . ... ; -l;- .Ir , F " I:-_-I,-:?-.IvwlV.! 1'1.,:'---."'.,;,,"'. :.' " "'i 1et;-r,... ,. ;: ., 

'. .. .,, ,;",I-.. 
-, ,I'..- -ITql7l':i, '. 

,,;-4-,.":1. M. 
- ......I-.,.-.'!ifII'i, 00.:: 

e , 114 ,,, _.! t -;i"- -,5o : . , -­--- .. ... .... "Ii. . .. .. ' 4,'..#''T" , -. ",;' .. -, ,,,!-L.":::.. ,.----- , d. , ... 4",...,:,.. -. , ...---,r f, A: -,-,,,'.: , ;',:,-P - :, ,-r;, . . . E,- .. , I t"%v .-..... #:, . -'T : L,4 - , ;r, Q ., g,';-,, ,-#' 44,'- .1I ;....p ilzU. - -. ;! . , ,,--A, 
I '..og c . ,.x ,','zi%".L ., . - .'.ltii',". - ---

,.' 4 , ",J, - . . .411.;,; T.- - -I, 7t ;R -vfl : ;-, ,i.a .,i:-:!;': . j,-- . , . I --. . ,.;i;, --.,?.",r, : --.-.-..."Ir, i -4,-
J.. ..t -k . , I' ... ..";, . . :r:;. 9;--,xff I, 

umn. -.; -, F!!, ,-,_-.... -., , J !;i..!- ,-.l'- .,.!,i:i. ­, I-,W - ...., " 
4, ,,,--i ,,Lkj ."F,7(.;(il", "",fl.' ':.,,,' w . 

- - . - - ,,i'. ".;I -A "L :,,' a i -: , ," .-.q.I:" . ".."'p; . . .f:N'I'm !,?,; 
. -nui,,% ". ;i . - ­

, ,., 
- Pi, ., .1. k ; .; ...h . I1Pi p.... - # , -1,".........l!.:",:",:,.,:,.., - ;! :.;:',' i,"I '!, i 

Am--,O ,o ,w . 1 - :;FO-,.- 71'-:,--; A,.
"-,L.,., . '.. - ..I;, Im'k I I'A.."- ---....11 ".': :-'-,;.C ;-, --7 , 

.- , Ai V, 1:.,!v .,i.,r..-...,,.- . .;, .. ' 4.1­' rm ..., .;: ,;iiO...-."i"";,_--:k'-.;1 .-41e,.,.,!'.'J-,.r -. .- :vi-. A - .;.L-'. 'i : . ?r.. .. -!.l.,-- ,..- --T,1,;i-,,;,v;,; i -.--,"l; ,, i.t , ' '...,-..-.- . K;e4Iiji-, 
'. 

,6i?,f, --,IAN, . , , . .11,, I :11 1: ..i -. ,f I---i , I- - .- , , 1'. ; ,' :ja . . -,,'- "O,.',In'-- ;'!.,"-,)."-h""Q '4? .L,,' i.
rl-:,z -- .:-, ,, !, . -, -, - I , 

%-..; ,i ! "L":., i ,,;:, -,- ,'t ..p '941i,V.... 
: 
. , 

1-1-. 1, . ,."- Iz.. .- .,. , - . .. , --. ...... [VIIIIT .; ."-( ;. ' t .....,1:j . -.?;.*V; l."Iil-'. t!',ij., , ,f, 
'i i 

': -; 
I'.',, 

,. 
" --
Il 
i;ll-?"-"i-.-' ;'"' 5-.- , .. 

I 
....-- , - . . -N -v.i.,.---.-,k,,:. '.4-,Vlmu-..-; .. '..-; ".1g...t .11.1 8--- ;.;!j ;i,....., I -- . .. -1-... .. --j"".1jip., .. , - -,, .. :; -1.1:.71-11.q.....S! . , , -4-. , -1 ;,, , Im?-i" ;',' - '.. .1 ,il- .11-.-I ;, J-. ., ....', ! ! , , , jv . ', ...'M, !;,.; , '...... . . 

.. 
. I ,:. ;,j-- i .. , . . , . .".";,, ".i i l;'.: 's'. , --"kij.; %,!, lt'TIw.'11'm,1,Z!,-,,11-.. " . -1, ' ,, -'. I..%; .. , P'Ilij',; - ,I:A'. -j',,,tf',;j-.','i, -., ;-,I ,,-.:,,, ", . ;!.,.klf,. - , 1.,LA ,I'i" , i ,- ,. , .:,-- -eq,-;.".. i:; -.:....,I : ;..1-- '. Z, , I -;TIII1.01,- -'"-'- i .- - ,..,,h-'-,.-, 

.. ...., -
. ", A . . .i:,',':.'i%4. " . ,.,f- .r. ., ". I %-.;'; . - , , -1' -! ,, i,:, -tli-," , . ,T::.-.,: , " - ., ­11 - il... 4 i 34; .- t,;,; .. 4'.; i..- - , - 1 1 i .1",... -. fi: -."-",---- , --,, ,., , .... ". ' ­

.,; Ar-.......6 , L . ' I . ",'p.",P Av. i'-i"""--7-- A " ,'. ,3.y.,-;...-0,,.-:-P!-,.;.!. . . ''....t1i , " - lo. I , -,'jl.; , ­_ :.i :',.q..%.,,_%;" . ,;., ;,?-,.. , -- , , " ! , 
-- - '...I 'i,"'i""';!,2i ".."z i ,,,.1 -- ;, - ---!' ,-7-,.' -. , -,, --z,,? - bt'e. .. - .ltL4XZ, t ... . .4 ,.: , . - ;. ;t 11. - ,6.11C,;I T;z -'J','P . -, 1, .1.j .. i - - . .'i L, ,I., ,$., A k F.,... ;iW, ilw! i, - , - - .; - - &,2;.,- - vj., ;-4 

U' v .- ..!;--Iq':'. ;, ",t - ." ,--fiW. 
I.....j-11".1 V,, ,1J.'..."I.- I - ; I .,;k-;5, "PIL"t.,.-/ . . " pA, , 16'14.-Nk-,"., . l.- ,ti,.,.,;t.,i., ,- , - ;V" .. . Z ,'.- , ,.!..: , .:i -0-. 

.,,"..- -,I%FI';!-'--I",W'.";:k,imj' :".,-,! .:iv. V. . 3, ", 'V,' , , ! - 'e,"- . ,-,,,-1., , ,7-,,',;....- 1- . -, Ii "I--.,;';! .v% .. ,-. -%.,V I- I. ,4.... , , .. . -'. -,,-, ] . ,I 'N" ','I)In:V t I.i.,: -.- ,.--. " z .1 
'.-.'.-z.".., ! j i- ;K; ., , -i.,K;,,',UV. ... 

, t T..:r.-.-.;N ... ,-.A. , -
,,, ... ;;,. 

" -" A-' ;. , 
, 
-A
,.; , 

. . 
K. 

X..
:'i -,- $".i'i, Nlii.,! 

--.- ;,,;,-V 
"'Z-,,A . 

i 
11, "vi ",-

6. 
, 

--4 ", ',PiTi'. 
,G 

'II- tA. i , "; ,, v , , 
I
FN,% 

_--'. 
..x, - .. ., - . ,.1 1- 1:11.-M-1-i ....... n'.,i" ?. . ... . .";l- ,;,.k,:..,I.,..."" -

R... " .. .. .;; 
. ,..,; 

l.-,'.,: 
-.-.*ij ,'X'., ,...
 ;. 

'1 
'I 

.;... 

1 

IT 

-

-!-.I 

:! 

. 

I . ', lj i. '' . 

http:1.141O.M4


POWI,R AND ENERGY CALCULATIONS 

Project No: 

District: 

Project Title: 

Province: 

Item. No. Description Amount 

1 Turbine discharges: 

Maximum 

Minimum 

Design flow, average 

liters/sec 

liters/sec 

liters/sec 

2 Head: 

Gross head 

Losses 

Design head 

meters 

meters 

meters 

3 Plant Capacity: 

Installed capacity KW 

4 Dependable Capacity: 

Flow, dependable 

Iad, at dependablI.e 
flow 

Capacity, dependable 

liters/sec 

meters 

KW 



I. " P ' . -I . .. y"' " 1.:. .. . .. . 

In ,I , 1, It . Iill I I ! I l: , iil1.- tit ;iv r'(, c¢os t: o f
 

pur kilomutur. ,or Item 9, "E"ntjrJ , Adi n., Constr. Myfit"', utili z
 

a figure of .1.2 percunt of the ,;Limated cost of Items 1 through 4
 
and Items 6 and 7. (No porcentale factor will be applied to Item 4
 
"Power ioun;e") O.hur .itf-u.; wiL require that the engineer, based
 
on his background and knowledge of construction costs, and based on
 
hi.; tlimale of "th, compl.exi.ty of Hihe work, give his best estimate
 
of each itcm in thu table.
 

Best Available Document
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Finally, followinqc-ompi.etion of his data collection, the 

encineer to map out most appropriateeconomist should confer with the 

routing for all transmission lines, distribution lines and main stepdown
 

transformers.
 

3.3.3 Methodoloqy fCor Power Demand Anay!sis 

General 

specific demand forecasts are already establishedUnless 
business venture) the economist should estimate(e.g. local mining or major 

growth 	 rates for each demand sub-category: household demand, business 
Two ra t:; w.i 1. be e tA:.;ab] ished, one (x) fordemand, )ublic services dem,ind. 

the initial period 1-.i0 yuar. and a second ral! for Lhe puriod 11-30 years 

madc over a 30 year Limes:pan) . The second rate(all calculations will. be 
and thewill normally be conservatively calculated (given the higher base 

11-30 years in t:he fiiturc) as three-fourths thedifficulty of forecasting 

shbuld be remembered that growth rates are
initial rate (.75X). It 

e.g., 5% growth over five years representsexponential, not linear functions, 
1.05, or 1.055), not 25% 

an aggregate 28% growth (1.05 x 1.05 x 1.05 x 1.05 x 

(5% x 5 years). 

! _ j -_ re(!('Ists- u , i w t hj ary crC 

a) Household Demand: i1ouseholci demaind in the first year 
the survey data, as corroboratedof power generation will be calculated from 


),er household (kwh) should

by official. statistics. Average surveyed demand 


hooked to the system. Growth rate extrapola­be multiplied by all households 
tion will be based on net population growth, and anticipated income growth
 

in accordance with the following formula:
 

(a) + (b x c) = d 

where a -: estilloed popljla tLion (Irwth rate 

b s ,rowth rit ol: houst hollc i ncomenit. 

C , income el]a,I: icit.y 

d - Growth raLe of hour;ehI ci de:mand 

Items a, b nd c miay be calcul-Iii(I in the following manner: 

oI 'm oiit. Of h101,sulhol'lSt(IIn ",I" (11(,MI -it: ion ,ir'wlh 1) - A ;a 

IlI pom.imlle i( lowt or ''housi,,-ng unit 
dealndlc i forecasting , J.t is not. clea 


growth is the critical factor to be cal culated. I t has been assumed herein
 

that they are roughly similar, althouqh population girowth is proposed for
 

as it is a fiqure commonly used by government agencies, and

calculation 

vi] lage being surveyedmore reliable. Population growth in thepotentially 
11A. (L). (2). and as corroborated by District, can be determined from question 


CD and census data.
 

Best Avadlabk Dore.t
 



.i'v ' ; . . III_, I k.I,.', 11".' u ;lt 1 1 i.3i I C I 1 ; I I l liS l i ct ,I,-1I tIillZ c.t i'l'o r.LO I
by (uoI lCS Oli0l Itl A ) ) '. 0 ) 0;.1 ,l(1 13 (IT
(1'> ! 1]11-), 1 -4) . All 
oIdet :of iai.CJllilti n of Iti te iI I 't,II owt Ih 'h,)u].d be Oa ]d Oil 
the .-ize oi' the ilCmo base (:I.culated previously and the potential for 
expansion of the primary income occupatioiin the village. Knowledge of 
planned future developments in or near the vila(Jc (new road, irrigation
improvements, etc.) , subjc-ti ve impressiollis Furr.ijs.hed by the village head 
ant1 househol ds :;II ,,4 e I, AC id!) l r ict. daLi wi.l I ho Ip, '-i:1u1-'., .1 arly relevati . 

'I ",-" ( . ,'ITIIC e 'la', i c.i ty) - 'I'llo i ricme o o I ist. i C t Y of 
;i- biel CCt/.ri c, i ow C )( i:: ,I CIII, I t ho I. ") 11ilI; Lhc r uel iob.l. hisLotr..-o I daLa 

.5 V LC,tv,'li.LC .. .'' ihl~ H,. 'ILCCI 511(,1llI;i'C i t hIi ofIl.II'tI '(,i"rc:I*.inoment
Il iI S ( ii :11' CI t 'li ,.',, 'i,? ,l' C.i i l ilC l1t. I IIiI'::i, CCC". It V) -~II IIi' IC.( ( '7 . 

,i _: I h i i I , ) I I .Ii I 1(2; I ,.,I I .I C'1h,, f,' yP o f 

b) 2.'.:11i1,':; I],'CiiCtli l."l l.;.CiC'l1. dct i:Ci'ir ICC tile l',f t: year of[ 
jb0owC. CJCIICICLItionCIll ,, IC1sC,r2 cI..!t'triiC:t the . tia Li, corroborated by 
official] stat -t(:;. ,IUeLe _,nI it A. (lV.) i s thi t-iirllC-y soUL-ce of local data
 
for this calcuj. to_.(ri.a L ion will be 
 based ori cenera I
 
economic growthCsCiIIes '41:(1 krC.C,.,n p1annell growth for specific ventures.
 
In no case should the busine,,s; drmand growth rate be less than that of local
 
population (Jrowth, ,ve 

c) ] -v IC Dum' lid: Public .ser-vices demand in the 
first year of power c.,i',-in wi 1.1 be calcula ted romi survey data, as 
corroborated by of 1 1 I .a isif]!-. Quitestion i4 A (Ill .) is the primary 
-ou rce of ]oc,, 1 jI ir' Liji:; 0 i,'m l inti. ,f('C lC iit('CC. should be 

11'!C I;:,, (.'.tI '.) l it ,II:;, I ' ,!--I'Cil IC,','' ti I Iliiil)l piu lic. 

%./(l I'.,i ! I", , 'i ' ; ! [ -I 

T' .C t,1IIUI ,, "li l 4 . i ,I il eC' ,-iAt I i l ,'lwllClJl. I b y ll, p lC 'v itlr ieI I 

total estimated Jow C, i (:CC1ICC ' OVer" t 111e ald ,iccurl.iig to seasonal aind 
hourly fluctuations. The lowi [rocedurep 1s :s;qe(sLsted. 

1) Imrediatel'y ulon ceomfple LirI of h interviews in a given village,
Figure 3 should be cempl.' etcdl, iLdicat.ing Chacter'st ic user patterns for 
key-electrical ri -i 
directly from quk It(C I Ili.P( (.) 4.). In the 

-pp] ia ces.i< -n :ha I'. lag . , ""This information is drawn 
iCbs :,.., (I local knowledge of 

power rctflll I ur'.,'i 'Vt- ('l. l ,H; JIl i 1i1itc , the Vill,_,:; !-, i:;Ilered ill 1"i.clur 4 may 
be used. 

2) Dtermine v.isicLily wich iters iii'_iize the vast majority
of po','er (onera;it ioii (u<;e: 80-90'l,) . Genra, ly lie ,jrrmoe than five items will 

(n,(;SmQ ' iiit I I I -iw,IIC vi I .Io , -ILIL .j,IIjh t-his number could 
Wirv in i -di I ',', i. 

Best Avcdlcble Document
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W / No. of Uuc PatternsI ten Item TUenis D,'i.i]y Pattern Seasonal Pattern 
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S'tliJ.Ji.L (-o .K- (LCu..u~m, (;) (,I ,t:t . I .4 i :;.: Iun (!2. KV):.;1 .j 
and d.st'ribu tion l.ine (:o :;o1.:ii(:Li.on Imay ut-.i..L .i z' :6',(0() ,iLt/kilouIILor, 
irrespectivc of terurain and OM cost:.; (:.;amre column) may be calculated at 
1.0'. Uf capit al co;st!. 

2) Step 112:" Di.i;cotlnting 

+Total costs should be cal.culatud Lo r eachJ generation 
option for each of the 30 years shown in Figure 6. These totals should
 
then be discounted at the theoretical opportunity cost of capital, which
 
may be assumed at 12% for rural Thailand.
 

3.3.6 Financial Analysis
 

Current natio:a.l. pci.icy in Li pow(r sct.tor is- to encourage 
investments and tar I.' which jpe rmit thu sc:r: ir to) ho financ Lally viable. 
it i.; , therefor, broadly :xpt-cL(I 'd t. hyd:,,.hiit'' inve,;tmonts; should 
niot" only pay for (. ms.elvo:; )Vll' t.fllc', Iait, -Veil I1111 hill', ILht tLhuy ihould 
Cll~Il''at.C Hhh 1-c }aip l'1I. I1'II( !; iy ( 1" i oltIri;inuvi-,;til',ilt ii tLhesin -co'. 
Accord Iin(jL.y, this de1 i :;i(Jii-l i 'Jo:i!I hc. i. 1uih.,id ..; i:;iliJl i uilancial 

analysis wh ich will )rovdn a (ood iindication of ind ivi duzal sub-project 
financial feasibility and an indication of appropriate tariff rates 
over time to attain that goal. 

This analy Wilwil] also comle(:It- th- prev ion:; least-cost 
analysis in that it will give an indication of absolute project worth 
(financial costs and benefits over time) instead of simple comparative
 
worth (economic costs only, over time for several generation possibili­
ties). This analysis will also take into consideration the type of
 
funds utilized and eventually will indicate the types of financing
 
acceptable for this type of investment.
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Informat-ion neces;ary to this LyPe of n .ysis is illustrated
 
in Figure 7, attached. All Financial. inflows or outfiows should be
 

.presented 
 in current-year baht, including al] estimited contingencies and 
inflation for each year of the entire 30-year ]if, (,t"project. The project

call be assumed 
 exempt : from inh)(or income or (r,' t),',,l. Laxalaiion and Lo hatve a
 
salvage value zL-1'o the end yecr Millc
of it o1 .30. taxe.; on construction
 
and social charges for personnel will be retained.
 

Column f 1: Should include all cal ,iliiexpenditures for

construction of generacioll, ti-nsmission and distrLibution componeits of each
 
individual site.
 

Column # 2: Should include all rcutirct, maintenance and
operation as well as periodic equi.prccent rep.l'cecmentL (see "least-cost analysis", 
Attachment C). Total may taken is 2.0": ofO&M be ota] capital exlpenditLures
 
(column 1) for every year of iii t opert.iticon.
 

Coluiin it : Should illc]Ude al.] lobt. ,;ervice charges (interest

and/or principal) accord incuto t.he conditior,; of ;iv,,i lable financing.
 

Column t_4: "Totol Out Flow" is the sum of columns 1-3. 

C u_!mU_*_'*': ,dcalul ilicLlude any ini'low of.' borr'owed capital in

the year that those fccntls are maci ,iviilal:! eLo th, Si]b-ic'oject.
 

Co 3,,1n4P 6 : ShoUldl all. inflow:; ur-i by the salein clude qeera

of energy production. Equal to the number of kwh Limes expected kwh tariff
 

in the year oc calculation.
 

Column N 7: "Tot ] .inflow" is the :iam ()I* cal mnis 5-6. 

Co.1I l .11 : "Net Ca.:h Ilow" I,;:;l (d ,',linic, II 4 anc l 4 7 (may

be I)osi.Live or nTWJative ill ,1y one yLar).
 

0i, iie' fI 

exhibited ili Column If 8 Should be rim tchclijlc ii intut rni'l, rate 


When comn , ltA, t ('o -,11i )W ,v, I li - (,II irc. i 'W t , - I il: 
o0 return
 

analysis, either using ;nllapyliic r.i~ululy 
 f)rocj',icicd ;iltl ci~tu;ct:cc-, or
 
ljt)c igh io .'(. t ii ,) dcIc i.- , 
 cclll(,, lii i.l, 

fican i,,l rate cf retu:n iol thce sub-i1c1j1:t iiiclci u ;idi',i". jn. This rate
 
of return (ROR) should be 


th , ill ,tis i ill t . . w ill rc!:;u lt .1 

at lcist w;. over tl. wh,,io projoet life, in
 
accordance 
 with EGAT general Iclaicy goals for return on investment. 
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A'"A'AHM NI' A 

INSTRIUCTIOIS FOR USE OF VILLAGE SOCIO-ECONOMIC SURVEY FORM 

The attached form is intended for use in surveying all villages

located within the zone of influence (ZIP) of the individual
 
hydroelectric generation sub-projects. Data generated by the survey will
 
be mainly useful in power demand forecasting and as baseline data for
 
subproject monitoring and evaluation. The format is deliberately focused.
 
so as to answer specific forecasting questions and is kept as simple as 
possible to render it undersLandable and time ,.lficienL for enhmarators 
aind respondents aliku. 

Every village located in the influence znn, ';hoIld he surveyed. It 
is estimated that roughly one day should be allow, d fur each village 
survey, although small villag)(es may be done more quickly. Investigations
will he done both at vill I ;evel - using qtin.lic,,nair,; ndai. insl.ruction
 
Form A to interview the village headman and/or other types of village
leader. At the household level, questionnaire and instruction Form B 
will be used. A representative sample should contain 5-10% of all 
village households. The following procedures are suggested, although
improvements to the questionnaire and survey techniques can and should be 
incorporated as appropriate.
 

1. Personnel Requirements: Economist - with some background and 
experience in local electricity design and evaluation, in addition to his
 
capability to build up a good relationship to villagers. This person

should have full responsibilty to select and train field supervisor(s)

and enumerator(s), and to conduct the overall survey. Since the 
enumerator's role is crucial to the whole site selection process, special
criteria and procedures should be established for their recruitment. 
Highschool or university graduates with an interest in rural development
(agriculture, agricultural economics, rural studies etc.) should be
 
accorded priority. A particular emphasis motivation and morale should be
 
utilized. This might be observed during an orientation period or
 
personal interview. In rnqions where local dialects (e.g. Northern Thai,
Southern Fhai) are widely spoken, enumerators must have these language 
skills. 

2. Pre-survey Requirements: rhe eocnomist should gather village 
pre-survey demographic and economic data from both secondary sources 
(NSO, DOLA and DCD, etc.), and from primary sources - at province or 
district level, prior to commencing actual village surveys (the District 
Commnunity Development Officer may he one of the best local sources of 
official data). Complete lists of households and rough mapping of each 
particular village could be collected during the pre-survey to provide 

(b"
 



insights into Lhe sLaListical techniques to hu utilized for samplingdesign.* An introduction to the nature of work being undertaken shouldbe made for Amphoe officers, Kamnahi (DistricL Officer) and villageheadman as well. Prior to commencing actual field work, enumeratorsshould be describ;d anid questions should be pre-tested as required. 

3. Survey Requirements: The model assumes a total of two weeks for
establishing bsi easTlibT ty of each site. Survey work for a typicalvillage will require an average of one day. 
 If the villages-level
formalities were 
copln l eled in the pre-survey period, the eonomist shouldimmediately adnin-tLur Form A. If appropriate Form B should also bebegun simultaan w . ly dnalso will be done tLhrough the rest of the day.Prior to the SdUI)le housuholds list, an enumerator will try to locate
them and conduct interview to the household head or another relevant
 
person. One enumerator should be able to 
run at least 6 questionnaires
per day while allowing enough time to undertake minor field audits, to
revise any omitted parts or 
the reconfirm unclear responses with
respondents. Enumerators should he carefully supervised during the one
and half day orientation nandanother 
half day to practice of survey workfirst two days of survey work to ensure that their comprehension of
questions and relationship with the villagers is correct.
 

4. Other Administrative Issues: 
 To enter any particular village, a
letter of introduction from the Amphoe headquarters might be useful 
in
initial contacts with the headman. 
 Good understanding of the Team's
 purpose will be conveyed to villagers by the head and 
so benefit the
 
survey.
 

* E.g., for the Mae Chaem Luang site, households were assembled in 
spatial order (according to village numbering system) and a random sampleof very 6th h .usholdi;wa%; selected. Adjustments were then made forsimple stratification according to ethnic affiliation. 
 Household heads
not available for interviewing of the time when enumerators stopped in,were repliaced by their next-door neighbor. 

-vb
 



Project: Micro/M.ini Hydrou]ectric AID Project No. 493-0324 

Village Code Number ...............
 

?uu,;tionnaire Foli, AA 

Name of Village ...................... Village No......................
 

Tambol ..............................
 

Amphi c. . ...............................
 

Cha IJw :l I..............................
 

Name of enumerators ..........................................
 

Name of supervisor ...........................................
 

Date of interview ............................................
 

*Form A for village loader, district officer, school. toacher and/or any 
tylpo of person knowledqe,ble about thu villagje. 
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IV. I11.sinoems Proi. Ic 

No. of No. of Yrs. Seasonali.t.y 

* ELInMIoy2es in buiness of Activity 

1. General Store 

No. 1 Name 

No. 2 Niic 

No. 3 Nmc, 

Nu. 4 -

2. Grocery -------­

3. Food shop 

No. 1 Name 

No. 2 Name 

4. Tailor/,3eatostir__ss 

5. Barber F beauty salon 

.Ac 'I c. I ts~l:' 

7 . B{1.ack m i. tl/ca rpcn 1. ___, ______ 

B. Gas pump 

9. Otherr (Specify) 
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General inforaition. 

1. Questionnaire Form A is designated to be used !-or village headman,
distric-t o'ffi. , 1;1:Iool teachnr and/, r iny oLI ur type of pe CsOn 
know.ledc 'a Ia ..bou1 t he vi I I al ;. At: ,:a,;t. fine reipresen -ativ be:,idesvi.lIjage h .mn lud-, w mid ntevv i wc.d tou Colmafirin the village data
and informat iI olt.,jimud Lrimn atny parLicular village. 

2.. P 'a': a111 , Ar I.rvi 'rv w il I l ii:.;.: tuarmt a l ct i't:cV'-iO n 

vi a~w:; , c':.,-ui, a wil.h It.L
*ly vill .adsr, otc. They should also actively
involve t,;v ::;int:lVm nti:;(, LhJ" m lbym o tha etlunerators dur].. 
I.ie.lIwor 1 . 

3. Introduction to t,, ;projut amId purpo,;u of the work should be stated
clearly by rn:-;earclher/supervisor at the beginning. The introduction
of him/hersel.f is also necessary. Preparations should be made to 
answer any of the respondent's questions as well. 

4. Some definitions 

Hoursehold0_ is defined as a person -or group of persons living together
under the same roof and having a comnion arsaajgrlnent (shared purchasing,
cookingi, eat. Im) f or the prepa ra tit)n ald Constu[,tion of food. 

I,aac:',. i ,,,..la :; l wa,,l t.ypi p . 1, :,tl iTlm ,,a kik, Litam T'I y m ighlt L 

aI i,ti ama I :;.,11 by a, t la i ' Iaa y u:;, , li fr ,.Xilt lIpiI.e,:t. Lorlu1I rl.hf.1i l'.i , laij, T;,m'l'ii i , 1Jajrt.Ia.',a:ir,a l'lmi , i xsteoilmm Tha.i and 
Lo.,aI T I i .i 

..... t, a group of Chiia:;c Jac, caj. (somnu ,-e Tha i. citizensby law) w..u am, iIaaI.: and practice the.ir ways of living as typical
Chinese way habits,eating costumu, ceremony, tradition and manners, etc. 

Lt hnic gro__up lrefs to any qroup of people who show clear distinctions
in most ways from typical Thais. Usually, it refers to various types
of hilltribes such as Karen, Himong, Lisu, etc.
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I,ives tock/fishry 

a. Cow & buffalo 

b. Pig 

c. Chicken 

So Id Earn.i nq s 

d. Fish 

Homemade product: 

a. Pottery 

b. Carv.ing 

C . .... . . ..... ..... 

d.. .......................... 

Labor employment 

a. Farm labor 

..... 

b. Other (specify) 

4. Describe any 
in HiI before 

types of rrirr 
consumnp tion or 

.rocej._p 
trade. 

,.q which have 
c;I,:ii(' ci ear y 

been made 
on any 

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

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

.. ,....°.......°o....,........o..o..,,...ooo,..,.,..,e...,..,o 

. , , . °.. o. o o.. . . . . ° ,... . , , ,,.o. . .. .,. . o.. 
o 

. . . . . . . . . . 
• o 

. . . . . 
• 

. 
• 
. . . 



I'ol l':II II It l I ill,IiII,I i Io II-.i(I r I imI, i Il(. : l I II .." WLi ,J 

For: 

Items 

i. iqhlLen Inl 

Numrb m.y. 
flow often you 

.day/mon. 

use 

hr./day, 

Kuro:enl .1jqh I. inj 

Candle 

'Flashlight 

Gas lighting 

Pump 

Flourescent 

Incandescent 

Other (specify) 

florne alr)]iflcC 

RlUI .o/c:j;u I. ILv 

Iron, charcoal. 

Sewing machine, 

Ice box 

foot 

Refrigerator, gas_ 

Electrical fan 

Iron, electric 

T.V. 

Refrigerator, ulect:r.c 

Sewing ma,chimi,., e.lect.ric 

Rice.cooker, ,Icctric 

Other (specify) 

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



Ih w 11 Li -I yt , ;u ! 
I Lois Niimbu r yoi2.r. .! y/mon. hr. 

Water pump 

Mill
 

Other (specify) 

S.. ,-..... ........... . ..
 

IV. Household sources of cash credit.
 

Total amount of existing debt ........................ baht
 

Sources of credit 

Friend, relatives, neighbors bah(- with % interest rate. 

Fiusiness-),it.rmn ( ti)rokoopur , eii}Jloyer, ,tc.) bniit with 
inl(t'r ,:;t: r,-tt. 

Commerci, . source (HAAC, Coiienrcia. bink.:) bah t with I 
.inI tIcr'c7 ;L YZI I.Q. 

Amount needed if 1111is electrified (approximate) baht.
 

Potential sources of credit and terms 

Source Amount needed Interest Rate Repaymnent Period 

2. 

3. 

/­



Existinq lwoer con:umlp:ion (only lowvr t:hat electricity could 
suhsLit.lut Lnrr) 

Mont hi Ly Annua I 

lr i.c, L., tpoll . expenses 

Ui11 uii U;LL (mhL) 

Kerosene
 

Cand.Le 	 _____ 

Diesel (not for :ar) 

Gas
 

Benzine (not for car)
 

Others (specif y) 

2. 	 Future power consum)ti.on 

(.1) If your village were electrifited would you be willing 

to pay the ............... baht necessary to hook up 

to your household? 

Yes (skip to (3))
 

Nn. :xpla.in wihy .....................................
 

(2) 	 ir y(J" rucm ive ;(I1,' aoiOlpri.aLe c:udit to pay for the 

hook up cuusL, woul d yuu be willing to do? 

Yes
 

No. Explain why ....................................
 

If both (1) and (2) are no. Stop the interview otherwise 
proceed.
 

http:consum)ti.on
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Instruction Form B
 

Genera.1__Tfrmjt io
 
] . iQfl(.; t-ironn.jJire 
l"otl 1ii i ,:iquli:; ,t.etl ,1.()i 	 'b ]ui'ti:,,It~ ,i ;Liht([d s;ciirple o(r 

household heads or .ny olier porson resilinj il il l."te'old who isknowledgeable on househorl earrilnqs, livinq (.. Lio.; andJOj attitudes
especially on eLectricity util.ization. 

2. 	 This form will be ulsed by enumerators to (coin ct ,41inlterview of samplehousehold which have bcen identilied by supervisors prior to theinterview. After these lorms have been used in the field, enumeratorsshould review, edit and hand it to their supecvisor as soon as possible.It is 	 best if rev.isioris can be made in the field since some omitted partsor unclear responses can be reconfirmed with the respondents. 

3. 	 Enumerators need 	 to unde rstand the t sk:, thQ proiject and its purposeclearly enough Lo ik 0 a uo.i iutvo duct.ion 1') the liousehold samples.Indiv.idual techniqus milht, l),2dvolopgd to hli[]d llpa strong relal:ionnh~iibetween him/her w:lli the vi 1 ,lji, - oxplt ininq the a irpot;e, introduc I.ioat the door, iiqa,-iig 	 i l,, ;olur tt(c:;Jic15 cii t ': ;l i 1); , 1(1 : t iiq tuitL;i 5:. efor tho qood ilt-c(.-view. A [si;-, I:hly :ijul i d ,ta :i.(:(-t.*l t(cLecLni{ ius of"probinLt ' and try to avo id 	jotl.iniq dhowin too iriny "dciCll't klnow" 	 answelrS. 

4. 	 Some defi nitions. 

Note all definitions onl nstruction Form A: lh.)useho]d, local Thai,
sino-chinese and ethnic Wircups.
 

The viil.a,.; e coiu inikiLbUt on the cover paige r 
 Ufersto the coom}, ter codewhich is common]y a:.sijnged 1:0 il par I:i.cu la- Vi li(JU thi-ouq hou t thecountry. (dnuc.t1or', io 0 t. need to 1:1 l ()lit h-','t :zuive') 

litdiviua ,l (Only,/ 	 iii)r;c J t ; ins' I t1at need 
clarification - others are omitted) 

1. 	 Ilousehold :nembe-s. 

rde'ntify the iuiuih,1 o" Ll nesnhe.rs who 	 ive- il ,t last one! year orrot1e. 1talie .11,i i: !;who frili!I y .e'-s;,nd l.ini c:<plir' F:,;Ill~lilt
, .':I lvi .: ',t 
. 

i( I .1i i l l,' .', it. lUoii-5c llId ieaih d]l,(ni]c eO t~ii fi ,. litr 	h;()[I Iil tlt s i;t., ,0I-: 	 'lth naeit r are oIL-quirci to be pci. r l y co1 eeL I y i;It ild; i :cc 	 they w--l-l- henf--.o4ad~e~t-h-i-nfl-tihw-ijr.nL -i-t.wi nij,,dl for ir;sya. 0],,r i easons only. 
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I,;tii I I 	 I Il(i ,,ii' .iiiint,iI i o hi e't ii.l. ii'I 

(1) 	 .', l r d,')i,1i ; i1 rlw lna l '.I ...ii ul; by hoiw''hol d in 

raci wha tiovor- how 11.1my uiec.!; are and who owns those land. Make 
,

dist. inu i;li li w:n1: .ow 1,1111 rr I li( ,l ,md ulpland r.ic% 2 'h 

c (-oi l i-oti LI on. 

I I 	 l a,. l it'll :I lt.1 kl~lhmlt.( ) A nr'i'hi I p ! ,h ,' i(,ii. in( i ;I 1 ,1,,,ltw f iq llr' . r 

,I ',.,ir 	 :li , y l lint. (: ,l l~ii y2i i). I,! stiI, to hl vt b()th wu.t. 

.1rnd dy ,;k i:; Ii t (oit'llpp tmu cl t iju . lor livust.ock/l'i.liCry 
.;m', ri ,h t.!:, ,lI 1 ' :,;111,,)I'l~ it , , r , lit1 ' .tli( )M IL ';, 1 d , kI*' )I i CI A . F 1"o ' 

i 	 , ily t (,tmJOlO~~l..i,_l :;!: t I amisnou tiL (iti Lul ll-; of l umburs o. l:­

or .i7!: .. ', I: ;11 colt n "amt:c iut 5s)].") and income earning (baht) 

(4) ecribe ,iiiy ty,; ol i imir, r((s22i1:t . It. is desinratcd to 
, 

CX~ l) Lt) I. Ii v-, JraI I I (ri)co1 I ii; cl p ic ir'/ p .-ocu siwiifli (I Ii 	 -!' 

, . j i lLhreshi 

or bei:,, in'; forr.o , 'lfhmro he demand 
t , 	 'li m1 ill 11, I lc of Ili V.0 

o 1" etc. 1:lii(ht some 

rotenQi for e].,ctricity :tilization for replacement of traditional. 
edqui[:nt/ias tru:r ents. As some processing ,iqht be done by 

household own in. -. ua, ent whie some arc not, mark (*) beside any 
Qcjui2 a,< a, / a ar. i:I -it.hat he].onqs tot,]ltly to household. 

Iii .	 lnw;cil~n ,L nly t 

.11. .: ::.J,, i m,1.cluue l uma~l~)/ vi 11 g il Icr i t umltllui*t.iOm Oimon ly t hIOSL:I 

houehiold s.,t; ,.'hicim ,-: i li bl i, !plcc, by u.i&tctrical devices. All. 

other belonj ir,j oiomii..t.Ld 

IV. 	 llOuse1old cas1/c1 kidit. 

To trace out lhow;eholc:.: i sting cash/credit ;md p]an, this section is 
designated to cbtain ex isting amoint ol cruedDi., sources and terms. 

It is antic IT aeCal that: a househol d will require some source of credit 

after thle ,,i.,vje or Iis huse has; been riectri, jed. Sources of credit 

,r,2 afo i ' th r il, bs,;r tlhe inl I i,m ctIegO)ri.es uponr differences 
ina orc s : Aj:, ) . Cl" 	 househol.d:it :; -:;< e an,tlLon tL of rr'i nei d :d a fter 

is (,.mirce L,, r 	 Lertas iii. be explored.I 	 and 

V. 	 liOtmio (a I , Ijr;ua 1. 

The e intl en (nn1ad fri h.ccji ici.ty of: a housuliold should be carefully 

I iCt II i ",'l' :t".iVi 0 (il(lLii' ". lher word-., ithe 
h i Ii,':; ()I ?,i 1iliitd h . ,_, il o, of "[urii,'.i i(J 

1.(, .in:1 , co.it. 'lini)w ,r"' lc .li I or ili' :,llilwill t: 	 ii .ilil s$s ction will 

1iI :]t) :(., - ini C, e C Lt,: it: ..:I I Lt! t I ,his.. .: t I ):I ,'' Ii,,f; l! I( I(j c I,, I (:¢1k2 <Ii 

versus any r,qi iremenIt for credit 
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I. 1(xi:t'.i jcw . ."ic ' , c1' II;I i Ccc. ThIi , , c :''; o .ly Lil tile 

items. that could Ice ',cIst.itcLc.ui by Cit,,'1 Ci.c.c I. Iiowu. " such a!; 
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This ambiguity in Sub-s ito bein Iit valuation was of 
particular concern 
to the PP team since one of the primary
 
goals of 
the project is to generate a simple but workable
 
field assessment model which could be utilized by RTG personnel
 
in its selection of individual sub-sites.
 

A decision was made, therefore, to limit economic
 
analys i s of Futu-,re :su1)-,;i to, sul t(:tion :( ILt i ea rt-o . o I :o:;I.
 
compar i -;ol tof' the tI 
 " iOII:;".,' ma r.)()[)t. c:ul uII..I y aV,1 .1,11b] u 

i: 12 50for . i c: dove l )Iiu('l . hy1 F , ii , 4.)I. ,ifid (oxten:; ot,. T Ihi s 
decision was. ren(Iur Id :VII mo r a1)):1o1,r Il:, by the RT po..i t. i ca. 
deci sion to exte nd n le tr ica 1. energy It) L.Iw whole of Thailand 
by 1990. It could then be assumed tiat t-lie p)rimary concern 
of the economic analys i.,should be to ind i cate the least­
co.st option of ,;uppLy. Th i s logvic i:; : . illIin ll: PP 
mod(]. throL(I l thI. di: (,oIlIted cOImpIraLI v4. ainl.Iy:; i!;, ov(!r time, 
C)!" the primai'y ciLectri. 'ik i.(,ll )t , Lable then:; i .VI. Lo project 
area. 

Based on the PP team experience in developing the 
site selection model, it is sugyested that future project 
analysts focus on the following issues early in their examina­
tion of the least-cost methodology: 

1. Shadow Wage Rates
 

Given that sub-site construcLion should take 
pl.ace durinq the dry season, which ,i o Is :n,i d o. w i I :1 :;,a;ori 
o thu year uf hi(i h o:;t i.........11. IIj.IoyI ,ll,I. 11 YitI.] a .:; "
 
lh,'i ilnd , it. i: ; ;hj ::t, l I I, itI ,,iii ,'s;t .1.uli mi_ .ii(t lfO ':;ih L Li t.y 
l develop.int' shadow watij ra,l:; Ito 1w qp)] ied to the costs o
 

const1'uction. This nay le partieu a:y important for the micro/ 
o 

20-30"', of total con,;truct.ion 'aoont.:,;, inI ) attr.i.L utued 
nii. .ni-hyd electric (:olm:.;Luiction opt ion, ;i no,2 an estimated 

I Cases, 
to the co:stts e f"Io i:;k i.I],.il I Ilho r. Ii1 . i i t I t' il., t. il0 'i , l-eC 
tlic ,jI)I. C,II.iL)I1 " a :;lieiiw w~i((,I r-it I 0 I if,: e,:;I. 00 i,,ir 1:; IiL 0 

Ima.ly FLII*Li :rI nl~ t.II l.1 t,y, I,:l i ic opt ion.oL va l.ii,ol 

2. Ci-::ff"ioiis aid Bit:; i: I 

A neumbel- of numerical cis:;umptions have been intro­
duced into the least-cost economic analysis in order to render
 
that analysis simpler Ln utilization, Included, in approximate 
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Other rcason:s also work in favor of the utilization
 
of a financial cost-benef it analysis. These include a sim­
p.lified calculation of project .ost, benefits thlesc
,tld 	 SiceCe 
co;ts anid henef.i t- wi.ll. he in terms of: atl'.u monetary inflow!:; 
and outflows and will not require the considerable amount of 
generalized conj-c ture which was the case with the economic 
benefit analysis. Data collection will als;o be simplified in 
this respect. Of further intere st. to the RTG in keepinq with 
their policy of f£rdnCial viability, :,uuiu financial Unalysis 
may assi st the qovcrnnmont- in thinkiicj th,'ough the imli cation.s 
of appropriate tariff. Lev.ls for energy utilization in the sub­
,;i te area. Andl fii.l lv, c'irre nt IJ;A.I I' -1 i,:y fivor!; ., .e, IIi :- ti c 
look at the financial I!; well as ):coCIO C viability of U.S. 
Government inve stinen ts abroad. 

As a general rule, it probably can be anticipated 
that the financial analysis will be more rigorous than an 
economic cost-benefit analysis would be given that the financial 
costs are only marginally higher whereas a substantial portion
of the economic benefits may not be captured in the financial 
benefit str-eam. IC the sub-site in question passes the financial 
rate of return test succe ssCully, there i. s rea. mnable basis 
for considering it to have simultaIeously a favorable economic 
rate of return. 

Once in the field, it is suyqe:ited that project 
analysts focus their attention on the appropriateness of 
co-cf I ici. ents and d,it, I i ,, .unip - 10oC , 1' ;, i ,C ill the 
financial analys.. in a lash ion i.] i ti th,1t :.;ugge sted 
previoli.t y under the :, no,iii ari aIy5;i; di: uii in. ]n1cludt.l 
in this Li st, in ajiprox imate ,rl r (o" ,r(,:;V ntat ion, are: an 
a -s that 10 o J, u;):C mpIIIICl 'hjormpt..i1on t-L1 wi.l. l e [ income 
or corporate taxatLion; that salvage valu: will be zero at the 
end of year 30; assumptions on taxes, calculated on construc­
tion and social charges for personnel; capital expenditure costs 
for generation transmi ssion and distribution; a 2% estimate 
for overhead and maintenance; an aLssui.,pt ion that an acceptable 
financial rate of return for the sub- site shou Ld be 8% over the 
project life.
 

Finial.ly, it Iiieds to I), utl2r:.+oC,, 1 that, .in calcii­
latinc il.1 partis of thii niodel., ttl iw, :5j, iq foal or thu I'P team 
hi l,1 ,, to dC vcIOv,' ,1 1,1j1 fliiAl, ::im l ,ii I i,,tl-uti.1. izabic: 
fraCC:e otrk for 'aCI)- {it .';il121 on of iCi'ro/i ini-hydro el.ectr? ic 
project:._; in Thai. land. Ti is model can ,,ot he expected to be 
definitive in its a)proach. The tilne, rsource, and personnel 
limitations of the project paper did not purmit an analysis at 
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TITLE: NEA Project Manager
 
STATION: Bangkok (NEA); occasional field travel
 
DURATION OF CONTRACT: NEA line employee
 

DUTIES:
 

1. 	Head of POU; ultimately responsible for all managerial decisions
 
related to the Project; liaisons closely with NEA management,
 
particularly Deputy Director General.
 

2. 	Works closely and shares operational responsibilities with the
 
contract Senior Engineer/Project Coordinator.
 

3. 	 Responsible for the entire organization of the POW, and for 
activities carried out by that organization. This will require a
 
delegation of authority to various staff members, as well as
 
defining the responsibiliLies those positions carry in project
 
activities.
 

4. 	Responsible for administering the program within the terms of the
 
loan agreement and for coordinating with AID to assure that
 
approvals and documentation meet the terms of the loan agreement.
 

5. 	Responsible for publishing and distributing quarterly reports on
 
the project activities, three copies of which will be sent to the
 
Project.Officer at USAID, Bangkok.
 

6. 	Coordinates with, and notifies, both AID and NEA management levels,
 
on problems requiring policy action by either of these agencies, in
 
order to carry out the activities of the project.
 

7. 	 Responsible for scIeduling and contracting for technical 
assistance, to support the various project activities in such a way
 
that professional assistance is made available in a timely fashion, 
to carry out management, construcLion, procurement, and 
manufacturing for other activities on a timely basis. 

QUALIFICATIONS: Project Marager: 

The Project Manager must have served with NEA for a period of not 
less than five years, in a position of responsibility, and have an 
intimate knowledge of contracting financial and other standards 
established by the GOT or NEA. He should haVe a good grasp of the 
English language, and be able to converse and understand technical 
subjects in English. le must be a proven administrator and manager, of 
not 	only projects, but direct line staff.
 

S ECIAL OBSERVATIONS: Reports to NEA Deputy Director 



TITLE: Senior Engineer/Project Coordinator 
STATION: Bangkok (NEA); occasional field travel 
DURATION OF CONTRACT: 45 months (est. March 1982 - Dec. 1985) 

DUTIES:
 

1. Senior Project consultant to NEA management and Project Manager. 
Responsible for developing daily work plans For operational staff, 
both engineuring and soico-uconomic aspects. 

2. 	Reporting directly to the Project Manager, he is responsible for
 
carrying out project assignments which cover a broad range of
 
project activities, including contracting for professional services
 
of construction activities. These activities are to be carried out 
within the agreed policy lines and contracting restrictions imposed 
by both NEA and AIl). Guidelines on these policy determinations are 
available, and Lho: incumbenl mu,. become familiir with both systems 
inorder to assure that. thesu policies are adhered to. 

3. 	Actively involved in the promotion and detailed development of all
 
Project-related planning and analytical activities. He should work
 
closely with the Socio-economic Analyst and NEA's Planning Division
 
on these activities.
 

4. A direct line officer of the construction manager, he is
 
responsible for review or Final designs, contract documents,
 
specifications, or projects to be undertaken. Most of this work
 
will be carried out by the construction manager. Quality on these
 
activities remains the responsibility of the Senior Engineer.
 

5. 	He will assist in preparing the quarterly reports for NEA and AID.
 
He will assist in following up with periodic inspections of work in
 
progress, to insure that quality standards and schedules are met.
 

6. 	Identify special training of utility to the Project and undertake
 
"on-the-job" or arrange for special Project training.
 

QUALIFICATIONS: Minimum 10 years experience in hydroelectric
 
engineering, planning and construction in developing countries,
 
preferably part in SE Asia. Past experience and specialized training
 
in "run-of-river" hydroelectric schemes desirable. Should have minimum
 
Bachelor degree in engineering (civil or mechanical), as well as
 
supplemental degree in Economics, Planning or, Public Administration.
 

SPECIAL OBSERVATIONS: Should be flexible, innovative organizer;
 
capable of managing operational details of overall Project. Some Thai
 
language, or at least past exposure to Thai culture desirable. Reports
 
to NEA Project Manager.
 



ri lineer 
S[ATION: Bangkok (NEA); ier;haps 50% of Lime in field 
DURATION OF CONTRACT: NEA line employee 

TiTLE: NI'A Fiold l 

DUTIES:
 

1. 	Forms a team and shares responsibilities with contract Construction
 
Manager to ensure generally high standards of design and
 
construction throughout.
 

2. 	Undertake relevant engineering analysis for selection of second
 
tranche sites.
 

OUALIFICATIONS:
 

SPECIAL OBSERVATIONS.
 



'r11.E: ConisLructiion Manager
STAT ION: Baiilkok (NIA); perhaps 50% of tie in field. 
DURATION OF CONIRACT: 39 months (est. May, 1982 - Aug. 1985) 

DUTIES: 

1. 	Form a team and share responsibilities with NEA Fields Engineer to
 
ensure generally high standards oF site engineering design and
 
construction throughout.
 

2. 	Assists in contracting for final engineering design and supervision.
 

3. 	Assists in contracting fur power plant procurement and civil works
 
construction.
 

4. 	Training of NEA employees, as required.
 

QUALIFICATIONS 
 Minimum 5 years experience in supervision of design

and construction of hydroelectric sites in developing countries.
 
Minimum Bachelor's degree in Civil Engineering.
 

SPECIAL OBSERVATIONS: 
 Willing to travel and work in isolated areas.
 
Good spoken Thai required. Past experiences in Thailand or SE Asia
 
desirable.
 



TITLE: Socio-economic Analyst t 
STATION: Bangkok (NEA); perhaps 20% of time in field 
DURATION OF CONTRACT: Total 18 months; utilized over four separate 
periods beginning July, 1982 and ending November 1985. 

DUTIES:
 

1. 	Generally responsible for detailed development of socio-economic
 
analytical models and concepts promoted by the PP and the. POU
 
Project Coordinator, including:
 

- site selection model (socio-economics, computerization as 

deemed appropriate, forecasting, survey techniques)
 

- manufacturing promotion analysis
 

- consumer promotion analysis 

2. 	Undertake socio-economic analyses for selection of second tranche
 
sites.
 

3. 	Furnish advice and socio-economic anaysis to NEA and RTG on
 
sectoral planning, as required.
 

4. 	On-the-job training of NEA employees as deemed appropriate.
 

5. 	Responsibility for establishing basic evaluation methodology for
 
overal! Project.
 

QUALIFICATIONS: Minimum 10 years experience in socio-economic planning
 
and 	analysis of infrastructure projects, preferably in areas directly
 
related to hydroelectric generation. Should have PhD degree in
 
eccnomics or sectoral planning or other relevant social science field.
 
Fluent in written and spoken Thai. Should have basic understanding of 
survey research techniques,;. htmlurstands and is ahle Lo operationalize 
Project conc,!rns of disLribuLiun and equity analysis at local as well 
as higher levels.
 

SPECIAL OBSERVATION: Because of nature of contract, and necessity to
 

use 	the same analyst over the life of Project, NEA may have difficulty
 
locating an appropriate candidate. Should explore all available
 
sources, including University, free-lance consultant, TISTR, as well as
 
local consulting firms.
 



TITLE: Consumer lPromoLiOn Specialist
STATION: Bangkok (NIEA); perhaps 50% of time in Field 
DURATION OF CONTkACT: 14 months; utilized over two separate periods
beginning July; 1982 and ending September 1984). 

DUTIES: 

1. 	 Responsible for field examination of all "downstream" Project
activities, including but not necessarily limited to: 

the'productive use of local electricity generation
 

- local operation of the Project generation system (coop or 
private ownership) 

- modification of hook-up costs or user tariff schedules
 

- local training needs 

2. 	Will participate in 1984 Project evaluation exercise.
 

QUALIFICATIONS: University education. 
Minimum 5 years experience in
 
consumer promotion-related activities and/or small-scale rural 
industry

and electrical applications thereto. Fluent written and spoken Thai,

knowledge of local Thai dialects desirable. Professionally motivated
 
to assist in development of rural areas. Some previous training in
 
economics. Innovative and analytically oriented.
 

SPECIAL OBSERVATIONS: Willing to travel under difficult rural
 
conditions. Preferably of rural origin. 
 Some skills listed herein may

have to contracted to other individuals.
 


