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Introduction to the Methodology 

This site-selection methodology has been custom designed for 

professionals in the field in the Dominican Republic, taking into 

account the technical, social, economic, institutional and environmental 

characteristics of the country. 

The state-of-the art methodology design icorporates inter alia 

* 	 field-tested procedures for the evaluation of the quality 

of available data. 

" 	field research and national, social and economic parameters 

as well as 

" the recent experience of the agencies of the Dominican 

Republic charged with the development of small hydroelectric 

reso urces. 



.0. 	 Establishment of Basic Site Selection Criteria 

This is an In-depth site selection methodology that has been 

developed to rank possible sites for the installation of small hydro­

electric power plants (SHPP) using a mi: of technical, economic,
 

social, institutional and environmental criteria. The sites that
 

have been ranked as the most attractive wil I be eligible for a more 

detailed feasibility analysis and for actual SHPP installation.
 

The 	 site selection methodolocy has been so organized that essential­

ly the same activities will be carried out for the feasibility 

analyses, albeit in greater detail, It incorporates state-of-the 

art appraisal or reconnaissance techniques that have been developed 

for low head small hydroelectric systems in the range of 100 KW to 

1 MW4 capacity plus available data on high head SHPP's. 

The methodology has been developed by a team of USAID consultants in 

conjunction with professionals of national agencies responsible for 

the development of small hydroelectric resources in the Dominican 

Pepublic including the mational Energy Policy Corminission (C.NPE), the 

Oominican EVectricity Corporation (CDE) and the National Hydraulic 

Resources Development Institute (IMORHI). 

The 	Site Selection Criteria are as follows:
 

- Technical 'liability Criteria are dependent upon the streamflow 

regime and the available head at the site and on whether the flow 

is regulated (through construction and operation of a dam) or un­

regulated,
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- Economic and Financial Criteria include benefit-cost ratio and 

internal rate of return while net present worth is used for 

ranking projects. 

- The Social Desirability of a project is measured by utilizing as 

a proxy criterion the level of community participation in the 

project. 

- The Institutional Criteria will reflect the degree of cooperation 

that exists between the different government agencies charged with 

the management of the nation's water resources as reflected in the 

current and planned water utilization projects in the watershed. 

- The Environmental Criteria will favor those projects that include 

a component of management of the watershed upstream frcm the site 

to minimize silting and to ensure a satisfactory stream flow re­

gime for meeting the technical viability criteria.
 

Z.O. 	 Selection of Specific Sites 

The set of sites that will be eligible for site selection studies and 

possible subsequent feasibility studies and plant installation will 

initially be chosen from the set of 39 small hydroelectric sites (of 

capacity in the range of 100 Kid to 1 MW) that have been identified in 

the report entitled "Inventario Nacional de Recursos Hidroelgctricos, 

Fase I: Proyectos Hidroelectricos Conocidos" that was published by 

the CNPS in May 1980. This list is subject to furtner amplification 

once the Master Plan for the Development of the Hydroelectric Resources 

of the Dominican Republic has been developed by the CNPE. 

For the Tcment, it is assumed that the clobal number of possible sites 

is 39 with a proected total capacity (by CNP.) of 37 MW. 7his number 

aill be reduced 4urther by the following considerations" 
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(I, As a result of a (forthcoming) technical agreement between the
 
(GO RO C) (GO OR)

Governments of Republic China/and the Dominicanthe of Republic/ 

the company Sinotech Engineering Consultants Inc., in conjunc­

tion with the I.ORHI will conduct site selection and feasibility 

studies for small hydroelectric projects in the following areas: 

a) the eastern zone of the country I mited to the west by the 

rivers Casur and Chav6n, 

b) the uoper basin of the Yaque del Sur River, upstream from the 

Sabaneta and Sabana Yegua Dams. 

c) the middle part of the Yaque del Sur River that extends from 

the Sabaneta and Sabana Yegua Dans to the Lianura de Barahona. 

d) the upper reaches of the Cala River, upstream from the Los 

Mesa Dam.
 

(ii) 	 A "first pass" reconnaissance study will have been performed 

through exchange of information and preliminary site visits 

focussing on project technical feasibility.
 

Thus the final global set of projects that will be eligible for site 

selection will be the original 39 mentioned above (less projects that 

are covered by the GODR -- GOROC Agreement) that survived the "fi rst pass 

reconnaissance study." 

3.0 	 Compiling Existing Information
 

An important initial step in the conduct of site selection study isa 

the compilation of pertinent existing technical, 
social, institutional
 

and environmental data. With this information at hand, the subsequent 

field 	visit to the site of the prciposel small hydro development will be
 

dedicated exclusively to filling the data gaps that are identified in
 

this step.
 



31. Technical Information 

The following procedure is suggested in making an inventory of the 

existing technical information for analyzing the hydroelectric poten­

tial of a site (Linsley 1958): 

a) Assemble the best available maps of the region, piecing together, 

if practical, a simple master map of the largest possible scale. 

Draw on the map the outline of the river basin under study. 

b) Assemble all pertinent hydrometeorological and hydrographic data 

files. Institutions that have extensive hydrconeteorological and 

hydrological data collection networks such as the Meteorological Dept., 

INDHRI, and the State Sugar Council (CEA) should be consulted, 

Locate on the master map the site of all observation statioIs 

using appropriate symbols to indicate the nature of the observa­

tion. Determine (from the literature or by interview) the ,methods 

of observation and types of instruments employed. Evaluate the 

reliability of the various items of data available. Prepare a bar 

chart showing the period of recordfor each item of data at each 

station. Indicate on the chart, changes in frequency or method of 

observation and the estimated reliability of data. 

c) 	 Survey all existing literature on the hydrolocy, climatology, 

geology and geography of the region. A good data source is the 

bibliography of the Environmental Profile of the Dominican Republic 

(USAID, 1981). Prepare a bibliography of this material, annotated 

for future reference during the survey. On reading this material, 

note any pertinent information or conclusion. 
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3.2. 	 Social Information
 

It will be necessary to characterize the community that will be
 

served by the SHPP in terms of population, energy demand and
 

economic resources. The following procedure is suggested for
 

making an inventory of existing information.
 

a. 	Contact agencies such as the National Housing Institute (INVI),
 

the Dominican Agrarian Institute (IADJ, the Community Develop­

ment Office (ODC), National Institute of Potable Water and
 

Sewage CINAPA) and the Foundation for Community Development
 

(FUDECO) as well as regional institutions such as the Institute
 

for the Development of the Southwest (INDESUR) or international
 

agencies such as the Interamerican Agricultural Science Ins­

titute (IICA), that may have on-going projects in the community.
 

b) Consult the following references for pertinent information:
 

1) National Household Survey, made by the Central Bank
 

(Banco Central) in 1976.
 

ii) Rural Household Energy Survey, made by Practical Concepts
 

Incorporated in 1980.
 

iii) 	 Survey of Economic Resources of Small Farm Households,
 

Secretariat of Agriculture, 1976.
 

3.3. 	 Irstitutional Information
 

It is Important to find out if any other projects are being planned
 

or executed in the watershed upstream from the site that may affect
 

the quality or quantity of water available at the site. As a
 

minimum the following institutions should be consulted on their
 

current or planned future projects in the watershed in question:
 

i) 	The National Hydraulrc Resources Development Institute
 

kINORHI)
 

ii) The Dominican Electricity Corporstion (COE)
 

iii) The National Potable Water and Sewage Institute (INAPA)
 

iv) The National Forestry Directorate (FORESTA)
 



3.4 	 Environmental Information
 

it is vital ly important co gather information on the state of the
 

watershed upstream from the site. In particular, any information on
 

factors that would be useful in indicating the degree of soil eros ion
 

such as soil,land use (including forest ;ieserves), agricultural
 

practices (are slash and bum practices in vogue?), slope of the wa­

tershed, and microclimate should be highlighted.
 

P4.0. 	 The Site Visit 

The site visit will be designed to familiarize the engineer with the 

site, the condition of the watershed upstream from the site and to 

gather other pertinent data, when deemed necessary. As far as possible, 

check the details of the topographic maps, especially the direction of 

flow of streams. Use photographs to illustrate the various types of 

terrain, vegetal cover and stream channel characteristics of the water­

shed. Special note should be taken of the practices of road building 

and agricultural management in the watershed insofar as they affect 

soil erosion. Visit the watershed hydrometeorological and runoff 

stations noting condition of equipment and the techniques of observa­

tion 	to support the evaluation of data reliability,
 

Ifavailable data are limited, it is orudent to augment the data base 

through the immediate Installation of gauging stations. Crude rain 

gauges can be fabricated from tin cans, small gauges can easily be 

made 	 by painting scales on existing st-uctures or on planks and float 

measurement of streamflo can be easily accomplished. 

5.0. 	 Rie.!d Survey 

The field survey incorporates data gathering on technical, soclo­



economic, institutional and environmental aspects of the potential
 

SHPP development.
 

The field questionnaire has been formulated by CNPE with additional
 

input from the USAID consulting team. It has been designed to sum­

marize all pertinent information on the site For convenient reference.
 

(See Appendix I).
 

Optimally, the survey team will consist of a field engineer, an expert
 

in natural resources management (such as a soil scientist), and a 

sociologist. This team can start gathering pertinent information before 

the site visit (e.g. hydrological data, census data, etc.). The survey 

can be conducted in 1 or 2 days, provided local authorities may be inter­

viewed at that time. (Also consult Section 3). 

6.0 	 Processing of Hydrological Information 

Hydrological information will be processed with the objective of 

generating information on the available streamflow through the 

preoaration of a flow duration curve --an important tool in the pre­

liminary design of hydroelectric systems. In many areas, streamflow 

records will be defective or non-existent. In such cases, it will
 

be necessary to express the streamflow records using techniques that
 

enable one to use available informatior from other sources such as
 

streamflow records of adjoining watershec:s. Likewise it is prudent
 

to analyze the data for changes in the flow regime caused by changing
 

land use patterns or by the introduction of projects that involve
 

the consumptive (such as potable water supply, irrigation) and non­

consumptive (such as other hydroelectric projects) use of water up­

stream 	from the site in auestion.
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6.1. 	 Generation of a Flow Duration Curve 

Assuming the availability of a flow record at the site under study, a 

two-step hydrological analysis is used to calculate the available flow: 

1) An appropriate record of flow versus time period (year, month, day) 

is generated. In statistical terms this record is called a time 

series. 

2) A flow duration curve isgenerated. 

The methodology for preparing a flow duration curve is first to rank 

order the time series by daily, monthly or annual mean flows according 

to magnitude. The rank ordered values are then assigned order numbers, 

the largest beginning with order 1. The order numbers are then divided 

by the total number in the record and multiplied by 100, thereby repre­

senting the percent of days that a particular mean flow has been equaled. 

or exceeded during the period of record analyzed. 

The flow duration curve represents graphically the results of the above 

analysis where the flow (Q) is plotted against the percent exceedance. 

References to flow duration curves are usually made as Q50 , q30' Q10 etc., 

indicating the flow values at the percentage point subscripted. Fig. 6.1 

is an example of a flow duration curve. 

Because flows at specific sites generally follow cyclical variations as a 

function of within-year periods, it is recommended that the analysis be 

based on monthly flow durations. 

6.2. 	 Extending Streamflow Information 

Extending streamflow information through correlation or regression analysis 

must be handled with extreme care on the understanding that simple regres­

sion analyses produce estimates of means of the missing values. 
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Multiple regression techniques can be used to relate flow characteristics
 

,4thpertinent physical or hydrological characteristics using a relation­

ship such as the following (Gladwell, 1980)
 

al a2 an
DS '.,--a x 23 3... XnI X ~Xo 


where,
 

DS.-the flow statistic of interest; e.g.,
 
mean, standard deviation, mean annual
 
flood, etc.
 

X1 -catchmenc hydrological characteristics. 

al -regional coefficients.
 

A simple example of the use of this kind of relationship is the case of
 

relating the mean discharge to the watershed area.
 

6.3. 	 Maintainina Data Quality
 

The use of hydrological data for design purposes is based on the simpli­

fying assumption that future conditions may be represented approximately
 

by past records provided that data are homogenous and of long-enough
 

duration to be statistically manageable. The following discussion deals
 

with these factors.
 

Homogenei-7 of Data. The primary requirement of hydrologic data is
 

that they be homogenous, i.e. samples taken from the same population.
 

There are two types of non-homogeneity of concern in hydrologic data
 

analysis; 1) mixed (data) population and 2)trend and cyc]j'ei:
 

Data from mixed populations usually result from human activities in
 

the watersheds such as the construction of a dam upstream or the de­

nuding of the land cover through a forest fire or bad agricultural
 

practices. The existence of this type of inconsistency is readily
 

detacced from a plot of a hydrological parameter, such as flow, with time
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Another 	method for detecting inconsistencies in hydrologic data is
 

the double mass curve which is a graph of the cumulative data of one
 

variable versus the cumulative data of another related variable. As
 

long as the physical conditions (such as land use practices in the
 

watershed) remain the same, the relationship between the variables is
 

a fixed ratio. Breaks in the double mass curve indicate data incon­

sistencies. Careful analysis of the cause of the data inconsistencies
 

should lead to appropriate corrective action, especially for runoff
 

data (Searcy and Hardison, 1960).
 

Existence of persistent trend and cvclino in the data may also be
 

detected from simple time plots if sufficiently long records are avail­

able or 	through the use of regressing moving averages.
 

Length 	of records should span periods of extreme events to facilitate
 

the planning needed to yield solutions that would be most effective in
 

providing for future critical periods. All possible information sources
 

should 	be consulted, including written and oral records, to learn about
 

the flood and drought history of the catchment area under study.
 

7.0. 	 Social, Institutional and Environmental Guidelines
 

These guidelines are useful in evaluating the "human" aud "natural"
 

context of the SHPP development. They aim at a clear evalvation of
 

the management capabilities which are required to put in place (includ­

ing the appropriate timing of construction) and later administration of
 

the SHPP.
 

For example, consumptive uses of water originating in the watersheds may
 

be such that there is insufficient water available for operating the
 

SPP satisfactorily. Alternatively, the watershed may be in such a poor
 

condition to preclude the installation of an SHP? until restoration
 

measures are in place and are seen to be working.
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7.1. 	 Social Analysis 

The results of the survey will be used to conduct the social analysis 

of the site. The analysis will consist mainly of the assessment of
 

two aspects of the community: 

a) the degree of participation of its members in the decision­

making and implementation process. 

b) the present and future demand for electricity, This point 

will be covered in section 8. 

The degree of community participation in the cycle of the SHPP project 

will indicate the social desirability of the plant in the community.
 

The greater the level of community organization and participation in 

the implementation of the project, the clearer the indication of 

desirability and, presumably, of willingness to use the service. 

The social analysis must look for possible adverse effects of the SHPP 

installation and operation such as: 

a) the aggravation of an skewed income distribution pattern in 

the community, (in most rural economies the land tenure system 

can be used as an indicator of wealth distribution). For ins­

tance, this could happen if cheaper energy prompts mechanization 

to the detriment of rural employment opportunities, Cheaper 

energy could also have a negative impact on candles and kerosene 

merchants; this impact would be a function of the number and
 

wealth of those merchants. 

b) the imPact of rural electriciation on migration is difficult to 

/ hand,evaluate in the absence of hard data.- On the one it 

tccan be argued that electrification brings uroan amenities the 

village which can contribute to stem migration. 

1/ iurvey ana Poncerscn, p. Io 



7.2. 	 Institutional Considerations 

An important institutional consideration is determining the current and 

future action by national , provincial and local institutions that affect 

the availability of water at the site in question. Thus the information 

gathered n this topic at the data compilation stage should be cross­

checked against information provided by local citizenry to the survey 

interviewe rs. 

Another institutional consideration is determining the degree of involve­

ment of the SHPP customers inprotecting their SHPP watershed. In many 

cases, a citizenry that has demonstrated a high degree of participation 

in the whole process of getting an SHPP on line will be very receptive to 

suggestions that they should protect 'their' watershed (by providing guards 

for example) from any actions that might deteriorate the watershed. A 

written statement by the Iccal Council or Ayuntamiento agreeing to execut­

ing appropriate watershed protection measures when necessary should be 

provi ded. 

7.3. 	 Environmental Considerations 

Environmental considerations include: i) consideration of the SHPP catch­

ment area and ii) location of the SHPP civil works and appurtenances. 

Characterization of the SHPP catchment area 

As has been mentioned earlier, the site visit will gather information to 

characterize the SHPP site in terms of the suspended stream sediment 

As a result of the tndicenous characteristics of the watershed(such as 

slope, soils, climate and forest resources) and tne intervention of ,man 

(through land use and deforestation). an extensive record of sediment 

levels 	should be compiled. 
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A judgement will have to be made if present and projected sediment
 

levels are such that a SHPP should be installed at the present time
 

or postponed until the watershed has been restored to a satisfactory
 

level.
 

The location of the SHPP and appurtenances should be excluded from
 

projected areas such as national parks, forest reserves, wildlife
 

preserves and sanctuary refuges.
 

8.0. 	 Demand Calculacion and Forecast
 

These calculations are necessary for:
 

a) estimation of the required size of the plant.
 

b) determination of the tariff structure
 

c) calculation of the financial and economic benefits,
 

8.1 	 Calculation of Present Demand
 

In order to calculate the potential p.esent demand it is useful to
 

disaggregate the demand into the different types of consumers:
 

1) households (h/h)
 

2) industry and commerce
 

3) agricul ture
 

4) public services
 

Census data will provide information on the population size, This
 

must be updated with survey data.
 

The number of h/h wi1 Ibe the pooulation divided by the average
 

number of members per h/h (6.4 oer h/h)-!/
 

The existing oubiic, industrial, commercial and agricultural use of 

energy will be provided by the survey. 

7, AID-COSS F"fd3, 0.3. 



Tables 8-1 and 8-2 provide the energy requirements of h/h appliances 

as well as demand ranges for small scale enterprises. The aggregate 

of known (ifvillage is already electrified) or estimated existing 

demand plus the i mmediate incremental demand will yield the "present" 

electricity demand at inauguration of the plant. 

8.2. Household Affordability Calculations
 

A grosso modo estimation of household affordability can be obtained by 

calculating the average monthly energy expenditure Uincluding only 

items which will be replaced by electricity such as candles, kerosene, 

perhaps oil fuel and batteries) less the estimated average h/h expen­

diture in electricity. The measure of affordability gives an indica­

tion of the least amount of cash a h/h would be willing to pay for 

the 'dllinaness to pay"electricity. This calculation does not include 

lighting provided by elec­consideration due to the higher quality of 


tricitT.
 

8. 	 3. Demand Load Forecast 

aIn situations of information shortages, forecasting demand involves 

good deal of judgement, especially in areas hitherto without service. 

complement survey data with informationIt is therefore necessary to 

The followina procedure for the calculationfrom different sources. 


of projected demand is suggested:
 

Historical data from comparable vil laces within :he recion: 

the most concrete basis for forecasting is the growth pattern 

in electricity demand in nearby comparable sites supplied by 

-/ and the growth rate,electricity.- Given the existina demand 

10 year projections can thus be extrapolated. 

This methodology assumes a conservative demand growth rate of 3 

Z/

per year.­

/ This information can be ootained at COE. 

2/ For a more detailed methodoiocy the COE-SOFREL- C Plan de Exoansi6n del 
1980, po. 44-83 can be consuited.Sstema E1ictri:o, December 
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TABLE 8-1 - DEMAND LOAD FOR HOUSEHOLD ITEMS
 

Light bulbs 25, 50, 75 or 100 w. 

7luorescent lamo (equivalent: 
to 100 w.) 20 w. 

Radio 5 w, 

Television (18") 14 w. 

Refrigerator (6 f:.) 180 w. 

Blender 100 w. 

Fan 35 w. 

Sewing machine 100 w. 

Small clothes iron 300 w. 

SOURCE: 0. Chaquea Blanco et.al. Viabilidad de las Microcentrales
 

Hidroeloctricas en Colombia, Fundaci6n Mariano Ospina Perez,
 

Bogot, Octubre 1979, pgs, 21 and 23.
 



TABLE 8-2 DEMAND LOAD FOR SHALL SCALE ENTERPRISES
 

ACTI VITY REQUIRED CAPACITY (Kw) 

CARPENTRY 3 - 15 

BAKERY 2 - 5 

CRAFTS 1 - 2 

SMALL SAWMILLS 15 - 30 

GRINDERS 10 - 20 

LOOMS 0.5 - 6 

COFFEE GRINDER (COMMERCIAL 5 - 30 

QUARRY MILL 6 ­30 

ICE MAKING 6 ­ 60 

I RRIGATION PUMP 2 -100 

BRICK FACTORY 1- 5 

ALSERGUE (20 guests) 2- 5 

RESTAURANT 1- 2 

VEGETABLE CANNING 5 ­ 20 

DAIRY PRODUCTS 2 - 10 

MILK (cooling and pre-evaporatIon) 5 - 20 

ELECTRICAL AND MECHANICAL WORKSHOPS (repairs) 5 - 15 

GAS PUMPS 2 -100 

SILOS 3 - 5 

SOURCE: 	 PROGRAMA REGIONAL DE PEQUEqAS CENTRALES HIDROELECTRICAS DE 

OLADE, REQUERIMIENTOS Y METODOLOGIAS PARA LA IMPLEMENTACION 

MASIVA DE PEQUERAS CENTRALES HIDROELECTRICAS EN LATINO
 

AM ERI CA, 	 DOCUMENTO OE TRABAJO, QUITO, 26 CE JUIO DE 1980, 

ANEXO VIII. 



TABLE 8-3: ILLUSTRATIVE ANNUAL ENERGY DEMAND GROWTH RATES 

I. 	 SOFRELEC' Estimates of Average Annual Energy Demand Growth rates 
for different rural sectors ?1978-1992) 1/ 

- Method 1: Using explicit (economic) variables. 

For this method, SOFRELEC doesn't break down rural con­
sumption into the different types of consumers. 

Average annual growth rate: 12.9% 

- Method 2: Using predetermined objectives 

The rural consumption is broken into the Follcwing cate­
gories wi th the respective average annual growth rates: 

- Residential 9.5% 

- Commercial and small 
industry 8.4, 

- Governmen t 4.71. 

- Agriculture 36.3' 

-/Sou rce: Calculated from SOFRELEC, op. cit. pp 59-74. 

II. 	CNPE's Estimates of Average Annual Energy Demand Growth rates 

for all sectors (1978-2000)1/ 

SECTOR 1978 - 1990 1991 - 2000 

Industry 6/,_ 6; 

Comme rci a 1 9 5 

Agriculture 2 

Residential 6 2 

1 Source: 	 Calculated from CNPE, Energy Strategies for the 
Dominican Republic, op 40- I. 
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Table 8-3 gives anmual energy demand growth rates as calculated by 

SOPRMFC and CYPE. 

8.4. 	 Re-evaluation of preferred Design 

After the final scheme selection, if proposed installed capacity 

exceeeds the 10-year demand projection, calculations of present and 

future load of nearby villages which could be included in the S?? 

system should be taken into account. In the absence of these 

villages, go back to the design stage and redesign the plant by 

scaling down plant capacity considering a multiple-unic installation 

or grid interconnection. 
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9.0 	 Alternative Layout Schemes 

The first level analysis that is presented in the methodology is 

intended to address all possible development alternatives of a 

potential hydroelectric site. The initial step in the technical
 

evaluation of a given resource is accomplished with the derivation 

of an approximate flow duration curve as described in the sixth 

task. This information combined with the gross head aai lable at 

the site is a starting point for the delineation of alternate 

project layouts. This section will deal with: 

- The 	determination of available head 

- Guidelines for alternate project layouts 

- Graphical selection of turbine type 

9.1. 	 Determination of Available Head 

The first step in evaluating the available head Is to establish the 

location of the powerhouse geograpP'cally. This should be accom­

pl ished with the use of topographic maps in conjunction with a 

visual inspection of the site. Criteria to be considered in its 

location would include accessibil ity for construction equipment, 

length of tailrace to return discharge to the stream or conduit and ceo­

-t'.o9La conditions. The gross static head is then determined by 

the difference in elevation between the proposed tailwater and head­

water. In the case of very high head installations (greater than 

lOOm) this can be accompl ished to a reasonable degree of accuracy 

with an altimeter accurate to - 5m. Topographic naos with lOm contours 

are sufficiently precise for elevation differences beteween ZO and 100 

sur/eying equipment shouldmeters. Below Z0 meters a sight level or 


be employed.
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The head available for power production should be reduced by 5^ to 

account for conduit losses. If the upstream water surface (head 

water) varies by 10% or more as a result of upstream regulation due 

to irrigation or othz-r hydro installation, or if the proposed 

schemes include an active storage capability necessitating daily or 

weekly drawdowns, 90% of the adjusted head should be used for power 

determination. 

9.2. 	 Guidelines for Alternate Layout Schemes 

Alternate schemes for the development of the resource may vary in 

number from a single development to a possible four or five satis­

factory alternatives. In order to optimize the resource it is pro­

posed that all possibilities are sketched on a first-pass basis. 

The alternatives are of course, very site specific and will include 

some or all of the following considerations: 

- Accessibility of the powerhouse
 

- Transmission line routing to the distribution system or grid.
 

- Dual or competitive use of water resource.
 

- Local power and energy requirement:.
 

- FPussibil ity of future connection with the grid.
 

- Seasonal flows or flows regulated by irrigation.
 

- Availabiiity of local labor. 

- Existing impoundment facilities or natural geological formations. 

- Cwnstream environmental considerations, i.e. fisheries, cormnun­
ity water supply. 

- Condition of upstream watershed. 

Alternative layout scneme that result from the preceeding may include: 

- High head installation. 

- Low head installation.
 

- Power canal configuration.
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2. 

FIGURE 9-1 THE SELECTIONJ AND CAPABILITIES 
OF SMALL HYDROELECTRIC TURBINES 
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MAXIMUM FLOW ABOVE WHICH TURBINE 
CANNOT BE OPERATED (IF APPLICABLE) 

A 8 MAXIMUM TURBINE FLOW (FOR PLANT) 

TURBINE DESIGN FLOW (FOR PLANT) 

MINIMUM TURBINE FLOW (ONE TURBINE) 

C.o 

IYC0U. E 


PERCENTAGE OF TIME FLOW
 

EQUALLED OR EXCEEDED
 

r; igue 10-1 Vroced.-e for Use of .low-Duration Cu..re 
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- Installed capacity less than that which the resource could 
support. 

- Configuration involving some storage capability. 

- Installation of multiple equal or unequally sized units. 

This task is not intended to produce detailed drawings or to Include
 

refinements of the layout. It is intended to present a relationship
 

between the geography of the area, competing water uses and power 

generation as it relates to the community to be served. Gross dimen­

sions as to approximate length of penstock and/or canal , length and 

height of dam, approximate location of irrigation works, rough dis­

tances to grid and community and other pertinent information should
 

appear on the sketch. It is possible, ;f not probable, that during
 

the course of the sketching an alternative may be eliminated due to
 

conflicting circumstances. The plan sketches should be drawn to a
 

rough 	scale and the gross head and available flow noted on each.
 

9.3. 	 Preliminary Turbine Selection
 

Each alternative project arrangement is evaluated as to the most
 

efficient turbine for that layout. Figure 9-1 will be used to deter­

mine the turbine or turbines tat are applicable to the specified head
 

and the flow correspondina to QO from the flow duration curve of
 

Figure 6-1
 

10.0. 	 Estimation of Power F,Energy 

The installed capacity of the turbine must be selected with two 

major factors inmind: a) Optimization of the resource and b) 

projected demand of the conmunity to be served. This task will be 

performed at two di-stinct .unctures in the methodology. First, as 

the step following the identification of all possible alternatives,
 

it will be utilized to estimate :'e oatimn capacity and energy 

production of each scheme. Secondly it .yil' be revisited following 
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the selection of the preferred scheme to re-examine the recomnmended 

installed capacity in light of local demand requirements. The latter 

consideration may result in a re-sizing of the turbine or re-examination 

of multiple unit installation due to unacceptable decrease in turbine 

efficiency caused by reduced loading.
 

10.1. 	 Use of the Flow Duration Curve - Preliminary 

The flow duration curve prepared in task number 6 may be emp~oyed with 

a reasonable degree of accuracy to predict the annual energy production 

of an i rtallation. It is generally accepted that the 15% exceedance 

flow should be used for the m.,ximum turbine flow. This is illustrated 

in Figure 10-1. The flow duration curve is entered at the 15 exceed­

ance point and a horizontal line A-B constructed. The turbine design 

flow (Q0) will then be 0 /1.15. The minimum flow Q . , below 

which the turbine cannot be operated, is assumed to be at a rate .3Q0 

or 30. of the de,;ign flow. This minimum flow will vary with the effi­

ciency characteristics of the turbine. For example, a fixed blade 

propeller unit will have a 0 . equal to 50' of the design flow or 
min 

.5Q0.0 At the intersection of the minimum flow and the curve, a ver­

tical line C-D is constructed. The area ABCDOA wil I then represent 

the average flow available for power production 100 of the time. This 

area may be calculated in a variety of ways: 

1) A mathematical integration of the curve 

2) Laying-out a grid and counting the squares 

3) Straight line approximations employing triangles and rectangles. 

The area will have the dimensions of flow as :he abcissa is aimensionlesz. 

This flow value Qav, can then be used "o calculate trhe average annual 

energy for each scheme as fol lows: 
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Eav Qav x Heff x 9.804 x +x 8760 x .95
 

where Qaj* Average annual power flow (m3/ sec.)
 

Hef f , effective head available for power production (M.)
 

- average turbine efficiency ( .85) 

8760 • # of hours / year 

.95 = reductior factor to account for unavoidable water losses. 

The installed capacity P. can then be determined
 

P! = Q 0 x H0 x 9.804 Y.
 

where Q0 U design flow (m3/sec)
 

H D = design head (m.)
 

The foregoing procedure for determination of installed capacity and
 

average annual energy is presented for a run-of-river installation.
 

The use of multiple turbines will have the effect of being able to
 

util ize higher flows and lower flows than predicted above. As a
 

result, the average annual energy will increase as well as the ins­

talled capacity. Similarly, regulated flows, such as on an irriaa­

tion canal will enable the QD to be equal to the Q0max if the higher
 

value is available at a 10 - 15% exceedance level. An installation
 

utilizing a storage capacity will have the same average annual energy
 

as calculated but the installed capacity can be varied depending on
 

the length of time of power discharges for peaking requirements.
 

These factors can be weighted and estimated in the preliminary deter­

minat ion of power and energy for each alternative. 

10.2. 	 Final Power and Energy Determination 

Following the selection of the preferred scheme and conceptual design 

in task 13, a review of the installed capacity and aniual energy pro­

duction should be made. Various refinement will be introduced to the 

sketch of the selective alternative and Table 10-1 will be completed 
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Table 10-1
 

Power & Energy Output Summary
 

Site location / name-

Preferred Scheme: 

Turbine discharge 

maximum 1 151 Q 
Min imum 309O Q0 


Des ign D 


Gross Head 

Maximum (highest headwater, 

Minimum (lowest headwater, 

Ave rage 

Design 


Head Losses 

Penstock (D- : V= : 
Miscel laneouT "--_m. 
Value 
Total 


Effective Head
 

Design Head (H - HZ)0 


Plant Capacity 

Design tO o x Her f x 9.804 x 

Average Annual Energy 

Average Flow (Flow-Duration 
Average Energy (0A x He f x 
Plant Factor E/(P x 8760) x 

Load Factor 
Year 1 (Annual energy 

Year 10 

Qmax 
Qmin 

D_ -

3 m3 /sec. 
m /sec. 
m3/sec. 

lowest tailwater) 
highest tailwater) 

H 
HD 

ms 
m. 
m. 

--Me 

L- ) 

H2 

m. 

MI. 
m. 

Heff m, 

.85) P Iqq. 

Curve) 
.95 x 8760 
100 

_ 
x8.33') e'__wh 

FP 

_ _ m3/sec. 

Cons.)/E LF 1 

LF10 

SOURCE: Tudor Engineering 
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TABLE 10-2
 

PENSTOCK HEAD LOSS
 

FrlCIIeN IN IEAd L-3S Pt.R luO FtET uF P.NSiOC& 
Di ame ter Z 4 6 6 10 12 14 16 1 20 Misc. Valve 

(FT) Loss Loss 
Ve loci ty (FT) (FT) 
(FT/S EC) 

10 1.38 .55 ,31 .22 .16 .13 .10 .09 .07 .06 0.75 .80 

12 1.99 .79 .46 .31 .23 .18 .15 .12 .11 .09 1.00 1,10 
14 2.71 1.07 .63 .43 .32 .25 .20 .17 .15 .13 1.30 1.50 

16 3.54 1.40 .82 .56 .41 .32 ,26 .22 .19 ,16 1.60 2.00 

18 4.47 1.78 1.03 .70 .52 .41 .33 .28 .24 .21 2.00 2.50 

20 5.52 2.19 1.28 .87 .65 .51 .41 .35 .30 .26 2.50 3.00 

NOTES: 1. Friction head loss is given in feet per 100 feet of steel penstock, 
based on Manning/Strickler formula with n = 0.11. For concrete the 
above values should be multiplied by 1.62.
 

2. 	Miscellaneous losses include intake and conduit loss and an allowance
 
for 	the trashrack, entrance, transition and two bends. 

3. 	 Valve loss is based on one butterfly valve at the turbine inlet, as­
suming the same velocity as for penstock. 

4. 	To obtain head loss select diameter (0), velocity (V) and length (L)
 
compute friction loss then add miscellaneous loss and the valve loss
 
if applicable.
 

EXAMPLE: 	 Gross head - 60 ft; diameter - 10 ft; velocity - 12 ft/sec; 
length - 200 ft. 

200
Head loss 	a=,-" x .23 + (1-0) + (1,10)
 

- 2.56 ft. 

Net 	Head - 60 - 2.56 - 57.44 ft, 
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Decisions will be made as regards penstock configuration, valve
 

arrangement and headworks equipment. The result of these preliminar/
 

design considerations will enable the use of Table 10-2 to calculate
 

a more refined determination of head loss, Following the completion
 

of Table 10-1 the load factor in year one and year ten should be
 

analyzed qualitatively. Curves for turbine efficiency are available
 

and they should be consulted to determine the effect of the load
 

factor on turbine performance. 

Reaction turbines are restricted on the low side by unstable opera­

tion and vibration that severely curtail the useful life of the unit. 

Normally this condition occurs between 20 and 4O of rated load. 

For this reason the demand and energy requirements of the community 

must be considered fully. The preferred scheme may be altered at 

this point in any of the following ways should this condition exist:
 

- Modify plant capacity to fall within reasonable operating 

range according to demand. 

- Retain capability of optimal development of resource by ins­

tallation of part of the installed capacity at initial construc­

tion with provisions for a second or third unit as demand
 

grows or likelihood of system grid connection increases.
 

- Select another development option that may be more cost effective 

although not optimizing resource. 

- installation of a constant load to provide an additional community 

or natioial service not considered heretofore. 
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11.0 Technical Evaluation of Alternative Schemes 

At this point of the site selection process, sound engineering judge­

ment is used to evaluate the relative effectiveness of alternative 

schemes assuming a given power and energy demand profile. The tech­

nical input to the evaluation process will be based on the alternative 

sketches and preliminary calculations previously developed plus ex­

perience in civil construction in the Dominican Pepublic . Special 

emphasis shall be put on 

0 	 Suitability of each proposed scheme for multiple water use 

(potable water supply, irrigation as well as the generation of 

electricity) where pertinent. 

0 	 Conducting a tradeoff analysis of major flow conduction items 

(e.g. a 	comparison of the appropriate relative lengths of the 

conduction canal and the penstock).
 

* 	Conducting a tradeoff analysis of major equipment items (e.g. 

turbine selection) 

" 	 Construction considerations - contrasting the construction of 

a short conduction canal over difficult terrain with the putting 

inplace of a long conduction canal over easy terrain.
 

" 	 Location of the powerhouse - comparing the location of the power 

house at a site that optimizes head utilization versus a site that 

ismore accessible but less efficient inhead utilization.
 

" 	 Major uality considerations in turbine selection - reaction tur­

bine are more sensitive to pitting and cavitation cables by water
 

tnan impulse turbines.
 

11.1. 	 Final Evaluation of the Prooosed scheme 

Following the choice of the recommended development (See Task 12) and 

subsequent to review under the criteria of tasks 7,8 and 10, an additional 
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evaluation based on any pertinent new criteria or inputs will be under­

taken.
 

12.0. 	 Selection of Preferred Scheme 

eased on the evaluation of the preceding task, the preferred scheme will 

be designated. The scheme will be fleshed out under Task 13 and will be 

re-evaluated under the procedures outlined in Tasks 7,8,10 and 11. 

13.0 	 Conceptual Design of Preferred Scheme 

A final layout will be prepared of this stage that will specify the 

following: 

- Turbine type 

- Estimated dimensions of civil works based on experience 
and available curves 

- Generator (induction or synchronous) 

- Transmission Requirements (length, voltage level) 

- Highlighting of any extraorainary feature or equipment that may be
 

necessary for development. 

13.1 	 Turbine Selection
 

The designs and performance of turbines available from manufacturers
 

vary and It is impractical to perform a detailed analysis of all the
 

various units offerred when eviluating the feasibility of a nydro­

electric power project on an appraisal level. The variance in design 

and performance generally occur at the off-rated conditions and have 

a negl igible effect on the accuracy of the study. 

Descriptions of available turbines and their general characteristics 

are listed in Aopendix i4. While the choice of machinery is by no 

means a final determination, the turbine type (impulse or reaction) 

should be decided. Many manufacturers are standardizing turbine sizes 
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which 	 represents a considerable cost saving over a custom made turbine. 

While 	most standardized designs fail in the low-head category in the U.S., 

some European manufacturers are offering standard impulse turbines. A 

list of turbine manufacturers, the types of turbines they produce and 

whether standard designs are available ispresented in Appendix 3. 

13.2. 	 Civil Works 

The choice of turbine or turbines wil I influence the civil works of the 

powerhouse and the amount of excavation required for the tailrace. Rough 

dimensioning of the powerhouse and tailrace is advisable for high head 

(greater than 60m) installations as composite curves for cost analysis 

are not available at the time of this printing. If a multiple unit ins­

tallation is proposed the number of bifurcations will be noted. The head­

works and intake structure will also be aoproximately specified. This 

will be a function of conduit size that can be determined by using the 

design flow (Q.) and an average velocity of 4.3m./sec (14ft/sec) and the. 

rel at ionship: 

0 .	 AV 

where A - crossectional area of
 
D2
 = 
conduit 


4 

V a velocity' 

QD a design flow 

solving for diameter yields: 

,he length and width of the power canal (if applicable) and the crest 

length and height of the diversion dam should be specified. Again these 

dimensions do not require a detailed design exercise, Rather, an
 

estimate of these quantities is sufficient. 
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13,3. Generator Selection 

In most cases where the installation will be isolated from the power 

grid a synchronous generator will be specified for the electrical 

equipment. Many manufacturers of turbines will quote a package price 

on a turbine-generator set as the generator must be compatible with 

the specific speed of the turbine. Inherent in the decision to employ 

a synchronous unit is the inclusion of an excitor and speed regulating 

governors. The specification of electrical design, protection equip­

ment and speed control is beyond the scope of this analysis 

Should 	 the facility under consideration have the capability of being 

connected to the grid an induction generator should be considered. 

Excitation, frequency control and voltage regulation are provided by 

the line and thus the electrical equipment costs can be reduced sig­

nificantly. 

13.4. 	 Transmission Requirements 

An approximate transmission line routing will be sketched and a 

qualitative judgement made as to the difficulty of construction in the 

given terrain. The voltage level of the transmission line and length 

will be indicated. Ifthere is an existing distribution system or a 

grid connection isproposed, voltage and capacity should be noted and 

transformation requirements indicated. 

13.5. 	 Miscellaneous Features 

Any additional civil or electrical features that require consideration 

in the costing phase should be noted. These features may include the 

necessity for construction of a sedimentation pool, a small tunnel, or 

any extraordinary electric equipment that might be required for the 

development of an specific site.
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14.U. 	 Final Cost Estimation, Flnanclai & Economic Analysis
 

An important aspect of determining the preliminary feasibility of a
 

potential hydroelectric development isan estimate ot the costs in­

volved in the construction and an analysis of the annual operating ex­

penses. This, combined with an estimate of demand and a delineation
 

ot alternative generation with associated costs isnecessary for the
 

prioritization of resources.
 

Cost curves have been compiled by Tudor Engineering Co. for construc­

tion and equipment expense for low-head hydroelectric projects in the
 

U.S. that enable one to quickly estimate project capital cost. These
 

curves See Appendix IV)were derived for four general project arrange­

ments and consist of composite costs for specific construction casks.
 

It is realized that these curves are not particularly appropriate to
 

small hydroelectric development inthe Uominican Republic due to the
 

following observations:
 

" Civil works involved inpowerhouse construction are
 

considerably decreased ror high head installations.
 

The cost of labor inthe Dominican Republic isnot
 

comparable to U.S. cost resulting inthe use of labor
 

intensive construction methods inthe D.R.
 

" Equipment requirements and thus costs for high nead
 

sites vary az different rates than for iow mead sites.
 

" Shipping costs must be considered.
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14.1. Costing Procedure
 

The project data sheet as presented in Appendix IVwill be helpful in 

obtaining a listing of componer-,s of the project that have the greatest 

impact on the total cost. This will be completed using the preferred 

scheme as revised by previous reviews of demand, potential generation 

and capacity and socio-economic factors. 

The cost compilation sheets presented inAppendix IVpages 4-4 through 

4-7 will serve as an example for the depth of cost breakdown required 

for this analysis. For instance, the power plant account, item 4, 

page 4-5, list the items to be considered on a per unit basis. Civil 

features are dependent on the turbine type and installed capacity which, 

in turn, isa function of head and flow. The curves provided in the 

remaining pages of Appendix IVprovide the costs for each of the 

categories as a function of an estimated design paramenter, i.e. power­

house & equipment costs as a function of effective head and installed 

capacity. 

It is strongly recommended that cost data, particular to the Dominican
 

Republic, be compiled in a form similar to the curves prepared by Tudor
 

Engineering and presented inAppendix iV.The compilation will require
 

cost information from manufacturers (foreign a domestic), unit cost data for
 

civil works based on experience and generalized design s hemes that will
 

be representative of the major part of the proposed projects. Data will
 

be drawn from a .ariety of sources including some of the applicable cur'ves
 

presented herein. An index will be adopted that relates the costs to the
 

year of pricing that wili enable the curves to be easily updated for
 

future use.
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14.2. Analysis of Cost Effectiveness 

The 	 cost effectiveness of a hydroelectric project is dependent upon 

same demand. In the Dominican
the adternatives available to supply the 

Republic the available alternatives differ on a site-specific 
basis and 

such. The following list identifies the majormust be considered as 

of existing electric service
options for electrification or augmentation 

repre­
with the development of a hydro-electric resource. The options 

the majority of situations.sent 3 general categories and will serve for 

or region that previouslya) Rural electrification of a community 

nor. had central electric service and has a low probabilityhas 


of being connected to the system grid.
 

b) Rural electrification of a community or region that has a
 

definite possibility of being connected to the system grid.
 

c) Kelplacement by a hyaroelectric source or part of an existing,
 

isolated electric system currently supplied by fossil fuel 

sources or a historical energy mix. 

Cost effectiveness analysis will attempt to identify the least costly 

alternative scheme to satisfy a projected demand (as derived in section 

8) over a certain planning horizon. 

The following assumptions will be made: 

1. All costs will be in constant 1981 prices 

2. Capital cost 

cost of plant, equipment, construction and contin­a) include 

gencies and distribution system when pertinent
 

b) All capita i costs will be i.curred -ior to the first year of 

ooeration. 

3. 	Recurrent cost 

cost of operations and maintenance (Ot)a) Includes the 
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administration and general expenses (ASE) as percentages of 

capacity, cost, plus energy cost. 

In order to reflect these costs the methodology chooses the 

percentages used by the institution with the most expertise 

in accounting for the type of expense. Therefore, for DM 

expense 1.28' of capital cost can be used (IMDRHI) and 0.1.. 

of capital cost for A&G expense (CDE) when applicable. O&M 

and A&G expenses for a diesel generating plant will be 4.5 

of capital cost. 

b) 	 Energy cost for hydro wil I be zero. 

c) 	 Energy cost for a diesel alternative will be escalated for 

fuel price increase (over and above 1981 constant prices)by 

3%per year- and 3" per year to account for the growth of 
/

the 	demand.­

4. 	Time-span of the analysis
 

The time span over which values will be discounted will be the
 

life 	of the shortest-lived alternative, i.e. 20 yrs. for a 

diesel plant. 

5. 	 Discount Factor 

The 	 discount factor represents the opportunity cost of capital, 

officially 12%.
 

A. 	 Initial Electrification of Rural Communities 

This situation will be analyzed using a diesel unit as the alter­

native electric source. The cost comoarison %willemploy a new 

diesel generator sec that will have the same installed cacacity 

and will supply the same amount of energy as the proposed hydro­

electric alternative. 

3. 	Rural Electrification with Probability of Inter-connection 

This analysis will weigh the comparable costs involved in hydro­

electric development versus those associated with electric service 

17 	 Tudor estimate
 

As assumed in Section S.
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provided by the national grid. The cost of service provided by
 

interconnection with the grid will include the following:
 

1. 	An average capacity charge (in RDb/Kw) based on the 0DE re­

sources most likely to supply the power to the community.
 

ln. ially, the total capacity expense will be tor the estimated
 

peak demand; then this will be escalated at the projected rate
 

of demand growth U3t)
 

2. An average energy charge kin RDS/K'WM) based on the system oulk
 

tarift structure. This total energy expense will be the pro­

duct or the predicted annual energy consumption escalated at
 

the energy growth rate and the average tariff (escalated accord­

ing to COE policy, which includes an increase rate of 2-/month
 

or Z7'/yr for the 16-month period starzing December 1980)
 

3. A connection charge to the grid. TRis includes the cost of
 

construction of the transmission line, the cost of protection
 

equipment and the cost ot voltage transformation :o the same
 

hydroelectric generator.
 

A further alternative to the above would be constructing a hydroelectric
 

plant that optimizes the resource and provides more capacity and
 

energy than required in the isolated situation. Here a benefit would
 

be derived from the sale of capacity and eneray to the grid. The
 

amount of such a benefit would be the subject or negotiations with the
 

utility to determine an acceptable capacity credit and energy buy-back
 

rate. For this analysis historical rates for utility purchases trom
 

Faiconbridge or sugar producers may be used.
 

Also at:ention must be paid to the reliability of service. A run-of­

river hydro unit will experience times of low flow during which no
 

electricity can oe generated. A constant tariff structure, in the
 

case of hydro, must be weighed against continuity of seruice at an es­

caiated tariff rate.
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C. Incorporation of an SHPP into an Existing lectric System
 

The 	third general category for economic comparison of alternatives
 

deals 	with the installation of a small hydro-electric plant to
 

replace existing diesel generating capacity. The assumption is
 

made 	that the existing diesel unit is in need of replacement
 

therefore it is recommended that the alternative cost and compar­

ison 	procedures used in Case A be employed in this case.
 

See 	worksheet 14-1
 

14.3 	 Financial Analysis
 

The Financial Analysis will calculate measures of project worth at
 

market prices.
 

Besides the assumptions made in Section 14.2, the following will be
 

added:
 

1. The foreign component will be evaluated at the official exchange 

rate of I RD$ per US. 

2. 	Benefits will be calculated as the estimated annual median
 

generation of the plant times the rate per Kwh. This analysis
 

assumes a tariff of 5i/Kwh.
 

3. 	Cost and benefits will be discounted at the official opportunity
 

cost of capital of 12% for the estimated life of the plant of
 

30 years. It is noted that the 30 year estimate is a conservative
 

one for mini-hydro plants.
 

4. 	Financial Benefit/Cost Ratio, Yet ?resent Worth and Internal Rate
 

of Return will be calculated on the basis of the discounted cash
 

,low analysis.
 

See worksheet 14-2.
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14.4 Economic Analysis
 

The eccuomic analysis attempts to evaluate project costs.,=d 

benefits at their efficiency price :o evaluate its ccncribution 

to the national economy.
 

Additional Assumptions
 

1. Foreign costs will be converted to domestic prices by using
 

the shadow price of foreign exchange of 1.36 according to
 

the latest (unofficial) Banco Central estimates.
 

2. 	The foreign/local breakdown will be specific for the procure­

ment ar each site. For this depth of analysis, costs can be
 

categorized as civil works, equipment and transmission costs.
 

3. 	Costs and benefits will be discounted at the official oppor­

tunity cost of capital of 12%, for the estimated life of the
 

plant of 30 years.
 

4. 	Economic B/C ratio, WPW and IR will be calculated on the
 

basis of the discounted cash flow analysis.
 

5. 	Benefits will be calculated as per the following section.
 

See 	Worksheet 14-3
 

lnefits
 
Again as in the forecast of the demand load, calculation of benefits
 

require a great Teal of judgement. Three categories of benefits
 

will be identifiadT of which the third will be described but not
 

quantified.
 

1) revenues from sales
 

Z) resource savings
 

3) consumer surplus
 



1) 	Revenues for Sales. ultiply the Kwh generated by the tariff
 

rate which reflects the true cost of production and delivery
 

of electricity, i.e. without taxes or subsidies. If original
 

demand is below installed capacity, the energy in Kwh will be
 

escalated by its estimated growth race (3%)
 

2) 	Resource Savings. Cost savings can be calculated as the cash
 

savings realized by producing electricit7 with hydro rather
 

than from ocher energy sources.
 

As a first.. approximation annual resource savings may be calculated
 

by multiplying the annual median energy generation of the hydroelec­

tric plant by the difference between the unit generating cost of the
 

alternative under consideration (i.e. conversion to the grid or using
 

a ciesel aenerating ;lant) and the unit cost of production of the
 

SEPP.
 

The CDE systrm wide generating costs per KWL are published on a
 

monthly basis in a publication called "Banco General y Estados 3alances
 

Suplementarios". Data are also available for the unic diesel generat­

ing 	costs. SHPP production costs must be calculaced taking into account 

capital and annual cost discounted at 2% over 30 years divided by
 

the p~oducc of the estimated annual median generation and the life
 

of the plant:
 

R i L i
I
3, 


C. 4. LCost per Kwh 
G 	.30
 

C = Capital Cost in RDS 
R.= Recurrent Cost in Year i - O&M + A&G 
G'- Annual Median Generation (Kwh) 
:-Lifa of the Hydro - 30 years 

* Discount Rate 

A sample zalculation appears in Section 4.4 of the Financial and 

Economic Analysis. 
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3) 	Consumer Sur~lus is the excess a mount a consumer is prepared 

to pay for a good (rather than go without it) over the ar:..: 

he/she actually pays for it. This benefit will accrue to 

villages previously not connected with the grid. This 

willingness to pay" decreases as units consumed increase ?jhi-ch 

indicates that satisfaction derived from the last unit consumed 

the 	contestable
is lower too. However, this analysis rests on 

sameassumption that utility is a measurable quantity in the 


way 	as profit, income and output are measurable. In this
 

methodology a more relevant concept of "ability to pay" will
 

be adopted. The conditions in the rural areas are such that
 

"willingness to pay" and "ability to pay" are not always the same.
 

The affordability calculated in Section 8.2 indicates the
 

ability to pay. However, this ability to pay has been taken
 

into account in the determination of the social tariff and
 

therefore will not be calculated. Other benefits that can be
 

assimilated in the consumer surplus are those ones associated 

with the presence of a cheap energy source, i.e. the capacity 

to power machines, the higher quality lighting, the greater 

scope -f productive possibilities that open up with the advent 

of blectricicy. 

L4.5 Sensitivity Analysis 

In order to test the vulnerability of the projects' financial and 

econom.c feasibility, the sensitivity analysis evaluates measures
 

of project worth under changing conditions.
 

A likely scenario would be a ccnstruction delay of 1 :yr. with 10%
 

cost 	overruns.
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ANALYSIS OF CObT EIFELTIvEN.SS
WORKSHEET 14-1: 


MYOKO OPTIUN Year0 YI Y Y Yzu 

Capital Lost ---

Recurrent Cost 

T o tal-

Uiscounted at 1Z0 

wHEKE 

= t + 

T 

M_1 

(1 + 

R.
I 

c - dapital cost tincurred in year 0) in KD$ 

r - discount rate (I200 

T ­ life of diesel alternative (-0 yrs) 

y 0 ith year 

R • recurrent cost incurred in year i = U&M 4 A&G 

DIESEL OPIION Year 0 Y1 YL Y3 Y20 

Capital Cost 

Recurrent Cost--- " --­

O&M4 + AS&i 

Energy Cost 

(compoundea at 

U.03) -
I ota I 

uiscountea at 12%. 

. . -

.r 
T 

+5 

WHERE 

C a capital cost kincurred in year U) in ROb 

r caiscount rate (12:) 

t energy cost ircurred in year I (RUS) 

E0 0.u3) 
z 

R •0 S M + A&G + 
(1.03) i 

T ZO years 

Y.m ith year 

http:EIFELTIvEN.SS
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CuNN.CTj0N WO TeE GKID uPTION
 

Connection C;osts
 

Transmission line kmaterial and labor
 

Protection Equipment
 

Voltage Transformer
 

Service Cost
 

Avge. Capacity Charge (tOS/KWU X Capacity (KW)
 

compounded at (1.03)
 

L/ Avge. Energy Cost kRD /Kwh) X Energy Demand (KWh)
 

0E tariff annual escalation rate) i
 

compounded at k1 + 
rS
Total Discount at IV! Mc S. 

wHEKE
 

Co , connection costs (incurred in year O) in RUS 

r = discount rate (lZ1) 

T - time planning horizon (2u year) 

kCaIAvge. capacity charge in year i (KOS) - (Ca) o(1.03)'
 

h. -vge. energy cost incurred in year i kRD) 

a E (i+CUE tariff annual escalation rate)' k1.U3)' 

w COE bulk tariff for year 0 

S * service cost incurred in year i (in RDS * (Ca i 

THe 6ption with the least discounted cost will be the
 
preferred scneme.-


I/ Assuming the load factor remains the same
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tiORKSHEET 14-2- FINANCIAL ANALYSIS 

COST STREAM BENE FI T STREAM 

Yr. Capital Annual Discount Total S I e s Discount Total 
Factor C t KWh 3 Avg Tariff Factor Berefit 

0 

2 

Total eefit 
Cos t Benefit 

Benefit Cost Ratio u Total Benefits 
Total Cost 

Net Present Worth a Total 9enefit - total Cost 

Internal Rate of Return a Discount rate at which total benefit 

total cost 



- -----
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0 

WORKSHEET 14-3 ECONOMIC ANALYSIS
 

Cost Stream Foreign Cost fgn.exch. local Cost Total Cost 

Capital 1.36 

Equipment 

Civil Works 
Contingencies 

Olstribution System 

Total Capital Cost 

Recurrent Cost 

o M (1.28.) 

A E (C.1%) 

Toral Cost
 

Uiscount at 

Yr. Capital' Cost Recurrent Cost T o t a 1 127* 

Discounted Total Cost * Capital Cost . 'Recurrent Cost:. 

(1 r) i 

30 
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30 

WORKSHEET 14-4 ECONOMI C ANALYS IS
 

BENEFIT STREAM
 
Cost Dis coan t OW 

Sales Savings Total Factor
 

0
 
1
 

TOTAL. -

A B/C ratio greater than 1 indicates an economically viable project.
 

The NPW can be used to rank project on the basis of their economic
 
returns
 

An IRR indicetes the return on investment. An attractive project,
 

from the economic standpoint, will have an IRR greater than tne
 

opportunity cost or capital
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15.0 	 Peoort Writfng 

Once the technical, social, eccnamic, institutional and environmental 

analyses have been conducted, the evaluating team will write the 

final rc )rt on the site with recommondations for or against the 

selection of the site for SHPP development. The grounds for the re­

commendations should be clearly stated. 

As a minimum the report will cover the following topics: 

15.1 	 Technical Analysis
 

a) Gross head / Design head
 

b) Flow duration curve (include source of data)
 

c) Selected design flow
 

d) Proposed installed capacity
 

e) Estimated annual energy generation 

f) Project layout (brief description including sketch) 

g) Turbine type 

h) Approximate load factor
 

i) Proposed transmission facilities
 

g) Summary of project cost
 

15.2 	 Social Analysis 

a) Community Assessment 

(The 	 community is or is not prepared to organize and/or 

participate in the planning and implementation of the project) 

b) Load demand forecast
 

Present demand is:
 

Future demand is:
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15.3. 	 Financial and Economic Analysis
 

Financial 	 Economic 

a/C 

NPW
 

IRR
 

15.4. 	 Sensitivity Analysis 

Financi al Economic 

NPW if 

10t 	cost overruns 

15.5. 	 Environmental Analysis 

a) indicate if there are conflicting water uses (irrigation, 

potable water, etc.) 

b) 	 indicate if SHPP development might hinder fisheries dev­
elopments or other economic activity. 

c) Use of 	upstream watershed area. 

15.6. 	 Institutional Analysis
 

This section must indicate whether the implementing agency has the 

capability to carry out the SHPP development, and that no insur­

mountable institutional water use conflicts exist. 

16.0. 	 Tyoing and Printing of the Peoort 

Time allocation of support staff for typing and reproduction of 

the reoort must be planned ahead to avoid delays and conflicting 

time schedules with other activities of the institution. 

Figure 	16.1 ;s a flow chart of the site selection methodology.
 

Grifico lo. 1 isa ar Chart for all the activities carried out 

under a site selection stuav. 
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16: i. 
SITE SELECTION METHODOLOOGTFIGURE FLOW CHART OF THE 

START 

E ST ABIiSH TECHNICAL, FINANiCIAL. ECONOMIC
 
SOCIAL, NSTITUTIONAL ANO ENVIRONMENTAL CRITERII
 

I-

T 

SC~.O P11(NoS L p PiauIstudied) SHPP SITE 

PROCESS 	 HYDROLOGIC INFORMATION 

(gneae o-urePIfa curve) 

ItCONVHORAIQI NOqTIONS YE0TAFET 

TIcbl.BeTst DATRmE1oT 

P40OJCT IMING A/MOOAq 

Best Avwdlable Do,tulnc,
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16. J 
FIGURE (CONTO.) 

ESTIMATEC CAPACITY ANO OEMANO PROFILES J 

OVER THE PLANNING HORIZON 

GENEMRATE LTERNATE LAYOUT SCHM S
 
(Include gross diltene for each schoe' 
 I
 

I i 

PJTIMAT POWL CI ENERGY CHARACTERISTICSI 
e t abermeeAv il lder review D 

ICONOUCT TECHNICAL Z'VALUA OTN1 
OF PROP0390 ALTRNSATI!t3
 

YS 
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CONCErPTUAL 0CSIGN NoPRE[PARE CONCEPTUAL DESIGN G O4 
I 

Of THEr PIIIFE[RRIE0 SCHEMEl OftIhe plreferreld scheme.
 

BEEIrN PREPARME0
 

yes
 

Of adA
FINAL, ESTIMATE[MlAlX 


PROJECT FINARCIAL-SOCIO-f COICIPC 

PRErPARqATION OF RE[PORTr 

(Rank the prooecll 

I8
 

!STOP
 !
 

Best Availlable Documen-­
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APPtNDIX I 

EVALUACION DE KECURSOS HIORUELECTRICuS 

DE PEt4UENA EbCALA 



ENERGETICA 

EVALUACION DE RECURSOS HIDROELECTRICOS
 

DE PEQUENA ESCALA
 

FORMULARIO No.
 

NOMBRE 	DEL INGENIERIO DE CAMPO
 

FECHA DE RECONOCIMIENTO
 

I. LOCALIZACION
 

1.1 	 Nombre de la Corriente de Agua
 

1.2 	 Afluente de
 

1.3 	 Provincia
 

1.4 	 Municipio
 

1.5 	 Secci6n
 

1.6 	 Paraje
 
1.7 	 Propietario de la Parcela
 

1.8 	 Nombre de la Parcela
 

2. CARACTERISTICAS FISICAS
 

2.1 	 Determinaci6n de Salto Bruto
 

2.1.1 	 Nivel Normal de Agua en Posible Sitio de Obra
 

de Toma
 

Z.1.Z 	 Cota Inferior o de Localizaci6n de la Casa de
 

MHquinas .... .
 

2.1.3 	 Distancia a lo Largo de la Corriente de Agua
 

entre la Posible Ubicaci6n de la Obra de To­

ma y la Casa de Mquinas
 
2.1.4 	 Esquema del Tramo Considerado de la Corrien­

te de Agua al Reverso de esta Hoja
 

2.2 	 Secci6n Transversal de. Sitio de la Obra de Capta­

ci6n
 

2.2.1 	 Altura de la'Banquina,Margen i:quierdo ­

2.2.2 	 Altura de la Banquina,Margen Derecho
 

Avg. Jobs F. Kwuny KL. 6 /2. Edi. Fiaza Composua S pa.
 
Apud Foetal 3042 * T. 5.655090 6 Tdox 346 4148 CODIER DR * Sam Domino. Rqblica Dominican •
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2.2.3 	 Ancho de la Seccidn a la Altura de la Coro­
na de la Obra de Captaci6n
 

2.2.4 	 Esquema de la Secci6n Transversal al Rever­
so de Esta Hoja
 

2.3 Aforo de Caudal
 

2.3.1 	 Ancho del Rio a Nivel de su Superficie
 

2.3.2 	Altura de los Tirantes Decididos
 

2.3.3 	 Ancho de las Secciones de Areas Decididas
 

2.3.4 	 Esquema de la Secci6n con los Tirantes Medi­

dos
 

2.3.5 	 CAlculo del Area (aproximacifn por trapecios)
 

2.3.6 	 CAlculo de la Velocidad
 

2.3.6.1 Longitud del Tramo Medido
 
2.3.6.2 Tipo Flotador Utilizado
 
2.3.6.3 Velocidad Computada Vi_
 

2.3.6.4 Velocidad 	Computada VZ­

2.3.6.5 Velocidad Computada V3_
 
2.3.6.6 Velocidad 	Promedio V
 

2.3.7 	 C lculo de Caudal Caproximaci6n)
 

Qu A x V
 

2.3.8 	 Preguntar el Tiempo Transcurrido desde la
 
UltLma Lluvia. Dias.
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2.4 	 Descripci6n del Lecho del Rio
 

2.S 	 Observaciones Generales sobre la Topografia
 

2.6 	 investigaci6n sobre Nivel Miximo Alcanzado par el Rio
 

Durante Crecidas
 

Nombre de la Persona que da la informaci6n*
2.6.1 


. Tiempo que Tiene Residien­2.6.2 	 Edad 


do en el Lugar
 

2.6.3 	 Observaciones
 

Z.7 	 Observaciones sobre la Disponibilidad de Materiales
 

Aridos para Construcci6n (arena, canto rcdado, etc.)
 

* investigar con Mfs de una Persona 
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2.8 Acceso al Lugar del Aprovechamiento
 

2.8.1 	 Carretera Importante M~s Pr6xima
 

2.8.2 	 Camino Vecinal Entre
 

2.8.3 	C6mo Lleg6 al Sitio (medio de t-ansporte)
 

2.8.4 	 Si no Hay Camino, Describa la Topografla
 

del Acceso por Donde Lleg6
 

2.8.5 Esquema de la Ubicaci~n con Relaci6n a AlgIn
 

Hito Importante, Carretera o Camino
 

3. CARACTERISTICAS DE LA POBLACION AS CERCANA
 

3.1 Servicios P~blicos Existentes
 

3.1.1 	 Agua Potable
 

3.1.2 	 Escuelas
 

3.1.3 	 Centros ee Salud
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3.1.4 Edificios PTblicos
 

3.1.5 Fuentes de energia disponibles (diesel, carb6n, etc)
 

3.2 Actividades Econ6micas
 

3.2.1 Agricultura y Ganaderia.
 

3.2.2 Agroindustrias
 

3.2.3 Mineria
 

3.2.4 Comercios
 

3.2.5 Otr3s .kcividades
 

3.2.6 Posibilidades de desarrollo de actividades econ6micas
 
adicionales.
 

too
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3.3 	 Poblaci6n
 

3.3.1 Poblaci6n estimada
 

3.3.2 NOmero de viviendas
 

3.3.3 Namero promedio de cuartos en esas viviendas
 

4. EVALUACION DE LA CCMJ4IDAD 
4. 1 	 Organizaciones y Servicios counitarios activos 

Nombre funciones 

4.2 	 Organi:aciones externas que trabajan en la cnmunidad
 
Nombre funciones
 

4.3 	 Ex'periencia de trabajo comunitario
 

Organizador 	 trabaio aue se realiz6 (tiempo) 

4.4 	 Capacidad de la comunidad de organizarse y contribuir con
 
mano de obra a la realizaci6n de partes especlificas del projectm
 

4.5 	 Capacidad de la comunidad de mantener y adrninist-ar la planta.
 

4.6 	Gasto promedio(en RDS por vivienda y por mes) en energia. (p,ej: velas,
 
baterlas, kerosene, diesel)
 

4.7 	Nnero y tipo de comercios e industrias en el poblado
 

4.8 	 N~mero y uso de bcmbas de riego.
 

k%\
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5. OBSEMACIONIS ADICIONALES 

5.1 	Explique si hay o podria haber alguna instalaci6n para uso 

de agua que interfiera con el proyecto (acueducto, canal, etc) 

5.2 	 Describa el estado de deforestaci6n en la cuenca aportadora 

y si hay reforestacifn en la actualidad. 
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APPENDIX B
 

POWER PLANT EQUIPMENT
 

TYPES OF TURBINE
 

The basic factor affecting the powerhouse layout cost and perfor­
mance is the choice of turbine. Figure B-I shows typical cross
 
sections of powerhouses for different turbine types. Figure 3-2 

operating head
shows the range of the different turbines. A brief
 
description of the different types available follows.
 

Francis Turbines. A Francis turbine 
is one having a runner with
 
fixed vanes. The water enters the turbin in a radial 
direction,
 
and is discharzed in an axial direction. 
 Principal components are
 
the runner, a water supply case (spiral case) tu convey the water 
to 
the runner, wicket gates to control the quantity of water and 
distribute it equally to the runner and a draf , tube which conveys 
the water from the turbine to the tailrace. In special cases, where
 
the flow rate is constant, Francis turbines without wicket gate
 
mecuanisms 
may be used provided due consideration is given to
 
overspeed conditions. These units 
will operate at a fixed load 
depending upon the operating head. Start-up and 
 shut-down of
 
turbines without wicket gates is 
normally accomplished using the 
shut-off valve at the turbine inlet.
 

A Francis turbine may be operated over a range of flows from
 
approximately 
30 to .13 percent of design discharge. Below the 
minimum discharge, vibrations and power surzes can occur. The
 
approximate head rance for operation is from to 125
60 percent of
 
des~rn head &!though with proper design 
the upper limit could be
 
increased to 
150 percent. In 7ene:al, peak efficiencies of F-ancis 
tu.rcines. within the capacit: ranze up to 15 nW, will te approxi­
a-tel:: ,O to 92 percent.
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may be mounted with vertical or horizontal
Francis turbines 


shafts. Vertical mounting requires a smaller plan area and
 

deeper setting for the turbine with respect to
facilitates a 

units are higher
tailwater elevation. Generator costs for vertical 


the savings in construction cost for
than for horizontal units but 


medium and large units generally offsets the equipment cost
 

are more
increase. Horizontal units often economical for small
 

higher speed applications where standard horizontal Xeneratcrs are
 

The water supply case is generally fabricated from steel
available. 

cases may also be used. Francis
plate. Concrete and open flume 


draft
turbines are generally provided with a 90 degree elbow tube
 

of the velocity head. Conical
which is designed to recover part 


are also used for small machines but have a higher head
draft tubes 


loss.
 

Proneller Turbines
 

A propeller turbine is one having a runner with four, five or six
 

water passes in an axial direction with
blades through which the 


the The blades be fixed or
 respect to shaft. pitch of the may 


movable. Principal components consist of a water supply case,
 

wicket gates, a runne: and a draft tube.
 

a typical fixed blade Propeller turbine has
The efficiency curve of 

variable
sharper peak than does a Francis turbine curve. For 


pitch blade units, the peak efficiency occurs at different outputs
 

the blade setting. An envelope of the efficiency
depending on 


curves over the range of blade pitch settings forms the variable
 

pizch efficiency curve. This efficiency curve is broad and flat.
 

Fixed blade units are less costly than variable pitch blade turbines
 

the power operating range is more limited. Propeller turbines
but, 

to 115 percent of the
 

may be operated using flows ranging from 30 

design flow for adjustable blade units and 50 to 115 percent for 

fixed blades. The head range for satisfactory operation is from 55 

to 140 percent of design head for adjustable blades and from 65 to 

140 percent for fixed blades although the latter could be increased
 

percent with proper design. In zeneral, the peak effeciency
to 140 


would range from 90 to 92 percent.
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The conventional propeller or Kaplan (variable pitch blade) turbines
 

are mounted with a vertical shaft. Horizontal and slant se=tings
 

are also possible. The vertical units like Francis units are
 

equipped with wicket gates. As with the Francis turbines,
 

elimination of the wicket gate assembly may be acceptable in some
 
limited cases. The spiral case is generally of concrete though
 

steel ma? also be used. Open flume construction may prove to be
 

economical when heads are below 35 feet. At higher heads the
 

turbine shaft length becomes excessive. At capacities above 1500 kW
 

an open flume may cease to be a satisfactory choice. The draft tube
 
for a propeller turbine is similar to that of a Francis turbine.
 

Tubular Turbines
 

Tubular turbines may be horizontal, vertical or slant mounted units
 

and have propeller runners. The generators are located outside of
 
the water passageway. Tubular turbines are available with fixed or
 

variable pitch runners and with or without wicket gate assemblies.
 

Performace characteristics of a tubular turbine are similar to those
 

of propeller turbines. Where it is not necessary to regulate
 

turbine discharge and power output, a fixed blade runner may be
 

used. This results in a lower cost of both the turbine and governor
 

system. However, the performance range of the tubular turbine with
 
variable pitch blades and without wicket gates is greater than for a
 

fixed blade propeller :urbine but less than for a Kaplan turbine.
 

The water flow through the turbine is controlled by changing the
 

pitch of the runner blades.
 

Several items of auxiliary equipment are often necessary for the
 

operation of tubular turbines. Tubular turbines without wicket
 

gates should be equipped with a shut-off valve automatically
 

operated to provide shut-down and start-up functions. Tubular tur­

bines may also be equipped with an air clutch between the turbine
 

and generator so that the generator need not be designed for turbine
 

runaway speed.
 

Tubular turbines can also be supplied with a speed increaser to
 

allow the use of a higher speed renerator. Speed increasers
 

however, lower the overall plant efficiency by about one percent for
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a sincle gear increaser and about two percent for double 7ear
 

increaser. This loss of efficiency and the cost of the speed
 

cost the
increaser should be balanced acainst the reduction in for 


smaller generator.
 

area
Horizontally mounted tubular turbines require more floor than
 

mounted units. The area required may be lessened by
vertically 


slant mounting, but additional turbine costs are incurred as a
 

lar'er axial thrust bearine is required. Excavation and powerhouse
 

height for a horizontal unit is less than for a vertical unit.
 

turbines available from the leadinr
"tandardized tubular are 


domestic turbine manufacturer. Ten sizes are currently available
 

with up to 7000 kW of capacity and for heads up to 60 feet.
 

Standardization may provide lower cost and shorter delivery periods.
 

bulb Turbines
 

bulb turbines are norizontal units with propeller runners directly
 

in a water-tizht enclosure
connected to a renerator which is housed 


(bulb) within the turbine water passazeway. The bulb turbine is
 

or without a
available with fixed or variable nitch blades and with 


-Techanism. Perforrance characteristics are similar to
wicket rate 


vertical and tubular type turbines previously discussed. The
the 

improved efficiency of acproximately two
bulb turbine will have an 


Percent over a vertical unit and one tercent over a tubular unit
 

-ecause of the straicht water czssaweway.
 

Lue to toe comcact desizn, ;overnouse floor space and heimht for 

due tooulb turbine installations are minimized. Maintenance time 


poorer accessibility, however, may be rreater than for either the
 

vertical cr the tubular ty;e turbines.
 

foreizn
btancarcizea ult turbines are offered by some 


..aru:acturerc.
 

rin. type turzi ,e -s one in wnice hce :enerator rotcr is -ounted or 

:urtine has beentne terir;nery of the turtine runner tlacei. thi.s 

seveioLea L: Luroce and riven the nai.e "Straflc". !I*e concect was 
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developed 40 years azo and approximately 75 units are now in 
service. Capacities of units so far developed ranze from 1000 to 
1900 kW at heads of 26 to 30 feet but recent designs indicate that 
capacities up to 6000 kW are obtainable. All units built to date 
bave fixed blade propeller runners. 

Performance characteristics of the rim turbine are 
similar to those
 
of the bulb unit. Rim turbines are offered with or without wicket
 
gates, and are also available with partial closure wicket ma:es,
 
which require shut-off valves as discussed previously. The compact
 
desixn of the rim turbine provides the smallest corer house
 
dimensions of all the turbine types considered in this volume. The
 
rim design is attractive because of simplicity and zorpactness,
 
however, experience with larze units is 
limited. Conaideraticn of
 
this type of 
unit can usually be deferred until a more definitive
 
stage of project desizn.
 

Crossflov Turbines
 
A crocsflow, (Ossberrer) turbine may best be described as 
an i=culse
 
type turbine with partial air admission. Performance
 
characteristics of this turbine are similar to an impulse turbine.
 
It has a flat efficiency curve over a wide range of flow and head
 
conditions. The wide range is accomplished by use of a euide vane
 
at tne entrance which directs the flow to a limited portion of the
 
runner depending on the flow. This operation similar
is tc
 
operation of multi-jet impulse turbine. Peak efficiency of the
 
crossflow turbine is less than that 
of the other turbine types
 
previously discussed. Maximum efficiency is in the range of '23 to
 
85 percent. The unit can be operated over a ranze of flows of 10 to
 
115 percent of desizn discharre.
 

At the :resent time, tte larrest size runner rrocec is 4 feet 
diameter. This lirirs tre um4t :ca:cicv 1ut multi-urit 
i"s:al!L4ions can 1e used. .1io.rnle -­ea'- ranze troo%5C
2 tc 

feet. Crossflow turbines are ecuipoed :ith a conical draft tutular
 
crea:inz 1 Lressure telcw atnoachere in he turtie cnam te r. 
*;erefore :",e d4fererce tetween -r.e turhine cernterline e::i i.r 
'.. the 4a;aenor to r~:t~ as isthes tc: a :Urtine cavf, 
:cr an I:z.uiye turb;.ne. Floor crrZe_-rn are t;r-.r 
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NOTES:
 
I. 	Date of costs is April 1979.
 
2. 	Estimated costs are based upon a typical vertical Kaplan turbine,


with concrete spiral case, direct coupled to generator.

3. 	Costs include turbine with variable pitch blades and wicket gates,


generator exciter, speed regulating governor and installation.
 
4. 	No inlet valve is provided for. If an inlet valve is required, 

use Figure 4-6 for ccsts. 
5. 	Installation costs estimated at 
150 	of total equipment cost.
 
6. 	For fixed blade propeller turbine deduct 10%.
 
7. 	If steel spiral case is required increase costs by 10.
 

Figure 3-4 Vertical Propeller turbine Unit Costs
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NOTES: 
1. 	Date of costs is April 1979. 

2. 	 Estimated costs are based upon a standardized tubular turbine
 
coupled to the generator through a speed increaser.
 

3. 	Costs include turbine with variable pitch blades and fixed guide 
inlet butterfly valve, air clutch, speed increaser, generatorvanes, 

with exciter, speed regulating governor, controls and installation.
 
15% of total equipment costs.
4. 	Installation costs estimated at 


5. 	ror turbines with fixed blades deduct 528,000.
 

Figure 3-5 Standard Tubular Turbine Unit Costs
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.NOTES: lare-uit ,to 7 ,00o h small..u..its. 
I- Date Of Costs is April 1979. 
2. 	 Estimated cots ae based upon a typical hoizontal bulb tubine 

with variable pitch blades and wicket gates directly coupled
to the generator.
 
3. 	Cost includes tubine, inlet butterfly valve, eneato, excite,
 

speed regulating governor and installation.
 
4. 	 rnstallation costs are estimated to vary fom S260,CO00 for he
 

large units, to $78,000 for te small units.
 
S. 	For fixed blade units, deduct 101.
 

Figure B-6 Bulb Ijrbine Unit CostS 
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NOTESZ$: 
1. 	Date ofl costs is Apr:il 1979.
 

are based an a typical .verticalprop:eller turbine
2. 	Estimated cost~s 


with fixed blades, dirctly coupled to t.he generator. 

3. 	Cost includes turbine, wicket gates, generator with exciter,
 

speed regulating governor and installation.
 
4. 	Installation costs estimated at $40,000 for each unit.
 

?iguroe 3-7 Cpen Flume Turbine Unit Costs
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NOTEFS: 
1. 	Date of costs is April 1979. 
2. 	 Estimated costs for accessory electrical equipment are for 

a single unis plant.
 
3. 	 F=or multiple unit elec-trical. equipment costs:
 

a) Determine cost from chart for pl~ant capacc£ty.
3-171 
b) Subtlrac-. cost for plant.capacit:y given in Table A. 
c) Add cost from Table A for unit: capacity multiplied by' 

the number of units. 
4. 	'he estimat~ed cost f*or miscellaneous power plant equipment. for
 

.mul.t-le units may be taken as the cost for 
a single unit of the 
same total plant capacity. 

Ficgure 3-8 Mi.scellaneous Power Plant and Accessory!El:ectricsl
 



APPhNOIX III 

INDEX OF MANUFACTuREKS - mYDKOELECiRl.. EQUtPMhNT 



INDEX OF .MANUFACTURERS - HYDROELECTRIC EQUIPIENT 

TurH,' ,, Valves 

I 
'.lanufacturer - Country " I 

Representative a I I "l 
.n\lrlress 


ALLIS-CHALMIERS -USA B B C B B B C8 8B!
Allis-Chalmers
 

Hydro-Turbine Division
 
P.0 Box 712
 
York PA 17405 

ALSTHON1 - ATLANT IQUE/NEYR PIC C B1 CIC BBj C'B BC 

FRANCE,
Alsthom-Atlantic. Inc. ,

50 Rockerfeller Plaza 
Suite 91 D
 
New York. NY 10022
 

ARMLCO - USA LCC C 
Armco Inc. 
Metal Product~s Division 
Mitddletown. Ohio 45043 

ASEA - SWE DEN B8 CIC 
Asea Inc. 
4 New King Street
White Plains. N Y. 10604
 

ATELIERS BOUVIER - FRANCE 3 B A C, C B 1B 

Anchor Darlinz Industries Inci 
I Belmont Avenue
Bal Cynwyd. PA 19004 H 

I 
BELOIT - USA A; 

Beloit Power Systems 
555 Lawton AvenueBeloit. Wisconsin 53511
 

Symibols 
A - Standard Design
555 Laton
Aenue
- Custom Desizn 
C - Both Standard & Custom DesIns 



INDEX OF M4ANUFACTURERS - HYDROELECTRIC EQUiAZ'I!T 

i Turbines , Valves 

Manufacturer Country ­
Represent'itive :r 
Address 

Z 
I j I , 

INDEPENDENT - USA S B 
Independent Power Developers 
Route 3 Box 285 
Sandpoint !daho 83864 ', 

KATO - USA A 
Kato Enzineerine Co.
 
1415 First Avenue
 
Mankato. MN 56001
 

iW - SWEDEN B!B C 9 B B 
Axel Johnson Corp. i
 
One Mlarket Plaza
 
San Francisco. CA 94105
 

KOSSLER - AUSTRrA C C C C A C 
Kossler Lr.d. 
1923 %lazellan Drive 
Oakland, CA 94611 

KVAERNER-BRUG - NORWAY C:B C 3 C C C' C C C:C 
Kvaerner-Moss Inc.
 
300 3rd Avenue
 
New York. NY 10022
 

LEF FEL-TAMPELLA - USA/FINLAND C.C C'B C 
The James Leffel & Co. 
426 East St.
Springfield. Ohio 44501; !
 

I'!,* I 

Svmbols 
A - S:andard Desizn 
3 - Custom Design 
C - Both Standard & Custom Oesi ns 
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INDEX OF MANUFACTURMS - HYDROELECTR IC EQU 1?4AENT 

Turbines Valves
 

' I 

Manufacturer - Country I " 
Representative K' 
Addrepss 

:_ -' ,I I I 

. A l LIMA - USA 
The Lima Electric Co. I I 
200 East Chapman Road 
Lima. Ohio 45802 I 

LITOSTROJ - YUGOSLAVIA BBI B! ! B C BBBB 
Arbanas Industries 
24 Hill Street I 

Xenia. Ohio 45385 I 

MITSUBUSHI - JAPAN BIC B BI s C C IBB 5 B 
%!itsubushi International Corp B B B 
50 California St. i 
San Francisco. CA 94111 . 

NEBB - NORWAY C I 
Brown Boveri CorD *
 

1460 Livingston Ave.
 
North Brunswick. NJ 08902
 

NOBLE - USA , BI I 
Noble Automated Systems
 
226 Phelan Ave.
 
San Jose. CA 95112 1 I 

OSSBEqGER - GERMANY 1C 
F.W.E. Stapenhorst Inc. I
 
285 Labrosse Ave.
Pointe Claire, Que H9RIA3 

I 9 I 

Symbols
 
A - Standard Design 
B - Custom Design
 
C - Both Stiandrd & Custom Designs
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INDEX OF MANUFACTURERS - HYDROELECTRIC EQUIPMENT 

Turbines !Valves
 

H- I I II1 
-Country
Manufacturer 
 iiRepresentative 


Address
 

.,- a -S 

I t i i!
WESTINGHOUSE -USA C! 

Westinghouse Fletric Corp : iii :,
 
Hydro Generator Department ,;

700 Braddock Avenue t, i,
 
East Pittsburgh. PA 15112 : A __, , 

WOODWARD- USA C 

Woodward Governor Co. I
 
5001 North Second Street
 
Rockford. IL 61101 
 j 

IWORTHINGTON-NEYRPIC - USAIFRANCE A. 
,orthington-Neyrpic Inc. I 
270 Sheffield Street , 
Mountainside, NJ 07092 II I. 

. I 1 

I ' I I ' 
, I I ii K 

I 

I I , ,i 

' I : I 

: I I 
': I I ! , 

I j 

Sv'nbols
 
A - Standard Design
 
B - Cuszom Design
 
C - Both Standard k ,Custom Designs
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TABLE 4-1
 

PROJECT DATA SHEET
 

Project: Date: 

Descriotion Unit 
Project 

Data Remarks 

Location: 
Coit Zone Coefficient 
Project Type (A,B,C,D) 
Drainage Area acre 

General Items: 

Land Required: 
For Power Plant 
For Reservoir 
For Trsnsmission Line 

acre 
acre 
acre 

Access Pnad Required: 
PermaLent 
Construction 
For Transmission Line 

mile 
mile 
mile 

Facility To Be Relocated: 
Care of water - Condition: 

Head Data: 

Headwater Elevation: 
Maximum 
Minimum 

Tailwater Elevation 
at Design Discharge 

Gross Head: 
Maximum 
Minimum 
Design 

Design Net Head 

ft 
ft 

ft 

ft 
ft 
ft 
ft 

Turbine: 

Type 
Design Discharge 
Unit Capacity 

cfs 
kW 
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Description Unit 
Project 
Data Remarks 

Waterways: 
intake Sructure Required 
Penstock: 

Length: Main 
Branch 

Bifurcation Required
Maximum Veloc..y
Diameter 

No 

ft 
ft 
No 

ft/sec 
ft 

Bypass Structure Required
Bypass Discharge
Tail-ace Length 

No 
cfs 
ft 

Transmission Line: 
Voltage 
Capacity 
Length 

kV 
MW 
mile 

New Site Developments: 

Embankment Dam: 
Height 1.9. Above Streambed 
Length 

ft, 
ft " 

Spillwav: 
Average Annual Flow ac-ft 

Existing Facilities: 
Degree of Difficulty of Alterition 
Remedial Work Require_ 
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TABLE 4-3
 

CONSTRUCTION COST INDEXES OF THE
 
BUREAU OF RECLAMATION
 

April 1979
 

COMPOSITE INDEX .. ....................................... 2.48 

DAMS 
Earth ......................................... 
Structures . .................................... 
Spillway . ...................................... 
Outlet Works .................................. 

2.37 
2.24 
2.47 
2.59 

STEEL PENSTOCKS ........................................ 2.61 

CANALS ................................................. 
Earthwork ..................................... 
Structures . .................................... 

2.43 
2.39 
2.48 

CONDUITS (Tunnels, Conc-lined) ......................... 2.47 

POWER PLANTS, HYDRO 
Building and Equipment ........................ 
Structure, Rein, Conc and Improv ............... 

2.45 
2.46 

Equipment *......................................2.47
 
Turbine and Generators ...................... 2.48
 
Accessory Elec and Misc Equip ............... 2.41
 

PIPELINE, CONC .. ........................................ 2.34
 

SWITCHYARDS ............................................ 2.40
 

TRANSMISSION LINES
 
Wood Poles, 115 kV . ............................ 2.69
 
Steel Tower, 230 kV . ........................... 2.58
 

ROADS
 
Secondary ..................................... 2.55
 

BRIDGES, STEEL .......................... .............. 2.1
 

BASE: 1967 a 1.0
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TABLE 4-4 

coST COMPILATION SiEET 

ite: 

Docrilt!O:- Unit ua ntity 
Unit 
Cost 

Amount 
April 1979 

Cost 
Indexes 

1979 198( ) 

Escalated 
Amount 
198( ) 

a. 

1. Neom Dimn and Spillwayt 

Spillway 
Reservoir Clearing 

-SUIIurAI. 

IS 
acre -

_ _ 

-

o 2. Intako: 

-1ntijk, JIqpe A 
intake Gate & Ilolst 

No 
No 

---
--

SUII-'IUrAI, 

3. Pei stock: 
1I)enstock 
pLstock Branch 
1i1furcatlon 

IF._____ 
IF_ 
No 

S10-'IlYrMA. 

I(IN 



Dato: 

I"es-crlption Unit 9tuint 
Unit 
Cost 

Amount 
April 1979 

Cbst 
Induxes 

1979 198( ) 

EscalatedS 
Amnowit 
198( ) 

tJ 

4. Powur Plant ('I'_yA, It C & D Projects) 
Total Cb---,Single Unit IS 
ElUit IrncIVt Adjustments 

Fur (kvernor IS 
For Fixed tilade/Motuiting IS 
For hllut Valvo iS 
For Spiral Qwo-m3 IS 
SUPJi'I(JIAi. UN!T 

Ily-ulss Satructuru LS
'aII race IF 

SwItchyar_ 
Civil Feature Is-
ItsqaljIialn i_ 

__ 

SIM i'PMlAL 

5. S xic.ial Costs: 

SIN I-'II/i5AI, 

StIIi.-'IUi'AI. - J'i11S3 1 illOIJ~i 5 

6. ExiutLi I Facilit.ies; 

ARterat n to noiict 
ivr Pliant (0;5i8%) 

Ilunadial Work 
IS 
IS 

SUI-'IIAI. 

ca
 



Date: 

Dicscriptino Unit IntIty 
Uni t 
Cost 

Areint 
April 1979 

Cost 
Indexes 

1979 198( ) 

Esccalated 
Anzwmt 
198( ) 

7. (u-eral Costs: 
li.aw & land Rights* 
Water Rlights 
llulocatioiw 

Mobi I ization (1.5%) 
Access Road * 
Ih'idges 
Care of Water (0;2;6%) 

acre 
IS 
is 
IS 
mile 
IS 
iS 

_ 

___ 

_ 

___ ____ ______ 

8. Traiwnissluo --One 

Clearing 
Land 
AcccN ioad 

lane: 
mile 
acre 
acre 
mile 

SII-1IYi'AI, 

xcI f--- c''~ s n[.n 



TABLE 4-5
 

PROJECT COST SC*MMARY
 

Base Date: /198( ) 

ITEM COSTS (S) 

1. 
2. 

3. 

4. 

5. 

6. 

7. 

8. 

New nam and Spillways 
Intake 

Penstock 

Power Plant 

Special Structures 

Existing Facilities 

General Costs 

Transmission Line 

9. 

10. 

11. 

12. 

TOTAL DIRECT COST 

Contingencies (2010) 

Sub-Total 

Engineering, Administration acd 

Construction Manage.,.nt C2_0_) 

13. TOTAL CONSTRUCTION COST: $ 

14. TOTAL CONSTRUCTION COST 

X Zone Factor 

See Figure 4-19
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N4OTES:
 
I- Date Of Costs isApril 1979.
 

2. 	 Total costs obtained by multiplying thle cost per foot by the 
dam =:est length. 

3. 	 The cost must be multiplied by the valley shape coefficients shown. 
See also Figure A-2. 

4. 	 The cost is based on a unit price of 510 per cubic yard for 
embankment fill. 

S. 	Costs include 20 percent for excavatica, foundation treatment, 
drainage and other minor items. 

Fi.gure 4-2 fmbankmect Dam Costs 
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NOTES: 
1. 	 Date of costs is April 19719.
 

tiho rJ-S. Corps Of Emgineers.
2. 	 CostS age based on data of 
3. 	 Costs include 20 percent !or excavation, foundation treatmtnt,
 

drainage and other minor L-mems.
 

Figure 4-3 Ne4w spillway Costs 
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WITS:
 
1. D4c of costs iL April 1979. 
2. "'he estimstd cost includes *xcavR-:±On. conc:ett. CeOf'fcnq czLbacx!-ll, trash c&ncezascx, .anec3 a.ea, and todd*d ma'..
3. .40 cost is includd !or an incake ;ate. -he 98c*c cost can to 

ootalned f"om Fig:re 4-4.
 

?Tiure 4-4 a.k ,.3stsocg 
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. .COST (THOUSAND OOLLARS) .. . 

00 	 0o 	 0oo 
I­

----.. . .. . . . ... d . . .. .... .. O 0.. 

00
 

--..-..... 	 . ­0N	 . 

. . .	 . .. .. 	 o 
oo
 

.	 ...... - . ., 

0 ,% 	 ­

0.0 
% 	

Ih 
N 

NOTES : 
1. 	Date of costs is April 1979.
 
2. 	The estimated cost of the fixed whe-el gate includes a hoist, gate 

fr me, guides and installation. 
3. 	 The estimated cost of the slide gate includes an operator, gate frame, 

guides and installation. 
4. The estimated cost of the burterfl7 7alve includes a hydraulic operator
 

and installation.
 
5. 	 The bifurcation cost must be added to the cost of the equivalent length 

of steel penstock. 

Figure 4-6 Valve, Bitu--ation and Gate Costs
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NOTES: 
1. 	Date of costs is April 1979.
 

bypass with conduit and val- e includes excavation,
2. Cost of 
foundation preparation, reinforced =oncrete bypass structure,
 

'
 = chamber, miscellaneous and
backfill, steel liner to dissipati
 

embedded metals, piping, fixed cone dispersion valve &nd operator.
 

3. 	The bypass with a gated chute cons!sts of a gated intake, chute and 

Costs include excat.ation, foundation preparation,stilling basin. 

reinforced concrete structure, back:!ill, t ashracks, Miscellaneous
 

and embedded Metals, slide gate and operator. For flows greater
 

than those given, use a multiple gated intake.
 

Figure 4-7 Bypass Structure Costs
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40TES: 
I-Date Of Costs is April 1979. 
2.Costs include turbine and generator, site civil works, powerhouse

civil works, miscellaneous power plant equipment, accessory
electrical equipment and turbine shut-off valve.

3. Costs are for a single unit power-louse.
4. Turbine discharges shown are based on a turbine efficiency of 0A.85 

Figure 4-8 Powerhouse and Suipme=: Costs Francis-Vertical U7nits 
(T A, 3, C Projects, ---------­
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NOTES: 
1. 	Date of costs is April 1979.
 

Costs include turbine and generator, site civil works, powerhouse
2. 

civil works, miscellaneous pow*= plant equipment, and accessory 

electrical equipment and turbi=e shut-off 
valve.
 

for 	a single unit pc%.erhouse.3. 	Costs are 

Turbine discharges shown are based on a turbine 

efficiency of 0.S5.
 
4. 


Powerhouse and Equi----,cnt Costs - Horizontal Francis Units 
Figure 4-9 


(Tye A, 3, C ProjeC--s) 
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equipment cost carrespondi--g to the transmission voltage required. 

Figure 4-17 Switch Yard Cost.s with Generator Voltage Circuit Breakers 
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1.f The_daeo cssisArl 99 

0nd 03.4 0ine a woo fo th3ol 694-racan15k5l 

dsiated costs A 

condactons conditions.rcto orfoothl tearing ddnd or cost and 

for mountainous or swampy terrain add 30% of the cost. 

Figure 4-18 Tranmmissi:n Line Costs 

5. The are r pr1i9tp7eranwih9voa. 
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2. Excavation is assumed to be 501 cock an~d 50% coimmon. 
3. Tailrace transition excavjation costs are included as part of

the powerhouse costs. The tailrace .'engthcommnences at the 
end of the transition. 

Figure 4-16 Tailrace Excavation Costs 
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NCTES:
 
I. 	 Date of Costs is April 1979. 
2. 	 Cost estimate includes turbine and gene:ator, site civil works,
 

powerhouse civil works, miscel.anez-s power plant equipment,
 
accessory electrical equipment and turbine shut-off valve. 

3. 	Costs are for a single unit power =:ant. 
4. 	Turbine dischares shown are based on a turbine efficiency of 0.85.
 

Figure 4-10 Powerhouse and Equipmeer- =St3 - Vertical Propeller Units 
(Type A, 3, C Projects) 
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APPENuIX V
 

SAMPLE ECONOMIC CALCULATION
 



EXAMPLE OF ECOMNOIC ANALYSIS 

CAS E I 

IIYDRO DI ESEL COMPARI SON 

Capital 1. Recurring 2. Capital 1. Recurring 2. Energy 3. Pw I, Hydro Diesel 
YEAR Cos t Cos t Total Cost Cost Cos t Total Factor PW PW 

0 2258600 225,600 411,000 ti14,000 1.0 225,600 44,000 

1 3 ,100 3,400 4,000 42,000 46,000 .893 3,000 41,100 

2 43,,300 43,900 .797 2,700 35,000 

3 44,600 48,600 .712 2 b40 34,600 

415,900 49,900 .636 2,200 31,700 

5 47,300 51,300 .567 1,900 29,,100 

6 48,700 52,700 .507 1,700 26,700 

7 50,200 511,200 .452 1,500 24,500 

8 51,700 55,700 .404 1,400 22,500 

9 53,200 57,200 .361 1,200 20,000 

10 51*,800 58,800 .322 1,100 18,900 

Il 56*400 6o,400 .287 1,000 17,300 

12 58,100 62,100 .257 900 16,000 

13 59,900 63,900 .229 800 14,000 

I 61,700 65,700 .205 700 13,500 

15 63,500 67.500 .183 600 12,400 

16 65,400 69,400 .163 600 11,300 

17 67,400 71,400 .1h6 500 10,400 

18 69,400 73,400 .130 400 9,500 

19 71,500 75,500 .116 4*00 8,800 

20 73,600 " 77,600 .10l 400 8,100 

TOTALS.... 251,000 456 60
 



EXAMPLE OF ECCNOMIC ANALYSIS (CASE 1)..#2
 

1.-	 Capital cost for 200 KW plant. 

Includes: 10% engineering and administration, 

10% contfngencies. 

2.-	 Operation and Maintainence + interim replacements 

1.28' of capital cost for Hydro, 

4,5 % of capital cost for Diesel, 

3.-	 Energy cost based on 600,000 KWH/year 

Cost is escalated a 3%/year to reflect increasing fuel costs. 

4.-	 Discount rate - 12% 


