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Introduction to the Methodology

This site-selection methodology has been custom designed for
profassionals in the field in the Dominican Republic, taking into
accoﬁnc the technical, social, economic, instizutional and environmental
characteristics of the countrv.

The state-of-the ar: methodology design icorporates inter alia

. field-tested procedures for the evaluation of the quality

of available dacta.

. [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
rasources.
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gstablishment 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 mix of technical, economic,
social, institutional and environmental criteria. The sites that
have been ranked as the most attractive will be eligible for a more

detailed feasibility analysis and for actual SHP® installation.

The site selection methodology 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 daveloped
for low head small hydroelectric systems in the range of 100 KW to

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

The methodology has been developed by a taam of USA!ID consultants in
conjunction with professionals of national agencies responsible for
the development of smail hydroelectric resources in the Dominican
Pepublic including the Mational Energy Policy Commission (CxPE), the
Dominican E'ectricity Corporation (CDE) and the Mational Hydraulic

Resources Development Institute (IMDRHI),

The Site Selection Criteria are as follows:

- Technical Yiagbility Criteria are dependent upon the streamflow

regime and the available head at the site and on whether the flow
is requlated (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 from the site
to minimize silting and to ensure a satisfactory stream flow re-

gime for meeting the technical viability criteria,

Selectinn of Specific Sites

The sat 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 KW to 1 MJ) that have been identified in
the report entitled "Inventario Macional de Recursos Hidroeléctricos,
Fase |: Proyectos Hidroeldéctricos Conocidos'' that was published by
the CMPE 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 CMPE.

For the moment, it is assumed that the global number of possible sites
is 39 with 3 projected total capacity (by CMPS) of 37 MW. This aumber

will se reduced “urther by the following considerations:
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(i) As a result of a (forthcoming) technical agreement between the
(GoRoC) (GOOR) ,
Governments of the Republic of China/and the Dominican Republic/
the company Sinotech Engineering Consultants Inc., in con junc=
tion with the [MDRH! will conduct site selection and feasibility

studies for smali hydrcelectric projects in the following areas:

a) the eastern zone of the country limited to the west by the

rivers Casui and Chavdn,

b) the uoper hasin of the Yaque del Sur River, upstream from the
Sabaneta and Sabana Yegua Dams.

c) the middle part of the Yaque del Sur Rivaer that extends from
the Sabaneta and Sabana Yegua Dams to the Llanura de Sarahona.

d) the upper reaches of the Cada River, upstream from the Los
Mesa Dam.
(i) A "first pass'' reconnaissance study will have been performed
through exchange of information and preiiminary site visits

focussing on project technical feasibility,

Thus cthe 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 GOOR =-GOROC Agreement) that survived the ''first pass

reconmnaissance study.'

Compiling Existing Information

An important inicial step in the conduct of a site selection study is
the compilaticn of pertinent existing technical, social, institutional
and environmental data. With this information at hand, the subsequent
field visit to the site of the pruposed small hydro development will be
dedicated exclusively to filling the data gaps that are identified in

this step.
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Technical information

The following procadure is suggested in making an inventory of the

existing technical information for analyzing the hydroelectric poten-

tial of a site (Linsley 1953):

a)

b)

c)

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.
Assemble all pertinent hydrcmeteorological and hydrographic data
files. Institutions that have extensive hydrometeorological 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 stations
using appropriate symbols to indicate the nature of the observa-
tion, Outermine (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 record for each item of data at each
station. Indicate on the chart, changes in frequency or method of
observation and the estimated reliability of data.
Survey all existing literature on the hydroliogy, climatology,
geology and geography of the region. A good data source is the
bibliography of the Environmental Profile of the Dominican Republic
(UusAlD, 1981). Prepare a hibliography of this material, annotated
for future reference during the survey. On reading this material,

note any pertinent information or conclusion.
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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 rasources. 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 (1AD), the Community Develop=
ment Office (00C), National Institute of Potable Water and
Sewage (INﬁPA) 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 |nteramerican Agricultural Science Ins-
titute (1I1CA), that may have on-going projects in the community.

b) Consult the following references for pertinent information:

i) National Household Survey, made by the Central Bank
(Banco Central) in 1976.

ii) Rural Household Energy Survey, made by Practical Concepts

Incorporated in 13980,

iii) Survey of Economic Resources of Small Farm Households,

Secretariat of Agriculture, 1976,

institutional Information

lc is Important to find out if any other projects are being planned
or exscuted 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) Tha National Hydraulic Resources DJevelopment Institute
(INDRHI)

i) The Oominican Slectricity Corporation (COE)
iii) The National Potable Water and Sewage Institute (INAPA)

iv) The Nationa! Forastry Directorate (FORESTA)



3.4  Environmental Information

It is vitally important to gather information on the state of the
watershed upstream from the site. |n particular, any information on
factors that would be useful in indicating the degree of soil erosion
such as soil,land use (including forest teserves), agricul tural
practices (are slash and bum practices in vogue?), slope of the wa=

tershed, and microclimate shculd be highlighted.

4.0, The Site Visit

The site visit will be designed to familiarize the angineer 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, aspecially the direction of
flow of streams. Use photographs to illustrate the various types of
terrain, vegetal cover and stream channe! charactaristics of the water-
shed. Special note should be taken of the practices of road Suilding
and agricul tural management in the watershed insofar as they affect

soil erosion. Visit the watershed hydrometeorological and runoff
stations noting condition of equipment and the tachniques of observa-

tion to support the evaluation of data reliability,

If available data are limited, it is prﬁdent 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 dy painting scales on existing structures or on planks and float

measurement of streamflow can be easily accomplished.

5.0, Field Survey

The field survey incornorates data gathering on technical, socio-



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. |t has been designed to sum=
marize all pertinent informaticn on the site for convenient reference.

(See Appendix 1).

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 ! or 2 days, provided local authorities may be inter-

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

Processing of Hvdrological Information

Hydrolegical information will be processed with the objective of
generating information on the available streamflow through the
presaration of a flow duration curve =-an important tocl in the pre-
liminary design of hydroelectric systems. In many areas, streamflow
records will be dafective or non-existent. In such cases, it will
be necessary to express the streamflow records using techniques that
anable one to use available information from other sources such as
streamflow records of adjoining watershecs. 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-

straam from the site in question.
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Generation of a Flow luration Curve

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

two-s tep 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 is generated.

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 numoers,
the largest beginning with order 1. The order numbers are then divided
by the total number in the record and multipliied by 100, thersby 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 ysually made as QSO' Q30, QIO etc.,
indicating the flow values at the percentage point subscripted. Fig. 6.1

is an example of a flow duration curve,

Secause flows at specific sites genarally follow cyclical variations as a
function of within=year periods, it is recommended that the analysis be

based on monthly {low durations.

Extending Streamflow Information

txtanding streamflow information through correlation or regression analysis
must be handled with extrsme care on the understanding that simple regres-

sion analysas produce estimates of means of the missing values.
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6.3.

Multiple regression techniques can be used to relate flow characteristics
with pertinent physical or hydrological characteristics using a relation-

ship such as the following (Gladwell, 1980)

- al, a2, a3 an
DSF. aoxT X2 X3 ...Xn

where,
DS .=the flow statistic of interest; e.g.,
! @mean, standard deviation, mean annual

£lood, etc.

X; acazchment hydrological characteristics,

a; =regional coefficients.

A simple example of cthe use of this kind of relacionship is the case of

relating che mean discharge to the wacershed area.

Maintaining Data Qualitv

The use ¢f hydrological daca for design purposes is based on the simpli-

fying assumption cthat 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.

. Homogeneity 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-homogeneicy of comcern in hydrologic data
analysis; !) mixed (data) population and 2)tvend and cycliagz
Data from mixed populations usually result from human activities in
the watersheds such as the construction of a dam upstream or che de-
auding of the land cover through a forest fire or bad agriculcural

sractices. The existence of this type of inconsistency is readily

detacced from a plot of a hvdrological parametar, such as Zlow, with tixe
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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
variabla versus che cumulative data of another relataed variable. As
long as the physical conditions (such as land use practices in the
wacershed) 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 persistenc trend and cycling in the data may alsc be

detected from siaple time plots if sufficiencly long records are avail-

able or through the use of regressing moving averages.

Langth of records should span periods of extreme events to facilitate
the planning needed to yield solutions that would be most affective 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 hiscory of the catchment area under study.

Social, Institutional and Eaviroumencal Guidelines

These guidelines are useful in evaluating the "human" and "nacural”
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 adminisctration of
the S@PP.

For example, consumptive uses of water originating in the watersheds may
be such that there is insufficient water available for operating the
SHEPP satisfactorily. Alteraatively, the watarshed may be ia such a poor
condicion co preclude the installation of an SHPP uncil restoration

measures are in place and are seen to be working.
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Social Anmalysis

The results of the survey will be used to conduct the social analysis
of the sits. The analysis will censist mainly of the assessment of
wo aspects of the community:
a) the degree of participation of its memdbers 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
instal lation 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 haopen 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
weal th of those merchants.
5) the impact of rural electriciation cn migration is difficult to
evaluate in the absence of hard data.l/ On the one hand, it

can be argued that electrification drings uroan amenities tc the

village which can contribyte to stem migraticn,

7 Turvey ang ~fcBrich, P. 104
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Institutional Considerations

An important institutional consideration is detemmining 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 cn this topic at the data compilation stage should be cross-
checked against information provided by local citizenry to the survey

interviewers,

Another institutional consideration is determining the degree of involve-
ment of the SHPP customers in protecting 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 lccal Council eor Ayuntamiento agreeing to execut-
ing appropriate watershed protection measures when necessary should be

provided.

Environmental Considerations

Envi rommental 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 sadiment

45 a result of the indigenous characteristics of the watershed{such as
slope, soils, climate and forest resources) and tne intervention of man
(through land use and defores:zation), An extensive record of sediment

lavels should de 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 %o 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,

Demand Calculation and Forecast

These calculations are necessary for:
a) estimation of the required size of the plant,
b) determination of the tariff structure

¢) caleulation of the financial and economic benefits,

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) housenolds (h/h)

2) industry and commerce

3) agriculture

L) opublic services
Census data will provide information on the population size., This

must be updated with survey data.

The number of h/h will be the pooulation divided by the average

number of members per h/h (6.4 ser h/h)l/

The existing public, industrial, commercial and agricultural use of

energy will be provided by the survey.

17 AI0-C0SS 7Y 33, 0.3,
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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 (if village is already electrified) cr estimated existing
demand plus the immediate incremental demand will yield the ''present'

electricity demand at inauguration of the plant.

Household Affordability Calculations

A grosso modo astimation of household affordability can be obtained by
calculating the average monthly energy expendi ture Vincluding only

i tems which will be replaced by electricity such as candles, kerosene,
perhaps oil fuel and batteries) less the estimated average h/h expen=
diture in alectricity. The measure of affordability gives an indica-
tion of the least amount of cash a h/h would be willing to pay ‘or
electricity. This calculation does not include the 'willingness to pay"
consideration due to the higher quality of lighting provided by elec~
tricity.

Cemand Load Forecast

ln situations of information shortages, forecasting demand involves a
good deal of judgement, especially in areas hitherto without sarvice,
it is therefore necessary to ccmplement survey data with information

from different sources. The following procedure for the caleulaticn

of projected demand is suggested:

Histarical data from comparable villages within the region:
the most concrete basis for forecasting is the growth pattern
in electricity demand in nearby comparable sites supplied by
elec:rici:y.l/ Given the existing demand and the growth rate,

10 year projections can thus be extrapolaced.

This methodology assumes a conservative demand growth rate of 3%

2/
per year.=

/

1/ =is information can bSe obtained at CDE.

2/

For a more decailed methodology the CDE=SCFRELZIC Plan de Zxpansicn del

Sistama Eldzzrizo, December 1380, op. 44-83 can be consuited.




TABLE 8~1 = DEMAND LOAD FOR HOUSEHOLO | TEMS
Light bulbs 25, 50, 75 or 100 w,
Fluorescent lamo (equivalent
to 100 w.) 20 w.
Radio 5w,
Television (18") 14w,
Refrigerator (6 ft,) 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

Hidroel€ctricas en (olombia, Fundacién Mariano Ospina Pérez,

Bogotd, Octubre 1979, pgs. 21 and 23,



TABLE 8-2 DEMAND LOAD FOR SMALL SCALE ENTERPRISES

ACTIVITY

CARPENTRY

B AKERY

CRAFTS

SMALL SAWMILLS
GRINDERS

LOOMS

COFFEE GRINDER ( COMMERCIAL
QUARRY MILL

ICE MAKING

I RRIGATION PUMP
BRICK FACTORY
AL3ERGUE (20 guests)
RESTAURANT
VEGETABLE CANNING

DAIRY PRODUCTS

MILK (cooling and pre-evaporation)

ELECTRICAL AND MECHANI CAL WORKSHOPS (repairs)

GAS PUMPS

SiLOS

REQUIRED CAPACITY (Kw)

3-15
2~ 5
1= 2
15 = 30
10 = 20
0,5 - 6
5-30
6 - 30
6 - 60
2 =100
1=- 5
2- 5
1= 2
5 - 20
2=-10
5-20
5 =15
2 =100
3- 5

SOURCE: PROGRAMA REGIONAL DE PEQUENAS CENTRALES HIDROELECTRICAS DE
OLADE, REQUERIMIENTOS Y METOOOLOGIAS PARA LA IMPLEMENTACION

MAS VA DE PEQUENAS CENTRALES HIDROELECTRICAS EN LATINO

AMER! CA, DOCUMENTO DE TRABAJO, QUITO, 26 OE JUNIO DE 1980,

ANEXQ V! .
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TABLE 8-3: ILLUSTRATIVE ANNUAL ENERGY OEMAND GRQWTH RATES

. SOFRELEC' Estimates of Average Annual Fnergy Demand Growth rates
' for different rural sectors ?1978-1992)‘_

- Msthod 1: Using explicit (economic) variables.

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

Average annual growth rate: 12,9%

‘= Method 2: Using predetermined objectives

The rural consumption is broken into the follewing cate=
gories with the respective average annual growth rates:

= Residential 9.5%
= Ccemmercial and small

indus try 8,4
- Government L, 7%
- Agriculture 36.3%

-jgaurce' Calculated from SOFRELEC, op. cit. pp 59=74.

I1. CNPE's Estimates of Average Annual Energy Demand Growth rates
for all sectors (1978-2000)1/

SECTOR 1978 - 1990 1991 - 2000
Industry 6% 6%
Commercial 9 5
Agriculture 5
Residential ) 2

1/ Source: Calculated from CNPE, Energy Strategies for the
Dominican Republic, op 40-51.




Table 8~3 gives amual energy demand growth rates as calculated by

SOPRELFC and QYPE.

Re~evaluation of Preferred Design

After the final scheme selection, if proposed installed capacity
axceeeds the 10-vear demand projection, calculations of present and
future load of nearby villages which could be included in the SHP?
svstem 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 muleciple-unit installation

or grid intercomnection.
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Alternative Layout Schemes

The first level analysis that is prasented 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 resourcs is accomplished with the derivation
of an approximate flow duration curve as described in the sixth
task. This information combined with the gross head a.ailable at
the site is a starting point for the delineation of altemate
project layouts. This section will deal with:

- The cetarmination of available head

= Guidelines for alternate project layouts

-« Graphical selection of turbine type

Determination of Available Head

The first step in evaluating the available head is to sstablish the
location of the powerhouse geograptically. This should be accom=
plished with the use of topographic maps in conjunction with a

visual inspection of the site, Criteria to be considered in its
location would include accessibility for construction equipment,

length of tailrace to return discharge to the stream or conduit and geo=
-togigal conditions, The gross static head is then determined by

the di fference in elevation between the proposed tailwater and head-
water., In the case of very high head installations (greater than

100m) this can be accomplished to a reasonable degree of accuracy

with an altimeter accurate to - Sm. Topograghic maps with 10m contours
are sufficiently precisa for elevation differences between 20 and 100
metars. Selow 20 meters a sight lavel or surveying equipment should

ba 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 103 or more as a result of upstream regulation due
to irrigation or othzr 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.

Guidelines for Alternate Layout Schemes

Alternate schemes for the development of the resource may vary in
nunber from a single development to & 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.

- Oual or competitive use of water resource.

- Locsl power and energy requirementc,

- Pussibility of future connection with the grid.

- Seasonal flows or flows regulated by irrigation.

= Availabiiity of local labor,

- Existing impoundment facilities or natural geclogical formations.

- Downstream envi ronmental considerations, i.e. fisheries, commun=
ity water supply.,

- Condition of upstream watershad.

Al ternative layout scneme that result from the preceeding may include:
- High head installation.
- Low head installation,

- dcwer canal configuration,
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- Installed capacity less than that which the resource could
support.

- Configuration involving some storage capability.

- |nstallation of multiple equal or unequally sized units,

This task is not intended to produce cdetailed drawings or to include
refinements of the layout. [t is intended to present a relationship
between the geography of the area, competing water uses and power
generaticn as it relates to the community to be served. Gross dimen=
sions as to approximate length of renstock and/or canal, length and
height of dam, approximate location of irrigation works, rough dis-
tancas to grid and community and other pertinent information should
appear on the sketch, It is possible, if 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.

Preliminary Turbine Salection

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 tMat are applicable to the specified head
and the flow corresponding to on from the flow duration curve of
Figure 6-1

Estimation of Power & Energy

The installed capacity of the turbine must be selected with two
major factors in mind: a) Optimization of the resource and b)
projected demand of the community to be served. This task will be
performed at two distinct junctures in the methodolcgy, First, as
the step following the identification of all pcssible alternatives,
it will Ye utilized to estimate the optims} capacity and energy

aroduction of each scheme. Sacondly it will be revisized follewing
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the selection of the preferred scheme to re-examiﬁe the recommended
instailed 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 decreasa in turbine

efficiency caused by reduced lcading.

10.1, Use of the Flow Duration Curve = Preliminary

The flow duration curve prepared in task number 6 may be employed with
a reasonable degree of accuracy to predict the annual energy production
of an incztallation, It is generally accepted that the 15% exceedance
flow should be used for the maximum 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 (QD) will then be ¢ /1.15. The minimum flow Q | , below
max _ min

which the turbine cannot be operated, is assumed to be at a rate .3Q0
or 30% of the decign flow., This minimum flow will vary with the effi-
ciency characteristics of the turbine. For axample, a fixed blade
propeller unit will have a Qmin » aqual to 50% of the design flcw or
.SQD. At the intersection of the minimum flow and the curve, a ver-
tical line C=D is constructed., The area ABCDQA will then represant
the average flcw available for power production 1002 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 aporoximations emploving triangles and rectangles,

The area will have the dimensions of flow as the ab¢issa is aimensionless,
This flow value Qav‘ can then be usad %o calculate the average annual

energy for each scheme as follows:
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Eav = Qav X Heff x 9.804 x - x 8760 x .95

where Qav = Average annual power flow (m3/ sec.)

Heff = effective head available for power production (m.)
= average turbine efficiency ( .85)

8760 = # of hours / year

+35 = reductior factor to account for unavoidable water losses,

The installed capacity P. can then be determined

P = QyxHyx 9.804 » 7

where Qp = design flow (m3/sec)

Ho ™ 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
utilize 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 irriga-
tion canal will enavle the QD to be equal to the Qmax if the higher
value is available at a 10 ~ 153 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 decter-

mination of power and energy for each alternative,

Final Power and Energy Determinaticn

Follewing the selection of the preferred scheme and conceptual design
in task 13, a review of the installed capacity and anmiual energy pro-
duction should oe made. Various refinement will be introduced to the

sketch of the seiective altermative 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 1152 Q Qmax m;/sec.
Minimum 30% Q0 Omin —"—_m3/sec.
Design 0 O'D m~/sec.

Gross Head

Maximum (highest headwater, lowest tailwater) M,
Minimum (lowest headwater, highest tailwater) m,
Average H m.
Des i gn H%v - m

Head Losses

Penstock (D= : Vm : L= ) M
Miscel laneous m.
Val ue M.
Total H m.
2
Effective Head
Design Head (HD - Hz) Hets m,
Plant Capacity
Design 1Qy x H ce X 9,804 x ,85) P KW,
Average Annual Energy
Average Flow (Flow=Ouration Curve) d v m3/sec.
Average Energy (QA X Hoee X 495 x 8760 x3.33) € Kwh
Plant Factor E/(P " 8760) x 100 Ep k4
Load Factor
Year 1 (Annual cnergy Lons.)/E LF1 P
Year 10 LFIO kd

SOURCE: Tudor Engineering
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TABLE 10-2

PENSTOCK HEAD LOSS

FRICIION IN HEAY EOSS PER 180 FEET UF PENSIOCA

" Olamecter 2 5 & 3 10 T2 14 16 13 20 Misc. VJalve
(FT) Loss  Loss
Ve loci ty (FT)  (FT)
(FT/SEC)
10 1.38 .55 .31 22 .16 .13 .10 .09 .07 .06 0,75 .80
12 1.99 79 46 % .23 .18 .15 .12 11 .09 1,00 1,10
14 2.71 1,07 .63 W43 .32 25 W20 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 bob7 1,78 1,03 » 70 «52 L1 .33 .28 26 21 2,00 2.50
20 5.52 2.19 1,28 87 .65 .51 L1 .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 (D), 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.

Head loss = %g% x ,23 + (1,0) + (1,10)
= 2,56 ft.

Net Head = 60 = 2,56 = 57,44 f¢,
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Decisions will be made as regards penstock configuration, valve
arrangement and headworks equipment. The result of these preliminary
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 yvear ten should be
analyzed qualitatively. Curves for turbine efficiency are available
and they shouid be consuited to determine the effect of the load

factor on turbine serformancs.

Reaction turbines are restricted on the low side by unstable cpera-
tion and vibration that severely curtail the useful life of the unit,
Normally this condition occurs between 20 and 40% of rated load.

For this reascn the demand and energy requirements of the community
must be considered fully. The preferred scheme may be aitered at
this point in any of the following ways should this condition exist:

- Modi fy plant capacity to fal! 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 develcpment option that may be more cost effective
affhough not optimizing resource.

- Installation of a constant load to provide an additional community

or national service not considered heretofore.,
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11.0 Technical Evaluation of Altemative 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 ¢ivil construction in the Dominican Pepublic , Special
emphasis shall be put on

. Suitability of 2ach proposed scheme for multiple water use
(potable water supply, irrigation as well as the generation of
electricity) where pertinent.

« 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.q.
turbine selection)

. Construction considerations - ccntrasting the construction of
a short conduction canal over difficult terrain with the putting
in place 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
is more accessible but less efficient in head utilization.

. Major guality considerations in turbine selection = reaction tur<

bine are more sensitive to pitting and cavitation cables by water
than impulse turbines.

1.1, Final 2valuation of the Propcosed schame

Follewing the choice of the recommenced development (See Task 12) and

subsequent to review under the criteria of tasks 7,3 and 10, an additional
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evaluation based on any pertinent new criteria or inputs will be under-

taken.

12.0. Salaction of Preferred Scheme

Based 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 extraordinary 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 evdiuating 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 negligible effect on the accuracy of the study.

Descriptions of available turbines and their general characteristics
are listed in Appendix 1i{. While the choice of machinery is by no
means a final determinaticen, the turbine type (impulse or reaction)

shculd be cecicded. 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 turopean manufacturers are offering standard impulse turbines, A
list of turbine manufacturers, the types of turbines they produce and

whether standard designs are available is presented in Appendix 3.

Civil Works
The choice of turbine or turbines will 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, (f a multiple unit ins-
tallation is proposed the number of bifurcations will be noted. The head=-
works and intake structure will also be approximately specified. This
will be a function of conduit size that can be determined by using the
design flow (QD) and an average velocity of 4.3m./sec (14ft/sec) and the
rel ationshiz:

Q AV

where A = crossectional area of
conduit = _D_z
A

V= velocity’
QD = design flow

solving for diameter yields:

D -!hqo

The lengch 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

astimate of these quanticies is sufficient,
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Generator Selection

In most cases where the inscallation 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.
Excitatlon, frequancy control and voltage regulation are provided by
the line and thus the electrical equipment costs can be reduced sig=

nificantly,

Transmission Requirements

An approximate transmission line routing will be sketched and a
qualitative judgement made as to the difflculty of construction in the
given terrain. The voltage level of the transmission line and fength
will be indicated. |If there is an existing distribution system or a
grid connection is proposed, voltage and capacity should be noted and

transformation requirements indicated.

Miscel laneous Features

Ay additional civil or electrical features that require censideration
in the costing phase should be noted. These features may include the

necessity for construction of a sadimentation pool, a small tunnel, or
any extraordinary electric egquipment that might be required for the

development of an specific sice,
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Final Cost Estimation, Financia: & Economic Analysis

An important aspect of determining the preliminary feasibility of a
potential hydroelectric development is an estimate of 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 is necessary 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 astimate project capital cost. These
curves (See Appendix |V) were derived for four general project arrange~
ments and consist of composite costs for specific construction tasks.
It Is resalized that these curves are not particularly appropriate to
smal| hydroalectric development in the Uominican Republic due to the

following observations:

. Civil works involved in powerhouse construction are

considerably decreased ror high head installations.

. The cost of labor in the Dominican Republic is not
comparable to U.S. cost resulting in the use of labor

intensive construction methods in the D.R.

Equipment requirements and thus costs for high nead

sites vary a: different rates than for fow head sites.

. Shipping costs must be considered.
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14.1. Costing Procedure

The project data sheet as presented in Appendix IV will be helpful in
obtaining a listing of componen' 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 in Appendix IV pages +~4 through
k=7 will sarve 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 tyrn, is a function of head and flow. The curves provided in the
remaining pages of Appendix IV provide the costs for 2ach of the
categories as 3 function of an estimated design paramenter, i.e. power-
house & equipment costs as a function of effactive 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 in Appendix Y. The compilation will require

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

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

be represencative of the major part of the proposed projects. Oata will

be drawn from a .ariety of sources including some of the apolicable curves

presented herein., An index will be adoptad that rela;es the costs to the

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

future usa.
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14.2. Analysis of Cost Effectiveness

The cost effectiveness of a hydroelectric project is dependent upon
the alternatives available to supply the same demand. In the Dominican
Republic the available alternatives differ on a site=specific basis and
must be considered as such, The following list identi fies the major
options for electrification or augmentation of existing electric service
with the development of a hydro-electric resource. The aptions repre-
sent 3 general categories and will serve for the majority of situations,
a) Rural electrification of a community or region that previously
has not. had central electric service and has a low probability
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) Raplacement by a hydroelectric source of part ot 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
a) include cost of plant, equipment, construction and centin=
gencies and distribution system when pertinent
b) All capf ral costs will be incurrea orior to the first year of
ooeration.

3. Recurrent cost

a) Inciudes the cost of operations and maintenance (0&M),
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acministration and general expenses (AGE) 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 0&M
expense 1.28% of capital cost can be used (IMDRHI) and 0.1%
of capital cost for ASG expense (CDE) when applicable. 0&M
and A§G expenses for a diesel generating plant will be 4.5%

of capital cost.
b) Energy cost for hydro will be zero.

c) Energy cost for a diesel altermative will be escalated for
fuel price increase (over and above 1981 constant prices)by
3% per yearl/ and 3% per year to account for the growth of

2/

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
diesal plant.

5. Discount Factor
The discount factor represents the opportunity cost of capital,

officially 12%.

A. Initial Electrification of Rural Communi ties

This situation will be analyzed using a diesel unit as the alter-
native alectric source. The cost ccmparison will employ 3 new
diesel generator set that will have the same ins talled cavacity
and will supply the same amount of energy as the proposed hydro-

electric altermnative.

3. Rural Slectrification with Prcpability of Inter-connection
This analysis will weigh the comoarable costs involved in hydro-

electric develcomen: versus those associated with electric service

A Tudor estimate

z/ As assumed in Section 3.



provided by the national gria. The cost of service provided by

interconnection with the grid wilt include the following:

1. An average capacity charge (in RDS/KW) based on the LDE re-
sourcas most likely to supply the power to the communicy.
inigially, the total capacity expense will be tor the estimated
peak demand; then this will be escalated at the projected rate
of demand growth (3%)

2. An average energy charge (in RDS/KWH) based on tha svstem bulk
tarift structure. This total energy expense will be the aro-
duct ot the predicted annual energy consumption escalated at
the energy growth rate and the average tariff (escalated accord-
ing to CDE policy, which includes an increase rate of 23/month
or 27%/yr for the 16-month period starting December 13980)

3. A connection charge to the grid. Tfiis i1nciudes the cost of
construction of the transmission line, the cost of protection
equipment and the cost ot volitage transformation .0 the same

hydroelectric generator.

A further alternative to the above would be constructing a hyaroelectric
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 ot negotiations with the
utility to determine an acceptablie capacity credit and energy buy-back
rate. For this analysis historical rates for utility purchases rrom

Faiconbridge or sugar producers may be used.

Also atzention must be paid to the reliability of sarvice. A run-of-
river hydro unit will experiance times of low flow during whicn no
eiectricity can de generated. A constant tarif{ structurs, in the
case of hydro, must be weighed against continuity of service at an es-

calated tariff{ rate.
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Incorporation of an SHPP into an Existing Zlectric Svstam

The third general category for economic comparison of altarnmatives
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 emploved in this case.

See worksheet l4=-1

14.3 Financial Analvsis

The Financial Analysis will calculate measures of project worth at

zarket prices.

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

added:

1.

2.

The foreign component will be evaluated at the official exchange
rate of 1 RDS per USS.

Benefits will be calculated as the estimaced annual median
generation of the plant ctimes the rate per Xwh. This analysis
assumes a tariff of 5¢/Kwh.

Cost and benefits will be discounted at the official opportunicy
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-nydro plants.

Ffinancial Benefit/Cost Ratio, Vet Present Worth and Internal Rate
of Return will be calculated on the basis of the discounted cash
flow analysis.

Sae worksheet l4-2.
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Economic aAnalvsis

The eccnomic analysis attempts to aevaluate project coscs.and
benefits at their efficiency price to evaluace its ccncribution
to the national economy.

Additional Assumptions

1. Foreign costs will be converted to domestic prices by using
the shadew price of foreign exchange of l.36 according to
the latest (unofficial) Banco Central estimates.

2. The foreign/local breakdown will be specific for the procure-
ment ac each site. For this depth of analysis, costs can be
categorizad as civil works, equipment and transmission costs.

3. Costs and benefits will be discounted at the official oppor-
tunity cost of capital of 12%, Zor che estimated life of the
plant of 30 years.

4. Economic B/C ratio, NPW and IRR will be calculated on the
basis of the discounted cash flow anmalysis.

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

See Worksheet l4-3

3enafics

Again as in the forecast of the demand load, calculation of benefits
require a great Jeal of judgement. Three categorias of benefits
will be identifieds of which the third will be described but not
quantiiied.

1) revenues from sales

2) resource savings

3) consumer surplus
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1) Revenues for Sales. Multiply the Kwh generatad by the tariif

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 Xwh will be
aescalated by its estimated growch racte (3%)

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

savings realized by producing electricity with hvdro rather

than from other energy sources.

As a first. approximacion annual resource savings may be calculated
by multiplying the annual median energy zeneration of the hydroelec-~
tric plant by the difierence between the unit generating cost of the
altarnative under consideration (i.e. conversion to the grid or using
a #iesel yenerating .lant) and the unit cost of production of the
SHPP.

The CDE system wide generating costs per KWL are published on a
monthly basis in a publication called "Banco General y Estados 3alances
Suplamentarios'. Data are also available for che unit diesel generat-
ing costs. SAPP production costs must be calculatad tsking into sccount
capital and annual cost discountad at 2% over 30 years divided by
the product of the astimated annual median generation and the life

of the plant:

1 i
i% Ri (L =+ )
Cost per Xwh = C +
G .30
C = Capital Cost in RDS
R,® Recurrent Cost in Year i = Q&M + ASG
G™= Annual Median Generation (Xwh)
:z = Lifa of the Hydro = 30 vears
= Discount Rlace

A sample :calculation appears in Section 4.4 of the Financial and

Economic Analvsis.
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Consumer Surnlus is the excess a mount a consumer is prepared
to pay Zor a good (racher than go without it) over tne ameunt:
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 which
indicates cthat satisfaction derived from the last unit consumed
is lower too. However, this analysis rescs on the contestable
assumpcion that utility is a measurable quancicy in the same
way as profit, income and output are measurable. Ia this
methodology 1 more relevant concept of "abilicy to pay' will

be adopted. The conditions in the rural areas are such that
"willingness to pay" and "ability to pay" are aot always the same.
The affordability calculated in Section 8.2 indicates the
abilicy 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 bemefits that can be
assimilatad in the consumer surplus are those omnes asgociatad
with the presence of a cheap energy source, i.e. the capacity
to power dachines, the higher qualicy lighting, the greacer
scope ~f productive possibilities chat open up with the advent

of electricicy.

Sengicivity Analvsis

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

economic feasibility, the semsitivity analysis evaluates aeasures

of project worth under changing condicions.

A likely scemario would be a zcmstruction delay of 1 vr. wich 107

cO8St overrTuns.



WORKSHEET

nYORQ OPTIUN
Capital Cost

Recurrent Cost

1b=1: ANALYS1S OF COST ErFELTIVENESS

Year Y Y Y Y
(s)

1 2 3 2V

-
Total ’
z
viscounted at 12% a g+ im] i
(1 + ¢
WHERE
¢ = capital cost (incurred in year 0) in KOS
r = discount rate (12%)
T = |jfe of diesel alternative (L0 yrs)
;" ith year
Ri' recurrent cost incurrad in year i = UEM + AEG
DIESEL OPIION Yearo Y, YA Y3 Y20
Lapitat Cost .-
Recurrent Cost o= == = =
osM + A&G
Energy Cost
(compoundea at
(1.03)
1otal T
Uiscountea at 12% =r+2
P = o
(1+r'
WHERE
¢ = capital cost tincurred in year u) in RDS
r = aiscount rate (123)
k.= energy cosc ircurred in year 1 (RuS)
2
=E (1.03)
Rw0gMengg+ (1,092
|
T = 20 years
¥.= 1 th year
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CUNNECTION 10 TrE GRID UPTION

Connaction Costs
Transmission line (material and labor
Protection Equipment
Voltage Transformer
Service Cost
Avge. Capacity Charge (RDS/KW) X Capacity (Kw)
compounded at (1.03)
Avge. Energy Cost (RDS/Kwh) X Energy Demand (Kwh)l/ .
compoundea at (1 + (DE tariff annual escalation rate) '

T
Total Discount at 12% =c ’%;‘ Si

(1+r)

WHERE
Co = connection costs (incurrea in year 0) in RuUS
r = discount rate (1:3)
T = time planning horizon (2U year) )
(C, ) ;=Avge. capacity charge in year i (RDS) = (Ca)°(1.03)l

.. ®avge. energy cost incurred in year i (RDY) i
Eo (1+CUE caritf annual escalation rate)| \1.03)'
COE bulk tariff for year 0

a
[ ]

w
L )

service cost incurred 1n year i {in RDS) = (ca\i -

THe dption with the least discounted cost will be the
preferred scheme.-

1/ Assuming the load factor remains the same

45



JORKSHEET 14=2: FINANCIAL AMALYSIS

46

~ CO0ST STREAM BEMEFIT STREAMN
. . Sales Discount Total
Yr., Capital Annual Discount Total . .
P Factor Cost KWh x Avg Tariff Factor Berefit
0
1
2
- Total - Ota!
Cos t 8enefit
Benefit Cost Ratio = Total Benefits

Total Cost

Net Present Worth = Jotal Senefit - Total Cost

Internal Rate of Retum = Discount rate at which total benefit =

total cost



WORKSHEET 14-3 ECONOMIC ANALYSIS

Shadow-
Cost Stream Foreign Cost fan.exch. local Cost Total Cost

' Capi tal 1.36
Equipment

Civil Works
Contingencies

Distribution System
Total Capital Cost

Recurrent Cost

0 &M (1.28%)

A& E (C.13)

Toral Cost

_ Viscount at
Yr. Capital Cost Recurrent Cost To t a | 123

30
-
Discounted Total Cost = Capital Cost +? ‘Recurrent Cost,-i
(1+ 0!
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WORKSHEET 14=4 ECONOMI C ANALYS IS

BENEFIT STREAM

Cost Discount
Sales Savings Total Factor i
19 % .
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 indicztas the return on investment. An attractive project,
from the economic standpoint, will have an IRR greater than tne

opportunity cost ot capital
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15.2

k9

Pacort Writing

Once the technical, social, economic, institutional and environmental
analyses have been conducted, the evaluating team will write the
final rc ort on the site with recommendations 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:

Technical Analysis

a) Gross head / Design head

b) Flow duration curve (include source of data)

c) Selected design flow

d) Proposad 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

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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Financial and Economic Analysis

Financi al Economic
8/¢C
NPW
IRR
Sensitivity Analysis
Financial Economic

NPW i f

10% cost overruns

Envi ronmen tal 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.
¢) Use of upstream watershed area.

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 exisct.

Typing and Printinag of the Report

Time allocation of support staff for typing and reproduction of
the report must be planned ahead to avoid delays and conflicting

time schedules with other acrivities of the institution,

Figure 16.1 is a flow chart of the site selection methodology.

Grafico Mo. 1 is a Yar <¢hart Scr all the activities carried ocut

under a site selaction stuay.
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APPENDIX

EVALUAC!ON DE RECURSOS HIDRUELECTRICUS

DE PEYUENA E>SCALA



HACIONAL OF POLUTICA o

|ENERGETICA

EVALUACION DE RECURSOS HIDROELECTRICOS
DE PEQUERA ESCALA

‘FORMULARIO No.
NOMBRE DEL INGENIERIO DE CAMPO

FECHA DE RECONOCIMIENTO

1. LOCALIZACION

Propietario de la Parcela
Nombre de la Parcela

1.1 Nombre de la Corriente de Agua
1.2 Afluente de

1.3 Provincia

1.4 Municipio

1.5 Seccién

1.6 Paraje

1.7

1.8

2. CARACTERISTICAS FISICAS
2.1 Determinacién de Salto Bruto

2.1.1 Nivel Normal de Agua en Posible Sitio de Obra
de Toma

2.1.2 Cota Inferior o de Localizacidr de la Casa de
Miquinas

2.1.3 Distancia a lo Largo de la Corriente de Agua
entre la Posible Ubicacidn de la Obra de To-
ma ¥ la Casa de Miguinas

2.1.4 Esquema del Tramo Considerado de la Corrien-
te de Agua al Reverso de esta Hoja

2.2 Seccibn Transversal del Sitio de la Obra de Capta-
cidén
2.2.1 Altura de la Banquina,Margen I:zquierdo

2.2.2 Altura de la Banquina,Margen Derecho

Ave. Joha F. Kennedy Xm. 6 1/2, EQIf. Plaza Composteis Sto piso
Apartado Postal 304-2 ¢ Tel. 565-5090 ¢ Telex J46 4143 COENER DR ¢ Saato Domingo. Republica Dominicans - '{



2.3

2.2.3

2.2.4

Aforo
2.3.1

2.3.3

2.3.4

2.3.5

Pigina 2 de 7

Ancho de la Seccifn a la Altura de la Coro-
na de la Obra de Captacidn

Esquema de la Seccifn Transversal al Rever-
so de Esta Hoja

de Caudal
Ancho del Rio a Nivel de su Superficie

Altura de los Tirantes Decidides

Ancho de las Secciones de Areas Decididas _

Esquema de la Seccién con los Tirantes Medi-
dos

Cdlculo del Area (aproximacidn por trapecios)

Cdlculo de la Velocidad
2.3.6.1 Longitud del Tramo Medido
2.3.6.2 Tipo Flotador Utili:zado

2.3.6.3 Velocidad Computada Vis
2.5,6.4 Velocidad Computada V2=
2.3,6,5 Velocidad Computada V3=
2.3.6.6 Velocidad Promedio V¥
Cdlculo de Caudal (aproximacidn)
Q= A x V
Preguntar el Tiempo Transcurrido desde la
Ultima Lluvia. Dias.
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2.4 Descripcidn del Lecho del Rio

2.5 Observaciones Generales sobre la Topografia

2.6 Investigacién sobre Nivel Miximo Alcanzado por el Rio

Durante Crecidas
2.6.1 Nombre de la Persona que da la Informacién®

2.6.2 Edad . Tiempo que Tiene Residien-
do en el Lugar
2.6.5 Observaciones

2.7 Observaciones sobre la Disponibilidad de Materiales
Aridos para Construccién (arena, canto rcdado, etc.)

* Investigar con Mis de una Perscna ‘Ef%
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2.8 Acceso al Lugar del Aprovechamiento

2.8.1
2.8.2

2.8.

[ ¥ ]

2.8.4

2.8.5

Carretera Importante Mis Préxima

Camino Vecinal Entre
b 4

’

Cmo Llegd al Sitio (medio de transporte)

Si no Hay Camino, Describa la Topografia
del Acceso por Donde Llegd

Esquema de la Ubicacidén con Relacién a AlgGn
Hito Importante, Carretera o Camino

3. CARACTERISTICAS DE LA POBLACIOM MAS CERCANA
3.1 Servicios PGblicos Existentes

3.1.1

3.1.2

5,1.3

Agua Potable

Escuelas

Centros de Salud

2



Su1o"

3.1.5
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Edificios PGblicos

Fuentes de energia disponibles (diesel, carbém, etc)

Actividades Econfmicas

3.2.1

3.2.2

3.2.3

3.2.4

[}
-
™~
L ]
w

3.2.6

Agricultura Y Ganaderia.

Agroindustrias

Mineria

Comercios

Ctras Actividades

Posibilidades de desarrollo de actividades econdémicas
adicionales.

\9C>
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Poblacién

.3.1 Poblacidn estimada

.3.2 NGmero de viviendas

.3.53 N@mero promedio de cuartos en esas viviendas

[ B 77 B ¥1 ]

4. EVALUACION DE LA COMUNIDAD

4.1

4.2

4.3

4.4

4.5

3.6

4.7

4.8

Organizaciones y Servicios comunitarios activos
Nombre funciones

Organizaciones externas que trabajan en la comunidad
Nombre funciones

Experiencia de trabajo commitario
Organizador trabajo que se realizé (tiempo)

Capacidad de la comunidad de organizarse y contribuir con
mano de obra a la realizacidn de partes especificas del projectn

Capacidad de la comunidad de mantener y administrar la planta.
Gasto promedio(en RDS por vivienda y por mes) en 2nergia. (p,ej: velas,
baterias, kerosene, diesel)

Ncmero y tipo de comercios e industrias en el poblado

NGmero y uso de bcmbas de riego.



5.
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OBSERVACIONES ADICIONALES
5.1 Explique si hay o podria haber alguna instalacién para uso

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

5.2 Describa el estado de deforestacién en la cuenca aportadora
y si hay reforestacién en la actualidad.
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APPENDIX B
POWER PLANT EQUIPMENT

TYPES OF TURSINE

The basic factor affecting the powerhouse layout cost and perior-
maace is the choice of turbine. Figure B-l shows typical cross
sections of powerhouses for different turbine types. Figure 8-2
shows the operating head raange of the different turbines. A brief
description of the different types available follows.

Francis Turbiaes. 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. 2rincipal components are
the runner, a water supply case (spiral case) tu convey the water to
the runner, wicket gates to coactrol the quantity of water and
distribute it equally to the runner and a drai. tube which conveys
the water Irom the turbine to the tailrace. In special cases, where
the rtlow rate is coanstant, Francis turbines without wicket gate
meciianisms may be used provided due consideration is givea to
oversneed conditions. These units will operate at a fixed load
degending wupon the operating head. Start-up and shut-down of
turtbiaes without wicket gates is normally accomplished using the
shut-off valve at the turbine ialet.

A Fraancis <zturbine may bhe operated over a range of flows Srom
agproximately 30 to 113 percent of design discharge. gelow the
minimum discharge, vibratioans and power surzes can occur. The
approximate head ranee for operation is from 60 to 125 perceat of
desizn nead although with proper design the ugper limit could be
increased to 130 percea:r. In Feneral, peak efiiciencies oi Francis
turcizes, withia the cagacitry raasze UP to i3 =W, will te aporoxi-

Tately 20 to 22 gercen:.

o4



Francis <cturbines may be mounted with vertical or horizontal
shafts. Vertical mounting requires a smaller plaa arcea and
facilitates a deeper setting for the cturdine with respect toO
tailwater elevation. Generator costs for vertical unizs are higher
than for horizontal units but the savings in construction cost for
medium and large wunits geanerally oifsets the equipment CoOST
increase. Horizontal units are often more economical for small
higher speed applications where standard horizontal generatcrs are
available. The wvater supply case is generally fabricated from steel
plate. Coancrete and open flume cases may also be used. Francis
turbines are generally provided with a 90 degree elbow drait tube
which is designed to recover part of the velocity head. Conical
draft tubes are also used for small machines but have a higher head
loss.

Propeller Turbines

A propeller turbine is ome having a ruaner with four, five or six
blades through which the water passes ia an axial direction wicth
respect o the shalt. The pitch of the blades may be fixed or
movable. Princinal componeants conslst of  a water supply case,
wicket gates, a runne: and a drait tube.

The efficiency curve of a typical fixed blace Propeller turbine has
. sharper peak than does a Francis turtine curve. For variable
pitch blade units, the peaXk efficiency occurs at different outputs
depending on the blade setting. An envelope of the efiiciency
curves over the range of blade pitch settings forms the variable
pitch efficiency curve. This efficiency curve is broad and {flat.
Fixed blade units are less costly than variable pitch blade turbines
but, the power operating range is more limited. Propeller turbines
may be operated using flows ranoging from 30 to 1i5 percent of the
design flow for adjustable blade units aad 50 to 115 percent for
fixed blades. The hbead range for satisfactory operation is from 33
to 140 percent of design head for adjustable blades and from 65 to
140 perceant for fixed blades altbough the iatter could be increasec
to 140 perceat with proper desizn. Ia zeneral, tane peak eifeciency
would range from 90 fo 92 perceant.



The conventional propeller or Kaplan (variable pitch blade) turbines
are mounted with a vertizal shaft. Yorizontal and slant settings
are also possible. The vertical units like Fraancis units are
equipped¢ with wicket gates. As with the Francis cturbines,
elimination of the wicket gate assembly may be acceptable in some
limited cases. The spiral case 1is generally of concrete though
steel mar also be used. Open flume construction may prove to be
economical whea heads are below 35 feet. At higher heads the
turbine shaft length becomes excessive. At capacities above 1500 x%
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 geanerators are located outside of
the water passageway. Tubular turbines are available with fixed or
variable pitch runners and with or without wicket gzate assemblies.

Performace characteristics of a tubular turbine are similar to those
of propeller turbines. Yhere it 1is not necessary to regulate
turbine discharge and power output, a ixed blade runner may be
used. This results in a lower cost of both the turbine and goveruor
system. However, the performance range of the tubular turbine with
variatle 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 turbige is controlled by changing the
pitch of the runner blades.

Several items of auxiliary equipment are oftea necessary for the
operation of rfubular 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
sunaway speed.

Tubular turbines can also be supplied with a speed iacreaser <o

allow the use of a higher speed generator. Soeed increasers
however, lower the overall plant efficiencv by abcut one gercent for

3-3
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a single gear increaser and abtout two percent for double gear
increaser. This loss of efficiency and the cost of the speec
increaser should be balanced asainst the reduction in cost for the
smaller generator.

Horizontally mounted tubular turbines require more floor area thaa
vertically mounted uaits. The area required may be lessened by
slant mounting, but additional turbine costs are incurred as 2
larzer axial thrust bearineg is rz2cuired. Excavation and powerhouse
neight for a horizontal unit is less than for a vertical unict.

Standardized tubular turbines are available <from the leadinr
domestic turhine manufacturer. Ten sizes are curreatly available
with up to 7000 k¥ of capacity and for heads up to 60 feet.
Standardization may provide lower cost and shorter delivery reriods.

Sulb Turbines

Sulp turbines are norizontal vrnits with progeller runners directly
connected to a renerator wkich is housed ia a water-tight enclosure
(tulb) within the turbine water passagzeway. The bulb turdine is
available with fixed or variable pitch blades and with or without a
wicket gate machaniesm. Perforrance characteristics are similar to
tne vertical and tubular tyce turtines previously discussed. The
bulb turbine will have an improved eificiency of agproximately two
gercent over a vertical urit and one gerceat over a tubular upit

nzec2use of the straicht water cassgageway.

Lue to %tne cempact decign, rzewernouse floor sgace and heizkt Zor
Jult =wurbine iastallations are minimized. ‘‘aintenance time due to
gcorer zccessikility, hcwever, may be rreater than for either <the

vertical cr the tubular tyre turtciaes.

Ltancarcizeq cult turbines are cifered ov sor.e foreign

4 rif TYpe turziie 1S one im woich cthe reneratel rotlr is mournted or

Tne cerisnery of the turtine runner Llazec, This zurtine has DBdeen

n

t
cevelorea ia Kurorce and given the nane *Straslc”. e concect w2
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developed 40 years ago and approximately 75 units are now in
service. Capacities of units so far develoged raance from 1000 to
1900 k¥ at heads of 26 to 30 feet but receat desiens indicate that
capacities up to 6000 kW are obtainable. All units btuilt to date
have flfgd blade propeller ruaners.

Performance characteristics of tke rim turbine are similar to those
of the bulb unit. kim turbines are offered with or without wicket
gates, and are also available with partial closure wicket zactes,
which require shut-off valves as discussed previously. The comegact
desizn of the rim turbine provides the smallest cower house
dimensions of all the turbine types considered in this volume. The
rim design is attractive because of simplicity and <orcgazctness.
however, exgerience with largze umits is limited. Conszideraticn of
this type of unit can usually be deferred until a mors defiaitive
stage of project desizn.

Crossflow Turtianes
A crossflow, (Ossterver) turbine may best be described as an izculse

type turbige with partial air admission. Performance
characteristics of this turoine are similar to an impulse turtine.
It has a flat efficiency curve over a wide ranee of flow and head
conditions. The wide range is accomplished by use of a guide vane
at tne eatraace which directs the flow to a limited gortioa of the

runner Zecending oan the {flow. This operation 1is similar te¢
operation of wmulti-jet imgulse turkine. Peax efficiency of the
crossflow turbine is less than that of the other turbine tvres
previcusly discussed. Maximum efficieacy is in the rance of 22 to
&5 gercent. Tke unit can ce ogerated over a range of flows of 10 te
115 vercent of desizn discharge.

F
feet. Crosesilow turkines are ecvirced witk a conical érzit ctucular
b4

creazicz 2 pressure telow atnogctheres in ths  turtize cnamzar,

'rerefore the Zifference tetweer ke rturtine centerline zlewvzcticar

LnC the Tailiwdcter IS ROT 1CST %O & CSragsriow surhine as i tha nacge

I€r arn irgulse turtine., fiOCT StIce rIquirerents are more thas reos
8-5
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NOTES:

1. Date of costs is April 1979..

2. Estimated costs are based upon a tycical vertical turbine
direct coupled to the generator.

3. Cost includes turbine, generator, excitsz, inlet valve,
non-speed regulating governocr and installation.

4. Installacion costs estimated at 15% of total eguipment cost.

5. Add $60,000 for speed regulating governor.

6. For horizontal mounting deduct 7%.

?igure B-3 francis Tucbine Unic Costs
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TURBINE EFFECTIVE HEAD

NOTES:

1. Date of costs is April 1979.

2. Estimated costs are based upon a typical vertical Xaplan 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 inle: valve is tecuirzed,
use Figure 4-6 for ccsts. .

5. Installation costs estimated at’ 15% of total equirment cost.

6, For fixed blade propeller turbine deduc:t 10%.

7. If sceel spiral case is required increase costs by 10%.

Figurs 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
couplad to the generator through a speed increaser.

3. Costs include turbine with variable pitch blades and fixed guide
vanes, inlet butterfly valve, air clutch, speed increaser, generator
with exciter, speed requlating goverror, controls and inscallation.

4. 1Installation costs estimaced ac 15% of total eguipment costs.

§. For turbines with fixed blades deduct $28,000.

Figuce B~5S Standard Tubular Turbine Unit Costs
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NOTES:
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2.

3.

1.

5.

Date of costs is Apcil 1979,

Estimated costs are based upon a typical horizontal bulb turbine
with variable pitch blades and wicket gates directly coupled

to the generator.

Cost includes turbine, inlet bButtecfly valve, generator, exciter,
speed requlating governor and installation.

Installation costs are estimated to vary from $260,(30 for the
large units, to $78,000 for the small units.

For £ixed blade units, deduct 10%.

?igure B-§ Bulb Turbine Unit Costs
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NOTES:

1. Date of costs is April 1979.

2. Estimated costs are based on a typical vertical propeller tucrbine

' with fixed blades, directly coupled to the generator,

3. Cost includes turbine, wicket gates, genecator with exciter,
speed regulating governor and inscallation.

4. Inscallacion costs estinated at $40,000 for each unit.

?igure 3-7 Cpen Fluze Tucbine Init Costs
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NOTES:
1. Date of costs is April 1979,
2. Estimated costs for accessory electrical aquipment are for
a single unit plant.
3. For multiple unit sleczrical squigment costs:
a) Determine cost from chart for plant capacity.
b) Subtract cosc for plant capacity given in Table A.
c) Add cost from Table A for unit capacity multiplied by
the number of units,
4. The estimated cost for miscellanesus power plant equipment for
multiple units may be taken as the cost for a single unic of the
same otal plant capacity.

Piqure 3-3 Miscellaneous ?owe:z ?lant and Accessory tlectzical
Equisment Costs
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INDEX OF MANUFACTCRERS - HYDROELECTRIC EQUIPMENT

| Turhio-s P "Valves!
P B o
RS
el | AR | ':i
Yanufacturer - Country '53 P P Do : =)
Representative B Pob oy Y
\ddress .| ' | ;; T IV P
Topley (20 (52T E T
- e i Tt L B = : -, e
Gz 2= i2/L 5T 2ig
SIS
SEEGE|ZEEiEziE R
' ’ . ! | !
ALLIS-CHALMERS - USA BB,cB| { 8B} : -CiB B!
Allis-Chalmers oo b P :
Hydro-Turbine Division o | : i i oo
P.O Box 712 AR | ] |
York PA 17405 A P i
S N R R P S
ALSTHOM ~ ATLANTIQUE/NEYRPIC - CiB ;CiC. 1 i8B;BC C|B'B:C
FRANCE SR AR
Alsthom-Atlantic. Inc. A C o
30 Rockerfeller Plaza A b Do
Suite 916 | ! A ' i ; ; !
New York. NY 10022 | Lo | ] P
P b oo P
ARMCO - USA P : A T R A o
Armco Inc. b : P ; i
‘fetal Products Division b C ; P
Middletown. Ohio 43043 P i i b
y | ' : : :
ASEA - SWEDEN 118 c.C b
Asea Inc. , ; , ' P
1 New King Street ' ! Lo :
¥hite Plains. ¥ Y. 10604 i ; A i
, ! I I
| ATELIERS BOUVIER - FRANCE ' B|B A . icioicr Bi ! B
! Anchor Darling Industries Inci b ; P
§ 1 Belmont Aivenue ! Lo ; Do
3 Bala Cyawyd. PA 19004 i ! o ‘ Py
] ' o
{ BELOIT - USA : LAy
! Beloit Power Systems i P
! 535 Lawton Avenue ! i o
Beloit. ¥isconsin 53511 ' Co
f ' [
L | ! HEN SRR

i
.

+ Svymbols

A - Standard Design
3 - Custom Design
C - Both Staadard

% Custom Des‘ znus




INDEX OF MANUFACTURERS - HYDROELECTHIC EQULPMENT

| Turbines . Valves |
2 . ;=
= ’ ’ ! | 3
Manufacturer ~ Country £ Co , i ~ =
Representutive a3 } é i 7
Address be . - =
' :"'J 2= ; % :::Eh':-..
3 3 . Bz .5 E it
52222853233 : <
e m D= e m E 2 2 YOS =S =03
L =220 =0T 2=
' i P R o
INDEPENDENT - US4 8 B, .
Independent Power Developers ' i b
Route 3 Box 285 . | b ; )
Sandpoint Idaho 83864 : | ; i ; ; ,
i - i f f
KATO - US4 ' . o A
Kato Engineering Co. : P b . i
1415 First Avenue : Lo Co ‘ v
Mankato. MN 356001 [ b b
I PR .
KM¥ - SWEDEN '8js c,83¢ Is;3's !
Axel Johnson Corp. R P :
One Market Plaza . o
San Francisco. CA 94105 , | A
. , ‘
t.‘ N ! El ' *
KOSSLER - AUSTRIA iccic L oC A ' €
Kossler Lrd. : ' A A : ;
1923 Magellan Drive i | A : ;
Oakland, CA 94511 : . . ; :
Lo b | ; b
KVAERNER -2RUG - NORWAY ;¢ i€ 3 i€CcCc-C -~CC CC
Kvaerner-Moss Inc. Lo Do ;
300 3rd Avenue - | o
New York. NY 10022 P . | .
: ' i L
LEFFEL-TAMPELLA - USA/FINLAND cC.C C'B C

The James Leffel & Co.
426 East St.
Soringfield. QOhio 44501

Svmbols

A =~ dtandard Desizn
3 - Custom Desizn

C - Both Standard % Cuszom Desizas

171



INDEX OF MANUFACTURERS - HYDROELECTRIC EQUIPMENT

' Turbines Valves
- i b =
3 I ! : Sl
2 ! i 5 po| |
2 | | | ' 2
Manufacturer - Country tal ’ ; 2
, Representative ' i ‘ : . a2 i
: [ | Bi | - Lol B~ .
' Address ) | ! Q. =l el =, &2 ;
[ - e L - B RN R BT
: = | SiAl L EISESITIR .
5 2igiz! rslal 55| 33t g,
: Si?sl;‘:if Eng§a§'> = -l:.;’&)’-:}
! £ E2i2215 5218 8|3|a & &
SEEEER A CieE s
| LIMA - USA ' R
} The Lima Electric Co. | ' b
200 East Chapman Road _ R
Lima., Ohio 45802 | I P
. ! | .
LITOSTROJ - 7GGOSLAVIA 3.8 B B ;als;c [ BBf B
Arbanas Industries ! o b ! i
24 Hill Street - o : Lo
Xenia. Ohio 45385 S N B A
. P < f Lo !
. MITSUBUSHI - JAPAN "BlC| 8 B! ! . BB C'B? Ci3: B!Bs
: Mitsubushi International Corp bl i o P
; 50 Calirforaia St. LI S R .
: San Francisco. CA 94111 P Ly b
: : : : . . . | i
s ! ’ : . ' ' i
" NEBB - NORWAY \ P L ted o
3rown Boveri Corp i P S R
1460 Livingston Aave. i by Pl S
North Brunswick. NJ 038202 i bt ! % -
i i Co vl
NOBLE - USa I - T B ;
Noble Automated Systems ; AR i P
226 Phelan Ave. ' Lo ! l ; b
San Jose. CA 95112 § i A | -
3 ! H ! ' : . :
OSSBERGER - GERMANY R C A ?
F.®.E. Stapennorst Inc. 1 i : b
285 Labrosse Ave. ' i Lo §
Pointe Claira, Que HOR1A3 ; ; o :
| Do ! ; ;
i ‘ o : |
! ‘ ‘ | . i
P C ! !
P ! P N

Svmhols
A - Staadard Desizn
3 - Custom Design
C - 2o0ta Standard % Custom vesizns




INDEX OF MANUFACTURERS - HYDROELECTRIC EQUIPMENT

- cmmm—

sajey
wluojaredissiq Aaoug -
QO ——— - e ——— —— - - -
2 {rotaaydg
- S — —
> Ar3aajang
Jojeaouay 1 O
JOUJAAOD ©
, dung
asyndug
b MO JSS04D
e T e e e . - - -
o w
e @y L L . ) L
| 5
= qing
T ———— o ——r——  ——— - o —— . - - et v e s ot - - - -
Juinqnyg, =
syourdy
uniduy 1§ a9jradoay
{2
O
L N <)
e o~ -~
. @ 1 (2] .
> O E n Q 1. O [a)]
e O ~ o ~ag O
» o ot A= O
e o 0 d o » v P~
g > - Qe On~ Douovo
oA Lo M o -0
(& I E] LOC Lo [ ]
o @ o - SE-E L, OV
1 P ~ L > ©oOw (O R
o A O - by Lo —
T n P L ) onom o -
[T )] D odx I >na m_le
oo nwoo O - c oo
=T I Ioon 10 (2 O
P OO [o I o B o BN 2 v [ 7P %Y
0ow WMo oY DUV LD } -
k] n oY d.o Lo Zcd-.-H
~ D e u td»> 0 O~C o
-] O~ om B N BROone
o €T P, » QU X [ I =}
o guwovoun oo9QU L0 I
- 50 5,0d 1000 =oObt o
: 3 0~ 1) 2= B D o TTaN =
| o |
0 o o
(4] o o
ae B e
|- e e et e . - e e —— - - e

7/}
<}
o0
ol
)]
@
o
E
o
[
1]
3
LD
(o1 s
h
el =T 3
n H .
-~ o
O rvo
O
O™
. (%]
o Ewn
™ O
[ S I T 2]
g 0me
10
ingn L M
-l
ol 11
0
Fltmou
>
72}

A



APPENDIX

v

PROJECT UATA

SHEET

4



TABLE 4-1
PROJECT DATA SHEET

Project: Date:

Project
Description Ooit Data _ _Remarks

Location:

Cost Zone Coefficieat

Project Type (i,B,C,D)

Drainage Area acre

General Items:
Land Required:

For Powver Plant acre
For Reservoir acre
For Traansmissioao Line acre

Access Poad Required:

Permarent mile
Coastruction mile _
For Transmissiogs Line mile

Facility To Be Relocated:
Care of ™ater - Conditioan:

Head Data:
Headwater Elevation:

Maximum ft

Minimum t
Tailwater Elevation

at NDesign Discharge 44
Gross Head:

Maximum ft

Minimum it

Design ft
Design Net Head it
Turbige:

Type

Design Discharge cis

Unit Capacity 4




Project

Existing Facilities:

Degree of Difficulty of Alteration

Remedial ¥ork Requireco

4-17

Description Unit Data Remarks

Waterways:
Tatake §cructure equired No
Peastock:

Length: Main ft

Branch £t

. Bifurcation Required No

Maximum Veloc.ty ft/sec

Diameter £t
Bypass Structure Required No
Bypass Discharge cts
Tail~ace Leagth ft
Transmission Line:

Voltage kv

Capacicty L\

Leagth mile
New Site Develooments:
Embankment Dam:

Heigh:z %.S. Above Streambed 44

Length ft
So%llwav:

Average Annual Flow ac-ft




TABLE 4-3

CONSTRUCTION COST INDEXES OF THE
BUREAU OF RECLAMATION

April 1979

COMPOSITE INDEX crviecvocrccscasssassanscrsannne cececsean
DAMS

Earth ........ estesesesasesssescannsancens seee

Structures ..ccee.. s teesasreces e st eaatssannns s

Spillway .veececae cracane ssecsseccrntssnenn ceee

Outlet Wor%s ...cciceeceue essesesaassescssanescenne
STEEL PENSTOCKS ....... ceecesesesnessesse et rsseneeran s
CANALS ....... tesetsesnanans eesesessssacasctssesanenaanoa

Earthwor¥ ..ceees. eseescecssasseasnssessas cees

STPUCTULES .c.ceeccsrosasescsssnscnconencnnase ceee
CONDUITS (Tunnels, Coac-limed) ......ccceeeeces ceecccane
POWER PLANTS, HYDRO

Building and Equipment .....cciceececsccanns e

Structure, Reig, Conc and Improv ......ccceeeee

Equipment L...icevicecceccccssassconancocans cees

Turbine angd Geagerators ...... tesssaaaceeasseas
Accessory Elec and Misc Equip ......... cesces

PIPELINE, CONC .vevvevenves Weesseetsevesesseerssenotesen
SWITCHYARDS ...t vieenrececeaasscasss.ocascacsanconsccnoss
TRANSMISSION LINES

Wood Poles, 115 kV ...ceeeececee earcenasns ceens

Steel Tower, 230 XV it ceeevncersovcosnccacses
ROADS

Secondary cersersratncnaas cesecsecasascecanne .
BRIDGES, STEEL +ecvceccsvcceene cevtecrsectoecnse ceeavevans

BASE:

1967 = 1.0

2.37
2.24
2.47
2.59

2.61
2.43

2.33
2.48
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TABLE 4-4

COST COMPILATICN SHEET

Dates
Cost Escalated
Unit Amount Indexes Amount
Descriptios Unit Quantity Cost April 1979 1979  198( ) 198( )
$
1. New Dan and Spillway:
Broanknent Dam IF
Spillway LS
leservolr Clearing acre
SUIB-TOTAL,
2.__Intake:
T Intuke, Type A No _
Intake Gate & llolst No _
SUB-1OFAL
3. _Penstock:
“Penstock IF
Penstock NUranch IF
131 furcation No

Sui-"1Jral,




Date:

Cosit Escalated
Unit Amount Indexes Amount
Description Unit Quantity g_»;l._ April 1979 1979 198( ) 198( )
' $

4. lower Plant (lype A, B, C & D Projects)
Totul Cost, Single Unit IS

Equipment Adjustrents:

Fur Governor 1S i}
For Fixed Hlade/Mounting IS
For Inlut Valve LS
Far Spiral Cuse IS
SUBR-T0rAL UNBT
Ny-pass Structure LS
‘Tatlrace r
Switchyurd
v Clvil Features IS
o Fpat prent LS
SI-1CTAL

. Special Costs:

SW-TOFAL

SUB-TURAL. -~ FITMS 1 THROUGH 5

6. Existing Facillries:

Alterat{ons to Connect

Pawer Plant (0;5;8%) IS
Runedial Work LS —
SUB-101AlL,




ze-*

Date:

Cost Escalated
Unit Amount Indexes Anount
Description Unit Quant ity Cost April 1979 1979 198( ) 198( )
$ $
7. General Costs:
lawd & land Rights* acre
Water Rights 1S
Relocations LS
Mobitization (1.5%) IS
Access Ilnad ¢ mile
Wridges 1S
Care of Waler (0;2;6%) LS
UL
8. ‘lransmission Line:
I.Ine mile
Clearlng acre
land acre
Access Road nile
SUL-1U1AlL.

¥ pxclwdes Transaission Line




TABLE 4-3

PROJECT COST SUMMARY
Base Date: /198( )

LTEM COSTS _ (S)

@ 3 A N de W N

10.

11.

12.

13.

14,

New Dam and Spillways
[atake

Penstock

Power Plant

Special Structures
Existing racilities
General Costs
Traasmission Line

TOTAL DIRECT COST

Contingencies (20%)

Sub-Total

Engineering, Administration acid

Coanstruction Yanagem.ant (20%)

TOTAL CONSTRUCTION COST:

TOTAL CONSTRUCTION COST
X Zone Factor * = =

I(ﬂ

See Figzure 4-19

4-23
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: N :
MR M N

VALLEY

Snase {
COEFFICENTS .;_y xge 100

NOTES : I
1. Dace of costs {s April 1979.

2. Total costs obtained by multiplying the cost per foot by the
dam czest lengch.

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

4. The cost is based on a unit price of $10 per cubic yard for
embanknenc £1i11.

5. Coscs include 20 percent for excavatica, foundation treatment,
drainage and other minoc items.

2igurs 4-2 Smbankmezt Dam Coscs
n!""’

(443 ({J%
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SPILLWAY COST (MILLION DOLLARS)
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| - S e T e b e
B o ke o e S
10 20 30 40 60 80100 200 400 €00

QO
AVERAGE ANNUAL INFLOW (cF3) e8

NOTES:

1. Date of costs is April 1979.

2. Costs ace based on data of tho U.S. Corps of Engineers.

3, Costs include 20 percent for excavation, foundation treacaent,
drainage and other minor Lzems.

Pigqure 4-3 New Spillway Costs
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NOTES:

1. Date of costs is april 1979.

2. zast includes senst3ck, axcavazion and zoncrete 3:5BCISS.

3, Zosts based on the minimen masiiing shickness f3r s=ssl TensTock.

4 22 zenstcck sracient is g-eates than 120, add L% cosT S3F aach
degzes FTeacer zhan 15°.

5. ‘7a.ves, 3ifurcacions and anch=x tlocks not tngizded.
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NOTES:

1. Dace of coscs is Apcil 1979,

2. The esc:mated cost includes excavasion, concsete, feiafoceing zraeel,
bacxiill, =rash cack, »iscellanectcs 3ezal snd meedded zezsl.

. No cost is included ‘oc an {ataxe z3te. The gace cos: can se
ootained from Figure 4-5.

Tigure 4-4 iz<ake Coscs
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NOTES:

1. Date of costs is April 1979,

2. The estimated cost of the fixed whe=l gate includes a hoisc, gate
frzme, guides and installation.

3. The sstimated cost of the slide gat==2 includes an operator, gate frame,
guides and installation.

4. The estimated cost of the butserflT valve includes a hydraulic ocerator
and installation.

S. The bifurcation cost must Se added =5 the cost of the equivalent length

© of stael penstack.

Filgure 4-§ Valve, Bifu=zation and Gate Costs
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COST (THOUSAND DOLLARS)

| 2 3 4 6 810 20 30 40 60 80100 M>/SEC

b dod 2 I

400+
300-

2004
1304

1004

8YPASS WITH CONOUIT
AND VALVE

8YPASS WITH
GATED CHUTE

20

30 40 60 80100 200 200 6008001000 | 2000 3000 5000 CFS

DISCHARGE [ 0" diedupy 3,\

NOTES:

1.
2.

3.

Date of costs is Aprcil 1979.

Cost of bypass with conduit and valve includes excavation,
foundation preparation, reinforced —uncrete hypass structure,
backfill, steel liner to dissipatico chanmber, miscellaneous and
embedded metals, piping, fixed cone dispersion valve &nd operator.
The bypass with a gated chute consists of a gated intake, chute and
stilling basin. Costs include excxvation, foundation preparation,
reinforced concreste structure, back=ill, trashracks, miscellaneous
and embedded metals, slide gate and operator. For flows greater
than those given, use a multiple gazed incake.

Figure 47 Bypass Structure Costs
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NOTES:

1. Dace of costs i{s April 1979.

2. Costs include turbine and generacor, site civil works, powerhouse
civil works, miscellaneous power Flant equipment, acceassory

elactrical equipment and turbine shut—off valve.
3. Costs are for a single unis powezZouse,
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4. Turbine discharges shown are based on a =urbine efficiency of 0.35.

figurs 4-8 Powerhouse and Fquirmemz Cos:ts - Vertical Francis Units

(Type A, 3, C Zrojects]
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NOTES:

1. Date of costs is April 1979.

2. Costs include turbine and genezatot, gize civil works, powerhouse
civil works, miscellaneous powe=z plant equipment, and accessotry
electrical equipment and turbize shut-off valve.

3. Costs ace for a single unit pcw-erhouse.

4. Turbine discharges shown are tased on a turbine efficiency of 0.85.

Figure -9 Powerhicuse and Equiz=ment Costs - dorizental Trancis Jnits
(tvpe A, B, C Projec=s) R
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NOTES :

1., Date of Costs is April 1979.

2. Cost estimate includes turbine and genecator, site civil works,
powerhouse civil works, miscellaneocus powes plant equipment,
accessory electrical equipment and turbine shut-off valve.

3. Costs are for a single unit power plant.

4. Turbine discharges shown are based on a ctutbine efficiancy of 0.8S.

Figure 4-=11 Powerhouse and Zquipment Costs -~ Tubular Units
- =udu-ar Jn-t-
(Tvpe A, B, C Projects)

GENERATOR CAPACITY - MW



NOTES:

1. Date of costs is April 1975,

2. Costs are for a single uniz.

3. For multiple units add $5C,300 multiplied by (N=1), where N
is the number of units.

4. Total switchyard cost is t=e sum of the civil cost and the
equipment cost correspondi=g to the transmission voltage ceguired.

Figure 4=17 Switsh Yard Costs with Generacor Voltage Circuit Breakers

4-40



5y
“—

X 1.0 4
4
ue
:iUJ

a
&'_ Q.78
32
20 o

10 20 30
LENGTH OF LINE (MILES)
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NOTES:

1. The date of costs is Apcil 1979.

2. The cost par mile of transmission line should be adjusted according
to the length of the line required usizg the multiplier shown above.

3. The estimated costs {nclude wood poles, hardware, insulacors,
conductors, and construction coads. XNo cleacing, land oc cight of
way costs are lncluded.

4. The estimated costs are based on single wood poles for the S, 13.8
and 34.5 kV lines and wood pole B-fraces for the 69 and 115 kV lines.

5. The estimated costs are for prairie type tecrain with favorable
foundation conditions. PFor foothill terrain sdd 10% of cost and
for mountainous or swampy terzain add 30% of the cost.

Figure 4-18 Transmissizn Line Costs
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NOTES:

1. Date of costs i3 Apcil 1979,

2. Excavation is assumed to be 350% rock and S0% common.

3. Tailrace transition excavation costs are included as pact of
the powechouse costs. The tailrace length commences at the
end of the transicien. )

Pigure 4-1§ Tailrace xcavation Costs
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COST ( THOUSAND DOLLARS )
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7000 L / 2 h . ;
§500 { /
6000 -
$500 T
5000 -
4500 + 3000 cfs
4000 A
3500 - 2000 cfs
15 MW
3000 4
2500 T w
1000 cfs 10 M
2000 - 7.5 MW
\ W
1500 4- SM
) 4 MW
3 MW
1000 4 2 MW
500 4
Q
o 20 40 S0 80 100 120 FT
EFFECTIVE HEAD
NCTES:

. Date of Costs is April 1979,

2. Cost estimate includes =urbine and Jenecator, site civil works,
poverhouse civil vorks, miscellaneocus power plant eguipment,
accessory electrical equipment and =urbine shut-off valve.

J. Costs are for a single uni: power slanc.

4. Turdine discharjes shcwn are basad on a turbine afficiency of 0.85.

Figure 4-1!0 fowerhouse and Iquipmen= Tost3 - Vectical Propeller Units

(Type A, B3, C Projects) —
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EXAMPLE OF ECONOMIC ANALYSIS

CASE 1
11V DRO DIESEL " COMPARI SON
Capital 1. Recurring 2, Capital 1, Recurring 2, Energy 3. PY 4 Hydro Dlesel
YEAR Cos L Cost Total Cost Cost Cost Total Factor Pu P
0 225,600 225,600 44,000 44,000 1.0 225,600 44,000
| 3,400 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,l00 34,600
45,900 49,900 .636 2,200 31,700
> 47,300 51,300 .567 1,900 29,100
6 48,700 52,700 .507 1,700 26,700
7 50,200 54,200 JU52 1,500 24,500
8 51,700 55,700 hok 1,400 22,500
9 53,200 57,200 .361 1,200 20,000
10 54,800 58,800 0322 1,100 18,900
1 56,400 60,400 287 1,000 17,300
12 58,100 62,100 .257 900 16,000
13 59,900 63,900 229 800 14,000
1h 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 . 1hé 500 10,400
18 69,400 73,400 .130 400 9,500
13 71,500 75,500 116 koo 8,800
20 73,600 77,600 o 104 400 8,100
?E;\ TOTALS.ouus 251,000 450,600




EXAMPLE OF ECCNOMIC ANALYS!IS (CASE 1).es0a

1.-

2.~

Je=

Capital cost for 200 KW plant,
Includes: 103 engineering and administration,

103 contingencies,
Operation and Maintainence + interim replacements
1.28% of capital cost for Hydro,

4,5 % of capital cost for Diesel,

Energy cost based on 600,000 KwH/year
Cost is escalated a 3%/year to reflect increasing fuel costs,

Discount rate = 12%

#2,=



