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MAPA DE UBICAClON- Location Map 

Desde el presente hasta el fin del an~o 1990, al crecirnlento de to econ(]rnia h(]rof 

quo I( demando de energla se quintuplique. Este informe presento los planes pa 
ra el dessarrollo futuio del sistema de ENALUF, que permitan extender los bone
ficlos de la electriflcacldn a los habltontes do Nicaragua,o todo 1o largo y Io 
ancho del territorlo de serviclo del Slstemia Interconectado Naclonal. 

From the present to the end of the year 1990, the growth of the economy will 
Increase the demand for power five- fold. This report presents plans for the 
future development of the ENALUF poi...." system, to enable the benefits of elec
trIficatlon to be extended. tathe NIcotaguan people, over the length and breadth 
of the service territory of the National I.,terconnected System 
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Este informe ha sido preparado en ambos idiomas, espaffol e ingl~s.
 
Originalmente, fue escrito en ingl6s y luego traducido al espanol,
 
que se considera la versi6n oficial del informe. Se hicieron to
dos los esfuerzos posibles con el objeto de que ambos textos fue
ran id~nticos, sin embargo, durante la Lraducci6n se encontr6 que
 
era conveniente y necesario hacer cambios menores en el formato,
 
el arreglo y la terminologia en parte del texto. Se di6 especial
 
dnfasiv a la traducci6n de la terminologla tdcnica en relaci6n a
 
sus equivalenzias al espaffol que fuese mejor aceptado y mAs usual
 
en Nicaragua; es posible que 6sta no se haya logrado a cabalidad,
 
debido a que varias traducciones tienen esencialmente el mi.mo
 
significado, pero sin emLargo varfan un poco en su uso actual. Se
 
espera, sin embargo, que los cambios hechos y las expresiones t~c
nicas usadas no alteren en form alguna el significado o intenci6n
 
del texto en espaflol.
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This report has been prepared in both the Spantsh and English Lan
guages. It was originally written in EnglishL and translated into
 
Spanish, which is considered to be official version of this report.
 
Every possible effort has been exerted to make both texts identical;
 
however, it was found expedieut and necessary to make minor changes
 
to the format, arrangement and terminology of some of the text material
 
during the translation. Special emphasis was placed on translating
 
technical terms into the Spanish equivalents which are most acceptable
 
to and frequently used in Nicaragua. This may not have been accom
plished in all cases because of several translations that have essen
tially the same meaning, but vary slightly in actual usage. Neverthe
less, it is intended that none of the changes made or technical ex
pressions used alter the meaning and intent of the Spanish text in
 
any regards.
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INTRODUCTION
 

GENERAL
 

This report contains the results of an intensive technical and economic evalua
tion at the prefeasibility level, of the power capacity and energy requirements
 
of the ENALUF National Interconnected System, for the decade of development from
 
1978 to 1988 and the most economical system expansion to satisfy the growth po
tential. The investigation was subdivided into two independent, but interrelated
 
phases. Phase I comprised the preparation of a load forecast for the development
 
decade, the investigation of numerous hydroelectric projects that could be con
sidered for supplying the forecasted load and the selection of the best and most
 
economical projects from those studied for further investigation during Phase II.
 
The Phase I work was performed between June 1974 and March 1975.
 

The Phase II work comprised a more thorough investigation of the hydroelectric
 
projects selected during Phase I and the integration of those projects into a
 
comprehensive system plan which was formulated during Phase II. The Phase II
 
system planning consisted of the technical and economical evaluation of the
 
generation and transmission facilities required for expansion of the ENALUF sys
tem, including transmission interconnection with the ENEE system of Honduras and
 
the ICE system of Costa Rica. This phase of the work was performed between April
 
and August 1975.
 

This final report presents the results of the Phase II technical and economic
 
prefeasibility study. It contains brief discussions of the Phase I investiga
tions, descriptions of the work performed during Phase II and recommendations
 
for future investigations. It establishes the Copalar Project as the most tech
nically and economically feasible of all of the hydroelectric projects studied
 
and sets it in context of a fully developed plan for the utilization of indige
nous resources in Central America.
 

AUTIIORITY
 

The authority for the performance of the work is contained in the Contract dated
 
February 13, 1974 between Empresa Nacional de Luz y Fuerza (ENALUF) and Interna
tional Engineering Compa~iy, Inc. (IECO). ENALUF was created under the laws of
 
Nicaragua on October 14, 1954 as an autonomous agency of the Republic. Interna
tional Engineering Company Inc. is a private consulting engineering firm chartered
 
under the laws of the State of Nevada in the United States of America.
 

Financing for this study was provided by the United States of America, Agency for
 
International Development (U.S. AID), from Loan Program AID No.524-L-024 between
 
the Government of Nicaragua and U.S. AID. The Letter of Credit under which the
 
work was performed uas issued on June 14, 1974 and actual work began on June 24,
 
1974 upon receipt of the formal Notice to Proceed.
 

SCOPE
 

The overall scope of the study includes a forecast of power demand and energy re
quirements for the National Interconnected System over the period between 1978
 
and 1988 and the determination of the most economical expansion plan to supply
 
long-range power system growth. It emphasizes the importance of utilizing indi
genous hydroelectric and geothermal power to the maximum possible extent, together
 
with power transfers over transmission interconnections with the power systems of
 
Honduras and Costa Rica.
 



The specific scope of the Phase I investigation included the following work:
 

I.1 	 Study of national economic trends, together with load statistics pertaining
 

to the ENALUF service area of the National Interconnected System, to pre

pare a range of high, average and low energy projections which could be
 
related to a definitive load forecast for the 1978-1988 development period.
 

1.2 	 Selective analysis of all possible hydroelectric projects sites over a
 

220 kilometer reach of the Rio Grande de Matagalpa, between the confluence
 

of Quebrada el Jicaro and the Rio Okawas, together with a 62 kilomc,'er
 

reach of the Rio Coco between Cano Namasli and Quebrada El Corozal.
 

1.3 	 Review of existing studies of the Nicaragua Project and Rafael Mora site
 

on the Rio Viejo.
 

1.4 	 Study of a pumped-storage project at Laguna de Apoyo.
 

1.5 	 Selection of the most promising hydroelo-tric projects and alternative
 

river basin developments for study during Phase II.
 

The specific scope of the Phase II investigation includes the following:
 

II.1 	 Detailed study of the most promising hydroelectric sites selected during
 
Phase I.
 

11.2 	 Preparation of a long-range expansion program for the generation and
 

transmission facilities of the ENALUF system, including interconnections
 

with the adjacent systems of Honduras and Costa Rica.
 

11.3 	Determination of the most economical power system expansion plan, using
 

the present wo'th method of analysis.
 

11.4 	 Selection of the most favorable hydroelectric project for feasibility study
 

and preparation of a program of geological investigations that must be
 
performed early in the first phase of the feasibility study.
 

All parts of the foregoing scope of services have been fully investigated during
 
the performance of the work.
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SUMMARY
 

CONCLUSIONS AND RECOMMENDATIONS
 

S.1 SYNOPSIS
 

The results of the prefeasibility study of hydroelectric projects within a general
 
expansion plan for the National Interconnected System over the period 1978 to 1988,
 
point to the definitive selection of the Copalar Project on the Rio Grande de Mata
galpa, as the logical choice for in-depth study at the feasibility level. As care
ful scheduling to take full advantage of seasonal conditions requires the continua
tion of field surveys and exploration drilling immediately following the 1975 wet
 
season, it is recommended that the feasibility study be started in Novem'er of this
 
year.
 

The selection of Copalar as the most promising site for hydroelectric power devel
opment has been based on detailed technical and economic evaluation of alternative
 
basin developments, with principal long-range alternatives concentrated on either
 
a high dam at the Copalar site regulated from an upstream development at Paso Real
 
or a low dam at Copalar with successive regulation by two upstream developments at
 
El Carmen and Paso Real. These two main alternatives were termed the tw) and three
 
dam developments, these being evaluated at the system level to determine the mcst
 
economic basic plan for independent power system expansion. The two dam scheme was
 
selected largely on the basis of the energy differential between the high arnd low
 
dams at the Copalar site, which greatly affected the dispatch of supporting thermal
 
plant on the ENALUF system. When this energy differential is analyzed in terms of
 
the equivalent oil-fired generation which is displaced by the additional hydroelec
tric energy from the High Dam at Copalar, the cost of the oil displaced over the
 
50-year life of the facility, at current posted oil prices, effective October 1,
 
1975, is sufficient to cover 106 percent of the total estimated capital investment
 
required for the entire Cepalar Project.
 

The following summary of costs, power capacity and energy values is relevant to the
 

High Dam at the Copalar site, these values being stated at 1975 cost levels.
 

Capacity and Energy: lotal Construction Cost: Total Capital Cost:
 

Number of Units - 6 x 55 MW $203,382,000 $273,672,000 
Installed Capacity - 330 M4W Unit Cost - $616/kw Unit Cost - $829/kw 
Annual Generation - 1418 GWH Unit Cost - 14.3 Mills/kwh Unit Cost - 19.3 Mills/kwh 

The annual generation of 1418 GWd of electrical energy is equivalent to an annual
 
fuel-oil consumption for thermal generation of 2.8 million gallons of Bunker C. At
 
current posted prices for fuel oil, the undiscounted payout period for the project
 
resulting from the displacement of equivalent fuel oil would be 7.6 years, or 15
 
percent of the 50-year service life.
 

The final recommendation for interconnected system expansion over the decade of
 
development ending in 1988, is for the implementation of the Copalar Project in
 
conjunction with the purchase of firm power from Honduras and off-peak energy from
 
Costa Rica. The High Dan at Copalar should be developed as a single source, aug
mented by importations of hydroelectric energy from the ENEE and ICE systems.
 

7'1he utilization of the indigenous resources of the region for utility system supply
 
will require that an alternative use be found for existing thermal plant and the
 
committed units at the new Puerto Somoza Thermal Plant. A proposal for the estab
lishment of an Energy Center at Point Tiscucu for supply to a fertilizer process
 
plant and industrial complex is contained in Section S.5 of this Summary.
 



S.2 HYDROELECTRIC PROJECT EVALUATION FOR RIO GRANDE DE MATAGALPA
 

S.2.1 PROJECTS AND RIVER BASIN DEVELOPMENTS
 

The hydroelectric projects selected from the Phase I investigation for further
 
analysis during Phase II include the Copalar High Dam Project, Copalar Low Dam
 
Project, El Carmen Project and Paso 1,?,al Project on the Ri.o Grande de Matagalpa.
 
These projects were investigated individually and later cor-bined into alter
native river basin developments; one consisting of two dams and the other
 

consisting of three dams. The Copalar High Dam and Paso Real comprise the
 

two dam alternative and Copalar Low Dam, El Carmen and Paso Real comprise the
 

three dam alternative. Paso Real is the same for both alternatives. The two
 

alternatives were analyzed because of the different investment schedules that
 

apply to each and because of a topographic uncertainty that could limit the
 

height of the Copalar Dam. The retention of both alternatives for the Phase II
 
evaluation assures that a suitable solution is available regardless of the
 

outcome of the topographic uncertainty. The two dam alternative has the higher
 

total investment cost and requires that larger capital investments be made at
 

an earlier date than the three dam alternative. However, the installed capacity
 

and energy generated by the two dam solution is considerably more than that of
 

the three dam solution and justifies the larger and earlier capital investments.
 
The economic comparisons of these alternatives are discussed in Section 8.2 of
 
Chapter VIII.
 

A pumped-storage project at Laguna de Apoyo was also included in the Phase II
 

investigation, this being one of the projects recommended in Phase I. This
 
was done in recognition of the possible need for a source of peak power gener
ation relatively near Managua, the major load center. However, the seismic,
 
geologic, volcanic and environmental problems at this site are of such a magni

tude that it was eliminated from further consideration and is not discussed
 
further in this summary.
 

S.2.2 HYDROLOGY AND METEOROLOGY
 

Project hydrology was investigated during Phase I for all projects considered
 
at that time. The Phase II investigation concentrated on the hydrelogical and
 
meteorological conditions of the Rio Grande de Matagalpa basin. All previous
 

work was thoroughly reviewed and updated. The discharges were revised to
 
include additional data that were collected since the Phase I study was com
pleted. Inflows to the reservoirs were estimated for the construction flood
 
and for spillway design. This data was used in establishing the size and
 
capacity of the project facilities.
 

The data available during this study was sufficient for this level of pre
feasibility investigation; however, additional data and studies are required
 
during the feasibility study and final project design. Discharge records must
 
be updated to incorporate the latest data available and every possible means
 
must be investigated for extending the existing 11-year record at the Paiwas
 

gage. More frequent and accurate discharge measurements must be made, staff-gage
 
readings must be made more frequently and recording gages must be more strictly
 

maintained and observed. Additional stream gaging stations must be installed
 

nearer the proposed damsites to more accurately determine the discharges and
 
water level variations for use in subsequent design of project facilities.
 
Construction flood estimates must be improved and firmer estimates made of
 

the spillway design floods based on additional data and studies.
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S.2.3 GEOLOGY
 

Surface geology was inspected at each site on the Rio Grande de Matagalpa and at
 
Laguna de Apoyo. Surface geology maps were prepared and evaluation made of sub
surface conditions. Nothing detrimental was found during geological investiga
tiohs to preclude construction at the proposed sites.
 

The availability of construction materials for the dam and concrete aggregates
 
was investigated for each damsite and acceptable materials were located within
 
reasonable distance of tbh sites. Only limited quantities of natural concrete
 
aggregates were located during this investigation and they will have to be crushed
 
and processed from suitable quarry material, if additional quantities of natural
 

aggregates are not successfully located during future investigations.
 

A surface and subsurface geological investigation program was prepared for both
 

the Copalar Low Dam and Copalar High Dam due to the site topography uncertainty
 
previously mentioned and because technical and economic analyses indicate that
 
Copalar is the best of all projects considered, regardless of the dam height
 
finally adopted. An investigation of the geological conditions will have to be
 
performed only for the final dam height selected. The preliminary program rec
ommended for the Copalar High Dam consists of 17,000 meters of seismic profiles,
 
48 drill holes with a total length of 1,800 meters and 73 test pits. A similar
 
program for the low dam would require only slightly lest work than the high dam.
 
These quantities are those estimated as being required to verify conditions at the
 
structure sites and the quality and quantity of the materials in each of the quar
ries and borrow areas. The proposed program must be constantly modified as work
 
is performed in accordance with conditions actually encountered. The investiga
tion must be supervised by a qualified enginearing geologist and performed by
 
experienced organizations in the particular fields of exploration, in order to
 
ensure that the geological data required to support the design of project features
 
is accurate and complete.
 

S.2.4 ECOLOGY
 

An environmental impact reconnaissance was conducted as part of a general evalua
tion of the entire ENALUF service area and to a lesser extent, the Republic of
 
Nicaragua. Inspections of the proposed damsites on the Rio Grande de Matagalpa
 
and Laguna de Apoyo were included within the scope of the general evaluation.
 
This permitted the application of general environmental criteria to the hydro
electric projects under consideration, thereby providing a more in-depth study
 
at the prefeasibility level. The general conclusion reached from this recon
naissance is that environmental problems related to the proposed project do exist,
 
but that they are generally minor, both in nature and magnitude and can be easily
 
and economically solved or ni2*-igated with proper planning and foresight. Favorable
 
environmental conditions are also recognized and some of these outweigh the ad
verse effects. The major environmental points of concern are public health, re
location of dijp~iaced inhabitants of the reservoir areas, archaeological patrimony,
 
watershed prot-ctiun and community development. Carefully designed and detailed
 
recommendations to mitigate environmental problems are contained in Chapter III,
 
Technical Evaluation and in Appendix B., Environmental Impact Reconnaissencc.
 
Conscientious compliance with these recommendations will ensure that the most
 
adverse effects can be completely avoided.
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S.2.5 HYDROELECTRIC PROJECT DESCRIPTIONS
 

The following brief descriptions apply to the four projects on the Rio Grande de
 
Matagalpa mentioned in Section S.2.1. All are similar in general concept and
 
consist of a diversion tunnel, main dam, spillway, power conduit, and powerhouse.
 
Transmission lines and substations, including the sending-end plant substation
 
near the powerhouse,are summarized in Section S.3.4.
 

A. DIVERSION TUNNELS
 

The diversion tunnels for all projects are located in one of the abutments in
 
accordance with topographic configurations, geologic conditions and the location
 
of other project features. Tunnels were adopted because the valleys at the sites
 
are generally very narrow and the type of dam selected places limitations on the
 
use of other methods of diversion. All tunnels are dzsigned to discharge the
 
inflow to the site for a flood with a 15-year recurrence interval.
 

Part of the Paso Real diversion tunnel will also be used as part of the power
 
tunnel, but all other tunnels will serve for diversion only. All tunnels will
 
be closed with a concrete plug when no longer required for diversion. The diver
sion tunnel size, length and discharge capacity are shown in the following summary:
 

PRINCIPAL DIVERSION TUNNEL DATA
 

INTERNAL DISCHARGE
 
PROJECT DIAMETER LENGTH CAPACITY
 

m m m3/s 

Copalar - High 17.0 750 4,700
 
Copalar - Low 17.0 670 4,700
 
El Carmen 13.5 360 3,125
 
Paso Real 9.9 450 1,625
 

B. DAMS
 

All dams are of the rockfill type with a central impervious core, filters on both
 
sides of the core, two qualities of rockfill outside of the filters and riprap on
 
the reservoir face. Other types of dams were considered, but a rcckfill type was
 
adopted because of seismic activity in Nicaragua, availability of suitable con
struction materials and the status of data regarding foundation strength. The
 
following summary shows the principal data for the dams:
 

PRINCIPAL DAM DATA
 

MAXIMUM CREST TOTAL VOLUME
 

PROJECT HEIGHT LENGTH OF EMBANKMENT
 

3
m x 106
 m
m 


Copalar - High 140 630 10.5
 
Copalar - Low 92 350 3.7
 
El Carmen 59 310 1.2
 
Paso Real 72 330 1.5
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C. SPILLWAYS
 

The spillways are also located in one of the abutments for the some reason as the
 
diversion tunnels. All spillways consist of an inlet channel, crest control sec
tion with radial gates, inclined chute and a flip bucket energy dissipator. The
 
crest. control section has a standard ogee shape to obtain maximum discharge ef
ficiency. The size of the radial gates is eight meters high by twelve meters wide
 
for all projects. The number of gates required was established by flood routing

studies fc- each project using the estimated inflows to the reservoirs. The
 
reservoirs were assumed to be at 
their normal maximum levels when the floods
 
occur and were permitted to rise above that level during the flood.
 

The chutes are located downstream of the crest control sections and are inclined
 
at a sufficient slope to prevent backwater effects from reducing the maximum
 
spillway discharge capacity. The flip buckets are located at the end of the
 
chute and throw the discharge from there into the river at a sufficient distance
 
downstream of all structures that there is no danger of retrogression endangering

them. Flip bucket energy dissipators were adopted because they normally are less
 
expensive than other types where conditions permit their use. The following sum
mary shows the principal spillway data:
 

PRINCIPAL SPILLWAY DATA
 

MAXIMUM MAXIMUM MAXIMUM 
NUMBER RESERVOIR SPILLWAY RESERVOIR 

PROJECT GATES INFLOW DISCHARGE LEVEL 

m3s m3/s m
 

Copalar - High 3 15,300 
 2,440 207.4
 
Copalar - Low 3 15,300 
 3,530 160.3
 
El Carmen 4 10,250 4,760 210.4
 
Paso Real 2 6,200 1,300 272.0
 

D. POWER CONDUITS
 

The power conduit comprises all facilities required to convey the water from the
 
reservoirs to the powerhouses. They include an inlet channel, intake structure,
 
power tunnel, penstock and penstock manifold just upstream of the powerhouse.

These facilities are located in the left abutment of the dam for all projects.

Separate power tunnels are provided for all projects, except Paso Real where the
 
upstream portion of the diversion tunnel serves for this purpose. The intake
 
structure for Paso Real is located near the inlet portal if the diversion tunnel,
 
this being an exception to intake structures for other dam sites, which are located
 
at the upstream portal of the power tunnels. Except for Paso Real, the penstocks

slope down the hillsides and are buried in a trench. The penstock for Paso Real is
 
a steel pipe installed in the downstream portion of the diversion tunnel. A short
 
power tunnel is required between the diversion tunnel and the penstock manifold.
 
The manifolds provide branch penstocks for each unit in the powerhouse. Power
 
tunnel and penstock design capacities, lengths and diameters are shown in the table
 
entitled Principal Power Conduit Data, at the top of the following page.
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PRINCIPAL POWER CONDUIT DATA
 

POWER TUNNEL PENSTOCK 

PROJECT DISCHARGE LENGTH DIAMETER LENGTH DIAMETER 

m3/s m m m m 

Copalar -
Copalar -
El Carmen 
Paso Real 

High 
Low 

3U8 
454 
208 
107 

220* 
170** 
180# 
30## 

9.5 
11.4. 
7.5 
5.5 

280 
170 
130 
200 

9.5 
11.4 
7.5 
5.5 

* 190 meters steel lined # 90 meters steel lined 
** 100 meters steel lined Q# 30 meters steel lined 

E. POWERHOUSES
 

The powerhouses are located on the left bank of the river du.Mstream of the main
 
dam. Each powerhouse contains the required number of unit bays and a service and
 
control bay. Each unit bay contains an inlet valve, turbine, governor, generator,
 
switchgear and all required auxiliary mechanical and electrical equipment. The
 
service and control bay contains the control room, office and supporting facilities
 
to make each plant self sustaining. All turbines are the reaction type (Francis)
 
and are directly coupled to the generators. The areas upstream of all power
houses are backfilled to provide a parking and service area for each plant.
 
The step-up transformers are located in this area immediately upstream of the
 
powerhouse wall and high voltage lines extend from them to the switchyards located
 
on the hill behind the powerhouse. The principal powerhouse data is summarized
 
as follows:
 

PRINCIPAL POWERHOUSE DATA
 

INSTALLED NUMBER UNIT
 
PROJECT CAPACITY UNITS CAPACITY
 

MW MW 

Copalar - High 330 6 55
 
Copalar - Low 275 5 55
 
El Carmen 70 2 35
 
Paso Real 50 2 25
 

F. DIKES
 

One dike is required at El Carmen and four are required at Copalar High Dam for
 
the maximum reservoir water levels at these sites. They are constructed to the
 
same cross section as the main dams. Future investigations should consider these
 
sites for fuse plug, or emergency, spillways; thereby permitting a smaller service
 
spillway than presently provided. Some of these sites could also be considered
 
for locations for the service spillway. The dike at El Carmen contains about
 
50,000 cubic meters of material and the four dikes at Copalar High Dam contain
 
a combined total of about 700,O0U cubic meters.
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G. ACCESS ROADS
 

Access roads are provided for all sites. They are two lane gravel surfaced
 
roads for primary access to the sites and one lane gravel surfaced roads for
 
secondary access to saddle dikes and certain project structures. Maximum
 
sustained grades are limited to 10 percent and minimum curve radius to 50
 
meters. Bridges, drainage structures and related facilities are included.
 

The Copalar project is scheduled to be constructed first, for both the two
 
dam and three dam alternatives, which will necessitate construction of the
 
major portion of the required access roads at the same time. The road align
ment was selected in conjunction with the transmission line route and crosses
 
the Rio Grande de Matagalpa on a bridge located a very short distance down
stream of Paso Real. Consequently, there is almost no access road required
 
for that project. Only a relatively short access road is required from the
 
Copalar Project access road to El Carmen damsite.
 

S.2.6 POWER CAPACITY AND ENERGY GENERATION
 

A. RESERVOIR OPERATION STUDIES
 

Reservoir operation studies were conducted on a monthly basis for individual
 
project sites and the two river basin development alternatives usIng generated
 
dischargeb for a 50-year period. The computer program, HEC-3, Reservoir System
 
Analysis developed by the U.S. Army Corps of Engineers was used. This program
 
requires the assumption of the installed capacity at each plant as part of the
 
input data and computes the average monthly power using the available discharge
 
and the corresponding head for the month. The installed capacities for these
 
analyses were assumed large enough that the peak output of each plant was
 
unlimited. The installed capacities assumed were 1,000 MW for Copalar High Dam,
 
600 MW for Copalar Low Dam and 200 MW for El Carmen and Paso Real. The more
 
important results of these studies are shown in a table entitled Reservoir
 
Operation Studies, Summary Results of Computer Analysis, which immediately
 
follows Figure S.1.
 

B. AVERAGE MONTHLY POWER GENERATION
 

The installed capacities used in the computer analysis for the reservoir opera
tion studies served the purpose for which they were intended. However, other
 
investigations established installed capacities which were more consistent with
 
system planning concepts. Therefore, the 50-year average power generation was
 
recomputed for each month of the year, using a limited installed capacity of
 
330 MW for Copalar High Dam, 184 MW for Copalar Low Dam, 70 MW for El Carmen
 
and 50 MW for Paso Real. The installed capacity for Copalar Low Dam was sub
sequently increased to 275 MW. The resulting average power generation
 
is shown in the summary of the reservoir operation studies. The 12-one month
 
intervals were subsequently converted to 13-four week periods for use in system
 
planning. These are given in Tables D.6 and D.7 of Appendix D.
 

Summaries of annual energy generation, together with other data relating to
 
alternative hydroelectric power dev,.opments on the Rio Grande de Matagalpa, are
 
given in the tabulations on igurz S.1. These summary tabulations are pertinent
 
to the two and three dam schemes for independent system expansion, together with
 
the Copalar High Dam as a single dam alternative for interconnected system ex
pansion, with power purchases from Honduras and Costa Rica.
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FIG. S.I
 

DESARROLLOS HIDROELECTRICOS ALTERNATIVOS EN EL RIO GRANDE DE MATAGALPA 
ALTERNATIVE HYDROELECTRIC DEVELOPMENTS ON THE RIO GRANDE DE MATAGALPA 

ALTERNATIVA DE DOS PRESAS PARA .LA EXPANSION DEL SISTEMA INDEPENDIENTE
 
TWO DAM ALTERNATIVE FOR INDEPENDENT SYSTEM EXPANSION
 

PASO REAL COPALAR PRESA ALTA 
COPALAR HIGH DAM 

CAPACIDAD CAPACIDA;D GENERACION 

ANO PROYECTO INSTALADA FIRME ANUALIO
 
YEAR PROJECT INSTALLED FIRM ANNUAL
 

CAPACITY CAPACITY GENERATION
 
1982 COPALAR 110 MW - 

1983 COPALAR 220 MW 60 MW 526 GWh
 
1984 COPALAR 330 MW 90 MW 763 GWh
 
1985 COPALAR 330 MW 158 MW 1418 GWh
 
1989 COPALAR 330 MW 160 MW 1413 GWh
 
1989 PASO REAL 50 MW 21 MW 196 GWh
 
1989 TOTAL 380 MW 181 MW 1609 GWh
 

ALTERNATIVA DE TRES PRESAS PARA LA EXPANSION DEL SISTEMA INDEPENDIENTE
 
THREE DAM ALTERNATIVE FOR INDEPENDENT SYSTEM EXPANSION
 

PASO REAL
 

EL CARMCOPALAR 
PRESA BAJA- .."-._ / COPALAR LOW DAM 
tr%
 

CAPACIDAD CAPACIDAD GENERACION =: 

A N 0 PROYECTO INSTALADA FIRME ANUAL
 
YEAR PROJECT INSTALLED FIRM ANNUAL
 

CAPACITY CAPACITY GENERATION
 
1982 COPALAR 110 MW - 
1983 COPALAR 165 MW 70 MW 792 GWh
 
1986 COPALAR 165 MW 72 MW 800GWh
 
1986 EL CARMEN 70 MW 17 MW 285 GWh
 
1989 COPALAR 275 MW 82 MW 850 GWh
 
1989 EL CARMEN 70 MW 28 MW 317 GWh
 
1989 PASO REAL 50 MW 21 MW 199 GWh
 
1989 TOTAL 395 MW 131 MW 1366 GWh
 

ALTERNATIVA DE UNA PRESA PARA LA EXPANSION DEL SISTEMA INTERCONECTADO 
SINGLE DAM ALTERNATIVE FOR INTERCONNECTED SYSTEM EXPANSION 

COPALAR PRESA ALTA 
COPALAR HIGH DAM 

CAPACIDAD CAPACIDAD GENERACION 

ANO PROYECTO INSTALADA FIRME ANUAL 
YEAR PROJECT INSTALLED FIRM ANNUAL 

CAPACITY CAPACITY GENERATION 
1984 COPALAR 110 MW - 
1985 COPALAR 220 MW 60 MW 526 GWh 
1986 COPALAR 330 MW 90 MW 788 GWh 
1987 COPALAR 330MW 158 MW 1418 GWh 
1989 7OTAL 330MW 165 MW 1418 GWh 



RESERVOIR OPERATION STUDIES 
SUNMARY RESULTS OF COMPUTER ANALYSIS 

ALTERNATIVE INSTALLED POWER GENERATED 
100% CAPACITY FACTOR
 

'AND CAPACITY FIRM 50-YEAR
 
CAPACITY AVERAGE
 

PROJECT MW MW MW
 

TWO DAM ALTERNATIVE
 
Copalar 1,000 158.0 165.1
 

Copalar + Paso Real
 
Copalar 1,000 159.8 163.9
 
Paso Real 200 21.0 23.9
 
TOTAL 1,200 180.8 187.8
 

THREE DAM ALTERNATIVE
 
Copalar 600 69.6 104.2
 

Copalar + El Carmen
 
Copalar 600 72.0 104.8
 
El Carmen 200 16.8 40.6
 
TOTAL 800 88.8 145.4
 

Copalar + El Carmen + Paso Real 
Copalar 600 82.4 104.4 
El Carmen 200 28.2 39.3 
Paso Real 200 21.0 23.9 
TOTAL 1,000 131.6 167.6 

C. REDUCED CAPACITY DURING RESERVOIR FILLING
 

The Copalar High Dam reservoir requires three years to fill completely. There
fore, reservoir filling will begin during the wet season preceding the completion
 
of dam construction and continue through the following wet season; at which time,
 
power will be required. However, the reservoir will be only two-thirds full at
 
that time and output will be less than full capacity. An analysis was made of
 
the reduced capacity that could be produced and still completely fill the reser
voir in a reasonable period of time. The results of that analysis showed that an
 
annual average of 60 MW of power could be produced during the first year and 90 MW
 
during the second year of operation when the reservoir would be full. These re
duced capacities were used in system planning for the years to which they apply.
 

S.2.7 PROJECT COSTS
 

A. GENERAL
 

Two types of costs were computed for this investigation. The first are total
 
construction costs which are also called total direct costs. These costs are
 
the same as a construction contractor would bid for constructing the projects.
 
and exclude interest during construction, engineering, administration, land
 
procurement and resettlement. The second is total capital cost which is the
 
total investment required to construct the project, including those cost items
 
listed above as excluded from total construction costs.
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B. TOTAL CONSTRUCTION COST
 

Total construction costs were obtained from unit price estimates; quantity esti
mates; manufacturer's quotations; price catalogs; experience curves; values from
 
other recently estimated projects of a similar nature, size, and condition and
 
other available unit price data. Lump sum amounts were used for some items of
 
lesser values and are based on experience for similar costs. The price estimates
 
were prepared during April, May and June 1975 and no escalation since that time
 
has been used. A contingency of 10 percent was used to allow for minor cost
 
items that were not estimated and to allow for items that may have been under
estimated. All estimates are in conformity with usual and standard practices
 
for prefeasibility studies and are as accurate as required for this level of
 
investigation.
 

C. TOTAL CAPITAL COST
 

Total capital costs were estimated by adding the excluded cost items mentioned
 
in Paragraph A to the total construction cost. Interest during construction was
 
estimated on a simplified basis, using an eight percent interest rate for the
 
period of major project expenditures increased by one-half year to allow fcr
 
lesser expenditures at other times. This resulted in interest during construc
tion being 26 percent of total construction costs for Copalar High Dam, 18 percent
 
for Copalar Low Dam and 14 percent for El Carmen and Paso Real. Engineering and
 
administration were combined and assumed to be 10 percent of total construction
 
costs. Land acquisition and resettlement is a relatively minor cost item for all
 
projects, because of the remoteness of the project areas, low populatiou density
 
and the type of structures in the reservoir areas. Land was assumed to cost an
 
average of C$700 per hectare and resettlement was included as a slightly different
 
lump sum amount for each project depending on the reservoir size.
 

D. SUMMARY OF CONSTRUCTION AND CAPITAL COSTS, POWER AND ENERGY VALUES
 

Summary Table S.1 on the following page shows total construction costs, total capital
 
costs and the corresponding values per kilowatt of installed capacity and kilowatt
 
hour of energy generated. This summary shows costs by project and by river basin
 
development. The summary is not intended to be an economic evaluation of the
 
projects and river basin alternatives. Economic evaluation is summarized in
 
Section S.3, from the detailed analysis of Chapter VIII.
 

S.2.8 PROJECT SELECTED FOR FEASIBILITY STUDY
 

The results of the investigations, completed luring the prefeasibility study,
 
definitely establish the Copalar Project as the best and most economical of all
 
projects considered. It can be economically constructed either as a high dam in
 
the two dam alternative, or a low dam in the three dam alternative. The summary
 
of costs in the preceding paragraph indicate and other evaluations confirm that
 
the high dam is the most economical of the two alternatives. Therefore, it is
 
recommended that the high dam scheme for Copalar Project be studied at tile feasi
bility level. It is further recommended that the feasibility study be started
 
at the earliest practicable date so that completion of the project can be as
sured by the time it is needed. It is essentidl to maintain momentum in L pro
ject of this magnitude and importance to the future growth of the national economy.
 
The development of indigenous hydroelectric energy resources is the only certain
 
way to secure autonomy of national energy supplyby reducing dependence upon the
 
importation of fuel oil.
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TABLE S.1
 
SUMMARY OF COSTS
 

POWER CAPACITY AND ENERGY VALUES
 
FOR
 

ALTERNATIVE DEVELOPMENTS ON THE RIO GRANDE DE MATAGALPA
 

TWO DM1 ALTERNATIVE
 

ITEM COPALAR COPALAR + PASO REAL
 

CAPACITY AND ENERGY
 

Installed Capacity - MW 330 380
 
Energy per year - GWH 1418 1610
 

TOTAL CONSTRUCTION COST 203.382 247.022
 

Cost per KW 616 650
 
Cost per KWh 14.3 15.3
 

TOTAL CAPITAL COST 273.672 329.806
 

Cost per KW 829 868
 

Cost per KWh 19.3 20.5
 

THREE DAM ALTERNATIVE
 

COPALAR + COPALAR + EL CARMEN
 
ITEM COPALAR EL CARMEN + PASO REAL
 

CAPACITY AND ENERGY
 

Installed Capacity - M W 275 345 395
 
Energy per year - GWH 850 1167 1366
 

TOTAL CONSTRUCTION COST 143.152 194.589 238.299
 

Cost per KW 521 564 603
 
Cost per KWh 16.8 16.7 17.4
 

TOTAL CAPITAL COST 185.188 249.695 305.829
 

Cost per KW 673 724 774
 

Cost per KWh 21.8 21.4 22.4
 

NOTES:
 

Total Construction Cost and Total Capital Cost in million U.S. Dollars;
 
Cost per KW in U.S. Dollars;Cost per KWh in U.S. Mills.
 

Total Annual Cost Assumed to be equal to 10 percent of Total Construction Cost.
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S.2.9 INTEGRATION OF COPAR PROJECT IN ENALUF SYSTEM EXPANSION PLANS
 

The Copalar Project has emerged as the most technically viable and economically
 
sound hydroelectric development to be selected for feasibility analysis, as the
 
prime source of future energy supply to the ENALUF National Interconnected System
 

serving the Pacific, North and Central Zones of Nicaragua. To a great extent it
 
will be the fixed polar axis around which long-range plans for system expansion
 
will revolve, including firm plans for interconnection of the ENALUF system with
 
the ENEE system of Honduras and the ICE .ystem of Costa Rica. Copalar, together
 
with power purchases from Honduras and Costa Rica, will provide the ENALUF system
 

with sufficient capacity and ener:gy to meet forecast load growth from 1982 to the
 

end of 1989.
 

The firm power capability of (opalar will improve overall generation reliability
 
to a great extent and enable lov system risk levels to be attained that will pro
vide a firm foundation for stable economic growth, uninterrupted by generation
 
outages causing direct losses to the economy. The integration of the Copalar
 
Project within general plans for power system expansion can be accomplished re
latively easily, with a minimum of disturbance to rapid, continuous system growth,
 
which is characteristic of a utility system the size of ENALUF.
 

Copalar will provide an indigenous energy source for intermediate-range supply,
 
to complement the base-load energy provided by geothermal resources. The magni
tude of the hydroelectric energy from the Copalar Project will serve to reduce
 
the need for future importations of fuel oil for generation purposes. Depending
 
upon the optimum height of dam selected during the feasibility study, the annual
 
displacement of imported fuel could range from 1.7 to 2.8 million barrels, these
 
amounts corresponding to the low and high dam alternatives, respectively. The
 
topography may limit the dam crest to a level that permits reservoir storage to
 
an elevation at approximately 190 meters and would result in an annual fuel oil
 
saving of at least 2.6 million barrels per year. This oil would be worth $30.3
 
million per year to ENALUF at the current purchase price, which over the 50-year
 
service life represents approximately $1.5 billion.
 

The selective utilization of power allocations, made available for annual purchases
 
from the ENEE system of Honduras and the ICE system of Costa Rica, will achieve one
 
of the prime purposes of the study, in that future use of fuel oil for system gen
eration purposes will be minirized. The high dam at Copalar, together with power
 
purchases made during the entire development decade 1978-1988, will result in mini
mal thermal plant dispatch during the period 1978 through 1981 and almost ncgli
gible thermal energy generation between 1982 and 1988. The benefits from this
 
extended period of displacement of imported fuel oil by indigenous hydroelectric
 
resources, represents one of the most portentous effects of the future implemen
tation of plans for the introduction of the Copalar Project to the ENALUF system.
 

The discussion of detailed plan, for integration of the Copalar project in the
 
generation and transmission system expansion of the National Interconnected Sys
tem is given in the following section. To summarize, the Copalar Project represents
 
the key to system growth in the future transmission grid embracing the three coun
tries of Honduras, Nicaragua and Costa Rica. Once the Copalar High Dam is set in
 
place, its intrinsic stability will enable the economic integration of Central
 
America to accelerate with an impetus gained from a source of dynamic energy,
 
entirely within the autonomous control of the central government of Nicaragua,
 
through ENALUF as the operating agency responsible for national power supply.
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S.3 BASIC PLANS FOR INDEPENDENT POWER SYSTEM EXPANSION
 

The principal evaluation of alternative power system developments has been made
 

by technical and economic comparison of comprehensive plans for both independent
 

and interconnected expansion of the ENALUF National Interconnected System. A
 

basic plan for long-range development of indigenous hydroelectric resources
 

was selected following a detailed technical and economic evaluation of alter

native hydroelectric sites on the Rio Grande de Matagalpa. Combinations of
 

two and three dam developmeit schemes, together with their respective transmission
 

systems, were compared to select the most advantageous basic plan for independent
 

expansion.
 

Contingency plans were prepared for short-range generation expansion, to sub

stitute alternative generating plant in the event that geothermal power devel
opment does not materialize fully, according to present anticipated levels, or
 
is delayed for any reason during the extended period of exploration, testing,
 
feasibility studies, production drilling, plant design and construction. Viable
 
alternativeswere examined to substitute different types of thermal generation
 
for geothermal plant and an economic comparison was completed on this basis.
 

S.3.1 LONG-RANGE GENERATION EXPANSION PLANS, 1982-1988
 

The main alternatives evaluated for long-range development of hydroelectric
 
resources comprised the two and three dam development schemes on the Rio Grande
 
de Matagalpa. These were evaluated both technically and economically at the
 

system ic,,el.
 

A. TWO DAM DEVELOPMENT FOR SYSTEM EXPANSION PLAN Al
 

The combination of the Copalar high dam and Paso Real, described in Section S.2,
 
was examined in context of a comprehensive plan for system development, com
prising generation, transmission line and substation elements, this being
 
designated Plan Al for independent system expansion.
 

A summary tabulation of generation plant additions for the two dam develop
ment scheme of Plan Al is given in Table S.2. The relationship of generating
 
plant capacity to peak load demand on the ENALUF system is shown on Figure V.1
 
of Chapter V and the corresponding energy generation of the Rio Grande de
 
Matagalpa developments, together with other components of system generation,
 
is shown on Figure S.2.
 

A summary of the unit introduction schedule and forced outage rates determining
 

the loss of load carrying capability for Plan Al is given in Table V.1 of
 
Chapter V, together with a summary of the loss of load probability (LOLP)
 
indices, which indicate generation reliability risk levels on a period and
 
annual basis.
 

The conclusions reached from the generation reliability study of Plan Al,
 
confirm that the unit additions at the Copalar and Paso Real power plants will
 
provide most adequate levels of generation reliability for secure system ex
pansion to the end of the development decade in 1988. Thereafter,new generating
 
plant additions will be required in 1989 to maintain acceptable levels of genera
tion reliability.
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TABLE S.2 

EMPRESA S&CI(NAL DE LX7 Y FUERZA 
RATIc&AL INTERCECTED SYSTEM 

NICARAGUA 
GENERAL EXPASI(N PLAN Al 

1978 - 1988 

.11 DAM DEVEiLOPT R RIO GRANDE DE MATACALPA 
FOR 

INDEPENT SYSTEM EXPANION 

YEAR 

1978 

GENERATING PLANT ADDITIORS 
SOURCE UIT TYPE 

Existing Plants Plus Therml Units 

Installed at Puerto Sonaza Plant 

MUI GWH 

TOTAL EFFECTIVE 
OPERATING CAPACrfl 
OF SYSTEM RESOURCES 

MW-

283 

TOTAL FIRM 
ANHUAL RGY 
FROM RESOURCES 

GWH 

1,640 

SYSTEM 
PEAR 

DEMAND 
MW-

220 

SYSTEM 
GOSS ENERGY 

GERATIO REQUIRED 
__ 

1,253 

NOINAL INSTALLED RESERVE 
SYSTEM MARGIN AFTER LOSS 
RESERVE OF LARGEST RISK 

MW- 7. amn %. M % 

63 29 387 31 13 6 

LOSS OF LOAD 
PROBABILITY 

(RISK LEVEL INDEX) 
DAYS/YEAR 

1.18 

1979 1otombo I G 45 350 328 1,990 241 1,374 87 36 616 45 37 15 0.94 

1980 Momotobo 2 G 45 350 373 2,340 266 1,508 107 .40 832 55 57 21 0.62 

1981 1owtombo 3 G 45 350 418 2,690 295 1,668 123 12 1,022 61 73 25 0.87 

1982 Copalar 
Copalar 

I 
2 

H 
H 

55 
55 

--- END OF FIRST RESERVOIR FILLING SEASON - LIMITED OPERAT'JIN IN 1982 

Total Additions 110 - 528 2,690 326 i,837 202 62 853 46 147 45 1.02 

1983 Copalar 
Copalar 
Total Addition. 

3 
4 

H 
H 

55 
55 
110 526 

--

63R 

OPERATIC 

,216 

DURING 2ND YEAR OF RESERVOIR FILLING 

361 2,027 

377 OF NORMAL ANNUAL ENERGY 

277 77 lt89 59 221 61 0.01 

1984 Copalar 
Copalar 

5 
6 

H 
H 

55 
55 

OPERATIO DURING 3RD YEit OF RESERVOIR FILLING  56% OF NORMAL ANNUAL NERGY 

Total Additions 110 262 748 3,478 394 2,210 354 90 1,268 57 299 76 0.0 

1985 No Unit Additions - 630 / 748 

COPALAR RESERVOIR FULL - FIRt ,EAR (IFNORMAL ENERGY GENERATION IN 1985 

4,108 431 2,411 317 74 1,697 70 262 61 0.0 

1986 No Unit Additions - - 748 4,108 472 2,635 276 58 1,473 56 221 47 0.0 

1987 No Unit Additions - - 748 4,10a 518 2,884 230 44 1,224 42 175 34 0.02 

1988 Paso Real 
Paso Real 

I 
2 

H 
H 

25 
25 

IN-SERVICE END OF YEAR (NOVEMBER) LIMITED OPERATION IN 1988 

Total Additions 50 - 798 4,108 568 3,160 230 40 948 30 175 31 0.79 

1989 Fo Unit Additions - 196 798 4,299 RI 615 3,413 183 30 886 26 128 21 */ 2.30 4-, 

Note: R/ Copalar Regulated by Paso Real *_ LOLP Index Exceeds Reliability Criteria Level 

i_ Generating Plant Additions Required 
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B. THREE DAM DEVELOPMENT FOR SYSTEM EXPANSION PLAN Bl
 

The second alternative of the Copalar low dam, El Carmen and Paso Real, as
 
described in Section S.2, was also examined at the system level within a
 
comprehensive plan for generation and transmission system expansion, desig
nated Plan B]. A summary tabulation of generating plant additions for the
 
three dam development scheme of Plan B1 is given in Table S.3. The generating
 
plant capability in relation to system peak load demand is shown on Figure V.2
 
of Chapter V and the corresponding energy generation for all components of
 
Plan BI is shown on Figure S.3. It should be noted that the dispatch of
 
supporting thermal generation for Plan BI, during the period 1983 through 1989,
 
is much greater than for Plan Al over the same time period. The additional pro
duction cost for thermal generation associated with the three dam development
 
Plan BI is the main economic factor determining the selection of Plan Al.
 

A summary of the generating unit introduction schedule and forced outage rates
 
determining the loss of load carrying capability for Plan Bi 
is given in Table V.2
 
of Chapter V,together with an annual summary of the LOLP indices for each of the
 
13 four-week periods and the entire year. Although the annual risk levels for
 
the generation of Plan BI are in general higher than for Plan Al, they do not
 
exceed the acceptable levels for maintenance of adequate generation reliability,
 
defined in Section 4.2 of Chapter IV. Quite adequate levels of generation re
liability are attained for 
secure system expansion, from the introduction of
 
the first two Copalar units in 1982 through the end of the period of development
 
for the three dam scheme in 1988. In the following year, 1989, new generating
 
plant additions are required to maintain acceptable levels of generation re
liability, similar to Plan Al.
 

C. COMPARISON OF ALTERNATIVE LONG-RANGE DEVELOPMENT PLANS
 

The technical and economic evalation of the alternative hydroelectric devel
opments, considered for long-range independent expansion of the ENALUF system,
 
resulted in the selection of the two dam scheme for development of the hydro
 
resources of ti~e Rio Grande de Matagalpa. The selection is definitive, with
 
a clear and decisive advantage in favor of the combined development of the
 
high dam at the Copalar site, together with Paso Real.
 

A technical comparison of the two hydroelectric developments results in a
 
close assessment of the relative merits of the alternative plans for inde
pendent system expansion, based on available indigenous energy resources.
 
Both developments can provide reliable sources of power and energy, within
 
prescribed limits governed by generation reliability criteria, defined during
 
the course of the study. The advantage of the two dam scheme, in terms of
 
reliability, is that it provides a more secure system during the period of
 
expansion 1982-1988, with 15 megawatt of installed capacity less than the
 
three dam development. The following tabulation provides a comparison of
 
reliability ftor the two plans:
 

INDEPENDENT SYSTEM EXPANSION
 

COMPARATIVE GENERATION RELIABILITY
 

Loss of Load Probability (LOLP) - Days/Year
 

Plan Description 1982 1983 1984 1985 1986 1987 1988 

Al Two Dam Scheme 1.02 0.01 0.00 0.00 0.00 0.02 0.79 
B1 Three Dam Scheme 1.02 0.01 0.01 0.19 0.11 0.07 0.48 
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TABLE S.3 

EMPRESA NACIOMAL DE LUZ N FUERZA 
NATIONAL INTERCONNECTED SYSTE. 

N I C A R A G U A 

GENERATION EXPANSION PLAN B1 
1978 - 1988 

THREE DAM DEVELOPMENT ON RIO 

F OR 
INDEPENDENT SYSTEM 

GRANDE DE 

EXPANSION 

MATAG, LPA 

YEAR 

1978 

GENERATING PLANT ADDITIONS 
SOURCE UNIT TYPE 

Existing Plants plus Thermal Units 

Installed at Puerto Somoza Plant 

MW (CH 

TOTAL EFFECTIVE 
OPERATING CAPACITY 
OF SYSTEM RESOURCES 

MW 

283 

TOTAL FIRM 
ANNUAL ENERGY 
FROM RESOURCES 

OWH 

1,640 

SYSTEM 
PEAK 

DEMAND 
MW 

220 

SYSTEM 
GROSS ENERGY 

GENERATION REQUIRED 
GWH 

1,253 

MW 

63 

NOMINAL INSTALLED RESERVE 
SYSTEM MARGIN AFTER LOSS 
RESERVE OF LARGEST RISK 
7 GWH Z MW % 

29 387 31 13 6 

LOSS OF LOAD 
PROBABILITY 

(RISK LEVEL INDEX5 
DAYS/YEAR 

1.18 

1979 Momotombo I G 45 350 328 1,990 241 1,374 87 36 616 45 37 15 0.94 

1980 Momotombo 2 G 45 350 373 2,340 266 1,50b 1.!, 40 832 55 57 21 0.62 

1981 momorombo 3 G 45 350 418 2,690 295 1,668 123 42 1,022 61 73 25 0.87 

1982 Copalar 

Conalar 

1 

2 
H 

H 
55 

55 IN SERVICE END OF YEAR (NOVEIIBER) LIMITED OPERATION IN 1982 

Total Additions 110 528 2,690 326 1,837 202 62 853 46 147 45 1.02 

1983 Copalar 3 H 55 792 583 3,482 361 2,027 222 61 1,.55 72 167 46 0.01 

1984 No Unit Additions - - 583 3,482 394 2,210 189 48 1,272 58 134 34 0.01 

1985 No Unit Additions - - 583 3,482 431 2,411 152 35 1,071 44 97 23 0.19 

1986 El Carmen 
El Carmen 

Total Additions 

I 
2 

H 
H 

35 
35 

70 285 

rIN-SERVICE 
653 3,775RI/ 

BEGINNING OF YEAR (JANUARY) NORMAL OPERATION IN 1986 

472 2,635 181 38 1,140 43 126 27 0.11 

1987 Copalar 
Copalar 

4 
5 

H 
H 

55 
55 

Total Additions 110 - 763 3,775 518 2,884 245 47 891 31 190 37 0.07 

1988 Paso Real 
Paso Real 

Total Additions 

1 
2 

H 
N 

25 
25 

50 -

PIN-SERVICE 

813 3,775 

END OF YEAR (NOVEMBER) LIMITED OPERATION ONLY IN 1988 

568 3,160 245 43 615 19 195 34 0.48 

1989 No Unit Additions - 199 813 4,056R2/ 615 3,413 198 32 643 19 143 23 */ 1.48 +/ 

Note: RI/ Copalar Regulated by El Carmen 

R2/ Copalar Regulated by El Carmen and Paso Real 

./ LOLP Index Exceeds Reliability Criteria Level 

+/ Generating Plant Additions Required 
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It may be observed that the two dam scheme maintains almost 100 percent system
 
reliability over the period 1984 to 1986, but both sets of risk level indices
 
are well within the range of 0.6 - 1.0 day/year, established as part of genera
tion reliability criteria in Chapter IV, Section 4.2. In terms of the installed
 
cost of the reserve margin, more security of supply is obtained with the two dam
 
development for the lowest incremental plant cost, both in absolute magnitude and
 
expressed as an installed cost per unit.
 

In 1989, both schemes for independent development will require additional unit
 
capacity to maintain reliability levels, so the LOLP indices for 1989 given in
 
Tables V.1 and V.2, are only relative in magnitude. Their ratio of 1.55:1 is
 
indicative that either larger capacity or additional units will be required to
 
continue the generation expansion comprising the two dam development.
 

One noteworthy difference between the two alternative developments is related
 
to the generation reliability criteria. A two-stage construction program was
 
required for the low dam at Copalar, in order to minimize overlap between the
 
construction schedules for Copalar, El Carmen and Paso Real. The extremely
 
tight scheduling of the three projects could only be achieved by limiting the
 
initial installation at Copalar to three 55 MW units and remobilizing con
struction forces to install an additional two units in 1987. The additional
 
units are required for maintenance of system reliability levels and the re
sultant plant capacity factor is correspondingly reduced from approximately
 
55 to 35 percent. This also serves to illustrate the principal factor bearing
 
on project selection, that of storage capability for pondage hydro generation.
 
In this aspect, the limited storage of the low dam results in a total energy
 
generation potential which is 60 percent of the equivalent generation potential
 
of the high dam, with regulation.
 

The resulting production costs for the two and three dam alternatives are greatly
 
influenced by the much larger energy component of the high dam development. The
 
economic comparison of the two alternative plans Al and B1 is discussed in
 
Chapter VIII, Section 8.2, with the comparative present worth analysis of cash
 
flow given in Appendix E, Annexes E-1 through E-18. Analysis was completed for
 
both unescalated 1975 cost levels and over a range of escalation profiles for
 
investment, fuel costs and 0 & M.
 

The most graphic illustration of the relative merits of the high and low dam
 
developments at the Copalar site may be gained from a comparison of the equiva
lent displacement of oil-fired generation by each of the two alternatives.
 
Figures S.2 and S.3 show the components of system generation over the period
 
1976 through 1989, the first year of constant operation for Paso Real in either
 
the two or three dam schemes. The energy scale is graduated in terawatt-hours
 
( kwh x 10 ) and a conversion is made to millions of equivalent barrels of
 
fuel oil (Bunker C) consumed per year for energy generation. This conversion
 
was made based upon actual production costs for ENALUF system generation,
 
utilizing the most efficient Puerto Somoza thermal units as the prime source
 
of thermal energy.
 

The tabulation at the top of the following page will serve to illustrate the
 
impact of indigenous hydroelectric resources development on the national balance
 
of payments.
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INDEPENDENT SYSTEM EXPANSION
 
COMPARISON OF POTENTIAL SAVINGS IN IMPORTED FUEL OIL
 

FOR
 
ALTERNATIVE DEVELOPMENTS ON THE RIO GRANDE DE MATAGALPA
 

A. Two Dam Development Scheme:
 

Annual Energy Generation - TWH 

Equivalent Fuel Oil Usage - M.BBL/yr 

Equivalent Usage over 50 Year Life - M.BBL 

Saving at Current Prices ($11.65/BBL) - $M 


B. Three Dam Development Scheme:
 

Annual Energy Generation - TWH 

Equivalent Fuel Oil Usage - M.BBL/Yr 

Equivalent Usage over 50 Year Life - M.BBL 

Saving at Current Prices ($11.65/BBL) - $M 


Copalar Paso Real Total
 

1.413 0.196 1.609
 
2.80 0.40 3.20
 
140.0 20.0 180.0
 
1,613 233 1,864
 

Copalar El Carmen Paso Real Total 

0.850 0.317 0.199 1.366 
1.70 0.65 0.40 2.75 
85.0 32.5 20.0 137.5 
990 379 233 1,602 

It can be appreciated what effect future oil price escalation will have on the
 
tabulated values, when with mid-year 1975 oil price levels applied to the equi
valent fuel consumption over the normal 50-year service life of the hydroelectric
 
power developments, the differential between the two alternatives, $262,000,000,
 
would be 96 percent of the capitalized cost of the Copalar high dam development.
 

The following comparison is made using the summary of costs given in Table S.1:
 

INDEPENDENT SYSTEM EXPANSION
 
COMPARISON OF FUEL COST SAVINGS WITH CAPITAL COSTS
 

FOR
 
ALTERNATIVE DEVELOPMENTS ON THE RIO GRANDE DE MATAGALPA
 

(Equivalent to Application of Mid-Year 1975 Oil Price Levels)
 
Bunker C - $11.65 per Barrel
 

A. Two Dam Development Scheme:
 

Total Capital Cost - $M 

Equivalent Fuel Oil Usage - M.BBL/Yr 

Savings per Year at Current Oil Prices - $M 
Undiscounted Pay-Out Period-Years 
Proportion of Service Life - % 

B. Three Dam Development Scheme:
 

Total Capital Cost - $M 

Equivalent Fuel Oil Usage M.BBL/Yr 

Saving per Year at Current Oil Prices - $M 

Undiscounted Pay-Out Period-Years 

Proportion of Service Life - % 


Copalar Paso Real Total
 

273.672 56.134 329.806
 
2.80 0.40 3.20
 

32.620 4.660 37.280
 
8.4 12.0 8.85
 
17 24 18
 

Copalar El Carmen Paso Real Total 

185.188 64.507 56.134 305.829 
1.70 0.65 0.40 2.750 

19.810 7.570 4.660 32.040 
9.3 8.5 12.0 9.5 
19 17 24 19 
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S.3.2 CONTINGENCY PLANS FOR SHORT-RANGE GENERATION EXPANSION
 

Although geothermal field development at Momotombo is proceeding well and sev
eral other good prospects are currently being appraised for future development,
 
sound power system planning requires contingency plans for alternative options
 
should actual development fall short of present estimates for reservoir capacity,
 
or delays be sustained to scheduled introductions of geothermal generating plant.
 

Two contingency plans were evaluated to examine the relative economic merits
 
of alternative short-range generating plant additions to substitute thermal for
 
geothermal plant, in the event that geothermal power development has to be sup
plemented by additional thermal plant for base-load supply. These contingency
 
plans are discussed in Section 8.3 of Chapter VIII and are summarized as follows:
 

A. PLAN Cl FOR ADDITIONAL 50 MW UNIT AT PUERTO SOMOZA PLANT
 

On the assumption that the equivalent of a single 45 MW geothermal unit would
 
be required for commissioning in 1980, prior to commercial operation in 1981,
 
one solution would be to install a third 50 MW unit at the Puerto Somoza thermal
 
plant. A cost estimate was made for the unit addition based on segregated costs
 
for Unit 2 obtained from construction account records and the most .cent engi
neering estimates made for the total cost of the plant. A unit cost of $300 per
 
kilowatt was used to represent the total cost of a third unit at mid-year 1975
 
price levels. This total included the cost of the main transformer and substation
 
equipment required for the addition of a third unit at Puerto .Somoza.
 

The production costs for equivalent annual generation to that of the 45 MW
 
geothermal unit at the Momotombo Plant were calculated based on an average plant
 
heat rate of 9,400 BTU per kwh and a basic cost of $11.52 per barrel of fuel oil
 
(Bunker C) delivered to the plant, at 1975 cost levels. A heating value of
 
140,000 BTU per gallon was assumed for production cost calculations. The annual
 
geothermal energy generation was taken to be 350 GWH, this being equivalent to
 
a 45 MW geothermal plant capacity factor of 89 percent, or a 50 MW thermal plant
 
capacity factor of 80 percent, on base-load supply.
 

Thermal plant operation and maintenance costs, corresponding to mid-1975 fixed
 
and variable 0 & M costs developed for Puerto Somoza Units 1 and 2, were used
 
to calculate plant 0 & M expenses for Unit 3 at Puerto Somoza. An economic
 
comparison was made with a second geothermal contingency plan.
 

B. PLAN C2 FOR 50 MW (4 x 12.5 MW) DIESEL PLANT AT MASAYA
 

An alternative thermal solution was examined,consisting of a multiple diesel
 
engine generator unit installation, to provide a total plant output of 50 MW
 
continuous rating for base-load supply. Relatively recent design innovations
 
in diesel-engine technology enable a high theimal efficiency to be attained
 
with large capacity units, to achieve low operating costs coupled with levels
 
of investment cost comparable to steam-electric generating units with ratings
 
between 40 and 100 MW.
 

A four unit installation formed the thermal equivalent of the Puerto Somoza
 
Unit 3, each unit having a continuous rating of 12.5 MW for base-load operation
 
at a net station heat rate of 9,400 BTU per kilowatthour. The cost of fuel-oil
 
for a plant located at Masaya was assumed to be the same as the cost of Bunker C
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delivered to the Managua thermal plant at mid-19'5 price levels. It was further
 

assumed that the same grade of fuel would be used as that intended for the Puerto
 

Somoza thermal plant, with a heating value of 140,000 BTU per gallon. Thus, the
 

assumed differential between the costs of fuel delivered to the Puerto Somoza and
 

Masaya plants was the single factor causing an operational cost advantage in fa

vor 	of the Puerto Somoza Unit 3.
 

As the production costs for the two thermal plant alternatives were very similar,
 

the 	selection of the most economic contingency plan depended on a comparison of
 

levels of investment cost and the amount and timing of disbursements. The cost
 

estimate for the Masaya plant was based on a quotation received from a manufac

turer, capable of supplying the complete installation. The total installed cost
 

was estimated to be the equivalent of $380 per kilowatt, at 1975 cost levels.
 

A separate estimate was made for the cost of the plant substation equipment
 

required to connect the four unit installation to the 138 kV bus at Masaya.
 

Plant 0 & M costs were estimated based on the manufacturer's recommendation.
 

C. COMPARISON OF ALTERNATIVE CONTINGENCY PLANS
 

An economic comparison was made of the two thermal plants, assuming that the
 

selected contingency plan would require plant commissioning by end-of-year 1980;
 

for 	start of commercial operation on January 1, 1981. As both plans are intended
 

to serve as a possible substitute for a geothermal unit addition, the analysis
 

was 	conducted over the 25-year service life of a geothermal plant.
 

The selection of the most economical contingency plan hinged on the relative
 

capital investment required for the two alternatives and their annual disburse

ment. The following summary tabulation indicates the relative magnitudes involved.
 

ANNUAL CAPITAL DISBURSEMENTS FOR ALTERNATIVE THERMAL PLANTS
 

YEAR 1 YEA2 2 YEAR 3 YEAR 4 

PLAN 	 (1977) (1978) (1979) (1980)
 

Cl. 	Puerto Somoaa Unit 3
 

Thermal Plant $1,200,000 $7,500,000 $4,390,000 $1,045,000
 

Substation 	 260,000 605,000
 

Total 	 $1,200,000 $7,500,000 $4,650,000 $1,650,000
 

C.2 	Masaya Diesel Plant
 

Thermal Plant $1,900,030 $7,600,000 $9,500,000
 

Substation 190,000 445,000
 
$1,900,000 $7,790,000 $9,945,000
 

The annual fuel cost and 0 & M expenses for the two plants were as follows:
 

Annual Fuel Cost Annual 0 & M Expenses*/
 

Plan Cl. - Puerto Somoza Unit 3 $6,445,000 $398,000
 

Plan C2. - Masaya Diesel Plant $6,520,000 $419,000
 

*/Includes Substation 0 & M
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The economic comparison resulted in the selecticn of the Puerto Somoza Unit 3 as
 
a possible alternative to geothermal power on a contingency basis. However, the
 
conclusion requires a degree of caution in view of the fact that the cost estimate
 
for the diesel plant was based on one manufacturer's quotation rather than com
petitive bid proposals. After the comparative analysis was completed, informa
tion was received from ICE relative to the bid analysis of an identical plant at
 
Puerto Limon, Costa Rica. It appears that even with due allowance for site devel
opment and installation costs, the quotation received for the Masaya Plant was sub
stantially above competitive pricing levels. One factor that could mitigate against
 
this conclusion would be the need for inclusion of fuel treatment equipment costs
 
in the Masaya Plant cost estimate, should this be required for Bunker C fuel oil,
 
as no allowance was made for this in the manufacturer's cost quotation. It empha
sizes the need to base future economic comparisons on competitive proposals, pre
pared in response to engineering specifications for plant and equipment.
 

S.3.3 TRANSMISSION PLANS FOR INDEPENDENT POWER SYSTEM EXPANSION
 

One objective of the transmission planning for independent system expansion was the
 
completion of a preliminary study for the transmission facilities associated with
 
the hydroelectric developments on the Rio Grande de Matagalpa. The purpose of the
 
study was to select the appropriate transmission voltage and determine the approxi
mate location and scheduling of facilities. The results of the study are contained
 
in Appendix F and may be summarized in the recommendation that 230 kV transmission
 
systems be utilized for either the two or three dam developments on the Rio Grande
 
de Matagalpa. Comprehensive system expansion plans formulated for the alternative
 
long-range developments include the transmission line and substation facilities
 
associated with the two and thre dam schemes. These are discussed in Section 7.1
 
of Chapter VII and are summarized as follows:
 

A. TWO DAM DEVELOPMENT TRANSMISSION SYSTEM FOR PLAN Al
 

The transmission system linking the Copalar high eam and Paso Real developments with
 
the system load centers of Managua and Masaya is comprised of a 230 kV double-circuit
 
line to transmit power direct from Copalar to Masaya, together with a 230 kV single
circuit line from Copalar to Masaya via Paso Real and a loop connection to the Los
 
Brasiles Substation near Managua. This transmission loop is carried on a section
 
of 230 kV double-circuit line between Masaya and Los Brasiles, with the final ter
mination at the Masaya 230 kV bus. A scheiratic representation of the 230 kV trans
mission line arrangement is shown on Figure VII.1 of Chapter VII. The total circuit
 
length of the 230 kV transmission system associated with the two dam development is
 
approximately 630 kilometers.
 

The substations associated with Copalar and Paso Real consist of ring bus configura
tions, comprising six and three elements, respectively. At Copalar three 135 MVA
 
transformer banks will step-up the 330 MW plant output from 13.8 kV generator volt
age to 230 kV transmission voltage, for switching at the plant substation. A single
 
65 MVA transformer bank at Paso Real will transform the entire 50 M4 output for con
nection to the high voltage transmission system. At the receiving end, the Masaya
 
substation will require 230 kV switching facilities and provision for step-down
 
transformation to 138 kV for subsequent transmission at the underlying voltage level.
 
The 230 kV substation must accommodate line terminations for two Copalar circuits,
 
the single-circuit from Los Brasiles, an ultimate installation of four 230/138 kV
 
transformers and a bus-tie position. The Los Brasiles Substation will bu expanded
 
to allow the termination of the incoming line from Paso Real and the outgoing cir
cuit to Masaya. No additional transformer capacity will be required at Los Brasiles.
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B. THREE DAM DEVELOPMENT TRANSMISSION SYSTEM FOR PLAN B1
 

A similar 230 kV transmission system to that planned for the two.dam development 
was included in the comprehensive plan for the three dam development of the
 
Copalar low dam, El Carmen and Paso Real. The single exception to the previous
 
transmission system configuration consists of the termination to the El Carmen
 
plant substation of a section of 230 kV double-circuit line, which forms a loop
 
inserted into one circuit of the double-circuit line from Copalar to Masaya.
 
The transmission line arrangement for the three dam development is shown on
 
Figure "1I.2 of Chapter VII, the total circuit length being approximately
 
670 kilometers.
 

Switching facilities at the sending-end substations of the Copalar and Paso Real
 
plants are similar to those for the two dam development. A six element ring bus
 
configuration is planned for the Copalar Substation to accommodate two 135 MVA
 
transformer banks, a single 65 MVA transformer for Unit 3 and three 230 kV line
 
positions. At El Carmen a three element ring bus will be used to accommodate an
 
85 	MVA, 13.8/230 kV step-up transformer position and two 230 kV line positions.
 
The substation facilities at Paso Real, Masaya and Los Brasiles substations will
 
be identical to those required for the two dam development.
 

C. SELECTION OF TRANSMISSION SYSTEM AND OPERATING VOLTAGE LEVEL
 

The basic transmission system design configuration and operating voltage level
 
for the Copalar Project was determined following a detailed transmission voltage
 
study, the results of which are contained in Appendix F. The selection was made
 
between 230 kV and 138 kV for operating voltage, after successive economic com
parisons were made between combinations of single and double-circuit line con
figurations,with evaluation of line losses.
 

To evaluate the alternative transmission systems according to a common measure
 
of performance standards, the equipment and facility requirements for each volt
age level were established based on the following criteria:
 

• 	Maximum Power Transfer
 
Voltage Regulation
 

• 	Transmission Stability
 
• 	Thermal Limits
 
• 	System Reliability
 

Facility requirements were defined for both 138 kV and 230 kV voltage levels,
 
these being contained within four alternative plans for the Copalar Project
 
transmission system.
 

Plan Description of Alternative Transmission Systems
 

F1 Five Single-Circuit 138 kV Lines
 
F2 Three Single-Circuit 230 kV Lines
 
F3 One Single-Circuit and Two Double-Circuit 138 kV Lines
 
F4 One Single-Circuit and One Double-Circuit 230 kV Lines
 

Plans F1 and F2 were compared to determine the most economic single-circuit trans
mission system, then Plans F3 and F4 were analysed to determine the best combina
tion of circuit configurations and operating voltage. Finally Plans F2 and F4
 
were compared for definitive plan selection.
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Investment costs and 0 & M expenses were estimated for the transmission line
 
and substation facilities comprising each of the alternative plans, together
 
with an evaluation of losses corresponding to each of the transmission systems,
 
for economic comparison. Successive plan combinations were compared by present
 
worth analysis of discounted cash flow, at 1975 cost levels and also with escala
tion applied for sensitivity analysis. The results of the economic analyses are
 
contained in the Annexes to Appendix F. and are shown graphically on Figures F.6,
 
F.7 and F.8. The sensitivity analyses at escalated cost leves are summarized in
 
Tables F.8, F.9 and F.10 of Appendix F, for five sensitivity tests with successive
 
escalation profiles applied to investment and 0 & M.
 

At 1975 cost levels, the following differentials were indicative of the relative
 
advantage of alternative plans in terms of the present worth of future expendi
tures.
 

Plan Vs. Plan Net Differential In Favor of Plan
 

Fl F2 $2,981,000 F2
 
F3 F4 $2,380,000 F4
 
F2 F4 $1,487,000 F4
 

So, by successive analytical steps, the selection of Plan F4 was made for the
 
Copalar Project, to enable a firm recommendation of 230 kV as the operating volt
age. The transmission system will comprise one double-circuit line and a single
circuit line from Copalar to the delivery point at the Masaya Substation. This
 
system provides transmission reliability at the most economical cost of facilities
 
and was used as the basis for all subsequent planning of the transmission system
 
for the Copalar Project,in context of a general system expansion plan.
 

S.4 GENERAL PLAN FOR INTERCONNECTED POWER SYSTEM EXPANSION
 

The basic long-range plans, discussed in the previous section, pertain to the
 
introduction of alternative hydroelectric power developments on the Rio Grande
 
de Matagalpa into comprehensive plans for the independent expansion of the National
 
Interconnected System. As the name implies, the ENALUF power system is intercon
nected within Nicaragua to supply a service area covering the Pacific, North and
 
Central Zones, as shown on the location map which forms the frontispiece to this
 
report. it is decided that the ENALUF system be interconne-ted with the ENEE
 
system of Honduras, the present schedule for construction of the transmission
 
facilities is intended to allow the energization of the transmission inter-tie
 
between Pavana and Leon Substations during 1976. At present, the proposed inter
connection between the ENALUF system and the ICE system of Costa Rica is under
 
study, with a possible commissioning date set for July, 1978. The effect of the
 
interconnections on the basic plans for generation expansion of the ENALUF system
 
are discussed in Chapter Vl, with detailed economic analysis relating to the
 
selection of operating voltage level and determination of viable tie-line rates
 
being given in Appendices H and I.
 

S.4.1 TRANSMISSION PLANS FOR INTERCONNECTED POWER SYSTEM EXPANSION
 

The transmission plans presented in Section VII.2 of Chapter VII are adequate to
 
meet ENALUF system requirements for general transmission expansion over the pe
riod 1978 through 1988. However, these plans also take into consideration the
 
possible impact of transmission interconnections between national power systems
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of adjacent countries on the Isthmus of Central America. 
Energy from the two
 
major indigenous resources of Nicaragua, geothermal and hydroelectric cources,
 
will be generated for transformation to a 230 kV transmission grid that will
 
extend across national frontiers, to link the main supply systems of Hqnduras,
 
Nicaragua and Costa Rica.
 

The second objective of transmission planning, accomplished during the course
 
of the study, was the coordination of the scheduled transmission facilities re
quired for the selected hydroelectric development 
on the Rio Grande de Matagalpa

within an overall plan for expansion of the National Interconnected System.

The resultant recommended line arrangement was similar to the basic plans
 
discussed in Section S.3, comprising a 185 kilometer double-circuit 230 kV line 
from the Copalar generating plant to an existing load-center substation located 
at Masaya, together with a 213 kilometer single-circuit 230 kV line from Copalar 
to the planned Los Brasiles Substation, which will be located northwest of Mana
gua. A loop connection will be made between the Los Brasiles and Masaya ter
minal substations via the second circuit of a 37 kilometer section of double-cir
cuit 230 kV line. The first circuit of this line will form part of the inter
connection between the ENALUF and ICE systems, with the continuation from Masaya
 
to the Frontier at Penas Blancas carried on a 129 kilometer section of single
circuit 230 kV lire. The planned interconnection with the ENEE system of Mondu
ras will consist of a single-circuit 230 kV line connecting the Leon Substation
 
with the Pavana Substation in Honduras. 
Initially the ENALUF-ENEE transmission
 
inter-tie will be operated at 138 kV; 
 however, the operating voltage will be
 
upgraded to 230 kV for firm power transfer from the 
El Cajon hydroelectric plant
 
in Honduras beginning in 1982.
 

Six major transmission projects are included in plans for the development Deriod
 
1978-1988:
 

Interconnection in 1978 with the ICE system of Costa Rica.
 
Rural electrification of new load zones beginning in 1978.
 
Extension of 230 kV grid, for transmission of Momotombo geothermal
 
power in 1979 and firm capacity transfers from Honduras after 1981.
 
Completion of the 138 kV transmission ring, around the Managua and
 
Masaya load centers in 1979, by the Sur-Masaya 138 kV line.
 
Upgrading of the interconnection with Honduras to 230 kV operation
 
in 1982.
 
Transmission system associated with the Copalar hydroelectric
 
development.
 

The above projects are discussed in Section 7.2.3 of Chapter VII, with the expan
sion plans for the National Interconnected System for the period 1978-1988 shown
 
on Figure VIII.3.
 

S.4.2 INTERCONNECTION WITH ICE (COSTA RICA) SYSTEM
 

The definition of the potential for off-peak energy transfer from the ICE system

of Costa Rica to the ENALUF system of Nicaragua is discussed in Section '.1 of
 
Chapter VI, with tabulations of energy available and transfer limitations due to
 
system constraints, based on projected monthly energy surpluses provided by the
 
ICE Planning Department.
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Three options for operating voltage and terminal location form the basis for
 

analytical and economic studies to select a definitive plan for system inter

connection. The results of these studies are given in Appendix H and may be
 

summarized as follows:
 

" 	The economic operating voltage level for the inter-tie must be 230 kV.
 

The ENALUF system terminal is to be located at Los Brasiles Substation.
.
 
" The interconnection line route is Los Brasiles to the Frontier, via
 

Masaya.
 

The detailed economic analysis pertaining to the determination of breakeven tie

line rates for off-peak energy transfer is contained in Appendix H. The rates are
 

defined as a matrix of values corresponding to 1975 cost levels and a range of
 

escalation profiles over a series of discount rates corresponding to cost of
 

capital. An example is given of the effect of the most recent OPEC oil-price
 

increase on the breakeven rate for energy purchases at the Nicaragua/Costa Rica
 
frontier.
 

It is recommended that the Consultants for the ENALUF-ICE Interconnection Study,
 

continue the analysis of optimal energy transfer between the two systems, taking
 

into consideration the future impact of firm power transfers as well as off-peak
 

energy. The generation expansion program of ICE should be reviewed with a view
 

to utilizing available firm power capacity and energy from the El Cajon plant in
 

Honduras. System reserves should be carefully analysed to minimize individual
 

system margins following a policy of shared risk for interconnected system opera

tion. There are potential mutual benefits to interconnection of the ENALUF and
 

ICE systems, the task ahead is to optimize for their realization in the interest
 
of the participants.
 

S.4.3 INTERCONNECTION WITH ENEE (HONDURAS) SYSTEM
 

The ramifications of the interconnection of the ENALUF system with the ENEE system
 

of Honduras are discussed in Sections 6.2 and 6.3 of Chapter VI. The present sched

ule for the introduction of the El Cajon hydroelectric plant to the ENEE system,
 

will enable firm power allocations to be contracted by ENALUF for the period 1982
 

through the end of the development decade in 1988. The most critical years are
 

1982 to 1986, inclusive, as the allocations made for these years are keyed to the
 

scheduled introduction of the Copalar hydroelectric plant on the ENALUF system.
 

Thereafter,the energy balance depends on the complementary aspects of imported
 

hydroelectric energy and the oDtimum utilization o: indigenous sources of energy,
 
to 	enable minimal usage of imported fuel-oil for generation purposes.
 

In addition the reliability of supply on the ENALUF system is dependent on the
 

availability of firm power from the ENEE system beginning in 1982. On-peak capaci

ty is fortunately available in excess of the actual allocations required to main

tain preferred risk levels on the ENALUF system. The tabulation on the following
 

page provides a comparison of available capacity and energy with the required allo

cations defined in this study.
 

This tabulation serves to emphasize the possibility of major firm power transfers
 
from Honduras to Nicaragua and potentially to Costa Rica and even Panama. The sale
 

of allocations of El Cajon power to Guatemala is a possibility, but the great need
 

is for a major re-examination of the generation expansion programs of all national
 

systems in Central America that could potentially benefit from a sharing of national
 
res. urces.
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ENALUF - ENEE (HONDURAS) INTERCONNECTION 

COMPARISON OF POWER AVAILABLE WiTH REQUIRED POWER ALLOCATIONS 

Capacity - MW/% Energy - GWH/%
 

Year Available Required Surlus Available Required Surplus
 

1982 194/100 45/23 149/77 982/100 361/37 621/63
 

1983 172/100 65/38 107/62 862/100 569/66 293/34
 

1984 148/100 85/57 63/43 732/100 732/100 

1985 120/100 50/42 70/58 588/100 401/68 187/32
 

1986 91/100 45/49 46/51 430/100 376/87 54/13
 

1987 58/100 10/17 48/83 254/100 11/4 243/96
 

1988 21/100 10/48 11/52 62/100 47/76 15/24
 

1989 99/100 99/100 - 277/100 277/100 -


The mutual benefits from the sequential interconnection of power systems along
 
the Isthmus are too great to neglect at this time of energy crisis. The long

term aim should be an integration of national systems from Mexico to Panama,
 

within the framework of a supra-national agency for international development
 

in the Americas. In this regard guidance can be provided by CEPAL. An impetus
 

can be gained at this juncture, spurred on by the ever-pressing need to continue
 

progressive regional efforts for the economic integration of Central America.
 

A detailed economic analysis of interconnected system expansion as compared with
 

independent system expansion is provided in Appendix I, which includes the deter
mination of viable tie-line rates for purchases by ENALUF from both ENEE of Hon

duras and ICE of Costa Rica, over the time-frame 1982 through 1988. The potential
 
benefits accruing to the participating utilities are such as to render imperative
 
the need for early commencement of serious negotiations for the interchange of power.
 

S.4.4 SINGLE DAM DEVELOPMENT FOR INTERCONNECTED SYSTEM EXPANSION
 

The utilization of on-peak power allocations from the ENEE system of Honduras and
 

off-peak energy transfers from the ICE system of Costa Rica will enable the ther
mal dispatch on the ENALUF system to be minimal from the end of .981 to the last
 

year of the decade of development in 1988. The availability of a major power allo
cation from Honduras in 1989 will postpone the need for introduction of the Pa3o
 
Real hydroelectric plant of the two dam development to the year 1990 at the ear

liest. Hence, the recommended plan for interconnected system expansion will only
 

require the placement of a single dam at the Copalar site,as opposed to the two
 

dam development for independent expansion of the ENALUF system.
 

The resource development and utilization program, intrinsic to the generation addi

tions and power purchases of interconnected system expansion Plan El, is given in
 

Table S.4 and Figure S.4 shows the components of energy purchase and 'stem genera

tion.
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Table S.4 Sheet 1 

EMPRESA NACIONAL DE LUZ Y FUERZA 
NATIONAL INTE: CONNECTED SYSTEM 

N I C A R A G U A 
GENERATION EXI NSION PLAN El 

1978-1988 

COPALAR HIGH DAM DEVEI.OPMENT ON RIO GRANDE DE MATAGALPA 
POWER PURCHASES FROM HONDURAS AND COSTA RICA 

FOR 

INTEPCONNECTED SYSTEM EXPANSION 

YEAR GENERATING 
SOURCE 

PLANT ADDITIONS 
UNIT TYPE MW GWH 

TOTAL EFFECTIVE 

OPERATING CAPACITY 
OF SYSTEM RESOURCES 

MW 

TOTAL FIRM 

ANNUAL ENERGY 
FROM RESOURCES 

GWH 

SYSTEM 

PEAK 
DEMAND 

MW 

SYSTEM 

GROSS ENERGY 
GENERATION REQUIRED 

GWH MW 

NOMINAL 

SYSTEM 
RESERVE 

% W % 

INSTALLED RESERVE 

MARGIN AFTER LOSS 
OF LARGEST RISK 

MW 7. 

LOSS OF LOAD 

PROBABILITY 
(RISK LEVEL INDE) 

DAYS/YEAR 

Base Existing Plants plus Thermal Units 
Installed at Puerto Somoza Plant 

283 1,640 

1978 Enerzv Purchase from ICE 147 283 1,787 22G 1,253 63 29 534 43 13 6 1.18 

1979 Momotombo 

Enerev Purchase 
I 

from ICE 
G 
P 

45 

-

350 
112 

Total Source Additions 45 462 328 2,102 241 1,374 87 36 728 53 37 15 0.94 

1980 Momotombo 
Energv Purchase 

2 
from ICE 

G 
P 

45 
-

350 
90 

Total Source Additions 45 440 373 2,430 266 1,508 107 40 922 31 57 21 0.62 

1981 Momotombo 

Ener-.gvPurchase 
3 

from ICE 
G 

P 
45 
-

350 

57 

Total Source Additions 45 407 418 2,747 295 1,668 123 42 1,079 65 73 25 0.87 

1982 Pom.er Purchase from ENEE 
Energy Purchase from ICE 

P 
P 

45 
-

361 
31 

Total Source Additions 45 392 463 3,082 326 1,837 137 42 1,245 68 87 27 0.07 

1983 Power Purchase from ENEE 

Enercy Purchase from ICE 

P 

P 

65 

-

569 

14 

Total Source Additions 65 583 483 3,273 361 2,027 122 34 1,246 61 57 16 0.30 

1984 Power Purchase from ENEE 

Energy Purchase from ICE 

P 

P 

85 

-

732 

7 

Total Power Purchases 85 739 

Copalar 
Copalar 

Total Unit Additions 

1 
2 

H 
H 

55 
55 

110 

-
-

END OF FIRST RESERVOIR FILLING SEASON - LIMITED OPERATION ONLY IN 1984 

Total Source Additions 195 739 613 3,429 394 2,210 219 56 1,219 55 134 34 1.01 



TAF.E S.4 Sheet 2 

EMPRLSA NACTONAL DE LUZ Y FUERZA 
NATiO::.AL INTEKCONNECTED SYSTEM 

N i C A R A G U A 
GENERATION EXPANSION PLAN El 

1978-1988 

COPALAR HIGH DAN DEVELOPMENT ON RIO GRANDE DE MATAGALPA 
POWER PURCILASES FROM HONDULAS AND COSTA RICA 

F OR 

IN ERCON%'ECTED SYTEM EXPANSION 

YEAR GENERATING 
SOURCE 

PLAN ADDITIONS 
UNIT TYPE MW GWH 

TOTAL EFFECTIVE 

OPERATING CAPACITY 
OF SYSTEM RESOURCE 

NW 

TOTAL FIRM 

ANNUAL ENERGY 
FROM RESOURCES 

GWH 

SYSTEM 

PEAK 
DEMAND 
IN 

SYSTEM 

GROSS ENERGY 
GENERATION REQUIRED 

GWH MW 

NOMINAL 

SYSTEM 
RESERVE 

% (GH % 

INSTALLED RESERVE 

MARGIN AFTER LOSS 
OR I-ARCEST RISK 

MW % 

LOSS OF LOAD 

PROBABILITY 
(RISK LEVEL INDI 

DAYS/YEAR 

1985 Power Purchase from ENEE 

Enerev Purchase form ICE 

P 

P 

50 

-

401 

40 

Total Power Purchases 50 441 

Copa lar 
Copalar 
Total Unit Additions 

3 
4 

H 
H 

55 
55 
110 526 

OPERATION DURING 2ND YEAR OF RESERVOIR FILLING - 37% OF NORMAL ANNUAL ENERGY 

Total Source Additions 160 987 68S 3,657 431 2,411 257 60 1,246 52 202 47 0.09 

1986 Power Purchase from ENEE 

Energy Purchase from ICE 

P 

P 

45 

-
376 

25 

Total Power Purchases 45 401 

Copalar 
Copalar 

Total Unit Additions 

5 
6 

H
H 

5555 

110 262 

OPERATION DURING 3RD YEAR OF RESERVOIR FILLING - 56% OF NORMAL ANNUAL ENERGY 

Total Source Additions 155 663 793 3,879 472 2,635 321 68 1,244 47 266 56 0.01 

1987 Power 
Eoercv 

Purchase from ENEE 
Parchase from ICE 

P 
P 

i0 
-

11 
9COPALAR RESERVOIR FULL-FIRST YEAR OF NORMAL ENERGY GENERATION 

Total Po'er Purchases 
:o Unit Additions 

10 
-

20 
630 

Total Source Additions 10 650 758 4,128 518 2,884 240 46 1,244 43 185 36 0.01 

1988 Power Purchase from ENEE 
Energ.y Purchase from ICE 

P 
P 

10 

-

47 

66 

Total Power Purchases 

No Unit Additions 
10 

-

113 
-

Total Source Additions 10 113 758 4,221 568 3,160 190 33 1,061 34 135 24 0.61 

1989 Pow,'ev Purchase fro-. EN:EE 

No E:.cr-v urchase from ICE 

P 

P 

100 277 

Tcal Pouw r Purcha~es 100 277 848 4,385 615 3,413 233 38 972 28 133 22 O.b2 

Note: Thpe Code H - Hydro 
G - Gcothermal 
P - Purchase 
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S.5 

Sheet 1 provides system data for the period 1978 to 1984, from the base-year of
 
the study to the year during which the first two units at the Copalar High Dam
 
are commissioned ready for commercial service. Sheet 2 continues the system
 
expansion from 1985 to 1989, during which period the Copalar reservoir fills
 
to capacity and begins normal operation.
 

The salient feature of the tabulations on Sheets 1 and 2 of Table S.4 is the
 
relatively large capacity and energy reserves, caused by the effective retirement
 
of thermal generation from operation on a progressive basis, following the intro
duction of the first geothermal generating plant at the Momotombo site. The in
vestment in the existing thermal plant and in particular, the new Puerto Somoza
 
Plant now under construction, must be covered by revenue from the sale of energy
 
generated by oil-fired units. The problem thus created has to be solved by arrang
ing for the alternative use of the Puerto Somoza Plant as an'Extra-Utility System'
 
supply source.
 

ALTERNATIVE UTILIZATION OF PUERTO SOMOZA THERMAL PLANT
 

In this time of energy crisis and the renewed search for viable alternatives to
 
the continued use of fuel-oil for thermal generation, it is somewhat paradoxical
 
that aft er an energy solution has been found for Nicaragua during the present
 
power study, the viable solution has created the problem of how best to utilize
 
the Puerto Somoza oii-fired thermal plant that has been rendered economically
 
inoperative by the policy of OPEC. In particular, the problem is all too apparent
 
that, having been committed prior to the October War of 1973 and the imposition
 
of quadruple oil prices, the new units of the Puerto Somoza Thermal Plant are ap
parently obsolete before they have even been placed in commission. The planners
 
who visualized the growth of the thermal plant at Point Tiscucu to a six-unit
 
plant of 500 MW ultimate capacity, could hardly imagine the impact of the pre
sent posted prices for fuel-oil and possible future escalation on the realization
 
of their projected plans. However, the oil pricing.structure is a reality and
 
future escalation has an immediacy that is as near as the OPEC Council decision
 
to increase posted oil prices by 10 percent, effective October 1, 1975.
 

In the Nicaragua Power Study, a plan has been conceived that effectively dis
penses with the need to generate power at the Puerto Somoza Plant after 1981, by
 
careful utilization of the indigenous hydroelectric and geothermal resources of
 
Nicaragua, supplemented by importations of limited allocations of power over
 
transmission system interconnections with Honduras and Costa Rica. Figure S.4
 
illustrates the resulting energy generation 'mix' when hydroelectric and geo
thermal energy is substituted for oil-fired thermal generation. It is clear that
 
after a period of five years from the in-service date of the twin 50 MW units at
 
Puerto Somoza, the thermal dispatch over the period 1982-1987 is effectively
 
nullified, with a promise of entire elimination if geothermal development proves
 
to be more successful than the conservative estimates used for the present study.
 
The problem that presents itself is then, to what alternative economic use.can the
 
two 50 MW Puerto Somoza units, now under construction, be turned from 1982 on.
 

Complex though the solution may seem, the problem is relatively easily formulated:
 
How can two thermal units be utilized economically for approximately 70 to 80
 
percent of their useful service life, with oil prices prevailing from 1982 through
 
2007, when their need as sources of supply for the National Interconnected System,
 
or energy sales to other systems, is pre-empted by the development of economic indi
genous resources.
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The potential solution has to be sought in the harnessing of thermal energy to
 

supply the public needs of Nicaragua through the nedium of private industry, with
 

sufficient economic incentive to offset the adverse oil pricing structure. An
 

accommodation has to be reached with private enterpreneurs and industrialists,
 

to enable them to introduce the expertise which will serve to enhance the future
 

growth of the Nicaraguan economy, even with the burden of fuel costs priced at
 

OPEC levels for crude delivered to the ESSO off-shore terminal at Tiscuco from
 

the Maracaibo field.
 

The technology that will produce the input to the primary and secondary sectors
 

of the economy is available, all that is required is energy delivered at eco

nomic rates. In selecting the process or industrial complex that will make the
 

greatest impact on the economic growth of the nation, cognizance has to be taken
 

of the inter-related needs of the agro-industrial economy of Nicaragua. What
 

commodity represents the achievement of a measure of independence from the petro

chemical industry. One of the unfortunate aspects of the quantum leap of oil
 

prices in 1973-74, was the double burden placed on developing nations, dependent
 

so heavily on inputs of energy and fertilizer to further the agro-industrial
 

growth processes.
 

The problem becomes more clearly defined when the necessity arises to use high
 

priced oil as input to produce energy at related ?rice levels, for sale to industry
 

or process plants that will help alleviate shortages of the single ingredient neces

sary to accelerate the growth of the primary sector - fertilizer for agriculture
 

and the production of the nation's food supply.
 

The feasibility of fertilizer process plants, particularly with electrolytic proc

esses requir:Lng large energy blocks as inputs for sustained time periods, relies
 

on an economic purchase rate for the primary energy supply to enable competitive
 
pricing of output fertilizer products in the national or regional market. 'he
 

provision of energy at an economic rate is attained by the careful utilization of
 

indigenous resources, to supplement the high priced oil inputs to the single power
 

plant able to supply continuous energy requirements of a process that requires
 

high plant factor operation to meet an equally high load factor utilization.
 

Hydroelectric resources are abundant in Nicaragua and adjacent countries of
 
Central America and one of the most effective ways of diluting the high price
 

of energy generated with oil as fuel is to harness the natural resources of hydro

electric energy, in tandem with the geothermal resources of the earth under the
 
soil of Nicaragua. 't would be a natural closing of the energy cycle, if hydro
electric energy from the Copalar development on the Rio Grande de Matagalpa were
 
used in conjunction with geothermal energy from Momotombo, to supplement thermal
 

energy from the Puerto Somoza plant, for supply to a fertilizer process plant
 
which would return the natural elements to the soil of Nicaragua for the bountiful
 
harvest of the future. Technology can make this possible with the application of
 
human ingenuity, all that is presently required is an executive decision for im
mediate implementation.
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CHAPTER I
 

HYDROLOGY AND METEOROLOGY
 

1.1 	 INTRODUCTION
 

This chapter contains the results of the hydrology and meteorology in
vestigations performed during Phase II. This work is a continuation,
 
refinement and up-dating of the more preliminary investigations perfomed
 
during Phase I. The results of the Phase I Study are contained in
 
Chapter III, Hydrology and Meteorology,of the report covering that phase.
 
Some portions of the earlier report are entirely repeated herein for con
venience. Other portions appear to be very similar, but actually vary
 
considerably in numerical values and other data as a result of the addi
tional basic data available and work performed during Phase II.
 

1.1.1 	 PURPOSE
 

Phase I studies of the designated reaches of the Rio Coco, Rio Viejo and
 
Rio Grande de Matagalpa resulted in the selection of projects on the Rio
 
Grande de Matagalpa and at Laguna de Apoyo as most feasible for immediate
 
development. Phase II studies discussed in this chapter were undertaken,
 
principally for selected projects on the Rio Grande de Matagalpa, to:
 

1. 	 Incorporate revised and additional monthly mean discharges in
 
calculations of average discharge.
 

2. 	 Incorporate additional data from the Hurricane Fifi flood of
 
September 1974 in the construction flood studies.
 

3. 	 Improve estimates of spillway design floods for the selected
 
construction sequence of the projects.
 

4. 	 Assess the significance of any changes in estimates of reservoir
 

sedimentation resulting from revised monthly mean discharge.
 

1 .1.2 	 STUDY AREAS
 

The designated study areas for consideration and exploration of water
 
power potential and exploitation in Phase I are shown on Figure I.1 and
 
in greater detail on Figure 1.2. The Rio Coco study reach extends for a
 
distance of 62 kilometers between Cano Namasli and Quebrada El Corozal
 
and has a total fall in river bed level of about 120 meters. The study
 
reach for the Rio Grande de Matagalpa extends for a distance of 220 kilo
meters between Quebrada El Jicaro and Rio Okawas and has a total fall of
 
about 325 meters.
 

The study of Rio Viejo included the Nicaragua Project and the Rafael Mora
 
Project only which have been studied previously by another consultant.
 
Operation of two existing hydroelectric installations, Centroamerica and
 
Somoza Garcia on the Rio Viejo, were considered in the study of the speL
ified projects and required consideration of more than 100 kilometers of
 
the Rio Viejo between Centroamerica in the headwater area and Rafael Mora
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near Lago de Managua.
 

The study requirement also included a pumped-storage project at Laguna de
 
Apoyo, also previously studied by another consultant. The study includtd
 
the volcanic lake itself and the contributing drainage area.
 

The Phasc II Study areas are limited to Laguna de Apoyo for the pumped
storage project and the lower reaches of the Rio Grande de Matagalpa
 
where the selected projects, Paso Real, El Carmen and Copalar are locat
ed. The locations of these projects are shown on Figure 1.2.
 

1.1.3 DESCRIPTION OF RIVER BASIN AND LAGUNA DE APOYO
 

A. RIO GRANDE DE MATAGALPA
 

The headwaters of the Rio Grande de Matagalpa, the second longest river
 
in Nicaragua, originate northeast of the town of Sebaco at elevation
 
1,500 meters. At Sebaco, the southwest course of the river in the Sebaco
 
Valley plain turns south to Ciudad Dario. Below Ciudad Dario, the river
 
is at elevation 400 meters and sweeps in a broad arc to the northwest
 
past Esquipulas to Paso Real where the river is at elevation 205 meters.
 
Downstream of this location, the river is more confined by nills in its
 
southeast trending direction to Nicarey and rapids are more frequent. At
 
Nicarey the river turns northeast and at Copalar, the end of the study
 
reach, the river is at elevation 70 meters. The total drainage area at
 
Copalar is 7,125 square kilometers.
 

The Cordillera Dariense reaches point elevations above about 1,700 meters
 
and forms the northern topographic boundary of the basin. A southwest
 
trending spur of this range extends to below Ciudad Dario and is penetra
ed by the Rio Grande de Matagalpa in the vicinity of La Majada. Beyond
 
Esquipulas, the Cumaica Highlands, with point elevations of as much as
 
1,200 meters, force the course of the river to the northeast to reach the
 
Maizama Plains. The southern topographical boundary then becomes the
 
Montanas de Huapi with elevations at some points reaching more than 800
 
meters south of Nicarey.
 

Topography of the study reach at and beyond Esquipulas is hilly and the
 
difference between crests of mountains and adjacent valley bottoms is
 
generally between 150 meters and 600 meters. Most slopes are between 30
 
and 70 percent with a few slopes between 30 and 40 percent.
 

Underlying rock types are tertiary volcanics throughout the area tributa
ry to the study reach. The alluvial soils of the Sebaco Valley plain ex
tend on either side of the river from Sebaco almost to Esquipulas. Soils
 
of the drainage area from the headwaters to Paso Real are shallow stony
 
soils and recent volcanic ash, tuff and other volcanic materials. From
 
Paso Real to Copalar, the predominant soil types are friable loam to clay
 
loam.
 

Precipitatio ver the drainage area of the study reach increases as the
 
river winds it way eastward from the Sebaco Valley. Annual precipitation
 
increases fro about 1,000 millimeters at Ciudad Dario to about 1,600
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millimeters at Paso Real and then to about 2,500 millimeters in the vici
nity of Paiwas and Copalar. The entire drainage area west of Paso Real
 
is tropical savannah Aw, according to the Koppen classification and that
 
to the east is tropical rain forest Amw climate.
 

Coffee is grown in areas near Esquipulas, Muy Muy and Trapichito. The
 
vegetation changes in an eastward direction from crops intermingled with
 
patches of deciduous forest and grasslands in the Sebaco Valley, to deci
duous forest and shrub, then to savannah Fartly in pasture and to crops
 
intermingled with patches of broadleaf evergreen forests or thickets in
 
the central area around Nicarey. Finally, tall broadleaf evergreen
 
forests being to predominate in the vicinity of Paiwas and continue
 
downstream of Copalar.
 

B. LAGUNA DE APOYO
 

This is the largest of the volcanic lakes in Nicaragua and occupies the
 
bottom of a crater formed by a tremendous explosion of pumaceous materials
 
in prehistoric times. Vertical walls of basalt and dacite on the west
 
side reach a height of more than 500 meters above the water surface of
 
the lake, which is almost circular and about five kilometers in diameter.
 
The depth of the lake is reported to be more than 200 meters.
 

Rock types in the region are quaternary volcanic. The soils are well
 
drained, friable loam soils developed from volcanic ash and other similar
 
materials and are stony in some places. The surface layer of these soils
 
overlies deep deposits of grayish ash, tuff and lava.
 

Vegetation on the slopes rising from the lake surface is savannah type as
 
characterized by areas partly in pasture with scattered shrubs and patches
 
of forest.
 

Annual precipitation averages about 1,500 millimeters and free water sur
face evaporation in the region ranges from about 1,770 millimeters at
 
elevation 82 meters to about 1,360 millimeters at elevation 450 meters.
 
Climate, according to the Koppen classification, is tropical savannah Aw.
 

1.1.4 BASIC INFORMATION
 

Basic data on streamflow, precipitation, evaporation, sediment transport
 
and air temperature collected by the Basic Studies Section of ENALUF were
 
used in these studies. The Water Resources of Niuaragua, Volume III of
 
Tax Improvement and Natural Resources Inventory Projects, Nicaragua, and
 
Nicaragua. National Inventory of Physical Resources, 1966 served as back
ground reference material. Topographic maps, at a scale of 1:50,000 pro
vided almost complete coverage of the study areas.
 

1.2 METEOROLOGICAL DATA
 

1.2.1 PRECIPITATION
 

Isohyetals of average annual precipitation over Nicaragua as prepared by
 
ENALUF for the 5-year period 1969-1973 are shown on Figure 1.3. Rainfall
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generally decreases from east to west reaching a minimum centering on the
 
upper parts of the Rio Coco and the Rio Viejo basins, then increases again
 
toward the coast of the Pacific Ocean. Time distribution of rainfall in
 
the project areas defines a wet season from May to October and a dry sea
son from November to April.
 

Nearly all rainfall comes from convective showers. On some days, they are
 
quite general and cover nearly all of the country with at least some rain.
 
On other days, only a few widely spaced showers occur. In May, June and
 
September there are usually some days when rain occurs everywhere. Large
 
areas of converging air moving slowly from east to west on these days can
 
be identified on a weather map. During July and August there are few, if
 
any, general storm days and the local effect of valleys and mountains be
comes more important.
 

Hurricanes produce heavy rain in Nicaragua. A detailad study of the effect
 
of Hurricane Gladys, October 1968, and Hurricane Camille, August 1969, is
 
given in the Water Resources of Nicaragua. Hurricane Fifi, September 1974,
 
produced record streamflow peaks in the Rio Coco basin, the lower part of
 
the Rio Viejo and the upper and middle parts of the Rio Grande de Matagalpa.
 

Records of piecipitation in or near the Rio Grande de Matagalpa basin began
 
about 1952. A major increase in the number of rain gages in these areas
 
and in the entire country began about 1968. The longest continous records
 
of rainfall maintained in Nicaragua are those at Bluefields (since 1934)
 
on the Atlantic Coast and at Ingenio San Antonio Plantel (since 1903) near
 
Estero Dona Paula on the Pacific Coast.
 

Rainfall stations in or near the Rio Grande de Matagalpa basin with the
 
longest length of record are listed in Table I.1. The table also shows
 
some stations with shorter records which can be used for reservoir net
 
evaporation computations.
 

1.2.2 TEMPERATURE
 

Air temperature is typical of tropical areas. The daily variation of air
 
temperature from minimum to maximum constitutes a larger fluctuation than
 
the changes in the average monthly minimum or maximum temperature between
 
the coldest and the warmest month of the year.
 

Air temperature data from Muy Muy, Matiguas, and Paiwas given in Table I.1
 
are approximately typical of the temperature conditions at or near princi
pal reservoir sites under investigation. The locations of these stations
 
are shown on Figure 1.2
 

1.2.3 WIND
 

Upslope and downslope air motion occurs throughout Nicaragua near moun
tainous terrain. The wind direction depends on the orientation of the lo
cation with respect to nearby mountains. Near calm conditions are most
 
frequently observed in central valleys. The strongest winds are associat
ed with heavy thunderstorms. They can be from any direction and sometimes
 
cause damage to buildings or crops. Peak gusts sometimes reach 100 kilometers
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TABLE I.1 

SELECTED METEOROLOGICAL DATA IN PROJECT STUDY AREA 

STATION LAT LONG ELEVATION 
m 

RECORD 
BEGAN 

MEAN ANNUAL 
PRECIPITATION 

m 

TEMPERATURE °C 
Maximum Minimum 

H 

Caratera 130 
Corinto Finca 13 
Hac. San Francisco 12 
Jinotega 13 
La Reina 12 
Los Robles 13 
Mancotal 13 
Matagalpa 12 
*Matiguas 12 
*Muy Muy 12 
*Paiwas 12 
*Palestina 12 
Sebaco 12 

*Trapichito 12 

09' 
10 
57 
05 
55 
10 
14 
55 
50 
46 
47 
40 

51 
42 

850 
85 
85 
86 
85 
85 
85 
85 
85 
85 
85 
85 

86 
85 

45' 
53 
52 
00 
49 
57 
54 
55 
27 
38 
07 
11 

06 
22 

960 
1070 
800 

1009 
700 
990 

1000 
680 
300 
320 
118 
230 

470 
280 

May 1952 
May 1952 
May 1952 
May 1952 
May 1952 
Mar 1953 
Oct 1963 
July 1953 
Apr 1971 
June 1970 
Apr 1963 
June 1970 

May 1952 
Oct. 1969 

2676 
1888 
2008 
1222 
1870 
1471 
1847 
1497 
1369 
1538 
2481 
2525 

913 
1531 

36 
37 
39 

14 
15 
12 

CLASS A PAN EVAPORATION AT SELECTED SITES - MILLIMETERS 

RECORD BEGAN M J J A S 0 N D J F M A ANNUAL 

Sebaco 
Esquipulas 
" Muy Muy 
* Matiguas
*Paiwas 

Jun 
Jan 
Jun 
Apr
May 

1953 
1971 
1971 
1971 
1963 

265. 
152 
189 
203 
153 

185 
126 
128 
141 
114 

202 212 
113 200 
118 125 
131144 
91 100 

172 
121 
118 
135 
113 

168 
116 
132 
138 
129 

163 192 
106 120 
112 114 
129 130 
111 96 

223 
113 
125 
121 
97 

240 
142 
150 
165 
11'-

303 
218 
214 
215 
157 

307 
235 
222 
211 
166 

2632 
1762 
1747 
1863 
1441 

* Selected for reservoir net evaporation calculation 
Source: See Section 1.6 



per hour for brief periods.
 

The strongest winds not related to thunderstorms occur primarily in the
 

dry season months. The direction of air flow during this period is al

most always from the east or northeast. Strong wind periods in the months
 

of December through April often last for more than one day and steady
 

wind velocities of 45 to 55 kilometers per hour are experienced on hill

tops and in mountains pass areas.
 

Although hurricanes in the western Atlantic and eastern Pacific oceans
 

can influence the direction of airflow over western Nicaragua, the very
 

strong winds near the center of these hurricanes apparently dot not move
 
across the nation.
 

1.2.4 EVAPORATION
 

Recorded measurements of evaporation from Class A pans, considered to be
 

an index of potential evaporation from large water surfaces, are available
 

at Muy Muy, Matiguas and Paiwas in the project study area of the Rio Grande
 

de Matagalpa basin. Average monthly and annual pan evaporation at these
 

sites are given in Table I.1 and the location of the stations is shown on
 
Figure 1.2.
 

1.3 HYDROLOGICAL DATA
 

1.3.1 LAGUNA DE APOYO
 

The average monthly water surface elevation of Laguna de Apoyo, based on
 

daily observations started in August 1968, are shown in Table 1.2. For
 

the sixty seven months of available record the difference between the
 
highest and the lowest observed water surface level was 1.47 meters.
 

The results of the chemical analyses of five water samples taken from
 

Laguna de Apoyo are shown in Table 1.3.
 

1.3.2 RIO GRANDE DE MATAGALPA 

A. STREANFLOW 

Gaging stations in tle project area of the Rio Grande de Mitagalpa basin
 
together with upstream stations, selected project damsites, associated
 
drainage areas, and maximum discharge data are shown in Table 1.4. The
 
accompanying bar chart shows the monthly discharge record available at
 
each gaging station before estimates were made to complete the missing
 
records.
 

Records of water level at all gaging stations are obtained from water
stage recorders usually supplemented by twice-daily staff-gage readings.
 
Periods of missing record at gaging stations generally resulted from
 
water-stage recorder malfunction and simultaneous lack of staff-gage
 
observations.
 

1-9
 



TABLA 1.2 
LAGUNA DE APOYO 

NIVELES DE AGUA - M.S.N.M. 

TABLE 1.2 
LAGUNA DE APOYO 

WATER SURFACE LEVELS - M 

A1O-HIDROLOGICO MAYO JUN JUL AGO SEP OCT NOV DIC ENE FEB MAR ABR 

Water Year 

1968-69 

1969-70 

1970-71 

1971-72 

1972-73 

1973-74 

May 

76.8 

77.0 

77.3 

77.4 

-

June 

77.1 

77.0 

77.4 

77.5 

76.5 

July 

77.1 

77.0 

77.5 

77.4 

76.7 

Aug 

76.7 

77.1 

77.2 

-

77.4 

76.8 

Sep 

77.0 

77.2 

77.6 

-

77.4 

77.2 

Oct 

77.2 

77.5 

77.0 

-

77.4 

77.4 

Nov 

77.3 

77.6 

77.2 

-

77.4 

77.7 

Dec 

77.6 

77.5 

77.0 

-

77.3 

77.6 

Jan 

77.6 

77.4 

76.9 

-

77.1 

77.5 

Feb 

77.0 

77.2 

76.8 

77.9 

76.9 

77.3 

Mar 

77.0 

77.1 

77.3 

77.7 

76.7 

-

Apr 

76.7 

77.1 

77.3 

77.5 

76.7 

76.9 

1974-75 76.8 76.9 77.0 77.0 77.1 77.3 

PROMEDIO 

Mean 

77.1 77.1 77.1 77.0 77.2 77.3 77.4 77.4 77.3 77.3 77.2 77.0 

MYAXIMO DIARIO 
Maximum daily 

77.95 

MINIMO DIARIO 
Minimum daily 

76.48 

Fuente: 
Source: 

Vease Seccidn 1 .6 
See Section 1 .6 



TABLA 1.3 

LAGUNA DE APOYO 


ANALISIS QUIMICOS DEL AGUA 


ITEM 	 29-6-68 


SOLIDOS DISUELTOS 259R 

Dissolved Solids
 
BORO 1.8 

Boron
 
SILICIO 10 

Silica (Si 02)
 
DUREZA TOTAL 226 

Total Hardness
 
CALCIO 52 

Calcium (Ca)
 
MAGNESIO 23 

Magnesium (Mn)
 
SODIO 865 

Sodium (Na)
 
POTASSIO 13 

Potassium (K)
 
CARBONATO 	 62 

Carbonate (C03)
 
BICARBONATO 271 

Bicarbonate (HCO3 )
 
SLFATO 36 

Sulfate (SO4 )
 
CLORURO 1279 

Chloride (CI)
 
FOSFATOS (,107 

Phosphate (P04)
 
NITRATO 14 

Nitrate (NO3 )
 
FLUORURO 0.57 

Fluoride (F)
 
CONDUCT. A 250 C - MICROMHOS 5000 

Conduct. at 250 C - Micromhos
 
RELAC. ABSOR. SODIO 7 (Na+K) 25.1 

Sodium Absorption Ratio %
 

*PROMEDIO DE 2 MUESTRAS-Mean of 2 Samples
 

Fuente: Vease Secci6n.1.6
 
Source: See Section 1 .6
 

TABLE 1.3 
LAGUNA DE APOYO 

CHEMICAL ANALYSES OF WATER 

FECHA DE MUESTRA 
Date of Sample
 

4-12-69 *6-11-74 4-1-75
 

PARTES POR MILLON
 
Parts per Million
 

2599 3304
 

4.3 

70 	 96
 

270 280
 

62 85
 

28 16.5
 

715 993
 

115 116
 

15 	 4.5
 

140 	 140
 

12 146 


1292 1601
 

0 	 0.07 

0.2 0.60 

0.6 1.6 

3900
 

19 26
 

102 



TABLA 1.4
 
TABLE 1.4
 

RIO GRANDE DE MATAGALPA
 

ESTACIONES HIDROMETRICAS, SITIOS DE PRESAS ASOCIADOS Y GRAFICO 
DE REGISTROS DE CAUDALES DISPONIBLES 

STREAMGAGING STATIONS, ASSOCIATED DAMSITES AND GRAPH OF 
AVAILABLE DISCHARGE RECORDS
 

ESTACION PROYECTO 	 AREA DE CAUDAL MAXIMO
 

DRENAJE MAXIMUM DISCHARGE
 
DRAINAGE MEASURED EXPERIENCED 

AREA MENIDO OCYRRIDO 
km 2 m /s M-/S 

STATION PROJECT 

S~baco 	 426 24 233
 
Ciudad Darfo 728 122 455
 

La Majada 1530 53 -


Esquipulas 1704 40 1090
 

Paso Real 3897
 

Trapichito 3922 933 1650
 

Nicarey 5697 521 2690
 
El Carmen 5944
 

Paiwas 6500 1117 *3690
 

Ub6 Copalar 7125 1110 4530
 

* Durante el perfodo de registro, pudo haberse excedido en 1952 
* During period of record; may have been exceeded in 1952 

REGISTROS DE CAUDALES DISPONIBLES
 
AVAILABLE DISCHARGE RECORDS 

ARO HIDROLOGICO: MAYO HASTA ABRIL WATER YEAR, MAY THROUGH APRIL 

0 - I 0 1. •1 M'0 - 0w V 
.'~ ,u rl U ) 0 0 on ID "a fa fo 40 I-1, P.. P.. 

ESTACION a) aoM 0 0 b - a'- - -) -) a'-
STATION 

Sibaco
 

Ciudad Darfo mmmm 	 m -mmmm mmimm 

La Majada 	 NO C'LCUADO DREN - Not caLcuated ly 

Esquipulas 	 U 

Trapichito 	 m m mN 

Nicarey
 

Paiwas 	 mNi* Ui Uam III -
Ubd
 



Lack of definition of the upper end of the stage-discharge relation is a
 

common feature of most of the discharge records, due in part to the re
latively short periods some stations have been in operation and a decline
 
in the frequency of discharge measurements. Generally, logarithmic ex
tension of rating curves is employed and seems to produce consistant re
sults at most gaging sites. Table 1.4 shows the highest discharge meas
ured by cable measurement and the calculated peak flow at the highest
 
water level recorded at the stations.
 

A highway bridge across the Rio Grande de Matagalpa at Ciudad Dario has
 
afforded facilities for high water discharge measurements. A cableway
 
was installed at the Paiwas gaging station in about 1969 and all recently
 
installed gages incorporate a similar facility. High-water measurements
 
made since 1969 at Paiwas are the basis for computed high-water discharge
 
at this station prior to 1969. Cableway measurements utilized sounding
 
weights up to about 25 kilograms. For sections with large depths and
 
relatively high velocities, errors may have been incurred in estimates
 
made for depths under these conditions.
 

A rating curve revision made by ENALUF for the Rio Grande de Matagalpa at
 
Sebaco may affect discharges above 25 cubic meters per second prior to the
 
1973-74 water year. The discharge records for water years 1972, 1973 and
 
1974 have been revised since the conclusions of Phase I studies for the
 
stations at Ciudad Dario and Paiwas.
 

The United Nations Development Program is furnishing advisory services to
 
ENALUF through the Hydrometeorological Project for Central America of the
 
World Meteorological Organization. Assistance in revision of records and
 
procurement of gaging equipment is included in these services.
 

B. 	 SEDIMENT SAMPLING
 

Recorded measurements of suspended sediment are available for the follow
ing locations on the Rio Grande de Matagalpa in the project study area:
 

Station Number 	 Location Date Begun
 

14 Esquipulas Mar 1970
 
13 Trapichito Mar 1970
 

11 Paiwas June 1970
 

The measurements were made by ENALUF and sediment samples were obtained
 
by two methods:
 

1. 	 Using a USD-49 depth-integrating sampler by suspension from a
 

cable spanning the stream and
 

2. 	 Using pint-sized milk bottles to obtain much more frequent samples
 
from the edge of the stream by a local observer.
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Standard methods were employed with the USD-49 sampler and results are
 
considered reliable. The edge-of-stream sampling technique did not attempt
 
depth integration and therefore is less reliable. Standard laboratory
 
analysis of samples was limited to sediment concentration only and no grain
 
size analysis was made on a regular basis. Although sediment sampling did
 
not cover a wide range of flows at most sites, the number of samples ob
tained and the length of record are considered sufficient to make an
 
adequate estimate of sediment load for damsite evaluation.
 

1.4 HYDROLOGICAL STUDIES
 

1.4.1 GENERAL
 

The streamflow records available in the proj ct area of interest are of
 
relatively short duration. Much longer records of natural streamflow are
 

desirable to obtain a reliable estimate of average discharge and the ex

tension of streamflow records by correlation with usually longer-term
 
precipitation records is a normal procedure.
 

The only long-term precipitation station on the Rio Grande de Matagalpa in
 

the project area is at Paiwas. It began operation in April 1963, whereas
 

the streamgage at this location commenced operation two months later. The
 
only other long-term precipitation records are those in the extreme head

waters of the basin listed in Table I.1. These stations began operation
 

about the same time as the streamgaging record on Rio Grande de Matagalpa
 
at Ciudad Dario.
 

Streamflow at Ciudad Dario differs considerably in magnitude from that in
 

the project area. The wet and dry seasons are the same at the two locations,
 

but average discharge at Ciudad Dario is only slightly greater than two
 

cubic meters per second reflecting many months of zero flow; whereas
 

average discharge at Paiwas is more than 130 cubic meters per second. At
 

Esquipulas the long-term mean discharge estimated by correlation with
 

Ciudad Dario streamflow is only about five cubic meters per second.
 

Therefore, the 11-year record at Paiwas was accepted as that available for
 

mean discharge studies during this investigation.
 

1.4.2 STREAMFLOW EXTENSION
 

A small percentage of missing monthly streamflows at Trapichito, Nicarey
 

and Paiwas was reconstitut.ed by reasonable estimates based on available
 

days of record or discharge data derived from twice-daily staff-gage read

ings, or both. Separate correlations were then made between Paiwas and
 

Trapichito, Paiwas and Nicarey, and Paiwas and Ubu to obtain estimates of
 

monthly, annual, and 11-year average discharge at Trapichito, Nicarey,
 

and Ubu. Revised monthly discharge data for Paiwas were utilized in the
 

correlation and the extension of historical streamflow records was made
 

by using the U. S. Army, Corps of Engineers computer program HEC-4 Monthly
 
Streamflow Simulation. Tablel.5 through Table 1.9 show historical and
 

extended discharge at streamgaging stations utilized for studies at the
 

selected damsites.
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TABLA 1.5 TABLE 1.5
 
RIO GRANDE DE MATAGALPA EN TRAPICHITO RIO GRANDE DE MATAGALPA AT TRAPICHITO
 

CAUDAL PROMEDIO MENSUAL - m 3 /s AVERAGE MONTHLY DISCHARGE - m 3 /s 

EST ANO MAYO JUN JUL AGO SEP OCT NOV DIC ENE FEB MAR ABR PROMEDIO 
STA YEAR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR. AVERAGE 

13 1964 13 26 53 37 68 85 38 12 6 4 1 i 28.7 

13 1965 3 18 55 32 35 149 40 48 16 9 3 2 34.2 

13 1966 6 76 69 38 97 85 33 16 11 7 4 3 37.1 

13 1967 110 96 72 86 65 199 38 15 9 7 4 3 50.3 

13 1968 5 22 106 187 103 89 26 18 22 5 3 2 49.0 

13 1969 6 70 91 222 156 287 40 14 14 7 3 2 76.0 

13 1970 3 94 71 146 129 228 77 20 10 8 5 6 66.4 

13 1971 12 38 119 101 225 106 24 25 19 8 5 3 57.1 

13 1972 4 48 80 60 157 183 29 18 26 8 4 2 51.6 

13 1973 8 11 62 95 55 44 38 26 10 4 2 1 29.7 

13 1974 4:36 70142 131 204 1 58 18 20 12 5 3 50.2 

PROMEDIO 6.7 48.6 77.1 95.1 111.0 150.8 40.1 20.9 14.8 7.2 3.5 2.5 48.2 

AVERAGE 

r --- Estimado por correlaci6n con los caudales en Paiwas 
L----- j Estimated by correlation with discharges at Paiwas 



RIO GRANDE DE MATAGALPAENNICAREY 
CAUDAL PROMEDIO MENSUAL - m3 /s 

RIO GRANDE DE MATAGALPA AT 
AVERAGE MONTHLY DISCHARGE 

NICAREY 
- m3 /s 

EST 
STA 

ANO 
YEAR 

MAYO 
MAY 

JUN 
JUN 

JUL 
JUL 

AGO. 
AUG 

SEP 
SEP 

OCT 
OCT 

NOV 
NOV 

DIC 
DEC 

ENE 
JAN 

FEB 
FEB 

MAR 
MAR 

ABR 
APR 

PROMEDIO 
AVERAGE 

15 1964 Il 47 141 94 114 139 81 29 15 8 4 3 57.2 

15 1965 7 52 157 113 85 250 80 67 28 18 10 3 72.5 

15 1966 :17 114 196 132 121 177 81 36 28 15 8 5 77.5 

15 1967 132 154 129 209 133 322 96 23 15 15 8 8 95.3 

15 1968 8 46 278 246 237 112 44 40 62 17 9 4 91.9 

15 1969 16 120 229 336 313 393 99 32 27 12 7 3 132.3 

15 1970 8 128 131 204 185 289 145 33 19 15 8 7 97.7 

15 1971 112 70 214 158 442 159 42 53 54 23 12 7 103.8 

15 1972 1 9 100 210 140 280 ' 350* 52 46 72 21 10 4 107.8 

15 1973 25 27 160 205 169 84 104 64 26 12 6 3 1 73.7 
-------

15 1974 5 80 1511119 211 317 122 43 42 23 11 7 94.2 

PROMEDIO 13.6 85.3 181.5 177.8 208.2 235.6 86.0 42.4 35.3 16.3 8.5 4.9 91.3 
AVERAGE 

, Estimado por c'orrelaci6n c ros caudales en Paiwas 
L------- i Estimated by correlation with discharge at Paiwas 

* Estimadb por correlaci6n con los caudales en Trapichito 
Estimated by correlation with discharge at Trapichito 



TABLA 1.7RIO GRANDE DE MATAGALPA EN EL SITIO DE PRESA TABLE 1.7EL CARMEN RIO GRANDE DE MATAGALPA AT EL CAI N DAMSITECAUDAL PROMEDIO MENSUAL - m3 k AVERAGE MONTHLY DISCHARB&E- 0 

EST. 
STA. 

ANO 
YEAR 

MAYO 
MAY 

JUN 
JUN 

JUL 
JUL 

AGO 
AUG 

SEP 
SEP 

OCT 
OCT 

NOV 
NOV 

DIC 
DEC 

ENE 
JAN 

FEB 
FEB 

MAR 
MAR 

ABR 
APR 

PROMEDIO 
AVERAGE 

9 1964 13 59 164 105 129 155 92 33 18 10 5 5 65.7 

9 1965 7 64 185 129 92 271 89 78 33 21 12 5 82.2 

9 1966 21 134 232 151 142 198 91 44 33 18 11 6 90.1 

9 1967 39 178 149 248 158 361 108 24 18 17 10 10 110.0 

9 1968 10 56 315 288 265 132 51 49 75 20 11 6 106.5 

9 1969 18 138 267 396 336 453 I1 39 32 14 8 4 151.3 
9 1970 9 145 152 241 215 320 169 41 23 17 10 9 112.6 

9 1971 16 84 249 184 455 176 49 65 64 27 14 9 116.0 
9 1972 10 117 242 164 310 388 60 54 87 24 12 6 122.8 

9 1973 29 34 188 240 194 98 118 75 31 14 8 4 86.1 

9 1974 6 93 175 136 241 340 137 50 50 26 13 9 106.3 

PROMEDIO 16.2 
 100.2 210.7 207.5 
230.6 262.9 97.7 50.2 42.2 
 18.9 10.4 6.6 
 104.5
 
AVERAGE
 

Nota: 
 Los caudales se han calculado como las diferencias entre los caudales de 
 Paiwas y Nicarey ajustadas
por la relacion entre las areas de drenaje incrementadas y sumadas a los caudales de Nicarey.
Note: Discharges computed as difference between the discharges at Paiwas and Nicarey adjusted by ratio of
incremental drainage areas and added to discharges at Nicarey.
 



TABLA 1.8 
 TABLE 1.8
 
RIO GRANDE DE MATAGALPA EN PAIWAS 
 RIO GRANDE DE MATAGALPA AT PAIWAS
 
CAUDAL PROMEDIO MENSUAL - m 3/s 	 AVERAGE MONTHLY DISCHARGE - m 3/s 

EST ANO MAYO JUN JUL AGO SEP OCT NOV DIC ENE FEB MAR ABR PROMEDIO 
STA YEAR MAY JUN JUL AUG SEP OCT. NOV DEC JAN FEB MAR APR AVERAGE 

11 1964 31+ 83 213 129 164 192 116 43 24 15 8 8 85.5 

1I 1965 7 91 248 165 109 320 112 105 45 28 14 8 104.3 

11 1966 30 180 312 195 189 243 113 63 45 24+ 17 10 118.4 

11 1967 54 231 195 335 214 464+ 152+ 26 23 22 15 15 145.5 

11 1968 14 77 399 385 328 176 67 67 104 25 14 9 138.8 

11 1969 22 179 352 531 386 570+ 136 54 44 19 11 7 192.6 

11 1970 11 182 197 324 283 391 225 59 31 22 16 14 146.3 

11 1971 25 117 327 244 485 214 66 92 89 35 19 13 143.8 

11 1972 14 156 316 217 378 475* 77 72 120 31 15 9 156.7 

11 1973 39 50 251 317 251 131 150# 101 42# 19 11 7 114.1 

11 1974 9 123 228 174 276 394 172 66 69 32 18 14 131.3 

PROMEDIO
 
AVERAGE 23.3 133.5 276.2 274.2 278.5 324.5 126.0 68.0 57.8 24.7 
 14.4 10.4 134.3
 

+ 	Estimados womo promedio por correlaci6n con los caudales en Tiaphito, sitio de El Carmen. y Ubu.
 
Estimated as average of correlations with discharge at Trapichito, El Carmen site and Ubu
 

* 	 Estimado por correlacion con- loa caudales en Trapichito 
Estimated by correlation with discharge at Trapichito 

# 	Estimado por correlacion con los caudales en Nicarey
 
Estimated by correlation with discharge at Nicarey
 



TABLA 1.9 
 TABLE 1.9 
RIO GRANDE DE MATAGALIA EN UBU 
 RIO GRANDE DE MATAGALPA AT UBU

CAUDAL PROMEDIO MENSUAL - m3 /s AVERAGE MONTHLY DISCHARGE - m3 /s
 

EST 
STA 

ANO 
YEAR 

MAYO 
MAY 

JUN 
JUN 

JUL 
JUL 

AGO 
AUG 

SEP 
SEP 

OCT 
OCT 

NOV 
NOV 

DIC 
DEC 

ENE 
JAN 

FEB 
FEB 

MAR 
MAR 

ABR 
APR 

PROMEDIO 
AVERAGE 

18 1964 52 91 258 148 191 231 139 44 29 17 10 10 101.7 
18 1965 10 115 294 191 130 393 134 123 53 32 16 9 125.0 

18 1966 32 219 362 228 218 293 136 67 53 27 20 12 138.9 

18 1967 57 255 235 402 245 554 165 26 28 25 18 17 168.9 

18 1968 21 89 462 468 386 207 79 76 121 30 16 11 163.8 
18 1969 126 208 408 661 466 666 163 57 52 22 13 8 229.2 

18 1970 !1-13II 227 238 388 328 472 267 61 37 25 18 16 170.2 

18 1971 30 130 384 287 590 260 77 105 103 40 22 15 1-0.2 

18 1972 117 182 370 25_= 450 570 91 85 140 37 17 11 185.4 

18 1973 46 58 300 380 295 155 180 120 50 22 13 8 135.6 

18 1974 11 ! 154 271 202 325 486 206 69 80 37 21 16 156.5 

PROMEDIO 28.6 157.1 325.6 328.2 329.5 389.7 148.8 75.7 67.8 28.5 16.7 12.1 159.0 
AVE RAGE 

, Estimado por correlaci6n con los caudales en Paiwas 
L----------- Eptimated by correlation with discharge at Paiwas 



1.4.3 STREAMFLOW AT DAMSITES
 

The average discharge values at the Paso Real damsite are the same as those
 

at the nearby Trapichito gaging station. The incremental flows from the
 

drainage area of about 25 square kilometers between the damsite and the
 

gaging station are considered negligible on a percentage basis. The aver

age discharge values at the Copalar damsite are the same as those at the
 

Ubu gaging station, about one kilometers downstream. The monthly dis

charge values at the El Carmen damsite were derived on the basis of incre

mental area contribution of flows between the Nicarey and Paiwas gaging
 

stations. The derived set of flows for the El Carmen damsite was assigned
 

the number "9" as an arbitrary station identification for related studies.
 

1.4.4 STREAMFLOW GENERATION
 

The relatively short periods of historical flows recorded on the Rio Gran

de de Matagalpa in the project area may or may not contain significant
 

critical low-flow periods. Therefore, stochastic methods were used to de

velop monthly flows for a longer period to obtain an estimate of critical
 

conditions. In stochastic analysis, the observed statistical properties
 
of the recorded streamflow are coupled with a Monte Carlo procedure to
 

generate a large number of the flow sequences, each N-years long. "N" is
 

frequently the project life selected for economic studies and may be ap

proximately 50 years. This is an effective method of determining the pro

bability of low-flow sequences more critical than in the historical record,
 

if the record is 30 years or more in length. The probable degree of flow
 

variability may not always have been sampled for shorter historical records.
 

Stochastic generation of monthly flows produces flow sequences that have
 

the same monthly means and standard deviations and the same correlations
 
between adjacent months as the recorded data. By generating a sufficient
 
number of sequences, the random component in the process causes successive
 
flow values for months and years in each sequence to differ by chance from
 
the historical record.
 

Twenty sequences of 50 years each were generated by the Monthly Streamflow
 

Simulation program, previously mentioned, using the extended records of
 

discharge for Trapichito, El Carmen, and Ubu. A search was made for the
 

50-year sequence, common to the three generated records, which contained
 

the minimum volume for a 54-month period occurring at the same point in
 

each sequence. The 50-year sequence, selected in this manner for each site,
 

was judged to be a suitable criterion of a 50-year period containing a cri

tical low-flow period and was chosen for use in reservoir operation studies.
 

Based on the sample sequences generated, there is a 95 percent chance that
 

the minimum 54-month period discharge will be exceeded in a 50-year period
 

of reservoir operation. The critical 50-year sequences for the Paso Real,
 

El Carmen and Copalar damsites are shown in Table I.10, Table I.11 and
 
Table 1.12, respectively.
 

The selection of a 54-month duration as a critical period index was based
 
on examination of residual mass diagrams of annual precipitation at Bluefields
 

and Ingenio San Antonio Plantel. These diagrams indicated that the duration
 

1-20
 



RIO GRANDE DE -TAGALPA RIO ci;DE DE MATAGALPA 
SITIO DE LA PRESA PASO REAL PASO REAL DAMS ITE 
SECUENCIA.CRITICA DE50 AW0S CRITICAL 50-YEAR FLOW SEQUEN7 

CAUDAL PROMEDIO MENSUAL -m3/s AVERM WK)MILY DISOLRE( - m !a 

EST ASO MAYO JUN JUL AGO SEP OCT NOV DIC -I FEB MAR ABR PROMEDIO 
STA YEAR AY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR AVERAGE 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 

701 
7n2 
703 
704 
705 
706 
707. 
708 
709 
710 

5 
5 
5 
4 
6 
5 
6 
8 
6 
5 

33 
31 
43 
22 
74 
21 
24 
16 
29 
36 

85 
52 
70 
68 
116 
73 
97 
71 
85 
89 

59 
57 
47 
21 

156 
143 
252 
120 
131 
273 

1 
1i 
180 
72 
170 
128 
67 
41 
74 
140 

58 
151 
105 
97 
32 

197 
90 

'.71 
!'31 
274 

31 
48 
30 
30 
29 
69 
22 
30 
72 
51 

16 
21 
17 
20 
16 
19 
14 
48 
12 
20 

12 
2fa 
10 
11 
8 
6 

17 
17 
6 
13 

5 
6 

6 
4 
7 
8 
6 
4 
7 

2 
4 
3 
3 
3 
3 
5 
4 
1 
3 

1 
3 
2 
1 
2 
2 
3 
3 
1 
2 

3n0.4 
40.4 
43.1 
29.6 
51.3 
S6.1 
5n.4 
44.6 
54.3 
76.1 

13 
13 
13 
13 

711 
712 
713 
714 

6 
9 
12 
8 

59 
124 
19 
69 

99 
118 
67 
72 

105 
128 
51 
5b 

122 
127 
128 
142 

101 
105 
50 

216 

35 
39 
28 
49 

20 
19 
18 
17 

7 
12 
8 

13 

3 
6 
S 

10 

2 
4 
3 
3 

1 
3 
2 
2 

46.7 
57.8 
32.6 
54.7 

13 
13 
13 
13 
13 
13 

715 
716 
717 
718 
719 
720 

9 
3 
9 
5 
7 
3 

57 
88 
51 
10 
68 
27 

136 
75 
72 

105 
93 
69 

202 
48 
109 
69 
86 
173 

109 
220 
48 
69 
35 

108 

70 
88 
148 
102 
221 
111 

36 
40 
38 
54 
31 
53 

43 
15 
16 
20 
20 
15 

26 
23 
11 
16 
9 

11 

7 
9 
7 
8 
6 
9 

4 
5 
4 
4 
2 
3 

2 
4 
3 
2 
2 
2 

5R.4 
51.5 
43.0 
38.7 
4R.3 
48.7 

13 
13 
13 
13 
13 

721 
722 
723 
?24 
725 

13 
3 
4 

11 
4 

72 
82 

133 
111 
52 

85 
75 
63 
78 
87 

64 
49 
75 

250 
65 

121 
46 
303 
73 
81 

282 
174 
325 
107 
42 

45 
38 
48 
28 
28 

17 
13 
16 
41 
19 

a 
9 
9 

22 
25 

6 
7 
7 
7 

11 

1 
4 
5 
2 
6 

1 
2 
4 
2 
8 

59.6 
41.8 
8).7 
61.0 
35.7 

13 
13 
13 
13 
13 
13 
13 
j3 
13 
13 
3 

13 
j3 
13 
13 
13 
13 

726 
727 
728 
729 
730 
731 
732 
733 
734 
735 
736 
737 
738 
739 
740 
741 
742 

16 
8 
5 
6 
4 
6 
6 
12 
2 
5 
8 
2 
8 
10 
4 r 

1 3 

44 
12 
30 
55 
39 
24 
20 
54 
16 
90 
25 
32 
59 
39 
42 
38 
43 

73 
8G 
103 
87 

108 
75 
80 
67 
53 
59 
57 
89 

117 
72 

104 
63 
94 

73 
162 
203 
140 
186 
223 
67 
68 
73 
83 
20 

105 
92 
44 

136 
57 
28 

72 
170 
65 
22 
109 
219 
112 
29 
158 
152 
80 
108 
93 
40 

130 
69 
26 

113 
248 
215 
58 
190 
61 
67 
102 
261 
180 
135 
155 
282 
126 
239 
181 
61 

67 
29 
70 
30 
32 
25 
29 
30 
95 
24 
62 
35 
38 
21 
44 
45 
46 

_ 

13 
66 
22 
78 
26 
11 
14 
17 
16 
50 
19 
15 
37 
55 
3 
9 
16 

20 10 
16 6 
19 8 
24 7 
22 10 
11 9 
20 9 
8 5 
13 5 
20 8 
17 7 
14 7 
)8 9 
31 4 
13------
7 5 

15 6 

S 
3 
3 
3 
5 
3 
6 
2 
3 
4 
3 
4 
5 
3 
3 
2 
3 

4 
2 
2 
2 
4 
2 
6 
1 
2 
2 
2 
3 
4 
2 
2 
1 
2 

] 
1 
1 

34.3 
66.8 
62.1 
42.7 
61.2 
55.7 
36.3 
3,.9 
5.1 
5f.4 
36.2 
47.4 
62.7 
37.3 
61.2 
4n.3 
28.6 

13 
13 
13 
13 
i3 

743 
744 
745 
746 
747 

I 4 
3 

Lfaro. 
12 
5 

30 
39 

102 
6 

83 
71 

.3 
131 
57 

47 
23 
42 
136 
49 

89 
54 

i0 .. 
142 
97 

120 
42 

I6-. 
204 
177 

31 
27 
7 
49 
27 

-.. 

21 
17 

36 
21 

11 
11 
1---------
19 
15 

8 
7 

6 
8 

3 
4 
-----
2 
4 

2 
2;J 
2 
2 
2 

1 37.4 
2a0 
48.2 
70.1 
39.0 

13 
13 
13 

748. 
749 
750 

5 
6 
8 

67 
23 
108 

80 
133 
93 

72 
93 

317 

57 
58 

170 

186 
145 
164 

32 
32 
69 

20 
17 
21 

23 
11 
17 

10 
6 

11 

5 
5 
6 

4 
4 
6 

46.8 
44.4 
82.5 

PROMEDIO 6.4 49.9 83.6 106.6 102.3 148.7 40.6 23.3 14.9 7.0 3.5 2.5 49.1 
AVERAGE 

- I Perfodo de 54 meses de volumen minimo 
-L---54-month minimum-volume period 



RTIO GE NEDE MATAALPAI 
SITIO DE LA PRESA EL 


SECUENCIA CRITICA DE 

CAUDAL PROMEDIG NENSUAL 

EST ARO MAYO 
STA YEAR My 

9 701 8 
9 702 16 
9 703 10 
9 704 11 
9 705 17 
9 706 13 
9 707 7 
9 708 14 
9 709 16 
9 710 21 
9 711 9 
9 712 24 
999 

713714715 
161941 

9 716 9 
9 717 14 
9 718 8 
9 719 54 
9 720 6 
9 721 51 
9 722 6 
9 723 5 
9 724 22 
9 725 13 
9 726 19 
9 727 16 
9 728 10 
9 729 19 
9 730 8 
9 731 8 
9 732 17 
9 733 11 
9 734 7 
9 735 15 
9 736 27 
9 737 7 
9 738 40 
9 739 18 
9 740 9 
9 741 --. 
9 742 8 
9 743 1 13 
9 
99 

744 
74S746 

1 9
L___42 

9 747 16 
9 748 14 
9 749 9 
9 750 20 

FROMEDIO
 
AVERAGE 16.4 


.0 . 160167 242 


32 222 

113 192 

57 352 

187 240 


CARM 
50 A3/S 

- m3/ 

207.5 230.4 263.2 


NOV DIC ENE 
NOV DEC JAN 
84 51 40 

116 58 121 
75 37 24 
74 5 28 
68 36 21 
186 38 16 
45 44 48 
80 78 31 
160 22 17 
127 53 39 
96 49 .16 
96 45 29 
8612094 

595067 
184090 

100 47 83 
105 35 32 
146 50 39 
64 47 21 
121 41 30 
106 51 17 
87 30 22 
105 37 20 
60 68 53 
74 56 86 
155 28 58 
63 75 33 
175 66 58 
80 79 54 
80 64 75 
53 37 31 
73 43 85 
75 37 24 
192 37 25 
44 f9 47 
152 54 46 
99 35 43 
92 67 53 
33 76 75 

------ 1W 34 
114 

121 

80 

74 

83130 


52 

71 

79 

10 


97.8 


10 14 

46 38 

52 30 

54L3......• 

55 3167 42 


57 35 

61 63 

42 31 

57 73 


50.1 42.2 


RIO GRANDE DE MATAGALPA
 
EL CARMEN DAMSITE
 

CRITICAL 50-YEAR FLOW SEQUENCE
 
AVERAGE MONTHLY DISCHARGE - m3 /s
 

FEB MAR ABR PROMEDIO
 
FEB MAR APR AVERAGE
 
16 9 9 71.7
 
23 13 7 93.5
 
14 8 5 101.6
 
14 8 7 67.0
 
12 7 5 10I.S
 
16 10 5 112.1
 
21 11 8 102.5
 
22 12 8 10905
 
B 5 3 126.7
 
19 Ii S 153.4
 
8 4 5 96.?
 
17 11 6 105.7
 
10 6 4 74.4
21 12 7 119.2
22 12 5 121.1
 

23 12 7 106.6
 
17 10 7 98.2
 
18 10 4 85.4
 
17 9 7 97.9
 
22 11 13 107.8
 
11 5 5 108.0
 
17 10 6 92.0
 
16 10 8 140.5
 
25 12 7 114.7
 
29 15 10 88.7
 
23 13 13 92.5
 
17 9 4 128.1
 
25 13 6 13n.2
 
22 12 7 98.7
 
25 13 8 141.2
 
21 12 7 110.2
 
28 14 12 96.8
 
14 8 5 83.7
 
13 7 6 114.7
 
21 12 9 112.1
 
18 11 9 79.6
 
20 11 4 99.4
 
27 14 10 131.8
 
20 11 7 91.0
 

----	13 .7 V. 118.6
 
13 7 3 88.5
 
19 11 6 j 75.6
 
22 12 6 1 74.0
 

66.7
 
20 10 s 98.817 9 5 136.8
 
16 10 6 95.9 
22 13 8 99.2 
17 10 7 100.9 
32 15 7 165.6 

18.9 10.4 6.7 104.5
 

JUN 
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84 
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61 
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59 
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46 
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62 

91 
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85 
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81 
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158 

154 

258 

177 
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28) 
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136
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190 
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110 
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224 
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201 
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213 

148 

237 
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268 
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166 

AGO 

AUG 

141 

173 
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102 

224 

239 

333 

277 

221 

419 

186 

196 

124
171
222 


177 

198 

159 

161 

338 
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128 

194 

338 

202 

176 

300 

233 

289 

391 

347 

144 

176 

223 

221 

93 

175 

182 

.139 

221 

145..35 

95 

121 

98 

127257 


185 

190 

136 

447 


SEP 

SEP 

141 

181 

415 

125 

373 

250 

279 

156 

287 

398 

250 

207 

249
2Q2
305 


281 

198 

156 

125 

232 

225 

140 

521 

197 

154 

82 


358 

237 

133 

324 

465 

299 

135 

253 

275 

107 

168 

258 

157 

276 


61 

174 


2.5o.
327 


IR4 

120 

173 

358 


OCT 

OCT 

130 

176 

197 

167 

65 


334 

150 

372 

488 

383 

215 

205 

137
372
156 


162 

275 

173 

334 

227 

387 

330 

476 

238 

140 

247 

415 

401 

109 

355 

68 

116 

215 

338 

232 

228 

303 

483 

219 

394_ 


132 

163 

126 

275337 


336 

324 

298 

401 


100.5 210.4 


- , Perfodo de 54 meses de vol~nn inio 
---------54-month minimum-volume period 



XIO~D 
SITIO DE LA>PRESA COPALAR 
SECUENCIA CRITICA DE 50 AROS 
CAUDAL PROMEDIO MENSUAL - m3 /s 

AFTA~tA~RIO GRANDE DE MATAGALPA 
COPALAR DAMSITE 

CRITICAL 50-YEAR FLOW SEQUENCE 
AVERAGE MONTHLY DISCHARGE - m3/s 

EST 
STA 

18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
is 
18 
18 
18 
18 
IS 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 

18
18 
18 
18 
18 
i8 
!8 
is 
18 
18 

A30 
YEAR 
701 
702 
703 
704 
705 
706 
7Q7 
708 
709 
710 
711 
712 
713 
714 
715 
716 
717 
718 
719 
720 
721 
722 
723 
724 
725 
726 
727 
728 
729 
730 
731 
732 
733 
734 
735 
736 
737 
738 
739 
740 

741 
742 
743 
744 
745 
746 
747 
748 
749 
750 

YAYO 
MAY 
13 
28 
21 
18 
31 
23 
11 
25 
30 
36 
15 
37 
35 
33 
70 
16 
24 
16 
76 
10 
82 
7 
8 

42 
22 
45 
34 
16 
33 
14 
is 
35 
37 
11 
26 
52 
12 
66 
39 
15 

-2
12 
24 
15 

62 
26 
29 
19 
37 

JUN 
JUN 
117 
134 
141 
110 
197 
101 
124 
94 
108 
125 
194 
284 
74 

213 
128 
302 
162 
61 
160 
135 
156 
290 
330 
247 
168 
127 
70 

104 
163 
143 
94 
87 
146 
92 
277 
84 
169 
149 
126 
174 

112-
182 
121 
143 

38-
214 
52 
175. 
102 
264 

JUL 
JUL 
264 
240 
249 
244 
394 
279 
338 
322 
348 
426 
315 
352 
217 
284 
505 
294 
290 
354 
326 
287 
260 
258 
170 
283 
282 
326 
319 
420 
411 
410 
345 
419 
315 
353 
329 
238 
360 
372 
387 
352 

289-
402 
225 
261 
249 
375 
347 
301 
513 
369 

AGO 
AUG 
210 
267 
300 
145 
356 
384 
546 
452 
351 
710 
288 
306 
184 
264 
356 
271 
310 
243 
249 
556 
229 
187 
300 
562 
318 
273 
495 
370 
473 
650 
574 
217 
273 
353 
350 
132 
267 
285 
209 
348 

219
131 
178 
138 
18 
418 
289 
296 
201 
758 

. 

SEP 
SEP 
209 
270 
550 
182 
510 
368 
408 
242 
412 
553 
360 
306 
353 
412 
434 
397 
294 
232 
189 
349 
328 
205 
651 
303 
233 
123 
502 
349 
207 
465 
616 
415 
205 
367 
396 
155 
249 
373 
232 
395 

194 
84 

254 
176 
294 
463 
275 
182 
253 
509 

OCT 
OCT 
200 
265 
293 
251 
105 
491 
228 
548 
714 
562 
320 
306 
207 
543 
236 
244 
407 
261 
492 
338 
566 
484 
689 
355 
215 
369 
608 
587 
171 
521 
109 
178 
322 
496 
344 
339 
447 
707 
326 
576 

526
203 
246 
193 
404 
495 
494 
478 
438 
589 

NOV 
NOV 
129 
177 
114 
112 
106 
290 
71 

120 
244 
192 
145 
145 
131 
181 
144 
152 
159 
225 
96 
183 
159 
131 
156 
91 
113 
238 
95 

269 
123 
120 
83 

112 
114 
301 
69 

233 
148 
137 
53 
141 

17i
186 
122 
113 
125 
197 
79 
107 
118 
229 

DIC 
DEC 
78 
91 
51 
77 
50 
51 
67 
126 
24 
82 
74 
66 
94 
76 

106 
69 
48 
75 
72 
t8 
77 
38 
52 

110 
88 
33 

121 
103 
126 
102 
Si 
64 
52 
49 
112 
-83 
47 
107 
126 

15
69 
81 
84 
86 
106 
91 
97 
62 
88 

EXE FEB 
JAN FEB 
65 25 

192 35 
38 22 
46 22 
33 19 
24 24 
78 32 
51 32 
26 15 
63 29 
25 15 
47 26 
29 17 
63 31 
145 34 
132 35 
51 26 
62 27 
34 25 
48 32 
27 18 
35 26 
31 25 
87 36 
139 43 
91 34 
54 26 
93 37 
88 32 

122 37 
50 31 
136 41 
38 22 
39 20 
77 31 
73 28 
69 29 
86 40 

124 30 
------5S 20---

22 20
61 28 
48 32 
51 30 

--------50 29 
67 26 
58 25 

102 33 
51 26 

117 47 

MAR 
MAR 
13 
21 
13 
15 
15 
16 
17 
18 
12 
16 
9 

21 
14 
18 
20 
17 
18 
15 
15 
16 
7 

17 
17 
16 
25 
19 
15 
18 
16 
21 
20 
22 
12 
12 
18 
17 
19 
22 
17 
1 

12
17 
17 
18 
15 
15 
19 
22 
16 
24 

ABR 
APR 
13 
15 
9 

12 
10 
9 
12 
13 
8 
9 
8 

14 
9 

13 
11 
11 
14 
a 
12 
17 
7 
12 
14 
11 
20 
20 
8 

11 
12 
15 
13 
20 
9 

10 
15 
15 
9 
18 
12 

7
12 i 

11 
14_J 

9 
9 

13 
16 
12 
15 

PROMEDIO 
AVERAGE 
111.3 
144.6 
15o.1 
102.8 
152.2 
171.7 
161.0 
17n.2 
191.0 
233.6 
147,3 
159.2 
113.7 
177.6 
182.4 
161.? 
150.3 
131.6 
145.5 
109.1 
159.7 
14n.8 
243.6 
178.6 
138.8 
141.5 
195.6 
198.1 
154.6 
218.3 
166.7 
145.5 
128.8 
175.3 
170.3 
120.7 
152.1 
196.8 
140.1 
179.8 

134.4
115.6 
113.2 
103.0 
149.8 
2f3.9 
147.3 
153.2 
150.9 
253.8 

PROMEDIO .... ... . .. .. . ... ... ... . ... . .. .. . ... ... . .. .. . ... 
AVERAGE 28.8 157.3 325.4 328.5 329.7 389.7 149.0 76.2 67.8 28.5 16.8 12.1 159.2 

r ....... I Perfodo de 54 meses de volumen minimo 
-.---- 5 4-month minimum-volume period 



of some sequences of below average precipitation lasted as long as four
 
years. The average discharge of the 54-month minimum-volume period for
 
the extended and generated records is shown in Table 1.13. In general,
 
other minimum discharge periods for durations of 6, 18, 30, 42 and 66
 
months occurred within, or as part of, the 54-month minimum period.
 

1.4.5 RESERVOIR NET EVAPORATION
 

The construction of a reservoir generally increases the exposed water
 
surface above that of the natural stream and increases the evaporation loss.
 
The evaporation from a free water surface is nearly always in excess ot the
 
actual evapotranspiration from a land surface, therefore, there is usually
 
a net loss of water as a result of the reservoir construction. Assuming
 
that streamflow values obtained represent flow at the damsite, the net
 
evaporation loss as a result of the reservoir is:
 

Ew - EaSEw - (P-q) 

where:
 Ew = free water surface
 
evaporation
 

Ea = actual evapotranspiration from the land
 
area flooded by the reservoir
 

P = precipitation on the same land area
 
q = runoff from the same land area prior to flooding
 

Table 1.14 shows estimates of net evaporation based on average monthly
 
values of pan evaporation, precipitation and runoff at appropriate sites
 
in the vicinity of the reservoir of each damsite. A coefficient of 0.7
 
was applied to the Class A pan evaporation values. Runoff was based on
 
extended records of streamflow.
 

Calculations of reservoir net evaporation during Phase I produced negative
 
values for some months, indicating the posssibility of a net gain of water
 
in those months as a result of reservoir construction. A more conservative
 
estimate of reservoir net evaporation was adopted for Phase II studies by
 
making negative values equal-to zero. Reservoir net evaporation at El Carmen,
 
and Copalar was adjustec slightly to vary as a fixed percentage of that of
 
Paso Real for use in reservoir operation studies.
 

1.4.6 CONSTRUCTION FLOODS
 

Flood frequency curves developed for selected gaging stations and damsites
 
in the study reach of the Rio Grande de Matagalpa are shown on Figure 1.4.
 
The frequency-magnitude relations are based on the Gumbel Type I extreme-,
 
value distribution of the historical record of annual maximum instantaneous
 
discharges.
 

The frequency curve for Paiwas is based on thirteen values of instantaneous
 
maximum discharge, including a value presumed to be somewhat greater than
 
any recorded and estimated to have occurred about 1952. Five of these
 
values are uncertain because actual maximums may have occurred during
 
periods of missing record.
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TABLA 1.13
 
TABLE 1.13
 

RIO GRANDE DE MATAGALPA
 
CAUDAL PROMEDIO PARA PERIODO DE 54 MESES DE VOLUMEN MINIMO
 

AVERAGE DISCHARGE FOR 54-MONTH MINIMUM-VOLUME PERIOD
 
REGISTRO EXTENDIDO Y GENERADO
 

EXTENDED AND GENERATED RECORDS
 

CAUDAL PROMEDIO DE 54 MESES- m3 /s
 
SITIO DE REGISTRO REGISTRO
 

ESTACION LA PRESA EXTENDIDO GENERADO
 
STATION DAMSITE AVERAGE DISCHARGE OF 54-MONTH MINIMUM PERIOD- m3 /s
 

EXTENDED GENERATED
 
RECORD RECORD
 

Trapichito Paso Real 39 30
 

El Carmen* El Carmen 88 70
 

Ubu Copalar 135 107
 

* No hay estacion. Derivado en base incremental dentro de Nicarey.y Paiwas 

*- No station. Derived on incremental, basis between Nicarey and Paiwas 



TABLA 1.14 
TABLE 1.14 

RIO GRANDE DE MATAGALPA 
EVAPORACION NETA DE LOS EMBALSES -mmRESERVOIR NET EVAPORATION-mm 

SITIO DE 
LA PRESA 

M J J A S 0 N D E F M A 

DAMSITE M 3 J A S 0 N D J F M A 

Paso Real 60 0 0 0 0 12 34 27 36 106 146 130 

El Carmen 30 0 0 0 0 6 17 14 18 53 73 65 

Copalar 30 0 0 0 0 6 17 14 18 53 73 65 



FIG. I . 4
 

RIO GRANDE DE MATAGALPA 
CURVAS DE FRECUENCIA DE CRECIDAS DURANTE CONSTRUCCION 

CONSTRUCTION FLOOD- FREQUENCY CURVES 
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Development of flood frequency relations for 	the shorter-term records of
 

on evidence that the annual
Trapichito, Nicarey, and Ubu largely depends 


maximum at each station is generally caused by the same flood event that
 

Fair evidence of this correlation, particularly between
 occurs at Paiwas. 


Paiwas and Ubu, was utilized to develop the frequency curves required for
 

Further evidence, providing a more reliable correlation
the Phase I study. 

of Trapichito and Nicarey data with that of Paiwas, is based on peak dis

charges recently obtained from floodmarks left by the Hurricane Fifi flood
 

of September 1974 during which the Trapichito recorder was not functioning
 

and the Nicarey gage was overtopped. That flood produced maximum recorded
 

peak discharges at all four gaging stations in the project study reach of
 

the Rio Grande de Matagalpa.
 

Together with the frequency-magnitude correlations thus obtained, the
 

frequency curves at Trapichito, Nicarey, and Ubu were further defined by
 

the relation between the ratio of discharges and
 average values based on 


drainage areas for the appropriate gage and Paiwas. The curve shown for
 

to the Paso Real damsite. The frequency curve
Trapichito is applicable 


for El Carmen damsite is based on an adjustment of Nicarey data, and the
 

The curves are based
 curve for Ubu is applicable to the Copalar damsite. 


on a project construction sequence that commences with the Copalar Project
 

and proceeds upstream.
 

1.4.7 SPILLWAY FLOODS
 

The proposed construction sequence begins with the Copalar Project and
 

the Paso Real Project. Each dam is, therefore, subproceeds upstream to 


jected to the full natural flood hydrograph at the damsite until the next
 

Data for flood inflow hydrographs to be used
upstream dam is constructed. 

a basis for spillway design for the assumed sequence of construction
 as 


are shown in Table 1.15.
 

Data usable for design storm configurations have not been adequately devel-


The probable maximum 24-hour point precipitation as
oped for Nicaragua. 

determined by the Hershfield Statistical Method is a partial alternative,
 

but is considered to be too extreme. Precipitation values calculated by
 

this method for several long-term precipitation stations in the basin varied
 

from about 400 to 700 millimeters.
 

In middle latitudes, maximum probable floods seem to be about three times
 

the maximum historic floods of a return period of approximately 50 to 100
 

to be lower in tropical latitudes, between 2 and
 years. The ratio seems 


2.5. From the construction flood-frequency curves derived for the Rio
 

Grande de Matagalpa at Trapichito, El Carmen and Ubu, peak discharge values
 
and Copalar were esof inflow flood hydrographs at Paso Real, El Carmen 


timated to be approximately 6,200, 10,200 and 15,300 cubic meters per
 

second, respectively.
 

Shapes of the inflow flood hydrographs were obtained by averaging the
 

largest two or three flood events at Trapichito, Nicarey and Ubu gaging
 

The Hurricane Fifi
stations by the dimensionless-hydrograph technique. 

The volumes
flood was registered completely only at Paiwas and Ubu gages. 


of the flood hydrographs for Paso Real and El Carmen projects seem smaller
 

than expected because of a lack of similar data for these locations.
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TABLA 1.15 TABLE 1.15 
RIO GRANDE DE MATAGALPA RIO GRANDE DE MATAGALPA 

CRECIDA AFLUENTE PARA FLOOD INFLOW FOR SPILLWAY DESIGN 
DISENO DEL VERTEDERO 

PASO REAL 

HORA CAUDAL AFLUENTE 
HOUR INFLOW m3/s 
0 200 
2 460 
4 1,240 
6 2,340 
8 4,100 
10 5,800 
12 6,100 
14 4,800 
16 3,380 
18 2,440 
20 1,780 
22 1,450 
24 1,190 
26 990 
28 810 
30 695 
32 600 
34 520 
36 455 
38 405 
40 360 
42 325 
44 300 
46 275 
48 250 
50 225 
52 200 

Pico - 6,200 m3/s 
en hora 11 
Peak - 6,200 m /s 
at 11 hours 

EL CARMEN 

HORA CAUDAL AFIJUNTE. 

HOUR INFLOW m-/s 
0 250 
3 760 
6 2,050 
9 3,930 

12 7,110 
15 9,770 
18 9,850 
21 7,550 
24 5,270 
27 3,700 
30 2,910 
33 2,170 
36 1,760 
39 1,470 
42 1,210 
45 1,010 
48 850 
51 730 
54 630 
57 55C 
60 490 
63 440 
66 400 
69 360 
72 320 
75 290 
78 250 

Pico - 10,250 m3/s 
en hora 16.5 
Peak - 10,250 m3/s 
at 16.5 hours 

COPALAR 
- HORA CAUDAL AFLIENTE. 
HOUR INFLOW mI/s
 
0 300
 
3 450
 
6 760
 
9 1,610
 

12 4,010
 
15 7,940
 
18 12,300
 
21 15,000
 
24 15,300
 
27 13,600
 
30 11,200
 
33 8,810
 
36 6,460
 
39 4,830
 
42 3,900
 
45 3,080
 
48 2,490
 
51 2,040
 
54 1,690
 
57 1,340
 
60 1,130
 
63 945
 
66 830
 
69 705
 
72 615
 
75 490
 
78 390
 
80 340
 
82 300
 

Pico - 15,3,0 m3 /s 
en hora 24 
Peak = 15,300 m3 /s 
at 24 hours 



1.4.8 SEDIMENT TRANSPORT
 

Details of the calculation of estimated sediment load at damsites studied
 
in Phase I are contained in Appendix III A, Sedimentation Study for Damsite
 
Selection, of the Phase I Report. 
 Table IIIA.8 of that appendix shows es
timates of average annual and 50-year sediment volumes passing the damsites.
 
The table is arranged to 
show total sediment transport of the contributing

drainage area at a selected damsite and incremental contributions between
 
damsites.
 

Phase I calculations of sediment transport in the project area of the Rio
 
Grande de Matagalpa were based largely on sediment sampling at the Trapi
chito and Paiwas gaging stations. Interpolation between these stations
 
was required for the El Carmen damsite to determine the appropriate con
centration and sediment yield rates. 
An extrapolation of the curve data
 
for concentration and yield rates had to be made for the Copalar damsite;
 
therefore, the results are considered to be less accurate 
than those ob
tained using the interpolation technique.
 

Dimensionless daily flow duration curves were developed during Phase I
 
from monthly flow duration data for sediment transport calculations at
 
Trapichito and Paiwas. 
 Phase II studies used revised discharge data for
 
Paiwas to extend discharge records at Trapichito thereby affecting some
 
months in water year 1972 
to 1974. The correlation resulted in changes in
 
the magnitude-time sequence of extended Trapichito monthly discharges. 
A
 
comparison was made of monthly flow-duration curves based on Phase I and
 
Phase II monthly discharge data for Paiwas and Trapichito and no signifi
cant differences were noted.
 

The dimensionless method of plotting sediment rating and flow duration
 
curves requires that the discharge at which individual sediment samples are
 
obtained and the flow duration intervals be divided by the long-term average

discharge. 
Average discharge developed in Phase II for Paiwas and Trapi
chito differed from Phase I results by only four percent and one percent,
 
respectively. 

Estimated average annual and 50-year sediment volumes at 
the selected pro
ject damsites on the Rio Grande de Matagalpa are taken; therefore, directly
 
from Table IIIA.8 of Appendix IliA. Data given for Aguas Calientes are
 
applicable to the El Carmen Project. 
Table 1.16 summarizes the sediment
 
volumes to be considered. 
 It shows the volume for each dam as an individual
 
s'ructure with no other dam being considered and also shows the resulting

volumes if 
two or three dams act in combination. The construction sequence

for both the 
two dam and three dam solution is based on constructing Copalar

first and continuing construction in an upstream direction to Paso Real.
 

1.5 ADDITIONAL DATA AND STUDIES REQUIRED
 

1.5.1 GENERAL
 

Additional data and studies are required for the feasibility phase and
 
final project design. Streamflow records on the Rio Grande de Matagalpa
 
should be updated to incorporate newly available or revised data. 
All
 
possible means of extending the existing 11-year record of streamflow at
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TABLA 1.16 
RIO GRANDE DE MATAGALPA 

VOLUMENES DE SEDIMENTOS - m3 x 106 

TABLE 1.16 
RIO GRANDE DE MATAGALPA 
SEDIMENT VOLUMES - m3xl 6 

PROYECTOS INDIVIDUALES 
INDIVIDUAL PROJECTS 

VOLUMEN 
PROMEDIO 

ANUAL 
MEAN ANNUAL 

VOLUME 

VOLUMEN 
DE 50 AROS 

50-YEAR 
VOLUME 

Copalar 0.68 34 

El Carmen 0.61 30 

Paso Real 0.44 22 

SOLUCION CON 2 PRESAS 
2 DAM SOLUTION 

Copalar 0.24 12 

Paso Real 0.44 22 

SOLUCION CON 3 PRESAS 
3 DAM SOLUTION 

Copalar 0.07 4 

El Carmen 0.17 8 

Paso Real 0.44 22 



Paiwas should be investigated. Construction flood-frequency estimates
 
should be improved as revised or additional data become available. 
More
 
detailed estimates of spillway design floods are required for the project
 
configuration finally selected. Additional streamgaging stations must be
 
installed to accurately determine discharges and tailwater variations at
 
the selected project sites.
 

1.5.2 STREAMFLOW
 

The extension of short-term streamflow records in the project area of
 
the Rio Grande de Matagalpa at Trapichito, Nicarey and Ubu was achieved
 
by correlation of these records with discharge at Paiwas. The mean dis
2harge values obtained are considered reliable, but are only representative
 
of the 11-year period available at Paiwas. Extension of the Paiwas record
 
is d,:sirable to obtain a measure of a longer-term mean and the greater
 
variability inherent in longer records of streamflow.
 

Principal data available for extension of the Paiwas record are the
 
Ciudad Dario streamflow records which begin in May 1952 and a few pre
cipitation records in the headwaters of the Rio Grande de Matagalpa, which
 
begin at the same time. These data are .upplemented by short-term preci
pitation records of four to five years duration providing fair basin
 
coverage. Reliable extension of short-term data by long-term precipitation
 
records will depend largely on the quality of these data and the degree of
 
correlation achieved. A rainfall-runoff correlation should be attempted,
 
perhaps utilizing appropriate basin calibration characteristics derived
 
as part of the modeling process for definitive spillway design flood
 
determination.
 

Table 1.4 shows generally long extensions of the stage-discharge relation
ship from the maximum measured discharge to the peak discharge experienced.
 
Efforts should be made to increase the frequency of discharge measurements
 
during the wet months and to utilize appropriate heavy sounding equipmenc.
 

Missing gage-height record is ?.rgely due to water-level recorder mal
function. The loss is often further compounder! by absence of supplementary
 
staff-gage readings. Monthly discharge for missing periods of record can
 
usually be obtained by correlation techniques, but flood peaks estimated
 
to have occurred during some of these periods often have not been ascer
tained by other means available; such as the use of crest-stage gages or
 
slope-area measurements. Measures must be implemented to improve the
 
quality and frequency of discharge measurements and to obtain reliable
 
flood discharge data for use in future project design.
 

1.5.3 SPILLWAY DESIGN FLOOD
 

The severity of Hurricane Fifi of September 1974 experienced in Honduras
 
may be the most appropriate data on which to base an estimate of probable
 
maximum precipit-tion together with depth-area and depth-intensity
 
relationships to prepare a design storm for estimating spillway design
 
floods. Hurricane Fifi passed from east to west along the northern coast
 
of Honduras. Precipitation and flood data are being compiled with the
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assistance of the Hydrometeorological Project for Central America. A
 

hurricane of possibly greater intensity pursued in east to west path
 
along the Nicaragua-Honduras border in 1935. This event and Hurricane
 
Fifi are apparently the most extreme storms in 40 years.
 

A computerized hydrologic model of the area of interest in the Rio Grande
 
de Matagalpa basin can be calibrated by simulating known daily flows for
 
the wet season of a selected year using hourly or daily precipitation
 
data and obtaining soil moisture and infiltration characteristics. The
 
design storm can then be applied to the model to obtain inflow hydrographs
 

at project damsites.
 

].5.4 TAILWATER AT DAMSITES
 

The tailwater stage-discharge -:elation must be known at each selected dam
site on the Rio Granie de Matagalpa. The Paso Real damsite is about five
 
kilometers upstream of the gage at Trapichito. To provide sufficiently
 
accurate data with which to deoign this project,a staff-gage must be ins
talled nearer to the damsite and discharge measurements should be made.
 

A staff-gage installation is required at the El Carmen damsite and dis
charge measurements are necessary to determine the increased flow below
 
the Nicarey gage. A staff-gage installation will suffice at the Copalar
 
damsite because discharge can be obtained from the Ubu gage about one
 

kilometer downstream.
 

Staff-gages or water level recorders should be installed at a suitable
 
location a short distance downstream of the toe of each dam to determine
 
the water levels caused by powerhouse and spillway discharge. Staff-gage
 
installations should cover considerably more than the recorded variation
 
in the downstream water levels in order to establish adequate gage-height
 
correlations with nearby recording streamgages.
 

1.6 SOURCES OF BASIY DATA
 

The basic hydrological and meteorological data used in preparing all tables
 
and figures contained in this chapter was provided by the Basic Studies
 
Section of ENALUF. The records were completed by IECO during both phases
 
of this investigatiop for stations and periods for which there was no data.
 
This was done by several methods including transposition from and correla
tion with other stations where data was available. Special computer pro
grams were used to extend the data to longer periods of time than avail
able from the records.
 

Tailwater leiels were estimated from 1:50,000 scale topographic maps pre
pared by Instituto Geografico Nacional (IGN) at a 20-meter contour inter
val. These map6 were also used in preparing reservoir area-capacity
 
curves. Base maps used for some of the figures were obtained from various
 
governmental agencies.
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CHAPTER II
 

GEOLOGY
 

2.0 	INTRODUCTION
 

This chapter presents the findings of the geologic inves igation performed
 

during the Prefeasibility Study which wae divided into two phases. Phase I
 

was performed between August 1974 and February 1975. Phase II was performed
 

between February and June 1975.
 

Phase 1 investigation consisted of a geologic reconnaissance of thirteen poten

tial hydroelectric sites and one possible pumped-storage plant site. The sites
 

which were studied include La Majada, Paso Real, Nicarey, El Carmen, Aguas Ca

lientes, Paiwas, Copalar Downstream Site and Copalar Upstream Site on the
 

Rio 	G--ande de Matagalpa; Corriente Lira and Namasli on the Rio Coco; Nicaragua,
 

Rafael Mora Upstream Site ay.d Rafnel Mora Downstream Site on the Rio Viejo; and
 

a pumped-storage site at Laguna de Apoyo. The hydroelectric sites are located
 

approximately 50 to 180 kilometers north and east of Managua and the pumped

storage site is about 35 kilometers southeast of Managua. The locations of all
 

sites are shown on Annex III-i of Chapter III, Technical Evaluation of this
 

report for Phase II.
 

The 	scope of geologic work for the Phase I investigation consisted of:
 

1. 	A review of reports describing the geologic and seismic conditions in the
 

region.
 

2. 	Geologic reconnaissance of each site.
 

3. 	Preliminary geologic mapping at a scale of l150,000 at each site.
 

4. 	Tentative locations of construction materials at each site.
 

It was concluded from the Phase I Study that no geologic conditions were observed
 

that would preclude the construction of hydroelectric facilities at any of the
 

proposed sites. However, the Nicaragua site appeared to be geologically imprac

tical, due to the possibility of high water loss through pervious volcanic mate

rial which underlay the dam and reservoir.
 

The geologic conditions determined during the Phase I reconnaissance of each 3ite
 

are described in Chapter IV, Geology, of the Phase I Report.
 

lydroelectric projects selected for a further geologic investigation during
 

Phase II of the Prefeasibility Study were Paso Real, El Carmen, Copalar Downstream
 

Site and the pumped-storage project at Laguna de Apoyo.
 

The 	scope of geologic work for the Phase II investigation consisted of:
 

1. 	Geologic surface mapping of the proposed damsites and appurtenant structures.
 

2. 	Geologic reconnaissance of the reservoir areas for each site.
 



3. 	Investigation for construction materials.
 

4. 	Preparation of a program for additional geologic investigations of the
 
site selected for study during the feasibility stage.
 

5. 	Preparation of a geologic report for Phase II.
 

All surface geologic mapping was recorded on general layout drawing prepared
 
for the Phase I investigations because the time schedule required that the field
 
work be completed before Phase II dray-ings could be prepared more precisely.
 
The changes in project features are minor and do not necessitate revisions to
 
the drawings used for this level of investigation.
 

Consulting geologist Dr. W.I. Gardner inspected the Copalar, Paso Real, E! Carmen
 
and Laguna de Apoyo sites in March, 1975. A report - Dr. Gardner's conclusions
 
and recommendations is included in Appendix A. Mr. Edwin S. Smith, Chief of
 
the Geotechnical Department and the Chief Soils Engineer of International
 
Engineering Company, Inc., also reviewed the geologic program, examined the
 
construction materials and assisted in the development of a geotechnical program
 
for the feasibility stage studies.
 

2.1 CONCLUSIONS
 

A geologic investigation was made of Copalar, El Carmen, and Paso Real damsites
 
on the Rio Grande de Matagalpa and the Laguna de Apoyo pumped-storage project.
 
Specieic conclusions are given in the text for each project site. Some general
 
conclusions are:
 

1. 	Geologic conditions were not observed that would preclude the construction
 
of the hydroelectric facility at any of the sites. However, the Laguna de
 
Apoyo site should be carefully evaluated in the next stage of investigation
 
because the seismic and volcanic risks appear to be high and the foundaticn
 
conditions appear to be unfavorable.
 

2. 	All sites are underlain by volcanic bedrock consisting predominantly of lava
 
flows and pyroclastics.
 

3. 	Curtain grouting will be necessary to reduce water percolation along joints
 
and fractures at all damsites.
 

4. 	Excessive seepage is not expected to be a problem at any of the reservoirs
 
located on the Rio Grande de Matagalpa.
 

5. 	Major landslides were not observed in any of the reservoir areas.
 

6. 	Suitable borrow and quarry materials for construction are available within
 
a few kilometers of all proposed sites.
 

2.2 REGIONAL GEOLOGY
 

Numerous articles and reports have been written and published on the geology,
 
volcanology, and seismology of Nicaragua. A 1:1,000,000 scale map of Nicaragua,
 
published in 1973 by the Ministerir de Obras Publicas, Instituto Geografico Na
cional, was available for use In performing the geological investigations for
 
this study. Geologic mapping a. a scale of 1:50,000 which was helpful in
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Phase I studies, is inclAuded in a report entitled "The Geology of Western
 
Nicaragua", prepared under the supervision of Parsons Corporation in March 1972
 
for the CATASTRO Project.
 

Most of Nicaragua is underlain by volcanic rocks of Tertiary and Quaternary age.
 
Older metamorphic and igneous rocks occur locally in the northern and eastern
 
part of the country. The proposed hydroelectric sites of the Phase I investiga
tion are underlain by volcanic rocks except for the reservoirs of Namasli and
 
Corriente Lira, which arc underlain by metamorphic rocks. The three damsites
 
of the Phase II investigation on the Rio Grande de Matagalpa are underlain by
 
Tertiary volcanic rocks and the pumped-storage project is underlain by Quaternary
 
and Recent volcanic rocks.
 

One of the major geologic features of Nicaragua is a broad northwest trending
 
structural depression (graben) in which Lago de Nicaragua, Lago de Managua,
 
smaller lakes, and numerous volcanoes and calderas are located. This graben
 
extends the full length of the country and has been actively subsiding for
 
approximately two million years, since the beginning of the Quaternaty Period.
 
Within the graben there are many tectonically active northwest, northeast, and
 
north trending faults. The earthquake of December 23, 1972, which had a magni
tude of 6.2 on the Richter Scale and destroyed much of the central portion of
 
Managua, occurred along northwest trending faults. Proposed hydroelectric sites
 
investigated during Phase I within the graben area are Laguna de Apoyo, Nicaragua
 
and the two at Rafael Mora. Outside the graben, the major structural features
 
trend tiorthwest and northeast.
 

Volcanism, since the end of the Miocene epoch, approximately five million years
 
ago, has been concentrated along a line of cones and calderas near the south
western margin of the structural depression. A few volcanoes occur along the
 
northeast side of the graben and near the Atlantic coast. Most of these volca
noes are intermittently active. Laguna de Apoyo is reported to be one of the
 
most explosive and potentially desvastating volcanoes in Nicaragua; however, it
 
appears to be dormant at present. The nearest active volcano to any project
 
site is Volcan Santiago, which is located about 13 kilometers northwest of
 
Laguna de Apoyo. Smoke and gases are presently erupting from Volcan Santiago.
 

2.3 SEISMICITY
 

Historically, damaging earthquakes have occurred frequently in Nicaragua.
 
Damaging earthquakes were reported to have occurred in 1844, 1849, 1858, 1859,
 
1862, 1865, 1867, 1870, 1881, 1882, 1885, 1898, 1913, 1916, 1918, 1921, 1926,
 
1928, 1931, 1938, 1940, 1951, 1955, 1956, 1961, 1965, 1967, 1968 and 1972. The
 
epicenters for most of these shocks were either within the Nicaragua depression
 
or southwest of the depression. Relatively few epicenters have been located
 
northeast of the graben structure. Although a large number of shocks are listed
 
with Richter Scale magnitudes of 6.0 and greater in the "Catalog of Nicaraguan
 
Earthquakes" by David J. Leeds (1974), none larger than 7.7 is known.
 

Nearly all of the proposed damsites of this prefeasibility study are north and
 
east of the major area of seismic activity in Nicaragua. Laguna de Apoyo is the
 
only project included in the Phase II investigation that is located in the histo
rically, highly active earthquake zone. An earthquake of Richter magnitude of 8
 
is considered possible at Laguna de Apoyo or any site within the graben area.
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The proposed Pabo Real, El Carmen, and Copalar damsites are in an area of intre
quent earthquake activity. However, a few epicenters with Richter magnitudes
 
between 5 and 6 and one between 6 and 7 have occurred within the drainage basin.
 
Therefore, a magnitude 7 event is considered possible at these sites.
 

The likelihood of a large earthquake occurring at any of the sites should be
 
evaluated in the feasibility study for each particular site. Suggestions
 
regarding seismic zoning of the country are contained in a report entitled,
 
"A Study of Seismic Risk for Nicaragua, Part I (of II )", January 1975, by
 
Haresh C. Shah, et, al., of the John A. Blume Earthquake Engineering Center at
 
Standford University, California. Serious considerations should be given to the
 
early installation of a strong motion seismograph at any of the hydroelectric
 
sites considered likely for future development.
 

2.4 GEOLOGY AT PROJECT SITES
 

2.4.1 COPALAR PROJECT
 

A. SITE DESCRIPTION
 

The proposed Copalar site was designated as Copalar Downstream Site in the
 
Phase I investigations, but is referred to herein as the Copalar site because
 
the upstream site has been eliminated from further consideration. The Copalar
 
site is located approximately 300 meters downstream of the confluence of Cano
 
de Agua and the Rio Grande dr Matagalpa. The general layout for this site is
 
shown on Annex 111-6, 111-7 and 111-8. The site can be reached by helicopter,
 
horseback, or by a combination of foot and canoe, since there are no roads in
 
the vicinity. Ground surface elevations at the site range from approximately
 
70 meters at river level to above 210 meters on both abutments. Two dam heights
 
were under consideration for this site at the time of the geologic surface
 
mapping and selection of the dam height will be made in accordance with the
 
results of topographic and economic studies regarding the use of two or three
 
dams to develop the energy potential of the river. The date contained in this
 
section is applicable to both heights, except as otherwise noted. The higher
 
crest level is at elevation 210 meters and requires dikes in the low saddle
 
areas of the reservoir rim. According to the 20-meter contour interval topo
graphic maps, four areas are possibly below the higher crest elevatic,. The
 
lower crest level is at elevation 162 meters and requires no dikes. The damsite
 
area is covered by dense vegetation, except for the left abutment, which has been
 
partially cleared for agricultural purposes.
 

B. GENERAL SITE GEOLOGY
 

The proposed damsite and reservoir are underlain by volcanic rocks of Tertiary
 
age, including welded tuff, welded lapilli tuff, volcanic breccia, dacite and
 
basalt. These rocks have undergone various amounts of weathering. Most out
crops which were observed are composed of hard and slightly jointed rock, but
 
bedrock is generally mantled by slope wash on most hillsides and by alluvial
 
deposits along the river.
 

Geologic structural features, such as faults, are not readily apparent at the
 
damsite and reservoir area due to soil cover and dense vegetation. Bedding
 
attitudes were not established for the intermixed volcanic and pyroclastic rocks.
 
However, the north-northeast trending valley of the Rio Grande de Matagalpa up
steam of the damsite, may be controlled by the strike of beds which might dip at
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a low angle to the west. A parallel valley, about 300 meters to the west,
 

may also be a strike valley, or perhaps a fault which might, if projected, pass
 

west of the damsite. A curving, linear valley west of the dams.ite may be the
 
topographic surface expression of a fault, which, if projected would pass through
 
the left abutment. Another possibility is that this feature curves rather
 

sharply and passes about 700 meters south of the damsite.
 

The proposed axis is located in a relatively narrow portion of the canyon.
 

Contacts between the various rock types were not exposed on the surface. How

ever, an interpretation of the relationship between the geologic units is shown
 

on the geologic map and cross sections contained on Annex II-I and Annex 11-2.
 

The natural slope of the left abutment is generally flatter than 2:1 (horizontal
 

to vertical). Dacite forms an extensive outcrop at the base of the abutment and
 

along the river. The dacite is usually brown, hard, silicified, slightly jointed,
 
and weathered, where observed in outcrops. This rock, although mapped as dacite,
 

contains silicified volcanic breccia and welded tuff. Quartz veinlets, general
ly less than five millimeters, are scattered throughout the rock. Two springs
 

issuing small flows were observed in the dacite. A small exposure of welded
 
tuff is located approximately 25 to 35 meters above the river. The welded tuff iq
 
soft to moderately hard and weathered brown. Above the outcrop there is a
 

small slump feature and spring. Flow from this spring was estimated to be one
 
liter per minute at the time of the site investigation. Elsewhere the abutment
 

is covered by overburden containing reddish-brown sandy clay and yellow-brown
 
silty sand with scattered angular rock fragments. The depth of overburden is
 

believed to gradually increase with higher elevations on the abutment. Conse
quently, foundation quality rock is believed to be relatively deep near the
 

proposed crest elevation.
 

The valley floor at the proposed dam axis is approx.-iately 100 meters wide.
 
Bedrock on thL right bank is covered by a gravel bar, which is about 40 meters
 

wide and consists mostly of gravels and cobbles, although it also contains a
 

few rounded, hard boulders of volcanic rock up to three meters in diameter.
 

Groutable quality bedrock is believed to be deep beneath these gravels, even
 
though hard basalt and volcanic breccia are exposed a short distance downstream.
 
The bedrock surface is assumed to be irregular, based on otl,=zr rock exposure in
 
the channel. A water depth of nine meters was measured at the axis and 19 meters
 
at the downstream toe of the high dam.
 

The right abutment has an average slope of nearly 1:1, and is much steeper than
 
the left abutment. Bedrock exposures consist of volcanic breccia and welded
 
tuff along the axis, welded lapilli tuff above crest elevation and dacite in
 
the area of the upstream toe of the dam. A five meter high bedrock ledge of vol

canic breccia was observed about 70 meters above the river on the dam axis. The
 

volcanic breccia is gray-brown, hard, massive and slightly weathered. Massive,
 
hard, gray tuff crops out above the river. Massive, hard, gray welded lapilli
 
tuff is exposed on top of the ridge above crest elevation.
 

Deposits of rocky slope wash masks the bedrock downslope of the outcrops located
 
on the axis of the right abutment. These deposits are believed to be shallow
 

above elevation 140 and somewhat deeper below the elevation. Scattered large
 
talus blocks of volcanic breccia are visible in the rocky slope wash near the
 
base of the abutment. The depth to groutable quality rock is believed to be
 
shallow.
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The proposed spillway is located in the left abutment. Only one outcrop of
 

bedrock was observed along the spillway alignment. This outcrop is a hard
 

basalt exposed by the river in the tailrace area. Competent foundation quality
 

basalt and welded tuff are believed to occur at the proposed grade elevation
 

shown on Annex 11-2. Bedrock along the alignment is overlain by a deposit of
 

slope wash believed to be relatively deep in the vicinity of the crest section.
 

The slope wash is composed mainly of a brown silty sand containing scattered
 

angular rock fragments. The spillway excavation should be stable at cut slopes
 

of 0.5:1 (horizontal to vertical) in competent rock and 1.5:1 in overburden.
 

located in the right abutment and will penetrate volca-
The diversion tunnel is 

These rocks range
nic rocks, including dacite, volcanic breccia, and basalt. 


from moderately hard to hard and moderately jointed to massive. Sound rock for
 

the proposed upstream portal is believed to be relatively shallow. Alluvial and
 

slope wash deposits overlie basalt rock at the downstream portal. Sound rock
 

for the downstream portal excavation is believed t-o be relatively deep.
 

The proposed power tunnel is located in the left abutment. The intake structure
 

is located adjacent to the spillway in an area of probable deep overburden. How

ever, suitable quality foundation rock is believed to occur at the proposed
 

elevation of the intake structure. An outcrop of slightly jointed, moderately
 

hard and weathered, brown welded lapilli tuff was observed in the approach
 

channel area. The tunnel excavation will probably encounter welded lapilli tuff
 

to be a major problem, even
and dacite. Groundwater inflows are not expected 


though two springs having very small flow were observed on the abutment. Slight

ly jointed, hard, silicified dacite is exposed near the river at the outlet
 

portal.
 

The proposed powerhouse location is underlain by slightly jointed, hard, sili

cified dacite. The dacite bedrock is covered by a fine-grained alluvium, be

lieved to be shallow.
 

Dikes will be 7equiced in areas of the reservoir rim which are below the proposed
 

high dam crest elevation. According to the 20-meter contour interval topographic
 

quadrangle maps, there are two saddle areas below elevation 220, one saddle area
 

below elevation 200 and one below elevation 180.
 

left bank of the reservoir
 

and adjoins the hill forming the left abutment o1 the dam. More accurate topo

graphy could result in this dike not being required. It is approximately 100 me

ters wide at elevation 220, as shown on the map and the abutments have a slope
 

of approximately 4:1 (horizontal to vertical). Volcanic bedrock at the saddle
 

is covered by slope wash and consists predominantly of brown, gravelly silty sand.
 

It may be desirable to use this saddle for an emergency spillway.
 

One saddle area below elevation 220 is located o ;.ne 


The other saddle area below elevation 220 is approximately four kilometers south
 

of the damsite on the right bank of the reservoir. This saddle is a relatively
 

narrow ridge which separates Quebrada El Guarumo from Quebrada El Cacao. Pyro

clastic rocks underlie this saddle area at depth. However, the surface is co

vered by brown, clayey, residual soils believed to be relatively deep. This
 

saddle could also be considered for use as an emergency spillway.
 

The saddle area below elevation 200 is on the left bank of the reservoir near
 

Cerro El Trompillo and the headwaters of Rio Malacaguas, approximately 18 kilo

meters west of the damsite. This saddle area is swampy and underlain by pyro

11-6
 



clastic rocks. Overburden is believed to be deep and to be composed of both
 

decomposed rock and slope wash.
 

The saddle area below elevation 180 is located about 29 kilometers almost due
 

south of the main dam near La Olosica and Cano La Vaca. The necessity of a
 

saddle dike at this location was not readily apparent at the time of the geolo

gic investigations and consequently it was not inspected. However, an inspect

ion of this area will have to be made during subsequent project studies. Accord

ing to the 20-meter contour interval topographic quadrangle maps, the crest
 

length of this dike will be about 1,500 meters. Less than 100 meters of the
 

total length is below elevation 180 meters and less than 800 meters below ele

vation 200 meters. There are several dam crest alignment possibilities in this
 

vicinity and no problem is anticipated in locating a suitable axis. Provisions
 

for this dike have been included in all other aspects of project planning.
 

The reservoir area is underlain by volcanic rocks consisting predominantly of
 

lavas and pyroclastics. Both rock types are usually hard and massive where
 

exposed; however, moderate to strong weathering is evident in some areas. Slope
 

wash mantles most hillsides, and fine-grained alluvial deposits occur along the
 

river.
 

Evidence of major landslides and instability problems were not observed during
 

the geologic reconnaissance of the reservoir. However, there at minor slumps
 

in over-steepened areas along the river and on some hillsides.
 

Excessive seepage from the reservoir is not expected to be a problem. Highly
 

permeable rock strata were not observed in the reservoir. Most joints and
 

fractures are relatively tight where observed in outcrops. Much of the over
burden materials are clayey and have a low permeability.
 

C. CONSTRUCTION MATERIALS
 

Suitable sources of borrow material and quarry 1:ock occur within five kilometers
 

of the site, provided the enbankment is designed for the physical properties of
 
the materials. These borrow areas are suitable for both dam heights being con

sidered. The location of these construction materials is shown on Annex 11-3.
 

Potential impervious core sources are designated by "M" and quarry by "Q".
 

Investigation for borrow materials during this study consisted of a geophoto
 

study, surface geologic reconnaissance, and excavation of a limited number of
 

test pits in potentially favorable impervious borrow areas. Additional investi

gation in the area may locate other suitable sources of construction materials.
 

The impervious core material can be obtained from source areas designated M-1
 
through M-4. In addition, impervious materials can be derived from the spill

way and saddle dike excavations. Other potential sources in the area include
 
slope wash and fine-grained alluvial deposits. Borrow areas M-1, M-2, and M-3
 

are alluvial flood plain or terrace deposits located along the river. The
 
deposits contain primarily sand, silt and clay and are suitable for impervious
 

core. In places the mater!.l is estimated to be five meters deep. Slope wash
 

from the hillsides interf:.ngers with the alluvial material. At the time of
 

inspection the in situ moisture seemed acceptable for construction purposes. The
 

moisture content of the alluvial material was less than that of the more clayey
 

slope wash and decomposed rock at the M-4 borrow site. The quantity of available
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core material from areas M-l, M-2, and M-3 is estimated to exceed 3,000,000
 

cubic meters.
 

Borrow area M-1 is located on both sides of the river, four to five kilometers
 

downstream of the damsite. The area begins where the topography changes from a
 

mountainous terrain to a flood plain and continues downstream of the area out

lined on Annex 11-3; therefore, additional exploration may confirm a larger
 

volume of suitable core material. Three test pits were excavated in representa

tive areas and all encountered brown silty sand with some clay. Water was noc
 

encountered in the trenches and the area appears to be well drained. The avail

able volume of core material is estimated to be 1,000,00 cubic meters. Depth
 
of the overlying organic topsoil is quite variable, but averages 30 centimeters.
 

Borrow area M-2 is located along the left bank of the river, approximately two
 

kilometers downstream of the damsite. The area is a relatively flat, well

drained terrace deposit with slope wash interfingering from the hillside. Four
 

test pits were excavated at selected location to aid in determining the quantity
 

and quality of available core material. Suitable core material generally ranges
 

in depth from two to four meters and is overlain by an average of 30 centimeters
 

of organic topsoil. The available volume of core material is estimated to be
 

1,000,000 cu'ic meters.
 

Borrow area M-3 is located along the right bank of the river, approximately two
 

kilometers upstream of the damsite. This area is in part a terrace deposit,
 
somewhat similar to M-2. Six test pits were excavated at selected locations.
 

Alluvial deposits, slope wash and decomposed rock were encountered in the
 

trenches. The slope wash and decomposed rock appear to contain a much higher
 

percentage of clay and moisture than the alluvial deposit. The depth to bedrock
 
is believed to range from one to five meters. Organic topsoil averages 50 centi

meters in thickness. The available volume of core material is estimated to be
 

1,000,000 cubic meters.
 

Borrow area M-4 is located along the left bank of the river, approximately four
 

kilometers downstream of the damsite. The deposit consists of slope wash and
 

interfinger with alluvial materials of the adjacent M-1 borrow area. Two test
 
pits were excavated at representative sites within the area. This material iG
 

rocky in places and contains a higher percentage of clay and moisture than the
 

alluvial material. Scattered outcrops of bedrock were observed within the limits
 

of the borrow area. Topsoil averages 50 centimeters in depth. The available
 
volume of core material is estimated to be 200,000 cubic meters. This area
 
appears less favorable than the alluvial deposits because of the bedrock out
crops and higher percentage of clay and moisture.
 

Sand and gravel deposits in significant quantities were not located along the
 

Rio Grande de Matagalpa during this investigation. Therefore, the filter mate

rial and concrete aggregate will have to be manufactured from suitable quarry
 
rock or hauled from distant areas. Additional investigation along the river
 

during the feasibility study may locate usable quantities of alluvial sand and
 
gravel.
 

Basalt suitable for dam embankment, filter material, and concrete aggregate can
 

be obtained from potential quarry areas, Q-1 and Q-2. Also, the harder pyro

clastic rocks from required excavations and the ridge above the right abutment
 

can be used for a dam embankment designed for the physical properties of these
 

rocks.
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Quarry areas Q-1 and Q-2 are located approximately three kilometers downstream
 
of the damsite. They consist of two ridges separated hy the Rio Grande de Mata
galpa. These ridges are underlain by a moderately jointed, hard, gray basalt.
 
Exposures indicated that suita le rock will be encountered at a mininal stripping
 
depth. The quantity of usable quarry rock is estimated to be 12,000,000 cubic
 
meters in area Q-1 and 4,000,000 cubic meters in area Q-2.
 

D. CONCLUSIONS
 

The Copalar Project is geologically suitable for the proposed rockfill dam and
 
appurtenant structure. Final layout of structures and dikes will require accurate
 
topographic maps.
 

The proposed damsite and reservoir are underlain by volcanic rocks of Tertiary
 
age. Much of the bedrock is masked by slope wash and alluvium. Geologic struc
tural features such as faults, folds, and bedding are not readily apparent at
 
the site. However, linear topographic feat ires suggest the possibility of a
 
fault passing through the left abutment of the danisite. North-northeast trending
 
valleys may be controlled by the erosion along the strike of volcanic beds.
 

'he damsite is underlain by volcanic rocks of suitable quality for the foundation
 
of the proposed dam. Although most rock outcrops are slightly jointed to massive,
 
grouting is advisable to reduce water percolation along joints, fractures and
 
rock contacts. In general, overburden is believed to be relatively shallow on
 
both abutments, with the exception of the river channel and near the crest eleva
tion on the left abutment where the overburden is believed to be deep. The water
 
depth measured in the river channel was nine meters at the axis and 19 meters at
 
the downstream toe.
 

Suitable foundation rock underlies the appurtenant structures. Hard welded lapilli
 
tuff and dacite are expected at the proposed excavation depth for the spillway
 
and in thE power tunnel excavation. The intake structure will be founded on
 
competent welded lapilli tuff and the outlet portal and powerhouse on hard, sili
cified dacite. A relatively shallow excavation should expose bedrock at the
 
inlet portal of the diversion tunnel which will penetrate hard volcanic rock, but
 
there may be relatively deep excavation at the outlet portal.
 

Available topographic maps indicate that four dikes will be required in topographic
 
low areas to maintain a reservoir rim at elevation 210. Three of the low saddles
 
may be suitable for the location of an emargency spillway.
 

Highly permeable strata were not observed in the reservoir area and excessive
 
seepage is not expected. Major landslides and stability problems were not ob
served during the reservoir reconnaissance, but minor slumping should be expected.
 

Suitable borrow and quarry area- are located within five kilometers of the damsite.
 
An estimated 3,000,000 cubic meters of impervious core material are located in
 
three borrow areas adjacent to the Rio Grande de Matagalpa and consist predominant
ly of alluvial deposits of sand, silt and clay. Basalt suitable for dam embank
ment, filter material and concrete aggregate can be obtained from two potential
 
quarry areas downstream of the axis. An estimated 16,000,000 cubic meters of
 
suitable rock is available in these two areas. Additional potential areas for
 
impervious and quarry materials exist, but appear to be less suitable than those
 
selected. They may be considered during the feasibility study if the selected
 
areas prove to be inadequate.
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2.4.2 EL CARMEN PROJECT
 

A. SITE DESCRIPTION
 

The proposed El Carmen damsite is located approximately two kilometers downstream
 
of the confluence of Rio Quisara with the Rio Grande de Matagalpa. The general
 
layout for this site is shown on Annex 111-5. Access to the project is by jeep
 
trail to Hacienda Santa Bertha, which is approximately fourteen kilometers up
stream of the damsite. The ground surface at the site varies from approximately
 
elevation 150 meters at the river to more than elevation 220 meters on the abut
ments. The axis is located in a steep, narrow, rocky gorge. The dam crest is
 
at elevation 212 meters. Thick brush, grass and scattered trees grow on both
 
abutments. Grass and cultivated fields are located in a saddle area on the
 
right bank.
 

B. GENERAL SITE GEOLOGY
 

The proposed damsite and reservoir are underlain by volcanic rocks of Tertiary
 
age. They consist mainly of interbedded flows and pyroclastics which are well
 
exposed along the river and locally on steep hillsides. The poorly exposed
 
bedding trends east-northeast and dips from 20 to 40 degrees to tht south at the
 
damsite area. The bedded lavas in the region are usually less than 10 meters
 
thick; however, the basalt at the proposed axis appears much thicker and may be
 
the plug of an old volcano. A thin mantle of slope wash overlies bedrock on most
 
hillsides. Alluvial deposits consisting of various combination of silt, sand
 
and gravel occur along the river. A geologic map and cross sections of the dam
 
site are shown on Annex 11-4.
 

There is moderately jointed, slightly weathered, hard, gray basalt exposed in a
 
cliff approximately 30 meters high above the river at the base of the left abut
ment. The rock exposure can be observed for a considerable distance along the
 
river. A series of benches are developed along joint planes in the basalt. The
 
cliff has an average slope angle of 1:1 and flattens to about 2:1 (horizontal to
 
vertical) above the cliff. This area is assumed to be the contact with the over
lying lapilli tuff. rhere is i small exposure of moderately hard, massive, red
 
flow breccia at the base of this contact. The lapilli tuff is gray, massive,
 
moderately hard, and moderately weathered. In general, it is covered by a shallow
 
deposit of brown slope wash. Depth to groutable quality rock is believed to be
 
shallow.
 

The river completely fills the channel section at the proposed axis and is about
 
30 meters wide, narrowing in some places to about 15 meters. A water depth of
 
25 meters was measured by one sounding at the axis. The character of the rock
 
in thc riverbed and the depth of alluvium is not known. Basalt is exposed on
 
both sides of the river in the vicinity of the damsite.
 

The morphology and ,eology of the right abutment is similar to that of the left
 
abutment. Moderately jointed, hard, gray basalt is exposed in a series of benches
 
and vertical cliffs along the river. These cliffs extend approximacely 40 meters
 
above the river at the axis. Scattered small basalt outcrops and rocky slope
 
was:h are exposed on the slope for another 10 meters in elevation. There is a
 
gradual flattening of the slope and a marked decrease in the percentage of rock
 
fragments approximately 50 meters above the river. There is also a probable
 
increase in depth of overburden in this area, although groutable rock is esti
mated to be relatively shallow at crest elevation.
 

II-10
 



A low area of the ridge forming the right abutment of the main dam will require
 
a saddle dike. The low saddle area is covered by slope wash composed of scat
tered basalt fragments in a brown silty sand and clayey sand matrix. A -mall
 
outcrop of weathered basalt was observed on the left abutment of the saddlle dike.
 
Massive, gray lapilli tuff caps the hill above crest elevation on the iight
 
abutment of the saddle dike. Groutable foundation rock is estimated to be rela
tively deep beneath the proposed dike axis.
 

The proposed spillway is located in the right abutment. Foundation quality
 
basalt is expected to be encountered at the proposed foundation elevation, but
 
outcrops were not observed on the surface along the alignment except in the dis
charge area. The overburden is believed to be relatively shallow in the spill
.ay chute area. Cut slopes in the overburden should be relatively flat; whereas,
 
ctt slopes in the basalt can be quite steep, based on the generally cubic joint
 
paitern exhibited on the canyon walls.
 

The diversion tunnel is located in the right abutment. Hard, moderately jointed
 
basalt is exposed on the surface at both portal locations. Alignment of the
 
tunnel is through hard, blocky, gray basalt.
 

The proposed power tunnel is in the left abutment. Shallow slope wash consist
ing of scattered basalt and lapilli tuff fragments in a brown sandy clay was
 
observed at the intake portal location. Relatively flat cut slopes should be
 
stable in this overburden material. The intake structure will be founded on
 
massive, moderately hard, gray lapilli tuff. The power tunnel will encounter
 
some lapilli tuff and flow breccia, but hard, blocky basalt will be encountered
 
throughout most of the tunnel alignment. The downstream portal will require a
 
shallow excavation to reach suitable foundation rock.
 

The proposed powerhouse location is underlain by moderately jointed, hard gray
 
basalt. Foundation quality bedrock will be encountered in a shallow excavation.
 

The reservoir area is underlain by volcanic bedrock. There is a geologic contact
 
between basalt and flow breccia, immediately upstream of the toe of the proposed
 
dam. Both rock types are essentially hard and massive; however, erosion has
 
occurred along the contact which is covered by overburden. It appears that the
 
flow breccia dips upstream and overlies the basalt. Scattered outcrops of bedded
 
volcanic lavas and pyroclastics occur throughout the reservoir. Slope wash
 
mantles most hillsides. Alluvial deposits occur along the river.
 

A geologic reconnaissance of the reservoir indicated no major landslides or sta
bility problems. However, minor slumps occur in the fine-grained alluvial depo
sits that have been locally over-steepened by the river. The reservoir is be
lieved to be essentially water tight since the volcanic beds dip upstream and
 
none are known to be highly permeable.
 

C. CONSTRUCTION MATERIALS
 

Suitable sources of borrow material and quarry rock occur within three kilometers
 
of the site, provided the embankment is designed for the physical properties of
 
the materials. The location of these construction materials is shown on Annex 11-5.
 
Potential impervious core sources are designated by "M" and quarry by "Q". Addi
tional investigation in the area may locate other suitable sources of construction
 
materials.
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The impervious core material can be obtained from areas designated M-I through
 

M-5. Limi.ted quantities of impervious materials can be derived from the spill

way and saddle dike excavations. Other puLential sources in the damsite include
 

slope wash and fine-grainded alluvial deposits.
 

Borrow areas M-l through M-4 are deposits of intermixed slope wash and decomposed
 

in situ rock. Five test pits were dug to a maximum depth of two meters at these
 

four areas. Typically, the materials encountered in the test pits were sandy
 

clay with a few gravel fragments. The material contains a high clay and moisture
 

content and is overlain by generally less than 50 centimeters of organic topsoil.
 

Borrow area M-5 is an alluvial flood plain or terrace deposit along the river
 

downstream of the damsite. The deposit contains sand, silt and clay and is
 

suitable for impervious core. In places the material is more than 5 meters
 

deep. Slope wash from the hillsides interfingers with the alluvial material.
 

The moisture content of the alluvium was less than that of the more clayey slope
 

wash and decomposed rock at the other potential borrow areas. Quantity of avail

able core material from M-5 is estimated to exceed 250,000 cubic meters.
 

Sand and gravel deposits in significant quantities were not located along the
 

river during this investigation. Therefore, the filter material and concrete
 

aggregate will have to be manufactured from suitable quarry rock. More studies
 

during the feasibility stage may locate usable quantities of alluvial sand and
 

gravel.
 

Basalt from the quarry sites is suitable for dam embankment, filter, riprap and
 

concrete aggregate. Two potential quarry sites, Q-1 and Q-2, are shown on
 

Annex 11-5. Most of the basalt from the required tunnel and spillway excavation
 

will be suitable for the manufacture of filter and concrete aggregate. Basalt
 

crops out in other nearby areas, which could be investigated for quality and
 

quantity of available material for construction.
 

Area Q-1 is a potential quarry site on the left bank immediately downstream of
 

the damsite and is underlain by basalt, welded tuff and volcanic breccia. These
 

rocks are usually hard, although within the area there are local zones of modera

tely hard, weathered, zeolitic, amygdaloidal basalt, which is generally unsuitable
 

for embankment. The quantity of suitable rock from area Q-1 is estimated to be
 

2,000,000 cubic meters.
 

Area Q-2 is underlain by hard basalt which forms a cliff that is 10 meters high
 

and extends laterally for approximately 100 meters. Exploration will be necessary
 
to define the limits of the basalt and depth of stripping.
 

D. CONCLUSIONS
 

The proposed El Carmen damsite is geologically suitable for the proposed rockfill
 

dam or a concrete dam. Both abutments are underlain predominantly by a competent,
 

gray basalt. Water depth in the river channel is about 25 meters and is probably
 

underlain by a competent basalt. Lapilli tuff is exposed near crest elevation on
 

the left abutment and above crest elevation on the right abutment of the dike.
 

Grouting will be necessary to reduce percolation along joints and fractures at
 
the main dam and saddle dike. Overburden is generally shallow on the abutments,
 

but is believed to be relatively deep beneath the dike alignment-.
 



Suitable foundation rock underlies the appurtenant structures. Hard basalt is
 
expected at the proposed excavation depth in the spillway. The diversion tunnel,
 
power tunnel and power plant are located predominantly in good quality basalt.
 
Suitable borrow and quarry areas are located within three kilometers of the dam
site.
 

Major landslides were not observed during a reconnaissance of the reservoir.
 
Excessive seepage from the reservoir is not expected to be a problem, since the
 
bedding dips upstream, most joints appear to be tight and the rock is covered
 
by overburden in most places.
 

2.4.3 PASO REAL PROJECT
 

A. SITE DESCRIPTION
 

The proposed Paso Real. damsite is located about two kilometers downstream of the
 
confluence of the Rio Olama with the Rio Grande de Matagalpa. The general lay
out of this project is shown on Annex 111-4. Access is by a dirt road that ends
 
at a ranch house approximately three kilometers north of the site. The ground
 
surface at the site varies from approximately elevation 205 at the river to above
 
elevation 320 on both abutments. Four alternate crest elevation varying from
 
elevation 267 to elevation 307 were considered during Phase I from which crest
 
elevation 275 was selected fov the Phase II investigation. The proposed axis
 
is at a relatively steep, narrow portion of the canyon covered by dense vegeta
tion on both abutments.
 

B. GENERAL SITE GEOLOGY
 

The damsite and reservoir are underlain by volcanic rocks of Tertiary age. Scat
tered outcrops occur along the river and on some steep hillsides, although most
 
hillsides are mantled by slope wash. Stream and terrace deposits exist along the
 
river.
 

The proposed axis is in a canyon where the river flows across the strike of
 
resistant, interbedded volcanic rocks. Beds dip upstream from 12 to 18 degrees.
 
Contacts between the various rock types are gradational to irregular, but are
 
essentially water tight where exposed in outcrops. A geologic map and cross
 
sections of the damsite is shown on Annex 11-6.
 

The ground surface on the left abutmenL has an average slope of 2:1 (horizontal
 
to vertical). Interbcdded basalt and volcanic breccia are exposed locally in
 
clilfs from one to three meters high along the base of the abutment and continue
 
to approximately 30 meters above the river. The volcanic breccia is typically
 
reddish-gray, massive, hard and slightly weathered. Large talus blocks of the
 
volcanic breccia are at the base of the abutment. A massive, thin bed of red
dish flow brecria occurs at the base of the basalt. The basalt is gray, hard,
 
moderately jointed and slightly weathered. From 30 meters above the river to
 
crest elevation, bedrock is masked by slope wash which appears to be shallow.
 
The slope wash consists of scattered angular rock fragments in a brown silty sand.
 
A relatively shallow excavation from the surface should expose groutable bedrock
 
in the cutoff trench.
 

The valley floor is relatively narrow at the proposed dam axis. Fine grained
 
alluvium is exposed on the left bank of the river, which flows near the base of
 
the left abutment. Bedrock, consisting of hard, slightly jointed volcanic breccia
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and basalt, is exposed in the channel at low vater along the right bank of the
 
river, Bedrock is exposed almost continously across the valley floor upstream
 
of the ixiso It consists of interbedded basalt, volcanic breccia and welded
 
tuff. Erosion has created an irregular surface and many potho1 in the bed
rock. Locally, this surface is overlain by a thin layer of alluvium, mainly 
sand, which sometimes contains large boulders. A water depth ol 7.5 meters 
was measured upstream of the axis.
 

The right abutment is steep with an average slope of 1:1. Massive volcanic
 
breccia is exposed at the base of the abutment. The breccia is overlain by a
 
hard, slightly jointed, gray basalt which forms a cliff 10 meters high along
 
the axis. 
 A one meter thick red flow breccia occurs at the contact of the two
 
units. This contact is somewhat irregular, but is essentially tight and dips
 
upstream at 12 degrees. Above the cliff, bedrock is masked on the steep hill
side by a shallow deposit of slope wash. Groutable rock is estimated to occur
 
at a shallow depth.
 

The proposed spillway is in the right abutment. Bedrock consisting of modera
tely weathered volcanic breccia and lapilli tuff crops out locally along the
 
spillway alignment. Elsewhere along the alignment, bedrock is hidden by slope
 
wash estimated to be relatively shallow. Minor local slumps have occurred in
 
the slope wash where slopes have been oversteepened by erosion. An alluvial
 
deposit of brown silty sand is estimated to be:relatively deep in the stilling
 
basin area. Suitable foundation rock should occur at the proposed excavatiun
 
depth.
 

The combined diversion and power tunnel is located in the left abutment. The
 
foundation for the inlet portal of the diversion tunnel will be in hard, mode
rately jointed, gray basalt. The intake structure of the power tunnel is lo
cated in slope wash, which is believed to cover massive volcanic breccia at a
 
shallow depth. Underlying the volcanic breccia is hard, jointed basalt, which
 
may be exposed in the approach channel excavation. Most of the tunnel will be
 
excavated through massive, hard and moderately hard, reddish-gray volcanic
 
breccia. The outlet portal of the tunnel will be located in a deposit of slope
 
wash and alluvium containing large blocks of volcanic breccia. Some blocks are
 
as much as six meters in diameter.
 

Hard, jointed, slightly weathered, gray basalt crops out along the river at the
 
proposed powerhouse location. Local shallow deposits of alluvium, consisting
 
of a fine silty sand, cover the basalt bedrock. Water in the river channel is
 
estimated co be 10 meters deep.
 

Volcanic rock is exposed along the river and on 
steep slopes of the proposed
 
reservoir area. The rock is masked by overburden of various depths in most
 
areas. 
 The volcanic rocks consist mainly of flows and interbedded pyroclastics.
 
Bedding is well developed and usually strikes northeast-southwest and dips from
 
12 to 18 degrees to the northwest, Stream erosion is occuring along the strike
 
of the beds. The northeast trending valleys in the reservoir area are a result
 
of stream erosion rather than faulting.
 

Unconsolidated sediments in the reservoir are mainly of slope wash and alluvial
 
origin. Slope wash mantles most hillsides. Terrace deposits containing fine
grained alluvial materials are located along the river. Sand and gravel occurs
 
in somi terrace depostis and also along the river channel, Minor slumping was
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observed in fine-grained alluvial materials along locally oversteepened river
 
banks. A minor landslide has occurred along the left bank of Cano El Balsamo
 
about 75 meters above the valley floor. The slide is apparently along the dip
 
slope of the bedding.
 

Major landslides were not observed during a reconnaissance of the reservoir.
 
The upstream dip of the beds and relatively tight fractures in the rock indicate
 
that there will be no problem of excessive seepage from the reservoir.
 

C. CONSTRUCTION MATERIALS
 

Suitable sources of borrow material and quarry rock for construction occur with
in six kilometers of the site. Locations of construction material are shown on
 
Annex 11-7. Potential impervious core sources are designated by "M" and quarry
 
sites by "Q". Additional investigation in the area may locate other suitable
 
sources of construction materials.
 

Alluvial flood plain or terrace deposits along the Rio Grande de Matagalpa con
tain sand, silt and clay suitable for impervious core material. These deposits
 
contain intermixed slope wash from the adjacent hills. The alluvial materials
 
are available in various quantities from borrow areas M-1 through M-4. Area A-I.
 
is on the left b-nk of the river immediately upstream of the dam. Exposures in
 
the river bank and five test pits indicate that alluvial material varies from
 
two to eight meturs deep. The available quantity of core material from area
 
M-1 is estimated to be 250,000 cubic meters. Additional quantities of similar
 
material can be obtained from areas M-2, M-3 and M-4.
 

Borrow source M-5 covers a large area located approximately three kilometers
 
upstream of the damsite. The area i!,rolling and drainage may be a problem.
 
Organic topsoil, up to one meter in depth, overlies tuff which is decomposed for
 
an average depth of one meter. This decomposed tuff contains a high clay and
 
moisture content, based on two test pits.
 

Significant deposits of sand and gravel suitable for filter and concrete aggre
gate were not observed along the river. It is assumed that: these materials will
 
be manufactured from suitable quarry rock.
 

Three potential quarry sites are designated'on Annex 11-7. The spillway exca
vation is located within site Q-1 which co!.cains interbedded vol.canic breccia
 
and basalt. A sufficient quantity of rock is available that can be used for the
 
rockfill embankment in a dam designed for the physical propertJ s of the 'ock. 
The filter material, concrete aggregate, and riprap could be obtained fruim the 
basalt. Site Q-2 is principally a bedded deposit of welded Luff. Site Q-3 is a 
deposit of basalt. Additional investigation is necessary at all the quarry sites 
to deiine the quality of available rock. However, it appears that there is 
sufficient rock near the site to supply the material for an embankment designed 
for the physical properties of the rock. 

D. CONCLUSIONS 

The Paso Real Project :is geologically suitable for the proposed rockfili. dam and 
appurtenant structures. Overburden is relatively shallow on both abutments and 
in the river channel. Foundation rock consists primarily of hard, interbedded 
volcanic material dipping upstream at a low angle. Even though much of the rock 
is massivL, grouting will be necessary to reduce water losses through the joints 
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expected at the proposed excavation
and fractures. Suitable foundation rock is 


depth of the spillwa), The outlet portal for the combined diversion and power
 

tunnel is located in an area of slope wash and alluvium containing large talus
 

blocks. Suitable sources for impervious core and quarry rock are within six
 

kilometers of the site.
 

Reservoir seepage losses will be within normal limits attributable to bank stor

age and should stabilize soon after reservoir filling. Also, no geologic evi

dence of major landslides, which woul.d be critical to construction of a dam at
 

the Paso Real site, were observed.
 

2.4.4 LAGUNA DE APOYO PROJECT
 

A. SITE DESCRIPTION
 

The proposed Laguna de Apoyo Pumped-storage Project is located on the west side
 

of Laguna de Apoyo, which is a caldera lake approximately five kilometers in
 
the
diameter. The rim of the caldera varies in elevation from 160 meters on 


east side to 600 meters on the west near the location of the proposed upper level
 

reservoir. The site is about one kilometer north of the small village of Cata

rina in the Department of Masaya.
 

The upper level reservoir site is on the side of a small hill near the rim of the
 

the proposed damsite varies from approximately
caldera. The ground surface at 

the ridges forming the abutments. The
elevation 530 to above elevation 560 on 


proposed dam crest is at elevation 553 and the water surface in Laguna de Apoyo
 

is elevation 80. The depth of the lake is reportedly over 200 meters. Agricul

tural crops, brush and scattered trees are growing at the reservoir site and
 

along the penstock alignment.
 

A surface pumping-generating plant and an underground installation were under
 

consideration at the time of the geologic investigation. The following discus

sions apply only to the surface installation because no subsurface investigation
 

have been performed from which conclusion can be reached regarding the underground
 

installation and only surface geology is considered during this phase of the
 

study. The general layouts of the surface and underground installations are
 

shown on Annex 111-9 and Annex III-10 respectively.
 

B. GENERAL SITE GEOLOGY
 

The proposed project is within a graben structure that trends northwest across
 

an Fctive seismic and volcanic region of Nicaragua. Numerous earthquakes have
 

been felt at Laguna de Apoyo and several epicenters of earthquakes having a
 

magnitude greater than 5.0 on the Richter Scale have occurred within a 50 kilo

meter radius. A magnitude 8 event is considered possible at this site.
 

Laguna de Apoyo is a caldera lake in alignment with other calderas and volcanoes;
 

some of which are active. Although it appears to be dormant at presen . it is
 

one of the most explosive and potentially desvastating volcanoes in Nicaragua,
 

according to A, R. McBirney, "The Origin of the Nejapa Pits Near Managua, Nicara
to
gua", 1955. On June 8, 1852, Laguna de Masaya and Laguna de Apoyo began 


"boil", probably as a result of emission of gases from the lake bottoms, as
 

reported by R. D. Brown, et. a!., "Geologic and Seismologic Aspects of Managua,
 

Nicaragua, Earthquakes of December 23, 1972", 1973, USGS Professional Paper 838.
 

The nearest active volcano is Volcan Santiago which is located 13 kilometers to
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the northwest and is emitting gases and sulfur fumes. Hot springs occur near
 

the edge of the water on the southwest side of Laguna de Apoyo.
 

The project area is underlain by volcanic rocks of Quaternacy age. The geo

logic surface mapping and cross section of the project geology is shown on
 

Annex 11-8. Many different rock types, including pumice, tuff, volcanic breccia,
 

basalt, lapilli tuff, flow breccia and scoria are locally exposed in the walls
 

of the caldera. Slope wash consisting of brown clayey sand covers the bedrock
 

in most places. Talus and landslide deposits are common inside the caldera. No
 

faults were observed to cross the upper level reservoir or penstock alignment;
 

however, two faults are mapped at the south end of Laguna de Apoyo on the
 

Masaya quadrangle geologic map.
 

The proposed upper level reservoir area is underlain by a shallow deposit of
 

bedded tuff locally masked by slope wash. The tuff is contiguous over a large
 

area of Masaya and, according to reports, was deposited from eruptions at Laguna
 

de Apoyo. The tuff is quarried locally for building stone. It is usually brown,
 

fine-grained, firm, moderately indurated, moderately weathered and slightly
 
Loose pumice is quarried locally
fractured to massive where exposed in gullies. 


and caps the hill above the right abutment of the dam, which is mapped as a
 

volcanic cone on the geologic quadrangle map. A highly pervious pumice deposit,
 

varying from loose to locally moderately indurated, is beneath the tuff layer
 

in the reservoir. Pumice is also exposed in a nearby railroad cut and in gullies
 

on the caldera walls. These exposures indicate that this pumice deposit may
 

exceed 100 meters in thickness. Where stratifi"1, it has a low dip angle toward
 

the caldera, the same as the tuff. Tuff, basalt, volcanic breccia and lapilli
 

tuff are exposed in the railroad cut in addition to the pumice. Surface investi

gations indicate that the dam and upper level reservoir will be founded mainly
 

on the loose, highly pervious deposits of pumice and partly in tuff.
 

The intake structure is located in the reservoir and will have its foundation on
 

pumice. The pumice is loose to poorly consolidated. It stands well in steep cut
 

slopes along the railroad alignment.
 

The presently proposed penstock alignment will be in a tunnel for about the first
 

third of its length from the intake. The remainder will be a cut and cover struc

ture to the powerhouse on the shore of the Laguna. It is anticipated that the
 

tunnel section will be in the same pumice deposit as the intake structure. The
 

cut and cover section is on a ridge that has an average slope of 2:1 (horizontal
 

to vertical), but is locally 1:1. Pumice, tuff, slope wash and landslide debris
 

are exposed on the surface of the ridge. The slope wash is shallow, but the
 

heterogeneous landslide deposits may be deep. Landslide scarps are visible on
 

the steeper parts of the ridge.
 

to
The powerhouse location is underlain by landslide material, which is believed 


be deep. This material is heterogeneous and, where exposed in the road cut,
 

consists of large, angular rock fragments which are up to three meters in diameter,
 

all incorporated in a gravelly, clayey sand. Exploration is necessary to determine
 

the depth to bedrock and its physical properties. The hot springs previously
 

mentioned are located approximately two kilometers south of the powerhouse site.
 

C. CONSTRUCTION MATERIALS
 

Suitable material for an earthfill embankment can be obtained within two kilome

ter of the site. Impervious core material can be obtained in limited quantities
 



from deposits of slope wash and decomposed tuff within the reservoir and nearby.

The underlying tuff is suitable for a dam embankment that has been designed for
 
its physical properties. This borrow area is designated M-1 on Annex 11-8.
 
Sand and gravel deposits suitable for filter and concrete aggregate were not
 
observed near the site. This material can be manufactured from suitable quarry
 
rock.
 

A suitable quarry site is located within 500 meters 
of the reservoir, and is
 
designated Q-1 on Annex 11-8. Basalt is exposed at this site for 100 meters
 
along a 10 meter deep railroad cuL. It is gray, coarse-grained, massive and
 
hard and would be suitable for filter, concrete aggregate and riprap. An
 
estimated 30,000 cubic meters are available; however, the quantity could be
 
considerably greater because the basalt is believed 
to be a part of an old vol
canic plug which could extend to great depth. In addition to Q-l, limited quan
tities of hard basalt are exposed elsewhere in the caldera walls.
 

D. 	CONCLUSIONS
 

The 	construction of the proposed Laguna de Apoyo Project appears 
to be tecnically
 
feasible. However, this area has a long history of seismic and volcanic activity.

Therefore, it is essential that these potential geologic hazards be carefully
 
considered in the project design. 
 The report of the consulting engineering
 
geologist, Dr. W.I. Gardner, contains conclusions and suggestions regarding this
 
project. Some conclusions reached during this investigation by geologists and
 
engineers who inspected this site include the following observations:
 

1. 	The occurrence of an earthquake having a magnitude 8 on the Richter Scale
 
is possible at this location.
 

2. 	Laguna de Apoyo is reported to be one of the most explosive and potentially
 
devastatiLLg volcanoes in Nicaragua.
 

3. 	An active volcano, Volcan Santiago, is located about 13 kilometers north
west of the site.
 

4. 	The upper level reservoir and penstock alignment are 
not known to be crossed
 
by faults; however, two faults are mapped at the south end of Laguna de Apoyo
 
on 	the Masaya quadrangle geologic map.
 

5. 	A hot spring is at the edge of the lake about two kilometers south of the
 

powerhouse location.
 

6. 	The powerhouse location is in landslide debris believed to be deep.
 

7. 	The lower part of the penstock alignment will be in landslide debris.
 

8. 	The penstock tunnel will probably be in pumice.
 

9. 	The upper level reservoir is underlain by pumice that is typically loose and
 
highly permeable.
 

10. 	The upper level reservoir will require lining.
 

11. 	The impervious core material, earthfill embankment, and quarry sources occur
 
within two kilometers of the project.
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2.5 GEOTECHNICAL INVESTIGATION PROGRAM
 

The scope of work for the Phase II Prefeasibility Study includes the prepara

tion of a geotechnical investigation program to be performed at the site that
 

is selected for the feasibility study. The Copalar Project has been recom

mended for that study.
 

The purpose of the geotechnical investigation program is to provide sufficient
 

data to make a positive evaluation of the geological suitability of the site,
 

to evaluate the quantity and quality of available construction materials
 

and to provide data for preliminary design and a reasonably accurate cost
 

estimates of the various projects features.
 

Geotechnical investigations to be performed during the feasibility study in

clude geologic mapping, subsurface exploration and laboratory testing. Accurate
 

topographi.c maps and field surveys of the explorations are essential to the
 

efficietf. execution of the study. The investigation program must remain flexible
 

new data is developed. The exploration
so that modifications can be made as 


and testing programs are, in part, dependent on geotechnical conditions encoun
the -tudy proceeds.
ter; therefore, final details will be developed as 


In addition to detailed field mapping, the geologic mapping program will in

clude a geophoto study consisting of a review of:
 

1. 	Existing aerial photographs.
 

2. 	New or recent aerial photographs made for the project studies.
 

3. 	Any available Earth Resource Technology Satellite (ERTS) and similar sate

llite photographs.
 

Geologic field mapping should be performed on new topographic base maps. De

the damsite, appurtenant
tailed engineering geologic mapping is necessary at 


structures and dike locations. However, less detailed geologic mapping would
 

be suitable within the reservoir except in those areas where special problems
 

are apparent; such as leakage and landslides.
 

Subsurface explorations should be performed at the damsite, appurtenant struc

tures, dikes and borrow and quarry locations. Geophysical technique!s, drill
 

holes, test pits and adits will be used. A suggested exploration program for
 

summarized in Table I1.1. The exploration
the Copalar Project High Dam is 


program for a low dam would be very slightly less than that required for a high
 

dam. The proposed locations of explorations at the damsite for the low dam
 
on Annex II-10.
are 	shown on Ani,:x 11-9 and those for the high dam are shown 


Geophysical investigations will be limited to seismic refraction surveys. The
 

data from them will be used to extrapolate geologic information between drill
 

holes and test pits at the damsite, dike locations, borrow areas and quarries.
 

Drill holes will be bored by rotary drills. Sampling of the overburden material
 

will be by split spoon samplers and Shelby tubes. Core drilling will be NX size.
 

The maximum hole depth anticipated is about 100 meters.
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TABLE II.1 
COPALAR PROJECT - HIGH DAM 

PRELIMINARY GEOTECHNICAL EXPLORATORY PROGRAM 

SEISMIC DRILL HOLES TEST PITS
 

Meters Number Total Meters Number
 

Left Abutment 500 5 280 5
 

Valley Seniti,: 200 5 260 2 

Right Abutment 400 3 190 3
 

Spillway 1,700 4 190 5
 

Diversion 700 3 120 2
 
Tunnel
 

Power Tunnel 600 4 200 2
 

Powerhoitue 400 3 100 4
 

Dikes (4) 2,000 6 210 10
 

Borrow Areas 10)000 10 100 30
 

Quarry Areas 500 5 150 10
 

TOTAL 17,000 48 i,80' 73
 

All holes will be water tested by gravity flow tests in overburden and pressure
 
tests in rocks. Standpipes will be installed in selected holes and the ground

water levels monitored. All drilling, sampling and testing operations should be
 

performed under the direct field supervision of qualified personnel.
 

Test pits will be hand dug to a depth and size that is practical. Depths greater
 
than ten meters are not anticipated. In the impervious borrow areas, test pits
 

will be field located to optimize ground conditions and define the borrow limits.
 

Sampling of the soils by qualified personnel will be necessary.
 

Two exploratory adits will be excavated in the left abutment to determine in situ
 
rock conditions; one at the proposed location of the intake structure and the 
other at about elevation 75, near the dam axis. The size of the adits should be
 
approximately 2.0 by 2.5 meters. 

The testing program will include both field and laboratory tests. The field
 
tests to be performed are the Standard Penetration Test and water tests in drill
 
holes. In addition, blasting tests are desirable in the quarry areas to deter
mine the rock breakage characteristics, such as size, shape, and gradation for
 
various combinations of drill hole spacing and explosive charges.
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The laboratory testing program is designed to determine the physical and engi
ne-ring properties of the foundation soils and borrow materials. 
 Test to be
 
performed during the feasibility study should include, but not necessariiy be
 
limited to those shown in Table 11.2.
 

PRELIMINARY 

Soil Tests 

Specific Gravity 


Grain Size Analysis 

Atterberg Limits 

Liquid Limit 

Plastic Limit 


Shrinkage 


Moisture Content 


Standard Proctor 


Aggregate and Rock Tests 

Specific Gravity 

Absorption 


Abrasion Loss 


Petrographic Analysis 

Soundness 


Alkali Reactivity 


TABLE 11.2
 

MATERIALS TESTIING PROGRAM
 

Applicable Specification
 

ASTM D 854
 

ASTM D 422, ASTM D 1140 & ASTM D 1524 

ASTM D 423 

ASTM D 424
 

ASTM D 427
 

ASTM D 2216
 

ASTM r r,98
 

ASTM C 128 

ASTM C 127
 

ASTM C 131 & ASUI C 535
 

ASTM C 295 

ASTM C 88
 

ASTM C 227
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CHAPTER III 

TECHNICAL EVALUATION 

3.1 INTRODUCTION 

3.1.1 GENERAL
 

This chapter contains the results of the technical investigations of the hydro

electric projects recommended for further study during Phase II as a result of
 
the Phase I analyses. The recommended projects are those designated as Paso Real,
 

El Carmen and Copalar on the Rio Grande de Matagalpa which are combined into the
 
two dam and three dam alternatives discussed in Chapter V, Preliminary Investiga
tion of Hydroelectric Projects of the Phase I Report. Some topography maps of
 
the Copalar site differ from others by what could be as much as 20 meters in
 
elevation. New topography maps are presently under preparation for the damsite
 
and reservoir. A final selection of the two or three dam alternative cannot be
 
made until the new topography maps are available. The Phase II investigation
 
also includes analyses of the surface and underground installations of the pumped
storage project at Laguna de Apoyo, in accordance with the recommendations for pro

ject studies for this phase of investigation. The work performed during this phase
 
followed the same general rules, procedures, standards and design considerations
 
adopted for Phase I. It is a continuation, review, revision and up-dating of
 
the earlier work for the selected projects and incorporates the latest available
 
data. It also refines the earlier work and goes into further detail and addition
al analyses than previously performed.
 

3.1.2 SELECTION METHODOLOGY
 

The project selection methodology is basically the same as presented in detail in
 
Section 5.1 of the Phase I Report. The selection parameters used during that
 
phase of the investigation consisted of the folloving procedures, conditions and
 
considerations:
 

1. 	Study of all available reports for projects previously investigated.
 
2. 	Office and map studies for other potential project sites.
 
3. 	Aerial and ground reconnaissance of all potential sites.
 
4. 	Hydrological and meteorological studies of all sites under consideration.
 

5. 	Geologic reconnaissance of all major project sites.
 
6. 	Project cost estimates,
 
7. 	Reservoir operation studies to determine the generation capabilities of each
 

project.
 
8. 	Ability to economically satisfy the forecasted power and energy requirements.
 

The exploitation of the entire head available in the study reaches of the rivers
 
was a prime objective of the Phase I investigation. It was possible to select
 
projects on the Rio Grande de Matagalpa which fully satisfy this objective
 
although it was necessary to use saddle dikes at two projects to do so.
 



3.2 PRELIMINARY DESIGN CONSIDERATIONS
 

3.2.1 GENERAL
 

The design considerations used during this phase of investigation are similar
 
to those adopted for Phase I and are in accordance with normal standards used
 
for prefeasibility studies. The Phase II investigations required, or permitted
 
some changes of the earlier consideration. Therefore, this section includes
 
the pertinent portions of the previous considerations and the revisions made
 
to others.
 

3.2.2 DAM 

This phase of the work will retain rockfill dam as the primary type of structure;
 
however, geologic field investigations indicated that foundation and geological
 
conditions may permit the use of concrete dams at some sites. However, the
 
construction materials investigations did not locate a large quantity of concrete
 
aggregate and it was concluded that they would have to be manufactured from
 
quarry rock which further justifies the use of rockfill dams. Sufficient quan
tities of impervious material were not located to justify further consideration
 
of earthfill dams; however, adequate quantities for the impervious core of rock
fill dams were located at each site. Sufficient quantities of rock for rockfill
 
dams were located within reasonable distances of each damsiteo The relative
 
economy of the dam type is a subject for the feasibility study when more data is
 
available regarding foundation conditions and the physical properties and location
 
of the various types of materials.
 

The dam crest will be 10 meters wide and the cross section will consist of a cen
tral impervious core, upstream and downstream filter zones adjacent to the core,
 
upstream and downstream rockfill material and riprap on the upstream face. The
 
embankment slopes will be 2.1 horizontal to 1.0 vertical upstream and 1.9 horizon
tal to 1.0 vertical downstream. These dam details are the same as used in Phase I.
 
However, the rockfill will be divided into two different rock types designated
 
as Type A and Type B on the project drawings rather than one classification. The
 
rock near the dams are classified as being weaker than similar material farther
 
away. Type A rock is the weaker of the two and will be placed adjacent to the
 
filters where it will be subject to less weathering effects and Type B rock will
 
be placed in the remaining portion of the dam section to withstand wave action
 
and the effect of the wetting and drying cycles. This zoning of the rockfill
 
will permit using the nearby weaker rock; thereby, resulting in lower costs than
 
if all material is obtained from greater distances, yet it will still permit
 
retaining the structural stability of the dam. Th, two types of rock illustrate
 
a concept that must be considered in greater detail during the feasibility study.
 
It may be necessary, or possible, to use more than two types of rockfill at that
 
time.
 

A vertical impervious core will be retained for this study although an inclined
 
core should be considered in later design. The use of an inclined or vertical
 
core must be coordinated with the geology of the site and the properties of the
 
embankment materials. An inclined core may permit using all Type B rock in the
 
upstream portion and all Type A rock in the downstream portion, thereby affecting
 
a considerable reduction in costs. The physical properties of the materials must
 
be determined during the feasibility study and the dam designed accordingly.
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The freeb-oaid above normal maximum reservoir level will be determined from flobd
 
routing studies and in accordance with the fetch, wind velocity and storage
 
capacity of each reservoir. Selection of the freeboard will recognize that it
 
is more economical to construct a low parapet wall on the upstream side of the
 
dam crest to provide for setup, seiches and wave ride up than it will be to
 
construct the same additional height of dam.
 

Geologic investigations indicated that cutoff grouting will be required at each
 
damsite. However, this conclusion was reached from surface geological conditions
 
and subsurface explorations are necessary to determine the extent of grouting
 
required. Since surface condition indicate the need for a grout curtain and
 
subsurface conditions are unknown at present, a grouting gallery will be provided
 
on the dam axis below the impervious core for the entire length of the dam founda
tion and a reasonable distance into each abutment. Grouting will be done from
 
this gallery either during construction or after completion of the dam. A grouting
 
gallery usually permits the lowest possible grouting costs and has the added ad
vantage that it can be used later if leakage occurs during project operation.
 
The grout curtain will be assumed to average 30 meters of depth.
 

3.2.3 SPILLWAY
 

The spillway type adopted for the Phase I study will be retained. All spillways
 
will consist of an inlet channel, an ogee crest control structure with radial
 
gates, inclined chute and a flip bucket and plunge pool energy dissipator. They
 
will be located in one of the dam abutments with the axis of the crest approxi
mately in line with the axis of the dam. The orientation of the spillway will
 
be controlled by the topography and the location of other project features. Flip
 
bucket and plunge pool energy dissipators will be used because they normally are
 
more economical than stilling basin energy dissipators where conditions permit
 
their use. The flip bucket will throw the water into the plunge pool in the
 
river at a sufficient distance from the structures to prevent retrogression from
 
endangering them. The number and size of 
the radial gates will be determined in
 
connection with the flood routing studies that will establish the dam heights.
 

3.2.4 DIVERSION FACILITIES
 

Diversion tunnels will be provided at all sites for diverting the river during
 
construction. The facilities will consist of an inlet channel, upstream portal,
 
concrete lined tunnel,downstream portal, outlet channel and cofferdams. The up
stream cofferdam will be incorporated into the body of the main dam, but separate
 
downstream cofferdams will be provided. Tunnel diversion will be used because
 
the valley at most damsites is very narrow and the abutments are very steep, there
by making it difficult to use diversion channels, diversion conduits or passing
 
the construction flood through a gap in the dam. However, the construction sched
ules prepared for all projects during this phase of the investigation indicate
 
that the diversion period for some projects may be as short one wet season. This
 
places greater importance on attempting to find more economical solutions for
 
river diversion than can be obtained by using diversion tunnels. Alternative
 
diversion facilities must coordinate the diversion period and time required to
 
construct the dam in greater detail than is possible during a prefeasibility 
study, The recurrence interval of the construction design flood and the risk
 
involved if a smaller facility is provided must be evaluated in greater detail
 
during later studies.
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Construction of the dam will begin at the 
start of a dry season. The upstream
 
cofferdam will be constructed at that time only to the height required to di
vert the first dry season discharge. The main dam embankment will be constructed
 
to a sufficiently high elevation to serve in place of the upstream cofferdam
 
during the following wet season or seasons.
 

The tunnels will have a horseshoe cross section and will be assumed tc be concrete
 
lined throughout their entire length for this investigation. However, it may be
 
possible to leave 
some portions unlined when the tunnels are under construction
 
and the rock quality can be firmly established. This possibility is especially
 
important because of the possible cost savings for the short diversion and
 
construction periods discussed above. Heavy tunnel supports will be provided
 
near the portals and light supporL elsewhere. The tunnels will be closed by a
 
concrete plug and the downstream coffeAaIam removed upon completion of construction.
 
Parts of the diversion tunnels will be used as power tunnels at some sites, there
by saving some of the costs of separate power tunnels. The tunnels for this
 
investigation will be designed to 
pass a flood with a 15-year recurrence interval
 
at a velocity of approximately 20 meters per second. This velocity is approaching
 
that which could erode the concrete lining, unless care is excercised in placement;
 
especially if the flood contains large amounts of erosive sediments. The allow
able velocity was adopted after considering the time that the diversion tunnel
 
will be used and the severity of the recurrence interval.
 

3.2.5 POWER FACILITIES
 

Power facilities will consist of an inlet channel, intake structure, power
 
tunnel, penstock, manifold and powerhouse. They are similar to the corre
sponding facilities of the Phase I investigation for the same projects, but
 
minor changes will be made for this stage of investigation. The inlet channel
 
will be excavated to a level that limits the entrance velocity to approximately
 
one meter per second at minimum reservoir level. The inlet channel invert
 
elevation will be established from the minimum reservoir levels obtained from
 
the reservoir operation studies even though those levels may occur for only
 
a very small percentage of time. Later studies should consider higher invert
 
elevations based on a study of the length of time when the reservoir is abnormally
 
low. This type study is outside the normal scope of prefeasibility level investi
gations.
 

The intake structure will form the entrance to tunnel which will convey water from
 
the reservoir to the powerhouse. It will contain trashracks, control gates, hoists
 
and appurtenent facilities. The entrance will be bell-mouthed to minimize hydrau
lic losses. The minimum reservoir level used for establishing the inlet channel
 
invert elevation will be used in setting the elevation of the entrance. The
 
gates will be operated from a hoist structure which will have the same floor ele
vation as the crest of the dam.
 

The power tunnel will be located at the highest elevation possible consistent
 
with minimum reservoir water level. This will result in the lowest possible tunnel
 
pressures and the shortest length of tunnel. 
 Some sites will have an entirely
 
separate power tunnel, but others will combine the power tunnel with the diversion
 
tunnel. 
 The tunnels will be concrete lined from the intake structure to the cut
off grout curtain and concrete and steel line downstream of that point. The thick
iiess of the steel lining in the tunnel will be adequate for full internal pressure
 



or minimum handling thickness. The tunnel will be excavated to a horseshoe cross
 
section, but the concrete or steel lining will be circular. The tunnel will be
 
sized for the highest discharge required to operate all units during an average
 
year at a velocity of approximately 4.5 meters per second. The tunnels will be
 
sloped so that negative internal pressures do not arise.
 

Steel penstocks will extend from the downstream tunnel portal to the manifold
 
upstream of the powerhouse. The penstocks will be installed in a trench that
 
will be excavated in the hillside. They will be placed on a concrete pad for
 
the entire length and the trench will be back filled, wherever possible, to
 
reduce the effects of temperature variations. The plate thickness will be
 
determined for maximum internal pressure, including pressure surges or minimum
 
handling thickness. No expansion joints will be necessary because of the instal
lation method to be used and the relatively short length of penstock. Concrete
 
anchor blocks will be provided at all horizontal and vertical penstock bends.
 

The combined length of the power tunnel and penstock are relatively short and
 
the operating heads are relative low; therefore no surge tanks or pressure regu
lators will be provided. However, pressure surges must be more throughly checked
 
during the feasibility study using operating data of the equipment selected at
 
that time.
 

The powerhouse will be located in one of the abutments downstream of the dam.
 
Their location and orientation will avoid interference of spillway discharge on
 
unit operatinn. They will be conventional reinforced concrete structures of
 
adequate size for the turbines, generators, governors, valves and all auxiliary
 
equipment. Each generating unit will be in separate unit bays and a service and
 
control bay will be provided at one end of the unit bays. An overhead bridge
 
crane will be provided for initial installation of equipment and subsequent main
tenance of units. The units will be erected in the service and control bay which
 
will also contain the control room and project offices. The tranformers will be
 
located upstream of the powerhouse superstructure walls in conformity with the
 
location of switchyard and the outgoing transmission line. The switchyards will
 
also be located nearby on the nearest acceptable terrain. The tailrace will be
 
excavated from the powerhouse to the natural river channel,
 

3.2°6 RESERVOIRS
 

The normal maximum reservoir elevations established during the Phase I investiga
tions will be retained for this phase of the investigation. These levels are
 
elevation 271 for Paso Real, elevation 205 for El Carmen and elevation 155 for
 
Copalar for the three dam solution. The corresponding levels for the two dam
 
solution are elevation 271 for Paso Real and elevation 205 for Copalaro The min
imum reservoir elevations were established in Phase I as the levels required for
 
the volume of 50 years of sedimentation plus the volume required to regulate the
 
average annual discharge. This criteria will not be used during Phase II and
 
the minimum reservoir levels will be established from the critical 54-month period
 
of the reservoir operation studies which assumes that the reservoirs will be at
 
the normal maximum level at the beginning of the operation study. Minimum reservoir
 
will be the absolute minimum obtained during the reservoir operation studies re
gardless of the duration that they occur and will vary in accordance with the
 
construction status of the respective projects,
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3.2.7 ACCESS ROADS
 

The project sites are in remote areas and presently have no nearby road net
work of adequate quality for construction and operation and maintenance.
 
It will, therefore, be necessary to improve long distances of existing roads
 
and to construct many kilometers of new access roads. The main access roads
 
will be double lane all weather roads with gravel surfacing and will have
 
suitable drainage facilities and structures. Secondary access roads to saddle
 
dikes and some project features will be single lane with gravel surfacing and
 
passing zones at critical locations. The maximum grade normally will be lim
ited to 10 percent, but may be increased to 12 percent for short distances.
 
The minimum radius of curve normally will be 50 meters. Hairpin curves with
 
shorter radii will be used only where they cannot be avoided.
 

3.2.8 CONSTRUCTION Y4TERIALS
 

Construction materials will make maximum use of required excavations. The
 
construction schedule may require that materials be temporarily stockpiled
 
for later use. The stockpiles will be located downstream of the dam as much
 
as possible in order to prevent damage or loss during period of high water up
stream of the partially completed dam. The remaining construction materials
 
will be obtained from the nearest acceptable source.
 

3.2.9 CAMPS AND CONSTRUCTION PLANT SITE
 

Camps will be provided for the personnel engaged in construction activities and
 
project operation. The topographical configuration in the vicinity of the dam
sites may require that these facilities be located short distances from the
 
site or on nearby hilltops that have been levelled or terraced for the purpose.
 
There are no nearby towns or villages and all personnel will have to be provided
 
with living, eating, recreation, religious and similar facilites and activities.
 

The construction plant and offices will be located as 
near the dam as possible.
 
However, the topographic configuration of the site will make the location as
 
difficult to find as sites for the camps. Preference will be given to locating
 
the construction plant and offices nearer the damsite than the camps to permit
 
higher construction efficiency.
 

3.2.10 LAGUNA DE APOYO
 

This facility will be essentially the same as adopted for the Phase I study.
 
Special consideration will be given to this project because of the importance of
 
the Laguna as a tourist attraction.
 

3.3 PROJECT DESCRIPTION 

3.3.1 GENERAL
 

The location of all hydroelectric projects investigated during both phases
 
of this investigation are shown on Annex III-1. That annex shows nine sites
 
on Rio Grande de Matagalpa, three sites on Rio Coco and two sites on Rio
 
Viejo that were considered during Phase I. A tenth site designated as
 
Copalar Upstream Site on Rio Grande de Matagalpa was considered during
 
Phase I, but it is not shown on this annex. It also shows the seven sites
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selected from the 15 considered that merited further consideration during
 
the Phase I investigation. Finally it shows the three sites on the Rio
 
Grande de Matagalpa that were selected for further study during the present
 
stage of investigation. The location of the Laguna de Apoyo Project is
 
also shown on Annex III-1.
 

The reservoirs and damsites for Paso Real, El Carmen and Copalar are shown
 

on Annex 111-2. The Copalar low dam reservoir is shown cross-hatched on this
 

annex and the high dam reservoir is shown by a dotted line outside of the cross

hatched area.
 

A profile of the Rio Grande de Matagalpa is shown on Annex 111-3. The profile
 

schematically shows the dams considered during Phase II for both the two and
 

three dam alternatives. It also shows that the full available head has been
 

exploited.
 

3.3.2 PASO REAL PROJECT
 

A. GENERAL
 

This proiect is located about two kilometers downsteam of the confluence of the
 

Rio Olamc with the Rio Grande de Matagalpa. The general project layout is shown
 

on Annex 111-4. Access to the site is by means of a short length of road from
 

the Copalar Project access road which will have been constructed several years
 

prior to the construction of this project. This project will be the same for
 

the two dam solution as it is for the three dam solution.
 

The site is well suited for a storage dam of medium height. The dam creates a
 

large reservoir in which the natural flow of the Rio Grande de Matagalpa can be
 

regulated and sediments can be accommodated. The drainage area at the damsite
 

is almost 3,900 square kilometers and the average annual runoff is estimated
 

to be in excess of 1,500 million cubic meters. The average discharge is 48.2
 
cubic meters per second.
 

B. DAM
 

The dam is located in the upstream part of a narrow canyon at the beginning
 

of a series of rapids in the river. The normal maximum reservoir level is
 

elevation 271 and the surcharged flood level is elevation 272.0. The dam
 

crest is at elevation 275 which provides a freeboard of 3.0 meters above
 

maximum flood level and 4.0 meters at the normal maximum reservoir level.
 

The reservoir capacity is approximately 3,050 million cubic meters at the
 

normal maximum level and 3,500 million cubic meters at the maximum flood
 

level. The minimum reservoir water surface is elevation 240 during the
 

critical 54-month period of the reservoir operation study. The dam contains
 

a total of slightly more than 1.5 million cubic meters of all types of
 

embankment material.
 

The upstream cofferdam is a portion of the main dam and will be constructed to
 

an initial height of elevation 230. This height is adequate to provide diver

sion for the first dry season during which time the main dam will be constructed
 
to elevation 243 and will serve as the cofferdam after the first dry season.
 

The downstream cofferdam is a separate structure with crest elevation 214 and
 

will be removed when construction is completed.
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C. SPILLWAY
 

The spillway is located in the right abutment because the topography is too
 

steep to locate it in the left abutment. It is designed for a maximum discharge
 

of 1,300 cubic meters per second resulting from a peak inflow to the reservoir
 

of 6,200 cubic meters per second.
 

The inlet channel is curved as required by topography and has the invert at
 

elevation 254. The maximum inlet channel velocity is about three meters per
 

second immediately upstream of the crest. The ogee control section contains
 

two radial gates; each eight meters high by twelve meters wide, operated by
 

hoists located on a deck at elevation 275. The spillway crest is at elevation
 

263. The chute is inclined and about 130 meters long between the crest section
 

and the flip bucket. The flip bucket is Iccated at the end of chute and the
 

discharge lip is at elevation 220 approximately. Water is discharged from the
 

lip of the bucket into the river downstream of the powerhouse. A channel is
 

excavated to elevation 205 downstream of the bucket to permit lower spillway
 

discharges to return to the river.
 

D. DIVERSION FACILITIES
 

The diversion tunnel is Lcated in the left abutment and is designed for a
 

maximum discharge of 1,625 cubic meters per second. The internal tunnel dia

meter is 9.9 meters using the velocity criteria previously specified. The
 

tunnel has one long radius curve and is about 450 meters long between inlet
 

and outlet portals. The inlet channel is excavated to elevation 205 and the
 

outlet channel to elevation 204. The portion of this tunnel upstream of the
 

dam axis is used later as the power tunnel and a penstock is installed within
 

the tunnel downstream of the axis. Power facilities are discussed in the folow

ing paragraph.
 

E. POWER FACILITIES
 

The power facilities are located in the left abutment and include the inlet
 

channel, intake structure, power tunnel, penstock and manifold. These facilities
 

are designed for a normal maximum discharge of 107 cubic meters per second. The
 

inlet channel is not to be excavated until after the diversion tunnel is no
 
longer required so that there is adequate cover until diversion is complete.
 

The inlet channel will be excavated at that time to elevation 235. The intake
 

structure is circular and free standing. Trashracks are provided all around
 

the entire structure. Closure gates are provided at this location only for
 
use during periods of minimum reservoir level. The intake structure is located
 

above the diversion tunnel so that the portion upstream of the dam axis can be
 

used as a power tunnel. This part of the power tunnel is designed for full
 
internal pressure. However, it may be possible to design the lining for only
 

partial pressure when the properties of the surrounding rock are known. A con
crete elbow at the base of the intake tower turns the water from the vertical
 

to horizontal direction and also serves as a diversion tunnel closure plug.
 

The power tunnel upstream of the axis is 9.9 meters horseshoe diameter and is
 

about 140 meters long.
 

A valve chamber is provided on the dam axis and contains two 3.6 meter diameter
 

butterfly valves for penstock closure, Access to the valve chamber is from the
 

downstream end of the diversion tunnel, A steel penstock 5.5 meters in diameter
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is installed from the valve chamber to the penstock manifold. The first 200 me
ters of the penstock is installed on pedestals in the diversion tunnel. A
 
separate power tunnel, 30 meters long, is provided for the last portion of the
 
penstock. The penstock thickness is controlled by internal pressure.
 

The penstock manifold is located immediately upstream of the powerhouse and
 
provides separate branch penstocks for each of the two units in the powerhouse.
 
It is partially encased in concrete and covered with backfill to form a parking anc
 
service area at elevation 215 upstream of the powerhouse.
 

F. POWERHOUSE 

The powerhouse is located on the left bank of the river a short distance down
stream of the dam. It contains two 25 MW generators directly coupled to reaction
 
type (Francis) turbines. Each unit bay contains a turbine, governor, generator,
 
turbine inlet valve and all required auxiliary electrical and mechanical equip
ment. 
A service and control bay is provided at the right end of the powerhouse.
 
It contains the control room, offices and other facilities required in the plant.
 

The area upst:ream of the powerhouse is backfilled to elevation 215 to form a
 
parking and service area for the plant. One transformer for the two unit is
 
located in this area immediately upstream of the superstructure wall. High
 
voltage lines extend from it to the switchyard which is located about 200 meters
 
away on top of the hill behind the powerhouse. The transformer and switchyard
 
are discussed in Section 7.1.
 

G. ACCESS ROADS
 

The access roads for Paso Real are very short because they branch from the
 
Copalar Project access road which passes near this site and will have been
 
constructed several yea-s before this project is required. Two branch roads
 
are provided from the Copalar Project road; one for access to the powerhouse and
 
the other for access to the dam crest. Both roads have two lanes although
 
later study may show that only one lane is required for the road to the dam crest.
 
The powerhouse access road crosses the outlet channel of the diversion tunnel.
 
This crossing is made on an embankment placed in the diversion tunnel outlet
 
channel although subsequent investigation may show that a bridge is preferable.
 
A single lane service road is provided for access to the switchyard on top of
 
the hill behind the powerhouse. All roads require a sustained grade of 10 per
cent in order to keep the lengths to a minimum. All curves have a relatively
 
long radius. Most of the length of the roads is in side-hill cuts although
 
there are short distances on fill. Drainage culverts and auxiliary structures
 
are provided where required.
 

3.3.3 EL CARMEN PROJECT
 

A. GENERAL
 

This project is required only for the three dam alternative and is located about
 
two kilometers downstream of the confluence of the Rio Quisara with the Rio
 
Grande de Matagalpa. The general project layout is shown on Annex 111-5.
 
Access to the site is by an adcess road which branches from the Copalar access
 
road near the area designated as Comarca de Paiwas. The Copalar Project access
 
road is required several years prior to the construction of this project.
 

This is the best site topographically and geologically of all considered during
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both phases of this investigation. The site is suitable for either a rockfill
 

or concrete dam; however, this investigation uses a rockfill dam for the 
reasons
 

given in Section 3.2.2w The dam creates a relatively small reservoir which can

not appreciably improve regulation of natural river discharge until Paso Real
 

is constructed. The drainage area at the damsite is slightly more than 5,900
 

square kilometers and the average annual runoff is estimated to be more than
 

3,300 million cubic meters. The average discharge is 104.5 cubic meters per
 

second.
 

B. DAM AND DIKE
 

The dam is located in a narrow canyon where the river completely fills the channel
 

section. The normal maximum reservoir level is elevation 205 which backs water
 

up to the Paso Real Project. The maximum surcharged flood water level is at
 

elevation 210.4. The dam crest is at elevation 212 which provides 7.0 meters of
 

freeboard for the normal maximum level and 1.6 meter above the maximum flood
 

level. The small freeboard for the flood level was used because Paso Real will
 
to this
be constructed shortly after this project and will reduce flood inflows 


reservoir thereby ultimately providing additional freeboard. The reservoir
 
the normal maximum reservoir
capacity is approximately 815 million cubic meters at 


level and about 1,000 million cubic meters at maximum flood level. The minimum
 

reservoir level is elevation 182 during the critical 54-month period of the
 

reservoir operation study before Paso Real is constructed. The dam contains a
 

total of approximately 1.2 million cubic meters of all types of embankment
 

material.
 

The upstream cofferdam is part of the main dam and is initially constructed to
 

elevation 175 for the first dry season diversion. The main dam will be
 

constructed to elevation 195 during this period and subsequently serve as the
 

cofferdami. It is possible to construct the entire dam in one dry season except
 

for the time required for mobilization and for embankment placement to reach
 
crest
peak efficiency. The downstream cofferdam is a separate structure with its 


at elevation 163 and will be removed when construction is completed.
 

A low saddle dike is required and is located about 300 meters east of the main
 

This dike is about 15 meters high and about 170 meters long. It has the
dam. 

same cross section as the main dam and contains approximately 50,000 cubic
 

meters of all types of embankment material.
 

C. SPILLWAY
 

near the main dam. It is designed
The spillway is located in the right abutment 


for a maximum discharge of 4,760 cubic meters per second resulting from a peak
 

inflow to the reservoir of 10,250 cubic meters per second. No curves are re

quired for any portion of the spillway alignment.
 

The inlet channel is excavated to elevation 188. The maximum inlet channel
 

velocity is slightly more than three meters per second immediately upstream of
 

the ogee control section when the spillway is discharging its maximum capacity.
 

The ogee crest control section contains four radial gates; eight meters high
 

by twelve meters wide, operated by hoists located on a deck at elevation 212.
 

The spillway crest is at elevation 197. The chute is inclined and is about 150
 

meters long between the crest section and the flip bucket. The flip bucket is
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located at the end of the chute and the discharge lip is at elevation 165
 
approximately. Water is discharged from the flip bucket into the river more
 
than 300 meters downstream of the dam and powerhouse, therefore there is no
 
danger of retrogression damaging those structures. A channel is excavated
 
to elevation 155 downstream of the flip bucket to permit lower spillway dis
charges to return to the river.
 

The low saddle about 300 meters east of the main dam could be used as an emer
gency spillway for the larger floods of infrequent recurrence, thereby reducing
 
the size of the main spillway. This possibility was recognized during this
 
investigation, but was not used because of the small storage capacity of the
 
reservoir. Further consideration should be given to the use of an emergency
 
spillway when more reliable data and topography maps are available.
 

D. DIVERSION FACILITIES
 

The diversion tunnel is located in the right abutment between the dam and spill
way. The tunnel and the downstream discharge channel have a straight alignment,
 
but a curve is required near the upstream end of the inlet channel. The tunnel 
is designed for a maximum discharge of 3,125 cubic meters per second and has an 
internal diameter of 13.5 meters using tht velocity criteria previously specified. 
The tunnel is approximately 360 meters long between inlet and outlet portals. 
The inlet channel is excavated to elevation 156 and the outlet channel to eleva
tion 155.
 

E. POWER FACILITIES
 

The power facilities are located in the left abutment and include the inlet
 
channel, intake structure, power tunnel, penstock and manifold. These facilities
 

are designed for a normal maximum discharge of 208 cubic meters per second. The
 
inlet channel is excavated to elevation 167 as required by minimum reservoir
 
water level.
 

The intake structure is constructed at the upstream portal of the power tunnel. 
It consists of a concret: portal structure, trashracks and tunnel closure gates. 
The gates are operated by hoists located in a hoist structure with the floor 

at elevation 212, the same as the dam crest elevation. Access to the intake 
structure is by means of a short service road from the dam crest and a small 
embankment; however, it may be necessary to provide a small bridge instead of the 
embankment in subsequent investigations. 

The power tunnel is 7.5 meters in diameter and is approximately 180 meters long 
from portal to portal, The portion of the tunnel upstream of the dam axis is 
designed for total internal pressure, but it may be possible to transmit some of 
the pressure to the surrounding rock when their strength and physical properties 
are known. The steel lined portion of the tunnel, downstream of the axis, is 
90 meters long. T11e thickness of the steel lining is controlled by minimum hand
ling thickness and therefore no internal pressure can be transmitted to the 
surrounding concrete or rock. 

The penstock is 7.5 meters in diameter, the same as the power tunnel although it
 
may be possible to reduce the diameter during subsequent studies by allowing for
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the diflerences in the coefficients of roughness of concrete and steel. It is
 

approximately 130 meters long between the downstream tunnel portal and the
 
penstock manifold. The penstock is installed on a concrete pad in a trench
 

which is later backfilled to reduce the effects of temperature variations. The
 

penstock thickness is controlled by minimum handling thickness criteria through
out its entire length between the tunnel portal and the penstock manifold. Two
 
anchor blocks are provided; one 70 meters downstream of the tunnel portal and
 
the other upstream of the powerhouse at the elevation of the centerline of the
 

turbine.
 

The penstock manifold is located immediately upstream of the powerhouse and
 
provides separate branch penstocks for each of the two units in the powerhouse.
 
The branches are partially encased in concrete and later covered with backfill
 
to provide a parking and service area at elevation 163 upstream of the powerhouse.
 

F. POWERHOUSE
 

The powerhouse is located on the left bank of the river downstream of the heel of
 
the main dam. It contains two 35 MW generators directly coupled to reaction
 
type (Francis) turbines. Each unit bay contains a turbine, governor, generator,
 
turbine inlet valve and all required auxiliary electrical and mechanical equip
ment. A service and control bay is located at the left end of the powerhouse.
 
It contains the control room, office and all supporting facilities required in
 
the plant.
 

The area upstream of the powerhouse will be backfill to elevation 163 to form a
 
parking and service area for the plant. One transformer for the two generators
 
is located in this area immediately upstream of the powerhouse. High voltage
 
lines extend from it to the switchyard which is located at elevation 220 on the
 
hillside behind the powerhouse. The transformer and switchyard are described in
 
Section 7.1.
 

G. ACCESS ROADS
 

The access road for thi3 project consists of approximately three kilometers of im
provement of existing roads and 23 kilomters of new road. The new road extends
 
from a point on the Copalar Project access road about three kilometers northwest
 
of the village of Paiwas to the project site. The access road has two branches
 
near the project site. One leads to the service area at elevation 163 behind
 
the powerhouse and the other leads to the crest of the main dam. Access to the
 
intake structure was previously discussed with the power facilities. Access
 
to the spillway and saddle dike is across the dam crest and spillway operating
 
deck. Access to the switchyard is from the road leading to the crest of the dam.
 
All roads near the dam require a sustained grade of 10 percent in order to keep
 
the length to a minimum. All curves are of relatively long radii. The roads are
 
mostly in side-hill cut although short length of embankment will be used to keep
 
roadway lengths to a minimum. Drainage culverts, auxiliary structures and faci
lities are provided where required.
 

3.304 COPALAR PROJECT - LOW DAM 

A. GENERAL
 

This is the first dam that is to be constructed in the three dam alternative and
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is called Copalar Project Low Dam in contrast to the Copalar Project High Dam
 

of the two dam alternative which is described in Section 3.3.5. This is the
 

largest and most important project included in the three dam solution and
 

represents the key to maximum exploitation of the hydroelectric resources of
 

the Rio Grande de Matagalpao Since this is to be the first project constructed,
 

many of the facilities required for it will lower the cost of El Carmen and
 

Paso Real. It is located approximately 300 meters downstream of the confluence
 

of the Cano de Agua with the Rio Grande de Matagalpa. The general project lay

out is shown on Annex 111-6. Access to the site is provided by improving existing
 

roads and constructing a new road. The improvement and construction of these
 

roads will provide easier access to the other dams of the three dam solution.
 

The axis of this dam is slightly upstream of the axis of the high dam because of
 

the dam size, topography and geologic conditions.
 

This s.Lte is suitable for a rockfill dam, although a concrete dam may be feasible
 

when more information is available on foundation and subsurface conditions; how

ever, this investigation considered only a rockfill dam. The dam creates a
 

reservoir that has a reasonably large storage volume. The drainage area at the
 

damsite is slightly more than 7,100 square kilometers and the average annual run

off is estimated to be in excess of 5,000 million cubic meters, or 159.0 cubic
 

meters per second.
 

B. DAM
 

The dam is located as far upstream in the canyon as possible in order to take
 

maximum advantage of topographic configuration and geologic conditions. The
 

selected axis provides the smallest sized dam and best location of related project
 
features. The normal maximum reservoir level is elevation 155 and the maximum
 

surcharged level is elevation 160.3. The dam crest is at elevation 162 which
 
provides 1.7 meters of freeboard above maximum flood level and 7°0 meters of free

board above normal maximum level. The small freeboard above maximum flood level
 
applies only before the regulating effects of El Carmen and Paso Real are included
 
The freeboard will increase when those projects are constructed. The reservoir
 
capacity is approximately 2,500 million cubic meters at the normal maximum reser

voir level and about 3,400 million cubic meters at the maximum flood level. The
 
minimum reservoir level during the critical 54-month period of the reservoir
 
operation study is elevation 122 when operating alone; elevation 126 upon comple

tion of El Carmen and elevation 134 upon completion of Paso Real. The dam
 
contains a total volume of almost 3.7 million cubic meters of all types of em
bankment materials.
 

The upstream cofferdam is part of the main dam and is constructed to elevation
 
103 for diversion of the river discharge during the first dry season of construc
tion. The dam is constructed to elevation 110 during that period and serves as
 
the cofferdam during following construction periods. The downstream cofferdam is
 
a separate structure with the crest at elevation 82. It must be removed l'oz
 

project operation after construction is completed. No saddle dikes are required
 

at this site for a dam constructed to elevation 162.
 

C. SPILLWAY
 

The spillway is located in the left abutment and the cencerline is inclined at
 

about 30 degrees from the axis of the main dam. It is designed for a maximum
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discharge of 3,530 cubic feet per second which results from a peak inflow to
 
the reservoir of 15,300 cubic meters per second. No curves are required for
 
any portion of the spillway alignment.
 

The inlet channel is excavated to elevation 138. The maximum inlet channel
 
velocity will be slightly more than three meters per second immediately up
stream of the ogee control section when the spillway is discharging its maxi
mum capacity. The ogee crest control section contains three radial gates; each
 
eight meters high by twelve meters wide, operated by hoists located on a deck
 
at elevation 162. The chute is inclined and is about 170 meters long between
 
the control section and flip bucket. The flip bucket is located at the end
 
of the chute and the discharge lip is at elevation 105 approximately. Water is
 
discharged from the flip bucket into the river about 300 meters downstream of
 
the dam and powerhouse, therefore, those structures are not endangered by retro
gression. A channel is excavated to elevation 70 downstream of the flip bucket
 
to permit lower discharges to return to the river.
 

D. DIVERSION FACILITIES
 

The diversion tinnel is located in the right abutment. One curve is required
 
in the alignmenL t,!ar the downstream end. The tunnel is 670 meters long and
 
is designed for a maximum discharge of 4,700 cubic meters per second. The in
ternal diameter is 17.0 meters as required by the velocity criteria previously
 
specified. This is a very large size and may be difficult to construct. There
fore a cost comparison was made between this tunnel and two tunnels of equivalent
 
discharge capacity. The diameter of each of the two tunnel solution is 12 meters.
 
The cost comparison indicated that the two tunnels would cost almost 50 percent
 
more than one tunnel. The use of one tunnel for this study was influenced by the
 
duration of the diversion and the severity of the construction flood recurrence
 
interval. The tunnel size needs further study in subsequent stages of investiga
tion.
 

E. POWER FACILITIES
 

The power facilities include the inlet channel, intake structure, power tunnel,
 
penstock and manifold and are located in the left abutment between the dam and
 
the spillway. These facilities are designed for a normal maximum discharge of
 
454 cubic meters per second, The inlet channel is excavated to elevation 104 as
 
required by minimum reservoir level and a limiting channel velocity during all
 
stages of constructing the three dams.
 

The intake structure is constructed at the upstream tunnel portal. It consists
 
of a concrete portal structure, trashracks and tunnel closure gates. The gates
 
are operated by hoists located in a hoist structure which has the floor at
 
elevation 162, the same as the crest of the dam. The left dam abutment is levelled
 
to elevation 162 and access to the hoist structure is directly from this level
 
area.
 

The power tunnel is 11.4 meters in diameter and is approximately 170 meters long
 
from portal to portal. One curve is required in the alignment, although it may
 
be possible to eliminate it during later investigations. A concrete lining is
 
provided from the intake structure to the dam axis and a concrete and steel lining
 
is provided from that location to the downstream portal. The concrete lined portion
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is about 70 meters long and the steel lined portion 100 meters long. The
 

concrete lined portion of the tunnel upstream of the axis is designed for
 

full internal pressure, but it may be possible to transmit some of the
 

pressure to the surrounding rock when their strength and physical properties
 

are known. The thickness of the steel lining in the tunnel downstream of the
 

axis is controlled by minimum handling thickness criteria and therefore no
 

pressure can be transmitted to the surrounding concrete or rock.
 

The penstock is 11.4 meters in diameter; the same as the steel lining in the
 

power tunnel. It may be possible to reduce the penstock diameter during sub

sequent investigations by allowing for the differences in the coefficients
 

of roughness of concrete and steel. It is approximately 170 meters long be

tween the downstream tunnel portal and the penstock manifold. The penstock is
 

installed on a concrete pad in a trench which is later backfilled tu reduce
 

the effects of temperature variations. The penstock thickness is controlled
 

by minimum thickness criteria at the tunnel portal and internal pressure imme

diately upstream of the penstock manifold. Two anchor blocks are provided;
 

the power tunnel portal and the other upstream of the powerhouse at the
one at 

elevation of the centerline of the turbine.
 

The penstock manifold is located immediately upstream of the powerhouse and
 

provides separate branch penstocks for each of the five units in the plant. The
 

branches are partially encased in concrete and later covered with backfill to
 

provide a parking and service area at elevation 83 upstream of the powerhouse.
 

F. POWERHOUSE
 

The powerhouse is located on the left bank of the river downstream of the dam.
 

It contains five 55 MW generators directly coupled to reaction type (Francis)
 

turbines. Each unit bay contains a turbine, governor, generator, turbine in

let valve and all required auxiliary mechanical and electrical equipment. A.
 

service and control bay is located at the right end of the unit bays. It
 

contains the control room, office and all supporting facilities required in
 

the plant.
 

The area upstream of the powerhouse is backfilled to elevation 83 to form a
 

parking and service area for the plant. The transformers are located in this
 

area immediately upstream of the powerhouse. High voltage lines extend from
 

the unit transformers to the switchyard which is located at elevation 180, about
 

300 meters away on the hillside behind the powerhouse. The transformers and
 

switchyard are described in Section 7.1.
 

G. ACCESS ROADS
 

The access roads for this project consist of the improvement of 27 kilometers
 

of existing road z.nd the construction of 66 kilometers of new road, or a total
 

of 93 kilometers of access road. This represents the distance from Boaco to
 

the project site. The access road reaches the project site on the left
 

abutment and follows an alignment across the spillway bridge, dam crest and
 

down the right side of the valley to the powerhouse. Access to the powerhouse
 

directly from the left side is not feasible because of the spillway location.
 

Access to the switchyard is directly from this road. The road near the damsite
 

requires sustained grades of 10 percent, but flatter grades can be used further
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away from the dam. One hairpin curve is required near the powerhouse, but
 
might be eliminated by lengthening the access road. The curve off the dam
 
crest at the right abutment is quite sharp and may have to be changed during
 
later studies. Otherwise, all curves have a minimum radius of 50 meters.
 
The roads near the damsite are mostly side hill cuts; but roads further away
 
may be in cut, fill or a combination of both. Drainage culverts, bridges and
 
auxiliary structures are provided where required.
 

3.3.5 COPALAR PROJECT - HIGH DAM
 

A. GENERAL
 

This project is similar in many respects to the Copalar Project Low Dam. It
 
is by far the most important and has the largest power and energy potential
 
of all projects investigated on the Rio Grande de Matagalpa. It can make sig
nificant contributions to satisfying the power and energy requirements for
 
Nicaragua for many years. Although this is the most economical of all projects
 
considered; it, unfortunately, cannot be adopted until the uncertainty regarding
 
topography discussed in Section 3.1.1 is resolved.
 

This project is located at the same general location as the Copalar Project
 
Low Dam except that the axis is slightly further downstream because of the
 
larger size of dam required. This project is part of the two dam solution
 
which require only it and the Paso Real Project to completely develop the
 
entire available head. The general proyect layout is shown on Annex 111-7 and
 
Annex 111-8. Access to the site is generally the same as that for the low
 
dam except for one short length where the alignment must be changed slightly.
 

This site is suitable for a rockfill dam, although a concrete dam may also be
 
feasible when more data is available regarding foundation and subsurface con
dition. This is a relatively high dam and only a rockfill structure has been
 
considered during this investigation. The dam creates a large reservoir for
 
storage of the runoff. The drainage area at the damsite is slightly more than
 
7,100 square kilometers and the average annual runoff is estimated to be in
 
excess of 5,000 million cubic meters, or 159.0 cubic meters per second. These
 
last three values are the same as the corresponding values for the Copalar
 
Low Dam.
 

B. DAM AND DIKES
 

The dam is located as far upstream as possible in the canyon consistent with
 
the size required. The normal maximum reservoir level is elevation 205 which
 
backs water up to the heel of the Paso Real Dam. The maximum surcharged flood
 
level is elevation 207.4. The dam crest is at elevation 210 and provides
 
2.6 meters of freeboard above maximum flood level and 5.0 meters above normal
 
maximum reservoir level. The flood level freeboard applies only until Paso Real
 
is constructed at which time it will increase as a result of the reservoir
 
storage capacity at the upstream project. The reservoir capacity is approxima
tely 15,500 million cubic meters at normal maximum reservoir level and in
 
exce:3s of 16,500 million at the flood surcharged level. The minimum reservoir
 
level is at elevation 173 during the critical 54-month period of the reservoir
 
operation study when this project is operating alone and elevation 175 after
 
Paso Real is constructed. The dam contains a total volume of almost 11 million
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cubic meters of all types of embankment material.
 

The upstream cofferdam is part of the main dam and will be constructed to
 
elevation 111 which is high enough for diversion until the dam can be
 
constructed to a higher level. The downstream cofferdam is a separate
 
structure with the crest at elevation'82 and will be removed for project
 
operation after construction is completed.
 

Four saddle dikes are required for a reservoir water level of elevation
 
205. According to the ZO-meter contour maps, there is one area below
 
elevation 180, one below 200 and two below elevation 220 that require dikes.
 
The saddle area below elevation 180 is located about 29 kilometers general
ly south of the main dam near La Olosica and Cano La Vacao Access to this
 
saddle dike is by a new single lane road between it and the main dam. The
 
saddle area below elevation 200 is located on the left bank of the reser
voir near Cerro El Trompillo and the headwaters of Rio Malacaguas, approx
imately 18 kilometers generally west of the main dam. Access to this sad
dle dike is by five kilometers of new single lane access road that branches
 
from the main project access road near a location called El Toro. One of
 
the saddle areas below elevation 220 is located on the left bank of the
 
reservoir and adjoins the hill f'rming the left abutment of the main dam.
 
No access road is required for this dike. The second area below elevation
 
220 that requires a saddle dike is located about four kilometers south of
 
the main dam in a low ridge between Quebrada El Guarumo and Quebrada El
 
Cacao. Access to this site is by the same road that connects the dam with
 
the saddle area below elevation 180 near La Olosica.
 

C. SPILLWAY
 

The spillway is located in the left abutment and has the centerline rotated
 
at about 35 degrees from the dam axis. It is designed for a maximum dis
charge of 2,440 cubic meters per second which results from a peak inflow to
 
the reservoir of 15,300 cubic meters per second. No curves are required for
 
any part of the spillway alignment.
 

The inlet channel is excavated to elevation 188 and the maximum inlet chan
nel velocity is slightly less than two meters per second immediately up
stream of the ogee control section when the spillway is discharging its
 
maximum capacity. The ogee control section contains three radial gates;
 
each eight meters high by twelve meters wide, operated by hoists located on
 
a deck at elevation 210. The chute is inclined and is about 410 meters
 
long between the control section and the flip bucket. The flip bucket is
 
located at the end of the chute and the discharge lip is at elevation 85
 
approximately. Water is discharged from the flip bucket into the river
 
about 300 meters downstream of the dam and powerhouse, therefore those
 
structures are not endangered by retrogression. A channel is excavated to
 
elevation 70 downstream of the flip bucket to permit lower discharges to
 
return to the river.
 

An alternate location for a spillway in the right abutment was considered
 
because it appears to be more economical than a location in the left abut
ment. The alternate location was not used because the area was not geolog
ically investigated for this purpose. However, this location must be con
sidered in subsequent investigations and a cost comparison made between the
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two locations.
 

One of the four saddle dikes required for this project could be used as an
 
emergency spillway thereby reducing the capacity of the main spillway.

This possibility was recognized, but was not used due to the uncertainty

of the topography in the area and geological requirements related to the
 
use of such a facility. However, the use of an emergency spillway should
 
be included in subsequent investigations.
 

D. DIVERSION FACILITIES
 

The diversion tunnel is located in the right abutment and has a straight

alignment for its entire length. The tunnel is 750 meters long and is de
signed for a maximum discharge of 4,700 cubic meters per second which re
quires an internal tunnel diameter of 17.0 meters using the velocity cri
teria previously specified. The same size and construction conditions
 
discussed in Section 3.3.4. D for the Copalar Project Low Dam apply to
 
this tunnel.
 

E. POWER FACILITIES
 

The power facilities are located in the left abutment between the dam and
 
the spillway and include the inlet channel, intake structure, power tunnel,
 
penstock and manifold. These facilities are designed for a normal maximum
 
discharge of 308 cubic meters per second. 
The inlet channel is excavated
 
to elevation 188 as required by minimum reservoir level and a limiting
 
channel velocity during all stages of constructing the two dams.
 

The intake structure is constructed at the upstream tunnel portal. It
 
consists of a concrete portal structure, trashracks and tunnel closure
 
gates. The gates are operated by hoists located in a hoist structure
 
which has the floor at elevation 210, the same as the crest of the dam.
 
The left dam abutment is levelled to elevation 210 and access to the hoist
 
structure is directly from this level area.
 

The power tunnel is 9.5 meters in diameter and is approximately 220 meters
 
long from portal to portal. One long radius curve is required in the power

tunnel, although it may be possible to eliminate it during later investiga
tions. A concrete lining is provided from the intake structure to the dam
 
axis and a concrete and steel lining is provided from that location to the
 
downstream portal. The concrete lined portion of the tunnel is about 30
 
meters long and the steel lined portion about 190 meters long. The concrete
 
lined portion of the tunnel upstream of the axis is designed for full in
ternal pressure, but it may be possible to transmit some of the pressure to
 
the surrounding rock when their strength and physical properties are known.
 
The thickness of the steel lining in the tunnel downstream of the axis is
 
controlled by minimum handling thickness criteria and therefore no pressure
 
can be transmitted to the surrounding concrete or rock.
 

The penstock is 9.5 meters in diameter; the same as the steel lining in the
 
power tunnel. It m be possible to reduce the penstock diameter during

subsequent investigat'ons by allowing for the differences in the coeffi
cients of roughness c concrete and steel. It is approximately 280 meters
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long between the downstream tunnel portal and the penstock manifold. The
 
penstock is installed oLi a concrete pad in a trench which is later back
filled to reduce the effects of temperature variations. The penstock
 
thickness is controlled by minimum handling thickness criteria for the 60
 
meter horizontal portion between the tunnel portal and the first vertical
 
bend and by internal pressure from that point to the penstock manifold.
 
Three ancho. blocks are provided; one about 60 meters downstream of the
 
power tunnel portal, a second about half-way down the slope and a third
 
upstream of the powerhouse at the elevation of the centerline of the
 
turbine.
 

The penstock manifold is located immediately upstream of the powerhouse
 
and provides separate branch penstocks for each of the six units in the
 
plant. The branches are partially encased in concrete and later covered
 
with backfill to provide a parking and service area at elevation 83 up
stream of the powerhouse.
 

F. POWERHOUSE
 

The powerhouse is located on the left bank of the river downstream of the
 
main dam. It contains six 55 MW generators directly coupled to reaction
 
type (Francis) turbines. Each unit bay contains a turbine, governor,
 
generator, turbine inlet valve and all required auxiliary mechanical and
 
electrical equipment. A service and control bay is located at the right
 
end of the unit bays. It contains the control room, office and all sup
porting facilities required in the plant.
 

The area upstream of tI'e powerhouse is backfilled to elevation 83 to form
 
a parking and service area for the plant. The transformers are located in
 
this area immediately upstream of the powerhouse. High voltage lines ex
tend from the transformers to the switchyard which is located at elevation
 
182, about 300 meters away on the hillside behind the powerhouse. The
 
transformers and switchyard are described in Section 7.1.
 

G. ACCESS ROADS
 

The access roads for this project consist of the improvement of 23 kilometers
 
of existing road and the construction of 113 kilometers of new road. This
 
is the distance from Boaco to the project site plus the access roads re
quired for three saddle dikes. The access road reaches the project site on
 
the left abutment and follows an alignment across the spillway bridge, dam
 
crest and down the right side of the valley to the powerhouse. Access to
 
the powerhouse directly from the left side is not feasible because of the
 
spillway location. Access to the switchyard is directly from this road.
 
The road near the damsite requires sustained grades of 10 percent, but
 
flatter grades can be used further away from the dam. The curve off the
 
dam crest at the right abutment is quite sharp and may have to be changed
 
during later studies. Otherwise, all curves have a minimum radius of 50
 
meters. The roads near the damsite are mostly side hill cuts; but roads
 
further away may be in cut, fill or a combination of both. Drainage cul
verts, bridges and auxiliary structures are provided where required.
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Access 
to the saddle dikes located four and 29 kilometers south of the
 
main dam is provided by a single lane gravelled road. Its alignment is
 
in a south direction and crosses 
the crest of the first saddle dike lo
cated near Quebrada El Guarumo and Quebrada El Cacao. It continues south
 
from that location around the backwater of the reservoir in Rio La Toboba
 
near a location called San Antonio. 
 The road turns at that location and
 
follows a general west alignment to the saddle dike 
near La Olosica and
 
Cano La Vaca. Although this dike is only 29 kilometers from the main dam;

the access road to it is approximately 37 kilometer long because of the
 
backwaters of the reservoir.
 

Access to 
the saddle dike located 18 kilometers east of the main dam near
 
Cerro El Trompillo is provided by a single lane gravelled surface road.
 
This road branches from the Copalar Project access road 
near a location
 
called El Toro and follows 
a south alignment for about five kilometers to
 
the dike location. 
 This saddle dike is not otherwise connected to the
 
main dam.
 

3.3.6 LAGUNA DE APOYO PUMPED-STORAGE PROJECT
 

A. GENERAL
 

This project was only slightly revised during Phase II and much of the

following text is the same as contained in the Phase I Report. 
 It is lo
cated approximately 35 kilometers southeast of Managua. 
The purpose of
 
this project is to provide peaking capacity and energy by pumping water
 
from an existing volcanic lake and storing it in an 
upper level reservoir
 
during the low demand hours and generating power by dropping the water
 
back into the lake during the peak demand hours.
 

The lower reservoir for the project is Laguna de Apoyo. 
 This area is one
 
of scenic beauty around Managua and is a tourist attraction. The region

has high seismic activity and the temperature of the water in 
the lake
 
has sometimes been observed to fluctuate which could be an indication of
 
dormant volcanic activity. The water level in 
the lake varies by as much
 
as 1.5 meters. 
 The inside crater wall is covered with talus and has lush
 
vegetation.
 

The project is located on 
the west side of the lake where the rim is the

highest in order to provide the maximum possible head for power generation,

The surface and underground alternatives for the pumping-generating plant

used during Phase I have been only slightly revisec for this phase of the
 
investigation. 
The general project layouts for these alternatives are
 
shown on Annex 111-9 and Annex 111-10 respectively.
 

B. UPPER RESERVOIR
 

Two possible upper reservoir locations were considered. One is about 500
 
meters north of the village of Catarina and the other is about 500 meters
 
further north. The site nearer to Catarina was selected for further study

because it requires less embankment than the site further away for all
 
levels of energy storage. However, it must be recognized that the other
 
storage reservoir could be combined with the site selected 
to gain more
 
energy storage capacity if a low cost source 
of pumping energy becomes
 

111-20
 



available. The relationship between energy required for pumping and that
 
available for power generation is shown on 
the project layout drawings.

The following discussion applies to the selected reservoir site.
 

The upper reservoir is the same for the surface pumping-generating station
 
as it is for the underground installation. A small dike with a crest at
 
elevation 553 is built across the valley utilizing materials obtained from
 
within the reservoir. The dike will have an inside slope of 1.8:1 ( hor
izontal to vertical) and the outside slope of 3:1 (horizontal to vertical).

The drainage area of the basin is very small; 
 therefore, neither sediment
 
storage volume nor 
spillway is required. Preliminary investigations in
dicate that the reservoir is underlain by tuff below which there is 
a
 
pervious layer of pumice which could be very thick. 
The geologic formation
 
requires that a lining be provided for the reservoir. The maximum water
 
level in this reservoir is elevation 550 and the minimum level is elevation
 
530.
 

C. SURFACE PLANT 

A gated intake tower with trashracks is provided at the lowest elevation
 
of the upper reservoir. A bridge provides access from the top of the dike
 
to the intake tower. 
A concrete lined tunnel, approximately 650 meters
 
long, connects the intake tower to 
a steel penstock, approximately 900
 
meters long, which slopes down the inside of the crater to 
the pumping and
 
generating station located at the side of the lake. 
The penstock is placed

in a trench, which will be excavated to 
sound rock, It will be anchored
 
to 
the rock and the trench will subsequently be backfilled with excavated
 
material to reduce the effects of temperature variations.
 

This station is planned for a maximum generating capacity of 200 MW and
 
will ultimately contain four 50 MW units and 
an erection bay, Provisions
 
will be made for a staged development of the project, starting with one
 
unit. One penstock will serve two units and a bifurcation of the penstock

will be provided upstream of the station. 
 The average gross head developed
 
at this site is about 460 meters, A reversible pump turbine for this head
 
requires deep submergence and will increase construction costs of the power
house. 
 Therefore, an impulse type turbine (Pelton) and a multistage pump

will be provided. Each unit will have a motor-generator and a three phase

transformer. The switchyard is located 
near the station from which high
 
voltage transmission lines extend to 
the load center.
 

D. UNDERGROUND PLANT
 

This station will also be planned for a maximum generating capacity of 200
 
MW, with four 50 MW unit bays and an erection bay. The layout will be
 
arranged so that the station can be developed in stages with an initial
 
installation of one unit.
 

The intake structure is the same for the underground plant as it is for the
 
surface plant. A concrete lined tunnel extends horizontally from the intake
 
structure for about 300 meters where a 45 degree slope begins and extends
 
to the elevation of the centerline of the turbine. A construction adit,

about 270 meters long, extends horizontally from the elbow to the natural
 
ground surface. 
The inclined portion of the tunnel is approximately 650
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meters long. The tunnel bends to the horizontal direction about 250 meters
 
upstream of the sphere valve chamber which is about 50 meters upstream of
 
the plant.
 

An access tunnel, approximately 450 meters long, is provided from the service
 
and control bay to the natural ground surface near the shore of the lake.
 
This tunnel is sized to provide space for the required ventilation facilities
 
and sulphur hexafluoride (SF6 ) bus between the transformers in the plant and
 
the switchyard near the tunnel portal.
 

A concrete lined turbine discharge tunnel extends for approximately 500
 
meters from the plant to the lake. 
 A surge chamber is provided downstream
 
of the plant to prevent undesireable pressure rise. Flap gates are pro
vided at the end of this tunnel to prevent accidental flooding of the plant

during periods when the plant is not in operation. A reversible pump
turbine will be used for this installation because adequate submergence can
 
easily be obtained and the costs are lower than for a separate pump and
 
turbine.
 

E. CONCLUSIONS REGARDING PROJECT
 

The Laguna de Apoyo Project offers good prospects as a source of peak power
 
generation, howerer, construction presents many problems that require study.
 
These include the geology of the site, seismic and volcanic activity in the
 
area, environmentai considerations and recreational aspects of the lake,
 
In addition, it is not needed to satisfy energy requirements during the
 
study decade, The first two reasons are the most serious and must be thor
oughly investigated before construction is started. A search should be
 
made for a more suitable site. Therefore, the project was eliminated from
 
any further consideration during this investigation.
 

3.4 RIVER BASIN DEVELOPMENTS
 

The individual projects on the Rio Grande de Matagalpa were combined into
 
two river basin developments for use in the evaluation of the total elec
trical system. These developments include the two dam alternative and the
 
three dam alternative previously mentioned in this report. These two
 
alternatives were studied in more depth during this phase of the investi
gation than in the earlier phase.
 

The two dam alternative produces more energy than the three dam alternative;
 
however it requires a larger immediate and total capital investment than the
 
three dam alternative. It was recognized that the smaller and lower invest
ment schedule for the three dam alternative could make it more economical
 
than the two dam alternative. The results of the economic analyses of these
 
alternatives was made by including them as a part of the total system required
 
to satisfy future power and energy requirements and are discussed in other
 
portions of this report.
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3,5 ACCESS ROADS
 

The access roads for projects on the Rio Grande de Matagalpa recognized
 
that the Copalar Project would be constructed first for either river basin
 
development alternative and that project construction would proceed from
 
downstream to upstream. This requires that most or lli_ project roads be 
constructed at the same time as the Copalar Project. The road alignment
 
was coordinated with the transmission line route to permit the best and 
lowest combined cost of the two facilities. Transmission line routing is
 
discussed in Section 7.1. The access road alignment and transmission route
 
is shown on Annex 111-11 and Annex 111-12 respectively for the two and 
three dam alternatives. 

The existing roads near the project area beyond Boaco are in very poor con
dition. Therefore, it was assumed that access roads would have to be con
structed from there to each of the project sites, The existing road net
work beyond Boaco was used as much as possible in order to improve the
 
transportation facilities in the most heavily populated areas in the
 
vicinity. 

Two general alignments were considered for access to the Copalar Project;
 
both originating at Boaco. One followed the existing road network on the
 
south side of the reservoirs and continued around the reservoirs to the
 
Copalar Project. The second started at Boaco and went to the Paso Real
 
damsite and around the north side of the reservoirs. The route around the
 
north side of the reservoirs resulted in the shortest total length and
 
was also more suitable for the transmission lines. The adopted alignments
 
are almost the same for the two dam and three dam alternatives. The trans
mission line routes are included on the annexes to show their locations
 
with respect to the roads. Locating the transmission line and access roads
 
close together should materially reduce the operation and maintenance costs
 
of the transmission lines. 

The access road from lBoaco to the Copalar site for the two dam and three
 
dam alternatives pass through the same controlling location. Therefore,
 
the following description is applicable to both alternatives. The Copalar
 
Project access road originates at Boaco and follows a northeast alignment
 
through, or near, El Paraiso, Las Pampas, Santa Rosa and Santa Rita before
 
reaching the Paso Real site where a permanent bridge is provided downstream
 
of the Paso Real Dam. The road continues in a general northeast direction
 
after it crosses the Paso Real Bridge and passes through, or near, La Con
cepcion, El Delirio, La Salvadorita, El Palomar and Rio Blanco. The align
ment turns and follows a general east direction from Rio Blanco through, or
 
near, El Aparejo, La Esperanza and beyond Cano de Agua where it turns south
 
for a few kilomieters to finally arrive at the Copalar site. 

The only difference in the alignment for the Copalar access road for the two
 
dam and three dam alternatives is where the road crosses Rio Paiwas between El 
Delirio and La Salvadorita. The road for the two dam alternative must go
 
around the backwater of the Copalar High Dam in Rio Paiwas; whereas, this 
is not necessary for the three dam solution. 

Access to Paso Real damsite is from the Paso Real Bridge on the Copalar
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Project access road. This access is the same for the 
two and three dam
 
alternatives. 
 Only a very minor amount of access road is required for
 
the Paso Real Project.
 

An access road for the El Carmen Project is needed only for the three dam
 
alternative. This road branches from the Copalar Project access road 
near
 
a location known as Holanda between El Delirio and La Salvadorita and near
 
Rio Paiwas. This general area is where the difference occurs in the align
ment of the Copalar Project access road for the 
two dam and three dam
 
alternatives.
 

The roads for access to the saddle dikes required for the Copalar High Dam
 

are discussed in Section 3.3.5.G.
 

3.6 RESERVOIR OPERATION STUDIES 

3.6.1 GENERAL
 

Reservoir operation studies were performed for the Phase II investigation

using revised, additional and updated data. The procedures used are gener
ally the same as 
those for Phase I and are discussed in the following para
graphs which are the same in many respects as those in the earlier report.

The reservoir operation studies were conducted on a monthly basis for indi
vidual project sites and the 
two river basin development alternatives. The
 
computer program, HEC-3, Reservoir System Analysis developed by the U.S.
 
Army Corps of Engineers was used. 
 This program requires the assumption of
 
the installed capacity at each plant as 
part of the input data and computes

the average monthly power using the available discharge and the resulting
 
head for the month.
 

3.6.2° OPERATION PERIOD AND INFLOW DATA
 

A 50-year period was used for all reservoir operation studies. A representa
tive stream gaging station was selected for each project site and a critical
 
set of 50-year flows at 
that station was used. The selection of the critical
 
set of flows was based on 20 generated sequences of 50 years; each contain
ing the most critical 54-month average. 
 Data related to the critical flow
 
sequence 
are contained in Chapter I, Hydrology and Meteorology.
 

3.6.3 RESERVOIR INFLOW
 

The reservoir inflow was represented by the flows at a gaging station lo
cated at or near the project site for the reservoir operation studies of
 
a single reservoir, 
For operation studies of multiple reservoirs, the
 
inflow to the downstream reservoir was computed as the regulated discharge

of the upstream reservoir plus the local inflow between the 
two reservoirs.
 
Local inflow was the difference between the flow at the downstream and
 
upstream sites.
 

3.6.4 RESERVOIR EVAPORATION
 

The net monthly evaporation rates at reservoir sites shown in Table 1.14
 
of Chapter I, Hydrology and Meteorology, were used in reservoir operation
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runs. The procedure used in computing net evaporation is contained in
 

Section 1.4.5 of Chapter I of this report.
 

3.6.5 RESERVOIR AREA-CAPACITY CURVES
 

Area-Capacity curves were required as input for the reservoir operation
 
studies. A table of reservoir water surface elevations, corresponding
 
surface areas and storage capacities were entered for each reservoir.
 
The reservoir area-capacity curves for each site are shown on the project
 
layout drawings.
 

3.6.6 NORMAL RESERVOIR WATER SURFACE ELEVATIONS
 

The normal maximum and normal minimum reservoir water surface elevations
 
were entered on each operation run and the allowable drawdown and live
 
storage volumes were computed. The reservoir was assumed to be at normal
 
maximum reservoir water surface elevation at the first of the month for
 
all operation studies. No surcharge was allowed and reservoir spills
 
occurred when the water surface was above the normal maximum level.
 

3.6.7 TAILWATER ELEVATION AND HEAD LOSSES
 

Constant tailwater elevations were assumed at the project sites and the
 
average tailwater condition was used. Head losses were estimated for
 
average conditions as a percentage of the total gross head and the same
 
losses were used for all discharges.
 

3.6.8 POWER PLANT
 

The selected installed capacity was entered into the program. An overload
 
of the unit up to 15 percent of rated capacity was allowed for computing
 
peak capacity during the month. Net head was computed as reservoir water
 
surface elevations minus tailwater elevation and head losses. An average
 
overall power plant efficiency of 0.83 was assumed. The power generated
 
was computed as a function of discharge, net head and efficiency. Firm
 
capacity was computed by the program as the capacity derived from the
 
combination of minimum reservoir water surface elevation and discharge.
 
The program computed the average monthly power generation for each month
 
of the 50-year period. 

3.6.9 INSTALLED CAPACITY
 

The installed capacity for the computer analyses were assumed large enough
 
that the peak output of the plant was unrestricted. They were 1,000 MW for
 
Copalar High Dam, 600 MW for Copalar Low Dam and 200 MW for El Carmen and
 
Paso Real. These capacities were not proposed as those that should be in
stalled; but, rather represented the upper limit that could be considered
 
in making the computer run. These capacities for input data to the computer
 
runs are much higher than those ultimately adopted. The output of the
 
computer analyses are shown in Table III.1.
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TABLE III.1 

RESERVOTR OPERATION STUDIES 
SUFDARY OF RESULTS OF COM TER AALYSES 

ALTERNATIVE 
AND 

PROJECT 

INSTALLED 
CAPACITY 

M 

I N F L O W 
STATION 50-YEAR 
b.XEER HONTHLY 

m 3 
/sec. 

POWR GENERATED 
1007. CAPACITY FACTOR 
FIR 50-YEAR 

Iv ARAGE 

RESERVOIR 
YMANX 

ELVATION PWuIX-
m m 

3
xiO ° 

DATA 
x;I'.NIMI 

ELEVATION V5EUK 
m m 

3
xl06 

TAIINATER 
ELEVArIM 

m 
K4 

TWO DAM ALTERNATIVE 

Copalar 1,000 18 159.0 158.0 165.1 205.0 15,500 173.2 5,470 70 

Copalar + Paso Real 
Copalar 
Paso Real 
TOTAL 

1.000 
200 

1,200 

18 
13 

159.0 
48.2 

159.8 
21.0 

130.8 

163.9 
23.9 

187.8 

205.0 
271.0 

15,500 
3,050 

175.2 
240.4 

5.910 
230 

70 
205 

THREE DAM ALTERNATIVE 

Copalar 600 18 159.0 69.6 104.2 155.0 2,500 121.8 420 70 

Copalar + El Carmen 

Copalar 
El Carmen 

TOTAL 

600 
200 

80O 

18 
9 

159.0 
104.5 

72.0 
16.8 

88.8 

104.8 
40.6 

145.4 

155.0 
205.0 

2,500 
320 

126.4 
181.9 

528 
150 

70 
155 

Copalar + El Carmen + Paso Real 
Copalar 
El Carmen 
Paso Real 

TOTAL 

600 
200 
200 

1,000 

18 
9-

13 

159.0 
104.5 
48.2 

82.4 
28.2 
21.0 

131.6 

104.4 
39.3 
23.9 

167.6 

155.0 
205.0 
271.0 

2,500 
820 

3,050 

133.6 
184.8 
240.4 

760 
190 
230 

70 
155 
205 



3.7 POWER GENERATION
 

The average monthly power generation was calculated from the results of the 
computer output of the reservoir operation studies. The average monthly 
power generated for each month of the 50-year period was computed, but 
limited the capacity to 330 M for Copalar High Dam, 184 MW for Copalar 
Low Dam, 70 MW for El Carmen and 50 MW for Paso Real. The monthly averages 
are shown in Table 111.2 for the two and three dam alternatives. These 
values were converted from 12-one month intervals to 13-four week periods 
for the use in system planning. The converted values are shown in Table D. 6 
and Table D. 7 for the two dam and three dam alternatives respectively and 
are discussed in Section 8.1.1.B. A river profile is schematically shown 
on Annex 111-13 which includes the installed capacity, firm capacity and 
annual energy generation for an average year after the projects are in full 
operation. 

The Copalar High Dam requires three years for construction and also three
 
years of average annual runoff to fill the reservoir. In order to reduce
 
the time between completion of the dam a-nd the first power generation,
 
reservoir filling will coimmence at the bcinning of a wet season before the
 
dam is entirely completed in the following dry season. This procedure can
 
be used in this case because the reservoir ve!ume is so large that there is
 
no danger of overtopping the partially compleLwd dam even if runoff during
 
the year is abnormally high. Reservoir filling will continue through the
 
wet season following completion of dam construction and the reservoir will
 
be approximately two-thirds full at that time and power generation can
 
begin, but at reduced output. Therefore, a study was made to determine
 
the reduced average capacity at which the plant could be operated and still
 
permit the reservoir to reach its normal maximum level within a reasonable
 
period of Lime. This study was made by testing the effects on the reservoir
 
if a constant average capacity were generated throughout the year. The
 
study used the average monthly discharges estimated for the Phase I inves
tigation and assumed tailwater elevations. The corresponding discharges
 
for the Phase II study were received later, but did not vary enough from
 
those used in studying reduced capacities to warrant revision of the pre
viously completed work. The difference in discharges occurs mostly in the
 
distribution throughout the months of the year and the annual average dis
charge varies by 1ess than one percent. The effects on reservoir filling
 
was examined for 60, 75, 90, 100 and 140 megawatts constant power generation.
 
The study resulted in the selection of 60 MW capacity for the first year
 
of operation and 90 MW capacity for the second year, at which time the re
servoir will reach its normal maximum level and full power generation can
 
begii. This utudy used a constant power generation throughout the year,
 
but it could have been varied for each month of the year and not affect 
the final outcome of the study. However, variations of the average capa
cities during this period were made for production costing and system plan
ning as shown in Table D.6 and Table D.7. 

The reservoir of the Copalar Low Dam will fill in one wet season and can
 
produce full capacity as soon as it is placed in operation. However, a
 
perioa of decreased power generation will occur at the downstream sites
 
during the reservoir filling periods at El Carmen and Paso Real. This is
 
not so critical for these dams as it is for Copalar High Dam. The El Carmen
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TABLE 111. 2
 

AVERAGE MONTHLY POWER GENERATION*
 

/ 

TWO DAM ALTERNATIVE J F M 
POWER GENERATION 1007. CAPACITY FACTOR 

A M J 
- MW 

J A S 0 N D AVERAGEe* 

Copalar - 330 MW 158.1 158.1 158.1 158.1 158.1 158.1 158.1 160.5 172.9 187.7 162.1 158.1 
FOR YEAR 

162.3 

Copalar + Paso Real 

Copalar -
Paso Real -
TOTAL 

330 MW 
50 MW 
380 MW 

158.9 
21.0 

179.9 

158.9 
21.0 

179.9 

158.9 
21.0 

179.9 

158.9 
21.0 

179. 

158.9 
21.0 

179.9 

158.9 
21.0 

179.9 

158.9 
21.0 

179.9 

160.1 
22.9 

183.0 

169.4 
26.2 

195.6 

177.0 
30.7 

207.7 

163.2 
21.9 

185.1 

158.9 
21.0 

179.9 

161.7 
22.5 

184.2 

THREE DAM ALTERNATIVE 

Copalar - 275 MW 71.7 69.6 69.6 69.6 69.6 69.6 72.2 115.3 149.0 158.1 101.0 70.5 90.5 

Copalar + El Carmen 

Copalar -
El Carmen -
TOTAL 

275 mw 
70 MW 

345 MW 

73.7 
20.2 
93.9 

72.0 
16.8 
88.8 

72.0 
16.8 
88.8 

72.0 
16.8 
88.8 

72.0 
16.8 
88.8 

72.0 
16.8 
88.8 

73.6 
41.9 
115.5 

ill 7 
62.4 

174.1 

148.1 
63.7 

211.8 

156.9 
64.9 

221.8 

100.8 
38.7 

139.5 

72.6 
20.9 
93.5 

91.4 
33.1 

124.5 

Copalar + El Carmen + Paso Real 

Copalar -
El Carmen 
Paso Real 
TOTAL 

275 MW 
70 MW 
50 MW 

395 MW 

84.3 
30.3 
21.0 

135.6 

82.4 
28.2 
21.0 

131.6 

82.4 
28.2 
21.0 

131.6 

82.4 
28.2 
21.0 
131.6 

82.4 
28.2 
21.0 

131.6 

82.4 
29.0 
21.0 

132.4 

84.9 
35.0 
21.0 

140.9 

105.9 
47.2 
22.9 

176.0 

141.1 
57.5 
26.2 

224.8 

153.8 
58.0 
30.7 

242.5 

102.2 
39.4 
21.9 

163.5 

82.5 
29.3 
21.1 

132.9 

97.2 
36.5 
22.5 
156.2 

** Lower than 50-year average values in Table III.1 because of lower installed capacities. 

* Power generation for average year after reaching full development. 



reservoir will fill in only a few months of average runoff during one wet
 
season and the Paso Real reservoir will fill in two wet seasons. Consider
ation can be given tc partially filling the Paso Real reservoir during the
 
wet season before it is completed similar to the procedure used for the
 
Copalar High Dam. Additional studies of the effects of reservoir filling
 
at upstream sites on power generation at downstream sites should be made
 
during the feasibility study of each project.
 

3.8 FLOOD ROUTING STUDIES 

Flood routing studies were performed using inflows to the reservoir con
tained in Table 1.15 of Chapter I, Hydrology and Meteorology. The studies
 
were made assuming that the reservoir was at its normal maximum level when
 
the flood occurred. The proposed construction begins with the Copalar
 
Project and proceeds upstream to the Paso Real Project. Each dam, therefore,
 
is subjected to the full natural inflow until the next upstream dam is 
constructed. The flood routing studies were made in conformity with this 
construction sequence. A sumnmary of thi flood routing study is contained 
in Table 111.3. The maximum surcharged iservoir vater surface elevations 
shown in that table will be reduced for upalar and El Carmen when all 
projects are completed, but the Paso Real leerel will not change. The 
studies did not utilize fuse plug spillways t: reduce the size of the 
service spillway, but this possibility must be investigated in future 
studies. 

3.9 PRELIMINARY COST ESTIMATES 

3.9.1. GENERAL 

This section contains the results of preliminary cost estimates for the 
projects investigated on the Rio Grande de Matagalpa during this phase of 
the study. The factors affecting these costs; such as accessibility of 
the damsites, terrain, duration of the dry seaon, availability of local
 
skilled and unskilled labor, local materials and the import of foreign
 
technical personnel, material, equipment and supplies have been given full
 
considerations in determining these costs. No estimate was prepared for
 
the Laguna de Apoyo Project because it was eliminated from consideration
 
for the reasons given in Section 3.3.6.E. The cost estimate for that
 
project contained in the Phase I Report is sufficiently accurate that it
 
can be used until the additiunal technical investigations for it have
 
been made on which to base a more accurate estimate.
 

3.9.2 QUANTITY ESTIMATES
 

Quantity estimates were prepared for the principal features of each of the 
four projects investigated. These estimates were prepared from the revised 
project layout drawings which differ from the earlier lIyouts in many cases. 
lie layouts are contained in. the annexes at the end of tois chapter. They 

are prefeasibility standard and were made from topography prepared by the 
Instituto Geografico Nacional (IGN) at a scale of 1:50,000. All major 
quantities were estimated in detail and were subsequently subdivided into 
component parts using standard and accepted methods. This subdivision 
utilized curves, ratios and percentages derived from recently completed 

111-29
 



TABLA 111.3
 

ESTUDIOS DE RASTREO DE CRECIDA
 
DATOS DE CAUDAL DE CRECIDA
 

PROYECTO AFLUENTE MAXIMO CAUDAL MAXIMO 

HORA 
AFLUENTE 
AL EMBALSE 

CAUDAL DEL 
VERTEDERO 

ELEVACION 
DEL EMBALSE 

NUMERO DEL 
INTERVALO 

AFLUENTE 
AL 

CAUDAL 
DEL 

ELEVACION 
DEL EMBALSE 

DE TIEMPO EMBALSE VERTEDERO 

m3 s m3s3m m3 /S m 
COPALAR-ALTA 
COPALAR-BAJA 
EL CARMEN 
PASO REAL 

24 
24 
16.5 
11 

15,300 
15,300 
10,250 
6,200 

2,000 
2,570 
4,250 
1,210 

206.3 
158.2 
209.5 
271.6 

17 
16 
8 

12 

2,490 
3,900 
5,270 
1,450 

2,440 
3,530 
4,760 
1,300 

207.4 
160.3 
210.4 
272.0 

Al comienzo del nfimero del Invertalo de Tiempo 

TABLE 111.3 

FLOOD ROUTING STUDIES 
FLOOD DISCHARGE DATA 

PROJECT MAXIMUM INFLOW MAXIMUM DISCHARGE 

HOUR 
RESERVOIR 
INFLOW 

SPILLWAY 
DISCHARGE 

RESERVOIR 
ELEVATION 

TIME 
INTERVAL 

RESERVOIR 
INFLOW 

SPILLWAY 
DISCHARGE 

RESERVOIR 
ELEVATION 

m3/s m3 /s m m3/s m 
COPALAR-HIGH 
COPALAR-LOW 
EL CARMEN 
PASO REAL 

24 
24 
16.5 
11 

15,300 
15,300 
10,250 
6,200 

2,000 
2,570 
4,250 
1,210 

206.3 
158.2 
209.5 
271.6 

17 
16 
8 

12 

2,490 
3,900 
5,270 
1,450 

2,440 
3,530 
4,760 
1,300 

207.4 
160.3 
210.4 
272.0 

At beginning of Time Interval 



estimates for other projects in Central America of a similar nature, work

ing conditions and magnitude.
 

3.9.3 UNIT PRICES
 

Unit prices were estimated for all major civil work cost items. The unit
 
price estimates were obtained by up-dating the estimate prepared in
 
November 1974 for the Phase I investigation, other estimates prepared in
 
late 1973 and early 1974 for two similar hydroelectric projects in Central
 
America and more recent estimates for projects located elsewhere. The
 
earlier estimates were adjusted to include the differences in costs in
 
those 
countries and Nicaragua for salaries, explosives, fuel, construction
 
equipment, spare parts, materials and supplies. 
Fuel costs have increased
 
by 250 percent and the costs of explosives, equipment and spare parts
 
have increased by 50 percent since the earlier estimates were made.
 
Investigation in Managua showed that construction equipment costs 
increased
 
by 37 percent between January 1974 and July 1974 and further increases are
 
anticipated in the near future. 
 Labor rates have also risen rapidly in
 
the recent past. Labor rates higher than those prevaling in populated
 
areas of Nicaragua are anticipated at the remote project sites. All of
 
these cost increases were included in estimating and updating the unit
 
prices.
 

Unit prices for this phase of investigation were estimated in April 1975
 
and no escalation has been applied for cost increases since that date.
 
Future costs will largely depend on the same items listed above and the
 
costs of these items are continuing to increase.
 

The unit prices of major electrical equipment were obtained from manufac
turer's catalogs and were verified with the manufacturers, wherever
 
possible. Minor electrical equipment costs were obtained from similar
 
catalogs and verifications. The prices include the cost of freight and
 
installation at the project site. 
These costs were obtained during May
 
and June 1975.
 

The unit prices for mechanical equipment were estimated for the major items
 
using recent quotations from manufacturers and from estimating data
 
available from recent project estimates for work of a similar nature and
 
magnitude. They are based on May and June 1975 cost data.
 

Unit prices include all labor, equipment, materials and supplies required
 
to construct the projects plus the contractor's general expense and
 
profit.
 

3.9.4 COST ESTIMATE
 

A. TOTAL CONSTRUCTION COST
 

The cost estimates contained in this section have been made in accordance
 
with standards and techniques normally used for prefeasibility studies.
 
They reflect as accurate an evaluation of project costs as is possible for
 
the present investigation.
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The unit prices discussed above were applied to the estimated quantities
 
to obtain the total costs for most items. 
 A lump sum allowance was used
 
for a few items and was based on recent experience on similar projects.
 

Access rcad costs were based on similar work for other projects and was
 
coordina :e,' with costs of roads presently under construction in Nicaragua.
 
Only the L;:ts of principal features are tabulated in the cost table,
 
however, all related costs are 
included in each feature. A contingency
 
of 10 percent is included in the cost to provide for minor work items
 
which were not estimated and to allow for items that may have been under
estimated.
 

Preliminary cost estimates for the projects investigated during this phase
 
oF the study are shown in Table 111.4 which is arranged to show the cost
 
of each individual project and the corresponding river basin development
 
alternative. It shows the estimated foreign and domestic currency com
ponents and total costs. These costs include all direct costs of con
struction, contractor's general expense and profit and contingency. The
 
costs of the switchyard at the powerhouse is included with the transmis
sion line and substation in the table. The costs shown in Table 111.4
 
are referred to as total construction costs and do not include interest
 
during construction, land acquisition, resettlement, engincering and
 
ENALUF management.
 

B. TOTAL CAPITAL COST
 

The cost items not included in the total construction costs must be added
 
to obtain the total capital costs, or the total investment required to
 
place the project in operation. The total interest during construction was
 
computed on a simplified basis using an eight percent interest rate. Major
 
expenditures are incurred in six years for Copalar High Dam, four years
 
for Copalar Low Dam and three years for El Carmen and Paso Real. 
 Each of
 
the foregoing periods were increased by one-half year to allow for minor
 
expenditures outside of the period of major expenditure. It was assumed
 
that expenditures were made on a straight line basis and therefore average
 
interest can be used to approximate the total interest. This assumption
 
resulted in a total interest equivalent to 26 percent of the total con
struction costs for Copalar High Dam, 18 percent for Copalar Low Dam and
 
14 percent for El Carmen and Paso Real.
 

Many other methods for computing interest could be used; including using
 
the actual expenditures contained in the production costing knalysis.
 
However, such an analysis would require many assumptions and detailed
 
consideration of the many different loans for equally as many different
 
purposes and consequently it would be almost as approximate as the method
 
used.
 

Engineering and administration has been considered as one 
item and assumed
 
to be 10 percent of total construction costs. This percentage is based
 
on experience for this type of work and data from other project
 
investigations.
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Land acquisition and resettlement is a relatively minor item in this case
because of the remotness and low population density of the project areas.
No towns or villages will be inundated by the reservoirs and a limited
number of people, houses and temporary buiidings are involved. Most of
thq.reservoir areas are ranchland and the ownership and value is uncertain.
An average value of C$700 per hectare was assumed. A small allowance is
included for resettlement because there are very few permanent residents
in the project areas. These assumptions will have to be verified during

the feasibility studies of each project.
 

Total capital costs are shown in Table 111.5. 
 It also shows the cost per
installed kilowatt and the cost per kilowatt hour based on total construction costs and total capital costs 
for the time when the projects and
alternative developments are in full production. 
The table is arranged so
that it can !Je easily revised if the use of other values are desired.

However, the assumptions made are reasonable and serve to show the im
portance of these items in considering project costs.
 

3.10 PROJECT CONSTRUCTION
 

Construction schedules have been prepared for each project of the two
and three dam alternatives without power purchases over interconnection

and for the two dam alternative including purchases of power from Honduras
and Costa Rica. The three schedules are shown on Annex 111-14, Annex 111-15
and Annex 111-16 respectively. 
The schedules are preliminary and are
subject to revision when additional studies are made. 
 They are intended
only to show the general concept of how the work must be performed in order
 
to meet the required power production dates.
 

The schedules for the two and three dam alternatives without the purchase
of power were prepared by beginning with the dates when the power is 
required on the line and working backwards to the latest dates that the
preceeding activities can begin. 
The time available and allotted for both
of these schedules is reasonable, but is very short and allows virtually

no 
time for delays between the feasibility study, contract documents, construction financing and the start and completion of construction. The
start and completion of all activities has been related to the wet and
dry seasons which are very important considerations in this case. A
 
year's delay in project completion can easily result unless the 
seasons
are considered in the schedule of all work.
 

The schedule for the two dam alternative with power purchases from Honduras
and Costa Rica permits more time for the feasibility study and contract

documents, but is otherwise similar to the corresponding schedule without
the purchases of power. 
The Copalar Project is the only generation facilities required for this alternative during the study decade. 
Although more time
is available for the preliminary work than for the other two schedules, it
should be started 
soon to assure completion as required. 
 The longer schedule
for the feasibility study and contract documents will result in higher costs
for these parts of the work than the other two schedules because of the adverse
 
effects of the rainy season.
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TABLE 111.5
 

VALUE OF POWER AND ENERGY
 
AND 

TOTAL CAPITAL COST * 

TWO 	 DAM ALTERNATIVE 

ITEM COPALAR COPALAR + PASO REAL
 

CAPACITY AND ENERGY
 

Installed Capacity - MW 330 
 380
 
Energy per Year - GWH 1,418 1,610
 

TOTAL CONSTRUCTION COST .203.382 
 247.022
 

Cost per KW 616 650
 
Cost per KWh 14.3 
 15.3
 

Interest During Construction 44.744 50.828
 
Engineering and Administration 20.338 24.702
 
Land Acquisition and Resettlement 5.208 7.254
 
TOTAL CAPITAL COST 273.672 
 329.806
 

Cost per KW 829 
 868
 
Cost per KWh 19.3 20.5
 

THREE DAM ALTERNATIVE 

COPALAR + COPALAR + EL CARMEN 
ITEM COPALAR EL CARMEN + PASO REAL 

CAPACITY AND ENERGY 

Installed Capacity - MW 275 345 395
 
Energy per Year - GWH 850 1167 1366
 

TOTAL CONSTRUCTION COST 143.152 194.589 238.229
 

Cost per KW 	 521 
 564 603 
Cost per KWh ** 16.8 16.7 17.4 

Interest During Construction 25.767 32.968 
 39.052
 
Engineering and Administration 14.315 19.459 23.823
 
Land Acquisition and Resettlement 1.954 2.679 4.725
 
TOTAL CAPITAL COST 185.188 249.695 305.829
 

Cost per KW 673 
 724 774
 
Cost per KWh 21.8 21.4 
 22.4
 

• 	 Total Construction Cost and Total Capital in million U.S. Dollars; Cost
 
per KW in U.S. Dollars; Cost per KWh in U.S. Mills.
 

** Assumes Total Annual Cost equals 10 percent of Total Construction Cost.
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3.11 PROJECT ECOLOGY
 

A thorough environmental impact reconnaissance was performed at the pre
feasibility level by two highly qualified specialists in the ecological

and environmental fields. Their report is contained in Appendix B. Their
 
analyses and investigations included Human Ecology, Fauna, Vegetation

and Flora, Protection of the Water Supply and Rclated Environmental Topics.

The findings and conclusions are summarized in the following paragraphs.
 

Human Ecology included assessments of the population affected, public

health, archaeology and esthetics. 
 Specific recommendations are contained
 
in the ecological report for each of these topics. 
Health campaigns are
 
recommended including disease vector control, especially malaria, combined
 
with frequent medical inspection and free prophylaxis. Relocation programs

starting with a comprehensive cadastral inventory are recommended. 
Com
munity development and watershed management should be an integral component

of project development. Archaeological patrimony is likely to be located
 
and should be conserved.
 

The analyses of the Fauna considered mammals, avifauna, reptiles and fish.
 
Species in danger of extinction and destructive practices are given

thorough consideration. 
The practice of cutting trees and vegetation, in
discriminate hunting of animals and the use of dynamite and poisons in
 
fishing should be discontinued. The existing laws regarding these items
 
should be strengthened and rigidly enforced. Habitats 
for the fauna
 
should be provided in connection with project developments.
 

The Vegetation and Flora of the project areas were examined. 
These analyses

included the deciduous forests, flora of Nicaragua, species changes, water
weeds, reservoir clearing and watershed preservation and community develop
ment. Decidu'cs forests exist in the project areas. 
They are susceptible
 
to fires and are being cut and burned; although these conditions are not
 
directly related to project construction. No especially valuable types of
 
vegetation are likely to be threatened as 
a result of the projects. Very

little up-to-date data is available regarding the flora of Nicaragua. 
 It
 
appears unlikely that the projects will threaten any species of plants

since none contain a special community or type of vegetation that is not

also present in nearby areas or elsewhere. No species changes are anti
cipated as a result of project construction. However, the possibility of
 
large increases in waterweed should be carefully monitored and proper

precautions taken to prevent their increase. 
 The entire reservoir area
 
should be cleared and the marketable timber from this operation should be
 
made available to the displaced people of the project area. 
No vegetation

above the reservoir water levels should be destroyed or damaged in the
 
entire watershed. A reforestation and watershed management program is an
 
essential and worthwhile part of the project.
 

Protection of the Water Supply is an important aspect of project con
struction. Basically, this is obtained by an effective and sound watershed
 
management program. 
Erosion control and the reduction in reservoir sedi
mentation is an especially valuable contribution of watershed management.
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The Related Environmental Topics include transmission lines, substations,
 
Laguna de Apoyo Project and two thermal plants; one in operation and the
 
other under construction. The transmission lines should be located to
 
reduce adverse visual impacts and screening by vegetation should be pro
vided. High growing vegetation should be removed from the rights-of-way
 
and low growing shrubs should be used. Substations should be screened
 
by vegetation or topography or otherwise be made to harmonize with the
 
natural surroundings.
 

The Laguna de Apoyo Project should receive special cooperation between
 
engineer and landscape architect to preserve the scenic beauty and tourist
 
attraction of the lake. Water quality should be further checked and the
 
effects of lake drawdown further investigated. Transmission lines at this
 
site should be located underground so as not to mar the natural scenery of
 
the area.
 

The Lago de Managua Thermal Plant is not contaminating the air at the site
 
because of the natural circulation in the area. This plant has very little
 
impact on the lake. The Puerto Somoza Thermal Plant will not contaminate
 
the air in the vicinity because of the natural sea breezes. There are
 
adverse environmental impacts at Puerto Somoza from the cooling water sup
ply and discharge and the oil supply method. The velocity in the cooling
 
water intake channel is high enough that marine plankton, including fish
 
larvae, could be sucked into the pump intakes. Cooling water discharges
 
from the plant to a small estuary through a channel that is to be eroded
 
by the discharge. This will result in large deposits of sediments in the
 
estuary and also raise the temperature. The sediments and increase in
 
temperature will have adverse effects on the estuary. These effects should
 
be eliminated. Precautions must also be made at this site to prevent oil
 
spills and to confine and clean up the oil if a spill occurs.
 

A more detailed environmental assessment is required during the feasibility
 
study of each project. Careful compliance with the recommendations con
tained in the report of the Environmental Impact Reconnaissance will ensure
 
that the worst effects can be completely avoided.
 

3.12 FUTURE INVESTIGATIONS
 

The analyses made of the hydroelectric projects in the specified study areas
 
during both phases of this investigation are comprehensive and thorough for
 
the amount and reliability of the data available. However, it is still not
 
technically possible to firmly select the river basin development on the
 
Rio Grande de Matagalpa because of the uncertainty regarding topography.
 
This aspect of the projects studied need additional verification using new
 
topography maps presently being prepared. The relationship of the projects
 
studied to the overall hydroelectric development of the nation needs broad
er and more extensive analyses to firmly establish their role in the power
 
and energy component of the national economy. This investigation has been
 
limited to a small percentage of the total hydroelectric resources of the
 
nation. The following future investigations are among those that should be
 
started soon:
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1. Verify the topography of the Rio Grande de Matagalpa and select the
 

development program.
 

2. 	Prepare a feasibility study of the Copalar Project using new topography.
 

3. 
Perform a survey of all hydroelectric potential and prepare a master
 
expansion plan for Nicaragua.
 

4. 	Investigate water resource project for multi-purpose use.
 

5. 	Perform an electrical load survey of future expansion plans of govern
ment agencies, industry and other consuming sectors.
 

6. 	Investigate hydroelectric sites for peak-power installations.
 

Point 1 and Point 2 above should be performed simultaneously. The results
 
of this analysis shows that an economical project can be constructed at
 
Copalar and that the dam should be constructed to its maximum possible

height consistent with topography in order to achieve maximum energy out
put 	and economy. The height of dam would be established as the first step

in optimizing the Copalar Project.
 

There are many potential hydroelectric projects in Nicaragua that are in

varying stages of developments which range from operating plants to initial

recognization of the potential. However, there is 
no long-range compre
hensive plan for coordinating the planning and construction of these pro
jects. 
 The Puerto Somoza Thermal Plant is under construction and will be

completed soon. The geothermal project is well advanced and should be 
com
pleted as expeditiously as possible. The Copalar Project is in the most
 
advanced stage of planning of all possible future projects and the project

on the San Juan is next. These two projects should be given priority in

conformity with the status of planning assuming that the San Juan Project

is found to be technically and economically feasible. General approxima
tions indicate that Rio Tuma may have a good hydroelectric potential. 
When

the 	discharge of Rio Tuma is added to that of the Rio Grande de Matagalpa

at the site known as Tumarin on the latter river the potential may be equal

to that of the reach of the river studied during this investigation.

Therefore, a prefeasibility study should be made of Rio Tuma and the Tumarin
 
Project similar to 
that performed under this investigation for the Rio
 
Grande de Matagalpa. 
 The combined potential of the Rio Grande de Matagalpa,

Rio San Juan and Rio Tuma should be adequate to supply the energy and power

needs of Nicaragua until after the year 2000. 
 However, this possibility

needs to be combined into a total coordinated development rather than being

studied as individual components. 
 The potential of the downstream reaches

of Rio Coco should receive more attention and possibly may be developed in

conjunction with Honduras. 
Other rivers in Nicaragua should also be in
vestigated. 
When this is all done and made into a comprehensive long-range

plan, Nicaragua should be free of her dependence on oil-fired power

generation for several decades.
 

The Tumarin Project, downstream of the confluence of Rio Tuma with Rio
 
Grande de Matagalpa, appears to be an excellent possibility for multi
purpose development for power generation and irrigation. That project is
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located about as 
far downstream as possible for the construction of stor
age dams. The terrain becomes gently rolling downstream of the Tumarin
 
site and appears to be good agricultural land from aerial observations.
 
The discharge at Tumarin might irrigate as much as 200,000 hectares or
 
more after generating 200 or 300 megawatts of power. A thorough investi
gation may locate other sites equally as attractive for multi-purpose
 
development.
 

The load forecast performed as part of this investigation was based on
 
economic parameters correlated with historical records and is considered
 
to be reliable. However, this type of projections represents an average
 
condition and follows standard procedures normally used for prefeasibility
 
investigation. The forecast should be further improved by a load survey
 
of future expansion plans of energy consumers. The load survey should be
 
made by contacting industry, government and other planning agencies to
 
ascertain their planned expansion programs. This type of a survey would
 
reveal large future loads that may otherwise not be included.
 

The shape of electrical load curves shows that peak load plants would be
 
of value to Nicaragua; however, there are few peak load facilities in the
 
Republic. The Laguna de Apoyo Project is one possible peak load site, but
 
has several serious technical and environmental problems. Investigations
 
should be made for more suitable sites.
 

The performance of the studies mentioned above are only a partial list of
 
those that should be given serious consideration. Many of the studies can
 
be made as separate investigations, but it is very important that all of
 
the parts be coordinated into a long-range program so that economical
 
projects are available for construction at the time they are needed.
 

3.13 RECOMMENDATION FOR FEASIBLITY STUDY
 

The Copalar Project is definitely the best and most economical of all pro
jects studied. It can be economically constructed either as a high dam in
 
the two dam alternative or as 
a low dam in the three dam alternative re
gardless of the results of topography maps under preparation. The time
 
when additional power and energy is required make it imperative that the
 
feasibility study be started at the beginning of the forthcoming dry
 
season so 
that the required field work can be economically performed.
 
There is a definite possibility of a delay of six months to one year in
 
completing the feasibility study if the field work is not performed during
 
the next dry season. This delay would result in a power and energy short
age in the near future or a needless investment in other types of generation
 
facility. Therefore, the Copalar Project is recommended for study at the
 
feasibility level and performance of the work should be made as expeditiously
 
as possible.
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CHAPTER IV
 

ASSUMPTIONS AND CRITERIA
 

4.] GENERAL CRITERIA IMPLICIT TO PLAN FORMULATION
 

Th, basic inteit, guiding the formulation of plans for system expansion, was
 
to ensure that the elements included were consistent with the over-all plan
nirg objectives and accorded with specific technical criteria. The principal
 
assumptions and planning criteria are discussed in the following sections.
 

4.1.1 PRU4ARY RELIANCE ON INDIGENOUS RESOURCE DEVELOPMENT
 

When planning for firm additions to generation sources, it is preferable to
 
consider only assured resources for inclusion in a basic expansion plan.
 
Tht prime indigenous resources of Nicaragua,to be utilized for power genera
tion, will consist of potential hydro energy and proven geothermal reserves.
 
Both of these natural resources are available for development in sufficient
 
magnitude to justify a certain optimism regarding the provision of firm energy
 
supplies in the future.
 

The intention of current development plans is to concentrate on the exploita
tion of geothermal resources for short-range generation expansion, under the
 
impetus of the urgent need to rapidly develop alternative forms of generation,
 
rather than being forced to rely on the expansion of oil-fired thermal plants.
 
A continuing program of steam-well drill .ng is underway at the geothermal field
 
on the slopes of Momotombo volcano, following the successful completion of the
 
first deep exploration well in April, 1973.
 

As geothermal resourcas are ottly subject to reliable assessment as a firm
 
energy source after being fully proven by field production drilling and steam
 
testing, it is too early to judge the full extent of geothermal resources
 
available for future power dpueloiWent. However, the results of exploratory
 
surveys and field drilling completed to date are indicative of the potential
 
available and support the inclusion of limited geothermal plant capacity in
crements in generation expansion plans. Once the field development is suf
ficiently advanced to allow completion of feasibility studies relating to
 
geothermal generating plant, the scheduled capacity additions may be revised
 
to incorporate the consultant's findings.
 

The lead time associated with the development of major hydro power resources
 
precludes the early introduction of hydroelectric plant additions in genera
tion expansion plans. The approach taken in this study has been that of
 
scheduling hydro unit additions to meet long-range system load growth, con
si. tent with minimum lead time necessary to complete construction of civil
 
works and power facilities. It is taken as axiomatic, that hydroelectric
 
energy resources should be utilized as early as warranted by system require
ments. There are abundant hydroelectric energy resources indigenous to Nica
ragua, their development will enable the nation to be placed in the advantageous
 
position of being progressively less reliant on the importation of fuel oil to
 
sustain the long-term growth of the economy. Geothermal and hydro resources
 
are complementary within the generation "mix";geothermal is suitable for base
 
load supply, with pondage hydro sufficiently flexible to allow mid-range and
 
peaking operation.
 



4.1.2 MINIMAL OPERATION OF OIL-FIRED THERMAL PLANTS 

Present oil price levels and uncertainty regarding the future escalation of
 
the price base, emphasizes the need to restrict the future use of fuel-oil
 
as far as possible to improve operating economy. This intent will be real
ized by the careful utilization of thermal generation as a supplementary
 
source, to augment the complementary hydro and geothermal generation, once
 
these new sources are introduced to system operation.
 

T1,e existing system relies heavily on thermal generation and very little
 
can be done to improve the supply situation until alternative sources are
 
developed. Short-term system additions consist of two 50 megawatt oil-fired
 
thermal ,,nits, to be installed at the new Puerto Somoza plant located on the
 
Pacific Coast, approximately 55 kilometers west of Managua.
 

The introduction of these two units in the last quarter of 1976 will represent
 
a major addition to base-load capability, the thermal units being expected to
 
operate at relatively high plant capacity factors during the first few years
 
of operation, prior to the introduction of geothermal units. These two thermal
 
units were committed before the full impact of the energy crisis was realized
 
and although essential to short-term development, they represent the last major
 
installation of thermal plant to burn oil as 
fuel. As soon as alternative
 
base-load energy is available from geothermal power sources, the operation of
 
the oil-fired units on the system will be reduced,with consequent operating
 
economies. The Puerto Somoza units will then be operated as mid-range units,
 
together with the 45 megawatt unit at the Managua plant, the remainder of the
 
thermal units in the system being placed on reserve.
 

The energy associated with the future hydro power development on the Rio Grande
 
de Matagalpa will displace thermal geiieration to a great extent and enable mini
mal usage of thermal plant in the years following the introduction of hydro units
 
through the remainder of the period of expansion to 1988.
 

The extent to which thermal generation is reduced will improve with the utiliza
tion of interconnections. As will be demonstrated, the careful scheduling of
 
purchased power, in conjunction with indigenous hydro and geothermal sources,
 
will dispense almost entirely with the need for thermal generation during the
 
period 1982 through 1987.
 

4.1.3 ECONOMIC UTILIZATION OF SYSTEM INTERCONNECTIONS
 

In planning for the future interconnection of the ENALUF system with the Empresa
 
Nacional de Energia Electrica (ENEE) system of Honduras and the Instituto Cos
tarricense de Electricidad (ICE) system of Costa Rica, the criteria to be fol
lowed, for the evaluation of both on-peak power purchases and off-peak energy
 
purchases, will consist of the definition of their economic worth in comparison

with the independent development and operation of the ENALUF system. Breakeven
 
rates will be determined to provide ENALUF with a frame of reference for assess
ment of projected interchange tariffs, to compare the cost of future purchases
 
with the additional costs of independent operation.
 

Purchases of power from ENEE are assumed to be firm allocations, based on the
 
major development of pondage hydro at the El Cajon site in Honduras.
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These allocations will provide on-peak power, beginning in 1982, that will enAble
 
ENALUF to defer the initial power installation at the Copalar site, this be
 
the next economic hydro site selezted for development in Nicaragua, on the
 
Crpnde de Matagalpa. The breakeven rate for firm energy purchased from FNL .
 
will reflect both the postponement of the prime hydro development at Copalar
 
and the associated deferral of capital expenditures, together with the savings
 
resulting from the utilization of hydro energy rather than equivalent thermal
 
generation.
 

The interconnection with Costa Rica will make available to the ENALUF system,
 
surplus off-peak energy from run-of-river hydro plants on the ICE system, which
 
will serve to replace thermal generation, this being reflected in the breakeven
 
rate for off-peak energy purchases.
 

4.1.4 CONDITIONS GOVERNING ECONOMIC DISPATCH OF PUMPED-STORAGE PLANT
 

The economic operation of pumped-storage is contingent upon the availability of
 
a suitable source of pumping energy, at a cost level that will permit economic
 
dispatch of the pumped-storage plant, in conjunction with other system genera
tion. The source of pumping energy should preferably be a base-load plant with
 
a low production cost, such as nuclear or geothermal, to enable the full ben
efits of the complementary modes of generation to be realized, by optimization
 
of the combined operation.
 

The capacity of the low cost pumping energy source should bc sufficient to
 
supply the pumping units in addition to the nocturnal (base) load of the system.
 
If there is insufficient capacity available to satisfy this condition, then
 
economic dispatch of pumped-storage is made difficult, or impossible. This is
 
because an alternative higher cost source of pumping energy usually results in
 
the situation, whereby it is more economic to dispatch additional thermal gen
eration at peak hours, rather than utilize pumped-storage plant, due to the
 
inherent efficiency of the pumped-storage cycle. Thus the advantages of pumped
storage are nullified in a system that has insufficient base-load capacity
 
associated with low cost energy sources. In such a system, pumping energy
 
would be drawn from thermal sources at cost levels determined by future oil price
 
levels. It is inconceivable that this situation could result in operating
 
economies for the benefit of the utility system. Under analysis, the dispatch
 
of pumped-storage would be determined by the relative economics of the pumped
 
storage cycle, with thermal energy used for the pumping mode, in comparison to
 
the cost of dispatch at peak load of older, less efficient thermal units,
 
which would normally be held on reserve.
 

4.1.5 CONTINGENCY PLAN FOR ALTERNATIVE TO GEOTHERMAL DEVELOPMENT
 

As geothermal resources have to be fully proven and tested before they can be
 
considered sufficiently reliable to p-ovide a firm source of supply, it is
 
prudent to devise a suitable contingency plan, in the event that projected plans
 
for geothermal powtr are not fully realized, or schedules are delayed for any
 
reason.
 

In this study two alternatives for base-load supply are compared, so that ENALUF
 
will be in a position to evaluate the geothermal development program at a later
 
date, in relation to projected system requirements and scheduled in-service dates
 
for geothermal plant.
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If the drilling program is positive in its results but due to delays or
 
other unforeseen events, the required lead-time for geothermal plant addi
tions would preclude their installation to meet projected system demand, an
 
interim solution could be found in the placement of equivalent diesel gener
ating capacity. For this purpose large capacity, high efficiency units are
 
proposed, using Bunker C oil for fuel, 
to minimize investment and production
 
costs.
 

If the realized yield of the gentliermal field is less than the steam flow
 
required to support the entire complement of geothermal plant capacity in
cluded in the basic plan, then a long term solution would be to install ad
ditional capacity at the Puerto Somoza site.
 

However, this solution should be one of last resort and 
an alternative would
 
be to install a minimum number of dieseltinits with sufficient capacity to
 
provide for the anticipated deficit, in order to compare economic merits
 
of the two forms of base-load generation, an analysis has been made for an
 
additional 50 megawatt unit at the Puerto Somoza plant and 
an equivalent
 
diesel installation, consisting of four diesel units each having an effective
 
operating capacity of 12.5 MW. Both installations are assumed to use Bunker C
 
fuel oil; however, the delivered price for fuel is different because the diesel
 
plant is assumed to be located at Masaya. The results of the study are con
tained in Chapter VIII, Section 8.3.
 

4.2 CRITERIA RELATING TO GENERATION PLANNING
 

The technical criteria followed for detailed generation planning relate mainly
 
to 
the methodology associated with the establishment of generation reliability
 
levels, used to determine specific unit introduction schedules for the expan
sion plans. These criteria directly affected the method of computation and
 
preferred setting of loss-of-load probability (LOLP) indices used during the
 
study.
 

The definitive load forecast, developed during Phase I of the prefeasibility
 
study, was modified to allow for the probability of departure from forecast
 
load levels through time. This provision was included in the ENALUF program
 
used for system risk analysis, by defining a probable bandwidth in terms of
 
multiple standard deviations over the forecast period.
 

The preferred loss-of load probability,index used during the study,was set in
 
relation to a value obtained by marginal cost analysis, which defined the
 
optimum reserve margin at the point where the marginal cost to supply was equal
 
to the marginal cost of losses to the consumer.
 

4.2.1 PROVISION FOR LOAD FORECAST UNCERTAINTY
 

Ary forecast of future load has a degree of uncertainty associated with it
 
and planning for installed generating capacity must therefore account for
 
load forecast variations as well as gcneration outages. The usual way to
 
allow for uncertainty is by means of a probLbility curve, such as shown in
 
Figure IV.IA.
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FIGURA IV . I 

REPRESENTACION DEL MODELO DE PROBABILIDAD
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FIGURE IV, I 

PROBABILITY MODEL REPRESENTATION
 
OF LOAD FORECAST UNCERTAINTY
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The 	probability curve for the ENALUF demand forecast was derived using tne
 

range of possible values developed in Chapter I of the Phase I Report. The
 
following methodology serves or.ly to quantify, for purposes of generating
 
planning, the assumptions explicitly stated in deriving the projected range
 
( "Low", "Average" and "High ) and "Most Probable" value of the forecast 
demand. Table 1.18 of the Phase I Report summarizes the "Low", "Average" and 
"High" load projections and "Mos: Probable" load forecast based on two in
dependent analyses:
 

1. 	A macro-analysis relating projected growth rates for economic
 
parameters and energy consumption per capita, to derive esti
mates of total energy consumption.
 

2. 	A micro-analysis which totalized forecasts relating to sectoral
 
energy sales within load zones of the service territory, to yield
 
a total demand forecast.
 

A comparison of these independent forecasts showed a very close parallel.
 
The 	forecast derived from the micro-analysis aligned closely with the "Average"
 
projection obtained from the macro-analysis, while the macro-analysis was in
 
turn based on the "Most Probable" growth of GDP. This comparison provided
 
the 	basis for designating the resultant forecast the "Most Probable".
 

Referring to Figure IV.IA, the "Most Probable" load forecast corresponds to
 
the 	maximum value of the probability curve. Values for the "Most Probable" 
load forecast would then correspond to those given in Table T.16 of the
 
Phase I Report.
 

The variability of the forecast is defined in terms of the standard deviation
 
about the niean value. Due to the assumption regarding the shape of the prob
ability curve, the mean value is in this case, the same as the most probable
 
value. A small standard deviation would imply a high degree of certainty in 
the forecast demand. For this study the standard deviation will be used to 
define 'bandwidth" of the forecast. Th- "bandwid"ith" will be defined as being 
within the two standard deviation limits (Figure TV.1A). An interpretation 
of the bandwidth would be to say that there is a 95% chance that the actual 
peak demand will ie within the limits defined by the bandwidth. Since the 
uncertainty in a forecast increases with time, the demand value defined by
 
the 	bandwidth wi.] increase with time, but the probability of being within 
the 	bandwidth will remain constant. 

Derivation of the standard deviation and the bandwidth of the forecast was
 
based on the "IHigh" and "Low" projections derived using the macro-economic 
method of load forecasting. It was assumed that these limits defined the 
range of possible values such that the actual. future peak demand would be 
within the range of the "High" and "Low" forecasts with a probability of 
99.8%. In 1988, the horizon year of the study the range was approximately 
+ 45% (+ 256 MW) of the "Most Probable" load forecast of 568 MI. This range 
does not present cause for concern, since it: defines the extreme limits for 
the forecast. Knowing the range however allows definition of the standard 
deviation of the forecast.
 

IV-6
 



The derivation of the standard deviation follows.
 

The "Most Probable" and extreme values as defined by the range of the "High"

and "Low" forecasts, were plotted on arithmetic, normal probability paper.

The implicit assumption being that each extreme corresponded approximately
 
to the 99.9 percentile or the three standard deviation limit. 
Connection
 
of these points and derivation of the standard deviation from this plot was
 
straightforward. Figure IV.2 is the probability plot used to derive
 
± 15% (85 MW) standard deviation for the "Most Probable" 1988 peak demand
 
of 568 MW. 

Derivaticn of the standard deviation and bandwidth for the years prior to
 
1988 was derived by correlating the trend in the standard deviation,to the
 
increasing trend of the "Most Probable" load forecast.
 

A cross check of the values for the standard deviation derived from trending
 
was made using probability paper. The plots for 1973, 1978 and 1983 are shown
 
in Figures IV.3, IV.4 and IV.5. The results compare reasonably well with
 
the results obtained using methodology to derive the horizon year (1988)

standard deviation. Table IV.1 summarizes the projected values of the "Most
 
Probable" forecact demand and the bandwidth of this forecast over the period

1975 through 1988. Figure IV.6 shows the "Most Probable" load forecast and the
 
upper and lower limits of the br-ndwidth.
 

The usual procedure for including load forecast uncertainty in generation plan
ning studies is to reduce the continous representation of the probability curve
 
as shown in Figure IV.LA to discrete probability multipliers as shown in
 
Figure IV.1B.
 

TABLE IV.1
 
MOST PPOBABLE DEMAND FORECAST
 

j.ID BANDWIDTH 1975-1988
 

"MOST PROBABLE" 
 BANDWIDTH 
YEAR MW DEMAND (- 2 STANDARD DEVIATIONS) 

PERCENT OF
 
"MOST PROBABLE" - MW 

1975 152 8.2 
 12.5
 
1976 172 
 9.2 15.8
 
1977 
 194 10.4 20.2
 
1978 
 220 11.7 25.7
 
1979 
 241 13.0 31.3
 
1980 
 266 14.4 38.3
 
1981 
 295 15.8 46.6
 
1982 
 326 17.5 57.1
 
1983 361 
 19.2 69.3
 
1984 394 
 21.0 82.7
 
1985 431 
 23.2 100.0
 
1986 
 472 25.3 119.0
 
1987 518 
 28.0 145.0
 
1988 
 568 30.0 170.0
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This step in the analysis allowed the inclusion of load forecast uncertainty
 

in ENALUF"s loss-of-load probability (LOLP) program, which was then used to
 

determine adequacy of generation resources.
 

Table IV.2 summarizes the forecast megawatt demand values corresponding to the
 

probability multipliers shown in Figure IV.lB. These values were then used in
 
ensuing generation planning studies.
 

TABLE IV.2
 

FORECAST MEGAWATT DEMAND VALUES
 

CORRESPONDING TO PROBABILITY MULTIPLIERS
 

-2S -is Most +iS +2S 
YEAR Load Level Load Level Probable Load Level Load Level 

(W) (MW) (MW) (Mw) (MW) 

1975 140 146 152 158 164 
1976 156 164 172 180 188 
1977 174 184 194 204 214 
1978 194 207 220 233 245 
1979 210 225 241 257 272 
1980 227 247 266 235 304 
1981 248 272 295 318 242 
1982 269 297 326 355 383 
1983 292 326 361 396 430 
1984 311 353 394 435 477 
1985 331 381 431 481 531 
1986 353 412 472 532 591 
1987 387 452 518 584 663 
1988 398 483 568 653 738 

S = Standard Deviation 

Probability Multipliers: Most Probable 0.383
 

- 1S = 0.242 
+ 
- 2S = 0.0665 

4.2.2 GENERATION RESERVE AND SYSTEM RELIABILITY
 

The analysis of generation reliability for the system expansion plans, formulated
 
for economic comparison, requires the selection of a system generation risk level
 
to set a common standard for preferred reliability, by which alternative plans
 
will be measured. In establishing the risk level, one of the most important con
siderations involved was to ascertain the relation between t:hie standard of reli
ability and its worth to the national economy.
 

The criteria previously used by ENALUF for generation planning were examined to
 
determine their adequacy for long-range planning. Present sCandards require two
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conditions to be satisfied in relation to standby reserve and probabilistic
 
reliability criteria, respectively. The first condition requires that the
 
installed reserve margin be sufficient to allow for the loss of the largest

system risk, either a generating unit or interconnection, after deduction
 
of generating capacity on scheduled maintenance. The second system require
ment is that sufficient generating capacity be installed to ensure that the
 
probability of generation outages will cause the risk of capacity shortages

to be limited to a total of 1.0 day per year. 
This second condition provides

the basis for setting the preferred risk level during analysis of generation

expansion plans using methodology pertaining to loss-of-load probability

(LOLP). 
 In this study, it was intended that a closer examination of reserve
 
margins would be made, in order to set reliability criteria that would be
 
more representative of the risk level required to balance the cost of reserve
 
margin provision for sustained system reliability, with the penalties which
 
would otherwise be incurred in the form of losses to 
the economy.
 

Appendix C contains a technical paper 1/, prepared during the course of the
 
study by members of the project staff, which was directed to the redefinition
 
of a preferred risk level for the ENALUF system. 
This was determined by a
 
quantitative analysis of the marginal cost of supply, including reserve margin;

and the marginal cost of losses to the consumer, as measured in terms of an
 
overall reduction to Gross Domestic Product (GDP).
 

The marginal cost of supply is susceptible to fairly precist. analysis over a
 
range of cost values, representative of different levels of investment for
 
generation facilities. However, the marginal cost oi interruptions to normal
 
power supply requires the application of a high degree of judgement, in the
 
estimation of the extent to which the overallGDP is affected by outages causing
 
power supply interruptions. It was assumed that direct losses to GDP were
 
caused by power supply interruptions to customers within the secondary and
 
service sectors of the economy. A rationale was developed to apportion the

effect of supply interruptions to energy consumers within the primary sector
 
of the economy, composed principally of agricultural customers.
 

Thus, on 
the basis of 1974 statistics for sectoral energy consumption, given

in Table 1 of the paper, it was estimated that only 10 percent of the primary
 
sector 	would be susceptible to losses caused by supply interruption.
 

As the primary sector contributes approximately 25 percent of the total GDP,

the availability of electrical supply was estimated to have a direct effect
 
on a maximum of 77 percent of the total annual GDP. 
The resultant risk level
 
selected was 0.6 days per year based on analysis conducted for the year 1982,

this being the year during which the initial unit installations would be
 
scheduled for the major hydroelectric power development on the Rio Grande de
 
Matagalpa.
 

1/ 	 Adequacy of Supply for the National Interconnected Power System

of Nicaragua. Selection of a Risk Level for Generation Planning.

Presented at the IEEE Sixth Central American Convention, August 1975.
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The system risk level selected is sensitive to the reserve margin determined
 
by the marginal cost analysis, which in turn is very.much dependent on the
 
estimated proportion of GDP directly affected by supply interruptions. The
 
present reliability standards used by ENALUF based on the LOLP risk index of
 
1.1) day per year, would correspond to a 21 percent reserve margin. This re
duztion in reserve level entailing the higher index, would be supportable if
 
either the investment cost for generation facilities is increased, or the
 
proportion of total GDP affected by power interruptions decreased. The fol-
lowing summary tabulations are included to indicate the approximate limits
 
to the risk level,for the cost of new generation developed during the course
 
of this study and the conditions under which the present ENALUF risk level
 
would stLll hold.
 

COMPARISON OF PARAMETERS PERTAINING TO RESERVE MARGIN
 
AND
 

SEL.TION OF GENERATION RELIABILITY CRITERIA
 

RESERVE MARGIN - 21 PERCENT 

ENALUF SYSTEM RISK LEVEL - 1.0 DAY PER YEAR 

1975 Cost Level for Generation US$ 700/KW US$ 900/KW
 
Percentage Carrying Charge Rate 12% 15% 12% 15%
 
Percentage Impact on GDP 44% 52% 55% 70%
 

RESERVE MARGIN - 25 PERCENT 

PREFERRED SYSTEM RISK LEVEL - 0.6 DAYS PER YEAR
 

1975 Cost Level for Generation US$ 700/KW US$ 900/KW
 
Percentage Carrying Charge Rate 12% 15% 12% 15%
 
Percentage Impact on GDP 63% 
 78% 80% 100%
 

It may be concl.ded that a certain degree of latitude must be observed when
 
applying the preferred risk level during generation expansion planning. The
 
cost levels presented in the paper and in the above tabulation are refer
enced to 1975 estimates but the marginal cost analysis included provision
 
for cost escalation. If the basis for escalation changes then a reassessment
 
of the reserve margin would be in order, as this directly relates to the
 
marginal cost to supply.
 

Close examination of the impact of interruptions to the power supply on the
 
economy, as measured by the diminution of GDP, would be necessary to determine
 
a more precise estimate of the overall effect of system reserve margins. It is
 
conceivable that the 77 percent proportion advocated in the paper would be
 
reduced still further by judicious scrutiny of the economic effect of power
 
outages based on extensive research.
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It suffices for the purpose of this study, to limit annual system risk levels
 

to 
the extent that the present standard of 1.0 day per year is not exceeded,
 

within the constraints of project construction scheduling. Where possible,
 

the risk level will be reduced using the 0.6 day per year index, as the the
 

preferred optimum limit for the probability analysis of generation expansion.
 

4.2.3 LOAD MODEL FOR NATIONAL INTERCONNECTED SYSTEM
 

An existing load model for the ENALUF service area of the National Interconnected
 

System was used for the production costing study, based on data obtained from load
 

records for the year 1972. It was considered that this year had a more typical
 

annual load cycle despite the anomalous December earthquake. The more usual
 

peak load of ENALUF is experienced in mid-December rather than in the Spring,
 

although the historical load record indicates peak loads in February and March
 

for the years 1969 and 1971, respectively. Normal December peak loads were ex

1973. In 1974, the annual load cycle
perienced in the years ]968, 1970, 1972 and 


exhibited a Spring peak on the 21st of March, with an end of year peak on Decem

ber 15, which was almost identical in load demand.
 

curve and annual load cycle for 1974 are shown on Figures D.1
The load duration 


and D.2 of Appendix D, respectively. The daily load cycle for the annual peak
 

demand day of 1974 is shown on Figure D.3
 

4.3 TRANSMISSION SYSTEM RELIABILITY CRITERIA
 

The current and planned development of the national interconnected transmission
 

grid, justified adoption of a more rigorous criteria for transmission planning.
 

Accordingly, transmission system reliability criteria were developed for the
 

ENALUF system and submitted during the Phase I portion of this study, reference
 

Phase I Report - Appendix IIB.
 

The objective of the criteria is to provide a basis for designing a reliable
 

power transmission system taking into account continuity of service, as affected
 

by the probable outages of system facilities, balanced against capital invest

ment required for preservation of reliability standards.
 

To summarize, the criteria defines acceptable system operating conditions and
 

provides the basis for recommending facility additions, to solve system problems
 

caused by likely contingency outages. Likely contingencies are defined in the
 

system reliability criteria in terms of N-i components in service, N-i generators
 

or N-i lines, assuming any one generator initially out of service. Transmission
 

system components include lines, breakers, transformers, capacitors, reactors and
 

associated equipment, at transmission voltages of 138 kV and above.
 

In this study, the transmission system was designed to meet or exceed these
 

criteria. However .There extraordinary expenditures were required or a proposed
 

design failed to meet the criteria, the reasons, related costs and risks in

volved for each case were documented, these being summarized in Chapter VII.
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CHAPTER V
 

GENERATION EXPANSION PLANS
 

5.1 EXISTING GENERATION AND COMMITTED PLANT
 

The total generation sources of the ENALUF interconnected system provide 183
 

megawatts of effective capacity from the combined hydro/thermal mix. Based on
 

a total nameplate capacity of 203 megawatts, the division of the resource mix
 

is such that 50 percent of generation is provided by pondage hydro plants,
 

40 percent by oil-fired thermal plant and the remaining 10 percent by gas-tur

bine and diesel generating units.
 

This is the basic composition of the system from which expansion plans are
 

so within the constraints of resource availability, it is necesformulated, 

sary that these existing plants be utilized for future operation, consistent
 

with the overall economics of system supply.
 

5.1.2 EXISTING HYDRO PLANTS
 

Two pondage hydro plants are presently in operation, these being the Centro-

These two plants have similar power
america Plant and the Somoza Garcia Plant. 


installations, each ronsisting of two 25,000 kilowatt nameplate rated units.
 

The effective operating capacities at minimum head conditions are 48 and 46
 

megawatts, respectively, at the Centroamerica and Somoza Garcia plants.
 

The average annual energy availability is 395 GWH, with the pondage hydro plants
 

of the system operated throughout the year on an average annual plant capacity
 

factor of 48 percent. This mid-range operation is assumed to continue through

out the development period to 1988, with the total available energy dispatched
 

to follow the annual load curve.
 

5.1.2 EXISTING THERMAL PLANTS
 

The thermal generation of the existing system is mainly concentrated at the
 

Managua Plant, which provides a total effective operating capacity of 72,500
 

kilowatts. The installation consists of three oil-fired thermal units;
 

two 16,500 kilowatt and one 49,500 kilowatt, together with three 750 kilowatt
 

diesel generating units.
 

In addition, a single 15,000 kilowatt gas-turbine unit, located at Chinandega
 

to the northwest of Managua, provides an effective operating capacity of
 

14,000 kilowatts to the interconnected system. Diesel generation is also
 

located in Rivas, southeast of Managua, with a four unit installation providing
 

2,050 kilowatts of effective operating capacity, based on a combined nameplate
 

rating of 3,330 kilowatts.
 

The third unit at the Managua Plant was placed in service during February, 1971
 

and, with an effective operating capacity of 45 megawatts, is the largest and
 
The unit is operated on
most efficient thermal unit of the existing system. 


base-load to complement the operation of the Centroamerica and Somoza Garcia
 

hydro plants, which operate with average plant capacity factors of 50 and 40
 

percent, respectively. The two smaller capacity oil-fired thermal units of
 



the Managua Plant each have an effective operating capacity of 13,000 kilowatts.
 
These are operated to meet system peak load requirements and provide a margin
 
of standby and spinning reserve. The three diesel units at the Managua Plant
 
represent standby reserve capability at the system load center.
 

The gas-turbine is a useful component for peaking and standby reserve, in
 
addition to providing base-load supply for emergency operation, as occurred
 
following the 1972 earthquake.
 

In the future, following the introduction of new generating plant, the smaller
 
capacity, less efficient thermal units will form part of the system reserve,
 
with the diesel units on permanent standby.
 

5.1.3 PUERTO SOMOZA OIL-FIRED THERMAL PLANT
 

The next major addition to generating capacity supplying the interconnected
 
system will be the two unit thermal plant, located at Tiscuco near Puerto Somoza
 
on the Pacific Coast. As presently scheduled, the first 50 megawatt unit at
 
the Puerto Somoza Plant will be placed in service during September 1976, to be
 
followed by a second, identical unit in December 1976 or early 1977.
 

The plant design is suitable for two units, each nominal 50 MW turbine-generator
 
unit being supplied with steam from a 470,000 pounds per hour steam generating
 
unit, operating at 1300 p.s.i.g. and 960°F at the superheater outlet. The steam
 
generating units will be of the pressurized furnace design, suitable for burning
 
Bunker C oil as primary fuel and light oil for emergency operation.
 

Each turbine-generator unit will consist of a condensing turbine operating at
 
3600 R.P.M., with steam conditions of 1250 p.s.i.g. and 950°F at the throttle,
 
coupled to a hydrogen-cooled generator rated 53,000 KW, 0.85 PF, 62,000 KVA,
 
13.8 KV, 3 phase, 60 cycles. The unit condenser will operate with a normal back
pressure of 2-1/4 inches Hg absolute. Cooling water will be drawn from the ocean
 
and returned via a stilling basin to a nearby estuary.
 

Each unit transformer will have a FOA rating of 60,000 KVA and will step-up from
 
13.8 KV generator voltage to 230 kV for switching at the plant substation.
 
Transmission lines terminated at the plant 230 kV switchyard, will connect the
 
Puerto Somoza plant to the Leon and Los Brasiles substations.
 

The effect of the introduction of these two units to the system will be to change
 
the existing hydro/thermal ratio to a value of approximately 1:2, which will
 
result in a predominantly thermal based-system in the years 1977 and 1978. The
 
two units will provide energy to satisfy base-load requirements, until the in
troduction of major increments of geothermal plant capacity. In addition, firm
 
energy generated at the Puerto Somoza plant will be transmitted to the ENEE
 
system of Honduras over the 230 kVinterconnection, to be commissioned in 1976.
 

5.2 GEOTHERMAL POWER DEVELOPMENT
 

The impact of the large increase in fuel oil costs has rendered imperative, the
 
need to fully utilize indigenous sources of energy such as geothermal resources
 
as a substitute for the extended use of imported oil for base-load generation.
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The prospects for geothermal development in Nicaragua are good, with the prin

cipal prospect areas located in the vicinity of Momotombo Volcano, and San
 

Jacinto.
 

Estimates have been made of the power capacity that could be supported by the
 

geothermal reservoirs, based upon field surveys and previous test drilling.
 

However, until a more definitive assessment of the geothermal reserves is
 

possible, it is prudent to adopt a conservative approach to the planned limits
 

for geothermal power development. In this study, the total geothermal power
 

plant capacity included in generation expansion plans is less than previous
 

UNDP 	estimates of the capacity that could be supported by geothermal reserves.
 

5.2.1 PLANNED CAPACITY INSTALLATIONS
 

The field development program currently underway has the present objective of
 

completing the drilling of four exploration wells, to enable sufficient expe

rience and test data to be gained for the completion of a feasibility report
 

on the prospects for geothermal generation at Momotombo.
 

In a previous report _/ prepared under the auspices of the UNDP, a total planned
 

capacity of 140 megawattswas projected as a realistic target, based on the re

sults of field investigaticns which indicated that the Momotombo geothermal area
 

could support a power installation in excess of 150 megawatts. The plan envis

aged an initial installation of two 10 megawatt units in December 1976, followed
 

by a period of intensive production well drilling, sufficient to support an
 

additional 120 megawatts of plant capacity. The construction program would
 

entail the installation of a two-unit, 60 megawatt power plant in the period
 

1979-1980, followed by an identical plant, to be completed within the period
 

1981-1982, the unit size considered being 30 megawatt for both plants.
 

The economics of geothermal installations are directly related to the unit cost
 

associated with the plant. Therefore, normal economies of scale would suggest
 

that rather than a combination of 10 and 30 megawatt unit sizes, the most
 

economical installation would consist of multiple units,each unit having a
 

rating of 45 megawatts. This capacity corresponds approximately to the rating
 

of the largest thermal units on the ENALUF system and is in addition less than
 

the normal design limits for geothermal units. Accordingly, three 45 megawatt
 

units have been included in generation expansion plans, to provide a total
 

installed capacity of 135 megawatts by the end of 1981.
 

5.2.2 PROGRESS WITH FIELD DRILLING PROGRAM
 

The present steam well drilling program is directed toward the completion of
 

four deep exploration boreholes, to demonstrate the potential of the Momotombo
 

field as a source of commercially exploitable steam. The FORAMINES drilling
 

company is conducting field drilling operations under the supervision of
 

ELECTROCONSULT, who will also complete the feasibility study for the geothermal
 

development based on the results of the steam testing program.
 

1/ 	 Geothermal Resources Development NIC/71/510 - Report on the Status of
 

the Project and Tentative Development Plan for Geothermal Energy in
 
Nicaragua, UNDP, June 1973.
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The first well was drilled to a depth of 695 meters with an initial release of
 

steam, but the characteristic of the well indicated that the yield will not
 

support generation, due to a temperature inversion at depth.
 

The second well was successful, being completed in April 1975 and was opened to
 

A series of steam tests are presently being conducted
atmosphere in June, 1975. 

by ELECTROCONSULT to provide basic data for the feasibility study.
 

During the drilling of the third well, an unfortunate blow-out took place, at
 

a depth of 298 meters. The occurrence took place on June 23, 1975 since that
 

date the well was brought under control and drilling was resumed during August.
 

5.2.3 SCHEDULE REQUIRED TO MEET SYSTEM GROWTH
 

The introduction of geothermal generating units has been planned such that
 

system reliability requirements are met, with sufficient lead-time following
 

the demonstration of feasibility, to allow for manufacture of the turbine

generator units and the extended production drilling program required to
 

supply sufficient steam to support generation.
 

In order to maintain a system generation reliability risk level which corre
sponds to a LOLP index of 1.0 day/year or less, the first 45 megawatt geothermal
 

unit will be required at the end of the first quarter of 1979. The additional
 
generating capacity will thus be in service to meet the spring peak load on
 

the system and subsequent energy generation will be available to the system
 
during the dry season,to enable substitution of geothermal for thermal generation.
 

An elapsed time of approximately 15 months is allowed, before the second
 
45 megawatt unit is scheduled for commissioning in mid-year 1980. The main
tenarice periods are arranged, such that the first unit is scheduled to go on
 
maintenance as the second unit is placed in service, to preserve continuity
 
of generation.
 

The third unit is scheduled for service at the beginning of the last quarter
 
of 1981, with a similar allowance of 15 months between the introduction of
 

Units 2 and 3. This schedule allows the second unit to go on maintenance
 
as the third unit goes on-line and preserves the system risk levels as given
 
below:
 

Year 1979 1980 1981
 

Risk Level - Days/Year 0.94 0.62 0.87
 

It is possible that this schedule could be improved, should conditions allow
 
the earlier introduction of Units 2 and 3. However, the plan for unit intro
duction assumes that a fairly optimistic schedule for the development of
 
geothermal resources will enable system risk levels to be maintained as indi
cated above. These are quite adequate to meet the generation reliability
 
criteria established in Section 4.2.2 of Chapter IV.
 

The development of firm geothermal capacity earlier than 1979, would improve the
 

system risk level for 1978 but this possibility is dependent upon field drilling
 

progress and the acceleration of schedules for introduction of feasible gener

ating plants.
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5.3 DEVELOPMENT OF THE RIO GRANDE DE MATAGALPA HYDRO POTENTIAL
 

The most assured sources to be included in future expansion plans are the
 
hydroelectric power developments on the Rio Grande de Matagalpa and these
 
are more susceptible to definitive scheduling for an extended construction
 
period. As a definite limit, of 135 megawatts,has been assumed for the
 
geothermal plant installed capacity, the introduction of hydroelectric plant

capacity is necessary in the latter part of 1982, in order to preserve system

risk levels that accord with the criteria established in Section 4.2.2.
 
This is predicated on the basis of an independent system expansion,relying
 
mainly on the development of indigenous resources, with no 
expansion of thermal
 
generation.
 

5.3.1 
 SELECTION BETWEEN ALTERNATIVE HYDRO DEVELOPMENTS
 

The results of Phase I of the prefeasibility investigation indicated that two
 
alternative developments were worthy of detailed comparison, to 
examine the
 
relative merits of each scheme. 
The technical aspects of the two and three
 
dam alternatives are discussed in Chapter III of this report on Phase II of
 
the prefeasibility study. However, to determine the relative economic advan
tages of the two schemes, an economic analysis was made to compare the effect
 
of the inclusion of 
 one or other of the schemes in overall system expansion
 
plans.
 

A combination of a high dam at 
Copalar together with Paso Real was examined at
 
the system level, in comparison with the second alternative of a low dam at
 
the Copalar site, in combination with the El Carmen and Paso Real developments.

A close comparison was made of the 
two alternative hydro development schemes
 
set in context of the entire system expansion, including existing hydro plants,

geothermal power developments and supporting thermal plants, together with
 
their respective transmission system components. 
 In this way the economic
 
trade-off's between levels of plant investment associated with the two schemes
 
and respective thermal production costs, determine the most economic hydro

development to 
include in the basic plan for system expansion. The larger

investment 
costs of the high dam at Copalar are offset by the additional hydro
electric energy available with this alternative. The principal determinant,
 
bearing on project selection, is the relative production costs associated
 
with the thermal energy required to 
support the two and three dam alternatives.
 
The results of the economic comparison are given in Chapter VIII.
 

5.3.2 SCHEDULING OF ALTERNATIVE HYDRO DEVELOPMENTS
 

The inclusion of alternative hydro power sources in generation expansion plans,

corresponding to either the two 
or three dam development schemes, requires the
 
scheduling of unit additions within normal construction restraints, to satisfy

generation reliability risk levels established according to the criteria of
 
Section 4.2.2.
 

The downstream site of Copalar is to be developed first for both the two and
 
three dam alternatives, so initial generating capacity additions will be pro
vided by the first two unit installations for either the high or low dam
 
alternatives at the Copalar site.
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The lead time necessary for completion of a feasibility study, financial
 
arrangements, engineering design and construction of either a high or low
 
dam at Copalar will require a minimum of seven years to bring the first
 
power on line. This allows the most optimistic in-service scheduling of
 
the initial units for the end of year 1982.
 

Figures V.1 and V.2 indicate tii, scheduled increments of generating capacity
 
for the two and three dam developii.-ft: alternatives, in relation to the growth
 
of peak load on the Sistema Interconec:-do Nacional (S.I.N.). These charts
 
are shown for independent system expansiu... without recourse -C Ichased 
power over transmission interconnections.
 

In the case of the high dam, the reservoir will require the run-off corre-

Fprntii6 to three wet seasons to fill completely and so the normal maximum
 
reservoir elevation will not be reached until the end of year 1984. The
 
total installed capacity will then be 330 megawatts, comprising six 55 mega
watt units. After the initial installation of two 55 megawatt units in
 
November 1982, the remaining four units will be scheduled for service, at
 
intervals of approximately six months through the end of year 1984. The
 
two 25 megawatt units of the Paso Real power plant will be brought into
 
service at the end of year 1988, to complete the two dam development.
 

The scheduling of the three dam development requires a staged development at
 
the Copalar low dam, in order to minimize overlap between Copalar and El Carmen
 
construction schedules. After the initial two unit installation in November 1982,
 
a third 55 megawatt unit is scheduled for May 1983, to complete the first stage
 
construction. The El Carmen power plant will consist of two 35 megawatt units,
 
these being introduced at the beginning of year 1986, to be followed in 1987 by
 
the second stage installation at Copalar. The total plant complement at the
 
Copalar low dam will be 275 megawatts, this being reached by the addition of
 
two additional 55 megawatt units, one in January and the second in July 1987.
 
To complete the three dam development the two 25 megawatt units at Paso Real
 
are introduced at the end of year 1988, similar to the two dam scheme.
 

The detailed work schedules for the two and three dam developments are shown
 
on Annexes 111-14 and 111-15 to Chapter III.
 

Both of the alternative development schemes satisfy the system requirements
 
for the planned expansion to 1988, the differential installed capacity between
 
the two developments being 15 megawatts. This corresponds to the difference
 
in installed capacity of the two 35 megawatt units at the El Carmen plant,
 
over the sixth 55 megawatt unit at the Copalar high dam. The identical
 
installations at Paso Real in 1988, superimposed on the alternative generation
 
expansions for the two and three dam developments, result in different levels
 
of system reliability in that year. However, both are well within the
 
preferred risk limit but additional generation will be required in the
 
following year, 1989, to maintain generation reliability according to system
 
criteria.
 

It is recommended that serious consideration be given to continuing the develop
ment of hydroelectric resources in the same geographical area, logical choices
 
for power developments being within the Tuma River Basin and at the Tumarin site,
 
located downstream of Copalar on the Rio Grande de Matagalpa.
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5.3.3 CONSIDERATION OF OPERATIONAL CHARACTERISTICS
 

The introduction of hydro power, from sites on the Rio Grande de Matagalpa,
 

necessitates the selection of appronriate plant operational characteristics.
 

The existing hydroelectric plants of Centroamerica and Somoza Garcia operate
 

with average annual plant capacity factors of 50 and 40 percent, respectively.
 

The new plants to be introduced on the Rio Grande de Matagalpa are also in

tended to operate as intermediate-range supply sources, with annual plant
 

capacity factors ranging from approximately 35 to 50 percent. A summary of
 

the resultant plant capacity factors is given in the following tabulation.
 

COMPARISON OF ALTERNATIVE OPERATIONAL CHARACTERISTICS
 
FOR
 

RIO GRANDE DE MATAGALPA HYDROELECTRIC DEVELOPMENTS
 

Year 1983 1984 1985 1986 1987 1988 1989 

Two - Dam Development 

Copalar 
(High Dam) 

39.4 34.3 49.1 49.1 49.1 49.1 48.9 

Paso Real - - - - - - 44.8 

Three - Dam Development 

Copalar 
(Low Dam) 

62.8 54.8 54.8 55.4 36.4 36.6 35.3 

El Carmen - - - 46.4 46.4 46.4 51.7 

Paso Real - - - 45.3 

The Copalar high dam of the two dam development will operate at a lower than
 

long-term average plant capacity factor during the first two years of operation,
 
due to the fact that during this period the eservoir is still filling. The
 

capacity factor of the plants, comprising the two alternative developments,
 

are changed slightly due to regulation of stream flow by successive upstream
 
developments.
 

5.4 RELIABILITY STIDY OF GENERATION EXPANSION PLANS
 

The generation expansion plans for the period 1978-1988 may be divided into two
 

phases, beginning from the basic system projected for the year 1978, with the
 

existing generation augmented by the addition of the two 50 megawatt thermal
 

units at the Puerto Somoza Plant. The first phase consists of the staged devel

opment of geothermal power at Momotombo, three 45 megawatt units being sched
uled for introduction over the period 1979-1981.
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The year 1982 begins the second phase, with two alternative hydro power devel

opment schemes available for the staged introduction of generating plant through
 

1988. These two alternative developments are referred to as the two and three
 

dam schemes, comprising, respectively, the high dam at Copalar with Paso Real
 

and the low dam at Copalar with El Carmen and Paso Real. Each alternative has
 

been examined as part of the overall study of generation reliability, the sys

tem risk level being measured in terms of the loss of load probability (LOLP)
 

index for each year of the expansion. This index was computed using a pro

gram developed by ENALUF, with modifications recommended by IECO during the
 

course of this study. A sample printout of this program, for the base sys

tem of 1978, is included as Annex C-I of Appendix C.
 

5.4.1 LOSS OF LOAD PROBABILITY FOR TWO DAM SCHEME
 

A summary of the annual loss of load probability (LOLP) is contained in Table V.1,
 

together with the unit introduction schedule and forced outage rates for the
 

generation expansion plan, corresponding to the two-dam development scheme.
 

As discussed in Section 4.2.2, the criterion set for generation reliability is
 

subject to constraints imposed by the construction schedule. Although the
 

preferred reliability level for 1982 would be provided by a loss of load prob

ability index of 0.6 days/year, this would entail the introduction of the first
 

two units at Copalar as early as August 1982. As the reservoir is still filling
 
during the wet season, in the latter half of the year, the first two units are
 
not scheduled for initial service until the twelfth period, in November 1982.
 
This schedule still enables a satisfactory generation reliability level to be
 

attained, which corresponds to a loss of load probability index of approximately
 

1.0 day/year.
 

The LOLP index falls to a very low level in 1983 following the successive
 

addition of Units 3 and 4 in May and November, respectively. The index of
 

0.006 indicates the system is exceedingly reliable and subject to a low prob

ability of outages causing a critical loss of load carrying capability. This
 

situation is further improved during 1984, after the installation of the re
maining two Units 5 and 6, such that the security of supply is assured. During
 
1985 the system is at its most reliable level with a loss of load probability
 
of 0.00001 days/year and Copalar fully developed, with the reservoir at normal
 

operating levels following the final months of filling during the wet season
 

of 1984. The annual index then increases in following years, due to load growth.
 

No more power installations are required until the latter part of 1.988, when
 

the two 25 megawatt units at Paso Real are brought into service during the
 
twelfth period, to allow final reservoir filling during the wet season of 1988.
 
A loss of load probability index of 0.79 days/year for 1988 indicates an ade
quate level of system reliability. To improve this to 0.6 days/year would
 

requirc The Paso Real units to be scheduled for service as early as July 1988,
 
which would not allow completion of reservoir filling prior to operation. The
 
construction schedules and reservoir filling periods are then seen to be the
 
principal determinants of system reliability, for the years 1982 and 1988.
 

The reason for a certain degree of latitude in regard to generation reliability
 
risk levels is readily apparent, it is essential to maintain flexibility in order
 

to accommodate tight construction schedules with constraints imposed by numerous
 

exigencies.
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TABLE V.1 

UNIT INTRODUCTION SCHEDULE AND FORCED OUTAGE RATES FOR TWO-DAM DEVELOPMENT SCHEME AI 

IN EFFECTIVE 
SERVICE CAPACITY UNIT No. 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
DATE Mw 

Existing 25 Centroamerica 1 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 
Existing 25 Centroamerica 2 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 
Existing 25 Gral. Somoza C. 1 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 
Existing 20 Gral. Somoza G. 2 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 
Existing 15 Managua 1 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 
Existing 15 Managua 2 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 
Existing 45 Managua 3 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 
Existing 15 Chinandega 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 
Sept. 1976 50 Puerto Somoza 1 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 
Dec. 1976 50 Puerto Somoza 2 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 
Mar. 1979 45 Momotombo 1 0.060 0.045 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 
June 1980 45 momotombo 2 0.045 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 
Oct. 1981 45 )otombo 3 0.045 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 
Nov. 1982 55 Copalar 1 0.020 0.020 0.010 0.010 0.010 0.010 0.010 0.010 
Nov. 1982 55 Copalar 2 0.020 0.020 0.01b 0.010 0.010 0.010 0.010 0.010 
May 
Nov. 

1983 
1983 

55 
55 

Copalar 
Copalar 

3 
4 

0.020 
0.020 

0.010 
0.010 

0.010 
0.010 

0.010 
0.010 

0.010 
0.010 

0.010 
0.010 

0.010 
0.010 

May 1984 55 Copalar 5 0.010 0.010 0.010 0.010 0.010 0.010 
Nov. 1984 55 Copalar 6 0.010 0.010 0.010 0.010 0.010 0.010 
Nov. 1988 25 Paso Real 1 0.020 0.020 
Nov. 1988 25 Paso Real 2 0.020 0.020 

SUMMARYOF LOSS OF LOAD PROBABILITY (LOLP) 

RISK LEVEL - DAYS/PERIOD 

PERIOD FROM: T O* 
1 Jan. I Jan. 28 0.025585 0.135119 0.058168 0.027790 0.020784 0.000556 0.000005 0.000000 0.000013 0.0003b9 0.033174 0.101602 
2 Jan. 29 Feb. 25 0.057554 0.312838 0.130044 0.076597 0.061865 0.002125 0.000034 0.000002 0.000098 0.002644 0.121665 0.337439 
3 Feb. 26 Mar. 25 0.033330 0.150340 0.077922 0.040637 0.026088 0.000804 0.000006 0.000000 0.000015 0.000571 0.039853 0.135581 
4 Mar. 26 Apr. 22 0.037686 0.020023 0.088947 0.045667 0.038585 0.001068 0.000011 0.000000 0.000042 0.001092 0.068656 0.181270 
5 Apr. 23 May 20 0.028123 0.014179 0.062599 0.032735 0.029226 0.000799 0.000009 0.000000 0.000035 0.000964 0.042216 0.131842 
6 May 21 Jun 17 n.028674 0.012839 0.063375 0.028368 0.280303 0.000334 0.000002 0.000003 0.000140 0.003524 0.181046 0.339246 
7 Jun 18 July 15 0.014718 0.005273 0.029509 0.171651 0.110577 0.000112 0.000000 0.000001 0.000041 0.001098 0.054640 0.158072 
8 Jul 16 Aug 12 0.275322 0.079344 0.031195 0.135403 0.077678 0.000062 0.000000 0.000000 0.000012 0.000359 0.029987 0.084781 
9 Aug 13 Sep. 9 0.277594 0.078561 0.031089 0.136507 0.078414 0.000066 0.000000 0.000000 0.000014 0.000414 0.031044 0.085221 
10 Sep 10 Oct 7 0.314883 0.084111 0.031436 0.142848 0.094854 0.000083 0.000000 0.000000 0.000024 0.000646 0.038577 0.131677 
11 Oct 8 Nov 4 0.020483 0.009078 0.003132 0.023090 0.203676 0.000211 0.000001 0.000002 0.000089 0.002192 0.119740 0.267294 
12 Nov 5 Dec 2 0.027708 0.012646 0.004513 0.002448 0.000037 0.000001 0.000000 0.00C00 0.000019 0.000642 0.006089 0.118196 
13 Dec 3 Dec 31 0.042850 0.023044 0.009307 0.004828 0.000099 0.000003 0.000000 0.0OJO01 0.000126 0.002691 0.018624 0.227103 

RISK LEVEL - DAYS /YEAR 

ANNUAL LOSS OF LOAD PROBABILITY 1.184511 0.937395 0.620236 0.868569 1.022186 0.006224 0.000068 0.000010 0.000668 0.017206 0.792310 2.299325
 



The LOLP analysis for the year 1989, with generation levels set as of
 
December 1988 with the initial forced outage rate (F.O.R.) of 0.02 assigned to
 
each of the two Paso Real units, results in a LOLP index of 2.3 days/year.

This indicates that additional generation will be required during 1989, to
 
maintain recommended generation reliability levels.
 

5.4.2 LOSS OF LOAD PROBABILITY FOR THREE DAM SCHEME
 

The summary of the loss of load probability (LOLP) analysis, corresponding
 
to the generation expansion containing the three dam development, is given

in Table V.2, similar to that for the two dam development scheme.
 

The expansion is identical up to and including the year 1982; however, there
after the LOLP indices correspond to the unit introduction schedule devised to
 
accommodate the construction schedule for the three dam development. In gen
eral, the annual LOLP indices are higher than the ones corresponding to the
 
two dam development but are well below the levels recommended for maintenance
 
of adequate system reliability. After the installation of the two Paso Real
 
units in November 1988, the resulting LOLP index for the year is just above
 
0.48 days/year. However, the following year this index rises to 1.48 indi
cating additional generation is required in 1989, similar to the two dam scheme.
 

5.4,3 EFFECT OF DELAYS TO UNIT INTRODUCTION SCHEDULE
 

The unit introduction schedules of Tables V.1 and V.2 will allow the system

reliability criteria to be met, within the construction schedules for individual
 
projects of the two and three dam development schemes.
 

There are two critical years in the generation expansion, which could be
 
affected by delays to the projected construction schedules for either geother
mal or hydroelectric power plant, these being 1979 and 1982, respectively.
 
In order to preserve a system risk index corresponding to at least 1.0 day/year
 
during 1979, the first geothermal unit should be introduced no later than March.
 
If delays to the required drilling program, or other exigencies, cause the
 
in-service date to be postponed, the risk level will be commensurately in
creased, as shown in the following tabulation.
 

RELIABILITY OF SYSTEM GENERATION IN 1979
 
RESULTING FROM DELAYS TO GEOTHERMAL DEVELOPMENT PROGRAM
 

Geothermal Unit 1 In-Service Resulting Annual 
Period Beginning LOLP Index for 1979 

Days/Year 

51 April 23 1.138163 
6 May 21 1.279975 
7 June 18 1.412738 
8 July 16 1.470139 
9 August 13 2.322401 

10 September 10 3.162127 
11 October 8 4.031030 
12 November 5 4.126026 
13 December 3 4.252666 
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TABLE V.2
 

UNIT INTRODUCTION SCHEDULE AND FORCED OUTAGE RATES FOR THREE-DAM DEVELOPMENT SCHEME BI 

IN EFFECTIVE 
SERVICE CAPACITY UNIT NO. 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 

DATE MW 

F- .cing 25 Centroamerica 1 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 
Lxisting 25 Centroamerica 2 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 
Existing 25 Gral. Somoza G. 1 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 
Existing 20 Gral. Somoza G. 2 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 
Existing 15 Managua 1 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 
Existing 15 Managua 2 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 
Existing 45 Managua 3 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 
Existing 15 Chinandega 0.030 0.030 0 030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 
Sep. 1976 50 Puerto Somoza 1 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 
Dec. 1976 50 Puerto Somoza 2 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 
Mar. 197-) 45 Momotombo 1 0.060 0.045 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 
Jun. 1980 45 Momotonmbo 2 0.045 0 030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 
Oct. 1981 45 Momotombo 3 0.045 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 

Nov. 1982 55 Copalar 1 0.020 0.020 0.010 0.010 0.010 0.010 0.010 0.010 
Nov. 1982 
May 1983 

55 
55 

Copalar
Copalar 

2 
3 

0.020 0.020 
0.020 

0.010 
0.010 

0.010 
0.010 

0.010 
0.010 

0.010 
0.010 

0.010 
0.010 

0.010 
0.010 

Jan. 1986 35 El Carmen 1 0.020 0.010 0.010 0.010 
Jan. 1986 
Jan. 1987 

35 
55 

El Carmen 
Copalar 

2 
4 

0.020 0.010 
0.010 

0.010 
0.010 

0.010 
0.010 

Jul. 1987 55 Copalar 5 0.010 0.010 0.010 
Nov. 1988 25 Paso Real 1 0.020 0.020 
Nov. 1988 25 Paso Real 2 0.020 0.020 

SUMMARY OF LOSS OF LOAD PROBABILITY (LOLP) 

RISK LEVEL - DAYS/PERIOD 

PERIOD FROM: T 0: 
1 Jan. 1 Jan. 28 0.025585 0.135119 0.058165 0.027790 0.020784 0.000556 0.000168 0.004208 0.002977 0.002833 0.017998 0.075486 
2 Jan 29 Feb. 25 0.057554 0.312838 0.130044 0.076597 0.061865 0.002125 0.000919 0.019271 0.015152 0.015975 0.034296 0.178580 

3 Feb. 26 Mar. 25 0.033330 0.150340 0.077922 0.040637 0.026088 0.000804 0.000222 0.005239 0.003858 0.003769 0.026114 0.105554 
4 Mar. 26 Apr. 22 0.037686 0.020023 0.088947 0.045667 0.038585 0.001068 0.000380 0.011480 0.006129 0.007066 0.039467 0.115602 

5 Apr. 23 May 20 0.028123 0.014179 0.062593 0.032735 0.029226 0.000799 0.000297 0.009343 0.004494 0.005618 0.030472 0.073245 
6 May 21 Jun. 17 0.028647 0.012839 0.062375 0.028368 0.280303 0.000334 0.002444 0.040668 0.030003 0.027567 0.115222 0.234053 
7 Jun 18 Jul 15 0.014718 0.005273 0.029509 0.171651 0.110577 0.000112 0.000878 0.017694 0.007907 0.000344 0.032934 0.102649 
8 Jul. 16 Aug. 12 0.275322 0.079344 0.031195 0.135403 0.077678 0.000062 0.000449 0.008316 0.003497 0.000134 0.015537 0.054624 

9 Aug. 13 Sep. 9 0.277594 0.078561 0.031089 0.136507 0.078414 0.000066 0.000481 0.008838 0.003578 0.000141 0.015829 0.058614 

10 Sep. 10 Oct. 7 0.314883 0.084111 0.031436 0.142848 0.094854 0.000083 0.000614 0.012504 0.005114 0.000206 0.024078 0.068397 
i1 Oct. 8 Nov. 4 0.020483 0.009078 0.003132 0.023090 0.203676 0.000211 0.001634 0.029840 0.017824 0.000879 0.063673 0.164361 
12 Nov. 5 Dec. 2 0.027708 0.012646 0.004513 0.002448 0.000037 0.000027 0.000211 0.005411 0.003358 0.000178 0.002290 0.073132 
13 Dec. 3 Dec. 31 0.042850 0.023044 0.009307 0.004828 0.000099 0.000074 0.000662 0.013854 0.010824 0.001019 0.012117 0.175513 

RISK LEVEL - DAYS/PERIOD 

0.006321 0.009359 0.186664 0.114713 0.065729 0.480027 L.481812
ANNUAL LOSS OF LOAD PROBABILITY 1.184511 0.937395 0.620236 0.868569 1.022186 




If the first geothermal unit is not placed in service during 1979, the result
ing system risk level is shown on the printout of the LOLP program, included
 
as Annex C-2 of Appendix C.
 

A certain degree of latitude regarding levels of reliability in 1979 will be
 
necessary, in view of the uncertainties associated with the introduction of
 
geothermal power plant. 
 One or two months delay is tolerable but beyond

mid-year 1979, the system risk levels corresponding to delayed in-service
 
dates for the first geothermal generating unit will increase, period by

period, to levels unacceptable by the standards of the planning criteria
 
established for this study.
 

Once the first geothermal unit is placed in service, overall system reliability

improves considerably and the scheduled unit additions, at 15 month intervals,

enable a reasonably secure system to be maintained through 1982. It is con
ceivable that the schedule for Units 2 and 3 can be improved to enable suc
cessive installations to be made at intervals of only 12 months. 
This would
 
not be required to improve system reliability but rather to enable the earlier
 
substitution of lower cost geothermal energy for oil-fired generation.
 

The iL:xt critical year is 1982, which requires the installation of the first
 
two Copalar units in November,to maintain a reliability level which corresponds

to a LOLP risk index of approximately 1.0 day/year. A printout of the LOLP
 
program for the year 1982, without the inclusion of the two initial Copalar

units in system generation is included, as Annex C-3 of Appendix C, to illus
trate the resulting risk level attained. If delays occur to postpone the
 
in-service date to some point in time within 1983, 
the risk levels shown in
 
the following summary tabulation can be anticipated for either the two or
 
three dam schemes.
 

RELIABILITY OF SYSTEM GENERATION IN 1983
 
RESULTING FROM DELAYS TO COPALAR DEVELOPMENT
 

Copalar Units 1 & 2 
Period 

In-Service 
Beginning 

Resulting Annual 
LOLP Index for 1983 

Days/Year 

1 January 1 0.033132 
2 January 29 0.236611 
3 February 26 0.828480 
4 March 26 1.103248 
5 April 23 1.413910 
6 May 21 1.637570 
7 June 18 3.427376 
8 July 16 4.257975 
9 August 13 4.874506 
10 September 10 5.500321 
11 October 8 6.145805 
12 November 5 7.379296 
13 December 3 7.604039 
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The scheduling of the initial installation at Copalar was intended to introduce
 

the two 55 megawatt units, to meet the end-of-year peak in 1982. If delays are
 

encountered which postpone the in-service date to as late as March 1983, the
 

resulting annual LOLP index will be almost the same as for 1982, without the
 

introduction of Copalar units. (1.10 as compared to 1.09) This will still
 
enable the initial unit installations at Copalar to be available to meet the
 

March peak of 1983. Beyond this date, the resulting annual LOLP indices caused
 

by delays to the construction schedule are unacceptable by the standards impos

ed by generation planning criteria. Thus the importance of a well conceived
 

and executed development program is emphasized. Construction schedules must
 
be maintained to preserve adequate reliability of system generation.
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CHAPTER VI
 

POWER PURCHASES VIA INTERCONNECTIONS
 

6.0 INTRODUCTION
 

Interconnections between the presently independently operated power 
systems of
 

Nicaragua, Honduras and Costa Rica, will enable the improvement 
of operating
 

economies resulting from the interchange of power. These economies will be of
 

mutual benefit to the participating utilities, Empresa Nacional de Luz y Fuerza
 

Empresa Nacional de Energia Electrica (ENEE) of Honduras;
(ENALUF) of Nicaragua; 

(ICE) of Costa Rica. In addition,


and Instituto Costarricense de Electricidad 


the future possibility of extended firm power interchange and 
reserve sharing,
 

will provide a major incentive for re-examination of current expansion 
plans of
 

the utilities concerned, to minimize investment in reserve capacity 
for the inter

connected systems and utilize complementary resources for the mutual benefit of
 

participants.
 

6.1 INTERCONNECTION WITH ICE (COSTA RICA) SYSTEM
 

the ENALUF and ICE systems, will be the subject of a
 The interconnection of 

In the present


forthcoming feasibility study authorized by the two utilities. 


study, the effect of this interconnection on basic generation and 
transmission
 

plans has been examined, to determine the necessary facilities required 
for its
 

implementation and the resultant tie-line rates which will be 
necessary to sup

port economic energy purchase by ENALUF, over a range of possible 
future cost
 

escalation.
 

6.1.1 AVAILABILITY OF SURPLUS CAPACITY AND ENERGY
 

The salient feature of existing hydroelectric generation sources of 
the ICE
 

system is the prevalence of run-of-river plant operation, with limited 
storage
 

This condition has led the two utilities, ENALUF and ICE, to
capability. 

seriously consider the interconnection of their adjacent systems, 

to enable
 

the surplus capacity and energy of hydroelectric sources on the ICE 
system to
 

be made available to the ENALUF system in the form of off-peak power 
allocations.
 

The results of recent studies completed by ICE indicate that surplus 
hydro
 

energy can be made available to the ENALUF system each year during the wet
 

season, to allow off-peak purchases during the daily load cycle between 
the
 

hours of 10 PM and 6 AM, a period of eight hours per day. The monthly energy
 

is shown in Table VI.I.
available, from mid-year 1978 to end of year 1988, 


Current plans for the establishment of an interconnection suggest that the
 

earliest date at which the inter-tie could be energized will be July 1978,
 

The available capacity and
which coincides with the onset of the wet season. 

the nocturnal load requirements of the ICE
 energy, which will be surplus to 


system, varies from month to month and declines through time over the first
 

1984, depending upon the capability of generating sources
 seven years to 

In 1985, the


relative to the magnitude of nocturnal load on the ICE system. 


level of available energy is substantially increased but a further decline
 

1986 and 1987. A large increase
then takes place in the two succeeding years 


is projected for 1988, following the commissioning of the Amistad Plant.
 



TABLA VI.1 - TABLE VI.1 

*EXCEDENTE MENSUAL DE ENERGIA PARA EL SISTEMA DEL ICE DE COSTA RICA DISPONIBLE PARA 

SER COMPRADO POR ENALUF 

*MONTHLY ENERGY SURPLUS TO ICE SYSTEM OF COSTA RICA AVAILABLE FOR PURCHASE BY
 

ENALUF
 
-GWH-


ANO JULIO AGOSTO SEPTIEMBRE OCTUBRE NOVIEMBRE DICIEMBRE TOTAL 

Year July August September October November December Total
 

22.7 148.9
1978 28.0 27.9 28.1 17.4 24.8 


12.9 18.1 16.9 113.11979 22.2 21.7 21.3 

16.5 15.1 19.3 11.9 11.4 90.4
1980 16.2 


1981 11.0 11.0 9.7 13.5 6.3 6.5 58.0 

1982 6.5 6.7 4.6 8.5 1.5 3.2 31.0 

3.4 3.2 0.5 4.5 - 2.0 13.61983 

1984 2.1 0.8 - 2.6 - 1.9 7.4 

39.91985 1.9 - 11.4 16.1 6.9 3.6 

5.0 4.3 8.9 1.3 2.0 25.31986 3.8 

1987 2.0 1.2 0.2 4.1 - 1.9 9.4 

14.8 107.91988 1.8 - 33.1 34.4 23.8 

Fuente: Instituto Costarricense de Electricidad
 

Source: Instituto Costarricense de Electricidad
 

Nota: *Los valores mensuales de energia correspondan al ano hidrologico promedio
 

Note: *Monthly energy values correspond to average hydrological year
 



6.1.2 UTILIZATION OF OFF-PEAK ENERGY PURCHASES
 

The off-peak energy available from run-of river hydro plants on the ICE system
 

should be utilized as early as possible, otherwise it will be wasted due to lack
 

of adequate storage capability. The principal justification for the purchase
 

of such energy by ENALUF is that this hydro energy can be substituted for
 

equivalent thermal generation, thus conserving fuel-oil, with a resultant cost
 

saving to the ENALUF system. The magnitude of the savings realized will, of
 

course, be dependent on the tie-line purchase rate established. In this study,
 

concentration has been given to analysis of breakeven rates to define maximum
 

limits for purposes of negotiation.
 

The main constraint on the energy utilized is the limited time period each day,
 

during which off-peak transfers have to be completed. In addition, the inter

change of off-peak energy should not interfere with the economic operation of
 

other units on the system. This requirement refers particularly to geothermal
 

base-load units, which are scheduled for introduction to the system during the
 

first two years of tie-line operation. It is preferable, for economic system
 
operation, that the geothermal units be maintained on base-load, with unit load

ing fairly steady at normal full-load rating. The geothermal energy is available
 

on a 24-hour basis and constant flow conditions are most advantageous for steam
 

well operation.
 

The displacement of thermal energy will result in more frequent shut-downs of
 

thermal units, if the off-peak energy purchases result in thermal unit loadings
 

falling below the minimum level of operation. This will affect the scheduling
 
of the Puerto Somoza units, for daily operational requirements during the wet
 

season energy transfers. This effect should not be excessive as normal start-up
 

procedure requires eight hours to complete, which corresponds to the daily time
 

period for transfer of off-peak energy. In all probability, the thermal units
 
can be placed on hot standby or spinning reserve for the period of minimum
 
loading.
 

The operational constraints of the ENALUF and ICE systems, pertaining to optimal
 
off-peak energy transfers, will require more detailed study than was possible
 

with the information available for the completion of this study. In particular,
 
the plant capacity of ICE generation supporting the energy transfer should be
 
obtained on an hour-by-hour basis, to determine the maximum feasible energy
 

transfer. This will allow a more accurate modeling of the energy purchases,
 
as part of production costing for the ENALUF system, than was possible using
 

the average energy values available for the present study.
 

In order to select the transmission facilities required for economic energy
 

transfer, three options were examined to determine the operating voltage level
 
and terminal location.
 

I 230 kV operation with terminal at Los Brasiles substation 
II 230 kV operation with terminal at Masaya substation 
III 138 kV operation with terminal at Masaya substation 

These three options were sufficient to examine the most realistic alternatives,
 
for interconnection of the ENALUF system with that of ICE in Costa Rica.
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In each case the relative advantages, in terms of production cost savings 
for
 

thermal generation compared with necessary capital expenditures for transmission
 
were
facilities, coupled with associated operation and maintenance costs, 


examined by present worth analysis to determine the breakeven tie-line rates
 

for energy, over a range of future cost escalation. The results of this analysis
 

are contained in Appendix H.
 

The first two options require the early construction of certain 230 kV line
 

sections and installation of substation facilities, several years before they
 

would be required with independent system operation. A 230 kV line section
 

is required for Option I between the Los Brasiles terminal and the Masaya
 

substation;and for Option II, the terminal at Masaya will require a 75 MVA,
 

230/138 kV step-down transformer, in addition to other equipment forming a
 

new 230 kV substation. The only limitation on energy transfer is the capacity
 

of the step-down transformer, the off-peak transfer for a limited period of
 

eight hours each day cannot justify the early addition of more than one 75 MVA
 

The third option requires the same 230 kV line construction as
transformtr. 

II, with provision for initial operation at 138 kV. This alternative
for Optix 


requires a minimum installation of terminal substation equipment. However, due
 

to limitations of power transfer capability with the lower operating voltage
 

level, definite constraints are placed on the magnitude of energy possible with
 

Option III.
 

The following tabulation gives the magnitude of energy transferable with the
 

three options and its proportion to the total off-peak energy available:
 

ENALUF - ICE INTERCONNECTION 

POTENTIAL ENERGY AVAILABLE AND TRANSFER LIMITS 
FOR 

OFF-PEAK ENERGY FROM COSTA RICA
 

1978 1979 1980 1981
 

Energy Available - GWH 148.9 113.1 90.4 58.0
 
YEAR 


Option I - 230 KV Operation - Terminal at Los Brasiles Substation 

Energy Transfer - GWH 147.5 112.2 89.6 57.5 

Percentage Interchange 99% 99% 99% 99% 

Option II - 230 KV Operation - Terminal at Masaya Substation 

Energy Transfer - GWH 106.7 100.7 88.8 57.5 

Percentage Interchange 72% 86% 98% 99% 

Option III - 138 KV Operation - Terminal at Masaya Substation 

Energy Transfer - GWH 69.4 69.4 67.4 56.3 

Percentage Interchange 47% 61% 75% 97% 

The energy available from 1982 to 1987 is relatively small in magnitude and can
 

be transferred over facilities corresponding to each of the three options. In
 

1988 there is a fairly large increase in energy available (107.9 GWH), which
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would cause definite interchange limita to be imposed by transfer capability

with interconnection options II and III. Apart from the limitations imposed

by transformer capacity in Option II, the following range of line loadings, for
 
power transfer, were used to determine maximum permissible energy interchange
 
capability.
 

230 kV Operation .......... 94 to 145 MW ; Average - 120 MW
 

138 kV Operation ..........35 to 53 MW ; Average - 44 MW
 

It was assumed that transmission energy losses were supplied by the available
 
hydroelectric energy from Costa Rica.
 

6.1.3 FORMULATION OF TIE-LINE RATES FOR OFF-PEAK PURCHASES
 

The energy available for transfer from Costa Rica to Nicaragua is surplus to the
 
load requirements of the ICE system. Until the completion of the Arenal pondage
 
hydro plant, it is essentially dump energy from the run-of-river plants in Costa
 
Rica, which will be lost if not transferred to the ENALUF system for utilization
 
in Nicaragua. In setting purchase rates for such energy, the potential benefit
 
to the ENALUF system is determined by the equivalent cost of thermal energy gen
eration, which is replaced by energy purchased over the interconnection. However,
 
to enable purchases to be made, the necessary tie-line and terminal facilities
 
have to be built, operated and maintained, so a cost is incurred by the purchaser,

ENALUF. The relative value of purchases is then determined by the present worth
 
of capital investment, operation and maintenance expenses, offset by discounted
 
savings resulting from substitution of off-peak energy for thermal generation.
 

In order to determine the breakeven tie-line rate, which would induce ENALUF to
 
purchase off-peak energy from ICE, the cost of independent operation is compared

with the costs associated with interconnected operation. The detailed rate anal
ysis is presented in Appendix H, with the effect of cost escalation examined over
 
a range of discount rates corresponding to the cost of capital. The analysis was
 
based on relative costs incurred over the period, 1976 through 1981. Although
 
energy is available for transfer beyond 1981, the availability of large blocks of
 
power from Honduras, after the first stage of the El Cajon Project is brought into
 
service in 1982, will enable hydro energy to totally substitute for thermal gen
eration in that year.
 

The combination of ENEE firm power allocations from Honduras and new hydro genera
tion on the Rio Grande de Matagalpa in Nicaragua, almost entirely eliminates the
 
need for thermal dispatch on the ENALUF system for the remainder of the develop
ment period to 1988. Thus, the possibility of reducing thermal dispatch by uti
lizing surplus energy from Costa Rica is possible to a limited extent after 1981.
 
However, the abundant hydroelectric energy available from Honduras could easily

substitute for the ICE off-peak allocations, assuming the firm allocations are
 
supplied by ENEE. This means that the interconnection with Costa Rica has to
 
prove out economically within the short time-frame of four years, in order to
 
justify its introduction by mid-year 1978. This has the effect of minimizing
 
the tie-line rates applicable to economic interchange. However, in determining
 
a tie-line rate applicable to off-peak energy allocations, it is essential that the
 
transfer be examined to ascertain the economic merit of interchange based on the
 
realities of available sources.
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The total energy available during the wet season from Costa Rica declines appre

ciably, beginning in 1982, as indicated in Table VI.1, and does not increase to
 

the levels of the first four years of interconnected operation until 1988, fol

lowing the major installation of the Amistad hydroelectric power plant on the
 

ICE system. The breakeven tie-line rates, determined for the period 1978-1981,
 

are applied to seasonal energy transfers from Costa Rica, through the end of the
 

development period in 1988, to determine corresponding breakeven tie-line rates
 

for the interconnection with Honduras. This is a reasonable procedure, in that
 

a nominal value is placed upon the limited energy available for transfer from
 

the ICE System, for utilization in Nicaragua during the period 1982 through 1988.
 

6.2 INTERCONNECTION WITH ENEE (HONDURAS) SYSTEM
 

The interconnection of the ENALUF and ENEE systems is currently under implementa

tion, with a 230 KV transmission line, to form the inter-tie between the two
 

systems, scheduled for energization in 1976. This will enable the new Puerto
 
Somoza thermal plant of the ENALUF system, to supply power to the interconnected
 

systems of Nicaragua and Honduras. After an initial period of interruptible power
 

interchange, ENEE plan to purchase power from ENALUF on a firm basis from 1979
 

to 1981, utilizing base-load energy from Puerto Soinoza. Then, following the
 

initial installation at the new El Cajon hydroelectric plant in Honduras, surplus
 
on-peak capacity and energy in excess of the ENEE syscem requirements, will be
 
available for purchase by ENALUF on a firm basis beginning in 1982.
 

6.2.1 AVAILABILITY OF FIRM CAPACITY AND ENERGY
 

The introduction of the El Cajon development to the ENEE system, will provide a
 
major addition to hydroelectric generation sources in Honduras. However, the
 
magnitude of power available from the single source requires that its output be
 
marketed in both Llnduras and Nicaragua, until such time as the entire oLtput can
 
be utilized within the ENEE system, this being dependent on future load growth.
 
The most recent power balance prepared by ENEE reflects the effect of Hurricane
 
Fifi on the Honduran economy, in that revisions to the forecast load on the ENEE
 
system will enable larger allocations of El Cajon power to be made available for
 
sale to ENALUF on a firm basis.
 

The following tabulation of available firm capacity and energy from the ENEE
 

system, provided the basis for the study of on-peak power purchases by ENALUF,
 
from 1982 to the end of the development period in 1988 and the following year.
 

ENALUF - ENEE INTERCONNECTION
 
AVAILABILITY OF FIRM POWER FROM ENEE SYSTEM 

Year Capacity Energy Load Factor
 
MW GWH %
 

1982 194 982 58
 
1983 172 862 57
 
1984 148 732 56
 

1985 120 588 56
 
1986 91 430 54
 
1987 58 254 50
 
1988 21 62 34
 
1989 99 277 32
 



A steady decline in firm power availability is observed during the period
 

1982-1988, with an increase in 1989 as additional capacity is installed cn
 

the ENEE system.
 

1985, which is
The magnitude of capacity and energy over the period 1982 to 


available to ENALUF as a firm power allocation from the ENEE system, provides
 

the basis for postponing the Copalar hydroelectric development in Nicaragua.
 

The deferral will be for a period to be determined by system risk analysis,
 

governed by generation reliability criteria and the economic advantage of
 

substituting hydro energy for thermal energy.
 

6.2.2 UTILIZATION OF ON-PEAK POWER ALLOCATIONS
 

On-peak power purchases are usually contracted on the basis of negotiated tariffs,
 
As a premium rate is
involving a two-part rate for firm capacity and energy. 


normally charged for capacity purchases, the annual energy purchased should be
 
system load requireassociated with an agreed minimum capacity purchase to meet 


ments. This would require interchange of power at as high a load factor as
 

possible, within the capacity of the purchaser's system to dispatch the power
 
same time provide adequate load
throughout the daily load cycle and at the 


carrying capability to ensure system reliability.
 

In practice, the transfer of power at high annual load factor is difficult to
 

realize within the generation mix of a system that includes prime sources of
 

base-load capacity, such as geothermal, which are dispatched on a constant basis.
 

n example may be taken in relation to the ENALUF system, to illustrate the
 

type of constraint that is present to limit high load factor transfers. The
 

on-peak power allocations from Honduras are available beginning in the year 1982.
 

At this time, the full complement of geothermal power capacity, included in the
 
In addition,
intermediate-range generation expansion plan will be in service. 


purchases of off-peak energy are possible from the ICE system of Costa Rica. The
 

combination of base-load geothermal, plus off-peak energy purchases, are fully
 

able to supply the daily base-load requirements. This reduces the possibility
 

of high load factor power transfer, until system load growth permits.
 

In general, power transfer will be made between the ENEE and ENALUF systems at
 

annual load factors, determined by the system load and the generation mix for a
 

particular year.
 

6.2.3 FORMULATION OF TIE-LINE RATES FOR ON-PEAK PURCHASES
 

The determination of a suitable basis for setting tie-line rates, for firm power
 

purchases, should take into account both the capacity and energy components of
 

power transferred over the interconnection between the ENEE and ENALUF systems.
 

The most pertinent aspects of this formulation relate to the substitution of
 

firm capacity and associated energy allocations for equivalent firm generating
 

plant capacity, which would otherwise have to be installed on the ENALUF system,
 

together with energy which alternatively would have to be generated by existing
 

thermal plants.
 

As will be demonstrated, the utilization of power interchange between the ENEE
 

and ENALUF systems, will allow the postponement of the in-service date of the
 

major new hydroelectric source in Nicaragua, the Copalar development on the
 

Rio Grande de Matagalpa. In addition, the associated development of Paso Real
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will not be required until 1990 at the earliest, due to the availability of firm
 
power allocations from Honduras. Thus, the power interchange will enable the
 
postponement of major capital investments required for both components of the
 
two dam development. The analysis of interconnected syqtem expansion, in com
parison to independent system expansion with the two dam development, was re
stricted to the single scheme consisting of the high dam at Copalar, together
 
with power purchases from Honduras and Costa Rica. The discussion of the eco
nomic analysis pertaining to the breakeven tie-line rate determination is given
 
in Appendix I.
 

The combination of available energy from existing hydro plants on the ENALUF
 
system, the new Copalar hydroelectric power development and firm power purchases
 
from Honduras, together with geothermal generation and off-peak purchases from
 
Costa Rica, will allow almost complete substitution of thermal generation on the
 
ENALUF system, over the years 1982 to 1987, with a limited d match at the end
 
of the development period in 1988.
 

The methodology used for determining the tie-line rates, applicable to the Lnter
change with the ENEE system is similar to that used for the ICE interconneition.
 
A corresponding breakeven tie-line rate is computed, which, when applied to
 
energy purchased from Honduras, results in the equalization of the present
 
worth of costs associated with the independent and interconnected development
 
of the ENALUF system. Independent development will require the implementation
 
of the two dam scheme, for initial operation of Copalar in 1982. Interconnected
 
development will enable the postponement of Copalar plant installation to 1984,
 
but will entail purchases from both ENEE of Honduras and ICE of Costa Rica.
 
As the breakeven rate for off-peak energy purchases from ICE was determined by a
 
separate analysis for the period 1978-1981, its application to reduced allocations
 
over the period 1982 through 1988, at a constant level, is the equivalent of a
 
production cost to the ENALUF system.
 

In Appendix I, the effect of escalation on tie-lines rates is examined and a
 
series of curves are developed, which relate the breakeven rnte with cost of
 
capital, over a range of escalation profiles developed for comparative analysis.
 

Thus the breakeven rate will provide the purchaser, ENAIUF, with a measure of
 
the composite effect of the postponement of capital expenditures and the saving
 
in annual production costs, due to the substitution of hydro for thermal energy.
 
It represents the upper limit, to a negotiated rate for purchases of firm power,
 
that would be acceptable for coatractual purposes and a standard by which a
 
two-part tariff structure can be assessed in future evaluations of potential
 
economies to be obtained by interchange of power.
 

6.3 MODIFICATIONS TO BASIC GENERATION EXPANSION PLANS
 

Interconnection of the ENALUF system, with the ICE system of Costa Rica and the
 
ENEE system of Honduras, will enable two major advantages to be realized for the
 
benefit of ENALUF. Both off-peak energy from Costa Rica and energy allocations
 
from Honduras can be used to substitute hydro energy for thermal generation.
 
In addition, the firm capacity available from the El Cajon hydroelectric plant
 
in Honduras, '°-t 1982 on, will enable the postponement of the next major hydru
 
power develop,.et'- in Nicaragua, thus serving to defer associated capital costs
 
and operating e> enses.
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6.3.1 SUBSTITUTION OF HYDRO ENERGY FOR TH1ERMAL GENERATION
 

The first possibility for the reduction of thermal generation on the ENALUF
 

system will occur, following the scheduled interconnection with Costa Rica 
in
 

The energy surplus from Costa Rican run-of-river hydroelectric plants,
July 1978. 

for off-peak
in exc-ss of the ICE system load requirements, will then be availabit 


the ENALUF system during the wet season. As the net eftect of the

transfer to 

energy transfer will be to reduce overall production costs, by diminishing 

the
 

dispatch of the ENALUF system thermal plants, the only modification to the basic
 

generation expansion plan will consist of the addition of transmission facilities
 

The first four years of interconnected
associated with the interconnection. 


operation will have the most impact on annual production costs, because the
 

available energy from the ICE system after 1981 will be curtailed due to projected
 

load growth in Costa Rica.
 

The limited off-peak hydroelectric energy available from the ICE system 
of Costa
 

firm energy associated with
Rica after 1981 will be augmented by the abundant 

to begin in 1982 from the ENEE system of Honduras.
the power allocations,scheduled 


This firm energy, to be purchased by ENALUF, will enable the complete substitu

tion of hydroelectric energy for thermal generation during the years 1982 and
 

1983, with only a very limited thermal dispatch in 1984. After the introduction
 

of the initial generating units at the Copalar hydroelectric development in Novem

ber 1984, the firm energy transfer over the interconnection with the ENEE system
 

will be supplemented by the steadily increasing annual energy available from the
 

Rio Grande de Matagalpa development, as the Copalar reservoir fills during the
 

In 1987, the entire annual energy corresponding to normal
 years 1985 and 1986. 


reservoir operation is available from the Copalar development, which reduces the
 

energy allocation required from Honduras to supplement indigenous sources.
 

However, with the available combined sources of hydroelectric and geothermal
 

energy, no thermal dispatch is required on the ENALUF system from 1985 until
 

1988, when only a limited energy allocation of 62 GWH is available from the
 

ENEE system.
 

The scheduled in-service dates for geothermal and hydro components of the ENALUF
 

generation expansion plan, coupled with the projected power transfers over
 

interconnections with ICE and ENEE, will enable the maximum substitution of hydro

electric energy for thermal generation over the development period. As far as
 

possible within system constraints, the available indigenous resources of
 

Nicaragua, Honduras and Costa Rica will be utilized, to minimize the future use
 

of fuel oil for power generation during the decade of development 1978-1988.
 

6.3.2 POSTPONEMENT OF COPALAR UTILIZING FIRM POWER PURCHASES
 

The interconnection of the ENALUF and ENEE systems will be completed in 1976,
 
as
following the energization of the 230 kV transmission line which will serve 


the inter-tie between the Suyapa terminal substation in Honduras and the Leon
 

During the first six years of interconnected operation,
substation in Nicaragua. 

power interchange will be mainly from Nicaragua to Honduras, the energy being
 

generated by ENALUF thermal plant, after the new Puerto Somoza units are placed
 

in service.
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The present schedule for the major hydroelectric project of El Cajon in Honduras,
 
will enable the initial generating units to be brought on-line to allow firm
 
power allocations to be made available to the ENALUF system beginning in 1982.
 
In the basic generation expansion plan for the independent development of the
 
ENALUF system, the initial unit installations at the Copal. hydroelectric
 
development in Nicaragua were scheduled for November 1982, followed by suc
cessive unit additions at intervals of approximately six miths. The firm
 
power available from Honduras, will enable an additional two years of lead-time
 
to be gained for the major development of the Copalar site on the Rio Grande de
 
Matagalpa. The schedule for interconnected development is similar to the basic
 
plan for independent expansion of generation facilities, the first two 55 mega
watt units at Copalar will be placed in service in November 1984, followed by
 
additional unit installations at approximately six month intervals.
 

Figure VI.1 shows the capacity increments and peak load demand for the inter
connected system generation expansion plan, with the Copalar high dam develop
ment and firm power purchases from the ENEE system of Honduras. Annex 111-16
 
to Chapter III shows the work schedule.
 

6.3.3 GENERATION RELIABILITY OF INTERCONNECTED SYSTEM EXPANSION
 

The generation reliability of the interconnected system expansion plan was
 
examined using the loss of load probability (LOLP) method, similar to the
 
generation reliability study made for the basic plans for independent system
 
development discussed in Chapter V.
 

A summary of the LOLP indices for each year of the interconnected system expansion
 
is given in Table VI.2, together with the unit introduction schedule, effective
 
unit capacity and scheduled on-peak power purchases. The individual unit forced
 
outage rates are also tabulated for each year of the expansion, together with
 
the equivalent forced cutage rate associated with firm power purchases.
 

A study was made of transmission outages on the ENALUF system from operating
 
records. This was correlated with design criteria for the 230 kV transmission
 
line comprising the inter-tie, together with data pertaining to isokeraunic
 
levels for the line route of the interconnection. As the principal source for
 
power allocations from the ENEE system will be the El Cajon hydroelectric plant,
 
a conservative forced outage rate of 0.011 associated with the capacity alloca
tions was used to represent the combination of multiple hydro units and inter
connecting tie-line, for computation of the loss of load probability index for
 
the system.
 

The annual LOLP index for 1982 and 1983 is well within the system reliability
 
level established for the ENALUF system. The scheduled in-service date for
 
Copalar Units 1 and 2, in November 1984, results in a risk level of slightly
 
above 1.0 day per year. This is quite acceptable and compares closely with the
 
level of 1.02 for 1982 with independent system development, this being the year
 
scheduled for initial installation of Copalar units if no firm power purchases
 
are made from Honduras. Annexes C-4, C-5 and C-6 of Appendix C, contain the
 
printout of the LOLP program for the years 1982, 1983 and 1984, respectively,
 
without the inclusion of the Copalar units in 1984.
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TABLE VI.2 

INTERCONNECTED SYSTEM GENERATION EXPANSION WITH COPALAR HIGH DAM AND FIRM POWER PURCHASES 
UNIT INTRODUCTION SCHEDULE, ON-PEAK POWER PURCHASES AND FORCED OUTAGE RATE SUMMARY 

IN EFFECTIVE UNIT 
SERVICE CAPACITY OR No. 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 
DATE HW POWER PURCHASE 

Existing 25 Centroamerica 1 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 
Existing 25 Centroamerica 2 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 
Existing 25 Gral. Somoza C. 1 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 
Existing 20 Gral. Somza G. 2 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 0.010 
Existing 
Existing 

15 
15 

Managua 
Managua 

1 
2 

0.025 
0.025 

0.025 
0.025 

0.025 
0.025 

0.025 
0.025 

0.025 
0.025 

0.025 
0.025 

0.025 
0.025 

0.025 
0.025 

0.025 
0.025 

0.025 
0.025 

0.025 
0.025 

0.025 
0.025 

Existing 45 Managua 3 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 
Existing 15 Chinandega 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 
Sep. 1976 50 Puerto Somoza 1 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 
Dec. 1976 50 Puerto Somoza 2 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 
Mar. 1979 45 Momotombo 1 0.060 0.045 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 
Jun. 1980 45 Momotombo 2 0.045 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 
Oct. 1981 45 Momotombo 3 0.045 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 
Jan. 1982 45 ENEE Purchase 1 0.011 
Jan. 1983 65 ENEE Purchase 2 0.011 
Jan. 1984 85 ENEE Purchase 3 0.011 
Nov. 1984 55 Copalar 1 0.020 0.020 0.010 0.010 0.010 0.010 

Nov. 1984 55 Copalar 2 0.020 0.020 0.010 0.010 0.010 0.010 
Jan. 1985 50 ENEE Purchase 4 0.011 
May 1985 55 Copalar 3 0.020 0.010 0.010 0.010 0.010 
Nov. 1985 55 Copalar 4 0.020 0.010 0.010 0.010 0.010 
Jan. 1986 45 ENEE Purchase 5 0.011 
May 1986 55 Copalar 5 0.010 0.010 0.010 0.010 
Nov. 1986 55 Copalar 6 0.010 0.010 0.010 0.010 
Jan. 1987 10 ENEE Purchase 6 0.011 
Jan. 1988 10 ENEE Purchase 7 0.011 
Jan. 1989 100 ENEE Purchase 8 0.011 

SUMMARY OF LOSS OF LOAD PROBABILITY (LOLP) 
RISK LEVEL - DAYS/PERIOD 

PERIOD FROM: T 0: 
1 Jan. I Jan. 28 0.025585 0.135119 0.058168 0.027790 0.001155 0.006243 0.030886 0.007589 0.000556 0.000200 0.020325 0.024580 
2 Jan. 29 Feb. 25 0.057554 0.312838 0.130044 0.076597 0.004224 0.022268 0.096790 0.029776 0.005378 0.001416 0.088850 0.097419 
3 Feb. 26 Mar. 25 0.033330 0.150340 0.077922 0.040637 0.001565 0.008555 0.041682 0.010219 0.000899 0.000272 0.030593 0.027683 

4 Mar. 26 Apr. 22 0.037686 0.020023 0.088947 0.045667 0.002325 0.011704 0.046284 0.019398 0.001487 0.000577 0.042127 0.060536 
5 Apr. 23 May 20 0.028123 0.014179 0.062599 0.032735 0.001796 0.009098 0.031078 0.015743 0.001214 0.000486 0.032487 0.046111 
6 May 21 Jun 17 0.028674 0.012839 0.062375 0.028368 0.018857 0.076151 0.269435 0.004331 0.000227 0.002305 0.129554 0.115516 
7 Jun. 18 Jul. 15 0.014718 0.005273 0.029509 0.171651 0.006924 0.029258 0.100829 0.001713 0.000067 0.000567 0.037315 0.033036 
8 Jul. 16 Aug. 12 0.275322 0.079344 0.031195 0.135403 0.004115 0.019528 0.064437 0.000826 0.000026 0.000181 0.021882 0.016193 
9 Aug. 13 Sep. 9 0.277594 0.078561 0.031089 0.136507 0.004250 0.020219 0.066469 0.000883 0.000029 0.000197 0.022301 0.016163 

10 Sep. 10 Oct. 7 0.314883 0.084111 0.031436 0.142848 0.005539 0.023285 0.075533 0.001212 0.000043 0.000307 0.028328 0.021962 
11 Oct. 8 Nov. 4 0.020483 0.009078 0.003132 0.023090 0.013089 0.049631 0.183114 0.003019 0.000134 0.001343 0.071049 0.066681 
12 Nov. 5 Dec. 2 0.027708 0.012646 0.004513 0.002448 0.001449 0.007905 0.000131 0.000029 0.000001 0.000274 0.024740 0.032019 
13 Dec. 3 Dec. 31 0.042850 0.023044 0.009307 0.004828 0.003243 0.017104 0.000357 0.000095 0.000010 0.001489 0.060380 0.067600 

RISK LEVEL - DAYS/YEAR 
ANNUAL LOSS OF LOAD PROBABILITY 1.184511 0.937396 0.620236 0.868569 0.068531 0.300948 1.007024 0.094833 0.008071 0.009614 0.609930 0.625500
 



The following summary tabulation indicates the comparative system risk levels,
 

in terms of LOLP indices, computed for independent and interconnected system
 

development.
 

COMPARISON OF ANNUAL GENERATION RELIABILITY
 
LOSS OF LOAD PROBABILITY - DAYS/YEAR
 

Year Independent System Interconnected System 

1982 1.022186 0.068531 

1983 0.006224 0.300948 

1984 0.000068 1.007024 

1985 0.000010 0.094833 

1986 0.000668 0.008071 

1987 0.017206 0.009614 

1988 0.792310 0.609930 

1989 2.299325 0.625500 

It may be observed that the firm allocation from ENEE for the entire year of
 

1982 greatly improves the overall system reliability, the resulting LOLP index
 

being approximately one-tenth of the recommended risk level of 0.6 days/year
 

derived by marginal cost analysis. The LOLP indices for the remainder of the
 

generation expansion through 1988 are quite satisfactory. Due to an available
 

allocation of 100 MW in 1989, the year immediately following the development
 

period will require no additional generation to maintain the recommended risk
 

level. This is in direct contrast to the alternatives available for independent
 

system development, both of which would require additional generation in 1989,
 

evet, with the inclusion of Paso Real.
 

Annexes C-7, C-8 and C-9 of Appendix C contain the printout of the LOLP program
 

for the year 1989. These correspond, respectively, to the system expansion
 
plans for the independent development of the two and three dam schemes and the
 

development of the Copalar high dam, set in context of the Lnterconnection of
 

the ENALUF system with the ENEE system of Honduras,to enable firm power purchases.
 

It should be noted that with interconnected operation of the ENALUF, ENEE and
 

ICE systems, the earliest in-service date required for the Paso Real hydroelecuric
 
power development will be 1990.
 

UT-I1
 



CAPITULO VII
 

PLANES DE EXPANSION
 

DEL SISTEMA
 

DE TRANSMISION 

CHAPTER VII
 

TRANSMISSION SYSTEM
 

EXPANSION PLANS
 



CHAPTER VII 

TRANSMISSION SYSTEM EXPANSION PLANS 

CONTENTS
 

PAGE
SECTION 


VI-1I
7.0 INTRODUCTION 


7.1 	 TRANSMISSION FACILITIES ASSOCIATED WITH THE SELECTED
 
VII-1
HYDROELECTRIC DEVELOPMENTS 

VII-I
7.1.1 GENERAL STUDY ASSUMPTIONS 

VII-27. 1.2 TWO DAM DEVELOPMENT OF THE RIO GRANDE DE MATAGALPA 

A. 	TRANSMISSION LINE ARRANGEMENT FOR THE TWO DAM
 
VI1-2
DEVELOPMENT 


B. 	RIGHT-OF-WAY REQUIREMENTS FOR THE TWO DAM
 
VII-2
DEVELOPMENT 


SUBSTATION FACILITIES FOR THE TWO DAM DEVELOPMENT 	 VII-4
C. 

VII-57.1.3 THREE DAM DEVELOPMENT OF THE RIO GRANDE DE MATAGALPA 

A. 	 TRANSMISSION LINE ARRANGEMENT FOR THE THREE DAM 
VII-5DEVELOPMENT 

B. 	RIGHT-OF-WAY REQUIREMENTS FOR THE THREE DAM
 
VII-5DEVELOPMENT 

C. SUBSTATION FACILITIES FOR THE THREE DAM DEVELOPMENT 	 VII-5
 

VII-7
 
VII-7
 

7.2 GENERAL TRANSMISSION SYSTEM EXPANSION 1978-1988 


7.2.1 	 OBJECTIVES 

VII-7
7.2.2 SUMMARY 


7.2.3 DESCRIPTION OF MAJOR TRANSMISSION PROJECTS 	 VII-8
 

A. 	230 KV INTERCONNECTION WITH THE ICE SYSTEM OF
 
VII-IICOSTA RICA IN 1978 

B. 	RURAL ELECTRIFICATION OF THE ZELAYA-RAMA AND
 

MATAGALPA-JINOTEGA ZONES IN 1978 VII-12
 
VII-12
C. 	MOMOTOMBO GENERATION TRANSMISSION SERVICE 


D. SUR-MASAYA 138 KV TRANSMISSION LINE 	 VII-13
 

E. 	230 KV OPERATION OF HONDURAS INTERCONNECTION
 

IN 1982 
 VII-13
 

F. 	TRANSMISSION FACILITIES RELATED TO COPALAR PROJECT
 

DEVELOPMENT 
 VII-14
 
VII-15
7.2.4 STUDY ASSUMPTIONS 


7.2.5 STUDY METHODS AND CRITERIA 	 VII-16
 
VII-16
7.2.6 EXCEPTION TO CRITERIA 


7.2.7 STUDY RESULTS 	 VII-17
 

A. LOAD FLOWS 	 VII-17
 

B. TEMPORARY OPERATING PROCEDURES 	 VII-17
 

7.2.8 PROJECTED FACILITY REQUIREMENTS 	 VII-17
 
VII-17
7.2.9 RECOMMENDED STUDIES 


A. MOMOTOMBO TRANSMISSION SERVICE 	 VII-21
 

B. 	DISTRIBUTION STUDIES FOR MANAGUA, MASAYA AND LEON
 

LOAD AREAS VII-21
 

C. POWER FACTOR CORRECTION 	 VII-21
 

D. TRANSMISSION LINE CONDUCTOR SIZE 	 VII-21
 

E. 	NEED FOR A SYNCHRONOUS CONDENSOR IN THE ENALUF
 
SYSTEM 
 VII-22
 



CHAPTER VII 

TRANSMISSION SYSTEM EXPANSION PLANS 

LIST OF TABLES 

TABLE PAGE 

VII.1 SUMMARY OF TRANSMISSION LINE AND SUBSTATION PROJECT ITEMS VII-9 

VII.2 

VII.3 

INVESTMENT IN TRANSMISSION FACILITIES EXPENDITURE 
CORRESPONDING TO IN-SERVICE DATE OF FACILITY 
1978 THROUGH 1988 

CASH FLOW OF INVESTMENT IN TRANSMISSION FACILITIES 
1976 THROUGH 1988 

VII-10 

VII-10 

VII.4 FACILITY REQUIREMENTS FOR TRANSMISSION SYSTEM DEVELOPMENT 
1978 THROUGH 1988 VII-18 

LIST OF FIGURES 

FIGURE 

VII.1 RIO GRANDE DE MATAGALPA - TWO DAM ALTERNATIVE 
230 KV TRANSMISSION LINE ARRANGEMENT VII-3 

VII.2 RIO GRANDE DE MATAGALPA - THREE DAM ALTERNATIVE 
230 KV TRANSMISSION LINE ARRANGEMENT VII-6 

VII.3 EXPANSION PLANS 
1978 - 1988 

FOR THE NATIONAL INTERCONNECTED SYSTEM 
VII-11 



CHAPTER VII
 

TRANSMISSION SYSTEM EXPANSION PLANS
 

7.0 INTRODUCTION
 

One objective of transmission rlanning was to perform a preliminary study of
 
the transmission facilities associated with the selected hydroelectric devel
opments. The purpose of that study was to select the appropriate transmission
 
voltage and establish the approximate timing and location of transmission
 
facilities.
 

A voltage study was performed for the selected Copalar Project development on
 
the Rio Grande de Matagalpa, this is contained in Appendix F. The results of
 
the voltage study are coordinated with the following two sections of this
 
Chapter. Section 7.1 reviews the transmission facilities, transmission line
 
arrangement and right-of-way requirements for the two and three dam develop
ment alternatives on the Rio Grande de Matagalpa. The installed capacity for
 
both alternatives are similar and differ by only 15 megawatts, therefore the
 
general recommendation for a 230 kV transmission voltage arrived at in Appen
dix F is applicable to either case.
 

A second objective of the transmission plans was to coordinate the transmission
 
facilities for the selected hydroelectric development with an overall system
 
expansion plan. The overall development plan for the ENALUF system is contained
 
in Section 7.2, where the transmission facility requirements are reviewed for
 
the period 1978 through 1988, including the impact of the Rio Grande de Mata
galpa development. That section summarizes transmission facility requirements,
 
cost estimates and justification for each facility addition for both the short-and
 
long-range development of the ENALUF system.
 

Overall, the transmission plans as developed are adequate to meet ENALUF service
 
requirements through 1988. However, these plans also consider the possible im
pact of transmission system interconnections on the Central American Isthmus.
 
Electrical energy from the two major indigenous generating resources in Nicaragua,
 
geothermal and hydroelectric, are planned for direct transformation to a 230 kV
 
transmission grid that extends from the border with Honduras to the border with
 
Costa Rica.
 

7.1 TRANSMISSION FACILITIES ASSOCIATED WITH THE SELECTED HYDROELECTRIC 
DEVELOPMENTS 

7.1.1 GENERAL STUDY ASSUMPTIONS 

The base case development using indigenous Nicaraguan resources for independent
 
system expansion was assumed in evolving plans for the transmission facilities
 
associated with the development of the Rio Grande de Matagalpa. The generation
 
schedules for the two and three dam developments used for planning purposes are
 
given in Figures V.1 and V.2 of Chapter V, respectively.
 

Performance criteria used to establish the required facilities are given in
 
Section F.2 of Appendix F to this report and in the Transmission System Reli
ability Criteria contained in Appendix II B of the Phase I report. Substation
 
transformer capacity and bus arrangements generally follow those given in the
 
Transmission System Guidelines and Practices, Appendix IIC of the Phase I report,
 
but were kept similar in both cases to allow an unbiased economic comparison of
 
the alternative developments.
 



Scheduling for the in-service date of required transmission facilities was
 
assumed to coincide with the initial operation of generating units; generally
 
three months prior to commercial operation. Construction scheduling was as
sumed to correspond with the date on which the facilities would be needed and
 
no allowance was made for deferral beyond that date.
 

7.1.2 TWO DAM DEVELOPMENT OF THE RIO GRANDE DE MATAGALPA
 

The ultimate installed capacity of the two dam alterna-:. ve is 380 MW and will
 
consist of Copalar with 6-55 MW units and Paso Real with 2-25 MW units. The
 
Copalar units are installed in a staged development with the initial two units
 
in operation in November 1982 and the final 55 MW unit in operation in Novem
ber 1984. Generation reserves on the ENALUF system, with the Copalar units
 
installed, are such that the date when Paso Real is needed was deferred to
 
November 1988 in the base case development plan. A more detailed discussion
 
of unit scheduling for the base case development of the two and three dam
 
alternatives is given in Section 5.3.2 of Chapter V.
 

A. TRANSMISSION LINE ARRANGEMENT FOR THE TWO DAM DEVELOPMENT
 

The resulting transmission line arrangement transmitting hydroelectric energy
 
from the two dam development of the Rio Grande de Matagalpa is given in
 
Figure VII.I. The ultimate line arrangement satisfies all performance
 
criteria regarding maximum transfer capability, voltage regulation, stability,
 
thermal capability and system reliability.
 

As conceived, the initial development of the Copalar Project will require one
 
double-circuit 230 kV line from the plant to a load center substation located
 
at Masaya. The addition of the fifth 55 M4 unit at Copalar will require the
 
third 230 kV line. This will be a single-circuit line following existing
 
right-of-way, but terminating at Brasiles Substation to provide for the two
 
point service to the Managua-Masaya load center and maximize the utilization
 
of existing step-down transformer capacity at Brasiles Substation.
 

The transmission system has sufficient capability with the addition of the
 
third Copalar line to transmit the additional 50 MW output of the Paso Real
 
Plant. Generation from the Paso Real units is connected to the system by
 
looping the third Copalar line into the Paso Real swltchyard to form the
 
Copalar-Paso Real and Paso Real- Brasiles transmission lines.
 

B. RIGHT-OF-WAY REQUIREMENTS FOR THE TWO DAM DEVELOPMENT
 

The transmission line and access road alignment between Copalar, Paso Real
 
and Boaco is shown on Annex 111-11 to Chapter III. The line route was chosen
 
to minimize distance between Copalar and Paso Real allowing for terrain fea
tures and the lake formed by the Copalar dam. The coordination of line route
 
with the access road facilitates line accessibility and maintenance. Topo
graphical features in the 69 kilometer section between the two dams are mostly
 
heavily forested, rolling terrain at a median altitude varying between 250 and
 
300 meters.
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town
The line route extends 45 kilometers from the Paso Real site to the 


joins the existing right-of-way for the Tipitapa-Boaco,
of Boaco, where it 

138 kV line. There is existing right-of-way from this point into the sys

tem load centers through flat, rural terrain that can be expanded to form
 

for the Copalar lines. Respective line lengths
a transmission corridor 

given in Figure VII.l.and type of construction assumed for this study are 


C. SUBSTATION FACILITIES FOR THE TWO DAM DEVELOPMENT 

Connection of the transmission lines will be made at four high voltage
 

substations. Switching facilities will be required at the Copalar and
 

Paso Real powerhouses and at the Masaya and Los Brasiles receiving-end
 

substations.
 

The Copalar Substation is located at elevation 182 on a terrace in the 

hillside about 300 meters upstream of the powerhouse. The terrace will
 

be levelled by cutting into the hillside so that a suitable area is ob

tained for the switchyard equipment and facilities. The generation volt

age will be transformed from 13.8 kV to 230 kV transmission voltage by
 

three banks of 135 MVA transformers. Each bank consists of three single

phase, two-winding transformers terminating in a six-element ring bus
 

This arrangement will allow for switching flexibility, terarrangement. 

minations for the three unit step-up transformers and line terminations
 

for the three, 230 kV transmission lines.
 

The Paso Real Substation is located about 200 meters from the powerhouse 

on top of a hill behind the powerhouse. The generation voltage will be 

transformed from 13.8 kV to 230 kV transmission voltage by one 65 MVA, 

three-phase two-winding transformer. Transmission voltage switching fa

cilities will be arranged in three-element ring bus configuration to al

low for termination of the single unit step-up transformer and two 230 kV 

line terminations. 

Switching facilities at the receiving-end Masaya Substation, which is 

located on the Masaya highway directly east of the town cf Masaya, will 

have to be expanded. The 230 kV switching facilities must ultimately 

allow for terminations of two Copalar lines, the 230 kV interconnection 

line with Costa Rica, the Los Brasiles-Masaya line, an ultimate of four 

step-down transformers and a bus-tie position. The development of Masaya 

Substation is contained in a study made by Electroconsult entitled "Alter

native Expansion Schemes for Masaya Substation" , September 1974. Step

down transformation at Masaya ultimately will consist of four identical
 

three-phase 45/60/75 MVA, OA/FA/FOA, 230-138 kV transformers. Termina

tions for the transformers will be in individual positions in the 230 kV
 

and 138 kV buses.
 

Los Brasiles Substation will be readily expanded to accommodate the addi

tional 230 kV lines from Copalar. Existing step-down transformer capacity 

will consist of three transformers similar to those located at Masaya 

Substation and additional capacity will not be required. 

VII-4
 



7.1.3 THREE DAM DEVELOPMENT OF THE RIO GRANDE DE MATAGALPA
 

The ultimate installed capacity of the three dam development is only 15 MW
 
more than the two dam alternate; the difference between two 35 MW units at
 
El Carmen and a sixth 55 MW unit at Copalar. The discussion of required
 
facilities; therefore, follows the same logic as the two dam development
 
and only the differences are discussed in the following sections.
 

A. TRANSMISSION LINE ARRANGEMENT FOR THE THREE DAM DEVELOPMENT
 

Three 230 kV transmission lines will also be required for the three dam
 
development and the ultimate line arrangement is shown in Figure VII.2.
 
The timing of the third line, however, will coincide with the initial
 
operation of the fourth Copalar unit.
 

Evolution of the system will involve the initial double-circuit 230 kV
 
transmission line from Copalar to the Masaya Substation. An additional
 
26 kilometers of double-circuit line will be required to inter-connect
 
El Carmen with the Copalar lines. The interim line arrangement will then
 
be a Copalar-Masaya, and Copalar-El Carmen and an El Carmen-Masaya line.
 

As previously discussed, the Copalar-Los Brasiles line will be required
 
with the installation of the fifth and final unit at Copalar. The Paso
 
Real plant will be connected to the system in the same manner as discussed
 
in the two dam development by looping the Copalar-Los Brasiles line into
 
the Paso Real Substation.
 

B. RIGHT-OF-WAY REQUIREMENTS FOR THE THREE DAM DEVELOPMENT
 

Right-of-way raquirements will be similar to those of the two dam develop
ment. Annex 111-12 shows the alignments of the right-of-way and access
 
roads. Minor changes have been made to shorten the line length between
 
Copalar and Paso Real, by taking advantage of the smaller lake formed by
 
the lower dam at Copalar. The right-of-way length 3.5 kilometers
 
shorter than the two dam development. The remaining difference between
 
the two and three dam developments is an additional 26 kilometers of double
circuit right-of-way to reach the El Carmen Substation. Right-of-way from
 
Paso Real to the receiving substations of Masaya and Los Brasiles will be
 
identical to that required for the two dam alternative.
 

C. SUBSTATION FACILITIES FOR THE THREE DAM DEVELOPMENT
 

Switching facilities for Copalar iow dam development will be located at
 
elevation 180 and about 300 meters away on'the hillside behind the power
house. Switching requirements will remain similar to the high dam develop
ment and the six element ring bus arrangement proposed for the Copalar
 
high dam development will also apply for the low dam development. Step-up
 
transformation from the 13.8 kV generating voltage to the 230 kV transmis
sion voltage level will be similar; the only difference being that a single
 
three-phase, 65 MVA, FOA, 13.8-230 kV transformer will be required for 
t'LCit No.3. The remaining two transformer banks will be identical to those 
dtcribed in the two dam alternative.
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The El Carmen switching facilities will be located at elevation 200 on the
 
hillside about 150 meters behind the powerhouse. Switching facilities will
 
be provided to terminate a single unit step-up transformer and two 230 kV
 
line positions. A simple three element ring bus configuration will provide
 
for reliability requirements and switching flexibility. The step-up trans
former will be one, three-phase 85 MVA, FOA, 13.8-230 kV unit. The re
maining substation facilities at the Paso Real, Masaya and Los Brasiles
 
substations will be identical to those required for the two dam alternative
 
as discussed in Section 7.l.k, Paragraph C.
 

7.2 GENERAL TRANSMISSION SYSTEM EXPANSION 1978-1988
 

7.2.1 OBJECTIVES
 

Expansion plans for the ENALUF transmission system are logically grouped
 
into two growth periods; a short-range program from 1978 through 1981 and
 
a long-range program from 1982 through 1988. The short-range expansion
 
period is the time prior to the possible development of the hydroelectric
 
resources of Nicaragua. During this interval, ENALUF efforts will be con
centrated on the development of Nicaragua's indigenous geothermal resources,
 
the construction and operation of initial interconnections with Hunduras
 
and Costa Rica, the implementation of distribution plans for service to
 
major load centers and rural electrification of outlying areas. The ob
jective of the short-range transmission program is to provide an estimate
 
of the transmission facilities required for the aforementioned projects,
 
estimate their approximate cost and time schedule and coordinate the de
velopment program with the long-range period between 1982 and 1988.
 

During the 1982*-1988 period, the efforts focus on the investigation of
 
various generation alternates available, either from development of hydro
electric resources within Nicaragua or from firm capacity allocations over
 
interconnections. These long-range plans are crucial to present planning
 
since transmission requirements for these projects constitute the frame
work for the evolution of the present transmission system. Therefore, the
 
objective for the long-range transmission plan is to define the transmission
 
facilities required to transmit electrical energy from these resources to
 
the load centers, while investigating such parameters as levels of service
 
reliability, transmission voltage levels and right-of-way requirements.
 

7.2.2 SUMMARY
 

Transmission facilities required for the Copalar project development
 
coupled with those required for the interconnection with the ICE system
 
of Costa Rica form an overlying 230 kV transmission backbone in the mid
1980's for the presently planned 138 kV transmission system. Delivery of
 
330 MW from Copalar located 185 kilometers from the Managua-Masaya load
 
center requires the construction of one double-circuit 230 kV line to
 
Masaya and one single-circuit 230 kV line to Los Brasiles to provide two
 
point transmission service for the Managua-Masaya 138 kV transmission ring.
 
This arrangement provides for single contingencies to the major load centers
 
of Nicaragua,while maximizing the utilization of existing step-down trans
former-bank capacity at Los Brasiles Substation. The 230 kV interconnection
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transmission line to Costa Rica, presently planned to terminate at Los
 
Brasiles Substation in 1978, is looped into Masaya Substation and pro
vides the final link for the 230 kV grid.
 

With the likelihood of major capacity available from the Momotombo geo
thermal field, ENALUF is able to justify a 230 kV transmission grid from
 
the Honduran to Costa Rican borders solely on the basis of transmission
 
requirements related to development of geothermal and hydroelectric ener
gy sources. Nicaragua is centrally located within the Central American
 
Isthmus and the development of a major transmission grid to wheel energy
 
from these sources alone will be crucialnot only to the economic develop
ment of Nicaragua, but also to all of Central America.
 

The total capital expenditures required solely for the development of the
 
transmission system will be approximately U.S.$45.5 million during the
 
period 	from 1978 through 1988. The short-range development program for
 
the period from 1978 through 1981 will require U.S.$6.80 million for
 
transmission facilities to interconnect Momotombo geothermal capacity
 
with 230 kV transmission service. An additional U.S.$2.21 million will
 
be needed for ENALUF's share of interconnection facilities with Costa
 
Rica and U.S.$I0.32 million for general system expansion.
 

The expenditures will total US$26.1 million for the longer range develop
ment program during the period of 1982 through 1988. The estimated in
vestment includes a nominal U.S.$343 thousand for converting the inter
connection with Honduras to 230 kV operation, capital expenditures total
ing U.S.$25.1 million for transmission requirements related to the devel
opment of the Copalar Project and U.S.$690 thousand for general trans
mission system development.
 

Cost and facility summaries are shown in Table VII.l, Table VII.2 and
 
Table VII.3. General development of the National Interconnected System
 
is shown in Figure VII.3. The following section contains a discussion
 
of major transmission projects and a further review of required facil
ities is contained in Section 7.2.8.
 

7.2.3 	 DESCRIPTION OF MAJOR TRANSMISSION PROJECTS
 

The following six major transmission projects are foreseeable in the
 
1978-1988 period:
 

1. 	 230 kV interconnection with the ICE system of Costa Rica in 1978.
 

2. 	 Rural electrification of the Zelaya-Rama and Matagalpa-Jinotega
 
zones in 1978.
 

3. 	 230 kV transmission facilities serving the dual purpose of trans
mission service for generation available from the Momotombo geo
thermal field in 1979 and allowance of firm capacity transfers
 
from Honduras in 1982.
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TABLA VII.l 
TABLE VII.1 

SUMARIO DE LAS LINEAS DE TRANSMISION Y SUBESTACIONES 
DEL PROYECTO 

SUMMARY OF PROJECT TRANSMISSION 
AND SUBSTATIONS 

LINES 

SUBESTACION DE GENERACION 
GENERATING SWITCHYARD 

1978 1979 1980 1981 1982 1983 1984 1985 19E6 19e7 1988 T 0 T A L 

Colocaci6n de los Disyuntores 
de 230 kV 

230 kV Circuit Breaker Position 
Momotombo 
Copalar 

3 1 
-

1 
- - 3 1 

-
2 

- 5 
6 

LINEA DE TRANSMISION - (Kil6metros) 
TRANSMISSION LINE - (Kilometers) 

Transmisi6n de 230 kV 
230 kV Transmission 

Nueva - New STSC (1) 
Nueva - New STDC (1) 

Linea de Circuito Doble Existente 
Double-Circuit existing line 

119.1 
36.9 

-

102.0 
-

-

0.5 -

-
-

185.3 

-

-
-

-

183.0 
-

43.0 

404.6 
222.2 

43.0 

Transmisi 
6 
n de 138 kV 

138 kV Transmission 

Nueva - New STSC 
Nueva - New STDC 
Linea de Circulto Doble Existente 
Double-Circuit Existing Line 

94.0 

2.0 

-

43.0 35.0 

-

2.0 

-

-
-

-
-

2.5 
172.0 

4.5 

2.0 

SUBESTACIONES RECEPTORAS 
RECEIVING SUBSTATIONS 

Colocaci6n de los disyuntores de 
de 230 kV 

230 Circuit Breakers Positions 

Brasiles 
Le6n 
Ma saya 

1 

-

3 
2-

... 

-
1.. 
3 

-

-

.. 

5 -

1-

- 1 

-5 

-

5 
9 

Colocaci6n de los Disyuntores de 
138 kV 

138 kV Circuit Breakers Position 
Brasiles 
Leon 
Masaya 
Otros - Others 

-
-
-

5 

2 
1 
1 
1 

.-.... 
1 
-

2 

2 
-

..... 

.. 1 
- 1 -

1 

2 
4 
6 

10 

TRANSFORMADORES 230-138 kV TRIFASICA 
45/60/75 MVA, OAfFA/FQA 
230-138 kV TRANSFORMERS THREE PHASE 
45/60/75, MVAOA/FA/FOA 

Brasiles 
Le6n 
Masaya 

. 
- I .... 

2. .-

1 
2 
4 

(1) STSC Construcci6n de Torre de Acero, Diseflo de Circuito Sencillo 
STDC Construccifn de Torre de Acero, Disefto de Circuito Doble 

(I) Steel Tower 
Steel Tower 

Construction, 
Construction, 

Single-Circuit 
Double-Circuit 



TABLA VII.2 
TABLE VII.2 

INVERSION EN INSTALACIONES PARA 
EROGACIONES CORaESPONDIENTES A LA FECHA DE 

DE 1978 A 1988 

TRANSMISION 
INICIO DE LA INSTALACION 

INVESTMENT IN TRANSMISSION FACILITIES 
EXPENDITURE CORRESPONDING TO IN-SERVICE DATE OF FACILITY 

1978 THROUGH 1988 
U.S.$ x 1,000 

SUBESTACION DE GENERACION 
GENERATION SWITCHYARD 

1978 

-

1979 

1,147.4 

1980 

294.1 

1981 

294.1 

1982 

-

1983 

-

1984 

1,110.6 

1985 

348.4 

1986 

705.1 

1987 

-

1988 

-

T 0 T A L 

3,899.7 

LINEA DE TRANS1ISION 
TRANSMISSION LINE 

Transmisi6n de 230 kV 
230 kV Transmission 
Transmisi6n de 138 kV 
138 kV Transmission 

1,921.0 

2,275.8 

3,275.2 

1,152.5 

-

975.4 

-

- -

30.4 -

-

9,498.0 

106.4 

-

-

6,077.0 

-

-

-

-

15.5 

20,801.6 

4,523.6 

SUBESTACIONES RECEPTORAS 
RECEIVING SUBSTATIONS 1,710.4 2,932.7 1,422.6 1,920.1 2,250.9 - 4,356.6 - 324.3 1,033.0 284.6 16,235.2 

TABLA 
TABLE 

VII.3 
VII.3 

FLUJO EFECTIVO DE LA INVERSION EN LAS INSTALACIONES 
DE 1976 A 1988 

DE TRANSMISION 

CASH FLOW OF INVESTMENT IN 

TRANSMISSION FACILITIES 
1976 THROUGH 1988 

U.S.$ x 1,000 

SUBESTACION DE GENERACION 
GENERATION SWITCHYARD 

1976 

-

1977 

57.4 

1978 

301.6 

1979 

891.3 

1980 

279.4 

1981 

205.9 

1982 

55.5 

1983 

295.7 

1984 

899.9 

1985 

419.7 

1986 

493.4 

1987 

-

1988 

-

T 0 T A L 

3,899.7 

LINEAS DE TRANSMISION 
TRANSMISSION LINE 

Transmisi6n de 230 kV 
230 kV Transmission 
Transmis16n de 138 kV 
138 kV Transmission 

877.6 

815.6 

1,840.3 

1,428.7 

1,777.1 

1,344.1 

701.2 

614.6 

-

198.7 

-

-

3,224.4 

51.6 

4,234.0 4,160.9 

36.8 18.0 

2,677.2 

-

1,308.9 

-

-

-

-

15.5 

20,801.6 

4,523.6 

SUBESTACIONES RECEPTORAS 
RECEIVING SUBSTATIONS 

DESEMBOLSO TOTAL DEL 

SISTEMA DE TRANSMISION 
TOTAL TRANSMISSION SYSTEM 
EXPENDITURES 

1978 - 1988 

85.6 

1,778.8 

602.7 

3,929.1 

2,115.8 

5,538.6 

2,760.4 

4,967.5 

1,190.3 

1,668.4 

1,906.7 

2,112.6 

1,793.5 

5,125.0 

1,089.1 3,066.1 

5,655.6 8,144.8 

132.3 

3,229.2 

499.4 

2,301.7 

794.2 

794.2 

199.1 

214.6 

16,235.2 

45,460.1 
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4. 	 Completion of the 138 kV transmission ring around the Managua and
 

Masaya load centers in 1979 with the construction of the Sur-Masaya
 

138 kV transmission line.
 

5. 	 230 kV operation of the interconnection with the ENEE system of
 
Honduras in 1982.
 

6. 	 Transmission facilities related to the Copalar Project development
 
in 1984.
 

The components of the projects, divided between transmission lines and sub
stations in the chronological order of commissioning, with foreign and local
 
currency costs are listed in Section 7.2.8. The principal features are
 
described below.
 

A. 	 230 KV INTERCONNECTION WITH THE ICE SYSTEM OF COSTA RICA IN 1978
 

A 230 kV transmission line, 270 kilometers long will be constructed from
 
Los Brasiles Substation in the ENALUF system to the Canas Substation, which
 
is the most likely termination on the ICE system, to transmit off-peak surplus
 
energy from the ICE system to the ENALUF system. ENALUF's share of trans
mission facilities will consist of about 156 kilometers of the line from the
 
border with Costa Rica to Los Brasiles Substation, where the line would ter
minate on the Los Brasiles 230 kV bus. The line will consist of 119 kilometers
 
of single-circuit construction from the border to Mas:ya and 37 kilometers of
 
double-circuit construction, with a single circuit installed initially,
 
between the Los Brasiles Substation and the intersection of the right-of-way
 
of the future Copalar-Masaya No.1 and No.2 230 kV transmission lines. This
 
double-circuit line section would eventually serve as a portion of the
 
Copalar-Los Brasiles 230 kV line.
 

B. 	 RURAL ELECTRIFICATION OF THE ZELAYA-RAMA AND MATAGALPA-JINOTEGA ZONES
 
IN 1978
 

Transmission service to these zones was recommended as part of the Nicaraguan
 
rural electrification program. (Reference: ESIN report entitled "E3tudio de
 
Factibilidad - Electrificacion Rural de Nicaragua", August 1974). The recom
mendation was accepted and ENALUF is proceeding with these projects which are
 
scheduled for operation in 1978.
 

Service to the Zelaya-Rama zone will be provided by constructing 57 kilometers
 
of single circuit, 138 kV transmission line from Acoyapa Substation to a pro
posed 138/69/24.9 kV La Batea Substation. The Matagalpa-Jinotega zone will
 
be serviced by constructing 37 kilometers of single circuit, 138 kV transmis
sion line from the Sebaco Substation to a proposed 138/69/24.9 kV Santa Rita
 
Substation.
 

C. 	 MOMOTOMBO GENERATION TRANSMISSION SERVICE
 

Preliminary estimates based on the assumptions discussed in Chapter IV and
 
Chapter V regarding capacity and energy transfers from Momotombo indicated
 
that 138 kV transmission would be adequate. However, there is presently a
 
great deal of uncertainty regarding the potential not only of the Momotombo
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field, but also of the adjacent lowlands between El Hoyo and Momotombo. This
 
latter site has very recently been termed potentially the largest geothermal
 
prospect known today in Nicaragua.1/ Exploration drilling is proceeding at
 
Momotombo and recommendations have been submitted for simultaneous exploration

of the lowlands area. 
 Therefore, the possibility of capacity installations
 
in excess of the three 45 MW units assumed is likely; even using conservative
 
estimates of the geothermal potential. Projections contained in the UNDP
 
mid-year report suggest that 
a plan could be implemented to enable two 10 MW
 
plants to be placed in service by the end of 1977 to be followed by a third
 
identical unit in 1978. 
 Multiple 37.5 MW geothermal plant additions would
 
then follow at intervals, until a total complement of approximately 220 MW
 
would be reached by the end of 1981.
 

Furthermore, study conditions necessarily concentrated on development of the
 
indigenous resources of Nicaragua with reliance on firm power transfers over
 
interconnections only to the extent of satisfying ENALUF system demand re
quirements. Thus, intrinsically, the possibility of firm power transfers
 
through the ENALUF transmission system to serve energy requirements of coun
tries to 
the 	north and south were minimized.
 

Since one major objective of the short-range transmission plan is to reflect
 
projected capital requirements and considering the previously mentioned un
certainties; it 
was assumed that a second 230 kV transmission line from the
 
Leon Substation through Momotombo to Los Brasiles Substations would eventually
 
be proven feasible.
 

Accordingly, there would be a 230 kVswitchyard at the Momotombo plant for ter
minating the Momotombo-Leon and Momotombo-Los Brasiles 230 kV transmission lines
 
which will be 41 and 61 kilometers long, respectively. The existing 230 kV
 
buses at Leon and Los Brasiles substations would have to be extended to provide

for 	line terminations and additional transformer capacity of one 
three-phase,

45/60/75 MVA, OA/FA/FOA, 230/138 kV transformer at both Los Brasiles and Leon
 
Substations.
 

D. SUR-MASAYA 138 KV TRANSMISSION LINE
 

This line is required in 1979 for service reliability to the Managua and Masaya

load centers. It will be 43 kilometers long, single-circuit, 138 kV transmission
 
line on galvanized steel towers. Termination of this line at Masaya will require
 
rearrangement of the 
138 kV switching facilities of Masaya Substation (Reference

ELECTROCONSULT report, entitled "Alternative Expansion Schemes for Masaya Sub
station", September 1974).
 

E. 230 KV OPERATION OF HONDURAS INTERCONNECTION IN 1982
 

Firm capacity transfers in 1982 will exceed the 55 MW stability limit for
 
138 kV operation of the Leon-Pavana interconnection between the ENALUF
 
system and the ENEE system of Honduras (Reference: General Electric Study,
 

1/ 	Geothermal Development in Nicaragua, Tentative Plan for Initial Action,
 
UNDP, July 1975.
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entitled, "Dynamic Stability Study of the ENEE and ENALUF Systems" , 1972).
 

However, the limited duration of firm capacity transfers solely to serve
 
load growth on the ENALUF system reduces the probability of the construc
tion of the second interconnection line. Preliminary estimates indicate
 
further study of firm capacity transfers between countries to the north
 
and south of Nicaragua are required before the construction of the second.
 
Leon-Pavana 230 kV line can be justified.
 

F. TRANSMISSION FACILITIES RELATED TO COPALAR PROJECT DEVELOPMENT
 

The straight line distance from the Copalar powerhouse to the load center
 
in Managua is 170 kilometers. The connection of the powerhouse to the
 

existing system requires two transmission lines. One transmission line
 
is a 230 kV, double-circuit line which has sufficient capacity to transmit
 
the power of four 55 MW units from Copalar without increasing the line
 
capacity. The second is a 230 kV single-circuit line required with the
 
addition of the fifth 55 MW unit at Copalar.
 

The connection to the existing transmission and distribution network re
quires 230 kV switching facilities at three high voltage substations.
 
One is located at the Copalar powerhouse and transforms the voltage from
 
13.8 kV to 230 kV. The second is the Masaya Substation and is located
 
east of the city of Masaya. It transforms the voltage from 230 kV to
 
138 and 69 kV. The third is the planned Los Brasiles Substation located
 
to the northwest of Managua and will transform the voltage from 230 kV
 
to 138 kV.
 

The Copalar Substation is located on a terrace in the hillside about 300
 
meters upstream of the powerhouse. The terrace will be levelled by cut
ting into the hillside so that a suitable area is obtained for the switch
yard equipment and facilities. The voltage will be transformed from the
 
13.8 kV generation voltage to the 230 kV transmission voltage by three
 
banks of 135 MVA transformers. Each bank consists of three single phase
 
transformers.
 

The transmission voltage will be transformed at the Masaya Substation from
 
230 kV to 138 kV and 69 kV subtransmission voltages by four 75 MVA trans
former banks consisting of three ?hase transformers. This substation will
 
have an installed capacity of 300 MVA when the interconnection to the
 
Copalar powerhouse is made. The Los Brasiles Substation will have exist
ing 230/138 kV transformation of 225 MVA consisting of three similar
 
75 MVA, three phase transformers and additional transformer capacity will
 
not be required.
 

The line and substation arrangement for the Copalar Project is shown
 
schematically in Figure VII.2. The 230 kV transmission service shown from
 
Copalar, combined with a Los Brasiles-Masaya 230 kV line, forms the 230 kV
 
transmission grid for the system in 1984. The Los Brasiles-Masaya 230 kV
 
line was previously formed in the planned expansion program by looping the
 
interconnection line with Costa Rica into the Masaya Substation. Comple
tion of the 230 kV transmission grid ties Copalar hydroelectric generation
 
directly into a possible Central American transmission network and rele
gates the 138 kV transmission ring around the Managua-Masaya load centers
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effectively to a main transmission voltage for service to distribution
 

substations.
 

7.2.4 STUDY ASSUMPTIONS
 

The following assumptions were used in this study:
 

1. 	 Generation Resource Schedule per Table S.4 in the summary of this
 

report.
 

2. 	 ENALUF available generating capacity in megawatts for use in load
 
flow studies per Table G.1, Appendix G.
 

3. 	 Projected transmission substations coincident peak loads from 1978
 
through 1988 per Table G.2, Appendix G.
 

4. 	 Transmission system representation included transmission voltages
 
of 138 kV and above.
 

5. 	 The power factor at the high side of the 138/69 kV and 138/13.8 kV
 
substations within the Managua load area was assumed corrected to
 
95 percent for initial study conditions. The power factor at the
 
138 kV bus of all other substations was assumed to be 85 percent.
 

6. 	 Transmission interconnection with the Honduras system (ENEE) at Leon
 
was assumed open, under on-peak conditions through 1981 for load-flow
 
studies. Starting in 1982, the interconnection was assumed closed
 
to allow the delivery of firm capacity from ENEE to the ENALUF system.
 

7. 	 The study did not investigate the impact of contingea1cies in neigh
boring utilities on the ENALUF system or vice-versa, since detailed
 
investigation of interconnections was beyond the scope of this study.
 

8. 	 Detailed representations of the Honduras and Costa Rica power systems
 
were not included for load flow studies.
 

9. 	 All interconnecting lines with other utilities were assumed closed
 
for short-circuit studies.
 

10. 	 Systems operation assumed that the scheduled voltages at all regu
lated 138 kV buses were maintained at 140 kV, or 1.015 per unit
 
and the Managua thermal plant on cold-reserve, standby operation
 
starting in 1982.
 

11. 	 Distribution substation load and transformer data was taken from
 
ENALUF's Transformer Capacity Program for 1975-1988. The Transformer
 
Capacity Program was prepared by ENALUF in accordance with the
 
load forecast developed by IECO for the ENALUF system. The
 
IECO load forecast is contained in Chapter I of the Phase I Report,
 
Energy and Economic Growth, Load Forecast for Interconnected System.
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7.2.5 STUDY METHODS AND CRITERIA
 

The transmission System Reliability Criteria and the related Transmission
 
System Guidelines and Practices,contained in Appendices IIB and IIC of
 
the Phase I Report,were used to develop the recommended system expansion
 
program through 1988. The criteria defines acceptable system operating
 
conditions and provides the basis for reconending facility additions to
 
solve system'problems caused by likely contingency outages. Likely con
tingencies are defined in the Criteria as N-1 component, N-1 generator,
 
or N-1 lines assuming any one generator initially off. Transmission
 
system components include lines, breakers, transformers, capacitors,
 
reactors and associated equipment, at transmission voltages of 138 kV and
 
above.
 

The study approach was to determine horizon year (1988) alternative
 
transmission systems for the two and three dam Rio Grande de Matagalpa
 
developments using the Transmission System Reliability Criteria and the
 
projected substation coincident demands. The horizon year analyses aided
 
the resolution of the most economical alternative for the Rio Grande de
 
Matagalpa development and year-by-year expansion plans through 1988.
 

Detailed load flow studies were made on a year-by-year basis examining
 
the transmission system first on the basis of the base case, on-peak
 
conditions. Load flow studies were then made under off-peak conditions
 
with all transmission lines in service and generation rescheduled. Final
ly the transmission system was analyzed under likely contingencies with
 
peak load conditions.
 

Transmission interconnections with Honduras and Costa Rica were assumed
 
open for on-peak load flow studies unless firn capacity transfers were
 
planned. Firm power transfers were represented by fixed loads or gener
ating sources at the assumed point of transfer. Generating capacity as
sumed available to ENALUF for load flow studies is summarized in
 
Table G.1, Appendix G.
 

7.2.6 EXCEPTION TO CRITERIA
 

The transmission system program as proposed for the 1978-1988 decade
 
meets the Transmission System Reliability Criteria,dated March 1975,with
 
the following exception:
 

Single contingency loss of the single circuit Pavana-Leon 230 kV
 
interconnection with Honduras will result in the interruption of
 
planned firm capacity transfers of 45 MW, 55 MW and 85 MW at 100
 
percent load factor, in 1982 through 1984 respectively. With firm
 
capacity purchases by ENALUF from ENEE reduced to 10 MW by 1987 and
 
limited information available on wheeling arrangements between
 
countries to the north and south of Nicaragua, the construction of
 
a second line in 1982, solely for ENALUF load requirements was not
 
recommended. An exception to the criteria is required for three
 
years until the Copalar units are placed in operation in November
 
1984. The estimated cost to eliminate this exception is US$2.57
 
million.
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7.2.7 STUDY RESULTS
 

A. LOAD FLOWS
 

Load flows plots supporting the required 1978-1988 transmission system
 
expansion program are shown in FiguresG.2 through G.26 of Appendix G.
 
Base case and minimum load conditions, single contingencies resulting in
 
deviations from recommended service criteria and the recommended solution
 
to these system problems are given in those figures.
 

B. TEMPORARY OPERATING PROCEDURES
 

A significant amount of line compensation will be required to absorb
 
excess vars generated by the 230 kV transmission grid under minimum load
 
conditions (Reference Appendix F) and costs for compensation of the Copalar
 
lines were included in the cost estimates. However, it was assumed for
 
load flow studies that ENALUF would try to minimize these expenditures.
 
Accordingly the various load flow cases contained in Appendix G show min
imum load cases with lines removed from service to relieve overvoltage
 
problems which would otherwise occur.
 

7.2.8 PROJECTED FACILITY REQUIREMENTS
 

The following estimate of facilities relate specifically to transmission
 
system projects. These include estimates of facilities required for
 
generation switchyard terminations of transmission lines, transmission
 
system components, transmission substations, including line extensions
 
and terminations required for substations served from the 138 kV system.
 
Distribution transformer capacity additions or new distribution sub
stations including 138-69 kV and 138-13.8 kV substations are not included.
 

Typical transmission line construction, substation equipment and related
 
transmission facilities as outlined in the Transmission System Guidelines
 
and Practices were assumed for this study. The Guidelines and Practices
 
were not intended to represent final design recommendations since it is
 
beyond the scope of this study to evaluate all the possible alternatives
 
that would best suit the ENALUF system. Moreover, the Guidelines and
 
Practices were meant to outline current ENALUF practices with reasonable
 
allowances for increased levels of service reliability as warranted by
 
ENALUF system load growth.
 

A tabulation of projects with components divided between transmission and
 
substation facilities in chronological order of commissioning with for
eign and local currency costs is shown in Table.VII.4.
 

7.2.9 RECOMMENDED STUDIES
 

The required projects were formulated with the aid of load flow calcula
tions and as constituted herein are adequate to meet the projected loads
 
in 1988. However, the planned additions do not represent optimal solu
tions. Further study is required in the five areas discussed in the
 
following paragraphs.
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TABLE VII.4 
FACILITY REQUIEP[UTS FOR TRANSMISSION SYSTEM DEVELOPMENT 

1978 THROUG1 1988 

TRANSMISSION LINES 

I T EM QUAITITY.AND REASON EXPENDITURE - U.S.$ x 1000 
TERRAIN FOREIGN LOCAL TOTAL 

1978
 

Brasils-Asososca-Sur, 24.5 km flat urban Transmiesion service for 681.0 355.0 1,036.0
 
138 kV,4.5km D/C, 20 km S/C terrain Asososca and Sur 138-13.8 kV
 
556.5 MCK ACSR, steel towers Substations
 

Acoyapa-La Dates, 57.0 km flat rural Rural ElectricatLon of 1,011.0 317.7 1,328.7
 
138 kV, S/C, steel towers, terrain Zelays-Rama Zone
 
336.4 MQ(, ACSR
 

Sebaco-Santa Rita, 37.0 km flat rural Rural Electrification of 656.2 206.3 862.5
 
138 kV, S/C, steel towers, terrain Matagalpa-Jinotega Zone
 
336.4 MCM ACSR
 

Brasiles-Penas Blanceas 156.0 km flat Interconnection with ICE 3,675.0 2,070.0 5,745.0
 
230 kV, 37 km D/C-I terrain, 28% urban system of Costa Rica
 
119 km S/C , steel towers
 

1979
 

Momotombo-Brasiles, 102.0 km flat rural Transmission service for 2,518.1 757.1 3,275.2
 
and Momotombo-Leon, terrain Hemotombo generation and
 
230 kV, S/C, steel towers, transmission grid for
 
795 HCS ACSR major power transfers over
 

Interconnections
 

Sur-Nasaya, 43 ka flat urban/ Two line service 828.9 323.6 1,152.5
 
138 kV, S/C, steel towers, rural/terrain to two major distribution
 
556.5 MIK ACSR substations
 

1980
 
Leon Viejo No. 2, 35 km flat urban/ Two Line service to a major 674.7 290.4 965.1
 
138 kV, S/C, steel towers rural terrain distribution substation
 
556.5 MC ACSR
 

1982
 
Brasiles-Masaya, 0.5 km flat rural Voltage drop in excess of 20.0 10.4 30.4
 
230 kV, D/C, steel towers, terrain 7% at three major distribution
 
795 MC ACSR substations with single contin-,
 

gency loss of Bresiles-Asosoca
 
138 kV line
 

1984
 
Asososca-Independencia-Sur, 2.5 km flat urban Transmission service to 64.4 41.8 106.2
 
138 kV, D/C-I, steel towers, terrain Independencia substation
 
556.5 MC?4ACSR 

Copalar-Hasaya No. 1 185 km rural flat/ Delivery of hydroelectric 7,503.0 1,995.0 9,498.0
 
and No. 2, 230 kV, D/C, rolling terrain, energy from Copalar Project
 
steel towers, 795 1C1 ACSR 51% heavily forested
 

1986
 

Copalar-Brasiles, 230 kV, 226 km total,183 km Delivery of hydroelectric 4,801.0 1,276.0 6,077.0
 
S/C, D/C-2, steel towers, new S/C, rural flat energy from Cepalar Project
 
795 1CH ACSR. Install rolling terrain,
 
insulators and conductor 42. heavily forested
 
on 43 km of existing
 
structures
 

1988
 
Asososca-Independencla 2.5 kmflat urban Two line service to a major 10.1 5.4 15.5
 
and Independencia-Sur, terrain distribution substation
 
138 kV. Install insulators
 
and conductors
 

TOTAL TRANSMISSION LINE EXPENDITURES 22,443.4 7,648.7 30,092.1
 

Legend:
 
S/C 
D/C 

Single Circuit 
Double Circuit 

D/C-l 
D/C-2 

Double circuit construction with one circuit installed 
Install second circuit on existing structure 
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TauD VIIA - Continued 

SUISTATIONS 

I T Z., REASOm ExNDI!U 
FOREIGN 

-,.s.8 
LOCAL 

x ooo 
TOTAL 

1978 

Asosoesca: Equip two single bus 138 kV Transmission service to 404.4 164.8 569.2 

line positions and revise line protectio. Asossca substation 
at Brasiles and But substation 

Acoyapa and La Bates: Equip ne single bus Rural electrification of 404.4 164.8 569.2 

138 kV line position at each substation Zelaya-Rama sone 

Sebaco and Santa Rite: Equip one single bus Rural electrification of 404.4 164.8 569.2 

138 kV Line position at each substation matagelpa-Jinotega zone 

Brasile: 
position 

Equip one single bus 230 kV line Interconnection with ICE 
System of Costa Rica 

232.0 55.4 287.4 

1979 

Homotombo: Generation svitchyaid;.Construct Yanemieson service for 715.3 432.1 1,147.4 

a single bus 230 kV switching facility. Momitombo aeneration 

Equip 1 ban); and 2 Line positions 

Braeiles aridLeon: Purchase and install one Transformer loading& in 2,L85.4 747.3 2,932.7 

three phase 45/60/75 HVA, OA/FA/FOA, 
230-138 k transformer at each substation, 

excess of rating with single 
contingency loss of one other 

Equip one 230 kV line position at each sub-

station t.oterminate lines from Momotombo. 
230-138 kV transformer at the 
same station 

Install transfer bus and bus tie breakers In 
230 kV switching facilities at Brasile 

Sur and Masays: Equip one single bus 138 kV Two line service to two major 404.4 164.8 569.2 

line position at each substation. Rearrange distribution substations 
138 kV switching facilities at Masaya as 
required 

1980 

nomotombo: Equip one single bus 230 kV Transmission service for 212.0 82.1 294.1 

position and terminate the step-up 
trans former for Homotombo Unit No. 2 

Homotombo generation 

Latn and Viejo: Equip one single bus Two line service to a major 404.4 164.8 569.2 

138 kV line position at each station distribution substation 

M81 

Leon: Purchase and install one, three-phase, 230-138 kV transformer . 1,360.6 559.5 1,920.1 

45/60/75, OA/FA/FOA, 230-138 kV transformer. loading in excess of emergency 

Install transfer bus and bus-tie breakers rating with single contingency' 

in 230 kV and 138 kV switching f.ciLities lose of one other 230-138 kV 
transformer 

HKootombo: Equip one single bus 230 kV Transmission service for 212.0 82.1 294.1 

position and terminate the step-up 
transformer for Unit No. 3 

Homotombo generation 

1982 

Leon: Equip one double bus 230 kV line 
position and terminate Pavana-Leon 230 kV 

Transfer interconnection from 
138 kV to 230 kV position. Firm 

243.5 99.0 342.5 

line power purchase exceed stability 
limit 

Hasays. Purchase additional land as 
required to install three single bus 230 kV 
position and one 138 kV position. Equip 

* two 230 kV line positions. Purchase and 

Voltage drops in excess of 7% 
at three majoL distribution 
substations with single 
contingency loss of Erasiles

1,296.7 611.7 1,908.4 

install a three phase 45/60/75, OA/FA/FOA Asososca 138 kV line. Sat 

230-138 kV transformer facilities required in t,. years 
for Copalar Project 

continued following Pat ......
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TABL VII.4 - Centinued 

S U B S TAT O 8 - Continued 

I TEM 3E.ESO DITURE - U.S. z 1000 

FOREIGN LOCAL TOTAL 

1984 

Independencia: Equip one single bus 138 kV Transmission service to 202.2 82.4 284.6 

line position and terminata tap of AsososcA- Independencia 138-13.8 kV 
Indspedencia-Sur 138 kV line Substation 

Copalar Switching Station: Construct a Transmission service for 524.4 586.2 1,110.6 

six-element ring bus and equip one bank Copalar Project 
and 2 line positionp. Terminate step-up 
bank for Units No. 1 ,rd No. 2 and the 
Copalar-Matays No. I and No. 2 transmission 
lines 

Kasaya: Expand existing 230 kV and 138 kV Transmission service for 3,090.5 981.7 4,072.2 

switching facilities. Install transfer buses Copalar Project 
and bus tie breakers in 230 kV and 138 kV 
buses. Equip two 230 kV line positions. 
Purchase ind install two, three-phase 45/60/75 
KVA, OA/FA/FOA, 230-138 kV transformers 

1985 

Copalar: Equip one 230 kV position and Transmission service for 200.0 148.4 348.4 

terminate step-up transformer for units Copalar Project 
No. 3 and No. 4 

1986 

Copalar: Equip one 230 kV line and one Transmission service for 406.1 299.0 705.1 
230 kV bank position. Terminate Copalar- Copalar Project 
Brasiles line and step-up transformer for 
units No. 5 and No. 6 

Brasiles: Equip one 230 kV line position and Transmission service for 206.1 118.2 324.3 
terminate Copalar-Brasiles line Copalar Project 

1987 

Haseya: Purchase and install one, three- 230-138 kV transformer 816.7 216.3 1,033.0 
phase 45/60/75 MVA, OA/FA/FOA, 230-138 kV loading in excess of emergency 
transformer ratings with single contingency 

loss of one other 230-138 kV 
transformer 

1988 

Independencia: Equip one single bus 138 kV Two line service to a major 202.2 82.4 284.6 
line position distribution substation 

TOTAL SUBSTATION EXPENDITURES 14,127.7 6,007.8 20,135.5 

TOTAL TRANSMISSION LINES (FROM FIRST PAGE) 22,443.4 7,648.7 30,092.1 

TOTAL TRANSMISSION LINES AND SUBSTATION 36,571.1 13,656.5 50,227.6 
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A. MOMOTOMBO TRANSMISSION SERVICE
 

The economic feasibility of 230 kV transmission remains to be determined.
 
Present generation plans assumed a nominal capacity of 135 KW from the
 
Momotombo geothermal field and no wheeling arrangements through the
 
ENALUF system for power transfers between countries to the north and
 
south of Nicaragua. Therefore, the preliminary study indicated that
 
138 kV transmission voltage would be satisfactory. However, the uncer
tainty associated with either of the previously mentioned sources justi
fies consideration of 230 kV as the transmission voltage and that trans
mission voltage was assumed for Momotombo.
 

B. DISTRIBUTION STUDIES FOR MANAGUA, MASAYA AND LEON LOAD AREAS
 

Study of distribution requirements for these load areas is required because
 
the timing and location of transmission facilities is directly influenced
 
by results of the studies performed during this investigation. Significant
 
deviations of load from the projected values can be expected during the
 
11 years included in the study period. The effects of changes of the
 
estimated loadings on substations served from the 138 kV transmission
 
system will cascade through the transmission system and change the esti
mated loadings on transmission line and transformers; thereby affecting
 
the recommended timing of facilities. Therefore, distribution studies
 
for the major load centers should be reviewed and updated on an annual
 
basis. Near term future load flow calculations reflecting these changes
 
should also be made yearly,to update estimated transmission line and
 
transformer loadings.
 

C. POWER FACTOR CORRECTION
 

Shunt capacitance at the distribution voltage level has been assumed at
 
several stations within the Managua-Masaya load area to raise the power
 
factor to 95 percent. However, it is the practice in many utilities to
 
maintain power factor considerably above this figure; as high as 99 per
cent in some cases. A study should be made to determine the economic
 
breakeven value of capacitance versus power and energy losses and to de
termine the optimum location for capacitor installations. The quantity
 
and location of capacitance should then be adjusted accordingly. This
 
study should be made in conjunction with the study for the following
 
item because the power factor of the line loads will affect the economic
 
conductor size for transmission lines.
 

D. TRANSMISSION LINE CONDUCTOR SIZE
 

The transmission line costs assumed herein are based on a single conductor
 
per phase and the size of conductor. Generally, the conductor sizes are
 
795 MCM ACSR for 230 kV and 556.5 MCM ACSR for 138 kV. However, signifi
cant savings might be realized by the use of different sized conductors
 
for different line loadings because a smaller conductor results in a
 
lower line cost, but greater power and energy losses. For any given
 
schedule of line loadings, there will be one size of conductor for which
 
the sum of the line cost plus the present worth of the annual power and
 
energy losses over the life of the line are a minimum. The economic
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conductor size is found by a comparative analysis of the value of the power
 
and energy losses and line costs 
for various conductor sizes. The value of
 
power and energy losses required to make the foregoing analysis for a given

period of time is obtained from line loadings and load flow studies. The
 
economic calculations based on loading data can be made on a computer and
 
the results can be applied to lines at all voltages. The U. S. Rural
 
Electrification Administ.ration sizes the conductor for its distribution
 
lines on this basis. Potential savings are much greater at higher voltages

where large blocks of power are transmitted than for lower voltages and
 
less power.
 

E. NEED FOR A SYNCHRONOUS CONDENSOR IN THE ENALUF SYSTEM
 

The extensive use of geothermal and hydroelectric energy by 1982 will re
sult in light loads on the 230 kV lines from the Puerto Somoza plant and a
 
net surplus of reactive power from these lines will exist. 
 In addition,

without temporary shunt compensation, there will be a net surplus from the
 
Copalar-Masaya No. I and No.2 lines due to the staged installation of units
 
at Copalar. 
The net result will be voltages that exceed the recommended
 
105 percent limit even under peak load conditions; minimum load conditions
 
would result in voltages exceeding 115 percent. Conversely, loss of a
 
single 230 kV line from Popalar with 4-55 megawatt units installed, results
 
in a net deficiency of reactive power and voltage drops exceeding 115
 
percent. These conflicting reactive power requirements require careful
 
study of overall system var requirements. Therefore, temporary compensa
tion equipment must be installed in the system in some cases, 
to absorb
 
the large surplus of reactive power and limit overvoltages during both
 
peak and light load conditions; while in other instances, a var source
 
must be available to meet reactive power requirements under single con
tingency outages of 230 kV transmission lines.
 

Static compensation of the 230 kV transmission line using shunt reactors
 
and capacitors is an expensive solution since the light line loading prob
lems on the 230 kV lines are only temporary and power factor correction of
 
load is generally most economical at the distribution voltage level. A
 
synchronous condensor is the most flexible means of meeting the foregoing
 
requirements.
 

The Managua units will be on cold standby status by 1982 and will normally

not be required for service. 
 These units will serve only as emergency

capacity if other units are unavailable. Suitable modification to the
 
excitation systems of the generators and inclusion of a hydraulic coupling

between the turbine and generator is one possible sulution which could be

studied. Such an arrangement would allow synchronous condensor operation

of the older Managua units without loss of capacity credit to the system.
 

The result would yield two, 15 MVAR synchronous condensors in the Managua

load center which would serve effectively to alleviate temporary line com
pensation problems 
on the 230 kV system, plus improve voltage regulation
 
at the Managua 69 kV and 138 kV buses.
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A standard synchronous condensor is capable of supplying kilovars to the
 
system equal to its rating, as well as absorbing them to an extent equal
 
to 50 percent of its rating. A comparative analysis should be made be
tween the conversion of the Managua units for synchronous condensor oper
ation and capacitors at full kilovar rating plus a shunt reactor of 50
 
percent kilovar rating.
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CHAPTER VIII
 

ECONOMIC EVALUATION
 

8.0 INTRODUCTION
 

The economic analysis of alternative power system development plans presented
 
in this report is divided into five separate studies, to examine the particular
 
aspects of each component of the overall plan for development. In this chapter,
 
alternative basic plans for long-range development of hydro power resources
 
were examined for independent system expansion from 1982 to the end of the
 
development period in 1988, followed by a 50-year period of operation. In
 
order to examine possible alternatives to geothermal pow-r development, two
 
short-range contingency plans were compared, to provide E \LUF with an esti
mate of the relative costs involved, if actual geothermal development falls
 
short of present expectations.
 

Once the selection of the basic plan for independent development of indigenous
 
resources had been made, the effect of interconnected system expansion was
 
examined. Analyses were made with postponement of major plant additions and
 
the substitution of purchased hydro energy for thermal generation on the ENALUF
 
system. Breakeven tie-line rates were determined for both off-peak energy
 
purchase-s from Costa Rica and firm power purchases from Honduras. The results
 
are contained in Appendix H and App.ndix I, respectively.
 

8.1 METHODOLOGY OF ECONOMIC ANALYSIS
 

Comparison of discounted present worth of future cash flow for capital invest
ment, fuel costs, together with operation and maintenance expenses, for alter
native plans was the principal method of analysis and plan selection. The
 
determination of tie-line rates for power purchases was made using a technique
 
to equalize the present worth of alternative plans, for a series of discount
 
rates, over a range of escalation from 1975 cost levels.
 

8.1.1 COST STUDY OF ALTERNATIVE PLANS
 

The preparation of costs for economic evaluation of alternative plans required
 
detailed estimates of capital investment and operating and maintenance expenses,
 
as well as the computation of the energy production costs of thermal plants on
 
the system.
 

A. CAPITAL INVESTMENT
 

Concentration was given to detailed cost estimation for the dams and power
 
plants of hydroelectric developments, together with associated transmission
 
line and substation facilities, these being the principal facilities included
 
in long-range plans. As the short-range expansion from 1978 to 1981 was
 
identical for basic long-range plans, it was unnecessary to prepare estimates
 
for geothermal plant additions during this period. The economic evaluation of
 
basic expansion plans was then confined to the civil works, dams, generating
 
plants and transmission facilities required for the two and three dam devel
opments on the Rio Grande de Matagalpa.
 

The total cost of specific facilities or items of plant and equipment was then
 
disbursed through the construction period on a yearly basis. As costs were to
 



be discounted to mid-year 1975, the amount of each annual disbursement was
 
estimated to correspond to an equivalent mid-year cost. The total facility
 
costs and annual disbursements for the two and three dam developments cor
responding to system expansion plans Al and Bi, 
are given in Tables D.1 and
 
D.2 of Appendix D. Costs are presented for the high and low dam developments
 
at Copalar, together with the upstream developments of El Carmen and Paso Real.
 

These plant costs are combined with costs for the associated transmission
 
system expansions of alternative plans Al and BI. The annual disbursements
 
for these comprehensive plans relevant to the independent expansion of the
 
ENALUF system by development of indigenous hydro resources in Nicaragua, are
 
given in Tables D.3 and D.4 of Appendix D.
 

The interconnection of the ENALUF system with the ENEE system of Honduras and
 
the ICE system of Costa Rica, will enable ENALUF to purchase power throughout

the development period. This will result in a majot e.stponement of genera
tion facilities for a period of two years from 1982 to 1984 and a reduction
 
of installed plant capacity within the development period. The resultant
 
capital investment disbursements corresponding to this interconnected system

expansion plan El are given in Table D.5 of Appendix D.
 

B. PRODUCTION COSTS
 

The production costs associated with energy generated by thermal plants on
 
the ENALUF system were determined using a computer program developed by ENALUF,
 
with modifications made during the course of the study based on recommendations
 
by IECO. The program was used to simulate system generation dispatch to supply
 
a load model for the ENALUF system, with additional capability to simulate the
 
economic operation of pumped-storage and the dispatch of energy purchased over
 
system interconnections. The program represents a convenient method of simu
lating total generation over 13 four-week periods for each year of the study.

A typical printout of this program for the base year of the study (1978) is
 
given in Appendix D, Annexes D-1 through D-14. The printout consists of 
a
 
separate tabulation of generation dispatch for typical day types of each
 
four-week period, with a summary of energy generation and production costs
 
for each four-week period and the entire year.
 

The principal generation sources included in development plans consist of hydro
 
plants, geothermal plants and oil-fired thermal plants, supported by the
 
gas-turbine and diesel units. In computation of the production costs, the
 
units were dispatched to generate energy required during two-hour intervals
 
during daily load cycles, according to typical day types for each of the
 
13 four-week periods. The ENALUF system load model was structured to repre
sent four typical days for each period, consisting of an average weekday, the
 
peak day, Saturday and Sunday. A fairly close representation was thereby
 
made of the variation of system load over the entire year at two-hour intervals,
 
by multiple combination of typical day types within each four-week period, to
 
provide an annual load cycle for each year of the study. 
This may be observed
 
for the typical day types in Annexes D-1 through D-13, of Appendix D.
 

The pondage hydro energy available within each of the 13 four-week periods was
 
obtained by proportionate reduction of monthly average energy computed during
 
the reservoir operation study, for each of the two main development plans
 
with individual hydro plants in th unregulated and regulated modes.
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Tables D.6 and D.7 of Appendix D give tabulations of the periodic (4 week)
 
pondage hydro energy by year for the two and three dam developments, respec
tively. This energy was dispatched by the production costing program to
 
satisfy the peak and mid-range load requirements of the system.
 

Geothermal energy was dispatched on a constant basis to satisfy base-load
 
requirements, except during intervals for plant maintenance. 
This energy
 
is shown in Tables D.6 and D.7 as a component of the base energy, together
 
with the periodic hydro energy available from existing hydro plants.
 

The thermal plants on the system are dispatched by the production costing
 
program according to the equal incremental dispatch criterion, the generation
 
of each unit being dependent upon the input-output function of the unit in
 
relation to the other units on the 
 system. The main contributions to thermal
 
generation are made by the 
two 50 MW units of the Puerto Somoza plant, supple
mented by the 45 MW Managua Unit 3. The remaining units of the system will
 
be held on reserve throughout the development period 1978-1988, with the
 
exception of the base-year 1978, when there is a limited dispatch of the
 
15 M1 Managua Unit 1, as shown on Annex D-14 of Appendix D, which gives the
 
annual energy production summary for 1978.
 

Power capacity and energy balances, prepared for the two and three dam devel
opments of the independent system expansion, will provide a general assessment
 
of the relative dispatch of generation sources on the system. The power bal
ances for Plan Al (2 Dam) and Plan Bi (3 Dam) are given in Tables D.8 and D.9
 
of Appendix D. The addition of hydro plant in both plans Al and BI results
 
in increased surplus energy for a period of years, after the build-up of
 
geothermal capability from 1979 through 1981. In the two dam development,
 
Plan Al, the high dam at Copalar requires three years of average inflow to
 
fill the reservoir. Therefore, a modified plan was selected to partially
 
fill the reservoir prior to completion of the dam and start power generation
 
on a limited basis, until the reservoir is full. This plan results in a limita
tion on annual energy availability during 1983 and 1984. Normal annual opera
tion is possible in 1985, with an average annual energy availability of 1418 GWH.
 
This results in an energy surplus for the years 1984, 1985 and 1986, during
 
which time thermal dispatch i, not required to satisfy system requirements.
 
There is no extended period of reservoir filling for the three dam development,
 
Plan B1, and the energy surpluses in 1983 and 1984 result in no thermal dis
patch during these years. Pondage hydro energy well in excess of system re
quirements was prevalent during these years and therefore no production costing
 
was necessary. It was assumed that the storage capacity of the pondage hydro
 
would enable modulated operation, in response to system energy requirements,
 
to 
supply all energy in excess of the base-load energy generated by geothermal
 
units. Geothermal generation was constant for both hydro development alter
natives, therefore no costs relating to geothermal energy production had to be
 
taken into consideration for economic evaluation. Thus, production costing
 
was limited to those years when thermal dispatch was required, resulting in
 
tangible fuel costs and variable operation and maintenance expenses.
 

In addition, the time frame for comparative analysis of long-range plans is
 
1982-1988, so the geothermal plant investment costs relative to installations
 
in 1979, 1980 and 1981 represent sunk costs and were excluded from considera
tion in economic analysis.
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The power balance for interconnected system 
expansion with development Plan El,
 

consisting of the Copalar high dam and the 
utilization of power purchases from
 

ENEE and ICE, is given in Table D.10 of Appendix 
D. This power balance shows
 

how the dispatch of thermal plant is affected 
by a combination of off-peak
 

energy purchases from Costa Rica and firm 
power purchases from Honduras.
 

ystem is entirely supplied by hydro and geothermal 
energy during the
 

The 

period 1982 through 1987, except for a limited dispatch of 25 GWH in 1984.
 

The first sizable dispatch of thermal plant is in 1988, with the Puerto 
Somoza
 

Units 1 and 2 operating on annual plant capacity 
factors of 42 and 7 percent,
 

respectively.
 

The capacity available for meeting peak load 
demand on the system is included
 

The annual reserve margin
 
in the power balances of Tables D.8, D.9 

and D.10. 


is indicated as a percentage of system peak 
load demand and in megawatts.
 

OPERATION AND MAINTENANCE COSTS
C. 


The other component of energy production costs 
is the variable operation and
 

The
 
maintenance (0 & M) costs associated with 

the dispatch of thermal plant. 


computation of both fixed and variable 0 & 
M costs was included as part of the
 

However,
 
production costing procedure, as a feature 

of the ENALUF program. 


for purposes of comparative analysis, the fixed costs associated with thermal
 

plant were constant for alternative plans and 
therefore excluded from analysis.
 

Only variable costs of thermal plant were germane 
to economic comparisons, as
 

these were directly related to unit dispatch 
as part of total system generation.
 

common to alternative plans and therefore ex-
Geothermal plant 0 & M was also 

The other generating plant 0 & M common to
 cluded from comparative analysis. 


all plans was that for the existing hydro plants 
of Centroamerica and Somoza
 

Garcia, together with 
the gas-turbine and diesel 

units.
 

the 0 & M for generating plant, with a segrega-
Table D.11 of Appendix D gives 


tion of cost components into th0 costs common to 
alternative plans and the
 

comparative 0 & M costs relevant to economic evaluation of the two and three
 

These consisted of fixed costs associated with increments
 dam developments. 

of hydro plant for alternative developments and 

variable thermal 0 & M costs.
 

0 & M cost estimates for hydro plant were made 
by reference to the Hydro-


Federal
 
electric Power Evaluation I/ guidelines publishedby 

the United State 


Annual operation and maintenance expenses for 
conventional
 

Power Commission. 

and pumped-storage hydroelectric plants are given 

in Table 37 of this manual.
 

These were compared with recorded 0 & M costs for 
existing hydro plants of
 

The resultant
 
the ENALUF system and an estimated 0 & M cost level 

for 1975. 


cost curve for hydro plant 0 & M is given on Figure 
D.4 of Appendix D.
 

The. summary tabulation on the following page 
contains the fixed and variable
 

0 & M costs used for production cost computations.
 

1969
 

FPC P-38 Supplement No. 1, Federal Power Commission,
I/ 
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GENERATING PLANT 
OPERATION AND MAINTENANCE EXPENSES 

1975 COST LEVELS 

FIXED COST VARIABLE COST 
$/KW mills/kwh 

EXISTING UNITS: 

Managua Plant 

Siemen's Units I & 2 12.80 1.70 

Franco Tosi Unit 3 5.60 0.35 

Chinandega Plant 

Gas Turbine Unit 3.00 

Hydro Plants 

Centroamerica Units 1 & 2 7.50 

Somoza Garcia Units 1 & 2 7.50 

FUTURE UNITS: 

Puerto Somoza Plant 

Thermal Units I & 2 5.00 0.30 

Momotombo Plant 

Geothermal Units 1-3 7.00 

Copalar Plant 

Hydro Units 1 & 2 4.75 

Hydro Units 1-3 3.95 

Hydro Units 1-4 3.75 

Hydro Units 1-5 3.65 

Hydro Units 1-6 3.60 

El Carmen Plant 

Hydro Units 1 & 2 6.25 

Paso Real Plant 

Hydro Units 1 & 2 7.50 
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The 0 & M expenses were obtained from a study of recorded values for the
 

actual cost of operation and maintenance for generating plant of the existing
 

ENALUF system, comparison of 0 & M costs for similar plant in other countries
 

and estimating data published by the United States Federal Power Commission.
 

See reference l/. Geothermal 0 & M costs were obtained by adjustment of
 

estimated costs to compensate for scale effects, using data received by ENALUF
 

relevant to the Ahuachapan geothermal plant in El Salvador. Table D.12 of
 

Appendix D summarizes the recorded values of fixed and variable 0 & M compo

nents for the hydro and thermal plants of the ENALUF system for the period
 
1967-1974.
 

Estimates of 0 & M for the transmission system elements associated with the
 

alternative developments are contained in Tables D.13 and D.14 of Appendix D.
 

The annual 0 & M for substations given in Table D.13 was obtained in relation
 

to the installed MVA of transformer capacity in substations at sending and
 

receiving ends of the transmission system. Figure D.5 of Appendix D. relates
 

substation 0 & M, in $/KVA, to the total installed capacity in transformer
 

MVA for sending and receiving end substations. Similar estimates of annual
 

0 & M for transmission lines were made for alternative developments, these
 

being contained in Table D.14 The annual transmission line 0 & M costs were
 

based on fixed $/km values for different types of line construction. Fig

ure D.6 of Appendix D shows annual 0 & M expenses per kilometer for single
 

and double-circuit steel tower transmission lines over a range of trans

mission voltage levels.
 

The following summary tabulation indicates the values used during this study:
 

ANNUAL OPERATION AND MAINTENANCE-EXPENSES FOR TRANSMISSION LINES
 

230 kV Steel Tower Double Circuit Construction $580/km
 

(With single circuit strung initially) $530/km
 

230 kV Steel Tower Single Circuit Construction $480/km
 

The above values were derived from relative 0 & M levels for transmission
 
lines contained in Table 44 of reference 1/, suitably related to 0 & M values
 

used for developing countries and escalated to 1975 cost levels. These are
 

also directly related to the transmission 0 & M curves of Figure D.6.
 

Similar estimates of transmission system 0 & M were made for the interconnected
 

system expansion plan El, with annual costs relevant to both the development of
 

the Copalar high dam and the operation of the interconnected system. These
 

costs are contained in Tables D.15 and D.16 of Appendix D.
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8.1.2 ECONOMIC COMPARISON OF DISCOUNTED 1975 COSTS
 

The capital investment, fuel costs, operation and maintenance expenses devel

oped durinc, the cost study were compiled and disbursed by year throughout the
 

relevant perzod of analysis, for economic comparison of discounted future
 

cost-streams. All costs were estimated as of mid-year 1975, the reference to
 

which all future costs were discounted,so annual disbursements were made equiva

lent to expenditures for a particular year, but concentrated at the mid-year
 

point. The analytical tool used throughout this study for economic analysis
 

of discounted cash flow, was a multiple option computer program (ECONIC),
 
specially developed for economic evaluation of the ENALUF system expansion.
 

In all,a total of 13 different plans for generation and transmission system
 

expansion were examined using this program. In addition to normal discounting
 

routines, this program has a provision for equalizing the present worth of
 

future cost streams for interconnected system plans. This provision enabled
 

the determination of the breakeven tie-line energy rate for successive discrete
 

discount rates, each one in turn being the equalizing rate-of-return between
 
alternative plans.
 

Printed copies of the output of this program are given in Appendices E and F,
 

with the use of Program Option A, which computed the present worth of cost
 

streams relating to alternative plans, for purposes of economic comparison and
 

plan selection. The basic economic analysis was conducted at 197. cost levels
 

with zero escalation for expansion plan cost components. The cost components
 
consist of capital investment in generating plant, transmission lines and sub

stations; fuel costs; and operation and maintenance expenses for generating
 

plant, transmission lines and substations. In addition to investment and
 

operating costs, the program has a provision for including the effect of power
 

purchases or sales in comparative analysis of alternative plans. The tie-line
 

purchases are segregated for interchange with both ENEE and ICE. If power sales
 

are relevant to the analysis they are entered as negative purchases and for a
 

year with both purchases and sales, the net purchases (positive) or net sales
 

(negative) value is entered into analysis. A summary printout is provided for
 

comparison of present worth pertaining to total investment; fuel costs; 0 & M;
 

ENEE and ICE power purchases, together with the total present worth of alter

native plans. An asterisk (*) on the printout conveniently indicates the
 

lowest present worth for a particular discount rate, applicable to each element
 
and the total for the plan with the least present worth of future costs. In
 

addition, the actual differential present worth is computed for each element
 

and the total for alternative plans at each discount rate over the range selected.
 

8.1.3 SENSITIVITY TESTS FOR RANGE OF COST ESCALATION
 

In addition to economic comparisons at 1975 cost levels, the program has a
 
feature which allows the effect of cost escalation to be examined over a range
 
of escalation profiles, with che possibility of independent escalation of
 
individual cost elements for investment, fuel and 0 & M. The sensitivity
 

tests applied in the comparative analysis of alternative plans involved the
 

successive examination of the effect of a range of escalation profiles on the
 
selection process. Figures Ill.l, VIII.2, and VIII.3 show the escalation
 

profiles which were used for application to cost streams of investment dis

bursements, fuel oil costs and operation and maintenance expenses, respectively.
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A. INVESTMENT COST ESCALATION
 

Five profiles for investment cost escalation were applied over an initial
 

range of between 8 and 12 percent per year for the first five years from
 

mid-year 1975. Escalation rates were changed at five-year intervals by
 

decrements of one percent, assuming that the presently adverse Inflationary
 

spiral affecting the world economy would be steadily brought under control
 

in the long-range time frame. At the present it appears that this assump

tion is optimistic; however, without the basic premise of global economic
 

stability in the long-run, the analysis of long-range plans is rendered
 
academic.
 

In the short-range, it is a fair assumption that inflationary trends will
 

continue and numerous effects will cause the escalation to continue, modu
lated only in part by the severity of economic counter-measures. The range
 
of investment cost escalation profiles shown on Figure VIII.1 is sufficiently
 
broad to encompass the possible future trends of investment cost escalation
 
relevant to analysis of alternative developments to be included in power
 

system expansion plans.
 

B. FUEL COST ESCALATION
 

A total of 15 fuel oil escalation profiles are shown on Figure VIII.2,
 
used in the study and are grouped for comparative application into three
 
main sets. The first set of five profiles (F1 - F5) corresponds to high
 
rates of continuing escalation. The second set of five profiles (F6 - F1O)
 
models continuance of fuel oil escalation in the short-range to 1980,followed
 

by a leveling of oil prices over the long-range to 1990. The third set is
 
similar to the second, except for price decreases, caused by the development
 
in the long-run of alternative fuel sources, introduced after 1985, to a
 
stabilization point to be reached by 1990.
 

The basis for the projection of possible future trends relating to fuel-oil
 
escalation hinges on the magnitude of the oil price increase expected in the
 
fourth quarter of this year. Over the past several months much speculation
 
has revolved in government, industrial, economic and financial communities
 
of the world, regarding the likely price increase per barrel of oil ever
 
current posted prices. The amount of the increase, to be agreed to by the
 
Organization of Petroleum Exporting Countries (OPEC), will be the result of
 
deliberations within the OPEC Council, coupled with the realities of the
 
demand and production supply situation, as it affects individual oil pro
ducing countries.
 

The extent cf the price increase anticipated has been reported in the inter
national press to range from a low of $0.50 to $0.70 per barrel to a high
 
of $3.50 per barrel. These increases have been demanded in OPEC conferences
 
by certain representatives of member nations, as compensation for the effect
 
of worldwide inflation on the purchasing power of individual oil producing
 
states. This effect has been ostensibly calculated by OPEC economists to
 
amount to a 35 percent reduction in purchasing power since January 1974,
 
when the price freeze on oil revenues went into effect. Some members of
 
OPEC favor the larger price increase, but others are prepared to accept a
 
more reasonable increase to compensate for loss of purchasing power on
 

revenues received from oil consuming nations. The outcome will depend on
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the decision making process in the OPEC council and the effect of the present
 
levels of over--upply of oil on the decisions made by individual representa
tives of producing nations.
 

A wide range of escalation possibiliL±=s lies between the lower and upper
 
limits of 7 and 35 percent for the anticipated price increase for the next
 
year, from July 1, 1975 to mid-year 1976. A narrower range for the initial
 
escalation rate was selected for this study, based on a concensus of opinion
 
of economists directly concerned with fuel price escalation. Price movements
 
have been predicted in the range of $1.00 to $1.90 per barrel based on a
 
posted price of $11.50 per barrel. These increases represent a range of
 
fuel cost escalation between 9 and 17 percent and an average of 13 percent.
 
This range was adopted for the initial escalation profile for 1975 to 1976,
 
wiuh steps of 2 percent between separate projections. After mid-year 1976,
 
it was assumed that oil price escalation would follow worldwide inflationary
 
trends, with OPEC price increases delibe-ately aligned with general escala
tory trends in commodity markets. However, it was further assumed that some
 
restraint would be brought to bear on the inflationary spiral and the short
range escalation would be reduced between one and five percent from that of
 
the initial year (1975-1976). This agrees quite closely with the conclusions
 
reached by the noted oil economist, Consultant Walter Levy, acknowledged dean
 
of U.S. oil experts, that OPEC will raise posted prices by about 12 percent
 
in 1975 and will continue to raise prices on a steady basis thereafter.
 
The recent predictions made by fuel experts suggest that the price of oil
 
will be raised by $1.50 per barrel by October, which on the price base used
 
for escalation profiles ($11.50) would result in a 1976 price base of $13
 
per barrel. This corresponds to the average of the escalation profiles used
 
in this study.
 

The principal source of petroleum for Nicaragua is Venezuela and the supplier
 
of fuel oil to ENALUF for thermal generation is Esso Standard Oil, S.A., Ltd.
 
At the time this study of oil price escalation was made in the second quarter
 
of 1975, the contract price for Bunker C fuel oil delivered to the ENALUF
 
Managua thermal plant was $11.65 per barrel. A quotation for fuel oil supplies
 
to the new units of the Puerto Somoza plant was received by ENALUF from Esso.
 
The projected cost on a 1975 price base was $11.52 for delivery of Bunker C
 
fuel to the plant, from a tap-line on the existing pipeline to Managua near
 
to the plant site. These two cost levels for fuel, delivered at the Managua
 
and Puerto Somoza plants, were used for base fuel costs in the production
 
cost study.
 

The long-range escalation of fuel costs was computed as part of sensitivity
 
analysis using program ECONIC to apply the escalation profiles of Figure VIII.2.
 
The wide range of escalation enabled the impact of future movements of fuel
 
prices to be examined for their effect on plan selection.
 

The continuing upward trends of profile. Fl through F5 depict a relatively
 
unchecked escalation, both adding to and following worldwide inflationary
 
spirals, until application of stabilizing controls to the global economy will
 
progressively slow the long-term escalation rate.
 

Profiles F6 through F1O depict the same short-range escalation up to a range
 
of values reached in 1980, from that year on the fuel oil price base is main
tained constant by rigidly imposed and enforced controls.
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The third set of profiles, F11 through F15 is indicative of the possible
 

effect of alternative energy sources in the long-range, which would tend
 

to force down the price of fuel under market pressures and forced production
 

cutbacks.
 

The future trend of fuel prices is a major determing factor for the plan
 

selection in this study. It is considered reasonable that the future
 

scenarios, implicit to the fuel cost escalation profiles used, will ade

quately serve to quantify the overall impact to the end of the expansion
 

period in 1988. It was assumed that no escalation was applied during the
 

period of constant operation beyond the year 1990, to compensate for de

clining thermal plant usage during the plant service life.
 

C. ESCALATION OF OPERATION AND MAINTENANCE COSTS
 

Figure VIII.3 shows the escalation profiles which were applied to annual
 

operation and maintenance costs developed during the study. The range of
 

escalation rates used for 0 & M costs is similar to those used for invest

ment cost,except for the difference that after the first five years from
 

1975 to 1980, the rate of increase for 0 & M is made progressively smaller
 

than that for investment. Successive decrements to the escalation rate are
 

introduced at intervals of five years, resulting in a 2 percent differential
 
by the middle of the next decade. This differential arises from the fact
 

that labor costs are a relatively large component of 0 & M costs, as opposed
 

to investment in plant and equipment, which are capital intensive. Wages
 

and salaries for operating and maintenancc staff were assumed not to rise
 

commensurate with wage-rates paid to construction workers employed on the
 
civil works and installation of plant and equipment for major construction
 
projects. This assumption is made on the basis that labor rates associated
 

with construction are in the main pertinent to unionized trades, which in
 

private industry have more countervailing leverage than operators and
 
maintenance employees of government agencies such as ENALUF.
 

In order to examine the actual escalation trends ,ssociated with principal
 

components of the ENALUF generation and transmissiin syste.C, a study was
 
made of recorded operation and maintenance costs for the period 1967-1974.
 
Table D.17 of Appendix D indicates the recorded values of annual operation
 
and maintenance for hydro, oil-fired thermal and gas-turbine generating
 

plants, divided into respective fixed and variable components for the entire
 
system.
 

Table D.18 of Appendix D summarizes the combined costs for operation and
 
maintenance of generating plants, transmission lines and substations. The
 

composite escalation relevant to generating plant varied greatly from year
 

to year, with the.most recent increase for 1973-74 being approximately
 
10 percent.
 

It was difficult to establish a discernible trend for the escalation of
 
operation and maintenance costs for transmission lines and substations,
 

because they varied somewhat erratically from year to year over the period
 

of record. Therefore, the same escalatory trends projected for generation
 
0 & M were used for transmission lines and substations. In order to prepare
 

escalation profiles, an average of 10 percent was selected for application
 
over the period 1975 to 1980, with a total range of between 8 and 12 percent
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8.2 

in single percantage increments. These initial escalation rates were assumed
 
to be successively decremented at 5 year intervals by steps of 2 percent, to
 
range between 4 and 8 percent by 1986. After 1990, it was assumed that no
 
escalation was applied during the period of constant operation to the end
 
of the 50-year service life of facilities.
 

D. SENSITIVITY TESTS WITH COMBINED EFFECT OF ESCALATION TRENDS
 

A series of sensitivity tests, combining groups of escalation profiles for
 
capital investment, fuel costs and operating and maintenance expenses, were
 
used during comparative analysis of system plans. The composition of the
 
individual sensitivity tests are given in Table VIII.1, in the form of per
centage escalation rates and first years of application. There are three
 
groups corresponding to the five profiles for investment cost and 0 & M esca
lation, combined with the three sets of five fuel cost escalation profiles.
 
These sensitivity tests were applied successively by program ECONIC, for
 
sensitivity analysis at escalated cost levels of alternative development
 
plans for power system expansion.
 

ANALYSIS OF ALTERNATIVE HYDRO POWER DEVELOPMENTS
 

The economic comparison of alternative hydroelectric power developments on
 
the Rio Grande de Matagalpa was the first study made to determine the selected
 
scheme for a basic plan for independent expansion of the ENALUF pover system
 
utilizing indigenous resources. This was then used to provide a standard of
 
comparison for alternative developments and a means of establishing the
 
tie-line rates associated with interconnected system expansion.
 

8.2.1 DIFFERENTIAL PRESENT WORTH FOR BASIC PLANS
 

Appendix E contains the results of the economic comparison of basic alter
native plans, Al and BL, for the two and three dam developments, respectively.
 
The first analysis was made with a comparison of the discounted present
 
worth of future cost streams at 1975 cost levels, without the effect of
 
escalation taken into consideration. The summary of program ECONIC, in
 
Option A mode, for this case 
(Test 0) is given on Annex E-1, with the respec
tive cost-streams for Plans Al and BI given on Annexes E-2 and E-3 of Ap
pendix E.
 

The economic comparison of Summary E-1 indicates that the equalizing
 
rate-of-return between Plans 
Al and BI lies between 13.0 and 13.5 percent,
 
resulting from the relative values of discounted present worth for invest
ment, fuel costs and 0 & M for the alternative developments.
 

There is a direct trade-off between capital investment and fuel costs.
 
Plan B. for the three dam scheme requires the least investment cost, but
 
incurs higher expenditures for thermal plant operation. At the discount rate
 
corresponding to the opportunity cost of capital, which for Nicaragua was
 
taken to be 12 percent, as advised by the IBRD, the differential present
 
worth of future investment in generation and transmission facilities is
 
$13,363,000 in favor of Plan Bi. The corresponding differential present
 
worth of future fuel costs is $1',' 66,000 in favor of Plan Al. The effect
 
of differences in 0 & M is relatively minor in comparison, with a relative
 
advantage of $475,000 in favor of Plan Al.
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TABLA VIII.1 - TABLE VIII.1 

RESUMEN DE PRUEBAS DE SENSITIVIDAD PARA COM7ARACION ECONOMICA DE LOS PLANES DE DESARROLLO 

SUMMARY OF SENSITIVITY TESTS FOR ECONOMIC COMPARISOr OF DEVELOPMENT PLANS 

PORCENTAJE DE ESCALAIIENTO Y PRIMER ARO DE APLICACION
 

PERCENTAGE ESCALATION RATES AND FIRST YEAR OF APPLICATION
 

PRUEBA INVERSION DE CAPITAL 
 COSTO DE COMBUSTIBLE COSTOS DE OPERACION Y MANTENIMIENTO 

TEST CAPITAL INVESTMENT 
 FUEL COST 
 OPERATION AND MAINTENANCE COSTS
 

CASO BASE - ESCALAMIENTO CERO APL±C,2)O AL FLUJO DEL EFECTIVO
 
0 ...................................................... 
 ..... BASE CASE - ZERO ESCALATION APPLIED TO CASH rLOW ..........................................................
 

1 12.0 (1976) 11.0 (1981) 10.0 (1986) 17.0 (1976) 12.0 (1977) 10.0 (1981) 8.0 (1986) 0.0 (1991) 12.0 (1976) ;10.0 (1981) 8.0 (1986) 0.0 (1991)
f 2 11.0 (1976) 10.0 (1981) 9.0 (1986) 15.0 (1976) 11.0 (1977) 9.0 (1981) 7.0 (1986) 0.0 (1991) 11.0 (1976) 9.0 (1981) 7.0 (1986) 0.0 (1991)
3 10.0 (1976) 9.0 (1981) 8.0 (1986) 13.0 (1976) 10.0 (1977) 
 8.0 (1981) 6.0 (1986) 0.0 (1991) 10.0 (1976) 8.0 (1981) 6.0 (1986) 0.0 (1991)
4 9.0 (1976) 8.0 (1981) 7.0 (1986) 11.0 (1976) 9.0 (1977) 7.0 (1981) 5.0 (1986) 0.0 (1991) 9.0 (1976) 7.0 (1981) 5.0 (1986) 0.0 (1991)

5 8.0 (1976) 7.0 (1981) 6.0 (1986) 9.0 (1976) 8.0 (1977) 6.0 (1981) 4.0 (1986) 0.0 (1991) 8.0 (1976) 6.0 (1981) 4.0 (1986) 0. (1991)
 

6 12.0 (1976) 11.0 (1981) 10.0 (1986) 17.0 (1976) 12.0 (1977) 0.0 (1981) 
 12.0 (1976) 10.0 (1981) 8.0 (1986) 0.0 (1991)
7 11.0 (1976) 10.0 (1981) 9.0 (1986) 15.0 (1976) 11.0 (1977) 0.0 (1981) 
 11.0 (1976) 9.0 (1981) 7.0 (1986) 0.0 (1991)
B 10.0 (1976) 9.0 (1981) 8.0 (1986) 13.0 (1976) 10.0 (1977) 0.0 (1981) 10.0 (1976) 
 8.0 (1981) ; 6.0 (1986) 0.0 (1991)
9 9.0 (1976) 8.0 (1981) 7.0 (1986) 11.0 (1976) 9.0 (1977) 0.0 (1981) 9.0 (1976) 7.0 (1981) 5.0 (1986) 0.0 (1991)
10 8.0 (1976) 7.0 (1981) 6.0 (1986) 9.0 (1976) 8.0 (1977) 0.0 (1981) 8.0 (1976) 
 6.0 (1981) 4.0 (1986) 0.0 (1991)
 

11 12.0 (1976) 11.0 (1981) 10.0 (1986) 17.0 (1976) 12.0 (1977) 0.0 (1981) -8.0 (1986) 0.0 (1991) 12.0 (1976) 10.0 (1981) 8.0 (1986) 0.0 (1991)
12 11.0 (1976) 10.0 (1981) 9.0 (1986) 15.0 (1976) 
 11.0 (1977) 0.0 (1981) -7.0 (1986) 0.0 (1991) 11.0 (1976) 9.0 (1981) 7.0 (1986) G.0 (1991)
13 10.0 (1976) 9.0 (1981) 8.0 (1986) 13.0 (1976) 10.0 (1977) 0.0 (1981) -6.0 (1986) 0.0 (1991) 10.0 (1976) 8.0 (1981) 6.0 (1986) 0.0 (1991)14 9.0 (1976) 8.0 (1981) 7.0 (1986) 11.0 (1976) 9.0 (1977) 0.0 (1981) -5.0 (1986) 0.0 (1991) 9.0 (1976) 7.0 (1981) 
 5.0 (1986) 0.0 (1991)
15 8.0 (1976) 7.0 (1981) 6.0 (1986) 9.0 (1976) 8.0 (1977) 0.0 (1981) -4.0 (1986) 0.0 (1991) 8.0 (1976) 6.0 (1981) 
 4.0 (1986) 0.0 (1991)
 



The overall net differential between alternative basic plans, at 12 percent
 
opportunity cost of capital, is $2,578,000. The variation of this differen
tial over the range of discount rates 10 to 15 percent is $10,509,000, cor
responding to a maximum of $8,062,000 in favor of Plan Al at 10 percent dis
count rate to a maximum of $2,447,000 in favor of Plan BI at 15 percent dis
count rate.
 

This analysis is decisive in terms of the present worth of future costs, with
 
zero escalation. There is a definite economic advantage associated with Plan Al
 
for the two dam development, represented by the differential present worth of
 
over $2.5 million at the opportunity cost of capital, which is 1.35 percent
 
below the equalizing rate-of-return between alternative plans Al and BI.
 
This is clearly seen on the base curve of Figure VIII.4, corresponding to
 
Test 0, for differential present worth between alternative plans at 1975
 
cost levels. The supporting data for this series of curves is given in
 
Appendix E, Annexes E-1 through E-18. Annex E-1 provides a summary of the
 
comparison between Plans Al and BI at 1975 cost levels. Annexes E-2 and E-3
 
show the unescalated cash flow for the two and three dam schemes, respectively,
 
as part of independent system expansion plans Al and Bi. Annexes E-4 to E-18
 
are summaries for sensitivity tests 1 - 15 listed in Table VIII.1.
 

8.2.2 SENSITIVITY OF SELECTION TO COST ESCALATION
 

Curves are shown on Figure VIII.4 corresponding to the series of sensitivity
 
tests applied to determine the effect of cost escalation on plan selection.
 
The large differential exhibited in favor of the two dam development results
 
largely from the effect of the displacement of thermal generation by the
 
large energy potential associated with the Copalar high dam. This effect
 
progressively increases the net differential between plans Al and BI, as
 
escalation of fuel costs relative to investment dominates the overall economic
 
comparison.
 

The differential escalation effect may be obcerved by the disposition of the
 
curves, corresponding to the three main groups of sensitivity tests. The
 
effect is most pronounced when fuel cost escalation proceeds in step with
 
escalation of capital investment on a continuing basis, as demonstrated in
 
sensitivity tests 1-5. When fuel oil costs are assumed to stabilize after
 
1980, the reduction in the overall differential between alternative plans
 
varies between $7,515,000 (Tests I and 6) and $2,011,000 (Tests 5 and 10),
 
with a mean of $4,236,000 (Tests 3 ana 8), at the opportunity cost of capital,
 
12 percent.
 

Induced oil price reductions following 1985 have a similar effect, in that the
 
differential between alternative plans is further reduced. HrTever, the pre
dominant advantage still rests with Plan Al, with a $18,076,000 differential
 
in favor of the two dam development,applying the lowest set of escalation
 
profiles (Test 15) and a discount rate of 12 percent correspo,4ing to the
 
opportunity cost of capital.
 

8.2.3 BASIC PLAN SELECTION FOR INDEPENDENT SYSTEM EXPANSION
 

The two and three dam development schemes, included in expansion Plans Al and
 
BI, have been subjected to technical and economic analysis at the system level,
 
in order to select the most economic scheme for independent system expansion.
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As discussed in the two previous sections, the economic evaluation at both
 
1975 and escalated cost levels, results in a definite economic advantage for
 
the two dam scheme of Plan Al at the opportunity.cost of capital. This means
 
that at the 12 percent discount rate used to compare the economic merits of
 
major infrastructure or development projects in Nicaragua, there is a positive
 
economic advantage to the construction and operation of the-high dam at Copalar
 
together with Paso Real. The economic advantage is decisive at 1975 cost levels
 
and the basis for the selection is magnified at escalated cost levels.
 

As cost escalation is a continuing reality, the economic selection process has
 
to take into account possible future cost trends. In this study certain assump
tions have been made relating to cost escalation, as discussed in Section 8.1.3,
 
to enable economic comparisons to be conducted at escalated cost levels. 
 The
 
sensitivity analysis has been made relative to the average escalation profiles
 
used for investment, fuel cost and 0 & M expenses. These being respectively
 
I/C 3 of Figure VIII.1; F3, F8 and F13 of Figure VIII.2; and O/M 3 of Fig
ure VIII.3. These were combined in sensitivity tests 3, 8 and 13. Upper and
 
lower escalation profiles, associated with each of these average profiles,
 
enable sensitivity analysis to be conducted at plus and minus 1 and 2 percent

off-sets to determine the relative extent of the change produced in differen
tial present worth between alternative plans.
 

The results of the sensitivity tests are summarized as follows:
 

SENSITIVITY TESTS AT ESCALATED COST LEVELS
 
(12% Opportunity Cost of Capital)
 

TEST OFFSET DIFFERENTIAL PRESENT WORTH INCREASE PERCENTAGE 
NO. FROM BETWEEN PLANS Al AND B1 (DECREASE) CHANGE 

AVERAGE 

1 + 2% $51,732,000 $16,568,000 + 47% 
2 + 1% $42,896,000 $ 7,732,000 + 22% 
3 0 $35,164,000 0 0 
4 - 1% $28,416,000 ($ 6,748,000) - 19% 
5 - 2% $22,543,000 ($12,621,000) - 36%
 

6 + 2% $44,217,000 $13,289,000 + 43%
 
7 + 1% $37,173,000 $ 6,245,000 + 20%
 
8 0 $30,928,000 0 0
 
9 - 1% $25,404,000 ($ 5,524,000) - 18%
 

10 - 2% $20,532,000 ($10,396,000) - 34%
 

11 + 2% $38,325,000 $11,288,000 + 42%
 
12 + 1% $32,363,000 $ 5,326,000 + 20%
 
13 0 $27,037,000 0 0
 
14 - 1% $22,292,000 ($ 4,745,000) - 18%
 
15 - 2% $18,076,000 ($ 8,961,000) - 33%
 

It may be concluded that the differential present worth between Plans Al and
 
BI is most sensitive to the percentage offsets from average escalation profiles.

The differential present worth is less sensitive 
to the changes caused by alter
ntative long-range trends in fuel cost escalation, due to the discounting effect
 
on future cost streams.
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Although the initial OPEC fuel price increase anticipated for the fourth
 
quarter of 1975 is critical to economic analysis of alternative plans, the
 
impact of long-term changes in the rate of fuel cost escalation has little
 
effect on the sensitivity of the differential present worth between alter
native plans Al and Bi. This is due mainly to the time period over which
 
discounted cash flow is computed, these changes to escalation profiles being

assumed to be effective following 1980 and 1985, respectively.
 

Over the plus or minus two percent range for escalation profile off-sets, in
 
comparison to continuing fuel cost escalation, the effect of zero fuel cost
 
escalation after 1980, produces a four percent reduction in the differential
 
present worth at 
the upper end of the range and a two percent reduction at
 
the lower end. The effect of decreasing fuel costs, following 1985, 
causes
 
an additional one percent reduction at both upper and lower ends of the range.
 

At the plus or minus one percent range for escalation prcfile offsets, the
 
effect is less marked, with a two percent reduction in the differential present
 
worth between alternative plans, for zero fuel cost escalation following 1980,
 
at the upper end of the range and a one percent reduction at the lower end.
 
No additional change results from a reduction of fuel costs in the long-range
 
after 1985.
 

Thus, the selection of basic independent system expansion Plan Al is assured
 
on the basis of economic analysis at both 1975 and escalated cost levels.
 
The inclusion of the two dam scheme, consisting of the Copalar high dam and
 
Paso Real,is essential to an independent long-range plan for the development
 
of the hydroelectric resources of the Rio Grande de Matagalpa.
 

8.3 EVALUATION OF CONTINGENCY PLANS FOR SHORT-RANGE EXPANSION
 

The reasons for the consideration of alternative short-range plant additions
 
to substitute for geothermal plant were discussed in Chapter IV, 
Section 4.1.5.
 
The economic evaluation of contingency plans has been made in order to alert
 
ENALUF to the relative merits of the alternative solutions compared, so that
 
the basis for in-depth studies will be available for subsequent detailed
 
evaluation if it proves necessary to 
seriously consider alternative plant
 
additions to substitute for geothermal development at Momotombo.
 

8.3.1 ADDITIONAL THERMAL CAPACITY AT THE PUERTO SOMOZA PLANT
 

A third unit could be installed at the Puerto Somoza thermal plant, if the
 
ultimate capacity of the geothermal reservoirs is less than that required
 
to support the entire geothermal plant complement assumed for inclusion in
 
the short-range expansion plan 1979-1981. 
 Present fuel costs and projected
 
escalation make this solution unattractive; however, this solution may be
 
the only long term possibility unless a possible method of accelerating the
 
development of hydro resources is found. 
 The turnkey method of combining
 
engineering design and construction could serve to gain one year on the re
quired schedule for introduction of Copalar Units I and 2 in November 1982.
 
This would be of help, if the required alternative would only have to generate
 
the equivalent energy of the third 45 megawatt unit at Momotombo, scheduled
 
for September 1981. System reliability could be preserved by the earlier
 
introduction of hydro units at Copalar in 1981 but the available hydro energy
 
from indigenous resource development is limited and to satisfy total system
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energy requirements transfers via interconnections would have to provide
 
relief, beginning in 1982.
 

The acceleration of Copalar to end-of-year 1981 instead of November 1982
 
could provide more power than the equivalent of a single 45 megawatt geo
thermal unit but this required capacity and energy could also be arranged
 
by purchasing additional power from Honduras, beginning in 1982.
 

However, if alternative base-load capacity were required to substitute for
 
the second geothermal unit at Momotombo, which is scheduled for service
 
by mid-year 1980, the substitution of hydro capacity would be precluded
 
due to lead-time required to bring hydro power on-line. In this case power
 
purchases would provide no relief before 1982 and, in the long-run, other
 
hydro developments would have to be moved forward to substitute for the
 
base-load energy generated by geothermal plant.
 

So a legitimate situation could arise, in which for reason of various pos
sible exigencies, only 40 to 50 megawatts could be developed at Momotombo
 
by 1980 and an alternative thermal solution would have to be sought. Accord
ingly, a contingency plan, Cl, was devised on the assumption that a third
 
50 megawatt thermal unit would be required by 1980, for initial service in
 
January 1981.
 

A cost segregation was made of the current estimates for the 
two 50 MW units
 
presently under construction at the Puerto Somoza Site, to determine the 
con
struction cost of a single unit addition. Allowing for remobilization costs
 
and other increases relevant to design and construction of a third unit at
 
the same site, the estimate for this 50 megawatt plant addition was $15,000,000,
 
or the equivalent of $300 per kilowatt.
 

This was disbursed over a four year period as follows:
 

PUERTO SOMOZA UNIT 3 ADDITION
 
ANNUAL CAPITAL DISBURSEMENTS FOR 50 MW PLANT AND SUBSTATION
 

YEAR 1 YEAR 2 YEAR 3 YEAR 4 
(1977) (1978) (1979) (1980) 

Thermal Plant $1,200,000 $7,500,000 $4,390,000 $1,045,000 

Substation 
 260,000 605,000
 

Total $1,200,000 $7,50,000 $4,650,000 $1,650,000
 

Certain assumptions were made relating to the unit heat rate, the delivered
 
cost of Bunker C fuel and the annual plant factor of the thermal unit in
 
order to determine the operating costs of the 50 MW thermal unit for the
 
equivalent of the base-load generation of a 45 MW geothermal unit.
 

The full load heat rate of the Puerto Somoza Units 1 and 2, corresponding to
 
the input-output characteristic of the units used for production costing was
 
9,370 FTU/kwh. In order to account for decreased efficiency during part-load
 
operation, the average plant heat 
rate was assumed to be 9,400 BTU/kwh.
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The cost of fuel delivered at the plant was assumed to be $11.52 per barrel
 

at 1975 price levels, the same as for Units 1 and 2. As the fuel supply
 

contract for a third unit would entail renegotiation of fuel prices for
 

delivery at the site, this assumption is one of convenience only, as any
 

other would constitute a hypothetical value.
 

The annual generation of a 45 MW geothermal unit, operating on base-load
 

at an annual plant capacity factor of 89 percent is 350 GWH. This value
 

was assumed for the annual generation of the 50 MW thermal unit, which was
 

the equivalent of an annual plant capacity factor of 80 percent. Assuming
 

a heating value for fuel oil of 140,000 BTU per gallon, the annual fuel
 
cost was calculated to be $6,445,000.
 

The same fixed and variable components of plant 0 & M were used for the third
 

50 MW unit; as were entered for Puerto Somoza Units I and 2 in production
 

costing, these being $5.00 per KW and 0.30 mills per kwh. Total annual 0 & M
 

expenses were calculated to be $355,000 for the generating plant and $43,000
 

for the associated substation facilities, based on a value of $0.72 per KVA,
 

applicable to a 60 MVA 138/230 kV main transformer.
 

These values were used for economic comparison with an equivalent diesel plant,
 
in order to determine the relative economic advantage of alternative contin

gency plans for thermal generation.
 

8.3.2 DIESEL GENERATOR PLANT TNSTALLATION AT MASAYA
 

The relatively recent design innovations in diesel engine technology have
 

made possible the multiple-unit plant installation of large capacity, high
 

thermal efficiency engines, to realize investment costs per kilowatt of
 
installed capacity and fuel costs, that are comparable to normal thermal
 
plants with ratings between 40 and 100 MW.
 

As an equivalent base-load plant, to replace a geothermal power installation,
 

the application of large capacity units in multiple formation allows flexibil
ity in both timing of unit placement and normal daily operation to supply
 

base-load on the system. The high thermal efficiency enables low unit heat
 

rates to be obtained for continuous rated units. The added feature of engines
 

designed to use Bunker C fuel, makes the units most attractive to utilize in
 

the event geothermal generation potential is found to be limited.
 

A plant consisting of four 12.5 MW units was selected for comparison with the 
single 50 MW thermal unit, the diesel plant being assumed to be located in
 
Masaya, relatively near to the system load center. Fuel was assumed to be
 

delivered by tank truck from Managua, at a delivered cost equal to that paid
 
for Bunker C delivered to the Mpnagua Plant. This cost of $11.65 per barrel
 
at 1975 price levels was assumed to apply to the same grade of fuel used for
 

the third unit at Puerto Somoza, with a heating value of 140,000 BTU per gallon.
 
The net station heat rate of 9,400 BTU/kwh was based on technical data re

ceived from the manufacturer of the plant. The resultant annual fuel cost
 
was $6,520,000 based on the equivalent 350 GWH generation of the geothermal
 
plant. Thus, the actual unit price for fuel deliveries constitutes the only
 
factor which would produce a fuel cost differential between the two thermal
 
alternatives, unless special fuel treatment is required for the Masaya Plant.
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The cost estimate for the plant was prepared from a quotation received from
 
a manufacturer capable of supplying the entire installation, consisting of
 
four diesel engine--generator units and auxiliaries, switchgear, structural
 
bteel housing, overhead crane and cooling tower. The total installed cost
 
was estimated to be $19,000,000, or the equivalent of $380 per kilowatt.
 
A separate estimate was made for the plant substation equipment, including
 
the main transformer and 138 kV position, assuming that the plant would be
 
connected to the 138 kV bus at the Masaya Substation.
 

No transmission line costs were entered for either the Puerto Somoza Unit 3
 
oz the Diesel Plant at Masaya. The Puerto Somoza thermal plant has adequate
 
line capacity to carry the output of an additional unit and the diesel plant
 
would supply the system over adequate transmission line capacity from the
 
138 kV substation bus at Masaya.
 

The annual disbursements for the Masaya plant and substation are as follows:
 

MASAYA DIESEL PLANT INSTALLATION
 
ANNUAL CAPITAL DISBURSEMENTS FOR 50 MW PLANT AND SUBSTATION
 

YEAR 1 YEAR 2 YEAR 3 
(1978) (1979) (1980)
 

Diesel Plant $1,900,000 y7,600,000 $9,500,000
 

Substation $ 190,000 $ 445,000
 

Total $1,900,000 $7,790,000 $9,945,000
 

Diesel plant 0 & M costs were estimated to be $380,000 annually, based on the
 
manufacturers recommendation of cwo percent of plant costs. Substation 0 & M
 
was estimated to be $39,000, based on a value if $0.65 per KVA for a 60 MVA,
 
13.8/138 kV transformer.
 

The above costs were used for economic comparison with the 50 MW thermal unit,
 
to assess the relative worth of the second contingency plan for geothermal
 
power plant substitution.
 

The analysis was conducted over a 29 year period, with capital disbursements
 
in the years 1977 through 1980, followed by a period of constant operation
 
for 25 years, corresponding to the service life of a geothermal plant.
 

8.3.3 ECONOMIC COMPARISON OV ALTERNATIVE CONTINGENCY PLANS
 

The results of the economic comperisin are given in Appendix E, Annexes E-19
 
through E-26, with the graphical representation shown on Figure VIII.5 The
 
economic advantage of Plan C1, for the addition of a third 50 MW unit at the
 
Puerto Somoza Plant, is such that no equalizing rate-of-return is possible
 
within a reasonable range of discount rates.
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At the discount rate corresponding to the 12 percent opportunity cost of capital, 

used for definitive plan selection, the differential present worth of fut' ,st 

streams betweenPlans CI and C2 is $2,187,000, in favor of Plan C1, in ten £ 

1975 cost levels. This differential represents approximately 5 percent 0- Lhe 

total present worth of future costs associated with Plans CI and C2, the absolute 

values being $40,640,000 and $42,827,000, respectively. 

At escalated cost levels, the relative economic advantage of Plan Cl increases,
 
as may be observed from the curves corresponding to Sensitivity Tests 1-5. The
 

installation of either the 50 MW thermal unit or the equivalent diesel plant
 

was assumed to be required for initial service in 1981 and to simplify the
 
analysis only five fuel escalation profiles were applied, these corresponding
 

to profiles F6-F10 on Figure VIII.2. These were profiles with fixed price
 
controls beginning in 1980, so the analysis for sensitivity tests 1 through 5
 
was conducted over a range of fuel prices from $17 to $21 per barrel, in steps
 
of $1.00 per barrel. Thus, the curves of Figure VIII.5 corresponding to
 
Tests 1-5 are representative of the effect of $1.00 per barrel increments
 
for the price of fuel over the service life of the geothermal plant replaced, 
coupled with the escalation profiles for investment costs and 0 & M expenses 
shown on Figures VTTI.land VIII.3. 

The mean profile corresponds to Test No.3, with plus or minus one and two
 
percentage offset3 corresponding to the curves for Tests 2 and 4, 1 and 5,
 
respectively. Th2 results of the sensitivity tests may be summarized as
 

follows:
 

THERMAL CONTINGENCY PLAN ANALYSIS AT ESCALATED COST LEVELS
 
(12% Opportunity Cost of Capital)
 

TEST OFFSET FUEL DIFFERENTIAL PRESENT WORTH INCREASE PERCENTAGE 
NO. FROM PRICE BETWEEN PLANS C1 AND C2 (DECREASE) CHANGE 

MEAN BASE 
$/BBL 

1 + 2% 21 $5,972,000 $864,000 +17
 

2 + 1% 20 $5,526,000 $418,000 + 8
 

3 0 19 $5,108,000 0
 

4 --1% 18 $4,716,000 ($392,000) - 8
 

5 - 2% 17 64,349,000 ($759,000) -15 

Thus, even with the restricted range of fuel cost escalation, the differential
 
present worth between Plans Cl and C2 is quite sensitive to I or 2 percent in
creases or decreases to mean escalation rates included in profiles.
 

The economic comparison of the two contingency plans for thermal substitution
 
for geothermal power development results in the apparent choice of an additional
 
50 MW unit installation at the Puerto Somoza Plant rather than the Masaya Plant.
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To qualify the results, it should be understood that plant estimates for
 
Puerto Somoza Unit 3 were based on segregated construction costs and dis
bursements obtained from accounting records and engineering estimates for a
 
project under construction. In contrast, the estimates for the diesel plant
 
construction cost was based on quotations received from one manufacturer and
 
not from competitive bids for a diesel plant installation. Any future analysis
 
should utilize competitive proposals for plant costs as a basis for economic
 
comparison.
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