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CHAPTER 10 POWER SYSTEM PLAN

.10.1 POWER TRANSMISSION AND DISTRIBUTION PLANS
10.1.1 Sumﬁary of existing plans

In the past, GEC planned and implemented a number of projects concerning
expansion and improvement of its power transmission and distribution
systems to improve the power supply reliability together with its plams for
expansion of power generating facilities. Although certain achievements
have been attained in terms of expamsion of power transmission and distri-
bution fFacilities as the result of these projects, the efforts for improve-
ment and rehsbilitation of power system functious have nat been

sufficiently successful so far.

The projects that were implemented by GEC for enhancement of the trans-

migsion and distribution systems include the following:

i) GEC Phase I Expansion Program {from 1972 to 1978) and
ii) Rehabilitation and Development of the GEC System (from 1982 to
1990)

(1} GEC Phase 1 expansion program

The "GEC Phase T Expansion Program' was implemented under co-financing from
the World Bank, ODA (Overseas Development Administration) and CIDA
(Canadian International Development Agency) from 1972 to 1978, The
following transmission and distribution lines as well as substations have

been completed under the project,

i) 69 &V transmission line from Linden Substation te Garden of Eden

Power Statioum;

i1} 69 kV transmission line from Garden of Eden Power Statiomn to

Sophia Frequency Converter Station;

1ii) 69 kV transmission line from Onverwagt Power Station to Canefield

Power Station;
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iv) Linden Substation, Sophia Frequency Converter Station and Garden

of Eden Power Station, and

v) Expansion of 13,8 KV distribution lines.

The 63 kV transmission line from OnverWagt-Pqﬁer Station to #53 village
substation was constructed by a Guyanese édntrdétor; This inCluded the
sections of transmission lines cr0531ng Berblce and CGanje Rivers.  The
materials for these lines- and’ substatlons at Onverwagt, Canefield and #53
v111age substation were provided under the ‘above-mentioned program but GEC

did not complete this phase until 1987,
(2) Rehabilitation and'developmént.of the GEC ‘system

The lean from IDB was awarded in 1985 for this.pfbjeét of impfbving the

. power supply. The objective of this pro;ect was to increase the supply of
electricity of GEC without power from GUYMINE and reduce power outage by
the transmission and distribution iine faults, thereby 1ncreas1ng the
system réliability.-'Althoth this project had been scheduled to be _
‘completed in 1988, the implementation of the project was deiayed substan-
tially and procurement of materials were not realized, and as a result, the

reliability of existing facilities has'been further reduced. '

Today, GEC has completed the review of materlals to be procured .and”it is
striving to execute the 1mplementat1on of the prOJect. The programs
related to the transmission and distribution fac1l1t1es under this project

include the following:

i)  Refurbishment of the 11 kV interconnection lines between Kingstom

Pover Station and Sophia'Frequency Converter Station,

Replacement of distributiomn line materials (wooden poles, trans-

e
=
g

formers, insulators, electricity meters, etc.),
1ii) Rehabilitation of the New Amsterdam distribution systems,

iv) 1Installation of capacitors for reactive compensation,
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v) - Purchase of maintenance and test equipment such as vehicles,

hand tools, spares and measuring instruments,

vi) Training of transmission and distribution manager and protection

and instrumeantation engineer and,
. vii) Formulation of a "Distribution Master Plan",

The "Refurbishment of-Major;Piaﬁt in_the'Gﬁyaha.ElectriCity Corporation
.Systeh (January, 19853)" hés beén preﬁéred to formqlapé this project. The
current status And problems involved in thé_grganization and faéilities of
CEC have been sﬁryeyed and_described in‘detail'in this report. The
measures to be implemehted by the rehabilitation prégram including the
distributioﬁ lines and the amount of funds'rgquired have been also

discussgd-in the report.
10.1.2 Review of existing plan

(1) TConstruction of new 69 kV, East-West interconnection transmissiom

line

Demerara. Power Systeﬁ of the western area of Guyana (where 35% of popula-
tion iéhleAte&'inélﬁding population center of Georgetown), and Berbice
Power System in’ the eastern aréa.(éhefé there are active sugar industries
along tﬁe river ﬁbdtﬁ.é:éa of Béfbice River and future economic growth is
expected), aré two independent power systems and they are currently not
intefconnected by a 69 kV transmission line. At present, Sophia Frequency
Cogverter'Statioh and Oﬁverwagt Power Statiou are interconnected by a

13.8 kV distribution line.

The 69 kV, east-to-west interconnection transmission line for Demerara

Powe;_System'and-Berbice Power-System} which will run from Sophia Frequency
'COnvérter,Stétiqn.to Onvefwagt'Power Station, has been planned with a sche-
“dule of starting construction in 1989 and completing in 1990. This plan is

being implemented, and the materials are being procured.
The éas;;to—west interconnection by a 69 kV transmission line will not only
strengthen the power systems and facilitate easier system operation, but

also will bring about various advantages including common possession of

reserve generating capacity and rationalization of business operation.
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Therefore, this 69 kV interconnection plan should be aggressively

implemented.
(2) Construction of new 69 kV transmissioun line

GEC plans to constrect'a new 69 kV, single Clrcult transm1551on llne from.
Sophia Converter Station to Garden of Eden Power Station by 1990, and '
install two 20 MVA transformers in each. substatiou. However, thlS plan
remains a conceptual plan at this moment ‘and no spec1f1c program has been
formilated, nor is there any definite prospect of - f1nanc1ng this project,
There is an existing 69 kV, 51ng1e circuit transmission lide between these
stations, which is capable of stably transm1tt1ng~4§ MVA of power. In
addition, there is a single cireuit, 13.8 KV ianterconnection line.
Considering future proSpeet of demand groﬁth;'there'seems'to be no urgent
need to construct this new 69 kV, Construction of this transmission line
should be implemented at some time in the future_ﬁhen there is actual need
for this line as power supply capability end load of the power system

increase.
(3) Rehabilitation of distribution line

There is a report named ‘'Refurbishment of ﬂejor Plant_of GEG" which.des~
cribes the plan for rehabilitation of the disrributioh system. This report
has been pub11shed in 1985 as a part of the project named "Rehabllltatlon
and Development of GEG", and the current status and, problens 1nv01ved 1n_
the distribution systems, methods of rehab111tatron,_requ1red materlals and
budgets are discussed in detaii in this report. . Cbneideringrthe findings
in this report and future deterioretions that have oceurred in tﬁe'faeilim
ties after the report was issued, GEC has now completed its own review on
the equipment and materials needed for the distribution.system rehabilita-
tion as well as the tools and'measuriﬁg instruments required for construc-
tion .and maintenance works, and now is ready to procure rhese_items; The
rehabilitation program is scheduled to be completed in 1990, and it is
important that GEC implements this ﬁrogram completely in order to reduce

distribution losses and improve customer services.

The rehabrlltatlon of distribution 11nes should be 1mp1emented in.coor-
dination with frequency unification program. For example, -new transformers

to be purchased or repaired should be so designed that they have dual
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_rating of 13,8 ¥V and 11 &V, and the line iansulators should be designed for

13.8 kV operationm,
) Distfibutidn master plan

The “Distfibupion Master Plan", which identifies major investments in
distribution_facilitieé to permit.the_load“growth'from 1990'dnwards, will
be fqrmulatéd.by.GEC by January, 1989, It is recommended that this plan is
formuiéted with due cbﬁsiderations to fhe_ﬁower_development:p#ograms,
transmiséion énd distribution line construction prbgrama, and frequency
unification programs under this Power Development Plan, 1In particular, the
il kv distributioﬁ lines should be so designed that they can be stepped up
to 13.8 kV in view of the fréduén¢y”ﬂnification program, and it is recom-
mended that this ﬁrinciple is incorporated into the "Distribution Master

Pian".

10.2 POWER SYSTEM PLAN CORRESPONDING TO POWER DEVELOPMENT PLAN
10.2.1 Outline of powef system plan

The Power System Plan corresponding to the Power Supply Enhancement Plan of
this Power Development Plan is outlined below. The schedule of this Power
System Plan is ﬁresented in'Fig; 10.1, while the power system configuration
in the final year of this P0wer.Dévélopment Plan (1998) is illustrated in
Fig..10.2. The constructioﬁ cosf of this Power System Plan is presented in
Chapter 11, Cost Estimate for Mastér-Plan. Although the existing plamns for
the powerrsystem facilities arernOt include& in this Power System Plan,
.they must be implementedrin coordination with this Power System Plan as
discussed'in:lo.l.ﬁ, "Pransmission énd Distribution Plans to be

Incorporated into the Power Developmént Plan™ are as follows:

‘i) - Comstruction of a new single circuit, 69 kV transmissicon line bet-
ween the New Kingston Power Station and the Sophia Frequency

Converter Station,

ii) Implementation of 13.8 kv interconnection between East Demerara
Area and West Demerara Area, and restoration of the submarine

Cablec

iii) Expansion of substation facilities.

10 - 5



10.2.2 Coustruction of new 69 kV transmission lines

New units wlll be installed in the New Kingston Power Statloﬁ by adding

26 MW capacity (13 MW x 2) in 1993 and another 26 MW capaCLty (13 MW x 2)
in 1995. This will make the New Kingston Power Statlon a 1arge power
supply base which will constitute 60% of the-tOtal-generatlng capacity of "
the Demerara-Berbice. Poweér System. In order.to sopply'this_power to the
whole power system, -a new 69 kV transmission line will be constructed from
the New Kingston Power Station to the Sophia Frequency Converter Staﬁion'in
1993, thereby interconnecting the Demerara Power System to the Berbice

‘Power System,

The amount of power to be transmitted from the New Kingston. Power. Station
by 69 kV_tfansmisslon line is expected to be 20 to 25 MW'aocording to our
load projection and site survey, and considering the power flow”sfatus_in
the Georgetown District. Besed on this estimate, it has been decided to
select a s1ng1e CerULt in order to- reallze h1gh economy for the tlme

be:ng.

The time of construct1on was selected at 1993 because this w1ll make lt
possible to 1nterconnect the New Kingston Substation to: the 69 KV power-
system to fac;lltate unification of power system frequency‘1n the.
Georgetown District before the New Kingston Power Station is commissioned,
and eteble power supoly is assured as soon as the New Kingston Power

Station is commissioned.

In order to atta1n high economy, the transm1ss1on llne w1ll be an overhead
line with wooden poles or steel poles. -The 1nsu1ator strlngs and thelr
accessories w111 be d931gned to w1thstand salt pollutlon.' Cables w1ll be
used for the section of the transmission line which 1s inside the power
station premises and its proximity. The spec1f1cat10n of the cable is
CvAZV (interlinked polyethylene insulated, ‘polyvinyl chloride sheath, alu-
minum protected, electrolysis protection cable), having 300 mm2 eonduotor

with current tatiug of 500 A.
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10.2,3  13.8 kV interconnection between east and west Demerara systems and

restoration of Submarine cable

There are two submartne cables,_ane for 50 Hz and another for 60 Hz, bet-
ween the East Demerara System (Georgetown Dlstrlct) and the West Demerara
'System. ‘The SO_Hz ‘cable was de31gned to intercoanect Kingston "B" Power
Station to Veréailies Power Stétion;_aud the 60 Hz cable was installed to
commencextﬁe frequeﬁéy conversion of the West Demerara Area. Power is
dist:ibuteﬂ by this cable to Concervancy area which is approximately 10 km

from Versailles Power Station,

The 50 Hz interconnec¢tion cable.has beeu cut by an accident caused by a
ship in May, 1987 and the two power systems are currently separated.
Accord1ngly, Versallles Power Statzon is now operated at 50 Hz, to supply
power only to the West Demerara Area, Thls_has made the 4.2 MW (1.4 MW x
-3) supply capability of the Versailles Power Station more than suffiéiént
fﬁr the West Demerara Area, which peak load is approximateiy 3.0 MW, and
this isolated powér system is currently not experiencing scheduled
blackouts. In addition, the generating facilities are not férced to
operate under Severé.condition, and they are now operated on a sound basis

as routine and periodical inspections can be conducted easily.

This blessed status of the isolated power system will be enJoyed for some
time to come even when the load growth of West Demerara Area is taken 1nto
account., In addition, when the power supply capab111ty of the East
Demerara System is strengthened by the repair and improvement program on
the existing faéilitigs as well as the new power develoﬁment plan, there is
no need t0'§gpply_the power of the Versailles Power Station to the East
Demerara System. Considering this situation, there is no need to speed up
the restoration of the submarine cablé.- Therefore;Iit_is planned in this
Project to restore the submarine cable in question and establish a second
60 Hz, 13.8 kV. interconnection by the time the.frequency of West Demerara
Power Syétém is unified, p0531b1y by 1997. By this time, the existing

- 607Hi, 13.8 kV distribution llne will be connected to Versailles Power
:Station to reallze two~c1rcu1t lnterconnectlon between the-two power

systems.
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10.2.4 Expansion of substation facilities
{1} Construction of a gsubstation in New Kingston Power Station

The power generated by New Kingston Power Station will be stepped up from
13.8 kV to 69 kV and supplied to the whole GEC power system through the

Demerara*Berblce Power Systems which will be 1nte1connected together.

For this purpose, a new substation will be constructed in the premise of
New Kingston Power Station coincident with the construction of this power
station, and two interconnection transformers, having 69/13.8 kV voltage

and 16.7 MVA capacity each, will be installed in this new substation.

The number of interconnection transformers has been selected as two, so
that the 69 kV line is not stopped even when one transformer is-shut down

for inspection or by other reasons.

The unit capacity of the interconnection transformer has been selected at

16.7 MVA due to the following reasons.

i) The power to be transmitted to the Demerara-Berbice Power System
from the New Klngston Power Station w111 be from 20 to 25 MW (25

to 32 MVA) .as discussed in paragraph 10.2.2,

ii) The standard urit capacity of transformers used in Demerara-

Berbice Power Statiomn is 16.7 MVA.

iii) As inspection of a transformer will be commonly conducted with
that of a geunerator, the power to be transmitted by 69 kV line

will be approximately 16 MW when one unit is shut down.

(2) Expansion of substation facilities of the Sophia Frequency

Converter Station

69 kV transmission line will be constructed between the New Kingstoﬁ Power
Station and the.Sophia Frequency Converter Station,_before”the New Kingston
Power Station is commissioned in 1993. Although frequency uﬁification'work
in Georgetown District can be started before 1993, it is expected thaL

50 Hz supply will still be required until frequency unification work is
completed in 1996, Since supply capability of Kingston "B Power Station
will be decreased as its equipment age further and the decommissioning plan

progresses, 50 lz power may be supplied from the Sophia Converter Station.
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Therefore, one intercdnnection transformer, 69/13.8 kV and 16,7 MVA must be
installed in addition at the Sophia ¥Frequency Converter Station. Through
that transformers, the prhia Converter Station can cater for remaining

50 Hz load in Georgetown in place of the Kingston B Power Station when a

new 69 kV transmission line is constructed in 1993,

10.3 FREQUENCY UNIFICATION PLAN
-10.3.1 Benefit of frequency unification
(1) Benefit of fréquency'unification

The frequency unification Will_bring.about the following benefits, just

like the system interconmection which is discussed in Chapter 10.1.2:

i) All'generétbrs in the power system can be commonly used for power
supply, and reserve capacity can be held at any part of the
system and the total amount of reserve capacity can be reduced.

This means capital investment saving.

ii) Larger generating units, which have higher economy, can be

adopted.

iii) Fuel and other resources can be utilized more efficiently, and

the operating cost can be reduced.

iv) The'power system can be strengthened, the scheduled outage for
maintenance can be planned more easily, and the service to the

customers -can be enhanced.
(2) Frequency unification in other countries

‘To date, many countries in the world have implemented frequéncy unifica-
tion., From 1945 to 1961, following the end of the Second World War, fre-
quenﬁies of consumers' facilities héving a total installed capacity of more
thanﬁ,OOO MW were converted to:unify countries’ frequencies in Japan, USA,
Italy, Canada and France. In the United Kingdam, facilities totaling

930 MW had frequencies of 17 different kinds unified during the period from
1928 to 1938,

In Jaﬁan,'power facilities with a'total'capacity of approximately 260 MW

were converted from 60 Hz to 50 Hz in Hokkaido and Tohoku Districts before
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the Second World War, In addition, some 50 Hz systeﬁs have heen converted
to 60 Bz in Kyushu District from 1949 to 1961, the total capacity amounting
to approximately 400 MW. The outline of this frequency unification project

is presented in the Appeundix.

Speaking of countries nearer to Guyana, power system freQuehcies have been
unified into 60 Hz in Venezuela, Brazil and Mexico. This was done in
Venezuela oun 450 MW of power facilities between 1961 to 1967, aand on

1,200 MW of power facilities in Brazil in 1970,
10,3.2 History and current status of frequency unification
(1) Frequency standardization in Guyana

The Goveranment of Guyana selected 60 Hz as the natiomal stahdard frequency
in 1971, and decided to make the necessary modifications on the 50 Hz
eqﬁipment. This selectioﬁ was made because the neighboring countries,
such as Surinam, Brazil and Venezuela, either have their power systems
operated at 60 Hz or are in the process of unifying the frequency from

50 Hz to 60 Hz, and exchange of electric power can be conveniently domne in

the future if Guyana has the same power system frequency.

At the same time, the Governmemnt requested the importers to import electri-—
cal equipment rated for both 50 Hz and 60 Hz, and not to import 50 Hz
equipment, but this request turned out to be not very effective.

Therefore, the Government has enacted a law in 1973 which made it mandatory
to secure special permission for import of 50 Hz electriéal equipment.

This law has encouraged the domestic manufaéture and import of electrical

equipment designed solely for 60 Hz or for both 50 Hz and 60 Hz.

It was under such circumstances that GEC started the "Frequency and Vol'age

Standardization"” project.
(2) Frequency and voltage standardization

This project was financed by the World Bank, ODA and CIDA and started in
1972 with the target of completion set at 1976. It was planned that, at
the same time as the frequency is standardized, the voltage is also stan-
dardized based on ANSI of the U.S. Standard, so that 11 kV was to be con-
verted to 13,8 kV. The frequency unification programs included in this

project were as follows:
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i) Tnstallation of 13.8 kV distribution facilities for 60 Hz

operation,

Installation of 30 MW of frequency converters in Georgetown,

[
e
o

iii) Conversion of all 50 Hz equipment of consumers to 60 Hz rating,

and_

iv) Conversion of 50 Hz diesel generators at Versailles and Anna

Regina Power Statioms to 60 Hz.,
Of these programs, the following two were actually implemented:

1) Conversion of frequency for Power Station facilities and con-
sumers' equipment in Onverwagt which was implemented in July and

September of 1973, and

ii) TInstallation of three 10 MW frequency converters, which were
completed in February, 1978, at Sophia Frequency Couverter

Station.

Other programs could not be realized due to the financial status of GEC and
the shortage of engineers, According to the recommendation of the World
Bank, GEC planned to c0mp1ete the above frequency standardization preiect

by May, 1985, but this has not been realized until today.

Concerning this project, a report named "Master Plan for frequency standar-
dization in Guyana' was issued on the frequency standardization in October,

1973.
(3) Current status of power system frequency in Guyana

In Guyana, electric power is being supplied at 50 Hz and 60 Hz. 50 Hz is
'being.used in the oldrdistricts of Georgetowﬁ, thé West Demerara area and
.Anna Regina area. 60 Hz is being used in the new residential and
industrial éreas of Georgetown, on the east bank of tﬁe Demerara River, and
in fhe easﬁ areaé such as Onverwagt.and New Amsterdam, which total power

consumption is approximately 40%.

The approximate division between 50 Hz and 60 Hz in Georgetown, which is

the largest load center of Guyana, is illustrated in Fig. 10.3. 1In this
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‘area, three quarters of electric power is. be1ng supplled at 50 Hz. The
distribution line voltage in these areas are 11 kV and Q_RV. The facili-
ties in these areas are not in good cchdition, and prompt improvcment is

required.

At 20 hours on August 18, 1988, which is the peak time, the record of power

demand in the Georgetown area was as presented below.

Load in 50 Hz area:

Supply.from Kingston "B'" Power Station; - 22,1 MW
Supply from Sophia Frequency Converter Statlon, o hal MW
Total C23.2 M

Load in 60 Hz area:

'Supply from Sophia Frequency Converter Station;’ 8.4 MW

At this time, Sophia Frequency Converter Statlon was convertrng 5.0 MW of

power from 50 Hz to 60 Hz,

GEC has explained that it has not abandoned'the frequency standardization
plan, and is still engaged in this prcject, but its implementation is being
delayed by shortage of funds. On the other hand, it expréssed the view
that the construction works 1nvolved for conver51on “of frequency in
Georgetown where there are many customers,'are very d1ff1cu1t. The policy
and the law mentioned in the prev1ous paragraph are still effectlve, and
the system of permission for manufacture and import of 50 Hz electrical

equipment have not changed.
10.3.3 Frequency unification plam
(1) Outline of unificatiou plan

The plan for unlflcatlon of the p0wer system frequency is cuts1de the scope
of this Power Development Plan. However, as this is an important 1ssue, we
present the followxng Erequency unlflcatlon program, whlch has been stud1ed
internally, as ‘information for those concerned. It is recommended ‘that
detailed studies are conducted cn-this-prcblem'of frequency. unification,

and a specific implementation program be established as soon aS'coséible.

i) Fcrmulatlon of frequency unification 1mplementat10n plan.--

ii) Frequency unification of the Georgetown District.
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iii) Frequency unification of the West Demerara Arvea,
iv) Trequeucy unification of the Anna Regina Area.

v) Restoration of whole unit in-Sophia Frequency Converter Station

It mdst be noted: that freQUency.uﬁifiéétioh-df-Georgetown District is an
important plarn which implémentatioh must cqmmence_by the time of the com~
missioning of the ﬁew'Kinéston Power.Statioh, gince 60 Hz units will be
selected for this new power statidn,_and'fhe powéf will be supplied to
Geargetown_Distriét,by 60 Hz; 13.8 kV lines. If this unification pian is
held up, there will be.seripus_impediment against. . power supply, which may
lead to a social issue. It_is'éipectéd, thefefore, that GEC understands
the graﬁity'of this program, and conducts the wnecessary surveys, formulate
‘adequate plans, and implement the construction works with all its

Tresources,
(2) Formulation of frequency unification plan

In unifying the power system frequency, a detailed plan must be formulated
to define the method and scope of frequency modification, the necessary
surveys to .be conducted on customers and the methods, materials and équip-

ment required, etc.

GEC has the experiénce of applying "Frequency and Voltage Standardization
Project" to a part of the Georgetown ﬁistrict and unifying the frequeuncy of
the Onverwagt Area, and now is féfﬁuléting frequency unification plans for
the Georgetown District and the West Demérara Area, In the "Master Plan
for Frequency Standardization in_Guyaha", a report complied in October,
"1978 to summarize experiences and policies related to frequency standard-
ization in the Demerara Area, detailed descriptions’are pfeseﬁfed con-
cerning the objective'and method of.fréquency standardization, method of
surveys on customers, puﬁlidmrélatioﬁs activities in déalingVWith custo-
mers' consultation and complaints, implemeﬁtation‘ofganization {corporate
organizé;ion and_stéffing) and eqqipment/materials required, Most of the
cqnfeqté 6f this tepoft cén_be ﬁseful for the frequency unification program
if oﬁly cerfain.&esériptiohs on équipment are.médified to facilitate the
new veréioné. It is reé@mménded that the frequency snification implemen~

tation programs are quickly fomulated based on such experience and data.
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(3) Frequency unification in the Georgetown District

It is recommended to implement the first phase of frequency unification and
voltage standardization pfojec;_for the Georgetown District at the time of
coustruction of the New Kingston Power Station which will be commissioned
from 1992 to 1995, It would be an appfopriate'échedule to convert the
southern side of Géorgetown, covering approximately 2/3 of the suppiy'area,
during the period from 1992 to 1994, and then standardize the remaining 1/3
during 1995 to 1996, As the distribution systems here form cbmplicatgd
networks it is recommended to.construct several new 13.8 kV trunk lines to
feed the currvent distribution lines which are used as the seétional branch
lines after the voltage conversion-works conduéted;sectionally are
finished. The cufrent division of suppiy frequencies in Georgetown_aﬁd the
area subjectéd to each phase of the frequency unification project are

illustrated in Figure 10.3,

The detailed steps for 60 Hz conversion work based on the concept described

above are presented below.

i} The .new 69 kV transmission line from the New Kingston Power
Station to the Sophia Frequency Converter Station will be

completed before commissioning of the New Kingston Power Statiom.

ii)} 5 to 6 circuits of 13.8 kV distribution lines will be constructed
from the New Kingston Poyer Station and/or the Sophia Frequency
Converter Station to the Georgetown District during the period

from 1992 to 1993.

iii) The existing distribution lines will be divided by installing
sectionalizing switches at suitable locations so that they are
used as branch lines feeded by the above trunk lines at the nw

system frequency.

iv) One section of the distribution network will be converted to
60 Hz on an experimental basis by separating .this seéfioh wiih
the sectionalizing s&itch and supplying power to this section
through the new distributiom trunk line. ‘This experiment Qill'

help identify potential problems.

v)  Each section divided by sectionalizing switches will be shutdown

one by one, their distribution transformers replaced by 60 Hz,
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13.8 kV transformers, and then connected to the new distribution

trunk line to supply 60 Hz power,

vi) = The above procedure will be repeated until the whole area is con-—

verted to 60 Hz.

The 50 Hz loads will remain until the frequency unification project is
completed, This means that 50 Uz power will have to be supplied from
Kingston "B" Power Station or Sophia Frequency Converter Station. That

is, Kingston "B' Power Statioun should not be decommigsioned too early.
(4) Frequency unification in the West Demerara Area

it had been planned to unify the system frequency of the West Demerara Area
in LOR]UHCthH w1th the project of rehabilitating the generat1ng facilities
‘of Versailles Power Station, wh;ch has been implemented by grant coopera~
tion of the Japanese Government in 1985, but the former plan has not been
implemented. Tf realized, this plan would have unified the system fre-
quency for 35% of the Demerara Power System. The outline of this un—

finished plan was as described below.

i)  All pole transformers used on the West Coast Distribution Line
.(38 km) and the West Bank Distribution line would be changed from

.50 Hz, 11 kv/220 V ratings to 60 Hz, 13.8 kV/220 V ratings so
that the above mentioued distribution lines could be converted to

60 Hz, 13.8 kV operation.

i1} Customer facilities in the West Demerara Area would be converted

to 60 Hz rating.

iii) Existing West Bank Distributiou Line {50 Hz, 11 kV} would be
stepped up to 13.8 kV, and connected to existing 60 Hz, 13.8 kV
‘distribution lines (serving areas along the West of the Demerara

River from Garden of Eden Power Station)

iv)  West Bank Distribution Line would be disconnected from East Bank

. Distribution Line.
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[Note 1] West Coast Distribution Line supplies power to West Demerara Area

from Versailles Power Station.

[Note 2] West Bank and East Bank Distribution Lines are those connecting
Verséilles Power Station to Kingston "B" Power Station through
the submarine cable under Demerara River. The section of th1s
line from Versailles to the cable is called "West Bank
D1str1but10n Line", and the sectlon from the cable to Klngston

"BY is called '"Hast Bank Dlstr1but10n Line".

As mentioned in 10.2.3, the West Demerara Power System is an isolated power
system today due to a cable accident, but'it_is Being operated under
faﬁorabie condition., Therefore, it would be appfbpriate_to impiément this
freqﬁency unificaﬁion plan for the West Demerara Area’ at a time around 1967
when the frequency unification of the Georgetown District isicompleted'and
the East-West Demerafa‘Systems can be interconﬁectéd by 13.8 kV distribu-

tion lines.
The following steps must be followed in this plaﬁ.

i) The 60 Hz, 13.8 kV distribution line, which is now supplying
power to Concervancy Area of West Demerara from Garden of Eden

Power Station, will be connected to Versailles Power Station.
ii) West Coast Distribution Line will be raised to 60 Hz, 13.8 kV.
iii) The submarine cable will be restored.

iv) West Bank Distribution Line will be raised to 60 Hz, 13.8 kV, and
this line will be connected to East Bank Distribution Line

through the restored submarine cable,
v)  The customers' power facilities will be comnverted to 60 Hz.
(5) Freguency unification in the Anna Regina Area

Anna Regina Area is supplied by an isolated power system,'whicﬂ iéiﬁpgrated
at 50 Hz and 11 kV. 1In this Power Developmenﬁ Plau, it is écheduléd_fo
replace one generator (2,0 MW x 1) at Auna Regina Power Station by 1991,
and another (1.0 MW x 1) in 1992; the new generators being rated at 60 Hz.
Therefore, it will be necessary to coﬁvert the system frequency of Anna

Regina Area to 60 Hz, and voltage to 13.8 kV at the time.
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Howevér, interconnection of Anna Regina System to other 60 Hz power system
is.nqt forescen in the near future, the benefit gained by frequency unifi-
cation of Anna Regina System will be smail. For this reason, it would be

appropraite to review again the current plan for adoption of 60 Hz genera-

tors and unification of system frequency.

(6) Restoration of converter units in Sophia Frequency Converter

Statiom

Some units of Sophia Frequency Gonverter Station are out of service now due
to machine trouble. Although GEC is considering purchase of a new stator

and a rotor, there is no specific planm,

When we visit the planf dufing'the site survey, the power exchange between
50 Hz system'aﬁd'ﬁp Hz system was 5 Mw, from 50 Hz to 60 Hz, while 3 units
in Kingaton ”BﬁrPowér Station were. operated at full load. However,
accordihg to this Power Development Plan, a 5.7 MW unit will be added to
Ggrdeﬁ of Eden Power Station and a 7.8 MW unit to Onverwagt Power Station,
both belonging to ‘the 60 Hz system, as the emergency power supply evhan-
cement'program which will be impiemented in 1990 and 1991, After this
enhancement , when we consider the scheduled shutdowns at Kingston "B'" Power
Station ‘and aging of the.plant facilities, the power exchange will be in
the direction of 60‘Hz to 50 Hz. This power exchange will increase if the
frequency.unificatioﬁ plan is not smoothly implemented in coordination with

construction of New Kingston Power Station.

Therefore, it would be appropriate to restore the whole unit of frequency
converter by 1993 when 60 Hz poﬁer generation capacity is increased. In
restoring converters, the cause of past failure should be clarified, and
ihe'necessary meésures for prevention of failure should be worked out,
including ihSﬁlation coordinatibn between system abnormal voltage and

lightning arrester rating, and location of arresters.

As Sophia Frequency GComverter Station will not be needed after the power
system'fréquency in Georgetown District is unified, its equipment will be

decommissioned.
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APPENDIX

Experience of Frequency Unificatiqn'in'Jépéh

In Japan today, the areas to the east of the. central part of Japan,
including Tokyo, are supp11ed with 50 Hz power and those to the west,

including Osaka, are supplled Wlth 60 Hz power.

The electric utility business iﬁ Japan started in 1887. 1In the éérly
period, power systems were isolated and iﬁdébendeﬁt‘from:éa¢H_qthef,
and no consideration was given to the unification of power system fre-
quency. Thevefore, various frequencies, such as 25 Hz, 40:Hz, 50 Hz,

60 Hz, 100 Hz and 120 Hz, or even DC systems were used.

Later on, the eastern areas of Japan tended to be domiﬁated'bf 50 Hz
power systems, and the western areas by 60 Hz power systens, and these

two groups of power systems developed qulckly,

As power. transmission- technology progressed, it became desirabie'to
interconnect power systems spreading .over a vide area, and the need for
unlflcat1on'of_system'frequency has been discussed frequentlya_; -
However, as the pover demand was growing fapidly and unification -of
system frequency needed a large amount of capital investment, the two
different power system groups, having 50 Hz and 60 Hz each vere"

allowed to grow independently,

Before 1946, 129 MW of power systems.in Tohoku District, the nortﬁern
part of Honsﬁyu Island, and 126 MW of power s?stems in»qukaidb '
District, the most northern part of Japan, were converted from 60 Hz to
50 Hz. In additiom, several smallex frequenéy unification projects

were implemented in the period from 1956 to 1962.

OQutside Japan, there were large frequenéy unification projects such as

described bhelow:
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10.

.1} Southern California Area, U,S.

In this area, a total of 1,000 MW of power capacity, for 700,000
customers, were converted from 50 Hz to 60 Hz at a cost of 35

- million dollars from 1946 to 1948,
2} .The,United'Kiquam

17 different frequencies were unified into 50 Hz togethér with
expansion of transmission systems during a period from 1928 to
1938,  The total size of the power capacity involved was 930 MW and

" the cost was' 17.3 million poéunds.

In Japan, the unification of frequehcy in Kyushu Island, one of the

'largest islands and the most southeru part of Japan, was accomplished

in a period from December, 1949 to May, 1961. The total capacity of

the exchanged- frequency was 370 MW.

In this frequency unification project, the electric utilities involved
converted 130 MH of thermal power plants and 300 MW of hydroelectric
power plants'to'60 Hz, The thermal power plants, turbines and genera-

tors were modified and pump runners and motors were replaced. 1In the

hydroelectric power plants, runners were replaced and generators were

modified.’

Large'customers took appropriate measures such as modification of pumps
and adjustment of speed-of production lines. Cenerating facilities

owned by private companies were either abolished or modified.

The following procedures were followed wheu the frequency of Kyushu

1slapd was unified:

1) A conference was established by representatives of governmental
authorities, the electric power company, large customers and

experts.

2) A pamphlet named "Introduction to Conversion of Frequency" was
distributed to general customers, such as residential, commercial

and small industriél, in order to develop better understanding.

3) The conversion costs were funded by corporate bonds and governmen-

tal subsidies for the electric power company, and large customers
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were financed by bank loans under auspices of authorities of the

company.

4) Corporate income taxes, corporate taxes and [ixed asset taxes on

the facilities related to frequency conversion were reduced.

5) Costs incurred by the customers were compensated under certain

rules,
6) The compensations were recovered by the electricity rates,

11. The pamphlet, "Introduction to Conversion of_Frequéncy" had the

followiﬁg contents:
1) General Explanation of the Effect of Frequency Change

The outﬁut of transformers (kVA) is increased bj 2 to 5% due to
reduction of transformer total losses. The speed of induction

motors is increased by 20%Z, but the starting torque is reduced by
17 to 40%. '

2) Effects of 60 Hz operation on Various Electrical'Equipment
a) ‘Lights

The ignition of fluorescent lamps become unstable as the iﬁpé—
dance of choke coil (ballast) is increased, and the lamp life
is reduced. 1t is required to replace the choke coil to avoid
this,

b) Appliances with small capacity, single phase motors
Most electrical appliances can be uséd as they are
(refrigerators, waéhing'machines;'vacuum cleaners, fans, air
conditioneérs, hair dryers and 8o on). The électric clock and

time recorder can not be used as their speed is increased by

20%. Pulleys of record players have to be replaced.
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12.
13,

14,

3) -Effects of Frequeuncy Change on Machine Tools-of'Various.Industries

" The effects of the change of frequency on various méchines used in
dlight and small indﬁstﬁies are described, Althougﬁ.the motor speed
is increased by 20%, most machines can be operated by changing
puliéys. Pumps operated by belts can be used by changing pulleys.

‘ D11ect1y connected pumps must have thelr motors replaced or winding

re*wound, or have the impellers modified.

Concerning office automation equipment which are rapidly being intro-
duced into business offices, copying machines may not be used under

differeat frequency. Word processors and computers are not affected,

The constant voltage, constant frequéncy power supply units or battery
chargers rated at 50 Hz can be used with 60 Hz. But in case of the

6pposite some equipment may become overheated.

1t ﬁay be difficult to change the rated speed of diesel éngines

'depéndiﬁg'on'the engine characteristics. Some engines produce shaft

‘vibration when speed is changed, and detailed consultatiou with the

manufacturers will be required.
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CHAPTER 11 COST ESTIMATE FOR MASTER PLAN

1.1 GENERAL

In this Master Plan, the construction costs were estimated for diesel power
generating facilities and transmission and distribution facilities (including
their rehabilitation). As for power generating facilities, the costs were
estimated for "Plan II" sequence among the three alternatives considered in

Chapter 6,

The construction costs of Tiger Hill hydro power development project are

estimated in Chapter 9 separately.

The above estimates were made 1in accordance with the construction schedules

shown in Fig. 11.1 and Fig. 11.2 and at prices as of November 1988.

The costs were broken down into foreign currency portion and local currency
portion. The foreign currency portion includes costs of imported equipment
and materials, ocean freight and insurance, salaries for foreign engineers
and personnel, while local currency portion includes costs for inland
transportation, locally available machine and materials such as cement,
aggregates, timber, etc., as well as salaries and wages for local personnel

and workers.

1.2 CONDITIONS FOR ESTIMATE

The GEC's administration cost, engineering fee, contingency, price escala-
tion, interest during construction, and currency exchange rate were

estimated under the following conditions:
(1) Administration cost, engineering fee and contingency

Physical contingency is to cover mainly unforeseen additional works. In
the light of experiences in projects of similar nature, it is reasonable to
include around 5% for mechanical and electrical equipment and 10 to 15% for
civil and structural works of respective direct costs as physical

contingency.

For diesel generating facilities in this Master Plan, contingency is

included in each of equipment cost, cost of civil works and cost of
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installation works. Administration cost and-engineefing fee were estimated

to be about 6 to 8% of the total costs.

For transmission and substation facilities, 15%Z of direct costs was
included as contingency to cover unforeseen additional works, GEC's admi-

" nistration cost and engineering fee.
(2) Price escalation

In the last several years, there was almost no substantial price rise for
mechanical and electrical equipment and cther c¢onstruction materials. ‘No

price escalation is included in this cost estimate.
{3) 1Interest during construction

The interest during construction is not included in this cost estimate
because it would be normal to estimate this cost when it becomes possible

to identify concrete loan conditions.
(4) Currency exchange rates
The currency exchange rates used in this'qost'estimate are as follows:

US$ 1.0 = Japanese Yen 130 = G$ 10.0

1.3 RESULT OF COST ESTIMATE

The results of cost estimate for Master Plan are shown in Tables 11.1.1, -

11.1.2, 11.2.1 and 11.2;2, and sumnarized as follows:

(US$ thousand)

: Foreign . Local : -
Ttem turrency currency Total
~ Diesel power plants . 81,923 _ 14,457 _96,380
— Transmission & substation T 2,484 . 851 3,335
facilities o ' '
Total 84,407 15,308 99,715
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: Tabie 11.1.1 IMVESTMENT CQST FOR MASTER PLAN
. - - - (Power Development Program}

{USS$ thousand)

' . Capacity ' Foreign Local Total

_ Power Plant Unit x MW - currency currency Cost
Kingston 2 x 13.0 MW 28118 4962 33080
- 2 x 13.0 MW 24191 - 4269 28460
Garden of Eden 1x 5.7M0 4905 - 866 5770
S 1 x 5.7 W 4777 843 5620

Canefield . 2 x 5.7 M 9682 1709 11390
Onverwagt 3x 2.6 M0 5228 923 6150
Anha Regina L x 2.0 MW 1828 323 2150
T 1 x 1.0 Mi 1182 209 1390
Wakenaam - 1 x 0.5 MW 655 116 _ 770
Bartica 2 x 04 MW 1360 240 1600
Total | 86.9 MW 81923 14457 96380

Table 11.1.2  INVESTMENT COST FOR MATER PLAN
(Power System Program)

(US$ thousand)

Foréign : Local Total

Iﬁﬁﬁf‘ o : - currency = currency Cost -
Powe;féistem. _

| 1) f69fkv line (5 km @ 1 feeder) - 150 70 220
2): Restoration-Submarine cablé- _ | 260 90 - 350
3) New Kingston & Sophia substation 1750 580 2330
- Subtoral - 2160 7 2900
4)""cOnt1ngeﬁcy (15%) : 324 R N 435
Total Couss 851 3335
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Year

1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

Total

Year

1989
1990
1291
1992
1993
1994
1995
1996
1997
1998

Total

Note:

Table 11,2.1 ANNUAL DISBURSEMENT OF INVESTMENT COST
' (Power Development Program)

King—- Gardén Cane— Onver- -Adna -~ Wake-

ston  of Enden field wagt Regina naam
0 2308 o 0o 0.0

0 3462 0 2460 860 -0

0. 0 0 3690 1846 0
13232 0 0 0 834 308
19848 0 0 0 0 462
11384 0. 0 0 0. -0
17076 0 0 0 0 0
0 2248 0 0 -0 0

0 3372 4556 0 0 0

0 0 6834 0 0 0
61540 11390 11390 6150 - 3540 770

{(uss thousaﬁd)

Bar— Total
tica Cost .

0 2308

340 7122
510 6046
0 14374
0 20310
0 11384
0 17076
0 . 2248
300 8228
450 7284
1600 96380

Table 11;2.2 ANNUAL, DISBURSEMENT OF INVESTMENT COST
(Power Development & System) -

Power ‘development

program-- .
F.C. L.C.
1962 346
6054 1068
5139 907
12218 2156
17264 3047
9676 1708
14515 2561
1911 337
6994 1234
6191 1093
81923 14457
F.C. =
L.C. =

Total

2308
7122

6046

14374
20310
11384
17076
- 2248
8228
7284

96380

- Power-systenm

- program
F.C. L.C. Total
0 .0 0
0 0 0
0 0 0
1305 445 1750
881 302 1183
0 0 0
0 0 0
0 0 0
0 -0 0
298 104 402
2484 851 - 3335

Forelign currency portion
= Local currency portion

11 ~' 6

{USS thousand)

Grand -
Total
FC+LO

2308
7122
6046
‘16124
21493 .
11384
17076
2248
8228
7686

99715
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CHAPTER 12 ECONOMIC EVALUATION
(OPTIMUM POWER DEVELOPMENT PROGRAM)

121 SCALE OF POWER DEVELOPMENT PROGRAM

The resulis of power demand forecast in Chapter 3 show that in the Demerara
and Berbice systems peak load and required capacity including reserve
margin in 1998 will be 70.0 MW and 87.5 MW, respectively. In that year,
remaining capacity of existing power plants 1n these systems will be only
6.2 MW (3 units of each 1.4 M{ of Versailles power station and 2.0 MW of
Onverwagt power statioﬁ). Thus, a total capacity of 8l.3 MW will have to

be added to these systems during the pericd from 1990 to 1998.

In the isclated systems, a total capacity of 3.6 MW will have to be added,
i.e. 2,3 MW in the Anna Regina/Wakenaam system and 0.8 MW in the Bartica

system during the above period.

12.2 ECONOIC EVALUATION
12.2.1 Method of evaluation
(1) Conceivable types of power plant

Taking into account the scale of demand load of each power system, the
following alternatives are considered for power plants to be constructed

during the planned period:
a) Demerara and Berbice systems

a) Diesel power plant: High speed: Diesel oil firing
b) Diesel power plant: Medium speed: Diesel oil firiog
c) Diesel power plant: Medium speed: Bunker C firing
d) Diesel power plant: Low speed: Bunker C firing

e) Gas turbine: Diesel oil firing

f) Gas turbine: Bunker C firing

g) Steam power plant: Bunker C firing

of the-above 6 alternatives, c) and f) were omitted because, according to
GEC the maintenance of heavy oil treatment plant had been difficult and
expensive due to quality of iwmported heavy oil., In fact, existing units of

Garden of Eden and Canefield power stations were designed to. use Bunker C

12 -~ 1



but after several years of running they were switched to use diesel oll

because of frequent troubles and expensive maintenance costs.

For diesel power station, Bunker C iz to be used only for low speed type.

b) 1Isolated systems

Diesel power plant: High speed: diesel oil firing

(2) Method of évaluation

The power generation cost per kWh varies with annual operatioﬁ hours - or .

plant factor. To seleet optimhm type of power plaﬁt which is best adapted

for load pattern of the power system, it is appropriate to use so-called

"sereening curves" method. This method consists of drawing cost—curves of

net 1 kW at sending—end of all types of power plants to obtain break-even

points for economic operation of these power plants, and projecting these

break-even points on a forecasted load duration curve (*) for the future to

determine an optimum scale of their development. The break-even point for

economic operation can be calculated in the following manner:

a) For each type of power plamnt, annual fixed cost ineluding -

annuitized capital cost and operation and maintenance costs per

kW, and fuel cost per kWh, both at sending-end of power plant, are

calculated.

The annuitized capital cost is calculated as follows:

A = C¥R*(1 + R)"N/({1 + R)"N - 1)

Where:

A
C
R :
N

! Annuitized capital cost

Investment cost including interest during constructioca

Rate of interest

: Service life (Years)

b) For each type of power plant, “time—cost curve” which varies with

annual operation hours is plotted on a graph, by using the above

fixed cost and fuel cést.

¢) The-intersecting point of time-cost curves ‘of .two power plants

represents a break-even point for economic operation of these two
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~ power plénté, If annuél operation hours which correspond to the
break—even point of'poWer_plénts_A and B is "H", "H" can be

obtained from the following equatibn:

{Fixed cost of A) + (Unit fuel cost of A)*H
= (Fixed céost of B) + (Unit fuel cost of B)*H

Théfefore: :

H = - (Difference of fixed costs per. kW between A and B)
~ (Difference of fuel cost per kWh between A and B)

GEC has no ﬂata on the annuailload'duratidn curves. The data provided by
GEC is a load duration curve which was drawn for the Demerara and Berbice
Systems bésed on information.for the week beginning lst February 1988.
Accofding to GEC, there was very little load shedding during this week.

The curve is shown in "Reference".

The load factor estimated from the above duration curve would be around
40%. However, Table 2.2.4.(3) of Chapte} 2 shows thaf the annual load fac-
tor in.the'Demetara_and Berbice system is:estimated to be more than 60%.
Therefqre,.it'is nottappfopriate to use the above l-week load duration
curve as the basis of the economic evaluation. In this study, an annual
load duration curve was simulated and used, taking into account annual load
duration curves of other Caribbean countries showing annual load factors of

more thén 60%.
12.2.2 Cbnditions for economic evaluation

Conditions adopted for this economic evaluation are shown in Table 12.1.

These conditions cover the following items:

~ Station service loss factors (power and energy losses)
— Availability factor which takes into account shutdown for scheduled
maiﬁtenance aﬁd.forced outage _ o .
~ Qutput drop due to ambient temperature (for gas turbine)
~ Thermal efficiency
~ Economic service lifé
-~ Ratio of dperatibn and mainteﬁanéé cost to investment cost

-_Investment'cost'per kW (in USS)
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- Annual disbursement of investment cost

- Price of fuel (diesel oil and Bunker C)
12.,2.3 Rate of interest

In the economic evaluation.of the projects, a social rate of discount (or
rate of interest) which reflects the 6pportuhity'cost of capital must be
used. In Guyana there is no information about this matter. Theréefore,
considering that for the cutrrent rehabiliﬁétion program an interest rate of
7% is applied by Inter-American Developmenf Bank (IDB), this rate shall be

used for this economic evaluation.
12.2.4 Sensitivity analysis

Sensitivity analysis were made for the interest rates of 5% and 9%.

12.3 OPTIMUM POWER SOURCE STRUCTURE

12.3.1 Demerara and Berbice systems

Tables 12.2.(1) t0'12.2.(3) and Figs. 12,1,(1) to 12,3.(2) show that an
optimum power source structure of the Demerara and Berbice systems for 1998

will be as follows:

Interest rate

Optimum power Sensitivity analysis
source structure : 7% 5% 9%
' (W) (W) (MW)
. Low speed diesel 57.2 59.4 55.4
. High speed diesel or gas turbine 24,6 22.4 26.4
. Remaining capacity of existing 6.2 6.2 6.2
power plants

Required capacit 88.0 88,0 88.0
q y ,

Note: The aggregated peak load in the Demerara and Berbice systems in

1998 is estimated to be 70.0 MW.

As shown in Tables 5.4.(2) to 5.4.(4) of'Chapter 5, the shortage of supply
capability of these systems will be 14.5 MW in 1991 (10.7 MW for the

Demerara system and 3.8 MW for the Berbice system). This shortage is for
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the case where a reserve margin of 13,5 MW is included. If this margin is
not included, there would be still a shortage of 1 MW in 1991. Therefore,
it would be necessary to commission an additional capacity of at least 10
MW by 1991 as thé urgent power development program, in order to be able to
meet the power demand should 1 unit (8.5 MW) of Kingston power station be

. 1in forced outage.

In around 1993/94, No. 1 and No. 2 units of each 10.0 MW of Kingston power
station will have to be retired, and also in around 1995/96, 3 units of
each 5.7 MW of Garden of Eden power station will have to be retired.
Further, in around 1997/98, No. 3 unit (10.0 MW) of Kingston and 2 units of
each 5.8 MW of Canefield power station will be retired. Therefore, with
the retirements of thesé ﬁowaf plants, new power plants must be

constructed.

Unit sizes of 10.0 MW for the Demerara system and 5.8 MW for the Berbice
system would be both too large against demand loads of these systems,

because when faults occur to tﬁeSe units the fréquencyrdrop will exceed
1.5 Hz, bringing these systemé in danger of campiete shutdown. However,
the danger of complete shutdown could be avoided by adopting appropriate

counter—measuras such as frequency relaying system.

At Garden of Eden and Canefield, it would be appropriate to install new
generating units on the foundations of retired units, therefore almost the

same unit size as before (about 6 MW) will have to be adopted.

Attention should be paid to the fact that for annual operation hours of
less than 1,928, gas turbine ﬁower plant would be more economical than
diesel power plant (high speed), but when considering difficulties of main-
tenance and repair, diesel powef plant would be recommendable from a prac-

tical viewpoint.
12.3.2 1JIsolated systems

Taking into account unit sizes of existing power plants and forecasted peak
loads in the isolated power systems, the following power development

programs can be considered:
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Scale of

Power gystem development Unit capacity . Optimum plant type
- Wy (W)
Anna Regina/Wakenaam 2.8 - 3.0 0.5 - 1.0 High speed diései 
Rartica 0.8 - 1,0 0.4 ~- 0.5 : High_speed diesel

12.3.3 Hydro power development program

Developmernt of hydroelectric potentials at Tiger Hill site seems to be pro-
mising, therefore it is recommended that a feasibility study be conducted

as soon as possible.

Time necessary for this development is roughly estimated to be 9 to 10
years. .Therefore, if feasibility study is started in early 1990, it is
‘expected that the first unit of Tiger Hill-hydro_power station will be able

to enter service in around 1999/2000.

12.4 DETERMINATION OF OPTIMUM SEQUENCE OF POWER DEVELOPMENT
12.4.1 Conceivable sequences of power development projects

In 1998 which is the last year of thé Hiddle;te}m Power beVelbpﬁeﬁt.Master
Plan, the total required capacity and the remainiﬁg]éapacity.of[the
existing power plants in the Demerara and-Berbicé systems are 88.0.Mw and
6.2 MW, rESpectively; as shown in Table 5.4.(2) of Chapter 5. This means
that during the period of 10 years from 1989 to 1998 it is necessary to add

81.8 MW of capacity to these power’syétemé.

To select -optimum sequence of power develbpment projects to meet the above

requirement, the following three alternatives are considered in Chapter 6:

Year Plan I Plan 11  Planp III

awy ECOE Gy
1990 5.7 x 1 (MS) 5.7 x 1 (MS) 5.7 x 1 (MS)
1991 2.6 x 3 (HS) . 2.6 x 3 (HS) T 2.6 x 3 Qs)
Loos _ | xS xR
1993 13.0 % 2 (LS) 13.0 x 2 (LS) 13.0 x 2 (L8)
1994 | | .
1995 13.0 x 1 (18) ©13.0 x 2 (LS) 5.7 x 2 (MS)
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1996 5.7 x 2 (M8) S _ 13.0 x 1 (LS)
1997 5,7 x 1 (MS) 5.7 x 1 (M8) - 5.7 x 1 (MS)
1998 6.5 x 2 (M8) 5.7 x 2 (MS) 13.0 x 1 (LS)

Note: HS ... High speed diesel power plant {(diesel oil firing)
MS ... Medium speed diesel power plant (diesel oil firing)
LS ... Low speed diesel power plant (Bunker C firing)

12.4.2 Method of analysis

The method of analysis is to select in the order of least cost among the
above three alternatives, converting the investment costs, operation and
maintenance costs and fuel costs incurred during the entire service life of
20 years of the power plants to the present worths at the beginning of

1989.
12.4,3 Conditions uses for analysis
The conditions used for analysis are shown in Table 12.1.

The analysis was made at a discount rate of 7.0%Z. 1In addition, sensitivity

analysis was made for discount rate of 5.0% and 9.0%.

To calculate fuel cost, it was assumed that all the power plants will be
operated at a plant utilization factor of 60%Z during the entire service

lives.
12.4.4 Optimum sequence of power development

. The results of analysis are shown in Tables 12.3.(1) to 12.3.(3), and sum—

marized as follows:

12 < 7



Discount rate Plan I ' Plan. 11

(US$ thousand) (US$  thousand)
7.0 ' 164,622 ) 161;183:
'~ Sensitivity analysis:
st 7.201,359-_- T _195;536 .
9.0% 137,056 135,214

Pidn-fll
(US$ thousand)

160,346

194,852
134,255

The above result shows that Plam I1II is the most écdnomical, hence the

optimum sequence for power development.
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"Table 12.2.(1) UNIT GENERATION COST BY TYPE OF POWER PLANT

Inlerest Rate: .07 :
Annual Operapion Hours: 6000

Type of Capi La] 08 M Fuel - Total ~ Unit fuel . Unil gene-
P.Ptant cost costs cost. - costs - cost ~ ration cost
(US$/KW)  (USS/KW)  (US$/KW)  (US$/KW)  (Cent/KWh) - (Cent/kWh)

DSL:HS:L.oil 95 28 9225 349 3.76

5.82
DSL:MS:L.oil 118 35 202 355 3,37 5.92
DSL:LS:H.0il 141 42 104 287 1.73 4,78
GT:iL.oil 77 26 290 - 393 4.83 . 6.54
ST:H.oil 152 66 135 352 2.25 a 5.87
Crossover-point for economic Operatibn_(DSL:HSiL.oii/GT:L;oii) © 1928

Crossover-point for economic operatlien (DSL:HS:L}Oil/DSL:LS:H.oil) . 2946
Note: DSL (Diesel power plant): GT (Gas turbine): ST (Steam power plant)

HS (High speed): MS (Medium speed): LS (Low spead) .
L.oi}l (Diesel oil firing): H.oil (Bunker C firing)
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. Fig. 12.1. (1) SCREENING CURVES (TIME-GOST CURVES)
S . ~Demerara & Berbice Systems-

Cost per ki (US®) Interest rate: 7.0 %

600
o | 6T Looil |
- 400 et —DSL. MS:L. 0i }—
. . % ST.H. oil |
| _ DSL:HS:L. 0
,,H;~w“;;:ZEEEéff:::lf-~* DSL. I.S:H. oi ]
200 jj:il_;ﬂr-“f§§;;£ _—
T 2 psLaks
ey

:VL.Qi]

DSLILS:H. oi

C[eTiboil |
- 1928 2946
G _ i I S 1
o 2000 4009 6000 8000

Annual operation hours

Fig. 12.1. (2) OPTIMUM POWER DEVELOPMENT PROGRAM.
o , . —Demerara & Berbice Systems-
Required capacity:

=88 oMy | | - Peak load

R 1928 2946 = 7.0 MW

100 % _ b .
: Net existing capacity: ( 6.2 MW)-

80 % GT or DSL.HS:L.oil
] (246 M)
40 % Hﬁ%hh%ﬁ““*“wmx\\\
20 % | DSL.LS:H.0il (57.2 M)

8 %

e 2000 4000 6000 8060

Target Year: 1998_ | Annual operat.ion hours
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Table 12.2.(2) UNIT GENEHATION'COST BY'TYPE OF POWER PLANT
- : {Sensitivity Ana]ysis)-'

Interest Rate: ,Q0b
Annual Operation Hours: 6000

Type of Capital 0 &M Fuel Total Unit fuel Unit gene-
P.Plant - cost - costs cost costs ~cost - ration cost
(US$/KW)  (US$/KW)  (USS/KW) - (US$/KW)  (Cent/kWh) (Cent/kWh)

DSL:HS:L.oil 80 28 226 333 3.76 5.56
DSL:MS:L.oil 98 . 35 202 336 3.37 5.60
_DSL:LSZH.Oil. 118 : 42 104 . 264 1.73 o 4,40
GT:L.oil - b6 26 2990 o 82 4.33 0.37
ST:H.oil : 118 : 66 - 135 r319 : - 2.25 ’ 5.31
Crossover-point for economic operation (DSL:HS:L.0il/GT:L.oily 1437

Crossover-point for economic operation (DSL:HS:L.aiI/DSL:LS:H.oiI) 2073
Note: DSL (Diesei powef pléﬁt): GT (Gas turbine): ST (Steam power plant)

HS (High speed): MS (Medium speed): LS (lLow speed)
L.oil (Diesel_oil firing): H.oil (Bunker C firing)'
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Fig.'lete.(I) SCREENING CURVES (TIME-GOST CURVES)
I - -Demerara & Berbice Systems—

Cost. per ki (US$) o Interest rate: 5.0 %
660 _

GT. L. ot

40 e

. | DSL.MS:L.oi!

| T 1 ST.Hoil |

: I DSL. LS:H. oi ]
=

200 - =

##ﬂfrfﬂfDSL :HS

L oil _ _

CT Loil | DSL:LSH oil

1&?? ' 2??3 ' :

5] 2008 4300 BN 3°7 515 I 8000
' - Annual operation hours

Fig. 12.2.(2) OPTIMUM POWER DEVELOPMEMT PROGRAM
' ~-Demerara & Berbice Svstems-

Required capacity

=go. oMW | | Pesk 1oad
1437 2573 | = 70.0 MW
100 % B E—— |
| Net, eTiSﬁing capacity: ( 6.2 MW}
80 % LGT or DSL.HS:L. oil
| (2;.4 )|
60 % -
a0 % | - | Mx\\\
20 % | DSL.LS:H oil (59.4 W)
0% -
e . 2000 4000 6000 8000

Target, Year: 1998 o Annual operat.ion hours
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Table 12;2.(3) UNIT GENLRATION COST BY TYPF OF POWLR PLAN1
' ' (Sensitivity Analy31s) .

Interest Rate: .09
Annual Operation lours: 6000

Type of . Capi tal 0O&M fuel Total Unit fuel Unit gene?
P.Plant eost - costs cosl costs cost  ration cost
(US$/kW)  (US$/kW) (US$/kK)  (US$/kW) (Cent/kWh) (Cent/kWh)

DSL:HS:L.011 112 28 225 366 3,76

"6.10
DSL:MS:L.oil 139 3b 202 376 . 3.37 6.27
DSL:1S:H.0il 167 42 - 104 312 1.73 - .5.21
GT:L.oil 88 - 26 200 404 4.83 . . 6.73
ST:H.oil 190 - 66 - 135 -391_ 1 2.25 6.52
Crossover- p01nt for economic operat;un (DSL: HS L 01I/GT L oilb) - 2481

Crossover-point for econumlc uperatlon (DSLIHS:L. o;E/DSL L5:H. 011) - 33565
Noie: DSL (D1ese1 power plant): GT (Gas turbine): ST (Steam power plaﬁt)

HS (High speed): MS (Medium speed): LS (Low speed)
L.oil (Diesel oil firing): H.oil (Bunker C firing)
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Fig. 12.8. (1) SCREENING CURVES (TIME-COST CURVES)
S -Demerara & Berbice Systems-

“Cost'pér'kw (US$) : - Interest rate: 9.0 %
- BO0 — : :

GT.L.oil
ST.H. 0i 1. 0j 1—

400
’”*”*Hrf*%mﬂ::iﬁﬁégg

200 '
i::::ﬁﬁiﬁﬁ# DSL:HS
- ' L. o1l

N
2481 3355

|
DSL. LS:H. oi i

g

DSL:LS:H. o1

o 2000 4000 6008 8000
' Annual Qperation hours
Fig. 12.2.(2) OPTIMUM POWER DEVELOPMENT PROGRAM

~Demerara & Berbice Systems-
Reauired capacity '

=gg oMl | | Peak load
' ; ' 2481 3365 _ ' = 70. 0 My
168 % —- i I '
' _ Net existing capacity:( 6.2 Mi)-
80 % N '
' GT or DSL.HS:L.oil
(26. 4 Mi) [
eyl | psL.is:H0il (55.4 M)
e 2000 4000 6000 8000
Target Year: 1998 - _ . Annual operation hours

12 - 15



LOAD (MEGAWATTS)

REFERENCE

GUYANA ELECTRICITY CORPORATION

LOAD DURATION CURVE(DEMERARA/BERBICE)E

4

24

07

0% . 60%
DURATION {PERCENT)
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Table 12.3.01) OPTIMUM SEQUENCE OF POWER DEVELOPMENT
o C : {Operation for entire service life)

DISCOUNT RATE: 7.0%

DISCOUNTED TOTAL COSTS (US$.THOUSAND)

Ttem - _ Plan-1 - Plan 1l Plan 111
Investment cost " 61556.5 3 654032.0 62963.9
Operation & maintenance cost 19685.8 - 20477.5 20136.0
Fuel cost o 83379.4 ; 76673.8 77245.8

Totai cost k 164622.0 161183.0 160346.90

Note: A plant faclor of 60% is used.

12 - 17



Table 12.3.¢2)  OPTIMUM SEQUENCE OF POWER DEVELOPMENT
: (Operation for entire service life)

DISCOUNT RATE: 5.0%

DISCOUNTED TOTAL COSTS (US$ THOUSAND) .-

Ttem Plan 1- Plan 11 - Pran 111
lnvestment_cost 67827.8 70348.0 _ '.69438.4
Operation & maintenance cost  25475.2 S 264217 26080.1
Fuel cost 108056.0 98766.1 99333.9

Total cost 901359.0  195536.0 194852.0°

Note: A plant factor of 60% is used.

Table 12.3.(3) OPTIMUM SEQUENCE OF POWER DEVELOPMENT
(Operation fur entire service life)

DISCOUNT RATE:  9.0%

DISCOUNTED TOTALVCOSTS.(US$ THOUSAND)

Ttem . Plan I Plan 11 Plan I11I
Investment cost - B6076.6 58485.9 - 57312.9
Operation & maintenance cost 15475.9 16140.9 15817.2
Fuel cost . 65503.1 605873 61125.2

Total cost 137056.0 135214.0 134255.0

Note: A plant factor of 60% is used.
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CHAPTER 13 RECOMMENDATIONS FOR IMPROVEMENT
OF OPERATION, MAINTENANCE AND SUPERVISION

Stable supply of electric power is the very duty imposed on the electric
utility. All resources of an electric utility must be mobilized to assure

continuity of power supply and prevention of blackout.

In addition to the personnel engaged in power generation, transmission and
distribution whe must take all eungineering and supervisory measures for
perfect operation of power supply facilities, the supporting staff, such as
those in material procurement, accounting and service activities for the
customers must also be aware of the importance of keeping supply facilities

in perfect condition,

In addition, the senior officials of an utility must understand the
importance of the cost to be borne for maintenance of facilities, and
make proper effort in securing the necessary budget for proper operation,

‘maintenance and supervision of power supply facilities.

The following recommendations are presented in this context.

13.1 ENGINEERING MEASURES

13.1.1 Operation, maintenance and supervision of power genmeration and

substation facilities
{1) Operation of power generation and substation facilities
1) Monitoring operating performance

Abnormal conditions of power generation and substation facilities can be
detected at their early stages if the operating performance of equipment is
carefully monitored all the time. Patrcl inspections conducted on equip-
ment can lead to detection of failures before the related phenomena are
indicated on instruments by finding such symptoms as noise, odor, overheat
and small leakage. In finding out sucﬁ symptoms, the persounel in charge
must have sufficient knowledge on the range of equipment's parameters under
normal operation, TFor this purpose, the following practices can be

recommendable.
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* Making the normal range of instruwent indications,

* Writing down the normal indication values into logs and equipment check

lists.,

* Keep the nameplates on equipment and control boards in proper

conditions,
2) Proper handling and operation of equipment

Various operations om switéhes and valves, such as opening, closing and

-coutrol, are required in starting up and qhutting down the main unit or in
changing load. Careful operation based on correct Judgment not only pre-
vents bripping by faulty operat1ou but reduces. the abnormal burdens placed

on equipment.

Some practices to be observed in attaining correct and reliable operation

are presented below.

* Preparlng proper operat1on manuals' The manuals for correct operatlonal
procedures in startup and shutdown must be prepared, and the actual

operations must be exercised strictly according to these manuals.

* Reciting verbal confirmations: When the operator is glven command from
his superior, he must recite what he heard, and recite what he is about
to do before’ acting, in such a way as "Throw1ng in No. X Sw1tch"{ This

practice is very effective in prevent1ng mlstaken actlons.

* Practicing drills: The startup drili'and,emergency action drills must be
performed routinely on simulated situatioms, so that the operators can

get accustomed the proper sequence of actions;'

* Other practices: The equipment shut down by-failure orifor_inspectidn
must have their power supply cut.off, andithe related switchés and valves

._muSt be identified with safety tags. Important'switches:must-be covered
with protectors by shift supervisors, so that no'one éan touch them acci-

dentally. B
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3) Improvement of working environment for operators

*'Sepafatioﬁ of control room from main equipment room: In Versailles Power
Plant, a separation wall should be installed between the control room and
the main equipmént room, so that the operators are protected from the

: noiée-pf main -units..
* Improﬁemenf ofilightiﬁg fécilities:
.(2) Maintenéﬁce of power generation and substaﬁion facilities
1) Mainteﬁgncé plan

To formulating a ﬁaihtenance-plan, various factors such as power generation
schedule, budgétary constraint, etc. have to be taken into consideration.
From the point of view of fault prevention,‘the plan must be formulated
with due considerations on the past records of failures, trends in
occurrence of.faulté and the findings in periodical inspections. In par=~

tiecular, it is recommended to study the following points.

* Strengthening periodical inspectioﬁ practices in accordance with the
'éging of equipments: After equipment are in service for more than
éeveral.years, aging of material and wearing of parts progress Lo some
degree. The periodical inspection practices must be strengthened to deal
with these phenomena. Faulty parts must be either repaired or replaced

with new parts.

*_Moﬁifications for improvement during shutdown for periodical imspection:
When it is found that imﬁro#ements are needed due to insufficient design
and ménufacturing, modifications must be implemented as far as prac-
ticable during the shutdown for periodical.inspection. Such information
should be supplied Lo similar facilities in order to prevent failures, or
fed Back-to thermanufécturérfs department in charge of design for future

“improvement.

*.Reﬁairs_wifh_emphasis placed on items wﬁere frequent faults are observed:
The-records.qf”fepairs conducted in routine maintenance and their natures
must be carefully analyéed, and maintenance plan must be formulated with
émphasis on these items, If failures are fepeated due to improper repair
method, the status must be examinéd and improvement measure must be

~worked out,
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* Evaluation of measures taken in tha past' - The ‘measures taken in the
past as well as the policies of repalr work must be evaluated and

'reflected in the future repalr plans.

* Spendlng effectlve repalr funds. The past plant'petformance'versus
repair costs must be compared and evaluated comprehen51vely, and decom-

missioning of old fac111ty should be recommended as approprlate.
2) Strengthening maintenance systems-

The following measures must be obser?ed when one wishes to establish

effective maintenance systems.

* Exercising proper 1nspect10n practxces. TheLéheCk'lisfs ﬁeséfibing the
1nspect10n 1tems for daily, weekly and annual perlodlcal lnspectlons must
be developed for each equlpment and inspection works must- be performed

strlctly accordlng to these lists.

L% Assurxng rellab1l1ty of overhaul and agsembly works: = If one wishes to
assure hlgh rellablllty in overhaul and assembly works, the follow1ng
documents must be malntalned

Drawings.

Work manuals.

Work check lists.

* Education on.safefy measures and procedures: 'Negligéncé.of séfety'in
malntenance and'repair work—ﬁot 6n1y endangers eduip@ent'bup also human
life. 1In particular,'ﬁheh a part bf'equipment'iS'to be réﬁaired while
the plant is in operation, suff1c1ent commuriication with the department
in charge of operatlon must be establlshed and safety of men and machi-

nes must be confirmed before work is started,

* Fostering of capable engineers/technicians: Skilled persannels for maln—
tenance and repair works can not be developed qu1ck1y._ The ut111tles
officials must perform constant and continued efforts:for fdsteriqg.of

such personnels.
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* Replenishment and maintenance of tools:

“Special tools: The places of storage must be specified and all

‘related personnels must be kept informed,

General tools: One’ person must be ass1gned in charge of ma1ntenance

of tools, and tools must. be replaced when any 13 lost,

13.1.2 Maintenance. and aupervisiOn'of*transmission and distribution

facilities

As transm1331on and dlstrlbutlon lines run through various terrains, they

are subJected to all klnds of threat created by natural phenomena.

There are variety of measures that can be applied to both facilities and
operation pfa¢tices for prevention of accidents. In terms of operationm,

the following measures are effective,
(1) Rationalized patrol and inspection préctices

The patrol and inspection missipns nust be planhed in such a manner ﬁhat
they are suitably adjuéted to the changing conditious and environmént of
line routes. The targets'of_inspeétidn and target areas should be spe-
cified and patrols conducted effectively with emphasis on such targets

(such as .growing trees, bird nests, kite, etc.).
(2) Public relations

'The,following'public relations activities wmust be encouraged in order to
reduce line faults, electrical accidents and gathering information on line

_routé.
1) Relations Witﬁ_general ﬁublic

.The 1mportance of power 11ne fallures and acc1dents must be 1nformed to the
publlc. ‘For thlS purpose, warn1ng3 concernlng collectlng timbers, bird
_nests aﬁd klte f1y1ng must be pub11c1sed by dlstrlbutxon of pamphlets
"through c1t1zen3 groups and schools, and s1gns nust be provided and newspa-

pers used as approprlate.
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2) Request for supply of information

Good relations with the public must be established so that faults on lines

are reported to the utility as soon as possible,

13.2 ORGANIZATION IMPROVEMENTS
13.2.1 Securing and executing repair budgets
(1) Repair bﬁdget

The department in charge of engineering muét"fofmulété:the'bﬁdgét plan for
the repair schedule of the next fiscal year, and submit to the department

in charge of finance,
(2) Securing budget

The utility company must evaluate the appropriateness'of the repair budgét
plan, and must request the governmental authority to provide the necessary

budget.
(3) Distribution of authorized budget

The budget which the governmental authority has authorized for the repair
work must be distributed amohg the executive branches of the company, and

these branches must execute the budget effectively.
13.2.2 TImprovements on supervision of spare parts
(1) - Improvements on supervision of spare parts

The spare parts of each diesel power plant, except for daily-consumables,
are stored in Garden of Eden Power Plant and Canefield Power Plant in é
centralized manner. This centralized supervision maké the responsibility
of each power plaunt ambigﬁous, and inventory coﬁfrols are inéufficiently
implemented, If these‘épare parts are stored and a spare paft SUpervisor
is assigned in éach plant, the shortage of spare parts inventbfy'éan be
identified all the time, and parts can be procﬁred more quickly when a

failure occurs,
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(2) TImprovements on facilities and organization

* Tucrease in number of inventory control staff.

* Replacement of warehouse at each power plant.
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APPENDIX

Key Personnel with whom Survey Team Met Authorities Comcerned of Guyana

(1)

(2)

(3)

(4)

Embassy of Japan in Venezuela

His Excellency Kunio Muraoka Ambassador to Venezuela
Mr. Akira Urabe Minister

Mr. Junichi Hatano First Secretary

Mr. NWaomasa Hiraishi Third Secretary

Department of International Economic Co-operation (DIEC)

Dr. Cecil Rajana Head
Mr. Desmond Bollers Head of Section
Mr. Keenan Elliot Desk Officer

Ministry of Public Utilities (MOPU)

Mr. Robert H.0. Corbin Deputy Prime Minister (Public
Utilities)

Mr. E.M. Downer Technical Specialist

Mr. XKenneth Nariaine Permanent Secretary

Guyana Electricity Corporation {(GEC)

Mr. Narvon Persaud General Manager

Mr. Wilfred Leander Deputy General Manager

Mr, David Gomes Program Coordinator

Miss Verlyn Klass Strategic Planning Manager

Mr, Kenneth Klass Diesel Generation Manager

Mr. F. Cumdermack Turbine Generation Manager,
Kingston

Mr. Stanhope Dathorne Transmission and Distribution
Manager

Mr. V. Forsythe System Coantrol Manager, Sophia
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Mr. A.M, Donald Maintenance Manager
Mr. Ashton T. Jairam Tréiningrﬁanager, Sophia

Mr. H. Howard . Diesel Generation Engineer,
Garden of Eden

Mr. R. Drepaul Saul : Diesel- Generation Engineer,

.Canefield

Mr. R. Grant Diesel Generation Engineer,
Onverwagt

Mr. K. Somwaru ' ‘Assistant Diesel Generation

Engineer, Verssailles
Miss E. Dodson System Operation Engineer, Sophia

Mr. E. Adams _ - Transmission and Distribution
Engineer, West Demerara

Mr. A, Bacchos Diesel Generation Engineer,
Anna Regina

(5) Guyana Natural Resources Agency (GNRA)

Mr. Winston N. King Chairman

Mr. Barton A. Scotland | Deputy Chairmén
- Mr. ¥, Veecock | Director,'Hydrop6Wer Unit

Mr. Eldon Ralph - Director, Pfojett-Development Unit
Mr. K. Boodram ' " Special Project Officer

Mr. M., Jackson : : Engineer, Hydropower Unit

(6) Department of Lands and Surveys Ministry of Agriculture

Mr. Leon Rutherford Assistant Commissioner (Survey)

(7) Guyana Geology and Mines
Mr. Woolford Chief Mines Offiéer,
: Deputy Commissioner
{8) Technical Consultant to the Minister of Communications and Worksi

Mr. J, Holder Technical Specialist



(9) Guyaﬁa Mining Enterprise Limited (GUYMINE)

Mr. S.G, Bovell

. Mr., J. Lewins

(10)

Guyana Sugar_Corpofatibn (GUYSUCO)

Mr. K. Wilkie

- Mr. Aleen Hafiz

-(11)

(12)

Countefpart Pérsonnel of GEC
Miss Verlyn Klass

Mr. Kenneth Kléss

Mr.'Munaf Hussein

Mr. Abraham Perry

Mr, Jai Persaud

Mr. Frank Cumbermack

Counterpart Persounnel of GNRA
Mr. M. Jackson

Mr. Raymond Dumdee

General Manager, Linden

General Manager, Everton

Factory Manager, Alaion Estate

Factory Manager, Blairmont Estate

Strategic -Planning Manager

Diesel ééneration Manager
AsétL_Planning & Development Engr.
Diesel Project Superintendent
Planning Assistant

Turbine Generation manager

Engineer Hydropower Unit

Engineer Hydropower Unit



APPENDIX 2
.Study Tgamj'

The study team, headed - by Masashl KOIKE of EPDC Internatxonal LLd.; was
composed. of two groups of general plannlng and detailed investigation. The
studies, including field investigation and. discussions with related
authorities of Guyana, weére conducted from July ‘11 to-August’ 8, 1988 for
general planning and from August 4 to September 26, 1988 for detalled
investigation. The members of study team were as follows~E .

Name Profession Member's company

Masashi KOIKE . Project Manager - L EPDC'Interﬁéfionali Ltd, _:
Akio MASUKI : ' Thermal Power Generating "

' Planning -’ '
Noriyuki KOHORI ~  Power Gemerating Plant .

o ' ‘Design (Thermal & Hydro) a
Kunio KURODA Power System Planning "
Minaichi TAKEOKA =~  Hydro Power Cenerating "

Plaaning (Civil)
Kaname SOBUE  Geologist

Tetsurou KOBAYASHI  Ecomomist

Shozo YUZAWA Hydro Power Generating
' Planning (in Japan)



APPENDIX 3

- Itine:ary:(l) ‘Planning Team

Date Descfiptioﬁ_
"1 | July 1lth (Mon) Tokyo  (Lv. 12:00 JL 006)
: : : New York (Ar. 11:25 )
"New York (Lv. 15:00 VA 801)
Caracas (Ar. 19:35 )
2 July 12th (Tue) - Courtesy visit to Embassy of Japan in
- Venezuela (Explanation of Inception Report
and Acquire visas for Guyana)
Caracas (Lv. 23: 20 PA 217)
-3 July 13th (Wed) Port of Spain (Ar. 00:30 )
' 1 . o Port. of Spain. - (Lv. 11:30 BW 463)
Georgetown (Ar. 13:30 : )
4 _July l4th (Thu)x Courteéy visit to concerned Government
: : Authorities
Meeting with ﬁIEC, GEC and GNRA (Explanation
‘0of Inception Report and submit Questionnaire)
.5 July 15th (Fri). Investigation of Kingston P.S. and Sophia
: ' Frequency Conveter Station -
6 July 16th (Sat) Investigation of Georgetown'
7 July 17th (Sun) Arrangement of collected data
58 : -Jﬁly.18th (Mon) : Invesfigatipﬁ of Versailles P.S. and West
Co "+ -] .Demerara Area '
9 | July 19th (Tue) - | Investigation of Garden of Eden P.S.
10 -} July 20th (Wéd).~f Investigation of No. 53 Corentyn $.S.,
o .7 | Canefield P,S. and Everton P.S.
-11' 7Ju1y 21st (Ihﬁ) :Investigatidn of Onverwagt P.S. and Factory

of GUYSCO (Albion, Blairmont)




Date.

Description
12 July 22nd (Ffi) 'Arrangement'of'colIEQEEd data
13 | July 23th (Sat) Pitto
14 ~July 2Z4th (Sun) Ditto
15 July 25th (Mon): Ditto, meéting of team
16 July 26th (Tue) Linden S.S. and Linden P.S. (Survey
facilities and discussion with GUYMINE Staff)
17 July 27th (Wed) Investigatidn'df Hydro Power Project Sites
i8. July 28th {Thu) Examine and analysis for collected data
19 July 29th (Fri) Discussion with GEC
20 July 30th (Sat) Examine and analysis for collected data
21 | July 3ith (Sun) Ditto
22 August lst (Mon) Ditto
23 August 2nd (Tue) Discussion with GURA _
Investigation of Ruimvelt P.S.
24 August 3rd (Wed) Discussion with concerned Government
Authorities and its Interim Reporting
Visit to Mr. Robert H.0. Corbin,
Deputy Prime Minister C
25 Augustréth (Thu) Georgetown (Lv. 7:30 GY 702)
. "Port of Spain. (Ar. 7:30 : )




. ~Date - _ 'Deécription

26 | August 5th (Fri) - Port of Spain- (Lv, 7:40 PA 218)

: ' ‘Caracas {(Ar. 8:55 3.
Interim Reportiug to Embaséy of Japén in

- Venezuela : :

27 | August 6th (Sat) | Caracas (Lv, 8:15 PA 442)

Los Angeles - (Ar. 16:40 )

28 August 7th (Sun) 7 . Los Angeles (Lv. 12:00 JL 065)

2§ August 8th (Mon) Tokyo (Ar. 15:20 )




Itinerary (2) Investigation Team

Description

Date
25 August 4th (Thu) . Planning Team -EXémine and analysis for
Collected data
26 August S5th (Fri) Planning Team Investigation of Aﬁna Regina
| ‘P.S8., and Wakenaan P.S.
27 August 6th (Sat) Planning Team Examine and analysis for
collected data
28 August 7th (Sun) Investigation Team
Tokyo (Lv. 12:00 JLO06) .
New York {(Ar. 11:25 )]
New York (Lv. -15:00 VA801)
Caracas (Ar. 19:35 )
Planning Team Examine and analysis for
collected data
29 August 8th (Mon) Planning Team Investigation of Bartica P.S.
Investigation Team Acquire visas for Guyana
Caracas (Lv. 23:20 PA217)
Port of Spain (Ar. 0:30 )
30 August 9th (Tue) Planning Team Examine and analysis for
collected data
Investigation Team
Port of Spain (Lv. 9:00 BW459)
Georgetown (Ar. 11:00 )
Joining both teams and meeting
31 August 10th (Wed) Visit to concerned Government Authorities
| ]
32 August 1ith (Thu) Meeting with DIEC, GEC and GNRA

(Investigation method of Hydro Power Project
Sites) :




Date

Description

33

August 12th

(Fri)

Previous investigation for Hydropower
Project Sites Survey

“Examine and analysis for collected data

34

"~ August 13th

(Sat)

Previous investigation for Hydropower
Project Sites Survey

Investigation of Ge-r etown

35

August l4th

(5un)

‘Previous investigation for Hydropower
.Project Sites Survey

Meeting of the team

36

August 15th

(Moq)

(a) Civil Engineer Collecting data for
Hydropower site

(b) Electrical Engineer Investigation of
Sophia F/C Station

37

August 1éth

(Tue) ”

(a) Ditto

(b)'Investigation of Versailles P.S. and
West Demerara Area

38

August 17th

(Wed)

" {a) For Linden

(b):Investigation of Linden Sub-station

'August_IBth

(Thu)

(a) Investigation of Hydropower Project site

{(b) Investigation of Garden of Eden P.S.
(5.5.)

40

. Aﬁgust.l9th

(Ffi)

(a) Ditto

. (b) Investigation of Kingston: "B" P.S.

41

. August 20th

{Sat)

{a) Ditto

(b) Arrangement of collected data




. Description

Date
42 | August 21tH (Sun) | (a) Ditto
'(b)_Ditto
43 Augﬁst 22th (Mon) (a) investigétidn_bf Hydropéﬁer Prdjéct éifes'
- (h) Ditto
44 August 23th (Tue) (a) Ditto, return ﬁo_Gebrgetown . ?
(b)'Investigatidn of Canefield P.S. and
i Onverwagt PiS. '
45 | August 24th (Wed) (a) Ditto
" (b) Arrangement. of collected data
46 | Augdst 25th (Thu) © | (a) Meeting with GNRA
(b),Ditto
47 | August 26th (Fri) (a) Arrangeﬁéht Bficbllected data
i(b)llﬁveétigétion'Bf secondary $.58. in
Georgetown ' '
A August 27th (Sat) Examine and_analysis for collected data '
49 | August 28th (Sun) | Ditto
50 August 29¢th (Mon) ‘Ditto
51 dugust 30th {(Tue) ‘Examine and anélysié forrcolleétedrdata'
52 [ August 31th {(Wed)

DisduSsion-With GEG
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Date

Description

53

Septehber

1st (Thu)

(a)

(b)

Remain member Exanine and analysis for

collected data

Power System Planning Engineer and

- Ge~ ogical Engineer return to Japan.

Georgetown. (Lv. l4:45 GY-702)
Port of Spain (Ar. 14:45 )

54

September

2nd (Fri)

{a)
(b)

'Investigétion_oﬁ Garden of Eden P.S.

Port.of Spain {Lv.. 7:40 'PA—218),' _
Caracas ~ (Ar. 8:55 )

55

Séptembep

3rd (Sat)

(a)
()

Examine and éndlysis for collected data

Caracas - . (tv. ‘8:15 PA-442)

‘Los Angeles. (Ar. 16:40 ),

56

- September

4th (Sun)

(a)
(b)

Ditto

Los Angeles  (Lv. 12:00 JL-065)

57

September

5th (Mon)

(a)

(b)

Pitto

Tokyo (Ar. 15:20 )

58

September

6th (Tue)

(a)

(b)

Electrical Engineer Investigation of

Canefield P.5. and
New Amsterdam. 8.8S.

Civil Engiﬁeer Exanine and analysis for
: o collected data '

59

'September

7th (Wed)

(a)

1 ()

Examine and.analyéis for collected data

Investigation of construction machine

60

September

8th (Thu){

(a)

)

Ditto

Investigation of Hydropower Project

-Sites (Anarika)
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Date Description
61 . September 9th {Fri)} Examine and aﬁélysis for.coilected-data
62 Septembér 10th (Sa;) Dit;o
63 September.;lth (Sun) Ditto
64 September 12th (Mon) DittQ
65 September 13th (T-ue) Ditto-
‘66 September l4th (Wed) _Ditto‘
67 September 15th (Tﬁu) Preparation of Progress Report
I " Examine and analysis for collected data
68 September 16th,(Fri). Ditto
69 S.eptembe.:r 17th .(Sét_.)_ i)itto
70 | September 18th (;ﬁn) Ditto
71 | September 19th .(Mo'n) Ditto
72 Seétember'ZOth (Tue) Ditto
_;g éeptember.thh (ﬁed) Finai.méeting wiﬁh concerned Government
Authorities and submit'Progress Report
74 September 22th (Thu ) Geqrgétoﬁn (L%.-14:45 GY 702)
: ..} Port of Spain (Ar. 14:45 )
75 September 23th {Fri} Port of Spaiﬁ {Lv. }:40 | PA 218)

Caracas {Ar. 8:55 )

‘Progress Reporting to Embassy-df Japan in

Venezuela
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Date Description L
76 . Septémﬁéfr24th éSat) .Caracas (LQ. é:iS PA 44252
o I Los Angeles (Ar., 16:40 )
%7. . Sép£embér 25th.(Sun) Lq; Angéies {Lv. IZ:QO JL 06$)
78 Septémber_Z@%h {Mén}

Tokyo (Ar. 15:20 )
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List of Received Data and Information

APPENDIX 4

T Date :
No. Title Agtﬁor{Pu§}i§her- Published Remarks
L. Administrative map Co~ 1988 'ﬁap:
: Operative Republic-of R .
Guyana (1:100,000)
2 Geological Map of Geological survey and . 1987 :Map:
: Guyana Mines, Guyana :
3. The 1986 geological map | - do - 1986 Map
of Guyana
4. | Topo Maps, Tiger Hill Department ‘of Lands and Map
site (1:50,000) Surveys
5. City of Georgetown Department of Lands and 1987 Map
(1:20,000) Surveys
6. Demographic Data (1984) | GEC Jul. 1988 Data
7. National Holiday (1988) | GEC - Data
3. Meteological Data Ministry of Works and - Data
(1966 ~ 1988) Transport
9. Quarterly Statistical ‘Statistical Bureau 1986 Map
Digest (1985) Ministry of Economic
: . Planning Georgetown
10, Guyana Electricity GEC Aug. 1988 Report
Corporation Historical ’
Background
11, GEC's Management GEC Feb. 1988 | Drawing
Structure 1988
12. GEC's Single Line Digram | GEC Jul. 1988 Drrwing
Interconnected System ' :
13. GEC's Inpedance and GEC Mar. 1978 | Drawing
Switchgear data of Inter-
connected System to End
of Stage 1 Extension
14. GEC's System Map GEC .Aug. 1988 Map
15, Report of Audit Gibbs & Hill/Dravo May. 1988. "Report:
Garden of Eden Services, Inc. : R
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Author/Publisher

Date

Diagram

No. Title | Published Remarks

16. | Report of Audit Gibbs & Hill/Dravo Jul. 1988 | Report
Canefield Power Station, | Service, INC. '
New Amsterdam’

17. Executive Summary GEC Aug. 1988 Report
(Rehabilitation Program)

18. Drawing of Garden of

| Eden Power Station

18-1 | Site Building and Major { GEC, Shawinigan Eng. Mar. 1973
Equipment Layout .

18-2 | Generatig Building - do - . Jan. 1974
Foundation Layout

18-3 | Generating Building -~ do - Jun. 197431
Section

18-4 | Fresh Water Flow Diagram |~ do - Aug. 1974

18-5 | Raw Water Flow Diagram - do - Aug. 1974

18-6 | Fire Hydrant and Yard = do - ﬂ Aug..1974
Piping Layout’

18-7 | Ground Floor SW'GR & MCC| - do - Dec. 1974

- Area Cabling Details

18-8 Déveloped Plan of - do = Mar. 1974
Control Desk

18-9 . | Génerating Building - do - Jun. 1974
General. Arrangement Plan :

18~10 { Main One Line Diagram do - - Jul. 1973

18-11 Auxiliary One Line do ~ Sep. 1974
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Date

System {Georgetown)

No. Title Author/Publisher Published | Remarks
18-12 1 011 System Schematic for | GEC, Shawinigan Eng. -
: Commissioning Purposes
18-13 | Raw Water System GEC, Crossley Premier -
. Eng.
18-14 | Compressed Air System - 'do - =
18-15 | Fuel 0il Diagram -~ do -~ -
18~16 | Lubricating 0il System - do =~ -
19. Drawing of Canefieid Drawing
Power Station
19-1 { Modification to H.F.0./ | GEC, Shawinigan Eng. ' “Octs 1977
L.F.0. Pipework System '
19-2 | Fresh Water Flow Diagram | — do - Feb. 1974
19-3 Raw Water Flow Diagram - do ~ Feb. 1974
19-4 | Fuel 0il Flow biagram- - do - Feb. 1974
19-5 | Main Line Line Diagram - do - Jul. 1974
19-6 ] Auxiliary One Line - do - Oct. 1974
Diagram
20. Kingston Power Stations | GEC Nov, 1970 | . Drawing
'A' & 'B' Georgetown
Site Plan
21, | Refurbishment of Major | BEI Jan. 1985
Piant in the G.E.C.
System
{22, Greater Georgetown 11 kV { GEC, Shawinigan Eng. “Juks 1973 brawing'
System & Proposed !
13.8 kV Distrubution
23. | GEC 11 kV & 13.8 kv - do - ‘Feb. 1976 | Drawing
Distribution System . o
(Georgetown)
[ 24. | GEC 4 kV Distribution ~ do - " Feb. 1976 | Drawing
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Date

Anarika

Eo.-, Ticle Author/Publisher Published | Remarks

25." | Georgetown 11kV 50 Hz GEC Aug. 1984 Drawing
Overall Distribution
Diagram

26, Garden of Edeh 69 kV GEC, .Shawinigan Eng. May 1974 | Drawing
Substation Plan : : : . :

27, Linden 69 kV Substation § - do - Mar. 1974 | Drawing
Site Equipment Layout

28, Main Causes of Faults dn_ GEC - Data
T&D Systenm

29, Certificate of Analysis Government Analysis Dec. 1986 Data
of Water at Great Falls | Department '
G/S :

30. Analysis of W?tér of Institute of ASAT Aug. 1988 Data
Tiger Hill Site Demerara | -
Rive; Z : :

31, River Discharge at Saka | Ministry of Works and 1976 Data

' G/S : Hydraulics

32. River Discharge Great Ministry of Works and 1986 Data
Falls Hydraulics

33. Location of Potential GNRA Drawing
Hydropower Site

34, Demerara River Hydro- GNRA, Aluninium Jul. 1957 | Report
electric Investigations Laboratories Ltd.
Volume I, ITI, III, V

35. Guyana Power Study Draft | SWECO Oct. 19821 Report
Final Report Volume 2,
Future Facilities,
Hydropower Development

36. Guyana Power Study Final | SWECO Feb. 1983 ] Report
Report Volume: 3, Future
Facilities, Plates and
Appendices o

37. Detailed'Topo:Map of GNRA Map
Anarika

38. Diécharge Hydrograph at | GNRA ﬁrawing
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Date

_éRemaka

Power Development Survey
in Guyana for United
Natdions

No Title : ‘Author/Pgblishgr Pﬁblished
39. Hydroeletric Power MONENCO Apr. 1976 .Repoft'
-Survey of Guyana Final S i :
Report Volume 2 :
Appendices 1, 2, 3, 4, 5
40, Preliminary Repoft, Shawinigan Eng. Jul. 1967 Report
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