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ABSTRACT

This document records the result of MITRE participation in a
team effort to establish the technical basis for the preparation of
an invitation to bid for a 200 KW wood-fueled steam-electric genera-
tion plant at Yaviza, Panama. The document produced by the Panamanian
Agency, lnstituto de Recursos Hidraulicos y Electrificacion (IRHE)
is incorporated. It includes the plant description, fuel wood supply,
and major equipment specifications. Drawings show the schematic flow
diagram &nd the plot plan. Other team members were from IRHE and

an independent consultant.
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PREFACE

The MITRE Corporation participated in an effort, during July
1980, in which the Panamanian government agency responsible for
the country's electricity supply defined the design of a 200 KW
wood-fueled steam electric station. The station is to be located
in & forested rural area to replace an aging diesel-electric
generator. The design and construction project is to be funded
jointly by the Government of Panama through its agency, the Instituto
de Recursos llidraulicos y Electrification (IRHE) and by the Government
of the United States through its Agency for International Development
(ATD),

The basic concept emerged from a study of Paramanian alternative
energyv sources; this report concerns the documentation required to
enable the equipment procurement process to start. The documen-
tation is titled, "Implementation of the Wood-Fueled Steam—Electric
Generation Project at Yaviza,' jointly authored by Snrs. Benavides,
Mayta and Miller of IRHE, Consultant Robert Rellins and Charles Bliss
of The MITRE Corporation.

The following features in the documentation are significant:

o Alternative Systems. Two alternative systems are specified,

from which a choice is to be made. The first is a cycle
based on the use of lower pressure saturated steam as pro-
duced by « fire-tube steam generator. The second is a

higher pressure superheated steam as produced by a water-tube



steam generator. The choice will be influenced by a
comparison of capital cost and cycle efficiency differences.
It is likely that a third system will also be evaluated,
namely that involving the use of a steam engine rather

than a steam turbinec as the prime mover for the generator.
Greater maintenance requirements for the steam engine may
be the influential factor here.

Plant Location. An in-town location was arbitrarily speci-

fied; this will involve hauling the fuel logs about 5 km

by water, maintaining a substantial stockpile of fuel at
the plant location, and a significant consumption of
petroleum distillate fuel. Hence, there may be reasons to
reconsider the front-end plant design based on a relocation
at the forest reserve which is to supply the wood fuel

and the construction of a connecting transmission line.

Boiler Feedwater. The quality of boiler feedwater is a

significant, if not a critical, factor in assuring trouble-
free nperation. Boiler feedwater treatment technology is
complex and likely to be impractical to apply in a small
plant in a rural and remote location. Accordingly, a water
distillation unit is specified using off-peak steam from

the boiler as its energy supply. The only treatment required
then will be control of pH as specified by the boiler manu-

facturer,
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The report is reproduced on the following pages exactly as it
exlsts. The two working drawings are reproduced in much reduced
format basically for illustrative purposes. The readers who wish
to obtain readible copies for their own specific purposas should
apply directly to the Design Department of IRHE (Apartado 5285,
Panama 5, R.P.). Material in Appendix D is reproduced exactly
as generated except as noted on page D-1. The format is that of
working information for use in the preparation of a formal Invi-

tation to bid document.
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EXECUTIVE SUMMARY

The authors operated as a project team during the period 8-24
July 1980, and further defined the Yaviza wood-fueled steam elec-
tric project. This prcject is now ready for the process of eguip-
ment procurement to begin. The individual activities, required
by IRHE and AID standard practices, are defined in a project sche-
dule (Drawing number 1). The time requitrement for these activi-
ties, together with current cdelivery periods for the major equip-
ment components and those for the actual plant construction and
commissioning, show a project completion schedule of two years.
Accordingly, the earliest date for the first Yaviza plant opera-
tior is 1 August 1982.

Equipment procurement procedures for the Yaviza project dif-
fer from those usually Ffollowed by IRHE in their day-to-day activi-
ties. Normally, IRHE issues an invitation for bid based on a sin-
gle system completely enginecerad beforehand., The small size of the
plant, the high degree of sensitivity of the cycle efficiency to
clternative major ecuipment corponents, and the very limited indus-
trial cxperience background for the tvpe orf plant at its scale of
capacity, all indicate that biis received should be evaluated by
setting-up alternative systems for the plart design and evaluating
the costs and performance of each system against those for the
others. Equipment would then be specified and procured for the sSys-
tem selected.

The substitution of wood fuel for petroleum diesel oil as the
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energy supply to the Yaviza electricity grid appears so far to re-
duce the cost of the energy supply, but, the numher of plant ope-
rating staff will increase and the operating and maintenance efforts
will be a higher order of magnitude. Providing for the maintenance
and operational needs of the Yav.za steam-electric plant shou’4d be
undertaken at the time equipment purchase begins ‘as a special ef-
fort, and a high level of priority and resources should be assigned
te this.

Attention should be given to eliminating all petroleum (i.e.,
gasoline) consumption in connection with the supply of wood fuel.
Inspection of estimates of delivered wood fuel costs so far avai-
lable, indicate that gasoline costs alone represent ac least 15%
of the total delsvered cost of roundwood at the plant site. For
example mule power seems to be practical for use i1n the tree har-
vesting operations in place of sophisticated petroleum fuel con-
suming machinery. Also, storage-battery power electric motor dri-
ves for river craft may also be practical.

The scope of work assigned to the authors (Appendix A) has
been addressed as follows:

Preparation of IFB (Items 1, 2, 8)

The entire technical specifications section of the IFB has
been prepared and appears in the Report as Appendix D. The stand-
ardized content, taken f{rom a model IFB provided by IRHE, is abks-
tracted and inclnded in éraft form in this Appendix. A remaining
task, accordingly, is to rewrite and appropriately reorganize the

content to produce the finished IFB document. The discussion in
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this Report supporis the content in Appendix D. Simplification
of some of the content may be necessary because of the small size
of eguipment.

Non-technical IF'B Aspects (Items 3 and 8).

Discussion on non-technical aspects is reflected in the Re-
port in the formulation, organization, and explanation of the Pro-
ject Schedule (Chapter IIIL), and the guidelines for implementation
(Chapter 1V).

Potential U53/Panamanian BDidders (Item 4)

The list is presented in Appendix E. A draft of a letter is
available which, with the mailing list, permits securing cost es-
timates and technical inforration earlier than otherwise scheduled.

Maintenance Operational Training (Item 6)

L]

Aside from the cffort of procuring and constructing the plant,

N

the efforts to establish and implement maintenance practices and to
trawn opesating personnel arc vital and most important. These ef-

forts should begin at the time equipment is finally specified, about
May/June 1981.

Alternative types of wood fueled systems based on steam gene-
ration and turbo expansion arc discussed in the Report (Chapter
IT). Types based on stcam-encine drives are obsolete and ineffi-
cient (high wood consumption) because of inability to exhaust steam
uncder vacuum conditions. Types based on wood gasification and en-
gine drives apparently were originally ruled »>ut in the formulation
of the project.

Reference Materials (Item 7)

Some sources are the following:

Xv



- lequests for estimating data and brochures from
the list of vendors in Appendix E.

- Contacts with local business concerns interest-
ed in energy recovery from waste material.

- Enter TRHE's name on the mailing lis* for:
Morbark Industries Inc. (address in report)
monthly news letter "What's New in Total Chip
Harvzstinag".

- U.S. Embassy Commercial Section, in the library
(e.g., the latest edition of Thomas Register)
(Telephone 27-1777).

Knowledye Trans’ier (Item 5, 9)

The authors operated as a team in which full opportunity for
discussion and resolution of issues and problems existed. More-
over, all sections of the Report were reviewed and agreed upon
beforehand and changes were introduced in the drafting stage.
This tinal Report, accordingly, represents the product of the

joint effort among all the authors.

xvi



I. INTRODUCTION

The Government of Panama through iis Hydraulic Resources and
Electrification Institute (IRHE) operates an isolated electricity
supply and distribution sysiem at Yaviza Zn Darien Province. The
syctcen supplies three communities: Yaviza, El Real de Santa Marfa
and Pinogana; each distant from each other about five kilometers.
The electricity is generated by aqging diesel-electric sets, one ra-
ted at 135 kW and three others at 75 kW. Diesel-oil is supplied in
55-gallon drums which are manhandled and emptied by pumping into a
10,000 gallon storage tank. Sawmills in the area are not connected
to the vystem. The corly currently operating mi1ll uses direct-drive
dicsel enginas to provide power to the saws and planers. Alchough,
a petroleum refinery exists within the Republic of Panama, all cru-
de oil to supply 1l 1e impor=ed.

The Government of Panama has adopted 2 policy of developing al-
ternative cnergy sources, ane has aureed with the Agency for Inter-
national Development (AID) to cooperate ir a number of alternative
energy projects which have the objective of the installation of
demonstrazion facilitics emploving renewable sources of energy. One
such project is to install ot Yaviza, a wcod-fueled conventional
steam-turbinc clectricity generation planc which can ever.tually
replace the existing dicsel-engine facility,

Toward thas end AID commisioned a study b Robert Peck, a tropi-
cal forester, to evaluate the wocd resources in the Yaviza area

for the supply of the wood requirements of the prcjected plantgl)

From Page 2 - Footnote



The forester’s (1) report, dated 24 January 1980, concluded that:

~ resources of fuel wood in the Yaviza area can meet a daily

requirement of 6.4 tons of dry wood;

~ two sources of wood to meet such a requirement are sawmill

wastes and weed trees growing along the river banks; and

- for the longer term, an energy forest reserve should be

Created, and a program of tree farming should be established.
In addition, the forester suggested that a one-month minimum supply
of fuel wood be located at the power plant, and that the plant be
located on the Yaviza side of the river adjacent to the new agri-
cultural produce storage warehouse recently constructed by an agen-
cy of the Ministry of Agricultural Developnent (IMA) This loca-
tion is also adjacent to the town'sdrinking water treatment and
supply plant.

The wood supply function remains the responsibility of IRHE,
but the plan 1s to delegate the lanor supply anld management func-
tions involved to another agency of the Ministry of Agricultural
Development, the Direcccidn Nacional de Recursos Renovables (RENARE),
who has long-established labor supply relationships with the local
population.

IREE has studied the past and current pattern of electrici-
ty consumption for the Yaviza system, and has projected a 1990 de-

mand at 184 kW. Accordingly, the installed capacity of the wood-

(1) Subsequently, a broader scope study of the forest resources
of Darien wvrovince by Per Christiansen, provided to RENARE
by FAO, included corrchorative findings relevant to wood
supply .o the Yaviza steam-electric project.,



fired installation has been selected to be 200 kW.

The present purpose is to continue from the results so far achlieved
through to the next further step which is to assemble the infcrma-
tion, evaluate the content, and specify the equipment and services
so that IPHE can establish and publish the invitations to bid (IFB)
for the supply of equipment and construction of the piLainr. The
precise activities involved are specified in Appendix A. For this
purpose, AID supplied the services of authors Bliss and Rollins and
IRHE the services of authors Benavides, Mavta and Miller. The ne-
cessary work was undertaken as a team effort and was accomplished
during the period 8-24 July 1980. Appendix B is a chronological
account of the specific activities in which the team engaced during
this period. The discussion in the report is organiz-:d by Chapters
and the details are presented as appendices.

Chapter LI addresses details “n the project concept, and developes
the basis for the schematic drawing and plant plot plan. Project
implementatiron, which develorss project scnedule and the basis for
the technical irnformation in the IFB, is discussed in Chapter III.
Tmplementation gurdelines arce presented irn Chapter IV. These guide-
lines offer suggestions for carrying out the critical tasks speci-
fied in the censtruction schcodule and for the ultimate operation

of the projcct.



II. CONCEPT OF PROJECT

The objectives in this Chapter are:
- To record the features of the project as *they existed at
the time the work reported here beganx.
- To discuss changes that arose from the work, including the
rationale that supports these changes,
- To present the technical plant design in schematic form both
as a flow diagram and as preliminarv plan arrangement of the

equipment components and fuelwood handling facilities, and

To discuss the environmental emissions.
The discussion in this Chapter is divided 2s to economic aspects,
fuelwood supply, technical plant design, ané environmental emissions.

A. ECONOMTIC ASPRCTS

The economic aspects of interest are the project size, its ca-
pital cost, and the savings between (1) the foreign exchange
cost of the petrolcum fuel driving the present diesel-electr.c
units and (2) the domestic cost of collecting, transporting,
handling, and preparing :che wood fuel rcguirerment of the plant.
Converting a foreign excrange expense to a localized e¥pense
generates new local emploment and corrsesponding economic
growth. This henefit is obvious and 15 not further addressed
here, since sccuring it is no doubt the rationale for adopting
the project in the first olace.

1. Project Sizce

The size of the project is stated i1n the AID Panama
Project Paper on Alternative Energy Sources (page 22) as
120 kW. In carly 1980, a brief szudv by IRIE of the futu-
re growth of demand,based on pas: demand experiences for the

-4 -



Yaviza distribution network,produced a projected daily
average demand in 1990 of 184 k. Curzently peak demand
occurs about 7-8 P.). and is about 140 xW. Average de-
mand on Mav 10, 1980 reached a high of 97 kW.

IRHE projectec demand by discounting 1970-1920
growth, which averaged annually about 27%, to an 1980-
1990 averaged growth rate of 2.7% They attributed the
high growth rate to non-recurring factors. It apoears
that this projection of averara demanéd caused
an increase in the project size from 120 kW to 200 kW,
and this is the installed capacity upon which the designs
and specifications resultinc from current work are based.
Since the project 1s conceived as a demonstration project
and is acdequately sized to meet current dermand, wz belie-

ve that the 200 kW 1s ap

ke
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[
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Nevertheless, certain
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al cdevelopments in e~
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lectricity demand are aprarenc, which could affect IRHI's

statistical projection significantly and which should be

at least noted. These are the Zollowving:

= One source of fuelwood 1s zlannad to be the wasce

produced in the Doncella sawmili. The power for
this mill is now mechanicallv sioolied by diesel
engines. At the 10 Z/ki¥h charce now made by IR:HE
in the Yaviza area, electricitv would be signiZi-
cantly less costly to the sawmil’® operator. At a
delivered cost of $1.25 par gallon, for diesel
fuel and assuming that his diesel equipment 1Is

17% efficient (which is the efficiency of the Ya-
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viza diesel-electric plant), the equivalent po-
wer cost from the diesel fuel tq the sawmill ope-
rator 1s about 16.7 Z/kWh. Connection of the
Doncella load to the Yaviza plant, as well as tho-
se of other sawmills in the area, if the necessa-
ry transmission line were built, could be a signi-
ficant increase in the day-time load of the pro-
jected wood-fueled steam-electric plant.

IRHE's Department of Isolated Power Plants has un-
der consideration the '.nking of many communities
in Darien Province, including La Palma, the pro-
vincial capital, into one transmission ¢rid and the
closing down of the very small isolated generating
stations. The projected plant at Yaviza could
serve such a network with a greater utilization
of 1ts installed capacite.

According to RLNARE, some consideration is being
given to vhe construction of a nlywood mill in the
Yaviza area. Plywood manufacture could offer a
large steadr eclectrical load, if the factory were
to be scrced from Yaviza. On the other hand, it
could also .“icr an olternative market for Don-
cella's waste wood, and thereby place a price

on this fucl source.

Because of this apparent pocential for load growth which

is not considered in a statistical projection of demand,

the physical layout of the Yaviza plant provides space

for future expansion of capacity by the installation of

- 6 -



a second unit.

Capital Cost

A recent estimate of the capital cost of the Yaviza
plent appears on page 11 of Annex 1 to the Project Grant
Agreement between th= Republic of Panama and the United
States, dated August 2%, 1979, as a total of $450,000.
This includes the costs of construction, technical assis-
tance and training, and the first year of operation. The
estimate 1s now one-year old in an inflationary cra. More-
over, as vill be apnarent below, the details of the plant
design have been modified.

At the small-scale of the equipment sizes which the
prorect calle for, 2nd with the high degree of sensitivi-
ty of reqguired cguionrent sizes (particularly the steam
generator and wood sunply facilities) to turbo-generator
efficiency, proeparing a capital cost estimate at this ti-
me could bo misleacir~1v high cr low. The carliest dace
when a recalistic co-t cstirata can be prepared appears,
from the project ohedule prescented in Chapter IV, to be
about January/Uebruary 1981, when the ecquipment selections
will be better defined.

Projectoed Savinas

In the AID Panena 2rcject Pacer - Alternative Energ:y
Sources, Page 1 ol Arnex H-4, the cost of diesel fuel
at Yaviza in 178 per gallon is given as $0.5501. The

current (July 1980, cost is $1.2286 per gallon. Using

ciency for the dicscl-electric gererator of 179, the

- 7 -



cost of fuel per kWh generated is (125) (3413)/(150000)
(0.17) = 16.73 ¢.

No definitive cost estimate of chipped fuel-wood
at the steam-generator burner feed location has yet been
made, but an idea can be obtained by assembling data ex-
tracted from reports by the FAO (Per Christiansen, March
1980) and by AID (Robert B. Peck, January 1980).

Christiansen, pages 39 and 40, gives a cost of
B/.10.50 per cubic meter of roundwood delivered to Yaviza
by road. Peck, pages 28 and 29, gives a cost of $27200
per year at an averagz 17.5 m3/day production delivered
to Yaviza by water and an annual cost of B/.14000 for the
river craft, gasoline, and maintenance (l). The total is
B/41,200, or (41,200)/(365) (17.5) = B/.6.45 per cubic
meter. Using an average price ¢f 0.5 (6.45 + 10.50) =

B/.8.48, a density of 40 lbs/cubic foot, and heating value

of 7250000 Btu/tonne, the cost cf fuel-wood delivered at the

plant dock is

(8.48) (2204) (1000000) = B/. 1.83/million Btu.
(35.31) (40) (7250000)
(1) In this figure, Peck armortizes the capital equip-

ment (cances and engines) in one year while allow-
wing $2000 for mainternance at the same time. This

appears to be a highly conservative approach.


http:B/.10.50

If the cycle thermal efficiency (determined below)
is 7.97%, then the cost of wood is B/.1,83 (3413)/(0.0797)
(1000 000) or B/. 0.0788 per kwh.
The difference between current diesel oil cost per kWh
generated and the projected wood cost per kWh (remembering
tha. the c¢xtra cost of wood handling and chipping is yet
to be accomodated) is 16.73 - 7.88 or 8.85 Z/kWh. Total
savings, of course, will depend on the guantity of future
generated clectrical energy, after allowing for the fixed
and variable costs of round-wood handling and chipping,

and on wvhether definitive cost estimates made, when suffi-

cient design data are available, support the estimate above.

FUELWOOD SUPPIY

The power plant has three sources of fuelwood available
to it, two of which are immediate supplics, and one a future
supply. The immediate supplies arce the scrapwood gencrated
by the sawmi1l at boncclia, about 5 km. downstream from Yavi-
za, and the narvesting of weed treos in a forest reserve of
800 hcectares which RENARD has set aside for the future supply
of the Yavisa power plant. It is possible that weed trees lo-
cated outside the reserve may also be harvested.

The future supply will be assurci by planting trees of
the luecuena species, in the forest reserve, which, on the ba-
sis of a six-yecar rotation cycle, are expected to reach a size
of 15 cm. in diameter and 10-12 meters in length.

The concern to be addressed here is the fuel wood supply
in the first few years of plant operation. According to Peck,
page 3, the boiler fuel wood requirement is taken at 6.4 tons

- 9 -



of dry wood per day, or in terms of the units used in this
report, 12.8 tons of wet wood per day. As shown below, the
rojected consumption of fuelwood at full design capacity of
the plant is 28.34 tonnes per day. At current average plant
capacity, the wet wood reguirement is about (90) (28.34)/(200)
or 12.75 tons/day, about equal to Peck's estimate.

Peck's observed (pace 9) that the Doncella sawmill bur-
ned about 300 cubic meters of scrap wood weeklv when the mill
fully operated. During our visit, the saw was not operating
(therc was no reserve of logs at the plant). Only the planer
was operating on the routh planks from previous sawing opera-
tions, which had been sticked in the sun to dry. The pile of
unburned waste was small.

At an average bulk censity of 20 lbs/cubic foot, 300 cu-
bic meters weekly is a producticon of (300) (35.31) (20)/(2204)
(7) = 13.73 tonnes/day, adequate for the initial need of the
plant. But, it is clear from observation during out visit,
that the waste wood mav not be available in the required quan-
tity constantly througho.t the year. The Yaviza plant should
therefore have an alternstive source of fuel-wood.

5 £

With respect to the harvesting of weed trees, we discus-
sed with RENARE a requirement of 398 trees per day, assuming
an averago trunk drametes of 6 inches and length of 16 feet.
This numbcr is eguivalerz to the fueluood tcnnage (28.34) re-
quired to opcrate the plant at full capacity continuously. In
RENAPE's opinion, obteiring this number poses no problem du-
ring the initial six year period, while the enerqgy plantation

is being cstablished in the forest reserve. Morcover, it is
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unlikely that this cuantity will actually be required.

One further, but minor, source of fuelwood is the nume-
rous weathered logs floating in the rivers surrounding Yavi-
za. These logs represent a navigation hazard to small river
crafit, particularly, to the outboard engines. IRHE, in the
cublic interest, could oZfer to purchase such logs at the plant
Gate to a price formula attractive to the local teen~-age male
population, who could earn an income while at the same time
clearing the rivers. The number of logs purchased this way
should be limited to avoid abuse by unauthorized cutting in
the forests. Also, freshly cut logs from such a source should
be recadily identifiable and easily rejected.

TECHNICAL PLANT DLESIGYN

el

Appendix C contains a descriptions of the technical plant de-
sign and operation, a prcliminary schematic diagranm showing ma-
terial flows and equipment components, and a preliminary plot
plan or the c<quipment corponents to establish the approximate
dimensions of the recuirad site. The discussion in this sec-
tion focusses on the tocnical factors which determined the

information content of Zooendix C.

1. Turb.ine Stcam Pato
The single sost 1mrocrtant technical factor in the plant
design 1s the stean rate required by the turbine, i.e.,

pounds of steam re-uired per kWh of generated electrici-
ty. Sclections from three small-turbine manufacturers

using the previousl: established inlet steam pressure of
250 psig with zero supervheat and an exhaust pressure of

4 inches of mercur: o sclute as stated in the AID Pana-



ma Project Paper on Alternative Energy Sources (page 3
of Annex 6), produced the selection of turbines shown
in Table 1.

In addition, the turbine manufacturers individually
suggested a turbire speed of 5000 RPM with about a three
to one gear reduction to match the generator operating
at 1800 RPM.

Steam Quality

An arca of caution, fully supported by the turbine manu-
facturers concerned a rigid recuirement that steam quali-
ty exceced a minimum of 97% (3% maximum water droplet con-
tent) to avoid excessive erosion of the turbine wheel.

Turbine S>lection Basis

Turbodyne provided information for their unit 30052W
which would operate at inlet conditions of 350 psig with
190°F of supcerheat and at an exhaust pressure of 4 in-
ches Hg. The steam rate is 22.6 lbs/kWh. Erosion pro-
blems are obviously avoided when the steam 1s superheated.
We chose the Turbodyne 30052% as a basis for the plant
design, and accordingly, the irlet pressurce of 350 psig

at the turbine and a stoam sunerheat of 190°F above sa-
turation temperature. These corditions determine the
steam generator design and th2 calculations in Table 2.

Fuel Wood Requirement

On the basis of the turbine selected, the fuclwood re-
quirement at ratoed capacity, continuously operating, is

28.34 tonnes/day. The overall cycle efficiency from fuel-
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TABLE 1

TURBINE STEAMM RATES, LB/KWH

TURBINE SPEED

MANUFACTURER 3600 RPM 5400 RPM
Elliot

Type CYR 33 26
Tvpe DYR 28 24
Terry 30-35 26

Worthington (Turbodyne)

Type 30051 - 26.35

(at 5000 R=»r:)

Source: Turbine manufacturec's suggestions using 200 kW capacity,
250 psig inlet pressure dry caturated steam, and 4 inches
Hg exhaust pressure,
(follows Page 12)
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TABLE 2

CALCULATION OF WOOD REQUIREMENT BASED OM MANUFACTURER

(TURBODYNE) SUPPLIED PERFORMANCE DATA

Inlet Steam Conditions 350 psig, 190°F Superheat
(626°F Total Tenperature)

Outiet Conditions (Steam) 4" Hg. abs.

Turbine Speed - 5000 RrPM

Turkine steam rate is 22.6 1bs/kWh

200 x 22.6

]

4520 lbs/hr.

4520 (1325 - 94) = 5,564,000 Btu/hr.

Wood Fuel Requirement

Boiler Efficiency (50% moisture wood chips) = 65%
Wood Heating value = 7250 000 Btu/tonne (wet)

_(5564000) (24) = 28.34 tonnes/day (wet)
(0.65) (7250000)

No. of trees harvested/day (rated capacity)
: 3
\ e 7
Assume (a) Wood dersity 50 1b/ft
(b) Avcrage dimensions 6" @ x 16' long

)
Weight of tree 77 (0.5)7 x 16 x 50 = 157 lbs/tree
4

No. of trees (28.34) (2204) /157 = 398

Efficiency of Power Generation Cycle (Wood Fuel to Generator

Terminal)
5564000 = 42800 Btu/kWh, or 3413 x 100 = 7.97%
(0.65) 200 42800

(follows page 12 and Table 1)
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wood to generator terminals) is accordingly 7.97%.

Comparison of Water and Fire Tube Boiler Design

Small, less than 10,000 lbs/hr, water-tube steam genera-
tors are available to suic the pressure and superheat
conditions upon which the calculati..ns in Table 2 are
based. A list is included in Appendix E.
In summary, both water~tube and fire-tube boilers are
available in the capacity desired. The water-tube design
offers higher pressure steam than the fire-tube decign
and the supply of suverheat in the steam. This is the type
of boiler which can be built in lavger sizes almost with-
out limit, which is an advantage ii the Yaviza plant should
become a prototype from which larger capacity units would
be built in future vears. Moreover, because of the lower
quantity of resident boiling water in the water-tube de-
sign, it is a "safer" unit to operate. Fire-tube boilers,
on the other hand are likely to be less expensive, but
with lower steam prossures and cycle efficiency, wood re-
quirements will be higher. Also, more attention will ha-
ve to be paid to limiting the wetress (water droplets)
in the stoam to the allowable level.

The specifications for the steam ¢ereration equip-
ment in Appendix D are written to allow both the water-
tube and firc-tube types to be offered.

Feed Watcer Quality

The quality, o. purity, of boiler feed water is a criti-

cal factor. Dissolvad impurities can cause tube corro-
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sion by an acidic reaction, pH less cthan 7.0, and also
can form deposits on tube surfaces which raise tube tem-
peratures and promote mechanical failures. Boiler feed
water treatment by chemical additives and/or ion exchange
must be carefully done and water quality continuously mo-
nitored. Because of the remote location of the power
plant and its small size, we decided to use distilled wa-
ter and left it to the manufacturer to recommend an addi-
tive, if necessary in his opinion to maintain alkalinity
in the feed water (pH above 7.0).

Drying PFucl Wood

The nominal moisture content of chips from green wood is
Cxpected to be about 50%, whether made from logs or from
Doncella waste. The effect of this moisture content is
to lower the thermal efficiency of steam generator. 1In
the case of the water tube design at 5000 lbs/hr genera-
ting capacity, the thermal efficiency drops from about
77-82% net at 5-107 moisture content to 65-68% net for
green wood. If fuelwood were to he dried, additional
wood would have to be burned to supply the necessary heat,
the heat in the stack gases being insufficient for this
purpose. Moreover, the complexity of the plant would
increase because of the operation of an additional piece
of equipuent. Accordingly, the piant design omits the
drying overation as not Justified by the bencfits.

If, during the wet season, the water content of the

fuelwood chips becores excessive, the fire can become
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unstable. Therefore, a steam coil is installed in the
combustion air duct-work to preheat thg combustion air
to about 150°7. Air preheat then will stabilize the
flames and prevent loss of combustion.

ENVIRONMENTAL EMISSIONS

The replacement of the present diesel-electiic station by a
wood~fired steam thermal station will change the type and ex-
tent of emissions presently experienced at Yaviza. The size
of the steam generator in the station is considerably smaller
than the minimum size of steam generators now regulated in
the U.S. by the Environmental Protection Agency. The minimum
size 1s a heat input of 250 million Btu/hr, about 25 times
larger than the Yaviza unit.

1. Sulfur Dioxides

The sulfur content of diesel fuel depends on ‘the sulfur
content of the source of crude o0il used in the refinery
and the extent to which desulfurization of product frac-
tions is practiced in the refinery processing. All sul-
fur in the diesel fuel consumed is discharged to the
atmosphere as sulfur dioxide. A similar situation will
exXist for the thermal power plant. Any sulfur content
in the fuelwood wiil be discharged to the atmosphere as
sulfur dioxide. A cuantitative comparison can readily
be made once typical sulfur contents of fuelwood and die-
sel oil are known.

2. Nitrogen Oxides

The sources of this pollution are the nitrogen in the
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fuel and the nitrogen in the combustion air. The fuel
nitrogen is the first to react and wilt probably entire-
ly appear as nitrogen oxide enmissions. Prediction can be
made by analyvsis of the nitrocer content of the fuelwood.

The extent to which the nictrogen in the air will
react with oxygen waepends on temperature distribution
characteristics of the fuel combustion equipment and the
kKinetics of the chemical reaction between nitrogen and
oxygen that can occur within the temperature distribution
pattern. The nitrogen oxide content of the present diesel
exhaust gases can certainly be readily measured. For the
thermal plant, measurement canp he made only after opera-
tion; although the boiler manufacturer can empirically
design the fuelwood burning system to promise reduce@d
nitrogen-oxide formation.

Particulates

Particulates appear i1n the diesel exhaust gases, par-
ticularly on load changes, as subnicron pacrticles of un-
burned carbon which may contain decomposition hydroca»-
bons of a complex nature. The TPA 1n the U.S. is curren-
ly concerned with potential har—rful health effects, sirce
the submicron particles readily reach the lungs in the
breathing process and the hydrocarbon content is thought
to be carcinogen.c.

Current research work has not vet produced conclusions
that justify reqgulation.

More fully burned particulates will discharged from
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the thermal station stack to the extent they are not
captured by the separator provicded in the ductwork of the
steam generator. The extent of emission unquestionably
will be less than the particulate emissions from the open
burning of waste wood now practiced at the Doncella saw-
mill, a practice which capr disapcear when the thermal sta-

tion operates.

. Othe Sources

A solid ash residue will be produced in the thermal
station, a type of emission source which does not exist
in the present diesel plant; coarse ash from the burn-
er grate of the steam generator and fine ash from the
dust separator in the flue to the stack.

The ash can be disposed of in an area selected for
the purpose. The ash can be used as « soll conditioner,
but only a relatively small cuantity will be produced.
By use of Doncella waste wood, the ash residues at the
sawmill can be eliminated.

Noise levels at the therral station should be con-
siderabiy less than present noise levels at the diesel-
electric station.

The eccological implications of weed wood harvesting
and of the deliberate growth of trees as an energy resour-
ce 1n a dedicated plantation are assumed to have been e-
valuated with a positive conclusicn at the time the de-
cision to build a wood-fired steam-electric station at

Yaviza was taken,



IIT PROJECT IMPLEMENTATION

Project implementat:ion comprises thirteen scheduled tasks which are
to be undertaken by IRHE personnel and two tasks, namely (a) the
interim supply of roundwood from weed tree harvesting and (b) the
ultimate supply of roundwood from an encrgy plantation, botn of which
are to be undertaken by RENARE on IRHE's behalf. The interrelation-
ships among the thirteen IRHE tasks and the time reguired for their
accomplishment are shown on Drawing No. 1. Based on the standarized
practices of the IRHE organization and on current delivery schedu-
les for manufactured equipment, the total time to bring the projec-
ted steam-electric power station at Yaviza into operation is 24
months. Accordingly, with a 1 August 1980 starting date, the pla-at
should be recady for operation on 1 August 1982,

Al RENARE 'TASK

The details of the RENARE task are to to be covered by a written
agreement between RENARE and IRHE, which is currently being negotia-
ted. This agrecement provides for the ultimate dedication of an
arca of 800 huctares as a forest reserve to supply the ultimate
fuslwood needs of the Yaviza station. Of this reserve, 200 hec-
tares will be worked immediacely. The reserve is located upstream
of Yaviza on the Ric Chucunague, justL upstream of its junction with
the Rfio Tupisa, on both shores extending perpendicularly to the ri-
ver axis. The agreement provides for IRHE to pay stated costs

and for RENARD to manage the efforts and labor involved to bring
the roundwood supply to the power plant dock ready for unloading.

Accordingly, on the basis of estimates of wood requirement
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presented above, the maximum physical capacity to be planned for
by RENARE is a continuous daily supply of 28 tons of roundwood,
initially by the harvesting of weed trees and eventually by the
harvesting of trees from an energy plantation, Actual consumption
of the power plant in the early years will be considerably smaller.

Since the plan is to acguire a wood chipper capable of accep-
ting a maximum log diameter of 6 inches (15 cm.), the harvesting
diameter projected for a 6-year growth of the luecuena tree species
selected for the plantation, a saw installation at the plant will
be needed to reduce over-size logs along the longitudinal axis to
an acceptable cross section, should the diameter of the weed trees
require tanis.

RENARE's activities should be planned to establish a 30-day
stockpile at the plant by 31 July 1982.

B. IRHE'S SCHEDULLD TASKS

IRHE's taskas are two types, the administrative tasks which are re-
quired tc cnable the procurement of equipment and the construction
tasks required to cnable the erection of the plant.

1. Administrative Tasks

The administrative tasks are shown in the schedule (Drawing No. 1),
as tasks 4 through 9 inclusive. Their accomplishment by the stan-
darized IRHE procedures is estimated to recuire a toutal of 10-11
months. The ecarliest date for prevaring a definitive capital cost
estimate for the cntire project, a definition of the operating cost,
and an estimate of bus-bar clectricity cost will occur during the
evaluation of bids rcceived (task 8), that is, during February/

March 1981. However, the preparation of a cost estimate will be



unofficially undertaken in parallel with the task to prepare the
technical information for bids (task 4), during August/September
1980. For this purpose, the authors prepared a sample form letter.

2. Construction Tasks

The construction tasks are of two types: those pertaining to the
acquisition and the improvement of the site (tasks 1, 2 and 3); and
those pertaining to the procurement and erection of the eguipment
(tasks 10, 11, 12 and 13).

It is clear that the allocation of responsibility, and delegation
of authority, to the project nanager snould consider either (a) en-
compassing both the administrative and the construction tasks in
one person; or (D) ensuring a smoolh and effective transition,
about June 1981, from the person discharging the administrative
responsibility and the person discharging the construction respon-
sibility. 1n any ¢vent, the activities of RENARE under the RENARE/
IRHE agreement should be monitored to assure that a relieble wood
supply is available to the plant at the lcwest practical cost upon
its completion and during its operation.

C. TECHNICAL INFORMATION FOR PREZARATICN OF INVITATION FOR BID

Technical information fo1 preparation of <he technical specifica-
tions section of the information for bic \IFB), which is the acti-
vity to be undertaken in Task 4, 1s contaired in Appendix D of
this Report.
The technical information incorporates the following:
-~ the technical specifications for the equipment comprising
the Yaviza woodfueled steam-electric plant, and

- general information recuired by IPHE practices applicable to



the supply of the equipment.

The technical specifications are developed from the plant design
factors discussed above and from the description of the plant con-
tained in Appendix C. The general information 1staken from a pre-
vious IRHE invitation for bid, which was adopted for use as a model.
The model used was the technical specifications section of the In-
vitation for Bid, issued for the San Francisco de la Caleta, Panama-
City - Extension of the Therwal Power Plant, dated June 1973.

Appendix D is presented in draft form. The reason is that the
paragraphs to be extracted from the model IFB are rcferred to rather
than copied,as time did not permit furthew effort. Instead, the re-
levant pages of the model IFB with the markings are duplicated and
appear immediately following Appendix D. Accordirgly, once Appern-
dix D is modified by copying into it the paragraphs referred to, and
the applicability confirmed, the complete technical specifications

section of the ITB for the Yaviza project will exist.



Iv IMPLEMENTATION GUIDELINES

The objective in this Chapter is to provide technical and adminis-
trative judgments and opinions on the topics headed below, for use
at the appropriate time in the execution of the various tasks deli-
neated i1n the Tentative Project Schedule (Drawing No. 1).

A, USE OF THE MODEL IFB

In the review of a copy of the Technical Specification for the San
Francisco de la Caleta Panana City - Extension of the Trermal Power
Plant (used as a model for the type of IFB to be prepared by tine
IRHE project manager in order to solicit bids for the equipment
items comprising the Yaviza Woodfueled Steam-Tlectric Station) the
authors found 1t to represent a conpletely engineered station desigp.

On the other hand, the rresent effort to prepare technical
specifications for the Yaviza IFB represents only the conceptual
design engincering portion of the work. The presently drafted IFB
technical specifications in (\ppendix D)mav be issued to interested
bidders who will submit prices and descrintions of the equipment
they manufacturce, which may be considered for the Yaviza plant. As
discussed below in Section B, the Yaviza troject team must study
the bids reccived, and select a suitable combination of equipment
meeting the basic requirements and having economic or technical
advantages over the other equipment offered. From this selection,
a technical specification for purchase mav be prepared.

The functional differcrcae Loteen the Model TR and the Yaviza TFBR should
be continuously kept in view during the course of the project ac-

tivities. Moreover, when pPreparing the legal section of the iFrB,



for Yaviza, the legal requirenments specified in Chapter 3, Procu-
rement of Equipment and Materials (AID Handbook 11 - Country Con-
tracting) must be incorporated along with relevant legal require-
ments of IRHED.

B. BID EVALUATION ASPECTS

The discussion in this section i3 relevant to the activities iun

Task 8, which is scheduled to occur during January through April
1981.

The basis ror the discussion 1s an assumption that the response to
the publication of the Yaviza Invitaticn to Bid, which is the result
of Task 6 in the schedule, is voluminous.

1. Section of Alternatives

Two alternatives are apparent at this time. Other may be identi-
fied during the cvaluation of bids. One is the use of firetube boi-
ler at the maximum practical generation pvressure and zero super-
heat. The other is the use of a vatertube boiler at higher levels
of pressure and a specified level of steam superneat. Fach of
these alternatives support a different selection of steam turbine
and will require more or less fuelwood with resulting differences
in steam generacion capacity. Accordaingly, conparison of indivi-
dual eqguipment 1tems across systeirs will he illogical.

Lach system must be studied individually, and the combined
effect of the performance and cost of the equipment of that svs-
tem compared to tho alternative system.

2. Evaluation as a System

In system cevaluation, the components and their performances which

are specific to the system, are identified. Their costs are lis-



ted and summarized and the performance of the entire system esti-
mated in terms of cycle efficiency, fuelwood requirement, operatirg
and maintenance manpower, land requirement, and other factors which
may appear useful. Two cost fiqures are then estimated for the sys-
tem: (1) the capital cost of the plant readvy to op:zrate; and (2)
the generation cost of electricity at the bus bar. These data are
estimated for each system identificd.

3. Comparisons of Intangibles

Certain aspucts of cach system evaluated will be intangible. Exam-
ples are: (1) the safety aspects of a lower-pressure firetube boi-
ler versus a highe--pressure watertube boiler in the event of mis-
operation of the relicetf valves: (2) the greater attention that needs
to be paid to feedwater quality in the case of watertube boilers;
and (3) th2 grcate: probabilicy with a firetube boiler of damage

to the turbine should cxcessive water be present in the high-pres-
sure steam.

Such intangible factors would have to be welghed qualitatively and
subjectively in order to judge the attractiveness and acceptabili-
ty of the leacst cost system.

4, Presentation of Scolection

A selection ol o system shoa'd be made and recommended to IRHE ma-~
nagement, togcethoer with the cvaluations o all systems considered,
a statement of the intangible factors and their treatment, and the
rationale for the rocommendation.

C. SPECTIICATTON OF AUXILIARY DOUIPMENT

The auxiliary equipment comprises the feedwater pump, miscellaneous

transfer pumps, the feedwater dearcator tank, various storage tanks,



power saw for reducing oversize logs longibxﬁnaLhz and other items
shown, or not shown (such as maintenance tools), on the flow dia-
gram in Appendix C, or which may be introduced by the bidders. The
costs of these items will have been estimated approximately, but on
A consistent basis, when the alternative systems were compared.

Once the recommended system has been selected, the detailed and
formal specifications for the auxiliary equipment for this system
have to be established to enable procurement when the system selec-
tion is officially approved.

A useful procedure for the task of identifying and specifying the
auxiliary equipment is to involve the prospective plant manager

and to solicit his views as the responsible person to assure relia-
ble operation.

D. FINAL PLANT DESTIGN

As soon as it appears tha* the recommended selection will be appro-
ved, the final plant design can begin. This is task 11 in the
Tentative Project Schedule. The two pParts to this task are the

civil works and the equipment integration.

1. Civil Vorks

Because of the intense rainv season at Yaviza during the final
months of the year, all areas should be sheltered beginning with
the roundwood storage.

Except for the *turbo-cenerator/condenser package, shelters may be
open sicded with sufficient roof overhang to protect reasonably
against a driving rain. Construction may be of local materials
(such as those observed during the visit to the Doncella sawmill) :
but,arounéd the boiler and turbo-generator construction should be

firerroof.



All working areas should have corncrete or wood floors suffi-
ciently elevated above grade to avoid flodding. Others should be
graded and provided with adeguately sized drains to avoid water
accurnmulation in pools.

Tne design of the dock should provide for a rise and fall of
level of the river which could exceed 15 feet at times, and the
prospect that excessive erosion of the river bank can occur because
of the rapid river current.

If it is determined that the plot width should be reduced (see no-
te 1 on the plot plan drawing), the stacked height of logs may be
increased to reduce width.

In this event, labor and equipment needs should be reviewed to as-
sure efficient and effective log handling.

2. Equipment Inteqgration

Equipment integration will show the piping and electrical wiring
requirements, the control panel layout to permit centralized ob-
servation and corre~tion of operating conditions, insulation of
live steam lines, interconnection of -7ntrol valves and sensing
devices, painting for corrosion prevertion, valves, vents and
drains, and other such items to produce a finished plant. The
final eunipment locations will enable firal foundation drawings
to be prepared.

E. INTEGRATTON OF NEW PLANT WITH EXISTING FLANT AND TRANSMISSION

SYSTEM
We understand that TRHE operztions now have plans to relocate the
existing 135 kW diesel electric generator to the original power
house on the Yaviza side of the river as a means of reducing the

cost of delivering diesel fuel. At the same time the Yaviza steam
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electric plant design also provides space in the plot plan for the
relocation of the 135 kW unit as standby and for start up purposes.
It would seem that any current relocation plan should be reconsi-
dered cto avoid unnecessary expense.

In any event, the electrical interconnection between the projected
and axzisting plant with respect to the transmission line should be
designad and should provide for control of load sharing between the
two ¢enerating units to any extent from zero to 100% to 100% to ze-
ro.

£, PLANT MAINTENANCE ASPECTS

The Yaviza steam-elcctric plant will require paying serious atten-
tion to preventive maintonance, especilally because of its remote
location and sensitivity of equipment to naw tactors, such as water
quality, that do not apply as seriously to diesel-electric instal-
lations. Maintcrance in gencral in the Yaviza area can be a se-
rious problem. TFor example, during the visit to Yaviza, the trans-
fer pump for the drinking water system between the settling tank
and the storage tank was disassembled, and avparently inoperable
for a long period judging from the accummulation of cobwebs in the
storage building for the treating chemicals.
As soon as the cquipment specifications are Xnown, at the time task
10 begins (June 1981), a maintenance practice for the Yaviza steam-
electric plant, which assures reliable operation, should be formu-
lated and officially adopted.

Inadequate maintenance could, without justifi:cation, mar the
potential success of the Yaviza installation as a demonstraticn of

petroleum fuel substitution bv a renewable energy source.
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G. OPERATIONAL ASPECYS

A larger operating force
than for a

cern himself mostly with

diesel-electric plant.

is required for a steam-electric plant,
The shift supervisor would con-

the operation of the turbo-generator-con-

denser parckage, while the second operator would concern himself
primarly with the steam generator and fuel suoply beginning with
the operation of the Day Storage Silo.

The day shift would be concerned with log receipt, handling, chip-
The

ping, and maintaining the supply of chips in the storage silo.

supply of logs to the plant prer is the responsibility of RENARE.

H. FUTURE LOAD-CROWTH STIMULATION

Given & successful demonstration of the Yaviza steam—electric

plant and a favorable cost experience, IRIHE could find it actrac-

tive to stimulare load-growth deliberately to utilize the full ins-

talled capacity of the plant. At such a tirme, the following sug-

gestions may be appropriate.

1.

Convaersion of Dhomestic Avnliances

A significant usc of pctroleum products ocoars i1 the service area

of the Yaviza plant as ligquified petroleum cas for domestlic cook-

=

ing and as kerosene for fueling refrigerators. Conversion to elec-

tric cooking and to conventicnal electric refrigeration would seem

to be in the national interest, at least, if not in IRHE's direct

interest from an income and capital return zoint of view.

2. Servicing the Doncella Saw Mill

The need for power at the Doncella Sawmill avoears about equal to
present average demand on the existing Yaviza power plant. The
new unit could readily handle this load. At the current tariff for

electricity, the sawmill could realize a significant energy sa-
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ving which they might be willing to use in part to help pay the
cost of the transmission line. Also, receiving electricity from
Yaviza would give the sawmill operator a vested interest in sup-
plying his waste wood as fuel, and he mijynt conceivably he willing
to load waste aboard IRHE's or RENARE's river craft.

3. Interconnnection of Isolated Networks

One objective of interconnecting the isolated networks of Darien
province is to eliminate the very small isolated diesel electric
generators.

Such interconnection wculd enable the Yaviza station to utilize

surplus 1nstalled capacity to service a larger area.
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APPENDIX A

SZOPE OF WORK

Background

The Water Resources and Electrification Institute (IRHE) has se-
lected Yaviza, Darien as the site to construct a wood-fired, steam
boiler turbine electric system to provide approximately 200 kW to
the communities of Yaviza, Pinogana and El Real. The goal of IRHE
1s to replace an existing, aging diesel system with cne that helps
alleviate Panama's dependence on imported petroleum.

The equipment of the proposec plant will consist of a boiler, tur-
bine, alternator, and auxiliary equipment related to drying, stora-
ge, and chipping of the wood.

Tasks

1. Select equipment components necessary to result in a totally

functioning system. Ecuipment wili be of U.S. or Panamanian

origin. Task*wWi i1 include the preparation of a detailed equip-

ment schematic,

2. Preparc technical specifications and verformance standards that

will represent a section of the IFB for equipment and techni-
nical assistance.

3. Advise IRIHL on non-techrical aspects of the IFB.

4. Prepare a list of potential U.S. or Panamanian bidders to be
considered by TRHF.

5. Transmit sufficient knowledge to IREE engincers that they
could prepare similar specifications at a later date.

6. Advise IRHE concerning maintenance standards, training local

A-1



personnel, and other types of wood-fueled systems available.
Suggest reference materials to IRHE that would prove useful for
future work of this nature.

Assist IRHE as time allows with the other sections of the IFB.
Prior to departing from Panama, prepare a written report sum-

marizing work performed and make additional recommendations.
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LPPENDIX B

CHRONOLOGICAL, ACCOUNT OF ACTIVITIES

(8 - 24 July 1980)

Arrival formalities and initial introduction of the authors
were complieted in the morning of the first day. By noon of the
first day, active work was underway.

A tlow chart of the wood-fueled electricity generation system
was developed on the blackboard and drawn up in draft form, for re-
finement as the individual equipment specifications were developed.
The selection of 200 kW size was discussed and reviewed briefly.
Since this installation is to be considered a demonstration unit,
the size was considered as adequately large for its interded ser-
vice.

It was agreed the Scope of Work extended from supplying fuel and
treatment of boiler feed water to the 480/240 vol: generator * .rmi-
nal connections.

IRIE will arrange scparately for the connection of the wood fueled
c¢lectricity generation facilities to the existing 13.2 kV net.

For the output of 200 kW, steam rates for the generator turbine dri-
ve were estimated from curves and other data published by three po-
tential turbine manufacturers (Terry, Worthington, and Elliot).

Previous development work for the Yav:iza project was based upon
a stecam generation pressurce level of 250 csig and no superheat,
which had appezared logical since most cxrerience with wood-fueled
boilers has been with the fire tube type Loiler, and 250 psig is
considered to be a good safe upper pressure limit for this type of

boiler.



The steam rates resulting from the estimates were twice as
high as those previously estimated during the project development,
and resulted naturally in a considerable increase in the fuel re-
quirements, beyond thos~ considered in the Peck report.

It was agreced at this polnt to seek clarification from the
three major turbine manufacturers cited above before proceeding
further with detailed specifications. Their published data in this
range of steam pressure, and considering the lack of superheat,
appeared to be unreliable.

Morcover, ar increase in steam svystem praessure (to 400-600
psig), and designing the boiler to include superh<ating (100-150°F
over saturatced steam temperature at operating pressure), would great-
ly reduce the cteam rate and fuel requirenents and small water-tube
egquipment 1n the capacity rarnge of interest could be available. It
was decided to investigate the availability c¢f a wood-fueled water
tube type boiler desiagn which would permit attaining these prefe-
rable conditions of oporation. In thoe omirzion of all concerned this
appearced not apprccaiably to :ncreasce the corplexity of the system,
while reducing fuel requirement and provicing additional operating
flexibility.

The various components of the systen Zrom fuel gathering to
power generation terminals were listed, aré separated into logical
aroupings representing the scope of the i-cividual technical sve-
cifications to be prevared for the Invitazion to bid document. The
main groupings werce:

Fuel gathering und transport.
Fuel handling and storage.
Stcam generation, 1ncluding boiler feed water system.

B-2
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Turbo generator and condenser.

At this point in the progress of the work,an outline of the
contents of the final report was developed in order to plan the
worr effciently, and some time was given to discussing the field
trip to Yaviza to assure as much as possible was covered in the 1li-
mited time available for the trip,

Friday, 11 July, 1980, the AID coordinator and the project team
flew to Yaviza vhere they were joined by the local RENARE represen-
tative. The tovns of Yaviza and Fl Real were visited, the existing
diesel powwr generation installation and the site chosen for the
wood fuecled clectricity generation installation were inspected, the
area designated by RIENARE as a fuel plantation was seen from the ri-
ver, and the sawmill operation at Doncella and its potential supply
Of waste-wood fuel were visited and inspected. Through general ob-
servation during the field trip, an appreciation of the local eonvi-
ronment was obtained by the zeam, which will be reflected in the
developrent of the final plant specifications.

The sccond week was begun I organizing meetings with the Director
of the Isolated Syvstems Department of IRHE on Monday 14 July 1930,
with RENARE represcencatives on Tuesday 15 July , and the Director
of Encrqgy and Tariffs of 1KiD on Friday, 18 July 19890.

The meeting with the Directo: of the Isolated Systems Department
provided an insicht for the team of the particular problems of
maintenance, source of supply, and lack of suitable, reliable, bni-
ler feced water at che remote Yaviza location.

RENARE personnel were given the most recent estimate of
fuel wood requirements for the Yaviza Project, and the means of sa-
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tisfying them developed by the team. RENARE personnel presented
their views on the wood cutting, reforestation, and transport of
fuelwocd to the power generation site. It was suggested they con-
sider zanother means, possibly the use of mules, to move the cut
treaes within the plantation irnstead of the diesa!-powered minitrac-
tor presently under consideration,and thereby save dicsel fuel con-
sumption. RENARE and the team agrced Lhe cut logs coutld be trans-
ported either by « multi-canoce fleat or by a catamaran Ltype of spe-
cial motor driven harge. CGeneral agreement was reached that the
wood resources were adequate to supplv plant needs.

The intervals betwesn meetlings were devoted to preparing a
preliminary schedule, plot plan arrangerent, and a more definitive
flow diagram of the prosject. The technical descriptions and speci-
fications for the couipment and facilities at the generation plant
site were also developed. By Monday evening 14 July 1980, 1t was
tearned that the boirler could be a water tube type, since there are
current manufacturcrs, and the turbine efficiency could be i1ncreased
by using 350 peig steam with L90°F of superneat, levels of genera-
tron available from current boiler manufacturers. These btwo im-
provements were incorporvated in the eguipment specifications.

The third week was devoted to the preparation of the final report and

submission to IRHL and ATD. Z2riefings werc given on the content.
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APPENDIX C

DESCRIPTION OF PLANT

The plant comprises all physical components between the production
and harvesting of the fuelwocd and the terminals of the generator.
Incltded are the auxiliary components such as the supply and puri-
fication of the boiler feedwater and the transport of fuelwood to
the plant. The schcmatic arrangement of the componentr 1s shown
on the Invitation to Bid Flow Diagram (IRHE Drawing Number 3). The
preliminary arrangement of the plant is shown on the Preliminary
Plot Plan (IRHE Drawing Number 4) . Both of these drawings are
part of this Report.

Although IRHE retains responsibility for all components and
their management and operation, RENARE, by agreement with IRHE, will
take responsibility for the design, supply of labor, and nanagement
of the inatial harvesting of weed wood, the delivery of fuelwood
to the plant dock, the planning and establishment of the tree plan-
tation, and the ultimate harvesting overations.

IRHE will provide the capital equipment for this purpose, and
these capital costs are to be included in the definitive capital
cost estimate for the vaviza steam-electric plant.

IRHE retains the responsiblity for negotiating for supply,
loading at the source and transporting the waste wood production
of the Doncella (and other) sawmills to the plant dock. It appears
likely that the river craft 1nvolved can nanage both transport
functions (waste sawmill wood and weed tree harvest),

1. FUELWOOD, RECEIPT, TANDLING, AND STORAGE

Cc-1
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Upon arrival at the plant dock, the fuelwood is unloaded by
derrick and lifted to a staging area adjacent to the fuelwood
storage area. Bundling of fuelwood at the source should be
investigated to simplify the unloading oseration and minimize
docking time for the river cra®t a+t the plant dock. In the
staging area, waste wood 1s preferably fed to the chipper, and
the roundwood preferably stored.

The roundwood storage pile is shown as five foot in height
to facilitate manhandling the logs. Because of the requirement
for a 15-day storage, the width of the storage pile is 240
feet, which may be excessive for the available property. The
height of the pile can be i1ncreased to suit the property width,
and this may require reconsideration of the hardling technique
by providing mechanical assistance. In any event, the pactern
of reclamation of roundwood from the storage oile should be
designed such that the ma:imum period of storage for any log
does not exccad 15 davs.

The chipper is located between the roundwood Storage pile
and the chipped fuelwood storage shed. Two options are avai-
lable for its installation, one mor-ple on a track, the other

n

ot

fixed at onc end of the area with

6]

installation of convey-

@)

(1Y
I~

ors. Threce options are available * the chiopper drive: an
engine, probably dicsel; an electric notor; and an electric
motor and fly wheel asserbly to lcwel iload on the generator.

The most practical choice of options will depend on manufac-

3

turer's recommendations, labor reguircrent, generator opera-
e o

3

tion, and cost.



The choice should be made during the evaluation of the bids
received.

Chipped fuelwood is fed to the chipped wood storage shed,
whose proportions are similar to those for the roundwood sto-
rage pil-. The storage shed crossection is shown on IRHE
Drawing No. 2, located on the following page. This storage is
likewise operated so that no chips are stored longer than 15
days. The shed is provicded with connections for snuffing steam
to fight fires caused by spontaneous combustion of the chips.
Such fires will be detectable and located by noting smoke e-
missions at the top of the shed.

Chips retrieved frcm thz storage shead are delivered by
conveyor to the day silo from which the steam generator re-
ceives its fuel supply. Again a choice of conveying methods has
bean allowed. The capacity of this silo is shown as one-day,

but when the labor recquirements of the plant are estimated, it

M)

may be found that a 64-hour supply capacity should be provided

¢

to carry the operation throucgh the weekend without further
transfer from the chip storace shed.

The cntirce operating area Iis to be protected by a roofed
structure with sufficient overhang to orotect against the most
intense rains. Constructicn mav be of locally available mate-
rials. The floor of this area should e of concrete paving or wood,
sufficiently elevated above grade, to protect the storage
and operating area against flooding during heavy rainstorms.
The installation of stoim drains or covered trenches leading

to the river could be useful in this respect.
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STEAM GENERATOR

There are two options in the selection of phe steam generator;
a fire-tube design, or a water tube design. The selection
will be made during the evaluation of the bids received. In
either case, the combustion air supply is provided with a
steam coil, operated by steam from the boiler, to preheat the
combustion air during the wet season, when the moisture con-
tent in the fuelwood chips could become excessive. The main
criterion for selection of steam generator type appears to

be the effect of the pressure/superheat conditions of the
steam generated on the cycle efficiency for the entire plant.

The chip feeding and combustion equipment will be inte-
gral with the steam generator equipment, and its desiqgn will
depend on the ultimate selection. 1In any cvent, becausz wet
chips arc to be burned, the furnace chamber should have areas
of uncovered refractory walls or arches to insure the stabili-
ty and completeness of combustion.

The veaquired purity of the feedwater makeup depends on
the generation pressure. This will be higher for the water-
tube unit than for the fire-tube unit, and accordingly main-
taining the required fecdwater quality will be more critical
for the water-tube design. 1In any ewvent, specifications have
been included for the feedwater nexeup to come from a wate.
distillation plant to reduce to & mirimum the necessary atten-
tion to be paid to maintain water purity.

The size of the unit will deperd on the blowdown recom-
mended by the stecam-generator manufacturer and the amount of

steam vented to the atmosphere during periods when the steam

C-¢



generator cannot respond sufficiently rapidly to sudden re-
ductions of demand on the plant.

The capacity of the water distillation unit should be selected
to provide for the water needs within one 8-hour shift in or-
der to provide overcapacity by operating for a longer daily
period.

Instrumentation provided with the steam generator will
regulate the generated steam pressure at the rated level by
controlling the fuel and air rates to the burner, provide for
venting steam at times when the effect of reduction in firing
rates cannot accommodate sudden reductions in demand, and se-
parately relieve pressure when this becomes excessive for any
reason.

Periodically, coarse wood ash 1s to be removed from the
burner grate area and fine ash collected from the ash sepa-
rator. This production can be transported to the disposal
area. Equipment design can be arranced so that ash removal
can occur during the day shift when labor is available from
the roundwood handling operations.

The steam generator is protected by an open sided fire-
proof structure, with sufficient roof overhany to protect
against intense rain fall.

TURBO-GENERATOR/CONDENSER

Although the selection of the steam turbine will determine the
cycle efficiency of the plant and the selection of the steam
gencrator, the physical size and arrangement will not vary

significantly. Regardless of selection, the turbine is pro-



tected against water droplets in the steam by a steam separa-
tor mounted at the turbine inlet. The inlet steam connection
between steam generator and turbine should be as short as
practical with provision to accommodate pipe expansion with
no forces exerted on the turbine nozzle. The connection bet-—
ween the turbine-exhaust and condenser should likewise be as
short as practical to minimize pressure drop between these
equipment items. This line should be designed with a minimum
of flanges.

With respect to the condensation of exhaust steam, the
turbo-generator supplier has the option of specifying either
an air-cooled or water cooled design. If any a water-cooled
design is chosen the water supply would come from a pump in
the river, be screcened, passed through the condenser, maintain-
ing a minimum velocity of 7 feet per second, and discharged a
maximum distance from the intake point. If a river source
for the watcr distillation urit 1s uscd (instead of the local
drinking water supplv), the tvo intakes can be combined.

Turbine manufacturers appear <o agree separately that
the turbine spced should be 5000 RPM driving an 1800 RPM ge-
nerator. It is likely that the final selection will be this
speeds with an appropriate gear box intalied.

Turbine regnlation to the demand on the generator will
likely be the standard Voodward qovernor. The project ter-
minates with the connection to the w¢encrator.

The turbo-generator/condenscr c¢cuipment is to be instal-

led in a totally enclosed firc-proof building.

C-6
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MISCELLANEOUS EQUIPMENT

Pumps, tanks, and cdeaerator are shown on the schematic flow
sheet. Sizing of the equipment will depend on the ultimate
selection of the critical equipment components discussed abo-
ve.

INTEGRATION WITH EXISTING PLANT.

The logical future for the existing diesel-electric plant is
the transfer of the 135 kW unit to the site of the steam-elec-
tric plant for use as standby, and possible peaking when load
growth justifies.

Depending on the decision in this respect, the responsibility

remains with IRHE to redesign the present transformer installa-

tion, add additional equipment, and provide the controls for
load sharing between the two cenerators to meet the demand
of the transmission network.
FUTURE EXPANSION

Because of the prospect that unforeseen events can in-
crease the demand on the Yaviza station beyond that forecas-
ted by the statistical projection, the preliminary plot plan
provides snace for a second installation. The fuelwood hand-
ling and storage area can support an additional plant by in-
creasing its height. The chip storage area could operate for

an additional shift to supply a second day silo.
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APPENDIX D
DRAFT
Oor
TECHNICAL SPECIFICATION SECTIQN
FOR THE

WOODFUELED STEAM - ELECTRIC PLaXN

oA



NOTE:

Appendix D is complete as regards the technical specifications
directly related to the Yaviza Fuelwoud Electricity Generation
Project equipment requirements.

The present document contains inscruction to copy certain
paragraphs from the Technical Specific.ticons sectiorf of the
Tnvitation for Bid issued for the S. Francisco de la Caleta,
Panama City- Extension of the Themal Power Plant. These
paragraphs represent general requirements which when incorpo
rated 1in the present document will complete it for issue to

intercstod bidders.

%The relevant pages of this Technical Specifications section appeared
in the original document following Page D-39. These pages have

been omitted since the purpose of reproducing the original docu-

ment as illustrative of the result is still retained.



Note:

DRAFT

YAVIZA, DARIEN, VOODFUELDED

ELECTRICITY GENERATION PROJECT

TECHNICAL SPECIFICATIONS

~"he notations (copy) oz (copy‘//;aragraphs) used in
this draft refers to c¢ovving tra identical numbered
paragraph from the $S. Francisce a2z la CZaleta, Panama-
City - b-tension of the Thermal Power Plant -

Technical Specifications.
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GENERAL INDEX

SECTION 1.

General Prescriptions

Equipment Specifications

Testing

Guarantees
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Section 1 - General Prescriptions

l. Scope of the Technical Specifications

The Technical Specifications cover the design, manufacture,

[®)]
Y
(as

3

-

shop testing,preparation for exp d provision of construc

k=1
’ (=3

v

hinery and equipment

5
o

tion and start up assistance for t mac
relzvant to the present Invitaticn for Bid.

All bids received in accordance with the terms and conditions
of the Invitation for Bid shall be studred and evaluated taking
into consideration all facts such as orice, efficiency, relia

bility, manpower reguirements, etc.,and the most appropriate

equipment chosen for purchase.

U



3. Regulations and local conditions- Technical details

3.1.1  (copy)

3.1.2 (copy, except as marked X )
3.2 Local conditions
3.2.1 Site location Yaviza is located in the province

of Darien, along the Chucunague river, at about
latitude 9 05' and longitude 77°42'. Most of the
year it is accessable only bv air and boat.

3.2.2 Meteorology

(IRHE to fill in from recozés)

3.2.4 Service Water System. The nonly available water

is river water, running along the sout!: side of the site, which

1s affected by tidal waters and therefore cortzing contaminants,

The Analysis of River Water if found <a Table D-1

The specifications for the plant also cznsider the production of
distilled feed water from excess stear troduction.

3.2.5 Fuecl The power plant will burr woodfuel from an Energy
Plantation or any other available source.

At the Energy Plantation the selecticn of trees for fuel shall

be made by a forester. Fallen, logged t-e=s shall be bucked
into 5-8 foot leng lengths and transporce by boat to the power
plant landing during and 8 hour daylight shift.

At the power plant fifteen days of loz storage and fifteen days
of chip storage shall be maintained.

Chipping and chip storage activities shall be carried out during

one 8 hour, daylight shift per day, seven days per week.

D-6



2. Plant Layout

The new 200 KW Woodfuel Electricity Generation Project
at Yaviza, Darien, will operate in conjunction with the 135
Kii Diesel Generation Unit presently supplying the electric
power requivrements of Yaviza, El Real, and Pinogana.
The Plant will consist of an Energy Plantation operated under
the direction of RENARE, and a power generation site operated
by IRHE where whole or split wood logs or sawmill scrap will
be converted into chip fuelwood , stored as required, supplied
to a steam generator which may produce a superheated interme
diate pressure steam to drive a turbo generator set producing
200 KW of 240/480 volt-3 phase-60 cycle power with 0.8 power
factor.
The plant will be completely integrated and will be operated and con
trolled from 1ts own resources starting from fuel logs.
The preliminary plant layout may be found on drawings

3 and 4.
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26
27
29
30
31
32
33
34
35
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37

38
39
40

41

43

44

TABLE D-1

Sheet 2 of 2

Rio Tuira Pinogama 10:50 River Clearer

Rio Tuira Cuacua 12:10

Union Choco R. Tuira 12:30 p.m.

La Hoya R. Tuira 3:05 p.m. 1 Hr. from union Choco
Pinogama R. Tuira 6 p.m.

R. Pirre 8-3 11:39

El Real High Taide 8-3 11:45 R. Pirre

R. Chucunaque 8-3 12:30 p.m. Donocep

Yaviza R. Chucunaque 3-8-76 2:00 o.m.

8-4 R. Chucurnaque Reverso Ignacia

R. Chucunague Baja de Boca de Uraganti (8' deep)
8-4 R. Uraganti Boca ( 4 feet)

R. Chucunaque arriba de Rio Uraganti: 8-4

R. Chucunayue Near Re'. Ignacio with Prec.

Small addition to tributary; R. Chucunaque near
Reversa Ignacia.

Rio Chucunaque akbajo de la boca d= rio chico 2-8-76
Rio Chico a 100 mts. de lz boca Crecito) 3-8-76
Rio Chucunague abajo de la boca de 2io Chico 3-8-76

Rio Chico a 100 mts. de la boca 2-8-76

Rio Chucunaque arriba de la boca ce Rin Chico 2-8-76
Rio Chucunaque arriba de la koca cde! Rio Tuquesa 3-8-76

Rio Chucunaque arriba de 12 boca del Rfo Chico 3-8-76
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3.2.6 Transportation The preferred port of entry is Port

Balboa, Panama. If material is received ir PSrt of Cristobal,
Cclzn, Panama, it must be transhipoed overland to Balboa and
then on small river craft to Yaviza, Darien.

Commercial «1r facilities for passenger and freight are
available at Tocumen Airport, Panama City.

There is an air strip at Yaviza, but any freight would have
to be manhandled from the strip,across the river ,to the

site of the power plant.
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4. Materials and Workmanship

4.1 General

.2 (copy)

4.3 Testing
Testing shall be ccnducted in accordance with ASTM or ASME
standards. The test on equipment shall be manufacturers
standard unless mentioned otherwise in the equipment specifi
cations.
All testing cost shall be borne by the supplier of equipment.

4.4 Workmanship

4.4.1 (copy)
4.4.2 (copy)
4.4.3 (copy)
4.4.4 (copy)

4.4.5 (copy)

4.5 Tropicalization
(copy)
5.1 General

(copyb/%aragraphs only)

The electric power for inte-nal plant use shall be 240 V +

o\

10% at 60 cycles/scec. + 5

5.2 Electric Motors

5.2.1 Design Reqguirements

All equipment motor drivers shall be fan cooled totally
enclosed type in accordance with NEMA stardards.
(copy paragraph orly)

5.2.2 Local Control Station A NEMA classD stop-start pusﬁbutton

station shall be provided for each motor and located on a stanchion

D-9



near by the motor, except when a common control panel 1is

provided located within sight of the motor,

5.3 Low Voltage and Control Cables

(copy y/’paraqraphsonly)

5.4 Accessories

(copy;//pdragrapbsonly)
Relays or other control devices shall be located in NEMA
standard enclosures Class D wxplosion proof wherever possible,
or,of cyuivaluont construction suited to the remote tropical

conditions of the environment.

5.5 Earthinyg
Earthing contacts shall be proviced for all individual
items of equipnent, and when equipment is packaged and skid

mounted all equipment shall be groundad to the skid.

5.€ Test on Electrical Equipment

5.6.1 (copy L paragraohs only)
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6. Treatment of Surface

6.1 Treatment for shipping.

(copy \raragraphs only)

6.2 Standards for Preparation of Suriaces for Painting

(copy p//par:graphs onlv)

6.3 Application of Paint - General Standard

[17]

The supplier of ¢quipment shall be respznsible to apply

sufficient shop coats of quality paint so as to guarantee three

vears life to painted surfaces when subsect to the

climatic conditions stated above (Section 3.2.2.).
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Section 2

EQUIPMENT SPECIFICATIONS

1. General
1.1 Scope
The presenc Section

2 covers the Technical Specificatiocn
pieces of equipment which constitute

requirements for the Fuelwood Steam

Descriontion

Wood Chipper, with alternate chip storzaga

handling schemes and alternate drivers.

Chip Zuelwood recovery conveyor with alter

nate schemes for delivery of the chips

Stear. Gonerator,

the top of the fuelwood day-storage s:ilo.

Day Szorage Silo.

complete with all acces:

ries.

for the following listed
all tho major sguipment
Turbo Cencration Plant.
Item No.
c-1
c-2

to
5-1
SG-1
TG-1

and
BFW-1

Turbc CGanerator Set,

complete with concernser

.. accessories,

Boiler Feed Water preparation equipment.
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1.2 Limits of Supply

All items covered 1in the present Section 2 shall be furnished
complete with all accessories required for an integrated opera
tirg plant whether specified or not. It shall be the respon
sability of the equipment supoliei, or suppliers, to assure the
completeness of their supply to meet the requ.rements of the
spacifications.

The equipment duties specified herein have been selected based
upon published equipment efficiency data availlable to the plant
designers. Bidders may quote more efficient equlipment as an

altecnate, modifying the design to suit, and supporting the

reliability of the morc efficient equipment in their bid docurents.
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SPECIFICATION FOR WOOD CHIPPER, Item C-1

Capacity Rating: 4.5 metric tonnes per hour, greenwood, 50%

moistire, 50 #/cu. ft.

Feed: 6" max. diameter logs.

Chiv size: 2" to 3" maximum.

Mounting: Narrow gage railway car flat bed, or fixed.

Drive: Engine or eleccric motor. With an electric motor consideration

shall be given to the :nstallation of a flyuheel in order to
reduvce the torque requirament and the effect on the turbogenerator.

Description OiL Operation: Logs, or split sections, shall

arrive from an bnergy Plantztion, as well as scrap slabs from

a sawmill, and be stored in vrles along one side of a narrow gage
track. The chipper shall cravel along the track, parallel

to the log storage vile, ad ze hand fad from thepile. It shall deliver
by pneumatic convevor the chio product to the ridge of a chip
storage shed, running parellel to the tracks, requiring a 12
foou horizontal movenment ari 1 20 foot vertical Jift of the

chip product by vncumatic cIirreyor.

Reference Notes:

on

a. The specifications of 8" max. diameter logs is based upon
logs recoverable from tre reforestation program which will

require v-7 years to rezli

N
0]

b. Mounting the chipper on a flat car is one alternative.
The chipper could be mcunted on a fixed foundation, and

delaiver chips to an cle ntor bin whaere a bucket conveyor

u

would tronotor the chips to 2 belt conve "or running along the rid+e of the
chip storagye shed. Sce chip storage shed Drawing JNo.2 Bidder

may ¢uote this alternacz-ro separately considering a 12 foot
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only pneumatic horizontal movement, an elevator with 20 feet
vertical Jift (screw or bucketype), and ridge supported

belt conveyor with a travelling discharge mechanism to
distribute chips along 240 feet of chip stcrage shed

Bidder shall quote the flat car separately.

Bidder may quote equipment with smaller log diareter feeld restructions.
The cost of the a.ditional log splitting operaticn will be considered

when evaluating proposals received.

Information to be supplied with bid

1.

6.

~J

Complete description, sketch, and piLctorial description
of the cquipment being offerad.

Diameter and lenyth of “ced rolls.

Feed rate and size of chips.

Power unit type, size, fuel consumption, fuel tank (if any)
capacity.

Chipper openiny size and number of knives.

Weight and overall dimensions.

List and coust of spare varts for two years operation
Quoted price shall include sanply of six (6) sets of
drawings and Installation, Operating and !laintenence

instructions.
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SPECIFICATION FOR CHIP RECOVERY CONVEYOR - Item C-2

The fuelwood is recovered from the cihip siorage shed by a
belt conveyor travelling lengthwise uncder che center of the

storage shed. Teed to the conveyor is ccntrolled by sliding panels

b

operated from one side of the shed. walk path is provided

on either side of the shed to allow an operator to cweep
residual chips on to the convayer.

The fuelwood 1s then carried laterall: to the base of the
fuelwood day-storage silo where it 1s elevated to the top of

the s${lo. Either mechanical (bucket clevator, inclined conveyor,
or helic~1l screws) o. pneumatic means may be quoted by Bidder
for this movement.

Capacity: 8 tons/hr
4 hours operating/day
800 cuft/hr

Main Recovery Conveyor: 240 feet long.
Lateral conveyor: 12 " "
Vertical Lift Conveyor: 30 feet 1:ifz

Conveyors arc to be rowered by 220V-: zhase-60 cycle electric
TEFC notors.

Information to bLe supplied with bid

1. Price and description of Main RacIery Conveyor.

£

Price and description of alternats —~sans of performing
the lateral and vertical 11ft wove-zat of the chips.

2. Materials of construction for all culpment.

3. Capacity and speed of conveyors

4. Horscpower of drivers.

5. A clear definition of limits of sucrely.
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List and cost of spare parts for two years operation
Weight and ovevall dimensions.

Quoted price shall include supply of six (6) sets of
drawings and Installation, Operating, and Mainterance

instructions.
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SPECIFICATION FOR DAY STORAGE SILO - TItem S5-1

The volume of chipped fuelwood required for one day (24 hours)
firing at 200 KW plant outout ie 3200 cubic feet. A 12-foot
diameter by 30 ft. straighz side silo would provide this volume.
The actual dimensions may -rary to meet the }Enufacmuer%;stql
card equipment, provided the desired volume is maintained.
Materials of construction, such as wood, concrete, or corrugated
steel, are commonly used with steel band reinforcement.

The base of the silo shall be de¢ .gned to accomodate a rotating
vertical »1;¢ stand assemb.. (with chains of sufficient length
attached at t-o foot interwvals) driven by the motor of the boiler
fuel feed system. The assembly agitates the fuel chips to
assure free flowing conditions to the inlet of the boiler fuel
feed system.

This 1tem shall be field asse-mbled from locally available
materials.

This item may be purchased ozally in 1ts entirety.

The need for supporting pneamatic dust separator equipment

o the roof will be determ:-ed after selection of the appro
priate  conveying system for tre recovered chips.

Bidder may quote supply of Zesign and eéngineering drawings
sufficiently detailed to pzroic purchase of materials and
erection by others. 1n th-s Case, Bidder shall quote the

supply of any special parts.
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SPECIFICATIONS FOR THE STEAM GENERATOR - Item SG-1

The steam generator comprises all components-between agitating
and transporting the fuelwood chips from the day storage bin,
tnrouyh the combustion of the fuelwood, and the stack for
discharging the combustion gases. Also included are all pres
sure parts between receipt of feed water and discharge of

the generated superheated steam. A fly-ash separatos is

to be installed before the stack or the indvced araft fan.
Include provisinn for steam heating the combustion air when
required by excess water content in the fuel wood, and preheating
the boiler feed water while colling the furna grates, if practical.

Steam Requirements

Capacity: 4600 Lbs/hr required for 200 KW Electrical
Generator output 24 hours per day. Stable opera
tion at 50% capacity mus:t be guaranteed.

o

Minimum Overdesign: 15%

Superheater outlet pressure: 365 osig.

Superheater outlet temperature: 190° ° superheat.

A dry steam production at no superh=az, but at higher pressure
to allow superheating by throttling will be considered.
Feed water

Source: Turbine condensate plus d:stilled water make up,
deacrated and chemically treated per moiler manufacturer's
recommendations.

Blowdown: Manufacturer's recommendation.

Chemical Additives: Manufactucer's recocmmendation.

Fuelwood
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Quality: Green chips.

Size: 2" to 3" largest side.
Dryness: 50% moisture (variable)

Heating Value: approximately 3300 Btu/pound, as fired.

Other Information: Chips, approximately 15 days aged.

Chip density, 50 pounds per cubic

foot. Bulk density, 20 pounds per

cubic foot.

Ambient Air Temperature: 85°F (use 85% humidity)

Control System

Vendor shall propose an appropriate system to cortrol fuel

firing cate and combucstion air in response to steam header

pressure variations.

The boiler control svstoem will also activate a control valve

to rclieve cxcess pressure in the turbine cupply header

(365 psig operating pressurc) should the firing control not

react in time to limit the turbine supply header pressure.

v

The stecw turbine, gencrator willbe the basis of a single

source of electricity to an isolated system.

The unit shall

be responsive to the largest practical extent to load changes,

without discharge of stecam to atmosphere, by prooer selection
of :zeam drum size and design pressure, fire box configuration,
and design capacaity.

Control shall be by mechanical or electrical means.

Minimum accessories to be provided by vendor

1) Boiler feed water level controller and contcsol valve:

2) Safety Relief valves.
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3) Steam header pressure controlled vent valve and exhaust
head.

4) Boiler drum level indicator.

5) Try cocks

6) Non-return valve.

7) The fuel fecd system and drive, including the rotating
vertical pipe stand (lccated in the feed silo) which agi
tates the fuel chips to assure flow t the feeder.

8) Blowdown valves and blowdown drum.

9) Start up auxiliary burner, capable of burning waste
lube oil.

10) Zteam header pressure gauge and tempera-ure indicator.

1l

[
~—

Draft gauge:z

12) Deaerator vessel, complete with al: accessories, sized
to satisfy boiler requirements..

13) Boiler feed water supply pumps, two reguired, sized to
satisfy the boiler requirements and ZIMZ ~ode regulation.

14) Chemical additive systen.

15) Vendor to list other recommended instrirentation or

accessories provided with the package.

Design Codes: ASME Power Boiler Code, A357M Standards, NEMA

Vendor Information Reg..ired:

Boiler design capactity:
Boiler capacity range:
Boiler design pressure:
Boiler Desiun Temperatures:
Steam drum steam volume:

Heating surface, steam coil:

D-21
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Heating surface, surerheater:

Furnace Volume:

Calculated firing rate at cesign capacity:
Cverall thermal efficiency:

Stack temperature:

Fly ash separator type:

Fly ash separator material of construction:

Maximum content of particulates in stack gas:

Minimum boiler feed water guality:

Porler fced water pumps data sheet:

Deaerator drawing, includirg list and description of
accessoriLes:

Maximum blowdown rate:

Tube material for stoum heat trarsfer surface

Tube material for supsrheater -=azt transfer surface

Refractory type and Specification:

Physical dimensions:

Weight:

Vendor shall furnish all special tools, and data describing
poiler response to changes :n load and fuel moisture content.

Instructors to bidder:

1. Include list and cost of recommended spare parts for
two years operation.

2. Quoted price shall incl.de supply of six (6) sets of
drawings and Installation, Operating and Maintenance

instructions.
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The pressure, temperature, quality, production capabilities
and operating controls of the stean generator must be com
patible with the turbine selected for item TG-1, Turbo

Generator set.
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SPECIFICATION FOR THE TURBO GENERATOR SET- Item TG-1

Scope of Equipment

The turbo generator set comprises all components between the
main, pressure controlled, steam header through the steam
turbine, gear reducer and synchrcnous generator to the 3 phase,
240/480 volt, 60 cycle generator termianls. Controls and
accessories are to be provided as specified below, and all
equipment mounted on a suitable base plate.

Steam Conditions:

Pressure: 365 psig with 190°F superheat

Exhaust Conditions:

The tuarbine vendor shall select a back pressure and specify

and supply an air-cooled or water-cooled condenser to meet this specification
representing the most efficient combination of turbine and
condenser. Present plant design is basad on a back pressure

of 4 inches Hg. Ambient air condition are 85°F and 85%

humidity. A water cooled condenser should te considerad using river water

at minimum velocity of 7 feot par second.
Power Requirements:

200 Kw (250 KVA) at 240/480 V - 3 phase - 60 cycle -~
0.8 pt.

Generator Rating

Continuous service, overload capacity 110% for 2 hours, tempe

rature rise 105°C, stator and rotor.

Keducting Gear Rating
The American Gear Manufaccurers Association (AGMA) recommenda
tions shall wply Vendor shall state AGMA service factor in

his proposal. 1If service factor is less than 2, vendor must
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support his selection.

Turbine Rating

Conuinuous service, overdes:znad to meet generator overload
conditions, and constructed to meet API,cr equal, general pur
pose standards and NEMA SM-23 1979.

Equipment Specifications

Steam Inlet Control Valve

The control vaive shall me=t ASA pressure temperature regula
tions, and be selected to orovide rapid, smooth, response to
the governor's signals.

Vendor to include a complece description in his proposal in

¢luding manufacturer and tvpe.

Steam Separator

A steam scparator of the higrnest practical efficiency shall be
provided to protect the turbine in the event steam quality re
duces to wet steam. A cortinuous duty steam trap, sized for
these conditions,shall be =rzvided.

Vendor to provide operatinz specifications for this equipment
1n his proposal, selected manufacturer, and type.

Separator to be designed w©er the ASME Code, Section VIII.
Turbine

The turbine shall be selec:zed for its record of ruggedness

and reliability during cor:zirnuous service in areas innaccesible
to the maintenance of hex - 2quipment pisces.

A horizontally split casin: with inlet and exhaust connections

in the lower half is preferrs
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The rotor shall be a solid steel forging dynamically balanced,
and the shaft minimum SAE-4140 material with chrome plating

or ocetter, in the gland areas. Vendor shall describe rotor,

th

sh:

£, bearing, and glands to the fullzsc extent in his pro

183

wosal.

Luprication protection during start up and shutdown shall be
dascribed i1n venlor's proposal.

Providce vverspeed trip independent from the governor.

Turbine Governor

The Lurbine governor shall be a Woodward NEMA "D" class or
cqual .

Reducting Gear

A suitable ratio xeducing gear shall be supplied in accordance
with AGHA standards and API 513 recommeaniazic=s.

The casinyg shall be heavy daty cast iro. construccion, hori
zontally split.

Cear and pinion are to be namically bzlzanced, vendor to ad
vise Loloerances 1n his proposal. A dcocacls-~helical design is

preferred to balance axial thrust. Vardcr to describe fully

18]
'J
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—

design and materials of construction in of

[14]
(S8

Vendor to advise oxtent of testing incluz in nhis proposal.

Generator andd wcecessorioes

The base load chavactevistics of the exiszting 135 KW diesel sys
tem producing power for the area today z
Maximum load over two hour peak period: =zozsrox. 150 KW.
Minimunk load over two hour .zriod: apworox. 63 KW o,

Average daily load: 85 KW,



Editorial
Note:

1.

Generator Design and Construction

G;e content in the following discussion is taken fram specifications

prepared for a 24MW urban installation. It should be modified as further

consideration of the conditicns at Yaviza and the small size of the

generator.

The generator of air cooling tyze shall be manufactured using the
best available materials for the required conditions of operation and

according to the most up-to-date engineering practice ard technique.

The generator shall be designed for the following local
conditions: ambient temperature not exceeding 40°C, ele
vations 10 m above sea leval, presence of sawdust and
salinity in the air.

The alternator shall withstand without harm the oversoeed

of 20% as well as three phase short circuit at its terminals,

according to applicable Stancards. Tt shall run quictly and with
acceptable vabrations under load condition, with rated vol

tage + 10%.

Design characteristics shall be as follows:

a. Thiee-phase, multivoles according the speed, 60
cycles synchronous generator:

b. Rated voltage (bhase-to-phase) 240/480 volts

C. Rated continuous outpia: 250KVA 0. 80 lagging power
factor.

Said output shall be kent within limits stated by the
Standards for rated woltage + 5% and within the safety
limits of the un.t, even if not in compliance with the
Standards, for rated vcltage + 108,

d. Peak output (2 hours oer day): this value shall be
110% of rated continuous output at the rated power
factor; the temperatures may exceed the limits stated
by ANSI Standards but shall be within the safety limits
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2.

of the unit.

Short circuit ratio (referred to 250 kVA and 440 V):
not less than 0.65.
Deviation of the wave shape (with no load voltage at the
terminals) not exceeding 5%.
Permissible continuous load asymmetry: the value of the
negative-phase-sequence current shall not exceed 0.2% of
the rated current.
Rotor short-time requirements for unbalanced faults: in
accordance with ANSL Standards.
Telephone 1nfluence factor with generator at no-load and
rated voltage:
balanced TIil' not ciicceding 70
residual TLF not excceding 50
Max vibralbion amplitude on bearings: 20 micron (peak
to peak).

2.1 Stator Frame The stator f£rame shall consist of a

strong hcusing of suitable thickness, in order to obtain
a protective structure capable to goarantee:
elunination of any possible vibration curing ogaration;

sturdiness to withstand .andling durins transport and erection.

Inspection holes shall be provided wherever necessary for
the purpose of inspection and maintenance.
The stator frame shall be mountced on a bed-plate, common

to the turbine, foreseen 1n such a manner, that the weight
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of the equipment shall be uniformly distributed over the
foundation.

The supply shall include, besides the bed-plate for alter
nator, the foundation bolts and all the other necessary
steel parts.

Stator Core

The stator core shall be made up of low loss, nor aging
type silicon steel laminations. Special attention shail
be paid to the insulation of the laminations and to thc
finishing of the edges after punching.

The stator core laminations shall form several packets,
separated by ventilating ducts; each packet shall be
perfectly compact so as to avoid vibrations.

Particular provisions will be taken to avoid the effect
of the double frequency vibration; after core flexible
mounting shall Lhe adopted.

Stator WLndiQﬂ

The stator windings shall be made un of coils insulated

in class B.

Each coil shall be composed by insulated straps of electro
lytic copper, having reauced thickness and internally
transposed.

Each coil shall be insulated with the thermosetting resin
base insulation, in order to prevent the mica migration
phenomenon.

During the manufacturing, the coils shall be submitted to

special treatment to prevent air inclusion between single
D-29
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conductors and insulating materials

The part of the coil to be embedded in the.,slots shall

be varnished with semi-conducting varnish, in order to
distribute in a uniform way the notential gradient and

to avoid potential difference bestween the slot wall and
the coil surface. |

The statov coils shall be adequately clamped with external
rings to prevent any deformation or damage in the case of
short circuirt at the stator tenmnals.

The stator windings shall be star connected and the ends
shall be brougyht out the casing by means of nine bushing
insulators (6 on the generation side and 3 on the star
centre side).

The bushings shall b so dimensioned as to allow the pla
cement on cach one of them o siwgle o~ ductor, according to

the capacity of the genorator.

The coils ends, clamps devices and covers sheall be designed
so as to minimize additional loss=2s and to avoid vibrations.
Rotor

3.1 Rotor Corce 'The rotor core snall be of forged steel
with high wmechanical strength characteristics.

The forginy shall be checked by ultrasonic inspection.
The wholc rotor shall be seasoned and balanced both from
the mechanitcal and the thermal noint of view.

Suitable grooves shall be provided on the rotor surface

to reduce losses and 1mnrove ventilation.
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3.2 Rotor Winding Axial ducts in the interal hody

of the rotor cshall allow an efficient vexrtilation below

the conductors. Slots closed by means of non-magnetic

wedjes shatl be provided in the rotor for housing tane wind

ings. The rotor winding, made of oreper silver alloy hars
with high mechanical resistance, shall be insulated accord
ing to <lass B and pressed into the slots so as to form

a compact whole with the rotor intself, taking into account
the effects of maximum overspeed. In addition suitable
locking caps shall be fised or to the rotor coil ends to vith
stand the effects of centrifugal forces.

The insula*ion and the construction of the rotor details shall
be such as to avoid ground faults 1in the winding during
operaticn and deformation under arv condition of operation.
An overspeed test shall be provided for the rotor and a
carefull chcck of the rotor shal: be achieved, before assem

bling 1nto the stator.

Alr Cooling Svstem

The alternator air cooling system shall be of open circuit
type.

Cooling air taken up from the surrounding ambient passes
through one set of filters and is conveyed to the
generator heads.

Tne cooling air civcuilation is cbtained by means of fans
mounted on the shaft outside *he blindage rings. The outlet
air returning to the ambient air.

The material crployed for the marufacture of the ventilators and filters
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shall be selected with particular care tak
ing intn account the aggressivity  of the ambient air.

Stainless steel or aluminium alloys shall be preferred.

Bearings

The alternator shall be insulated with reference to
leakage currents in order to avoid damage to the bearings.
The alternator shall be equipped with two journal bearings
lined with white metal for which cil forced lubrication

is provided. The bearings lubricacion system shall be

in common with the turbine.

Excitation System

6.1 General The generator shall be provided with brush
less excirtation system able to guarantee all
conditions of alternator loading.

6.2 Excitor Main Components The excitation system shall

comprise (but not necessarily limited to) the following
main components:

a. Alternating current main exciter, directly connected
to tae generator shaft.

b. Pilot exciter, consisting of & vermanent magnet high
frequency a.c. generator, providing power to the voltage
requlator and coupled to “he above mentioned main exciter;
€. Rotary diode rectifier, supplying excitation to the
generator field. The rectifier assembly shall be dimensio

nad in such a way that rated operation shall be allowed even

ot

with 25% of the diodes out of service.

D-32



Series ~fused diode protection shall be provided with
blown-fuse signalling.device (visible in operation by mears

of a stroboscope lamp through a suitable transparent
window) .

d. Regulating eguipment which shall consist mainly of
the following components;

voltage regulator with adjusting rheostat for the control of the
voltage of tne generator from 0 up to 1i0% of the rated voltage;
current regulator;

transistor operational amplifier;

under excitation and cverexcitation limit devices;

pulse generator;

meters, rectifier blowers, space breaker, controls

switches, signalling lamp and accessories.

All regulating equipment shall be mounted in a switchgear
assembly which shall be placed near the qenerator unit.
The assembly of the components shall be such as to assure
very easy maintenance and replacement. Particularly the
thyristors and diodes powver units shall be mounted in
withdrawable cases and all the regulating components in
standerd modules.

Electronic components used in the system circuit shall

be operated well below their electrical and thermal limits
to ensure reliability and long life. No oompoment shall
operate at more than 50% of its nominal current and voltage

ratings, and all the static units shall be designed to
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7.

operate at a maximum ambient temperature of 50°C with

out the use of auxiliary cooling eguipmeént.

Ambient temperature shall be considered as the air tempe
rature surrounding the cabinad housings. Provisions
shall pe made for a spare amoun? of diode-thyristor power
supply urits (25%) so that it isg possible to allow the
maintenance of an out of service modular part of the re
gulating system while the generator is operating at nomi
nal rating.

Automatic and panual controls shall be provided and auto
matic change-over from cne to another control system
shall intervene in cuse of farlure without ga change in
generator output voltage. The voltage regulating system
shall be so designed as co satisfy the following special

characteristicas:

ceiling voltage rating l.6
requlator accuracy + 0.5%
6.3 Nlternative Excitation System In case the brushless

system be not a Bidder's standard, an equivalent excita

tion static system may be accepted.

All excitation system component parts shall be preferably
assembled on one panel. All interconnecting cabling and wi
ring are in the scope of the supply. The features and

the layout of the system shall be submitted to the Engineer's

approval.

Service and Accessories of Alternator

7.1 Bushing Terminal Box The nine bushings terminals
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of the alternator shall be contained in a sheet steel
terminal box.
The terminal box shall be suitable for connection OFf

cables.

7.2 Heaters Alternating current resistors shall be
suitably placed inside the casing of the alternator in
order to keep the windings dry in the event of prolonged

interruption of operation.

7.3 Name Plate The alternator name plate shall be made

of stainless steel and signed ir accordance with Standards.
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Instructions to Bidder

Include list and cost of recommended spare parts for

two years operation.

Quoted price shall include suppy of six (6) sets of
drawings and Installation, Operating, and Maintanance
instructions.

Data sheets for the turbine, gear, generator and lubri
cation system to be provided in bids.

Quoted price shall include complete ccntrol system inte
grated with the boiler control and supplier .shall furnish
a detailed description with the bid. Electric means of

control is preferred.
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SPECIFICATION FOR THE BOILER FEED WATER
PREPARATION EQUIPMENT - ITEM BEV-1

Scope of Equipment

Two alternate supply sources of boiler feed water make up are
to be considered.

River water, influenced by 12-18 foot tides, of quality as
reported in Section 1 of the Invitation to Bid, is available
running along the south side of the site. It requires fil
tration and treatment to make it suitable for boiler feed.

The steam and electric power produced within the plant system
would be available during most of the day in sufficient quanti
ties to supply a Water Digtillation unit sized to meet the
selected boiler requirements. Condensation could be by air

or water, as is economically most convenient.

Instructions to Bidders

1. Bidder may elect to bicd on one or both of the above des
cribed alternates.

2. A complete description of the equipment selected and the
utilities and chemicals required to operate the unit at
the required capacity are to be included in the bid.

3. Include list and cost of recommended spare parts for two
years operation.

4. Quoted price shall include supply of six (6) sets
of drawings and Installztion, Operating and Maintenance

instructions.
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Section 3 Testing

The supplier shall carry out all neccessary tests to assure
the satisfactr y design and manufacture of his equipment in
accordance with the various standards and the present Speci
fication at his expense; included in the bid price of equip
ment and services.

The supplier shall make all preparation for test and provide
the test apparatus and personnel and shall inform the Engineer
in adequate time of the imminence of the tests to be withnessed ,
counters Mmawntain written fecords of the tests and their results
comtersigned by all present, and shall inform any local antho
rities necessary to be present at the tests.

Bidder shall specify tests included in kis bid price and where they
wvill be performed.
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Section 4 - Guarantees

Bidder shall clearly state the extent of his guarantees as
regards equipment , materials, and performance, and to what
extent he will make good any failure to meet guaranteed
conditions.

The completeness of guarantees shall be a consideration in
the bid evaluation and selection of a supplier.

Bidders should consider the remoteness of the location of
the plant and the need for gharanteed serviceable equipment

requiring a minimum of maintenance.
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APPENDIX E

LIST OF AVAILABLE SUPPLIERS OF EQUIPMENT AND SERVICES

Wood Chipper

Morbark Industries Attn: Gerry Morey
Box 1000 Telex 227443
Winn, l.zchigan 48896 Phone (517) 866-2381

Bush log Div. (Allied Products Corp.)
P.O. Box 1039, Selma, Ala. 36701

Fulghum Ind., Inc.
S. Main Street, Wadley, GA 30477 Phone (912) 252-5223

Nicholson MEg, Co. Telex 032-204
3670 E. Ma-ginal Way South Phone (206) 682-2752
Seattle, Wash. 98134

Passavant Corp.
P.0O. Box 2503
Brimingham, Ala.

Vermeer Mfg. Co.
3804 New Sharon RA.
Pella, Iowa 50219 Phone (515) 628-3141

Lindia Mfg. Corp.
1881 W. Country Rd. C
5t. Paul, Minn. 55113 Phone (612) 633-3072

Universal Saw and Tool Co.
Tylertown, Miss, 39667 Phone (601) 876-3442

HMC Corp.
23 Maple St.
Contoocook, N.H. 03229 Phone (603) 746-4691

Superior Machine Co., Inc.
492 Cashua Road
P.O. Box. 3258

Florence, S.C. 29502 Phone (803) 662-1042

Murray Machinery, Inc. Attn: D. Demopoulos

104 Murrayv Blvd.

Wausau, Wis. 54401 Phone (715) 845-3151
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Silo and Feeder

Sprout Waldron Div. (Koppers Inc)
802 Logan St. Telex 841411
Muncy, Pa. 17756 Phone (717) 546-8211

National Bulk Equipment Inc.
12729 Riley St.
Holland, Mich. 49423 Phone (616) 399-2220

Godfrey Conveyn Co.
P.O. Box 1088
Elkhart, Ind. 46514 Phone (219) 293-9535

Roger Dunbar, Inc.
P.0. Box 149-T

New Paris, Ind. 46553 Phone (219) 831-2960
Marietta Techtonics, Inc.

Box 323 T

Marietta, Ohio 45750 Phone (614) 373-9445

Steam Generator

ABCO Ind., Inc. Attn: Don Briston
2675 East Hwy. 80

Abilene, Texas, 79604 . Phone(915) 677-2011
York Shipley Attn: Larry Kreischer

E.N. Poyet Assoc. Inc.
F.O. Box 349
York, Penn. 17405 Phone (305) 666-1938

American FYR-FEEDER Eng. Attn: Victor A. Ganger
P.O. Box 285
1265 Rand Rd.

Des Plaines, Ill. 60016 Phone (312) 298-0044
Wellons Inc. Attn: Martin Nye
P.C. Box 381

Sherwood, Oregcn 97140 Phone (503) 625-6131

Ray Burner Co.
1303 San Jose Ave.
San Francisco, Ca. 94112 Phone (415) 333-5800

Industrial Boiler
P.0O. Box 936
Thomasville, GA 31792 Phone (912) 226-3024



Zurn Industries Inc.

Energy Division
One Zurn Place
Erie, PA 16512

Deltak Corp.
P.O. Box 9496 T
Minn., Minn. 55440

Lasker Boiler & Eng.
3203 S. Walcott Ave.

Chicago, Ill. 60608

Turbine Generator Set

Corp.

Terry Corporation

Ralph Healey & Assoc.

P.O. Box 93643
Atlanta, Ga. 30318

Inc.

Elliott Overseas Cocmpany

1570 Madruga Ave.
Coral Gables, Fla.

Worthington Turbodyne Corp.
5915 Ponce de Lyon Blvd.-Suite 11
33146

Coral Gables, Fla.

Trane Murray Div. (Trane Co.)

1106 Washington Sst.
P.0. Box 967

33146

Burlington, Iowa 52601

Skinner Eng. Co.
P.O. Box 1149
Erie, PA 16512

The O’Brien Machine Co.

Green St. and Powerhouse Place

Downingtown, PA. 19335

All Power Supply Co.

130 E. Washington St.

P.0O. Box 1189

Norristown, PA 19404

Enexrgistics, Inc.
1917 Lynn Blvd.
Birmingham Ala.

w

Phone

Telex
Phone

Phone

Phone
Telex
Phone

Attn:
Telex
Phone

Phone

Phone

Telex
Phone

Phone

(814) 452-2111

290812
(612) 544-3371

(312) 523-3700

(404) 351-1861
518703
(305) 661-6081

Hector Mayorga
519590
(305) 661-1087

(319) 753-5431

(814) 454-7103

825319
(215) 269-6600

(215)279-2880
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Therms Electron Corp.
101 First Ave.
Waltham, Mass. 02154

Coppus Eng. Corp.
341 Park ~ve.
Worcester, Mass.

Condensers

G.E.A. Power Coolina System

P.DO. Box 81608
John T. Hopkins Dr.
San Diego, Ca. 92138

Graham Mfg Co. Dept G.
170 Great Neck Road.
Great Neck, NW.Y. 11021

Ecodyne Corp.

MRM Div. Dept. TR

608 First St. S.W.
Massillon, Ohio 44646

Boiler Feed Water Preparation Unit

Sou“heastern Control Corp.

P.0O. Box 1420
8333 S.E. Pine Circle
Hobe Sound, Fla. 33455

Riley Beaird
P.0O. Box 31115
Shireive Port, LA. 7113

Agua - Chem
P.O. Box 421
Milwaukee, Wisc. 43201

small Architect - Engineering Services

0

U.5. Sources

José Rivero Associates
P.O. Box 4825
San Juan, Puerto PRico,

Mater Engineering
P.O. Box 0
Corvallis, Oregon 97330

Inc.

00936

Phone

Phone

Phone

Phone

Attn:

Phone

Phone

Telex
Phone

Phone

Phone

(617) 890-8700

(714) 455-4270

(516) 482-5200

(216) 832-5091

Dave N. Bauer

(305) 546-3884

(318) 865-6351

26679
(414) 962-0100

(809) 782-6084

(503) 753-7335



DSS Engineers, Inc. Phone (305) 792-6660
7483 Morthwest 4th. St.
Ft. Laudexrdale, ¥la. 33317

Panamanian Sources

In addition to sources that may already be known to IRHE,
additional sources might be developed by consultation with:

Camara de Comercio

Ave, Ercuvador y Ave. Cuba
Apdo. 74

Panamg 1, R.P.

Lic. Aurelio Barria
Telephone 25-4615 and 25-4245

Sindicato de Industriales de Panama
Edificio Maheli

Ave, Bolivar

Apdo. 952

Panama 1, R.P.

Lic. Daniel Vega P., Execucive Director

Ing. Vincente Pascual, President
Telephone 61-1066 and 61-1130
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