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SYNOPSIS

The purpose of this report is to present the design
concepts and criteria, a budget cost estimate, and
a design, procurement, and construction schedule
for the Krafla Geothermal Power Plant to be built

in Northern Iceland.

In addition, this report contains preliminary
drawings showing the progress made to date in the

execution of first stage of plant design.

The Plant consists of two (2) geothermal steam,
double entry turbine driven, 30 MW electric gene-
rating units and ancillary equipment enclosed in a
steel reinforced concrete power plant building.
Cooling towers are provided for rejection of the
latent heat from the turbine exhaust steam conden-

sed in the low level direct contact condensers.

Plant design began in December 1974 and commer-
cial operation of the first turbine-generator

is scheduled for October 1976. In order to meet
the 1976 winter peak load the completion of the
first unit has been scheduled for the earliest pos-
sible date. The second unit is scheduled to begin

commercial operation in February 1977.



The total estimated cost of the power plant complete
is 3,826.5 million Icelandic Kronur ($25,510.100 U. S.
dollars) excluding the cost of the electrical trans-
mission line and the steam production facilities
consisting of the steam gathering piping, steam water
separators, and the steam wells. The detail of the
budget cost estimate is presented in a separate

binding as Appendix A to this report.



INTRODUCTION

The Joint Venture of Rogers Engineering Co., Inc.
and Thoroddsen and Partners was selected by the
Krafla Project Executive Committee to design, pur-
chase equipment for and supervise construction of
a 55 MW geothermal steam power plant to be located

at Krafla in northern Iceland.

In order to assure completion of this project in
the shortest possible time, it was agreed that the
turbine-generators, which pace the construction
schedule, should be purchased through negotiations
rather than through the time consuming procedure
of competitive bidding. To this end, turbine-
generator specifications were prepared and invita-
tions were presented to a selected list of manu-
facturers to submit proposals for supply of the
turbine-generators. Of those solicited, five manu-
facturers responded with proposals. The Consul-
tants reviewed the proposals and submitted the
offers of two manufacturers with demonstrated ex-
perience in geothermal steam turbine design to

the Executive Committee for consideration.

It was considered essential in this case that the
successful manufacturer have experience in geother-

mal steam turbine design because of the remote



location of the station and because of the impor-
tance of this power station to the power system

on the Icelandic north coast.

Intensive negotiations were entered into with
these two potential Suppliers by the Committee
and a Letter of Intent was signed on February 7,
1975, with Mitsubishi Heavy Industries, Tokyo,
Japan for the supply of two (2), 30 MW geothermal
vsteam turbine driven generator sets each capable

of a maximum continuous output of 35 MW.

The report presents the design concepts, method-
ology for design, cost estimate, and design, pro-
curement and construction schedule for the Power

Plant.

The body of the report is divided into Sections

which deal with particular aspects of the project.

The Basis for Design Section presents the criteria
upon which the Plant design is based. Power cycle
data contained in this section are based upon most
ecqnomical utilization of the estimated geothermal
energy available at the Site for the production of

electrical power.

The Power Plant Facilities Section describes the

Power Plant building and equipment arrangement.



The Power Cycle Section includes a power cycle flow
diagram, which includes heat and mass balance data
for the Plant; piping and instrument diagrams,
which show piping schematics and principal instru-
mentation and control. These diagrams are high-
lighted by text which describes the philosophy of

operation and control for the mechanical equipment.

The Electrical Characteristics Section describes
the philosophy of design and operation for the
electrical equipment in the Plant and includes

single line electrical diagrams.

The Design, Procurement and Construction Schedule
Section included herein will be used as a guide
to keep the project on schedule and to flag pos-

sible trouble spots.

The balance of the Plant equipment will be ordered
in accordance with this Schedule in order to assure
completion of the first unit by October 1976 and

the second unit by February 1977.

The predicted power requirements for the north and
east coast of Iceland is shown on Figures 2 and 3
and is included for general information and indi-

cates the urgent need for firm power.



3.1

BASIS FOR DESIGN

Site Conditions

The Kpafla Geothermal Power Plant will be located in
the Né;gégéil Geothermal Field which is part of the
more extensive KRAFLA - LEIRHNUKUR field, which is
approximately 40 square kilometers (Km?) in area.

This area lies on the Icelandic rift zone.

The site for the Power Plant has been selected. Sur-
vey borehole drillings have been performed to deter-
mine if the soil, which is a lava area, can ade-
quately support the building and equipment founda-

tions.

The Plant Site will be approximately level and the
cooling tower basin and Power House will be located

at the same elevation.

The proposed Site lies about 460 m above sea level
and is located in a valley 600 to 1400 m southwest
of the proposed production wells. The Site is in
an area of recent volcanic and seismic activity
and for this reason the permanent structures will
be designed for earthquake Zone 1, Icelandic
Building Code, or the corresponding Zone 3, United

States Building Code.



3.2'1

Powerhouse Building

The Powerhouse building is a three level reinforced
concrete building with prestressed concrete roof

trusses.

A 40 metric ton bridge crane which spans the build-
ing width and runs full length of the building is

supported by interior reinforced concrete columns.

The administration and services area will be housed
in the south end bay of the Powerhouse building.
This area will have three levels. All levels in
this area will have access to the ground and oper-
ating floors of the Powerhouse building. The
mezzanine floor is located midway between the
ground floor and the operating floor, extends
through five bays in the central section of the
Powerhouse and is accessible from the ground and

operating floors.

Powerhouse Dimensions:

The preliminary Powerhouse building dimensions are
69 meters long x 21 meters wide outside dimensions
by approximately 20 meters high from the ground
floor to the eaves. The operating floor height
and mezzanine floor height are 8.0 meters and 4.0

meters above the ground floor respectively.



The following design parameters determine the height
of the Powerhouse building and the elevation of

the floors within the building:

The height of the top of the condenser determines
the minimum elevation of the turbine in the Power-
house. The operating floor level is set at the
same level as the top of the turbine pedestal.

The mezzanine floor and ground floor elevations
are set to provide sufficient head room for the

equipment located on each of these floors.

The height of the turbine building above the operat-
ing floor is determined by the minimum crane hook
height required to disassemble the turbine-generator,

plus the height of the crane and roof structure.

The minimum practical width of the Powerhouse
building is determined by the location and dimensions
of the major equipment considering required oper-
ating and maintenance clearances, major piping in

the building, hot well pump dimensions and the

crane access for maintenance. The derived width of
the Powerhouse building also provides for electri-

cal requirements.

The length of the Powerhouse building is determined

by the following:



The in-line arrangement of the two turbine-genera-
tors, with space provided between the generators
for rotor removal; space required for the steam
supply piping to the turbine; the space required
by the Control Room, Instrument Repair, Laboratory,
and other ancillary rooms; the space allocation
permits the location of the turbine lubricating
oil tanks at the end of the turbines on the ground
floor; and is coordinated with the width of the

main entrance.

The Maintenance Shop is centrally located on the
ground floor convenient to the major equipment
access entrance with its roll up door. Parts
Storage Rooms are located adjacent to the Mainte-
nance Shop. A monorail hoist permits easy trans-
fer of parts between the Maintenance Shop and each
of the Parts Storage Rooms. A suitable bridge
crane is installed over the Maintenance Shop for
maintenance service. In addition, the main bridge
cfane has access to a portion of the Maintenance

Shop.

The equipment arrangement established by the above
considerations provides sufficient floor space on
the operating floor to lay down the major turbine-

generator parts and components for overhaul.



3.2.4

3.2.5

Design live loads are as follows (kg per square

meter)

ROOE i ittt ittt e eteeeescscsocasosescncosnanseocsnssss 100
Operating FloOr...e:ceveesossesccssscsosssasessss 600
Control ROOM:e . ceeececsoctessnsososonoscsssssnscess 250

Riggers Loft/Spare Turbine Rotor Storage........ 600
MeZZAnine. .o cveessesesecssosessssssosossnssseseas 600
Instrument Repair and Wet Chemical Laboratory... 250
Office Area..ceceeeseeeecesesosesessosssessseases 200

Ground FloOr. . c.esvesecrsesencssosoncsscnssnses ...3,000

The foundation design will be as required by the

findings in the Soils Report.

Cooling Tower

The cooling tower is sited in such a way that during
prevailing winds the steam is carried away from the
Powerhouse and switchyard to minimize the danger of
icing and corrosion. The foundation for the tower
will be of concrete designed as a basin to contain

a large quantity of cooling water. The materials in
the cooling tower structure will be selected to with-
stand the corrosive action of the cooling water and

the weather conditions of the area.

Meteorological Data

There are no sources of meteorological data which

are directly applicable to the Krafla area. Meteo-
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rological data from the REYKJAHLID and GRIMSSTADIR
Weather Stations, which are closest to the Site,
were used to estimate the expected conditions
shown below. In order to acquire more accurate
meteorological data a portable automatic weather
recording station should be set up as soon as
possible at the Site. However, in the absence

of this more accurate data, the most adverse
weather conditions prevailing at either of the
above mentioned weather stations has been used

as design criteria for the Krafla Site.

Wind directional data available from GRIMSSTADIR
Weather Station indicates that the prevailing
wind direction in the Krafla area is from south
in the winter and the north in the summer. The
surface contours near the proposed Power Plant
location undoubtedly will confine wind direction
to either up or down the valley, which runs from

north-northeast to south-southwest.

Wind pressure for design will be as stated in the
U. S. Uniform Building Code for Wind Pressure Area

50 as follows:

Pressure Kilo Newtons

Height, Meters Per Square Meter
Less Than 9 1.92

9 to 14.9 2.39
15 to 29.9 2.87



3.4.3

3.5

For selection of design for the cooling tower, ex-
treme temperature and humidity data were collected
for the above weather stations for the last ten
years. The average is shown on Figure 1, tempera-
ture chart, where the number of days/year is

shown when the maximum temperature is above the
design temperature. On the basis of this diagram
the cooling tower parameters were selected as
+15°C dry bulb temperature maximum and +11°C wet
bulb temperature which corresponds to 63% Relative
Humidity. From the chart it can be seen that on
the average the dry bulb temperature will be ex-
ceeded approximately 30 days/year and a slight re-
duction in power would follow during the warmest

part of the days (1-5 o'clock) when this happens.

Minimum ambient temperatures and humidity for
design of Heating, Ventilating and Air Filtration

Systems are as follows:

Temperature -30°C

RH 60%

Geothermal Well Data

The geothermal well data used in the design is
based on available information from the two ex-
ploration boreholes which were drilled during the

fall of 1974.

- 12 =
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The deep water borehole average temperatures are

assumed to be 270°C.

The noncondensable gas composition of the steam
flashed at 10 Kg/square cm abs. is based on chemi-
cal analysis made on test borehole No. 1. The
noncondensable gases in the geothermal reservoir

water amount to 0.23% by weight of the water.

NONCONDENSABLE GAS COMPOSITION

Gas Percent by Volume
Carbon Dioxide (002) 76.4
Hydrogen Sulfide (H,S) 15.1
Hydrogen (H2) 7.4
Nitrogen (N2) 1.0
Methane (CHy) .06

Molecular Weight 39.20

Power Cycle

The turbines utilize steam flashed from geothermal
water at two different pressures. The double flash
system reduces the hot water requirement from the
wells by approximately 20 percent (20%) (as compared
to a single flash system) and at the same time gives
more flexibility of operation for possible future

changes in steam conditions.

The plant consists of two units, each of which is

capable of operating independently of, as well as,

- 14 -



in parallel with each other. Each unit includes
its own turbine-generator with auxiliaries, con-
densing system, cooling tower, and a substation to

step up the voltage for transmission.

The following design parameters have been selected
to provide a guaranteed generating unit output of

30 MW.

Turbine Design

First Flash Steam Pressure: 8.7 Kg per square cm abs.
Second Flash Steam Pressure: 2.2 Kg per square cm abs.
Turbine Entry Pressure:

High Pressure 7.2 Kg per square cm abs.

Low Pressure 1.81 Kg per square cm abs.

The following conditions are required to produce a

maximum continuous power output of 35 MW.

First Flash Steam Pressure 10.2 Kg per square cm abs.
Second Flash Pressure 2.7 Kg per square cm abs.

Turbine Entry Pressure:
High Pressure 8.42 Kg per square cm abs.

Low Pressure 2.16 Kg per square cm abs.

Condenser Design

Turbine Exhaust Pressure 89 mm Hg absolute at
30 MW and approximately
120 mm Hg absolute at
35 MW

Turbine Exhaust Temperature 49.2°C

- 15 -



Condenser Type: Low Level Direct Contact

Condenser Hot Well
Temperature 45,.3°C

Condenser Vacuum System: Removal of noncondensable
gases amounting to approximately one percent (1%)
by weight in the high pressure steam to the turbine.

The expected pH of the condensing steam is 4.0.

Cooling Tower Design

Hot water to cooling tower 45.3°C

Cold water from cooling tower 22.0°C
Air temperature design condition:

Dry Bulb 15°C

Wet Bulb 11°C

The cooling water in the cold well of the cooling
tower basin is assumed to be completely saturated

with atmosphere gases.

The cooling water is to be treated to bring the

cold well water pH up to approximately 6.5.

Electrical

The Krafla Plant will be the largest electric
generating station in the northern Iceland elec-
trical system during the early years of operation
and will be interconnected through high voltage
transmission lines with the hydroelectric gene-

rating stations to be built in the future.

- 16 -



The electrical design of this Plant provides for

the following considerations:

Base load operation normally, with ability to

control load.

Master frequency control for the northern electrical

system.

Installation of two generators and three transmission

lines.

Low maintenance and operation requirements due to remote

plant location.
Atmosphere containing hydrogen sulfide and salt spray.
Central Control Room

Ability to start the Plant without any outside power

source.
Operators in attendance at the Plant 24 hours per day.

Each generator, associated auxiliary station power

system, and step-up transformer designed as a unit.

- 17 -



4.1

4.1.1

POWER PLANT FACILITIES

Building and Equipment Arrangement

The equipment is arranged within the building so
as to facilitate maintenance and to make piping

installation short and economical.
Floor Openings and Hatches

Access hatches are provided to move equipment from
floor to floor. The large hatch located at the
center of the Powerhouse is sized to accommodate
the largest equipment component moving between the

ground floor and operating floor.

The operating floor includes areas with removable
steel grating to allow for maintenance access to
piping, valves and pumps located beneath. The
steel grating also provides ventilation around

major equipment from lower floors.
Operating Floor Arrangement

The turbine-generator controls and generator coolant
controls are located along the east wall, opposite

their respective generators.

The location of the Control Room within the Plant

at the south wall was selected for the following rea-

sons:

- 18 =



A more central location either would have interfered
with necessary clear maintenance space or would have
entailed a building addition protruding from the
east wall of the Powerhouse. This, in turn, would
have extended the required safety clearances between
the building and the switchgear in the yard and in-

creased the length of cabling at considerable cost.

The south end of the Powerhouse building is provided
with a concrete separation wall which accommodates
the Control Room at the operating floor level. Its
proximity to the operating floor equipment makes an
economical installation from the standpoint of con-
duit and control wiring runs. The shift foreman's
office is located adjacent to the Control Room and
is convenient thereto. A staircase is provided for
normal access to the operating floor, the labora-
tory and instrument repair rooms and is the emer-
gency exit for the upper levels of the south side

of the Powerhouse.

The Riggers Storage Room containing all rigger's
equipment and the Spare Turbine Rotor Storage area
is located in the south end bay of the building
above the Control Room. This area will be serviced
by the main bridge crane. Access is also by a

staircase from the operating floor level.

- 19 -



Mezzanine Floor Arrangement

This floor extends through five (5) bays of the
Powerhouse and is connected by stairs to the
operating floor and to the ground floor. Unit
Substations with Motor Control Centers No. 1A €
1B and No. 2A & 2B are located on the east side
in enclosed rooms. The 11 kV switchgear for each
turbine-generator is located on the west side in
enclosed rooms. The rooms are constructed of
light concrete bricks and are ventilated with fil-
tered air maintained at positive pressure to pre-
vent the entrance of hydrogen sulfide which could

attack and corrode exposed copper contacts.

A separate battery is provided for each unit. The
battery rooms are located on this floor on the east
side of the generator pedestals. The battery rooms
include special ventilation provisions to preclude

accumulation of hydrogen gases.

A wet chemistry laboratory and instrument repair
shop are located at the south end of the building

at the mezzanine level of the service area.

Ground Floor Arrangement

The Ground Floor is fitted with the central east

equipment entrance to the Powerhouse and a motorized

- 20 -



4.1.5

roll up door designed to accommodate the largest
equipment within the building. To the south of
the entrance is an enclosed room which contains
the cold startup generator equipment. The Mainte-
nance Shop, Parts Storage and Supervisors areas
are located in the central portion of the building

close by the entrance.

The Ground Floor Plan includes two stairwells at
the west wall providing access to the operating
floor and mezzanine floor. The Power Plant office,
reception, lavatories and locker room are also
located on this level at the south end of the

building.
Means of Exit

There are six (6) personnel doors on the ground
floor on the west and east walls of the Powerhouse
for emergency exit. Three (3) staircases from the
operating floor lead to these exit doors. An ex-
terior staircase on the north wall will be pro-
vided for the energency exit from the operating

floor.

Environmental and Architectural Considerations

The following environmental and architectural con-
siderations will be given high priority in the

execution of this project:

- 21 -



All structures included in the project will be
designed to harmonize with the surrounding

natural landscape.

The cooling tower will be located so that the
prevailing wind blows across the tower and so
as to prevent vapor from being blown across the

high voltage substation and other structures.

The Plant and the construction facilities will

be confined to the planned Power Plant area so

as to maintain a clear definition between the
untouched lava and the man made environment.
Roads within the area will have permanent surface

treatment.

Construction materials and color schemes will be
selected to harmonize and blend with the surround-

ing environment.

An important design element considered in planning
this structure is natural light. High windows
have been incorporated along the east and west
walls of the buiiding which will be double glazed
fixed sash for maximum thermal insulating value.
The concrete walls between these windows are just
wide enough to satisfy the structural integrity

requirements of the building.

- 22 -



Entrance and exit doors are organized in a har-
monious manner and are either recessed or have

canopies for protection from the rain and snow.

Non-bearing interior partitions will be light con-

crete bricks.

Lighting

Fluorsecent lighting will be used generally through-
out the building interior. Commercial type fixtures
will be installed in the offices, Control Room and
Reception Room to provide an illumination level of
100 footcandles. Industrial type fixtures with
high output lamps will be provided in most other
spaces to produce 75 footcandles in shop area and

50 footcandles elsewhere.

The exterior switchyard and cooling tower area will

be illuminated with mercury vapor floodlights.

European type lighting switches and convenience
receptacles will be used to suit 220 volts to ground

circuits.

Ventilation, Heating and Air Filtration

The heating, ventilating and air filtering systems
are designed to provide for three (3) main require-

ments.

- 23 -



b.4.2

b.4.3

Ventilation for the turbine-generator plant build-
ing generally will be sufficient to keep the gene-
rator and other electrical equipment from being

subjected to excessive ambient air temperatures.

Ventilating systems for areas enclosing switchgear,
motor controls, exciter control and other plant
control equipment will protect these components
from exposure to ambient air with corrosive con-
taminents. In addition to removal of the con-
taminents from the supply air the ventilation

system will also heat the supply air as needed.

Ventilation to provide clean air and comforable
working conditions in the maintenance, repair,

and operating areas.

- 24 -



Venti- Filtering
lation Exhaust Heating System
Area System System System Std. Specl

Ground Floor Areas

Turbine Generator
Foundation & Pit

Area X X X X
Shop Areas b4 b4 X X
Parts Storage X P4 X X
Cold Startup

Generator Area X X X X
Hot Well Areas X X X
Office X X X X
Waiting Room X P X X
Men's Room X X X X
Locker Room X X P4 p:4
Maintenance Shop X X X X
Mezzanine Areas
Switchgear Areas pd pd X X
Unit Substations

& MCC Areas X X X p.4
Wet Chemistry

Laboratory P14 X X p4
Instrument Repair X X X X
Battery Rooms X X
Operating Floor Area
Turbine Generator

Areas X X X X
Control Room X Pl X P4
Shift Foreman X X X X
Rigger Storage X X X
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5.1

5.1.1

5.1.1'1

POWER CYCLE AND AUXILIARY SYSTEMS

Power Cycle Flow Diagram

The Power Cycle Flow Diagram, Al-02-001, shows the
operating conditions for one unit of the Power
Plant. The explanation given here briefly describes
the operation of the system with reference to the

design and operating parameters.

Steam Flash Separators

Operation of the First Flash Stage Separator: The
Power Cycle Flow Diagram shows only one first flash
steam separator for the purpose of simplicty and
clarity. There will possibly be a steam separator
at each well or one for several wells. Expected
separator pressure is 8.7 kilograms per square
centimeter absolute (Kg/cm?a). The steam from
several first stage flash steam separators will be
manifolded and delivered to one turbine in the
Power Plant. The other turbine will be served by

another group of wells.

A level controller regulates the flow of liquid from
the bottom of the separator. This water will be mani-
folded and brought to the second stage flash steam
separator which may be located near the Power Plant.

If the pressure in the first stage separator rises
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5.1.1.2

5.1.2

5.1.2.1

5.1.2.2

to approximately 11 kilograms per square centimeter
absolute (Kg/cm?a) the excess pressure is released
to the atmosphere through the pressure control

valve.

The second stage flash steam separator pressure
will be approximately 2.2 kilograms per square centi-

meter absolute (Kg/cm2a).

A level controller maintains a level in the separa-
tor to prevent the escape of steam out the bottom
and to prevent the carry-over of liquid into the

low pressure steam line to the turbine.

The liquid effluent from the second flash steam
separator will be at the pressure of 2.2 kilograms
per square centimeter absolute (Kg/cm?a) and at a
temperature of 122.9°C. The quantity will be 70%
of the total borehole flow into the first flash

steam separators.
Power Generation

A moisture separator located at the Plant removes
condensate formed in the high pressure steam lines
due to heat loss in the piping between the first

stage flash separator and the Power Plant.

First stage (high pressure) turbine inlet pressure

at full load (30 MW) will be approximately 7.2
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kilograms per square centimeter absolute. (Kg/cm2a).
Design inlet pressure to the turbine from the
second stage flash steam separator will be 2.0

kilograms per square centimeter absolute (Kg/cm?a).

5.1.2.3 The main condenser design operating pressure is 89
millimeters of mercury (mm Hg abs.) absolute, cor-
responding to a saturation temperature of 49.2°C.

Condenser water inlet temperature will be 22°C.

A two stage steam jet ejector system with a direct
contact intercondenser is used for removal of the

noncondensable gases from the condenser.

The main condenser contains a gas cooling section

in which the noncondensable gases are further cooled
so as to reduce the amount of steam mixed with them
to the lowest practical quantity. Reducing the
quantity of steam dissolved in the noncondensable
gases reduces the load on the ejectors and the amount

of motive steam which would otherwise be required.

5.1.2.4 The geothermal hot water contains dissolved noncon-
densable gases, most of which are released in the
first flash steam separator and will pass through
the turbine to the condenser. The design of the

Power Plant is based on a noncondensable gas content
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5.1.2.5

of one percent (1%) by weight in the mixture of
high pressure steam and noncondensable gases at the
turbine inlet. A negligible amount will be present

in the low pressure steam.

The noncondensable gases are removed from the con-
denser by a two stage steam Jjet ejector system with
a direct contact intercondenser. The steam con-
densed in the intercondenser and the cooling water
used in the intercondenser are cascaded to the main
condenser. The 190 millimeters of mercury (mm Hg)
difference in pressure between the intercondenser
and the main condenser is maintained by a vertical
water column contained in a loop seal which joins
the main and intercondenser. The second stage
ejector discharges to the atmosphere through a

silencer.

The cooling water flow from the cooling tower basin
to the main condenser sprays is controlled by a single
large butterfly valve which is controlled by a sig-

nal from a pressure controller on the main condenser.

The mixture of condensate and cooling water is pumped
from the condenser to the cooling tower by two hot
well pumps through stainless steel piping. One of

the hot well pumps (associated with each turbine-
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5.2

generator) has a noncondensing turbine driver and
an electric motor driver. The use of a steam-
turbine driver for cold start reduces the power
demand which in turn reduces the size of the
standby generator required. The condenser hot
well water level is controled by throttling the

discharge of the hot well pumps.

Cooled water flows to the condenser from the cold
well of the cooling tower by the pressure differ-
ential between the atmosphere and the condenser
vacuum. Excess condensate is pumped from the
cooling tower cold well to the same disposal area
as the water from the second stage flash steam

separator.

Auxiliary Systems

Flow diagrams for auxiliary systems are included.
Auxiliary Cooling Water

Auxiliary cooling water is supplied from the cool-
ing tower by two auxiliary cooling water booster
pumps. A portion of the auxiliary cooling water
is used to cool the lubricating oil and generator
air cooling systems. This portion of the auxili-
ary cooling water flows subsequently to the main

condenser. Another portion of the cooling water
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5.2.3

is used to cool the air compressor systems and is
returned to the cooling tower cold well to permit
running these systems when the turbine-generator
is shut down. The balance of the auxiliary cool-
ing water is pumped to the intercondenser and

then returned to the main condenser.
Lube 0il

The lubricating oil system for the turbine genera-
tor will be furnished by the turbine-generator manu-
facturer. An auxiliary system (not furnished with
the turbine-generator) for purification and storage
of lubricating oil includes a centrifuge and trans-
fer pumps for each turbine-generator unit. The
system also includes two storage tanks, one for
clean and one for dirty oil. These tanks serve
both turbine-generators and are each more than
double the capacity contained in a turbine lubri-

cating oil sump tank.

Each centrifuge is sized to purify the contents of
a turbine-generator lubricating oil sump tank in
eight hours. Each centrifuge and oil transfer pump
may be used for purification of oil in either

turbine-generator sump.
Compressed Air System

Compressed air is provided by three compressors. One

control air compressor normally supplies the in-
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strument and control air required for both gene-
rating unit systems. One utility air compressor
is provided for the Plant and supplies utility

air for maintenance work.

The control air compressors are of the oil free type,
single stage, water cooled, double acting, vertical,
reciprocating type with stainless steel cylinder
liners, and Teflon piston rings. The capacity of
each compressor is 3.5 cubic meters per minute
(m3/min.) inlet air at 7.1 kilograms per square
centimeter gauge (Kg/cm?ga.) The motor driver size

is 22 kW nominal.

The utility air compressor can spare either con-
trol air compressor in an emergency. In such an
emergency the air from the utility compressor would
be passed through a charcoal filter before entering

the control air piping.

A dryer is provided to dry the control air to a -u40°C

dewpoint.

The air compressors are cooled by a separate water
system which makes use of potable water in a recir-
culating system piped in carbon steel. The system
contains two circulating pumps and two heat ex-
changers, each of which is capable of cooling the
three compressore. These heat exchangers reject

waste heat to the auxiliary cooling water system.
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Fire Protection

The fire water system consists of an underground
ring main surrounding the cooling towers and an
interconnected ring main surrounding the Power-
house and the high voltage transformers. The
cooling tower cells are provided with individually
controlled spray and wetting systems. Pump sizing
is based on a two-hour fire wall between each
cooling tower cell. There are twelve hydrant hose
stations outside; two of which are foam hand hose
line stations. In addition, there are eight hydrant
hose stations within the Powerhouse. Isolating
valves (post indicator section valves) are provided

for full security in the event of a pipe failure.

The water supply for the system is from the cooling
tower cold wells. Each main fire pump can take
suction from either cold well. The capacity of
each cold well at working level provides approxi-
mately three hours supply of fire fighting water

using one main fire pump.

In order to protect against freeze up the above
ground portions of the fire water system will be

of the dry type filled with air under pressure.

The fire water system includes a jockey pump

driven by a 4 kW motor to maintain pressure in the
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system and two main fire pumps, one driven by a
75 kW electric motor and the other is driven by

a steam turbine.

5.3.2 In addition to its use for fighting fires, the
fire water system is used to keep inactive sec-

tions of the cooling tower wet.

5.3.3 For areas protected by the automatic sprinkler
system the design sprinkler water density in
kilograms per second per square meter (Kg/sec/m?)

is as follows:

Cooling Tower Cell Fan Area (throat) 0.225

Cooling Tower Cell Fill Area 0.34

Turbine Areas 0.17

Power Transformers 0.17
5.3.4 Foam hand hose stations are provided as protection

for the high voltage transformers in addition to

the sprinkler system.

5.3.5 A COp fire protection system provides automatic
coverage for generator purge. The source of the
gas is from a liquid CO, tank complete with nec-
essary controls. The unit is supplied with heat
detectors and alarms. The dampers which control
the ventilating air supply to the switchrooms

will be fitted with a spring loaded mechanism
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which will close the dampers and stop the fan motors

in the event the CO, system is actuated. Each of
the five switchrooms and the two exciter rooms are
individually enclosed to localize damage in the

event of fire.

Halon 1301 is being investigated as an alterna-

tive for the CO, system described above.

Operating and Control Features

Local controls will be provided for startup of the
Plant in the vicinity of the turbine-generator and
Plant auxiliaries. When the turbine-generator has
reached synchronous speed, control will be turned
over to the panels in the Control Room for syn-
chronizing and loading. The emergency shutdown
system can be actuated from the Control Room or
from the local control panel on the operating

floor.

An automatic fail-safe shutdown system is also
included which will register the reason for shut-

down on a first in annunciator system.

The Control Room will contain:

A control board for turbine-generators Units #1

and #2
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5.4.1.2

5.4.1.3

S5.4.1.4

5‘4.2

5.4.2.1

5.4.2.2

5.4.2.3

S5.4.2.4

A control board for auxiliary equipment controls
A control board for auxiliary equipment controls
A control board for the 132 kV 0.C.B.

Operating controls will include:

Steam Stop Valves

The main steam stop valves are remote hand con-
trolled, however, they are closed automatically in

the event of an emergency turbine shutdown.
Condenser Level Control

The level in the main condenser is controlled by
automatic operation of a valve in the discharge of
the hot well pump. This control is supplemented

by a bypass valve to return a portion of the dis-
charge water from the hot well pump to the main con-
denser during conditions of extreme low flow to the

condenser which occur during startup and shutdown.
Condenser Pressure Control

The pressure in the main condenser is regulated by
a valve which controls the flow of cooling water to

the sprays in the main condenser.

Noncondensable Gas Anti-Surge Control
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5.4.2.5

5.4.2.6

5.4.2.7

Control is provided to admit ambient air to the
suction side of the ejectors to prevent surging

during reduced load operation.
Lube 0il Warm Up System

Control is provided to turn off the cooling water
to the lube oil heat exchanger in order to pro-
vide a fast warm up of lube o0il during a cold

start.
Compressed Air System

Each control air compressor is sized to handle both
generating plant units; however, if pressure falls
to a predetermined point the standby control air
compressor will start automatically. If pressure
continues to fall a control valve will close, iso-
lating the control air system of Unit No. 1 from
Unit No. 2, thus preventing the defective system
from shutting down both turbine-generators. A
level control is provided in the air compressor
cooling system surge tank to make up for losses

by admitting water from the domestic water system.

Fire Pump System

Pressure in the fire pump system is maintained by

the jockey pump which is automatically started and
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stopped by a pressure switch. In the event the
pressure continues to drop with the jockey pump
running, a second contact of the pressure switch
will start the main fire pump and open the automatic
discharge valve. A continued drop in pressure will
operate a third pressure switch contact to start the
No. 2 main fire pump and open its discharge valve.
As the pressure in the system is restored, the pumps

will be stopped in the reverse sequence.
5.4.2.8 Alarms

Alarms are provided to the Control Room annunciator
to alert the operator to critical conditions. The

most important of these include:

5.4.2.8.1 Turbine-generator high vibrationj; lube o0il high or
low pressure, low oil level, high oil temperature

and high generator air temperature.

5.4.2.8.2 Main condenser, low level, high level, high preésure,

and low pressure.
5.4.2.8.3 Intercondenser; high pressure, high level.
5.4.2.8.4 Lube 0il centrifuge; breakover.
5.4.2.8.5 Control air pressure; low pressure.

5.5 Piping and Equipment
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.5.1

.5.2

High and Low Pressure Steam Piping

The high pressure and low pressure steam piping
systems design will provide for flexibility, easy
access and economic pressure drops. It is assumed
that the turbine requires double entry for both
high pressure and low pressure steam. The second
flash steam separator is located close to the main
isolation valve to minimize pressure drop. For
plant startup, a bypass line is provided around

one high pressure steam control valve.

Since the maximum temperature of the steam is 190°C,
dry and saturated, carbon steel pipe conforming to
ASTM A53 and Al34 specifications is suitable for all

steam systems.
Circulating and Auxiliary Cooling Water Piping

Main circulating water and the auxiliary cooling
water system water piping material is stainless steel
type 304L to minimize the potential for chloride
stress corrosion cracking in geothermal water ser-
vice. Type 304L stainless steel was selected over
the other types of stainless steels for economic
reasons. This material has less than .03% carbon
and for this reason is not as susceptible to inter-

granular corrosion as a result of welding. An in-
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5.5.2.1

5.5.2.2

vestigation of the suitability of lined carbon steel
or fiberglas reinforced pipe for these services is
in progress and should any of these substitutes be
found acceptable the use of one of these less expen-

sive materials will be recommended.

Two vent pipes are included at the top of the main
condensate piping system where it joins the cooling
tower distribution maﬁifold. These vents ensure
that the piping to the hot well can not be exposed
to negative pressure exceeding 0.07 kilograms per
square centimeter (Kg/cm?) in the event the hot
well pumps trip out and their associated discharge

valves do not close in time to prevent flow reversal.

Water from the cooling tower cold well enters the
condenser supply piping through a strainer and

vortex breaker in the pit adjacent to the cold well.

A separate auxiliary cooling water system serves
each turbine-generator unit. However, provision
is made for cross connection of individual sub-
systems so that one pump can serve either unit

in the event of a failure or during maintenance
periods. Butterfly valves are provided to balance
the individual pressure drops to ensure the proper

flows through each heat exchanger.
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5.5.5

5.5.6

Lubricating 0il Purification System

The piping material for the lube 0il system is car-
bon steel pickled, ASTM A53 Gr. A or B. The system
includes several check valves to ensure separation

of contaminated and clean oils under operating con-

ditions.
Noncondensable Gas Removal Piping

The piping for the removal of noncondensable gases
from the condenser is type 304L stainless steel to

resist the corrosiveness of these gases.
Fire Protection System

The material in the firemain piping valves and

pumps is stainless steel type 304L for compatibility
with geothermal water. An evaluation is presently
being made as to the suitability of fiberglass re-
inforced plastic piping for underground fire service
in hazardous earthquake areas, and if it is found to
be satisfactory, it will be recommended as it is

significantly less costly than the stainless steel.
Compressed Air Systems

The control air system draws air from the charcoal

filtered air supply to the air conditioning system.
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5.5.7

The piping is stainless steel type 304L to ensure
internal purity of the air in the event there is a
malfunction of the dryers or charcoal filters which
could cause corrosion. High quality plastic tubing
(enclosed in conduit in open areas) is used for
instrument lines. Piping routed from the Power-

house to the cooling tower is underground.
Cold Start Generator

Either a steam turbine or a diesel engine driven
startup generator rated 600 or 750 kW will be pro-
vided, dependent upon which is least costly. The
unit will be installed within a suitable enclosure
to protect it from the environment. The electrical
switching equipment and instruments are purged by
clean, charcoal filtered air from a system located

within the generator enclosure.

The generator is sized for the starting loads and
considers the sequence of starting auxiliary elec-

tric equipment for plant startup.

Sufficient reserve power will be available during
Plant startup to start the fire jockey pump, and

the first and second main fire pumps.
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6.0 ELECTRICAL CHARACTERISTICS

6.1 General Design Parameters

6.1.1 The Plant will include two generators, each rated
30 megawatts gross output at eighty percent (80%)

power factor.

6.1.2 The Plant is designed for ease of installation
and a minimum requirment for highly specialized

construction labor.

6.1.3 The Plant is designed on a unit system basis for
maximum reliability. That is, each generator has
its own station power equipment and its own step-

up transformer with associated protective relaying.

The unit system design permits unified operation of
the protective relaying, allowing all the com-
ponents in one unit to be protected together as

if they were a single component. This increases
the power plant reliability since failure of one
component will not disable the whole plant, but
only the unit with which the faulty component is

associated.

6.1.U4 Startup of each generating unit will most fre-
quently occur with the 132 kV bus being energized
by the other generating unit or by a transmission

line. Thus the capacity of each station power
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6.1.5

6.1.6

transformer has been selected so that it can sup-
ply not only its own auxiliary equipment, but
also the auxiliary equipment essential for start-

ing of another generating unit in the plant.

Because of the remote location of the power plant
provision has also been made for the cold startup
of each generating unit without the other gene-
rating unit or any transmission line being ener-
gized. One hot well pump for each generating unit
has an electric motor for its normal driver, and a
noncondensing steam turbine with angle gear drive

and clutch to be used for cold plant startup.

A cold start steam turbine or diesel engine driven
generator is provided to energize lighting, bat-
tery chargers, and auxiliaries required for the
startup of one generating unit. The cold startup
generator is arranged to serve as an emergency
generator also. The generator will start auto-
matically in case of power outage to supply light-
ing, control apparatus, and battery charging. In
addition it can supply plant maintenance equip-
ment, and housing loads, except during startup of

a generating unit.

Copper is especially vulnerable to the corrosive

effects of hydrogen sulfide and is therefore elimi-
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nated where possible. Copper connections and
contacts, where used, are tinned or otherwise
protected from corrosion. Since aluminum is

resistant to hydrogen sulfide, aluminum buses

- and cables are used extensively.

6.2 Generators

6.2.1 The main generators are totally enclosed. They
are cooled by forced recirculated and filtered
air with air-to-water heat exchangers. This
arrangement precludes corrosion of the generator
by hydrogen sulfide. Hydrogen cooling of gene-
rators was considered, but rejected because the
small increase in efficiency obtained would be
offset by the cost of the extra equipment re-
quired and the difficulty in maintaining the

hydrogen supply equipment at a remote location.

6.2.2 The generator excitation is the brushless type.
Reasons for selecting brushless excitation include

the following:

6.2.2.1 Reduced maintenance cost and increased relia-
bility because there are no brushes, slip rings,

commutators or field rheostats
6.2.2.2 No carbon dust problems

6.2.2.3 No hazard of maintaining brushes under load or

need to shut down the machine to maintain brushes
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6.2.2.4

6.2.2.5

No space required for external excitation systems

Easier and less costly to install than other types

of generator excitation systems.

Auxiliary Equipment

The metalclad switchgear, unit substations, motor
control centers, main control board, storage bat-
teries, and associated equipment are located in
protected spaces. These spaces are ventilated
with forced air which has been passed through
hydrogen sulfide absorbing filters. This mini-
mizes the effect of hydrogen sulfide and permits
the use of general purpose type enclosures re-
sulting in adequate reliability at reasonable

cost.

Motors with ratings of 0.50 kW and larger operate
on 380 volts, 3-phase. Higher voltage for the
largest motors can not be economically Jjustified.
Motors smaller than 0.50 kW, lighting, and miscel-
laneous small equipment operate on 220 volts,

single phase, line to neutral, circuits.

A station battery provides 110 volts DC for emer-
gency lighting, circuit breaker tripping power,
instrumentation, and certain critical loads such

as emergency lube oil pumps.
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132 kV Substation

The substation 132 kV bus arrangement provides
flexibility for the two generators and three
transmission lines connected to it by permit-
ting any of the generators or transmission lines
to be completely isolated. The substation is

designed for seismic loading.

Control cabinets which must be located outdoors
have weatherproof enclosures with space heaters
to prevent condensation and to assure reliable

operation.

The high voltage substation is designed for reli-

able operation in storm driven salt spray.

Insulator and bushing surface leakage distances
and clearance distances are designed to the per-
tinent Norwegian standards which are now in gene-

ral use in Iceland.

Control Room

The main control board for the station is located
in the Control Room. This main control board con-
tains all essential controls, meters and protec-

tive relays for operation of the plant, including

the high voltage substation. The main control
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6.5.3

board is designed to put generators on line,
adjust load, monitor operation of the electri-
cal equipment, and indicate the trouble if a

protective relay takes a machine out of service.

Controls and instruments permit synchronizing
between any two circuits where paralleling of

generators and/or lines may be desired.

Provision is made for the Krafla plant to auto-
matically and accurately control frequency to
assure accurate time by electric clocks on the
system. Provision is also made for the Krafla
plant to operate at a pre-set base load with
frequency being controlled at another power

plant on the system.
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7.1

DESIGN, PROCUREMENT, AND CONSTRUCTION SCHEDULE

The Major Activity Schedule is shown on Drawing
Al-07-004. This Schedule accommodates the desires
of the Krafla Project Executive Committee to

build and have the Power Plant in operation for
the 1976-1977 winter peak load period. At the
present time the preliminary design is essentially
completed. The Contract for the turbine-generator
units has been awarded and bids have been soli-

cited for all major equipment.

Methodology for Development

The Major Activity Schedule was developed around
the 14 month turbine-generator delivery (FOB Japan)
promised by the manufacturer and the need to have
electricity generated from the geothermal resources
on line for the peak power demands expected during

the winter months of 1976-1977.

The Major Activity Schedule assumes that suffi-
cient geothermal wells will be completed to power
the first turbine-generator unit and the neces-
sary power line will be completed and operational

by August 1976.

One 30 MW unit will be sufficient to meet the

projected power requirements for the 1976-1977
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7.1.3

7.1.4

winter requirements and the project objective is

to have the first unit on line by that time.

The installation of the second turbine-generator
unit will be completed after the first unit is in
commercial operation. Any additional geothermal
wells needed to meet the steam requirements for

both units can be completed during 1977.

The project starting date was 21 November 1974.
The schedule indicates the alloted time periods
for preliminary and final engineering design,

bid preparation, evaluation and contract awards,
manufacturing time for equipment, transportation,
installation and check-out for major equipment
and systems. The schedule indicates the con-
struction completion requirements for the Power-
house building and various equipment foundations

or mats.

Major Activities

The turbine-generator units usually require the
longest delivery time and therefore are the criti-
cal element of the schedule. However, the very
short delivefy promised (14 months FOB Japan) and
already contracted for places several other major

equipment items on critical paths. Careful atten-



tion must be paid to the time required for manu-
facture and delivery of these items, and if any
slippage in schedules occurs, effective expediting
procedures will have to be implemented without

delay.

The Major Activity Schedule reflects the delivery
time quoted by major equipment suppliers. Recent
communications with suppliers indicates that many
of the major equipment items may be possibly ob-

tained ahead of schedule.

Items that can be procured with shorter delivery
times than indicated in the Schedule will be
shipped to the Site as soon as ready to allow in-
stallation and check-out at the earliest possible
date. If equipment arrives before the Contractor
is ready for it, or if weather conditions inter-
fere with immediate transport to the Site, it

will be temporarily stored at Hdsavik.

The Schedule indicates that the exteriqr shell of

the Power Plant will be completed during the sum-
mer and fall of 1975, so that interior concrete
work and the installation of equipment can con-

tinue through the winter months.
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7.3

Conclusion

The schedule is considered realistic but very tight
and will require closely coordinated design, pro-

curement and construction management.
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0

SYSTEM POWER REQUIREMENTS

The power requirements shown on Figure 2 for the
north-coast and on Figure 3 for the north and

the east-coast combined have been estimated for
the next five years. It is expected that by 1980
eighty percent (80%) of the oil heating systems
will have been replaced by electrical heating
systems. This expectation is confirmed by a
study made by Landsvirkjun, the National Power

Company (NPC) for all of Iceland.

" North-Coast Electrical System

The projected power demand on the north-coast
alone is 48 MW in 1977, 55 MW in 1978, 65 MW in

1979 and 77 MW in 1980.

The existing hydroelectric and the new steam gene-
rated power (Krafla geothermal plant) will pro-
vide 88 MW of prime generating capacity to meet
the projected loads. The existing and planned

20 MW of diesel generation will be retained as
resefve-capacity to cover possible outages of a
unit at the Krafla plant and 8 MW of hydroelectric
capacity at the Laxd plant which is frequently not

available due to ice or low water conditions.

The total installed capacity will be 108 MW during

the period between 1977 and 1980 the firm capacity
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will be 70 MW which is determined by deducting the
capacity lost due to an unscheduled outage of a 30
MW unit at Krafla simultaneously with an 8 MW cur-
tailment at Lavd. This capacity is estimated to be

sufficient through the summer of 1980.

With the completion of the interconnecting trans-
mission line from the north to the NPC system, 15 MW
of additional power will be available to the north
coast system resulting in 85 MW of firm capacity.
This capacity should be sufficient to meet projected

load through the summer of 1981.

North and East-Coast Electrical System

The projected power demand on the north and east-
coast combined is 63 MW in 1977, 76 MW in 1978,

95 MW in 1979 and 115 MW in 1980. The existing
hydroelectric generation (39 MW) and the new Krafla
geothermal steam plant generation (60 MW) will
provide prime capacity of 99 MW for the combined
north and east coast system. In addition there

are 29 MW of diesel capacity which i1f retained in
reserve will bring the total installed capacity

to 128 MW. Expected curtailment of 10 MW of hydro-
electric power and a simultaneous unscheduled out-
age of one unit at Krafla (30 MW) reduces the firm

power available for this combined area to 88 MW.
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This capacity does not provide sufficient firm
power to the area during 1979; however, the
transmission line connecting the NPC system to
the north and east coast system will provide

6 MW of additional firm power bringing the total
firm power available to 94 MW. This is suffi-

cient to meet the 1979 power requirement of 95 MW.

Conclusion

The Krafla Power Plant Project is an important
part of the planned electrical system and will
contribute significantly to the immediate need
for additional firm capacity in the north coast

and/or north and east coast electrical systems.

The load growth curves demonstrate that planning
for additional generating capacity must be under-
taken in the very near future in order to assure

an adequate power supply beyond 1980.
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915 000 22700 . TEAM ATOR AND STEAM LINE PRESSURES ARE
WATER FLOW (KG/HR) 7119001641000} - = < = = = = = = 2000 | 90 000 | 165000 135 00| 140000 | 398 000 [5561300]6 221 000|353 6a0]5 554000 4. STERM SEFRRTORAND STERM LINL FRESSURLS AR
NON- CONDENSRBLE GAS FLow (Ke/m|| 2100 | -0- | -0- | 2ico [ 1990 | 70 | -o- | 2000 | 50 40 | 1950 | 5040 | 2080 o L e AL TRES L B GE RN
AIR FLOW (K& HR) 200 | 200 120 5.DENSITY &IVEN FOR STEAM ONLY.
D8]
TEMPERRTURE __(<C) 173.2 | 172.2 | 122.9 | 1732 | 165.1 | 165.1 | 119.7 | 49.2 | 1651 | 165.1 25 25 — 3z 24.9 26.1 22 46,0 | 22.9 22 352 72 2 O’AbsuMEDTEJ‘;g\%EEN‘(I:LEE%MAL EFF: 75.5%
PRESSURE _( K&/cm? AwS.) 8.7 2.2 8.7 7.2 7.2 2.0 - 7.2 7.2 - — — TURBINE MECHANICAL EFF: $5.0Z
PRESSURE (MM HG. ABS.) - = = = = = = 89 = = [C1d 280 _ GENERATOR EFF: 97.4%
ENTHALPY (KCAV/ KG) 2630 | 5. | 1232 | @611 | 659.7 | 659.7 | 6462 | 554.9 | %59.7 | 659.7 32 25.0 26.2 2z 46.0 | 32.9 22 352 22 22 7. ASSUMED CONDENSER AIR LEAKAGE ¢ 70 K&/HR.
DENSITY (Ke/M3) 19.6 940.5 3.68 1.111  |0.0800 (5) 935 957 597 998 550 95" 598 S%0 SS8 958 8. TURBINE - GENERATOR WILL PRODUCE APFROX.
35 MW WITH GREATER WELL FLOW AND
i _ INCREASED STEAM AND CONDENSER PRESSURES.
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17-003 [7-001
TURBINE GENERATOR
12-003
@ Iﬁ ’_N_] DIRECT (ONTACT CONDENSER
M-02-00%> < —<t G —>— © ==
FROM FIRST FLASH '
STtAM SEPARATOK ~t L:/'. I i~} @ >

r & > & AI-02-005 )

i LA — o
l_‘\’:[ ' TO STEAM JET EVECTORS
| Y
!

<Al-03-004% ;

-02-00G

TO GLAND SEAL y {41-02-00G {

EJECTOR FROM LUBE-OIL
COOLER

4 4 T \
h > SAI-02°C05 > GASTO —
- QM-07-00% <t IS - R ¢ <> ; I N
: i Al-02-005 » I EAMJE
FROM SECOND FLRSH . ) . @& i ) | EJECTORONE
STLAM SLPARETOK =i~ - A} - | &

T N 7N G < Q1-02->ce
FROM CCOLING TUAER

—<AI-02- ¢ Sg

FROM INTERCD!DENSER

b
r ‘L\ @ >g—iwt 4 TOUTSIDE VENT

P
©
©

\ Y A 4 >
E
—~—]
<« J/ '\%
/£ 5
2 ¥ @ A1-02-006 >
_ 14-005A 14-005 B TO COOLING TOWER —

HOTWELL PUMP ¥ | A HOTWELL PUMP# | B

. F
SREAM No—w | D | | @ | D | © | @ | Q0| @[ | @& || |©C|& |6 | |0 e
STEAM FLOW (Kg /HR ) 228500 108750 | 81800| 40900 | 267 100 250 800 [10200 10200 :
WATER FLOW (Ks/ HR) = = = = 330003 527 500 | 7 052 000|6 241 Cog| 255 000 156 000 = -
NONCONDENSABLE GAS (Ka /HR) 2470 | 2350 | -o- -o- 2360 1180 10 1o 110
AIR FLOW (Ka /HR) = - 100
JEMPERATURE  (°C) 178.4 169.7 122.8 126.7 49.2 45.3 45.3 22 25.8 =14 25 169.7 169.7 169.7
PRESSURE (Ke/CMZ ABS.) - 8.0 = 2.5 - 3.0 8.0 8.0 —
PRESSURE (MM Hc ABS) 29 -
ENTHALPY (KcaL /Ka) 6@2.8 o608 | #9%.6 | ¢48.6 554.0 45.3 45.3 22 25.8 46 25 @028 | G60-8
i
’ ALL PRESSURLS ABSOL27>E| ‘ ‘ : .
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GLAND STEAM

EJECTOR

Ty o

15-00/
FIRST STAGE
EJECTOR

1

I1I5-003
SECOND STAGE
EJECTO

10~ 035!

VENT AND

SILENCER

DAl-02 -00% 1 .
FROM HIGH PRESSURE
STEAM LINE
v %j ér $ <(>
2 » P {i b c i >
FROM GLAND SEAL
STEAM SYSTEM
VENT @
! i it
® 1
v _
DAl-C2-004 @
DAl-02-004 @ >
FROM MAIN CONDENSER @
Ql~02-006 <
y FROM ALX.
QAl-02- 00 COOLING WATER PUMPS
TO MAIN CONDENSER
12-001
INTERCONDENSER
SREMNo — | D | @ | @ | & | & | © | & © | ® |
STEAM FLOW (Ke /HR) 10200[ 5500 [ 4700 | 250 500 | eoo0 100 | 4800 N
WATER FLOW (Ke / HR) 156 coo| 1500 |
HON CONDENSABLE §AS(Ks/HR) 1 10 () 50 180 | 2360 | 2420 | 2420 | 2470
AIR FLOW (Ke /HR) 100 200 200 200 200
TEMPERATURE (°Q) 163.7 169.7 169.7 25 25 25 100 46 22
PRESSURE (Ke/CM?) 8.0 3.0 8.0 |
PRESSURE (MM He ABS) 89 89 i
ENTHALPY (Keaw / Ka) ©¢0.8 | 660.8 | 660.8 4¢ 22 |
|
|
‘ I
ALL PRESSURES ABSOLUTE
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LA W
MoE | EM 3N
R M «0
12-005A 12-005 B 12-011 - 12-007 azpl o |8 | SR
LUBE OIL  COOLERS IAID GEMERATOR AIR COOLER AIR COMPRESSOR o3a | ox| |s3| | 23
COOLING WATER z8 og| 23 3
HEAT EXCHANGER 59§ Fm sz Eg
0. | 3% B =
A < < o<
£33 &
@41-02-006 @
TO MAIN
CO NDENSER
HOTWELL
e (4
3
g
¢ ¢
9 A
| g 3
i § ®
X X 2 X s 1
V] o A
& & 5 & @ ,
= W
© 4
< <
~ . ~ - R .
. — < c@ ROM AR COMPRESSOR UNITS
B A — 5 (POTABLE WATER)
-y = ——
CIL To/FROM OIL TO/FROM . <OF UNITS
TURBINE - GENERATOR TURBINE - SENERATOR T ReM HIRCONERESSOR LIS
LURE OlL RESERVOIR LUBE OIL RESERWIR
(uNIT 1) (UNIT 1)
N y
c % v
r 3
X X }F
TO TURBINE
%AS‘J\I\PG’. SPRAY
u
© © &
r'y
& b Y
D
G X 2
@i-c2-004 <>{><% < P- @ <> =’
TO INTERCONDENSER
_ 2 ]
_ QI1-03 203 <> < /> @
TO MAIN CONDENSER COwWw WEW NoO.| —D<—>
AV QORI S : -
— y L.'Agvzl.k\.\. -
NO. — - L N —
E O\ 3 i I Al 02-009 >
g < 4 T FIRE PUMPS
14-007A ¢ A-02-009
14-0078% To FIRE PUMPS
AUX. COOLING WATER - @
BOOSTER PUMPS 4 I <
° FROM DOMESTIC
. WATER SUPPLY
Z -02-003 @
F P ‘» / P A ~ N 3
STREAM NO. I1oleléela|e|leo|lo[®lelw]n]e][2][w]e]le] D
WATER _Frow (KGHR) [l6.745,2006,341,000| 408,000 150,000 258,000 30,000 | 20,000 | /68,000| 165,000| 155,000| 258,000] 3,000 3000|705500d s0000| B0,c00 . 12-009 14-003
TLMPERATURE (°C) 2¢ 22 22 22 22 22 25.5 22 22 25.9 22 32 45.3 22 22 »OOL\'NNGO ‘:‘owER E;Lowm\};/gMg/sPosAL
PRESSURE (Ko/fm' ABS) [ | | ’
1
G N .
[ > > 1 | ] ] CONSULTING ENGINEERS KROFLUNEFND KRAFLA GEOTHERMAL _POWER PLANT
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18-007
LUBE OIL CENTRIFUGE Nol f1-ool 1n-00%
TRIFUGE! Nos CLE AN LUBE OIL TANK DIRTY LUBE &iL TANK
A
14-009 . From
LUBE CIL TRANSFEK PUMP Nol ] 4‘9 i CENTRIFUGE NO. 2
18 -008
POTABLE  SEAL WATER (UNIT NO.1)
- ) < < @ PN @
P>g¢—
]
%
y 3ﬁ<5> re—Y pg (ONE TANK PER PLANTY (ONe TANK PER PLANT) re—Y ><<7>ﬁ'
y
— )——NT 20,000 L 20,000 L
TRUCK UNLOADING TRUCK LCADING
LUBE-OIL CENTRIFUGE No L Z ANDBRAIN ANE DRAIN
— v )
AND J A 4{
LUBL-CIL TRANSFEK PUMP Noi <
° X L 5 5 ]
c
& |
= v 9
~><- > >
‘[ TO ZENTRIFUSE HO. 2
DR AIN 1 13-c08
D
’ & ) , g > :
T 4 \ CENTRIFUGE SUPPLY
FLOW CONTROL VALVE FROM TURBINE - GENERATOR
LUBE -OIL RESERVOIR
y
X
, ' & S
FROM ROTTOM OF
TURBINE - GENERATOR
LUBE-OIL RESERVOIR
R

TO TURE!'NE - GENERATOR
LUBE -O\L RESERVOIR

F
(@) 3
STREAM NO ORI 6 | Q||| |® NOTE
oi._rFrow (“ArR) 1000 | /000 | 1000 | 1000 | 6700 | 6700 | 6700 | 6700 | /000 ) UNIT ONE SHOWNY UNIT TWO SIMILAR
WATER FLOYY MIHR) !
TEMPLRATURE (°C) 6o %0 70 70 /6 /6 /16 /6 /6 60
PRESSURE (ke fm? ABS) ] [] 2.5 2.5 ] 1 1 / | 4.0

G
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12-0039 /2-010
COOL /NG COOLING
TOWER TOWER
#/ #2
A A
R & @
4 - \
] 7]
Q
5
S 5
@0 @ q 75 3
@ ® @
Qg
Py
: SfS
TURBINE MAIN 70 IMAIN TURBINE E §
CONTRIL CONTROL INSTRUMENT CONTROL CONTROL
, BANELH#] FANEL #/  REPAIR SHOP BANEL #2  FANEL 42 '
@
® & i
—_ ¢ 3
\
)4
Y
= &
3 @ &
9
¢ B
<C
{a) —» § =
2w
R =
o -~
H g = CoNTROL uTiLiTy CONTRIL
S o AIR COMP. AIR AIR COMP
10-90% ] S ¢ - ComPR #
o=z 0-2¢2 10-004 Q 2 cocLIng CCOLING COOLING
CONTROL  AIK < > CONTROL _AIR @ 2 =
RECLIVEK 4/ p LECEIVER #2 8} ) A A A
N N y 5
A D Y @) 9 ) AN
o 7o 70 70 FLAnT UTiiry NI
INSTRUMENT E[ECT MANTENANCE IRV S: ‘ ol &
REFAIK SHOP SHOP SHor I NEES
10-005 =L
b AIR UTILITY AIR AIR by X X
ij',é;fe RECEIVER BRyLR
#2
=g AR, DRYER A @ @ @
8 - “’@/ g g
o %( ot L} { T0 COOLING TOWER FROM ALIX. C.W. [ PUMPS
~; FILTER U}  -02-006 e- ~< -02-006(A
FRCtq CHARCOAL FROM CHAKCOAL FROM CHAKCOAL A
FILTERLD FILTERED FILTLKED =
AIR DUCT \“/ AlR DuCT > AIR DUCT @
:—1 - :>—| @ /\/\
E ONE pm
R M R ( PLI\NT R M
*_—I
16-071 16 -002 19-011 12-007
INSTRIMENT  AND 16-003 INSTRUMENT  AND 11-0c05 14-012 12-co8
céuw«c_ AIR uTiLITY AIR CONTROL AIR AIR COMPRESSOR AIR COMPRESSOR AIR COMPRESSOR
COMPREZICK N2 | COMPRESSTH COMPRESSOR N2 2 COOLING WATER COOLING WATER COOLING WATER
SUNGE TRNK N2 | PUMP N2 | H.E. N& |
— PUMP N? 2 HE. N°2
COMPRE SSED AR SYSTEM AIR COMPRESSOR COOLING WATER SYSTEM
. .
STREAM nvO. . | D [ @@ |® | & |© |0 || Q|0 |0 |& | ||| |0 6| | & |
AIR FLow (Mien.) ¥3.54 [*3.54 0.57 0.85 0.85 0.28 085 1.64 1.33 0.34 0.71 03] 0.28 0.28 0.71 0.34 .
WATER F2ow (Ke/HR) 3000 | 3000 3000 | 1s00 1500
TEMPERATURE (°C) /150 31/ 31 30 30 30 30 30 30 30 30 30 30 30 30 30 Y4 3r 27 27 a7 23
PRESSURE (K& /crn* ABS.) 8.0 8.0 8.0 8.0¢ 8.06 8.06 8.06 7.71 7.71 7.71 7.71 771 7.71 7.71 7.71 7.71 /.06 3.87 2.95 2.53 /.06 3./¢
— * INDICATES COMPRESSOR CAPACITY
.
G
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,., COOLING TOWER NO.1 -}_  COOLING TOWER NO.2

i .
HYDRANT HOSE STATION
H\CI(TYPICAI- FOR 12 OUTSIDE
'_‘l POWER HOUSE PUILDING)

—

— L/ N\~ a 14-015
|/ ’ N T L TN
/ F ( > ( “ ' ( ) ﬂ FIRE JOCKEY
| | . ‘ ‘ ' PUMP
3 ' _) NS | \) \ ] S| gw S
| NerC | e 378 3|9
EL ELL |
I | B, | ¥, | i fol
‘ 3 2) | . il ol
o< w v
L | . ﬁ/w LEl :
FIRE PUMP
STATION SEE DET. FIRE MAIN . 0 '
;—//ﬁ
— (& . !
® DOMESTIC | == & - B i
WATER ~ o |
SUPPLY [ N> \ Dd@

oy
<t

%
F

©

ﬂ POWER HOUSE D_

TO FIRE MAIN
* SEE 'NOTE %
1A 18 1c 1%
COOLING TOWER SPRAY
& WETTING NOZZLES (TYP)
ASSUME 4 CELLS PER TOWER
FOAM HAND
HOSE LINE
D STATION
(TYP.FOR 2) 14-017 ) 4-018
.; MAIN FIRE MAIN FIRE
PUMP  NO.| PUMP NO.2

FIRE PROTECTION SYSTEMS

NOTE: % 4 HYDRANT HOSE STATIONS FOR UNIT #| TURBINE
GENERATOR AREAS § 4 HYDRANT HOSE STATION $
FOR UNIT #2 TURBINE GENERATOR AREAS.(TOTAL
NUMBER OF HYDRANT HOSE STATIONS IN POWER
HOUSE =8)

FIRE PUMP STATION DETAH_@

STREAM No. —» O - & | & S| & | ® Q| & & | © | ¢ ® @

WATER FLOW (M3/HR) 170 4.5 4.9 170 \70 340 85 \ 70 170 \ 70 170 | 70
TEMPERATURE (°C) 22 22 22 22 22 22 22 22 22 22 22 z2
PRESSURE (Ks/CM?) 1.03 .03 9.8 2.8 5.8 5.8 9.8 2.8 2.8 2.8 2.8 5.8
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1 | 2 3 | 4 5 | 6 7 | 8 | 9 | 10
GENERAL NOTES PIPING SPECIFICATIONS LINE |DENTIFICATION INSTRUMENT |DENTIFICATION ¢ SYNMBOLS
I INSTRUMENTATION SYMEOLS § IDENTIFICATION LINE NUMBER ABBREVIATIONS HiAdoRuELOW LICSS
ARE IN ACCORDANCE WITH 1.5.A. STANDARD S-5.l. DESIGN CONPITION | HG 2+ 60O - c5- X 2/09 iy j{'}""zt;’s(;“-"e" REGULATOR SET) m‘i‘if_r:;":;g?es
STANDARD GRAPHIC SYMBOLS ARE FROM [ ——
ANG|- ¥ 32.10 (%33 0w | O INSULATION SPEC. Ho AlIR TO OPEN —ZZZZZZ_ VESSEL OR TANK INSULATION
SPEC. MATERIAL Bo[3=5 Zuf - PIPING SPEC. ANX ANALYSIS TAP
2. ALL ITEMS THAT DO NOT SPECIFICALLY REFER TO =okErz lagl o LINE SIZE NOM. IN MM c DRAIN TO CONPENSER STEAM TRAP
TURBINE GENERATOR UNIT 2 OR PLANT SERVICE u Jpe we z LINE NUMBER ) DRAIN (PIT)
WILL BE DUPLICATED FOR TURBINE GENERATOR | £z a¥| F COMMODITY FC FLOW CONTROLLER _ﬁ;—_ SPECTACLE BLIND
UNIT NO. 2. T UNIT NUMBER FE FLOW PRIMARY ELEMENT
I FI FLOW INDICATOR —bD<d— GATE VALVE
| FiCc FLOW INDICATING CONTROLLER —et—— GLOBE VALYE ALL VALVES FULL LINE
| FP FLOW MEASURING TAP — 21ZE EXCEFT AS NOTEP.
| coO 0 DESIGNATION FS CONNECTED TO OR MOUNTED IN FRONT STANDARD —\— CHECK VALVE >4~ VALVE NORMALLY
MMODITY N Hs HAND CONTROL SWITGH — 3B NEEDLE VALVE ELDEED
HIC HAND INDICAT|NG CONTROL
HS H.P. STEAM T AMMETER —i— 3-WAY vALvE
LS L.P. STEAM LC LEVEL CONTROLLER —’V'_ LINE TYPE STRAINERK
i AS AUXILIARY STEAM Ll LEVEL |NDICATOR
i ps STEAM DRAINS TO CONDENSATE uc LEVEL INDICATING CONTROLLER —— Ful FLOW FILTER
ES EXHAUST STEAM PC PRESSURE CONTROLLER _"_84,__ DLPLEX <STAINER
i P1 PRESSURE INDICATOR }
i PIC PRESSURE INVICATING CONTROLLER —LF— EXPANSION JOINT
| AW AUX. COOLING WATER PALJPAH PRESSURE ALARM LOW [ HIGH el BUTTERFLY VALVE
| BW BLOWDOWN ~ WATER sc SPEED CONTROLLER i
FORTHCOMING oW MAIN CONDENSER SPRAYS INPUT WATER s TEMPERATURE CONTROLLER —Jt— mToT FLow ELEMENT
! HW HOT WELL CONDENSATE TI THERMOMETER TEMPERATURE INDICATOR ELECTRIC MOTOR ACTUATOR
; PW POTABLE WATER (INCLUDES MAKE-UP WATER) TiC TEMPERATURE INCICATING CONTROLLER E !
FW FIRE PROTECTION WATER (INCLUDES cOOLING TE THERMOCOUPLE
! TOWER WETTING) TR TEMPERATURE RECORDER 5 AIR ACTUATOR
bW DRAINS FROM SYSTEMS (EXCEPT STEAM N SPECIAL CONTROL "
TO CONDENSER) z POSITION READ ouT DR . - —
SW SEAL WATER LAL/LAH LEVEL ALARM LOW/HIGH PRAULIC CYLIND ACTUATO
ACW AIR COMPRESSOR COOLING WATER W THERMAL WELL
cew TURBINE CASING SPRAY
DMW  DEMINERALIZED WATER Lo
HEAT EXCHANGE
I TURBINE GENERATOR UNIT NO. | &t EXCHANGER
2 TURBINE GENERATOR UNIT NO.2
12 PLANT SERVICE
. HP HIGH PRESSURE
NG NON CONDENGIBLE GAS LP LOW PRESSURE
El IFUG AL u
Fa FIRE PROTECTION CARBON DIOXIDE AUX  ALIXILIARY LL CENTRIFUGAL PUMP
s STEAM
SUMP PUMP
FY FLOW COMPUTE FUNCTION
AN VAGHUM BRERIER FI FLOW TRANSMITTER INSTRUMENT IDENTIFICATION) LOZALLY
Ch CONTROL AIR LAL  LEVEL ALARM LOW INGTRUMENT NUMBER } MOUNTED
1A INSTRUMENT AIR LAH LEVEL ALARM HIGH
UuA UTILITY AIR Lcv LEVEL C€ONTROL VALVE INSTRUMENT IDENTIFICATION } REMOTE OR
Ls LEVEL SWITCH INSTRUMENT NUMBER PANEL MOUNTED
LT LEVEL TRANSMITTER
PO TURBINE - GENERATOR LUBE OIL pE PRESSURE ELEMENT
PT PRESSURE TRANSMITTER .
TO TURBINE GENERATOR LUBE OIL Py PRESSURE COMPUTE FUNCTION . DNEUMATIC: -SIGNAL
TS TEMPERATURE SWITCH cerRIC
————— ELECTRI SIGNAL
——— CAPILLARY TUBING [FILLED SYSTEM)
—b—&— HYDRAULIC SIGNAL
—e——e— HYDRAULIC LINE
ﬁ HOT WELL PUMP
y FILTER <CREEN
:2213 PRESSURE SAFETY VALVE
=l
5 VACUUM BREAKER
CENTRIFUGAL COMPRESSOR MOTOR DRIVEN
RECIPROCATING COMPRESSOR MOTOR DRIVEN
1
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