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SUBCOURSE OVERVIEW

This subcourse is designed to teach you basic procedures involved with identifying electric power industries in general, using a dichotomous key, and analyzing these industries on aerial imagery.  Contained within this subcourse is instruction on how to identify electric power industries in general, use a dichotomous key, and analyze these industries on aerial imagery.

There are no prerequisites for this subcourse.

This subcourse reflects the doctrine which was current at the time the subcourse was prepared.

TERMINAL LEARNING OBJECTIVES

TASK:
You will identify electric power industries in general, use a dichotomous key, and analyze these industries on aerial imagery.

CONDITIONS:
You will have access to extracts from FM 30-10, STP 34-96D24-SM-TG, TM 30-254, and TM 30-260.

STANDARDS:
You will identify electric power industries in general, use a dichotomous key, and analyze these industries in accordance with FM 30-10, STP 34-96D24-SM-TG, TM 30-254, and TM 30-260.

NOTE:
Replace the following pages with glossy photo pages in back of this booklet 42--44, 68, 74, 75, 77, 79 -- 97.
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LESSON 1

IDENTIFY ELECTRIC POWER INDUSTRIES ON AERIAL IMAGERY

MOS Manual Tasks: 301-338-2804

301-338-3701

OVERVIEW

TASK DESCRIPTION:

In this lesson, you will learn how to identify electric power industries in general.

LEARNING OBJECTIVE:

ACTIONS:
Describe the information and procedures required to identify electric power industries in general.

CONDITION:
You will be given access to extracts from FM 30-10, STP 34-96D24-SM-TG, TM 30-254, and TM 30-260.

STANDARDS:
Identification of electric power industries in general will be in accordance with FM 30-10, STP 34-96D24-SM-TG, TM 30-254, and TM 30-260.

REFERENCES:
The material contained in this lesson was derived from the following publications:

FM 30-10

STP 34-96D24-SM-TG

TM 30-254

TM 30-260.

INTRODUCTION

This lesson is designed to enable the imagery analyst (IA) to identify electric power industries in general.  Furthermore, the IA should be able to identify general components which are visible and the functions which may be attributed to them.
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PART A: IMAGE COMPONENTS OF INDUSTRIES IN GENERAL

1.
Each industry has a characteristic set of raw materials, equipment, buildings, facilities, waste materials, and end products.  You can readily identify some of these components on imagery.  However, some components you cannot directly observe; therefore, you should rely on inferred clues.  These clues include the shape or position of buildings, type and number of stacks, type of waste material, etc..

2.
Most of the time the IA can identify an industrial facility from image components.  However, this task is often complicated.  First, not all industries are completely identifiable from their external appearance since some industries do not manifest enough observable image components to classify them as specific types.  Second, the appearance of an industrial facility is often complicated by the presence of coincidental structures.  Small workshops, storage, and administrative buildings, which only peripherally touch upon the primary industrial processes, tend to clutter a site and may be confused with the essential image components.

NOTE:
An IA must quickly learn to distinguish the essential from the nonessential and deduce the nonobservable from the visible in order to arrive at a set of viable image components.

3.
Furthermore, there are four external recognition factors to consider when identifying industries:


a.
Location of the industry.


b.
Input or raw material (storage).


c.
Facilities (buildings, handling and support equipment, transportation, processing equipment, and facilities).


d.
End (finished) products.

PART B: MAJOR INDUSTRIAL CATEGORIES

1.
You can place all industries into one of the three major categories: extraction, processing, and fabrication.  Additionally, electric power industries are considered as processing industries, although they are serving all industries.  The following keys are to get you into the ballpark when identifying the general industrial categories: Industry input materials key (Figure 1-1), industry outdoor equipment key (Figure 1-2), and the bulk and waste materials identification key (Figure 1-3).

2.
You can identify industries in general from input materials by following along the "wiring diagram" (Figure 1-1).  For example, if no input materials are obvious, the line leads to an extraction industry.  If there are variable input quantities and structures, especially small buildings, you can probably determine a fabrication industry from these indicators.  In case there are large quantities of input materials and 
IT 0675
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structures, such as large complex buildings and dams, you should identify a processing or an electric power industry.
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Figure 1-1.  Industry Input Materials Key.

3.
You can determine industries in general from the identification of outdoor equipment (Figure 1-2) by following along the "wiring diagram."  For example, if you identify power shovels, bulldozers, or mine cars on the imagery, you will probably find an extraction industry.  Outdoor equipment such as furnaces, cranes, or kilns lead you to a processing industry.  This is further broken down into chemical, heat, and mechanical industries.  Small amounts of outdoor equipment will lead you to a fabrication industry and further on to heavy and light fabrication.
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Figure 1-2.  Industry Outdoor Equipment Key.

4.
The bulk and waste material identification key (Figure 1-3) consists of a photo color/tone chart in relationship to its major industry.  You can also use it in the analysis of industries as further explained in the subcourse.
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Figure 1-3.  Bulk and Waste Materials Identification Key.
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PART C: ELECTRIC POWER INDUSTRIES IN GENERAL

1.
Electricity is an intangible force with certain unique qualities.  It has no dimensions and it cannot be packaged and shipped.  It cannot be stored efficiently; it must be used the moment it is generated.  This means that a power plant must be able to increase its output instantaneous to meet sudden increases in demand as well as the normal fluctuations in load (the name for electric power delivered at a given point).  After the electricity is generated, it passes through a substation, where the voltage is increased for transmission, and it is switched into the proper power lines leading away from the generating station.  The switching operation is to ensure that each line receives the amount of power required by the users it supplies.  In a small system these lines may be directly connected with local distribution lines, but in a large system the current usually goes first into high-voltage transmission lines leading to substations, where the voltage is reduced for local power distribution.

2.
Dependence of modern cities on electricity is so great that complete disruption of normal life would result from prolonged stoppage of electricity.  Transportation would be severely curtailed; street cars and subways could not operate.  In many residential areas homes could not be heated and cooking equipment could not be operated.  Industry would be at a complete standstill, because of its wide use of electricity and because most workers could not get to the factory.  Stoppage of electricity in electric furnaces or in electrolytic processing for a few hours could cause damage requiring up to six months to repair.  Prolonged interruption of electric power would have a throttling effect on any industrialized area.

3.
Principal components of electric power industries are the generator house (hall) or powerhouse, transformer substation, transmission lines, and water storage reservoirs.  Almost every generating plant has a transformer station within its own area, located next to the generator hall.  There are, in addition, many transformer substations situated separately and connected to generating plants only by way of long-distance, high- voltage transmission lines.  In general, the smaller the power installation, the more obscure are the recognition features.  The flow of electricity from generating plant to consumers is shown in Figure 1-4.

4.
The basic operation of a power plant is providing mechanical energy to drive the shaft of a generator's rotor.  Most electric current is generated by power obtained from one of three main sources (Figure 1-5):

· Heat/steam produced by burning various fuels

· Fall of waters

· Operation of internal combustion engines.


a.
Heat/steam is the largest source of power for electric generation in most countries of the world.  At first, steam was used in reciprocating
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Figure 1-4. Generation, Transmission, and Distribution of Electric Power.
7
engines, which, in turn, drove the generators.  These engines have been largely replaced by more efficient steam turbines.


b.
Nuclear power plants are becoming more common and are expected to increase even more in the future.  This is largely due to the shortage and expense of some conventional fuels, lower transportation costs of the fuel, and less pollution.  However, the environment can be endangered in view of nuclear accidents causing nuclear fallout.  In a nuclear power plant, only the heat source differs from a conventional fuel power plant.  The use of steam to drive the turbines, the continued requirement for cooling water, and power distribution are identical to other thermoelectric power plants. 

c.
Internal combustion engines are the prime movers in the third category of power plants.  Although gasoline and other fuels may be used, diesel oil and natural gas are the most common.  Each engine in the plant is connected to an electric generator.  Internal combustion engines are usually used for small power plants.


d.
In a hydroelectric plant, water is conducted from a reservoir, a river, pond, or other storage area to the turbines at a lower elevation, where the pressure of the water against the turbine blades causes them to revolve rapidly and the rotary motion is transferred to the electric generator.  Water turbines, and the generators to which they are connected, revolve at slower speeds than do steam turbogenerators and therefore must be larger in size if they are to have an equivalent capacity. 

e.
In a geothermal power plant, power from volcanic sources is used.  The steam is used in different ways, each requiring different combinations of turbine and condensing equipment.  This type of power is rarely used.


f.
Special equipment for generating electricity from the wind is available in the US by using aerogenerators (large windmills).  This type of electrical power is primarily used for farms.


g.
Energy in ocean tides is converted into electricity in several parts of the world by using unusually high tides.


h.
Other unconventional sources of power include solar and power from difference in ocean temperatures.  Solar heat is primarily used for heating and air conditioning of private homes and large building complexes throughout the world, however, the overall use is still insignificant. 
5.
Another way to identify electric power industries in general is by the energy source and structures.  Most of these lead to heat processing except for water leading to mechanical processing (Figure 1-6).

6.
Furthermore, you can use the specific fuel identification key in identifying electric power industries in general (Figure 1-7).  Coal and coke can be recognized by their large black quantities, while coal ash has mid-grey recognition features (Figure 1-7).
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Figure 1-5.  Electric Power Production Flow.
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Figure 1-6.  Energy Source Key.
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Figure 1-7.  Fuel Identification Key.

NOTE:
Lignite is a low-grade brownish-black coal.  Uranium is used in the nuclear power industry; it is not openly visible.

PART D: ELECTRIC POWER FACILITIES CLASSIFICATION

The major category of processing industries includes electric power plants.  These plants are further categorized into heat and mechanical processing electric powerplants and other facilities.


a.
Heat processing electric power plants.


(1)
Thermoelectric


(2)
Internal combustion


(3)
Nuclear


(4)
Geothermal


(5)
Solar.


b.
Mechanical processing electric power plants.


(1)
Hydroelectric


(2)
Aerogenerated.


c.
Other facilities.


(1)
Transformer substation


(2)
Transmission lines.
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LESSON ONE

PRACTICE EXERCISE

The following items will test your grasp of the material covered in this lesson.  There is only one correct answer for each item.  When you have completed the exercise, check your answers with the answer key that follows.  If you answer any item incorrectly, study again that part of the lesson which contains the portion involved.

1.
Which fuel is most commonly used for internal combustion engines in electric power plants?


A.
Gasoline.


B.
Natural gas or diesel fuel.


C.
Pulpwood and coal.


D.
Coke and coal.

2.
What is one external recognition factor to consider when identifying industries?


A.
Extraction.


B.
Processing.


C.
Fabrication.


D.
Location.

3.
Which industry includes electric power industries?


A.
Extraction.


B.
Fabrication.


C.
Processing.


D.
Aircraft.

IT 0675
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4.
Which principal component is part of almost every electrical power plant?


A.
Transformer yard.


B.
Waste material.


C.
Coal piles.


D.
Fuel tanks.
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LESSON 1

PRACTICE EXERCISE

ANSWER KEY AND FEEDBACK

Item
Correct Answer and Feedback
1.
B.
Natural gas and diesel fuel is most commonly used for internal combustion engines in electric powerplants (page 8, para 4c).

2.
D.
Location is one of the external recognition factors to consider in identifying industries (page 2, para 3a).

3.
C.
Processing industries includes electric power industries (page 2, para 1, part B).

4.
A.
A transformer yard is part of almost every electric power plant (page 6, para 3).
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LESSON 2

ANALYZE ELECTRIC POWER INDUSTRIES ON AERIAL IMAGERY

MOS Manual Tasks: 301-338-2804

301-338-3701

OVERVIEW

TASK DESCRIPTION:

In this lesson, you will learn to use a dichotomous key and how to analyze electric power industries on aerial imagery.

LEARNING OBJECTIVE:

ACTIONS:
Describe the information and procedures required to use a dichotomous key and how to analyze electric power industries on aerial imagery.

CONDITION:
You will be given access to extracts from FM 30-10, STP 34-96D24-SM-TG, TM 30-254, and TM 30-260.

STANDARDS:
Using a dichotomous key and analyzing electric power industries on aerial imagery will be in accordance with FM 30-10, STP 34-96D24-SM-TG, TM 30-254, and TM 30-260.

REFERENCES:
The material contained in this lesson was derived from the following publications:

FM 30-10

STP 34-96D24-SM-TG

TM 30-254

TM 30-260.

INTRODUCTION

This lesson is designed to enable the IA to use a dichotomous key and analyze identify electric power industries on aerial imagery.  Thermoelectric, internal combustion, nuclear, and hydroelectric power plants, transformer substations, and transmission lines are discussed in detail since they are the most common electric power facilities.
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PART A: DICHOTOMOUS KEYS

1.
Dichotomous keys are provided to guide the IA to the appropriate section or sections of the subcourse in which you may be interested.  The interpretation of electric power installations requires an understanding of the components of the installations and the function or functions which each performs.

2.
There is little significant variation in the components of electric power installations from one world area to another.  The photo illustrations used in this subcourse are representative of electric power facilities in various world areas, but the majority are of United States installations.  Because of the requirements for illustrations of suitable scale, quality and subject, and also because interpretation could be verified more readily by ground information, photographs of domestic plants have been favored.

3.
Follow the dichotomous key (Figure 2-1) to identify the basic category.  For example, if you identify a rectangular masonry multistory building (the generator house) and if you find tall prominent stacks present, you should determine the basic category of a thermoelectric power plant.  Next, you follow it to page 18 for a detailed analysis.
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Figure 2-1.  Dichotomous Key.
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PART B: THERMOELECTRIC POWER PLANTS

NOTE:
See Appendix A for photos pertaining to thermoelectric power plants.

1.
Location.  Plants are frequently located near points of major power consumption, although some may be located near the fuel source, as in a coal mining region.  Space is required for receiving and storing fuel, and in most cases cooling water must be available.  Plants located in regions of inadequate water supply must have cooling towers or spray ponds.

2.
Buildings and equipment (Figure 2-2).  Plants consist of a compact group of buildings and prominent smokestacks, often quite tall.  The number of smokestacks is a significant aid in determining the number of boilers and turbines and evidence of plant expansion.


a.
Buildings include:


(1)
Boiler house, which is the highest building in the power plant, with smokestacks (Figure 2-3).  Here the fuel is burned, converting water into steam.  Smokestacks are either adjacent to or extending through the top of the boiler house.


(2)
Generator house or hall which is a medium size building in the group.  This is a long, narrow building which is smaller and longer than the boiler house and usually adjacent to it; it is the primary unit in the power plant.  Here, the steam is piped to the turbines which, when activated, rotate the generator.  Generator houses are found in all power plants.
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Figure 2-2.  Typical Thermoelectric Power Plant.
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Figure 2-3.  Sectional View of a Coal-burning Thermoelectric

Boiler House and Generator Hall.


(3)
Electrical control house, the smallest building in the group, controls the energy which is passed to primary transformers and substation before being transmitted via the grid system to the consumer.

NOTE:
The boiler house and the turbogenerator hall are frequently incorporated into one rectangular, multistory, masonry or concrete building with an attached electrical control house.


b.
Equipment includes:


(1)
Transformers, the largest of which may be outdoors.  Transformers are rectangular, solid-appearing objects and difficult to detect because of their small size.  Cooling systems for the large transformers are required because of the amount of heat produced.  They are often so close to the transformer they appear to be a part of it, and an over-estimation of the length of the transformer is quite possible.
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The transformers may be protected by blast walls in wartime or in peacetime to protect them against possible terrorist activities.


(2)
Transformer substations consist of:


(a)
Steel uprights and crossbeams which support the overhead switch equipment and bus bars.  This presents a gridded or lattice pattern on aerial imagery.


(b)
Bus bars which are copper rods or wires for conducting the current within the substation.


(3)
Circuit breakers.


(4)
Lightening arrestors.

NOTE:
The electric current produced by the turbogenerator is not suitable for transmission through power lines to the consumer.  Normally, the voltage is stepped up for more efficient transmission over long distances and stepped down to a lower voltage at or near the customer.  Step-up of voltage is done at the power plant in the substation.  A set of transformers accomplishes the actual voltage changes.  The conductors route electrical current from the transformers to the circuit breakers in the substation and from the circuit breakers to the transmission towers.


c.
Additional facilities may include:


(1)
Railroad sidings


(2)
Inclined conveyors


(3)
Car dumpers


(4)
High voltage transmission towers.


d.
Electric current is transported by means of buried cables or overhead powerlines.  Newly-laid cables can be traced by the disturbed earth of the cable trenches seen and traced on good, large- and medium-scale photos.  Given good shadow, the type and number of insulators and the type of pylon can also be determined.  At times special pylons are needed and appear heavier in design.

3.
Input material.  Fuel, the basic input material is received, handled, and stored in large quantities.  This fuel is burned in a boiler to create steam.  Input material includes: 

a.
Coal.  Being cheapest, coal is the most widely used fuel.  Stockpiles of coal are easily seen on aerial imagery.  They appear as black to mid-gray heaps close to a railway or other means of transportation.
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b.
Lignite appears dark- to mid-grey and is stored in large piles.


c.
Peat cuttings are stored in large rows or stacks.


d.
Oil or gas is stored in large fuel tanks (Figure 2-4).

NOTE:
When natural gas is used as the energy source, no visible fuel source may be apparent, as the gas is piped directly to the boilers; however, in most plants burning gas, an alternate source may be visible, usually coal or oil.  Lack of smoke from the stacks, and smaller than normal visible fuel storage facilities, will be indicators that natural gas is being used.


e.
Slabwood logs which are stored in large stacks.


f.
Bark or sawdust is stored in large piles.

NOTE:
Oil-fired power plants are similar to coal, peat, and wood product fueled power plants, except smaller gas cleaning equipment is required.  The presence of large fuel storage tanks will, of course, be the best imagery analysis feature.


g.
Large quantities of water are needed to cool the steam condensers.  This is accomplished by spray ponds, cooling towers, and pump houses (Figure 2-5).  River, canal, or seawater is used to condense steam for reuse in the boilers.  Water enters at the inlet of the plant, and it exits at the outlet.  Cooling towers are used where natural running water is not available; in this process, a continuous cloud of steam is emitted.  Cooling ponds are recognized by the dividing walls and spraying systems.  Pump houses usually are small rectangular buildings located near the cooling water inlet or cooling ponds.

4.
Products.  Usually there is only one product, electrical energy.  Some plants may, in addition provide heat and industrial steam to nearby industrial or urban sites.

NOTE:
The construction of complete plants with no walls and small roofs is a recent development.  Large industrial plants, such as steel mills and petroleum refineries, may include thermal powerplants to furnish heat and steam in addition to electric power.  The powerplant structures are usually grouped together rather than scattered through the larger industrial premises and can be readily recognized.
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Figure 2-4.  Storage Tanks.
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Figure 2-5.  Water Coolers.

NOTE:
For additional information, refer to Figures A-6 thru A-8

5.
Thermoelectric power production flow is shown in Figures 2-6 and 2-7.  In Figure 2-8 a key to the various thermoelectric power plants is shown.
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Figure 2-6.  Thermoelectric Processing Electric Power

Production Flow Schematic.


23
IT 0675

[image: image15.png]NOTE 1 = COAL CRUSHING POINT
NOTE 2 = COAL GRINDING POINT

HIGHLINE
mwsns $ =

R S - /
e il N\j\
.L T ﬂ S
. 3

y‘ NOTE )
| M 3

Lk
IlIIlIIIIII! T
GENERATDR HOUSE

{VISIBLE " IF PLANKT IS NEAR WATER) "" —





Figure 2-7.  Typical Thermoelectric Power Plant Production Flow.
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Figure 2-8.  Thermoelectric Power Plants Key.
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6.
Coal-burning Plants.


a.
Recognition Features (Figure 2-9) include:


(1)
Fuel storage is usually present as a coal stockpile, the most prominent feature near the powerhouse.


(2)
Unloading and handling facilities such as cranes, conveyors, and elevators are usually conspicuous.


(3)
Ash disposal facilities may appear as silos or piles often connected by conveyor or pipe with the boilerhouse.


(4)
Boiler house is the tallest and largest building, compact in appearance, with adjoining tall masonry stacks or short roof stacks.  Outdoor boilers are occasionally found in lieu of the boiler house.


(5)
Generator hall is usually a lower building adjoining or very close to the boiler house.  Outdoor generators are occasionally found in lieu of the generator hall (Figure A-13).

NOTE:
The generator hall is the primary unit of a coal-fueled thermoelectric power plant.


(6)
Condenser water supply may come from a nearby river, cooling towers or cooling ponds.  Inlet is where water enters the power plant, outlet is where water exits the plant.


(7)
Transmission facilities are often present in the form of substations and transmission lines.


(8)
Transportation facilities usually consist of railroad spurs and/or docks.


(9)
Gas cleaning equipment is used in small cylindrical containers between boiler houses to remove minute solid particles from waste gases by mechanical filtration (Figure A-14).


b.
Factors include:


(1)
Coal is the principal source of electric power because it is generally cheaper and more available than other fuels.  In certain areas, especially in the United States, oil and natural gas are competitive in price with coal, and some steam power plants are designed to use one of these fuels in addition to coal.


(2)
Although most countries possess coal deposits, the accessibility or quality of the coal may restrict its use as fuel for power plants.  Bituminous coal is preferred and most widely used, but the lower grade coals--lignite and brown coal--are important in some countries, such as Germany, Czechoslovakia, Yugoslavia and U.S.S.R. Plants burning bituminous coal usually are located within 200 miles of the coal
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Figure 2-9.  Coal Storage and Handling Facilities

at a Coal-Burning Plant.

NOTE:
For further information refer to Figures A-15 thru A-17.
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fields, if rail transport is used.  The cheaper water transport, where available, permits location at greater distances.  Because of the lower heat content of lignite and brown coal, larger quantities must be burned to produce a given amount of power.  Plants using those fuels are seldom more than a few miles from the mines, eliminating the need for stockpiles.


(3)
The rail sidings or docking facilities, indicative of the means by which coal is transported to the plant, are usually conspicuous features of the installation.  Where the plant is located on navigable water, both kinds of transport may be used.  Coal barges are unloaded by cranes operating grab-buckets which transfer the coal to a nearby hopper that feeds the conveyer system.  Two methods of unloading railroad cars are in common use.  In one, the car is run over an elevated trestle.  In the other, the car enters an unloading house where it is clamped to the track and rotated so that the coal spills into a hopper below.


(4)
From the unloading point coal moves by conveyor, usually covered or enclosed, to the coal-treatment house where the large lumps are reduced to the size of walnuts, and foreign materials are removed.  Treatment of lignite and brown coal involves processing which is not necessary with coal having a higher heat content.  For this reason the coal-treatment house at such plants may be much larger than usual.  Generally, two conveyers lead from the coal-treatment house, one to move the crushed coal to the stockpile and the other to move it to the top of the boiler house where another conveyor distributes it to the bunkers feeding the boiler.  At some plants, the coal is stockpiled before crushing.  The larger stockpiles commonly represent about a 90-day supply, but the size of the pile varies considerably with prices, use of supplementary fuel, and other factors.  In some situations the stockpile is entirely lacking at the plant, and coal is brought in daily by river barge, rail or truck from a supply outside the urban area.


(5)
Ash piles or ash silos are absent at many coal-burning plants, since the ash has some value for road surfacing and land fill and may be removed daily for such purposes.  These facilities are more common where the fuel is lignite or brown coal, both of which have a much higher ash content than bituminous coal.  If the ash is not removed from the hopper by truck, it is usually moved to a nearby dump by pipe or by conveyor.

7.
Peat- or wood-burning plants.


a.
Recognition features (Figure 2-10).


(1)
Fuel storage in rows or stacks; occurs in a storage area at the plant or a short distance away along the railroad.


(2)
Unloading and handling facilities are either wide, inclined conveyors with open belts; or railways, sometimes inclined, to top of boiler house.

IT 0675
28

[image: image18.png]PEAT UNLOADING
HCUSES

BOILERHOUSE

T
GENERATOR HALL BOILERHOUSE

PEAT UNLOADING
HOUSES

RAIL FACILITIES




Figure 2-10.  Handling Facilities at a Peat- or Wood-Burning Plant

served by Conveyors.

NOTE:
For further information refer to Figure A-18.
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(3)
Ash disposal facilities appear as a dump in the vicinity of the power plant.


(4)
Heavy smoke discharge from burning peat, usually is a dense, grayish white.


(5)
Plant location is often less than five miles from peat bog.


(6)
Boiler house is the tallest and largest building, compact in appearance, with adjoining tall masonry stacks or short roof stacks.


(7)
Generator hall is usually a lower building adjoining or very close to the boiler house.


(8)
Condenser water supply may come from a nearby river, cooling towers or cooling ponds.


(9)
Transmission facilities are often present in the form of substations and transmission lines.


(10)
Transportation facilities usually consist of railroad spurs and/or docks.


b.
Factors include:


(1)
Peat is a relatively unimportant fuel in world output of electric power.  This is due largely to the inability of peat to compete economically with other fuels and to its uneven occurrence in nature.


(2)
Peat is geologically the youngest form of coal and must undergo considerable drying before it can be burned.  Because of its low heat value, a greater volume of peat must be consumed to create a given amount of heat than is necessary with coal or oil.  The large fuel requirements make it necessary to locate the power plant as close as possible to the peat bog, usually within five miles.


(3)
Since special boilers are often necessary to burn peat, few peat-burning plants use supplementary fuels.


(4)
Because of the proximity of peat-burning plants to the bog where the peat is being dug, both the plant and the bog frequently appear on the same or adjoining photos.  The peat bog at the terminus of the short rail line from the plant is usually characterized by blocks of freshly dug peat stacked along the rail sidings and by the regular pattern of straight parallel strips which mark the digging.  Generally, the peat is stacked and air-dried on an extensive storage yard at some intermediate point between the bog and the plant.
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(5)
There are three methods of moving peat into the power plant.  In one, the peat is delivered to a small unloading shed at the foot of a wide, inclined conveyor, which moves the fuel to the top of the boiler house.  The second method uses an inclined, double-track railway on which loaded cars from the peat storage yard are hauled to the top of the boiler house, unloaded, and returned to the storage yard.  The third method uses an elevated railway or trestle over which a full train of loaded peat card is run into the top of the boiler house where they are unloaded.


(6)
The smoke discharge from a peat-burning power plant is usually more dense than that found at steam plants burning the more volatile fuels.


(7)
Ash dumps are often found near the plant area.  The ashes may be moved from the boiler house to the dump by either truck or railroad car.

8.
Oil-burning plants.


a.
Recognition features (Figure 2-11) include:


(1)
Fuel storage in one or more large oil storage tanks, is usually present as a predominant feature near the powerhouse.


(2)
Unloading and handling facilities in the form of pipe couplings at the unloading point and pipelines to the boiler house and storage tank, are always present but not always visible.  The pump house, a small building, is sometimes present.


(3)
Boiler house is the tallest and largest building, compact in appearance, with adjoining all masonry stacks or short roof stacks.  Outdoor boilers are occasionally found in lieu of the boiler house.


(4)
Generator hall is usually a lower building adjoining or very close to the boiler house.  Outdoor generators are occasionally found in lieu of the generator hall.


(5)
Condenser water supply may come from a nearby river, cooling towers or cooling ponds.


(6)
Transmission facilities are often present in the form of substations and transmission lines.


(7)
Transportation facilities usually consist of railroad spurs and/or docks.


b.
Factors include:


(1)
Oil plays a far smaller part than coal in world production of electric power, but it is very important in certain areas, especially in oil-producing regions and in the coastal cities where it can compete in price with coal and other fuels.  Large oil producers, particularly the United States, have steam plants which burn oil alone and others which
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Figure 2-11.  Oil Storage and Handling Facilities

at a Modern Oil-Burning Plant.

NOTE:
For further information refer to Figure A-19.
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burn coal or natural gas in addition to oil.  The comparatively low cost of shipping oil by tanker often renders it the most economical fuel for power in countries lacking fuel resources.


(2)
The docking facilities or rail sidings, indicative of the means by which oil is transported to the plant, are usually conspicuous features of the installation.  Where the plant is located on navigable water, oil is delivered by tanker or oil barge.  Because of the high cost of rail transport, few oil-burning steam plants are located away from navigable water, unless oil refineries are not too distant.  Docking facilities usually consist of a narrow T-shaped pier.  Occasionally, a channel dredged to a seawall or wharf allows tankers to tie up along the shore.  Inland power plants depend on rail transport of oil, have sidings marked by parallel pipelines which can be attached to several tank cars to permit rapid transfer of the oil to the storage tanks.


(3)
From the unloading point, oil is pumped through pipes, occasionally above ground, into one or more large, cylindrical, steel storage tanks.  Each tank is surrounded by an earth embankment or a circular masonry wall at least six feet in height.  Such enclosures are built as a fire protection measure to prevent the escape of oil should the tank be ruptured.


(4)
The pumps for moving oil from the unloading point to the storage tank and from the storage tank to the boiler house are sometimes housed in a small building along the pipeline.


(5)
A feature that will sometimes distinguish oil-burning power plants from those gas-burning power plants which use oil as a stand-by fuel is the location of the storage tanks.  The power plants that use oil as the primary fuel will usually have fuel storage tanks located outside of the immediate plant area.

9.
Gas-burning plants.


a.
Recognition features (Figure 2-12):


(1)
Fuel storage facilities may be absent.  Oil tanks for fuel standby, if present, are usually outside of the plant area.


(2)
Location is usually near a gas-producing area or on a pipeline from such an area.


(3)
Boiler house is the tallest and largest building, compact in appearance, with adjoining tall masonry stacks or short roof stacks.  Outdoor boilers are occasionally found in lieu of the boiler house.


(4)
Generator hall is usually a lower building adjoining or very close to the boiler house.  Outdoor generators are occasionally found in lieu of the generator hall.
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Figure 2-12.  Pipeline Facilities at a Gas-Burning Plant.

NOTE:
For further information refer to Figure A-20.
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(5)
Condenser water supply may come from a nearby river, cooling towers or cooling ponds.


(6)
Transmission facilities are often present in the form of substations and transmission lines.


(7)
Transportation facilities may be present but limited to one or two rail spurs.


b.
Factors include:


(1)
Gas as a source of electric power may be considered under the two categories, manufactured gas and natural gas.


(2)
The use of manufactured gas to produce electric power is confined mainly to power plants which are part of a large industrial installation producing gas as a by-product.  This situation exists sometimes in the iron and steel industry, where gas from the coke ovens is used as fuel for the power plant, because there is little local demand for it as a domestic fuel.  In general, however, manufactured gas is a very minor source of electric power.


(3)
Natural gas has become an important source of power in a few world areas where the extension of gas pipelines has followed the development of oil and gas fields.  This is particularly true in the United States, in the Soviet Union, and in Europe.  It is potentially important as a power source in other oil-rich areas, such as the middle East and South America where, as yet, little use is made of this gas.  Even where gas is an economical fuel for power plants, it is often supplemented by oil or coal.


(4)
Gas is the cleanliest and easiest of power fuels to handle.  It can be burned as it arrives at the power plant without further processing.  Handling is reduced to a minimum, for the valves adjusting the gas pressure into the plant and the feed into the boilers are largely automatic.


(5)
Since the pipeline carrying gas to the power plant is usually buried or otherwise inconspicuous, there are no transportation facilities to identify a gas-burning plant.  Natural gas is never stored at the power plant, but gasholders may be found occasionally at industrial power plants using gas which is manufactured as a by-product.


(6)
The identification of a gas-burning plant on aerial photos can be based only on the absence of the handling and storage facilities required for the other fuels.  On the other hand, many gas-burning plants use other fuels to supplement the gas, and thus the distinctive features of those fuel facilities will appear, whereas there will be no features to indicate that gas is the primary fuel.  When oil is the secondary fuel, the storage tanks are often located outside of the plant area, but this is not a reliable feature.  Plants designed to burn gas will often have a boiler house and generator hall of the same height.
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PART C: INTERNAL COMBUSTION AND MOBILE POWER PLANTS

NOTE:
See Appendix A for photos pertaining to internal combustion power plants.

1.
Location.  The plant is generally located very close to its power consumers.  It is relatively small in size and may be mounted on truck, trailers, skid, or railroad car.  Truck-mounted plants are not readily identifiable.  Rail-mounted plants may be either steam- or diesel-driven.  Steam-driven types, when in stationary operation, may be identified by condensers on the car roofs and at least one stack on the boiler car roof.  Diesel types could merely resemble diesel locomotives.  It is probable that most train-mounted missile launching systems would utilize train-mounted diesel power.

2.
Buildings and equipment (Figures 2-13 and 2-14).  Stationary plants of significance usually have diesel engine-driven generators.  The generator hall or powerhouse is small and of medium height, with a row of short, small-diameter stacks protruding from the roof.  In some cases cylindrical exhaust silencers are located just outside the wall, each with a short stack extending above the roof line.  Oil storage tanks and small water cooling towers may also be observed.

3.
Input materials.  Fuel is used for diesel engines.  Cooling water may be required, but in quantities so small as to elude observation.

4.
Products.  Electrical energy is the only product.

5.
The internal combustion power plant production flow is depicted in Figures 2-15 and 2-16.
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Figure 2-13.  Internal Combustion Power Plant.
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Figure 2-14.  Sectional Diagram of an Internal Combustion

Engine Power Plant.
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Figure 2-15.  Internal Combustion Power Plant.

Production Flow Schematic.
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Figure 2-16.  Typical Internal Combustion Power Plant

Production Flow.
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6.
Recognition features.


a.
Generator hall/powerhouse is a masonry or sheet metal building of simple design and usually one or two stories in height.


b.
Exhaust stacks are vertical pipes extending above the roof along one side of the building.


c.
Cooling facilities are sometimes present in the form of cooling towers or spray ponds.


d.
Fuel facilities are usually present in the form of visible storage tanks or gas-pressure reducing valves.


e.
Outdoor substation is sometimes present.


f.
Transportation facilities may be present, usually as a single railway siding.

7.
Factors include:


a.
With the exception of the outdoor substation, the above recognition features apply equally well to plants using internal-combustion engines for purposes other than power generation.  Pumping stations on pipelines for oil, gas, or water closely resemble this type of power plant, and it is often difficult to make a positive identification, if the substation is not visible.


b.
In general, however, plants with these features located at some distance from a town or large industry will have an outdoor substation, if it is producing electric power.  A large storage tank or earth scars of a pipeline leading to and away from the plant will indicate a pumping station.  With plants lacking a visible substation and located in or on the outskirts of a town, good quality photography at a scale larger than 1:5,000 may reveal transmission lines or pipeline facilities which will provide a basis for identification.
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PART D: NUCLEAR POWER PLANTS

1.
Nuclear power plants are becoming more common and are expected to increase even more in the future.  This is largely due to the shortage and expense of some conventional fuels, lower transportation costs (of the fuel), and less pollution.  In a nuclear electric power facility, only the heat source differs from a conventional fuel power plant.  The use of steam to drive the turbines, the continued requirement for cooling water, and power distribution are identical to other thermoelectric power production facilities.

2.
Aerial photographic analysis of nuclear power facilities may be hampered due to variations in power plant layouts.  These variations are caused by a number of factors including:


a.
Nuclear power related technological advances.


b.
The geographic location of the power plant.


c.
The wattage output of the power plant.


d.
Consolidation of power plant facilities to reduce construction costs.

3.
Location.  Nuclear power plants are usually located in isolated areas to avoid major damage and to protect the population in case of a nuclear accident.  The Chernobyl disaster is evident of the loss of life, loss of livestock, and damage to towns, cities, and the environment.  However, nuclear power plants are found near a water source, since cooling water must be available.

4.
Buildings and equipment (Figure 2-17).  The following facilities are normally found at a nuclear power plant:


a.
Cooling towers.  There are a number of different types of cooling towers in use; normally there are three per reactor containment vessel.  There are two basic types of cooling towers: Venturi (Figure 2-5) and forced draft (Figure 2-18, Annotation A).


b.
Pump houses are located adjacent to the cooling towers and spray ponds; they serve as pumping stations and provide an even flow of cold water for the cooling process (Figure 2-18, Annotation B).


c.
Reactor containment vessels are the primary units in all nuclear power plants.  Containment vessels are generally "bulletshaped" and constructed of reinforced concrete.  Containment vessels may be directly connected to or very close to other facilities.  The reactor containment vessels nuclear action takes place and water is converted to steam (Figure 2-18, Annotation C.  A large 200 ft smokestack may be nearby.
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Figure 2-17.  Typical Nuclear Power Plant.


d.
Reactor buildings are large rectangular buildings commonly connected to the reactor containment vessels.  The size of these reactor buildings will vary based on the amount of electricity being produced at the facility (Figure 2-18, Annotation D).


e.
Generator buildings are lower than the reactor buildings.  They are found parallel and adjacent to the reactor buildings.  At some nuclear plants, generators are found outside the reactor building only.


f.
Spray ponds are large rectangular pools of water located adjacent to the reactor containment vessel.  Sprinkler heads may be seen within the water and are spaced evenly throughout the pond.  A small shed (pump house) may be seen on one of the banks.  The spray ponds help purify water for use within the facility (Figure 2-18, Annotation E).


g.
A substation or transformer yard is found in the vicinity of the nuclear power plant (Figure 2-18, Annotation F).  Adjacent to the substation are switching houses (Figure 2-18, Annotation G).


h.
The primary water source will be dependent on the geographic location of the nuclear power plant.  It may consist of a river, lake, or underground water sources.  Water treatment facilities, in addition to spray ponds, are settling tanks (Figure 2-19, Annotation M) and American deck coolers (Annotation N); these can be located near the water source as a primary filter for water being used at the facility.
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Figure 2-18.  Typical Nuclear Power Plant Layout.
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Figure 2-19.  Settling Tanks.


i.
The control center is normally centrally located within the overall facility.  As with administrative offices, the control center has the overall appearance of an office building.  The difference between the control center and the administrative building can be determined by the amount of available parking of privately owned vehicles.  The control center has a limited parking area (Figure 2-20, Annotation H) and the administrative building appears to have a larger parking area (Figure 2-20, Annotation I).


j.
The service building is a large building but has no set shape.  A walkway will link the containment vessel with the services building.  The service building houses support equipment and services, including replacement fuel, pumping equipment and maintenance and control areas concerned with the operation of the reactor (Figure 2-20, Annotation J).


k.
Workshops are maintenance facilities which are found throughout the entire nuclear power plant.  Workshops range from large to medium size buildings and are normally fenced in.  Trucks, loading platforms, and raw materials are found within the fenced areas.  The function of the workshops ranges from electronic repair to general structural repair (Figure 2-20, Annotation K).
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Figure 2-20.  Typical Nuclear Power Plant Layout.
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l.
The irradiated fuel removal facility consists of secluded basins attached to the reactor containment vessel.  It is normally found opposite the reactor buildings, or more commonly, the service building (Figure 2-20, Annotation L).

5.
Input materials is UF6 (uranium hexafluoride) contained in small cylindrical tanks (Figure 2-20, Annotation M).

6.
Products.  The only product is electrical energy fed from the generator via transformers and switchgear to transmission lines for ultimate delivery to consumers.

7.
The production flow for direct nuclear power production is shown in Figures 2-21 thru 2-23.


a.
First of all, cooled water, below the reactor, is pumped into the zirconium pipes which house the uranium rods.  The water is converted to steam and then exits the reactor containment vessel through a large duct.


b.
The steam, traveling at a high rate of speed, turns the turbine and exits through another duct.


c.
The steam then enters the condenser where it is converted back into a liquid state or water.  The water from the cooling towers also enters the condenser to cool the steam.  The cooling tower water is not mixed with the water going through the reactor.


d.
After converting the steam to water, that water is sent to a pumping unit and the process starts all over again.

8.
Recognition features.


a.
Generator hall, cooling devices and substation are similar to thermoelectric power plants.


b.
Reactor containment vessel is:


(1)
Steel or reinforced concrete structure


(2)
Spherical or dome-shaped


(3)
May or may not be enclosed in a reactor building


(4)
Has a service building attached.


c.
Stack will not issue smoke.


d.
Stockpiles.
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Figure 2-21.  Nuclear Power Production Flow Schematic.
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Figure 2-22.  Typical Nuclear Power Production Flow.
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Figure 2-23.  Direct Nuclear Power Production Flow.
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PART E: HYDROELECTRIC POWER PLANTS

NOTE:
See Appendix A for photos pertaining to hydroelectric power plants.

1.
Location.  Plants are on or near a river or other body of water.  Water flow is controlled by one or more dams.  In flat terrain, the plant is frequently constructed at a relatively narrow point on the river and at a location where the land facilitates construction.   In mountainous terrain, natural gorge-type sites are utilized; dam and powerhouse are constructed on the downstream extent of the gorge, with the gorge serving to contain the reservoirs.  Dam and powerhouse are separated, often by considerable distances.

2.
Buildings and equipment.  Components are generating facilities, dam, transformer station, and high voltage transmission towers.


a.
Dams vary greatly in design and size depending on topography of the selected sites, the extent and character of the drainage area, seasonal variations in flow, as well as the purpose which they are to serve.  They are often divided on the basis of height into high dams and low dams.  According to the International Commission on High Dams, the line of division between the two is approximately 100 feet.


(1)
The force exerted by falling water against the blades or wheels of a turbine is directly related to the distance which it falls, and the term "head" is commonly used in reference to that distance.  Unless otherwise qualified, head is generally considered as the difference in elevation of the water level above the dam (headwater) and the water level at the outlet (tailwater) from the hydroelectric plant when the plant is not operating.  Usually hydroelectric plants are referred to as "high-head" where the vertical difference in elevation exceeds 100 feet or 30 meters, or low-head where it is less, but as explained later, this is not necessarily an indication that the accompanying dam is "high" or " low."


(2)
Hydroelectric plants are classed in two broad types based on the location of the powerhouse with respect to the dam.  The consolidated plant with the powerhouse located adjoining or at the base of the dam, is the more easily recognized of the two, and here the head of water is provided entirely by the height of the dam.  The separated plant with the powerhouse located down-stream from the dam--often several miles--is usually smaller and more difficult to identify.  At separated plants the head of water is largely dependent on the difference in elevation between the dam site and the powerhouse site.  Thus, if difference in elevation of the two sites is sufficient, a low dam may be associated with a high-head plant.  Frequently, however, the dam is designed for water storage, and to impound an adequate volume requires a high dam.


(3)
The manner in which the stream flow is utilized determines the class of water supply.  Where plants use the water as it comes, the capacity is usually developed to utilize the flow available from 30 to 40 percent of the time; this is classed as "run-of-river" supply.  These are generally low-head plants of the consolidated type which are found most often on wide rivers of low gradient, draining large areas.  Where plants
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utilize water which is stored during flood periods to supplement dry-weather flow, the capacity is usually develope to use the flow available from 50 to 75 percent of the time; this is classed as "storage" supply.  These are commonly high-head plants of either the consolidated or separated type, which are often found on narrow mountain streams of steep gradient, draining relatively small areas.


b.
Water storage and conducting facilities.  The major part of the effort and expense involved in a hydroelectric development generally is concerned with the location, design and construction of those components which serve to store water in the required volume and head and to conduct it to the powerhouse as needed.  The principal components in this category are the dam, trash boom, screens, water gates, conduits, penstocks and surge tanks.  Most of these are usually present in one form or another, though in many cases all are not discernible on aerial photography.


c.
Dams and related equipment.


(1)
The function or functions of the dam vary with the particular situation.  As previously mentioned, many dams are multipurpose--power and flood control; power and irrigation; power and flood control and irrigation; or power, flood control and navigation.  Those built solely for power may be relatively minor structures, such as a low diversion dam extending into a river with adequate year-round flow and no need for pondage, or it may be a massive high dam designed to impound a great volume of flood water.  Although concrete is the most common basic material for dam construction, some are built of earth and rock with concrete only at key points, such as the spillway.  In any case, the functions which the dam is to serve, the site on which it is to be built, and the materials of which it is to be constructed, all strongly influence the design of this most conspicuous component of a hydroelectric installation.


(2)
Probably the most common type is the gravity concrete dam which is found frequently on wide rivers of the lowlands where it serves both to raise the water level for navigation and to provide pondage for power (Figure A-22).  Its name is derived from the fact that the pressure of the impounded water is resisted by the weight of the structure.  High dams of this type occasionally are located on mountain streams where they impound vast storage reservoirs for consolidated plants.  Sometimes, a series of smaller gravity concrete dams provide water storage for small separated plants.  Although such dams usually extend in a straight line across the stream, they may be found slightly curved; resembling to some extent the arch dam which has a much more pronounced curve.


(3)
The arch dam is generally built as a high dam on a mountain stream in a canyon where it impounds seasonal flood waters in a large reservoir (Figure A-23).  Resistance to pressure of the impounded water is provided by both the weight of the dam and the bearing of its strongly curved axis against the rock walls of the canyon.
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(4)
The buttress dam may be built as either a low or high dam.  It is marked by a series of projections, or buttresses, on the downstream face (Figure A-24).  The deck, or upstream face, may be straight or it may consist of a series of small arches with ends terminating in the buttresses.  Water pressure against the deck is transferred to the supporting buttresses.


(5)
Earth or earth and rock are often used for low dams and occasionally for high dams where site conditions will permit and where the local soils and rock are suitable for the purpose.  Such dams require concrete spillways or outlets and the upstream face is often protected against wave action by a layer of coarse rock (Figure A-25).  Earth dams can be distinguished from concrete dams by their much darker tone and the larger area which they occupy, owing to their more gradual slope.


d.
Booms and gratings,


(1)
Where logs, ice or other heavy objects float down with the water supply, they must be prevented from entering the intake and damaging equipment.  A floating boom, called a log or trash boom, is stretched across the forebay (water area immediately in front of the intakes) with the ends firmly anchored (Figure A-26).  Sometimes a net is used for this purpose.  The floating debris is caught by the boom and removed periodically.


(2)
Intakes to the conduits are further protected by a steel grating which catches those objects that may have escaped the log boom.  A mechanically operated trash rake removes such objects as they accumulate on the grating.


e.
Water gates and intakes.


(1)
It is necessary, occasionally, to stop the flow of water to individual turbines, and this is accomplished by means of intake gates.  The presence of the gates can be detected when they are large metal or timber slabs which slide across the mouth of the intake, for such gates are usually operated by conspicuous traveling hoists or gantry cranes (Figure A-27).  Trash rakes may also be operated by these devices.  When an open flume or canal comprises part of the conduit, two gates may be used--one at the entrance to the canal and the other at the powerhouse.  Other types of gates are less readily detected, particularly when located within the structure of the dam.


(2)
The location of intakes varies considerably.  In many concrete dams they are in the upstream face.  Occasionally, they may be found along one shore a short distance above the dam.  For earth dams, the intake usually takes the form of a tower at the foot of the upstream slope.


f.
Conduits and surge tanks.
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(1)
As the water passes the intake it enters the conduit system which carries it to the turbines at the powerhouse.  Several types of conduit are in common use: canals or flumes; pipes of wood, steel or concrete; and tunnels.  Some conduit systems are comprised of two or more types.


(2)
In Figure 2-24, it may be seen that a conduit system divides into two parts, namely, the nonpressure conduit or "flow-line" and the pressure conduit or "penstock." The flow-line has just enough gradient to keep the water flowing to the penstock, and it may be any type of conduit.  Because of high pressure in the penstock, this part of the conduit system is usually steel pipe or a properly protected tunnel.  Penstocks range up to 30 feet in diameter, but diameters of 5 to 10 feet are more common.


(3)
At consolidated plants, little or none of the conduit system may be visible, especially if the powerhouse is attached to the dam or if the penstocks are tunnels leading directly to the powerhouse.  Such plants are often built with the powerhouse a short distance below the foot of the dam, and a small section of the penstocks may be visible.
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Figure 2-24.  Sectional Diagram of a Conduit System.
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(4)
The conduit system is the most distinctive feature of separated plants, and in some cases it can be traced on aerial photos the entire distance from the dam to the powerhouse, even when they are miles apart.  Here, the flow-line, or nonpressure conduit, comprises most of the system, and the penstocks occur only at the final drop to the powerhouse.


(5)
Where the conduit system is of considerable length, a surge tank is often installed at the junction of the flow-line and the penstock.  This tank serves both as a reservoir supply water quickly to the turbine when the load is suddenly increased and a safety valve to relieve the pressure when the load is decreased and water is rejected by the turbines.  It is generally similar in appearance to a water tower or standpipe.


(6)
Occasionally, if the conduit is a tunnel, a surge chamber is built within the tunnel near the penstock junction.  This chamber is a vertical shaft above the tunnel and may or may not be open to the surface of the ground above.


(7)
Power plants which are equipped with the Pelton wheel (Figure 2-25) may have no surge tank, even on long conduits.  The water nozzle within the powerhouse can be directed away from the wheel to take care of sudden load variations while the flow through the penstock remains constant.


g.
Generating facilities.  The heart of the hydroelectric development lies in the power generating facilities, principally the turbines and generators which are usually enclosed in the powerhouse.


(1)
The purpose of the powerhouse is to house and support the hydraulic and electrical equipment necessary for power generation.  It is divided into two parts: the substructure, which supports the equipment and provides the waterways; and the superstructure, which is the building that houses and protects the equipment from the weather (Figures 2-25 and 2-27).  Generally, it is only the superstructure that is visible on aerial photos, appearing as a heavily constructed, masonry building, usually long and narrow in shape and flat-roofed.  The powerhouse of consolidated plants is often constructed as part of the dam, but in many it is found at the foot of the dam (Figure 2-28).  With separated plants, the powerhouse is located on a stream bank at a lower elevation and some distance from the dam, sometimes as much as several miles (Figure 2-29).  As the water enters by means of the penstocks, it generally passes to the scroll case, a spiral steel housing imbedded in the concrete of the substructure and surrounding the turbine or water wheel.  The spiral design of the scroll case distributes the water uniformly against the vanes or blades of the turbine, causing the latter to rotate.
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Figure 2-25.  Sectional View of a horizontally-mounted

Pelton Wheel Turbine.


(2)
The main component in the superstructure of the powerhouse is the generator which transforms the mechanical energy in the revolving turbine wheel to electrical energy.  At the center of the generator, the shaft supporting the rotor is an extension of the turbine shaft.


h.
Transmission network.  Because hydroelectric plants are frequently located in areas far removed from the power consumer, they are commonly tied in to an elaborate transmission network.  Switching and transformer equipment is usually grouped in a substation in the vicinity of the powerhouse and often is located on the roof of that structure.  Both substations and transmission line towers are useful features in locating and identifying hydroelectric plants.

3.
Input materials.  The input material is water under pressure.  It flows from a higher to a lower elevation and imparts its energy to the turbines.

4.
Products.  The only product is electrical energy fed from the turbogenerators via transformers and switch-gear to transmission lines for ultimate delivery to customers, usually many miles distant.

5.
Key to hydroelectric powerplants.


a.
The water supply features of hydroelectric installations can be confused with dams and reservoirs designed for other purposes.  Generally, the presence of a powerhouse at the dam or the presence of conduits leading downstream from the impounded water will serve to indicate
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power generation as at least one purpose of the installation.  Where the powerhouse and conduits are not apparent, closer study of the installation is required to be certain that the installation is designed entirely for other purposes.


b.
A powerhouse located at a considerable distance from the dam occasionally may be mistaken for an industrial plant located on the stream bank, as would be the case in older industrial areas where water power was formerly used.  Usually, the penstocks leading to the powerhouse will identify it, and, in many cases, a substation will be present.

c.
This key is designed to lead the IA to each of the two types of hydroelectric power plants--the consolidated type and the separated type (Figure 2-26).
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Figure 2-26.  Hydroelectric Power Plant Key.
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6.
Consolidated plants.


a.
Recognition features.


(1)
Powerhouse is a building of heavy masonry construction, forming part of a dam or located at the foot of a dam.  In the latter location, short penstocks may be visible.


(2)
Dam is often conspicuous because of the noticeable impoundment of water behind it.


(3)
Substation may be present on the roof of the powerhouse or on the stream bank nearby.


(4)
Transmission lines are commonly seen leading away from the powerhouse.


b.
Factors include:


(1)
The consolidated type of hydroelectric plant is very common; it can be found at a wide range of sites and it occurs as both low-head and high-head plants (Figures 2-27 and 2-28).


(2)
Low-head plants of this type often form part of a dam across large lowland rivers.  Any type of dam, except the arch dam, may be associated with such low-head plants.  Usually, the installation is multipurpose, designed to improve navigation or control floods, as well as to generate power.  Water supply is generally run-of-river with some pondage.


(3)
High-head consolidated plants are found principally on the larger upland rivers which are subject to wide fluctuation in seasonal flow.  The powerhouse of such a plant is usually located at the foot of the dam, but occasionally it may be a very short distance downstream.  Although all types of dams have been used to provide high head, the earth dam is much less common than the others.  Very often the dam is located in a canyon or very narrow valley in a mountainous area.  In addition to power generation, the installation usually serves for flood waters in large reservoirs impounded by the high dam.


(4)
A waterfall on a stream of relatively constant flow is sometimes used to provide the required head without the need of a dam.  In such cases, the powerhouse is usually located at or near the foot of the waterfall.
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Figure 2-27.  Consolidated Low-Head Hydroelectric Power Plant.
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Figure 2-28.  Consolidated High-Head Hydroelectric Power Plant.
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7.
Separated plants.


a.
Recognition features (Figure 2-29).


(1)
Powerhouse is a building of heavy masonry construction located from a few hundred yards to several miles downstream from a dam and serving as the terminus of one or more penstocks.


(2)
Conduits leading from the dam to the penstocks may be seen in the form of narrow canals or large diameter pipes.  Occasionally, the conduit may be a tunnel, which can be detected only by the presence of a surge tank or surge chamber near the penstocks.


(3)
Dam is often conspicuous because of the noticeable impoundment of water behind it.


(4)
Substation may be present on the roof of the powerhouse or on the stream bank nearby.


(5)
Transmission lines are commonly seen leading away from the powerhouse.


b.
Factors include:


(1)
The separated type of hydroelectric plant occurs most frequently as a high-head plant in mountainous areas, where the water supply is a considerable distance, often several miles uphill from the powerhouse.  Although high dams are sometimes required to provide adequate water storage where stream flow fluctuates widely, they are less common in the separated installation than in the consolidated.  On a mountain stream of relatively constant, year-round flow, a low dam often serves to impound a small reservoir or pond, and the required head is obtained by the difference in elevation between the dam site and the powerhouse site.  As a result, many plants have a head of more than 1,000 feet.  In some cases, the water discharged from one powerhouse is conducted by tunnel or pipe to another powerhouse at a lower elevation.


(2)
Occasionally, a separated plant may be found in the lowlands, particularly on a meandering river where a low dam diverts water into a canal flow-line which conducts it across a narrow neck of land formed by a river oxbow to a powerhouse downstream.  Such plants are invariably low-head.


(3)
Although the powerhouse of separated installations can usually be identified by the presence of such features as penstocks, substation, and turbulent tailwater, the purpose of its distant dam is often difficult to determine.  Unless some evidence of the conduit system is detected near the dam, it may be impossible to decide from the photos alone that it is part of a hydroelectric installation.
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Figure 2-29.  Separated Hydroelectric Power Plant.

8.
Hydroelectric power production flow is depicted in Figures 2-30 thru 2-33.
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Figure 2-30.  Hydroelectric Power Production Flow Schematic.
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Figure 2-31.  Hydroelectric Generating Plant and Distribution System.
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Figure 2-32.  Consolidated High-Head Hydroelectric Power Plant

Production Flow.
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Figure 2-33.  Separated Hydroelectric Power Plant Production Flow.

PART F: TRANSMISSION FACILITIES

1.
Location.


a.
As power is generated, it must be distributed to the consumer at the proper voltage.  The facilities required for such distribution not only constitute important considerations in the planning of power developments, but also include features which are very helpful to the IA in the identification and analysis of electric power installations.


b.
Some power plants are designed to serve only one consumer, usually a nearby industrial plant, and for these, the transmission facilities may be very simple and almost entirely concealed.  More often, however, electric power is generated to serve many consumers with different voltage requirements, and the transmission facilities frequently become prominent features on photography.


c.
Wherever feasible, the power plants within a broad area are commonly linked together in a power system or network, permitting greater efficiency and flexibility in operation.  As diagrammed in Figure 2-34, both hydroelectric and thermoelectric plants may be connected in such a system, and two or more systems may be joined in a power pool.  Power is usually transmitted at high voltage from the substation of the generating plant to distribution substations where the voltage is reduced to the requirements of the lines served by those substations, ultimately reaching the consumer at the voltage he needs.
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2.
Buildings and equipment.  The substations, which contain transformers and switching equipment, and the lines which carry the electric power comprise the two major categories of transmission facilities, substations and transmission lines.


a.
Substations.


(1)
In some installations, particularly where the power being received and transmitted is of relatively low voltage, the substation equipment may be housed.  This is often the case at small power plants or those serving an industrial plant, where the substation may be located in a bay adjoining the generator hall or in a nearby building.  Beyond the possible determination of location through detection of emerging transmission lines, there is little that the IA can discern.


(2)
More often, a substation is an outdoor installation of steel or wood crossbeams and uprights which support the overhead switch equipment and bus bars (Figure A-30).  This presents a gridded pattern on a vertical photograph.  The height of the supporting framework generally ranges from 15 to 30 feet.  On large-scale photography of good quality, a further, and much finer, grid system may be detected; this is the system of bus bars.  These are heavy copper rods, or wires, which conduct the current within the substation (Figure A-31).


(3)
Although there is a variety of devices--circuit breakers, transformers, switches, fuses, insulators--which may be present in a substation, usually only the most important devices, the circuit breakers and transformers are of sufficient size to permit identification on aerial photography.  As a rule, the circuit breakers are beneath the gridded framework, whereas the transformers are to one side (Figure A-30).  The primary function of some substations is to switch power between lines, and here, the transformers will be few or lacking.  Others serve mainly to transform voltage and there will be little supporting framework.  But more often both switching and voltage transformation take place in the one substation.


(4)
Circuit breakers are designed to interrupt the flow of current.  Most operate automatically to protect the other equipment from overloads produced by short circuits or lightning strikes on a transmission line.


(5)
In appearance, the circuit breakers are vertical cylindrical units surmounted by two large insulators from which bus bars lead to switches or other devices on a line (Figure A-31).  The two insulators on circuit breakers sometimes distinguish the latter from transformers which have three or four insulators, though they may be of unequal size.  These features are discernible only on very large-scale photography.
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Figure 2-34.  Diagram of an Electric Power Pool.
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(6)
A transformer is a device to raise or lower the voltage of alternating current.  Since the transmission of power over long distances is most economical at high voltages, the substation at the power plant usually includes transformers which step up or increase the voltage received from the generators before it enters the transmission lines.  This is accomplished in the transformers.  At distribution substations, other transformers step down or reduce voltage before the current enters the line to the consumer.


(7)
In appearance, transformers are vertical, covered, steel tanks, which may be circular, oval or rectangular in cross-section.  On top of the transformer, three or four large insulators are connected by heavy conductors to bus bars or to the transmission lines.  Often, the transformers are mounted on a concrete base located outside the overhead framework of the substation.  Masonry walls may partially enclose these units in order to protect other equipment, if a transformer should explode or catch fire.


b.
Transmission lines.


(1)
As the second category of transmission facilities, the transmission lines operate at a high voltage to carry power (roughly above 30,000 volts) from the generating plant to a substation, or distribution point, where the power is reduced to a much lower voltage for distribution (Figure 2-31).  The lines operating at the lower voltages are less easy to detect and identify on aerial photos, since they are usually supported by single, wooden poles, resembling telephone poles but with somewhat wider spacing.


(2)
The principal components of transmission lines are the supporting structures (towers or poles), the power conductors or wires, and the insulators by means of which the conductors are attached to the supporting structures.  Design and size of these components varies greatly from one transmission line to another and often on the same line, depending on the voltage and number of circuits to be carried, local weather conditions, terrain to be crossed, and other factors.


(3)
In general, the conductors and insulators seldom can be detected on aerial photography.


(4)
By far the most conspicuous features of a transmission line are the supporting structures.  These may be steel towers or wooden frames of various designs, and in some areas they may be built of preformed concrete.  In vertical view, the design cab frequently be determined more easily from the shadow than from the image of the structure.


(5)
The right-of-way clearing for a transmission line through wooded areas is often a very conspicuous feature which draws attention to the supporting structures.  Such clearings are commonly 200 or more feet in width which is wider than the ordinary clearing for telephone lines and pipelines.
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3.
Recognition features--substations (Figure A-33).


a.
Transmission towers or poles are present in the immediate vicinity, and a line of such structures often leads to the substation.


b.
Equipment usually consists of an overhead framework appearing as a gridded pattern of fine lines, or a series of small dark-toned objects arranged in one or more regular rows.  Both features are present in many substations.


c.
Area occupied is rectangular, light in tone, ranging in size from 0.1 acre to rarely more than 2 acres, and generally enclosed by a discernible fence.

4.
Recognition features--transmission lines.


a.
Clearings through wooded or brush-covered areas often lead to the detection of a transmission line.


b.
Towers, frames or poles are present and spaced at regular intervals in a straight line.  Shadows of these structures usually reveal their design.


c.
Large insulators or their shadows serve to distinguish pole transmission lines from telephone lines.
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LESSON TWO

PRACTICE EXERCISE

The following items will test your grasp of the material covered in this lesson.  There is only one correct answer for each item.  When you have completed the exercise, check your answers with the answer key that follows.  If you answer any item incorrectly, study again that part of the lesson which contains the portion involved.

Use the photo in Figure 2-35 and any part of lesson 1 and 2 for questions 1 thru 6.

1.
What type of bulk material is stored at Annotation 1?


A.
Pulpwood.


B.
Coal.


C.
Scrap steel.


D.
Salt.

2.
What type of handling facilities connect the coal storage pile to the highest part of the large building (Annotation 2) ?


A.
Pipeline.


B.
Footpath.


C.
Conveyor.


D.
Bucket conveyor.

3.
Which component is located in Annotation 3?


A.
Substation.


B.
Rectifier.


C.
Transformers.


D.
Generator house.
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4.
Which buildings are located at Annotations 4 and 5?


A.
Transformers and generator.


B.
Reactor building and service building.


C.
Generator hall and boiler house.


D.
Pumphouse and surge tower.

5.
What equipment is shown in Annotation 6? Consider the gases and smoke exhausted by the tall chimneys.


A.
Gas cleaning equipment.


B.
Smoke detector.


C.
Smoke equipment.


D.
Grinding buildings.

6.
Annotations 7 and 8 depict water entering and exiting the power plant respectively.  What are these points called?


A.
Entrance and exit.


B.
Overflow.


C.
Inlet and outlet.


D.
Cooling points.

7.
Which electric power plant should you analyze when you find a large bullet-shaped vessel connected to a large rectangular reactor building?


A.
Thermoelectric.


B.
Internal combustion.


C.
Hydroelectric.


D.
Nuclear.
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8.
Which of the following serves both as a reservoir supplying water quickly to the turbine when the load is suddenly increased and a safety valve to relieve the pressure when the load is decreased and water is rejected by the turbine?


A.
Surge tank.


B.
Penstock.


C.
Anchor pier.


D.
Valve house.
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Figure 2-35.
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LESSON 2

PRACTICE EXERCISE

ANSWER KEY AND FEEDBACK

Item
Correct Answer and Feedback
1.
B.
Coal is stored at Annotation 1 due to its black color and size of pile (pages 11/20/24, Fig 1-7/para 3a/fig 2-7).

2.
C.
A conveyor connects the coal storage pile to the highest part of the building and is used to convey coal to the coal treatment house for crushing (pages 27/28, fig 2-8/para 6(b) 4).

3.
A.
A substation is located in Annotation 3 (pages 26/27/61/97, para 6a(7) /fig 2-9/para 2a/fig A-33).

4.
C.
There is a generator hall and a boiler house at Annotations 4 and 5 (pages 26/27/87, paras 6a(4)(5) /figs 2-9/A-15/ A-16).

5.
A.
Gas cleaning equipment is shown in Annotation 6 as depicted by the small cylindrical containers between boiler houses (page 25, para 6a(9) /fig A-14).

6.
C.
Inlet is where water enters a power plant, outlet is where water exits it (page 26, para 6a(6).

7.
D.
You should analyze a nuclear facility when you find a large bullet-shaped vessel next to a large rectangular reactor building (pages 17/40, fig 2-1 para 4c).

8.
A.
The surge tank serves both as a reservoir supplying water quickly to the turbine when the load is suddenly increased and as a safety valve to relieve the pressure when the load is decreased and water is rejected by the turbine (page 51/52, fig 2-24/para 2f(5).
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