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  Introduction

  JAY CASSELL

  Hundreds of years ago, the majority of the world’s population was self-sufficient. People made their own clothing, tools, weapons, boats, and shelters; they hunted, fished, trapped, and grew and harvested their own food. Energy was supplied by animal power, then by wind and water. But as the human population of the world grew, the wild food supply dwindled and people began to rely more on herding and farming than on hunting and gathering. Today, most people in the world depend on a relatively small number of farmers to grow food for them. Many people in developed nations work in jobs that have little to do with the essentials of living, instead trading the money they make to buy food, clothes, and shelter.

  Food, clothes, shelter, warmth, energy—if you were tossed into the middle of the woods and told to survive on your own, I’m guessing you probably could not. Could you find your own food? Build a shelter that would keep you warm and dry? Start a fire without a butane lighter? Harness energy to provide power?

  Despite this, there is a growing movement across this country, led by people who want to get off the grid, go back to basics, and live a simple life free from the constraints of modern civilization. Some people are doing it for peace of mind; others object to living in a fast-paced world where no one is independent, where everyone depends on others; a third, growing group feels that Armageddon may be upon us, and that only those who are prepared to live on their own will survive.

  In this book, you’ll find all the information you’ll need to survive—be it on your own plot of land somewhere out in the wilderness, or the home you’re in now, once all the power goes out and you need to fend for yourself. In these pages, you’ll learn about starting fires, in multiple ways with multiple sources; growing and harvesting not only fruits and vegetables, but pigs, chickens, and even fish. There are tips and tactics in here on hunting, trapping, and fishing, outdoor skills everyone should know; and there is useful, solid information on staying alive and thriving in true survival situations.

  It’s my hope that everyone who reads this book will come away being much smarter and able to survive anywhere, in any situation. Because you know what? You may need to.

  Jay Cassell

  Katonah, New York

  August 2, 2013
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  Buying Property
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  Buying Country Property

  Realizing the Dream of Owning a Place in the Country

  With careful planning and a modest investment, almost anyone can turn the dream of owning a small farm or a few acres of country land into a reality. And with some effort this land may provide a significant portion of life’s amenities: wood for the fireplace, fresh produce for the table, a pond for fishing or swimming—even waterpower to generate electricity. But as with any other major purchase, care and caution are required.

  The first step is to have, in general terms, a strong notion of what it is you want. Those desiring year-round warmth will obviously have different priorities than those who wish to see the seasons change. Prospective part-time farmers will look for one kind of land, whereas weekend sojourners will look for another. Whether you enjoy isolation or prefer neighbors near is another consideration to ponder. And, of course, there is the matter of money: how much you can afford to put down, how much you can pay each month for a mortgage and taxes. Once you have made these decisions, pick an area or two to investigate. Get the catalogs of the Strout and United Farm real estate agencies, and look for ads in the Sunday paper real estate section. Also subscribe to local papers from the regions of your interest; these may provide lower-priced listings plus information on land auctions.

  When a property appeals to you, investigate— first by phone and then in person. When looking, do not neglect small matters, such as television reception, the contours of the land, and the style of the farmhouse; but never lose sight of your ultimate goals or basic priorities, and gauge the property in that light.

  To buy or not to buy—resist that impulse. Once you have found a piece of property that appears to meet your needs, resist the temptation to come to terms. This is the time for an in-depth investigation rather than a purchase. After leaving the parcel, think about it, talk about it, try to remember its contours, and list all the things you do not like as well as the things you do. If after a week or so the land is still appealing, arrange to spend an entire day tramping about it.

  Walk slowly about the property in the company of your family. Among the subjects of discussion should be these: Is the ratio of meadow to woodlot about what you have in mind? (The former are generally more valuable as timber and fuel.) Is the meadow overlain with ground cover, indicating some fertility? Is it swampy? Is there a usable residence on the property? If not, can you afford to build? Is there a road that cuts across the property into a neighbor’s driveway? If so, there is likely to be an easement on the parcel, conferring on the neighbor the right to cross at will. If there is no electricity, gas, or telephone service, ask yourself honestly how well you can get along without these conveniences. And if your goal is to be a part-time farmer and full-time resident, check into employment possibilities in the area.

  If the answers to most of these questions are satisfactory, then begin a more formal survey of the property For those who plan to grow vegetables, grains, or fruits, the question of soil fertility becomes a major factor in any ultimate decision. Take a spade and dig down—way down—in several widely scattered places. Ground that is adequate for good crops will have a layer of topsoil at least 10 inches deep; 12 or 15 inches deep is better. The topsoil should be dark, and when handled it should feel soft, loose, and crumbly to the touch. If the topsoil seems rich and deep enough, make doubly certain by taking several samples to the nearest county agent; he can analyze it for acidity (pH) and mineral content and tell you what crops are best to grow on it. Another way of discovering what crops the soil will support is to find out what the neighbors are growing. If the farm over the fence has a healthy stand of corn, and a thriving vegetable garden, the chances are good that the land you are looking at will also accommodate those crops.

  When walking the land, look for evidence of soil erosion. Gullies are a sign of erosion, as are bared roots of trees and bushes. Parched, stony, light-colored soils indicate that erosion has carried off the rich topsoil. If you are only planning a small kitchen garden, erosion and lack of topsoil can be repaired. But if extensive cropping is your goal, the cost of restoring scores of acres to fertility may be beyond your reach.

  Check the drainage capacity of the land. If the subsoil is so compacted or rocky that it cannot quickly absorb water, then the plants you sow are likely to drown. Also bear in mind that poor drainage can make it difficult to install a septic system, since sewage will tend to back up or rise to the surface. Inspect the property in the wake of a heavy rainstorm. In the surface is muddy or even very spongy, it is a sign that the drainage is poor. Dig several widely spaced holes in the ground, each one about 8 inches around and 3 to 4 feet deep. Check the soil near the bottoms. If it is hard-packed and unyielding to the touch, chances are it is relatively impermeable to water. Or pour a bucket of water on the ground, wait 10 minutes, and dig to see how far the water has penetrated. For the most accurate information, a percolation test by a soil engineer is necessary.

  If you are planning on building a house, carefully inspect possible construction sites. The land for the house should be reasonably flat, with easy access to a public road. Do not overlook the site’s relationship to the winter sun. A house with a northern exposure, particularly if it is on a slope, is likely to cost considerably more to heat than one with a southern exposure that can take advantage of the warming rays of the low-lying winter sun.

  Finally, there is the all-important matter of water—the lack of a reliable source of water for drinking and irrigation can make an otherwise desirable site worthless. The subject is discussed in detail below.

  In all events, try to delay a commitment until you see the land in all seasons; both the blooms of spring and the snows of winter can hide a multitude of evils.

  Buildings Are Important But Water Is Vital

  In assessing country property, the most important single consideration is the availability of an adequate supply of fresh, potable water. With water virtually anything is possible; without it virtually nothing. Consider for example, that a single human being uses between 30 and 70 gallons per day; a horse between 6 and 12; a milk cow about 35; and a 500-square-foot kitchen garden, if it is to thrive, must have an average of 35 gallons of water per day. Even if the property is to be used only as a country retreat, a family of four will require a bare minimum of 100 gallons every day for such basic needs as drinking, washing, cooking, and sanitation. In short, complete information about water availability is an imperative when assessing country property. This is not to say, however, that a piece of land should, in all cases, be rejected if the existing water supply is inadequate, since a water system can be developed in most instances. Nevertheless, this can be an expensive, laborious, and time-consuming effort, and it is far more satisfactory if a water system is already in place.

  Plants that provide clues to water in dry country
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  Existing systems. If there is a well or other water source, along with plumbing in the house, in the out buildings, and at the fields, test the system out as completely as possible. Try all of the taps: one at a time, several at once, all at once. Is the flow sufficient for your purposes? Does the water pressure drop significantly when several taps are on at once? Has the water been tested for potability and for minerals, particularly salt? Water with even a relatively low salt content may be useless for drinking or irrigation. Remember that a fast flow in spring may become but a trickle in the dog days of summer. This is another reason to visit a property in different seasons before purchase.

  Aboveground water. A river, stream, brook, pond on the property may provide adequate water, particularly for irrigation. A freshwater spring bubbling up from the earth can usually provide drinking water, but again, such sources may dry up during the summer. If you plan to use a river or pond for recreational purposes, such as swimming or fishing, make certain that pollutants from logging operations, sewage treatment plants, and factories are not being dumped upstream. Pollutants, of course, can make the water unusable for irrigation as well. Check with local and state authorities on the amount of water you may take from a watercourse. Also make sure that the source is properly positioned to allow you to get the water from where it is to where it will be needed. A stream below a building site and garden plot will be useful only with the installation of pumps. Even one above these areas may require siphons and considerable piping if it is to be useful.

  Marshlands. Though marshes and swamps indicate a high water table and, under the proper conditions, a possible pond site, they are considered negative factors by most builders, since they provide breeding grounds for mosquitoes and other insect pests and the land is useless for construction unless drained and filled.

  Public water supplies. In a number of rural areas water is supplied by an outside utility company. Some utilities are owned by the government, others are owned privately with rates established by law, and still others are associations of landowners who have pooled their resources to bring water in from distant sources so that they can irrigate their lands and provide for themselves and their livestock. Hookups to any of these water utilities can be expensive and, in the case of the landowners’ associations, impossible to obtain. It may be, however, that the owner from whom you are obtaining the land already has shares in the local cooperative water association. If so, make sure that the transfer of these shares is included as part of the purchase price and that you know in advance the amount of water to which your shares will entitle you.

  Water rights. The fact that a parcel has water either aboveground or underground is not necessarily a guarantee that the owner has the right to exploit the resource. In some states even underground water must be shared. Before purchasing any property, have your lawyer check on your water rights.

  Clues to a building’s age
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    Benchmarks for the Buyer

    Major points to consider when contemplating the purchase of a piece of country property are listed below. Use them as a checklist to avoid costly mistakes.

    Contract of sale. The contract describes the terms under which the property is being sold. It should include a description of all encumbrances on the property and should be made contingent upon a successful title search and the ability of the buyer to secure adequate financing. Have your lawyer draw up the contract of sale rather than accept a real estate agent’s standard form.

    Easements. If the land has no direct access to a highway, make sure you have an easement (legally binding right-of-way) across intervening properties. Know also if neighbors have an easement on the property you plan to buy.

    Eminent domain. Many public and quasi-public agencies have the right to condemn land (with compensation to owners) for roads, drainage canals, dams, airports, school construction, power lines, rights-of-way into bordering state-owned property, and the like. Check with the local planning board to ascertain if any condemnation proceedings are contemplated.

    Land contracts and mortgages. Land contracts are the least advantageous means of buying land because the seller of a financing agency holds title until the purchase is fully paid off. The title holder may, during this interval, encumber the property by using it as collateral; the purchaser can lose the land if the title holder fails to make payments. Mortgages in which the buyer has title to the property and uses it as collateral offer greater protection against foreclosure.

    Mineral and other encumbrances. The seller or an earlier owner may have sold or reserved the right to exploit minerals, timber, or even the water on the land. These encumbrances, if properly recorded, are legally binding.

    Survey. Check with county recorder to determine if a legally binding map of the property has been made. If not, insist that a licensed surveyor draw such a map, preferably at the seller’s expense.

    Taxes. Check with local authorities to find out the amount of taxes (property, school, water, sewer) on the property you contemplate buying. Also try to determine if these taxes have been rising rapidly in recent years. Some states tax standing timber, mineral deposits, and water rights. Make sure there are no liens for unpaid taxes on the property.

    Title search and insurance. Have your lawyer or a title insurance company check records to make sure you are buying land free of liens and encumbrances. Purchase title insurance—a onetime expense—that will guarantee the accuracy of the title search.

    Water rights. A contract of sale should include a clause in which the seller guarantees a minimum water supply. Make sure the clause is in accordance with state laws on water rights.

    Zoning laws. Check with the local zoning board to be certain you may use your land in the manner you intend. Also check building and health codes for the same purpose.

  

  Sizing Up the House and Barns

  The extent and condition of improvements play a large role in determining the worth of any piece of property. Direct access to a county highway via well-maintained internal roads is a major factor when considering a piece of land. A house, barn, and other outbuildings in good condition, the presence of primary utilities, and a central heating system all add to the market value of any parcel. When assessing improvements, look beyond the appearances and into such matters as structural soundness, electrical service capacity, the age of the heating system, and the relationship of the house to the winter sun.

  First examine the house as a whole. Is it big enough for your needs? Does it afford sufficient privacy? Does it appear to be well maintained? Very important is the placement of the house. To take full advantage of the low-lying winter sun, it should present a broad front to the south and have a large proportion of its window openings facing south. Look at the windows themselves. Are storm windows and tight-fitting screens installed? Make notes as you move along the outside of the house and as you inspect the inside. Check for wood rot both inside and out, using an ice pick to jab at the beams and supports. If the pick goes in easily, there is probably wood rot, an expensive condition to repair. Look for signs of termites and carpenter ants, particularly along the baseboards of the ground floor and in the exposed joists in the basement. Also check the main fuse box to see if the electrical service is sufficient for your needs (modern service is at least 100 amps at 240 volts), then inspect the water heater as to age and capacity. A four-person family requires a 30-gallon gas water heater or a 50-gallon electric model. As you move from room to room, look up and down as well as around. Stains on the ceilings or evidence of recent plastering may mean roof leaks; horizontal stains on the lower part of basement or ground floor walls indicate flooding. Finally, hire a building engineer for an in-depth analysis. The deficiencies he finds may not necessarily be overwhelming, but they could provide you with a strong bargaining position for lowering the price by thousands of dollars.

  Many people considering a move to the country seek out the charm of 18th- or 19th-century structures. Real estate agents recognize this and often emphasize that a house is one or two centuries old. Generally, it is best to verify such claims. Some tips on what to look for in dating a house are given on the opposite page.


  Converting Tress into Lumber

  Processing Your Timber into Hand-Hewn Beams and Top-Grade Lumber

  Making your own lumber is practical and economical. You not only save the cost of buying wood but of having it delivered. You can cut your lumber to the sizes you need rather than shaping your projects to the sizes available. And you can use you timber resources to the fullest, harvesting trees when they are mature, converting the best stock into valuable building or woodworking material, and burning imperfect or low-quality wood in your fireplace.

  Most important of all is the quality of the wood you get. Air-dried lumber of the type demanded over the years by furnituremakers, boatbuilders, and other craftsmen is rare and expensive—lumbermills today dry their wood in kilns rather than wait for years while it seasons in the open. The lumber you cut and stack yourself can match the finest available and in some cases may be your only means of obtaining superior wood or specially cut stock at a reasonable cost. You may even be able to market surplus homemade lumber to local craftsmen.
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  Horsepower is often the best way to log rugged timberland.
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  For best lumber and greatest yield per log, select trees with smooth, straight trunks at least 1 ft. in diameter. Trees that have branches at the top only are best, since limbs cause knots in finished boards. Avoid hollow trees or trunks with splits; both probably signal extensive interior decay.

  The lumbermen’s tools
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  Many home-lumbering tools are available from hardware stores. Some, however, such as froes, broadaxes, and adzes, are manufactured by only a few firms and are difficult to find. Wooden mallets can be homemade; log dogs can be fashioned from steel reinforcing rod (rebar) sharpened at both ends.

  Logs and Logging Techniques

  Once a tree has been felled and trimmed of limbs, it is generally hauled elsewhere for conversion into boards. Trunks that are too long or heavy to move must be bucked into sections. Make your cuts near crooks or defects to preserve good board wood. Log lengths may range from 2 to 16 feet, depending on intended use and your ability to haul them.

  A good deal of lumbering is still done with horses, especially in hilly areas inaccessible to motor vehicles or where there is a risk of environmental damage. Horses are ideal when only a few trees are being culled or where forest growth is dense. In flat country a four-wheel-drive vehicle with tire chains can be more efficient. Buy a good tree identification handbook and use it to identify your trees so that you will know what you are cutting. Pay particular attention to bark characteristics, since logging is often done in winter, when there are no leaves. (Logs can be moved more easily on snow, and winter-cut logs season better.)
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  Use a log rule to estimate board feet. Varying scales exist, each yielding slightly different results; the Doyle rule shown above is typical. To use a log rule, determine length of log, measure diameter at small end, then read board feet directly from tables on rule corresponding to those measurements.

  
    Using a Vehicle

    Four-wheel-drive vehicle that has tire chains and power winch is efficient but less maneuverable than a draft animal. Keep the vehicle away from deep mud, heavy show, and thick woods. Use a pulley chained to a tree to maneuver logs around sharp turns. Pad the chain to prevent damage to tree trunk.
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  Tips on bucking

  Plan bucking cuts to avoid wasting wood. Group defects together to minimize scrap; allow only enough extra length for trimming logs to final board dimensions.

  Hauling logs

  Horses and oxen are versatile haulers, good in deep woods or over rough terrain. Shovellike skidding pan or heavy sledge with spikes holds log end and eases the job. Tongs or hooks on hauling chain grip the log. Keep the animal moving forward slowly and steadily, and avoid following routes that take you along the side slopes of hills. Never haul logs down an icy or steep grade; instead, unhook the log at the top of the slope and let it roll or slide down.

  Common Woods for Lumber

  Beech is hard, strong, heavy, and shock resistant. It is good for furniture, floors, and woodenware and can be steam bent. Beeches grow in all states east of the Mississippi River.

  Shagbark hickory is strong, tough, and resilient, making it ideal for tool handles and sports equipment. It can be steam bent. Hickory grows in most of the eastern and central United States.

  Black cherry, or wild cherry, is medium weight, strong, stiff, and hard. Straight-grained cherry is excellent for making furniture or cabinets. It grows in the eastern United States.

  Shortleaf or yellow pine is a tough softwood with good grain. Formerly used for sailing ship masts and planking, it makes good clapboards. It grows in the southeastern United States.

  Black walnut is medium weight has beautiful grain, is easy to work, and is strong and stable. Reserve this wood for special paneling and furniture. It grows throughout the United States.

  Sugar maple is hard, strong, easy to work and extremely shock resistant. It is excellent for furniture, floors, and woodenware. It grows in New England and the north-central United States.

  Douglas fir is light easy to work, and very strong. A leading structural wood (building timber, plywood), it is also used for Christmas trees. It grows on the Pacific Coast and in the Rockies.

  Western white pine, similar to Eastern, resists harsh weather and is a good board wood for house frames and panels. It grows best in the mountains of the northwestern United States.

  Eastern red cedar is light, bright, easy to work, and decay resistant. It grows in the eastern two-thirds of the country and is used for fence posts and as mouthproof closet or chest lining.

  Northern red oak is tough and strong but heavy and hard to work. It is excellent for use in timber framing and as flooring. It grows in the northeastern third of the United States.

  Eastern white pine is light, semisoft, easy to work but strong, and has been used for everything from clapboards to furniture since colonial days. It grows mostly in the northeastern United States.

  White spruce is light, strong, and easy to work. It can be used for house framing and paneling but is not decay resistant. It grows in the northern United States from Maine to Wisconsin.

  White oak is similar to red but stronger and more resistant to moisture. It can be steam bent and is often used in boats. It grows in the eastern United States from Canada to the gulf.

  Yellow birch is heavy, hard, and strong, with a close, even grain. It is excellent for furniture, interior work, and doors. It is easy to work. It grows in the Northeast and the north-central states.


  Building the Home Camp

  BY E. H. KREPS

  The first camp I remember making, or remodeling, was an old lumber camp, one side of which I partitioned off and floored. It was clean and near appearing, being made of boards, and was pleasant in warm weather, but it was cold in winter, so I put up an extra inside wall which I covered with building paper. Then I learned the value of a double wall, with an air space between, a sort of neutral ground where the warmth from the inside could meet the cold from without, and the two fight out their differences. In this camp I had a brick stove with a sheet iron top, and it worked like a charm.

  But that was not really a wilderness camp, and while I realize that in many of the trapping districts where it is necessary to camp, there are often these deserted building to be found, those who trap or hunt in such places are not the ones who must solve the real problems of camp building. It is something altogether different when we get far into the deep, silent forest, where the sound of the axe has never yet been heard, and sawed lumber is as foreign as a linen napkin in a trapper’s shack. But the timber is there, and the trapper has an ax and the skill and strength to use it, so nothing more is really needed.

  Let us suppose we are going to build a log cabin for a winter’s trapping campaign. While an axe is the only tool necessary when two people work together, a narrow crosscut saw is a great labor-saver, and if it can be taken conveniently, the trappers or camp-builders will find that it will more than pay for the trouble. Other things very useful in this work are a hammer, an auger, a pocket measuring tape, and a few nails, large, medium and small sizes. Then, to make a really pleasant camp, a window of some kind must be provided, and for this purpose there is nothing equal to glass.

  Right here a question pops up before us. We are going on this trap far back into the virgin forest, and the trail is long and rough; how then can we transport an unwieldy crosscut saw and such fragile stuff as glass? We will remove the handles from the saw and bind over the tooth edge a grooved strip of wood. This makes it safe to carry, and while still somewhat unhandy it is the best we can do, for we cannot shorten its length. For the window, we will take only the glass—six of corrugated packing board, and the whole is packed in a case, with more of the same material in top and bottom. This makes a package which may be handled almost the same as any other merchandise, and we can scarcely take into the woods anything that will give greater return in comfort and satisfaction.

  If we are going to have a stove in this cabin we will also require a piece of tin or sheet iron about 18 inches square, to make a sage stovepipe hole, but are we going to have a stove or a fireplace? Let us consider this question now.

  On first thought the fireplace seems the proper thing, for it can be constructed in the woods where the camp is made, but a fireplace so made may or may not be satisfactory. If we know the principles of proper fireplace construction, we can make one that will not smoke the camp, will shed the proper amount of heat, and will not consume more fuel than a well-behaved fireplace should, but if one of these principles be violated, trouble is sure to result. Moreover, it is difficult to make a neat and satisfactory fireplace without a hammer for dressing the stones, and a tool of this will weigh as much as a sheet iron stove, therefore, it is almost as difficult to take into the woods. Then there is one or two days’ work, perhaps more, in making the fireplace and chimney, with the added uncertainty of its durability, for there are only a few kinds of stones that will stand heat indefinitely without cracking. On the other hand the fireplace renders the use of a lamp unnecessary, for it will throw out enough light for all ordinary needs.

  The good points of the stove are than it can be made by anybody in a half days’ time; it does not smoke the camp, does not black the cooking utensils, gives the maximum amount of heat from the minimum quantity of fuel, and will not give out or go bad unexpectedly in the middle of the winter. If you leave it to me our camp will be equipped with a sheet iron stove. While the stove itself is not now to be considered, we must know before we commence to build what form of heating and cooking apparatus will be installed.
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  Chart showing location of camp

  Having decided on which part of the country is to be the center of operations, we look for a suitable site for our cabin. We find it near a stream of clear water. Nearby is a stretch of burned land covered thinly with second growth saplings, and near the edge of the evergreen forest in which we will build a camp stands plenty of dead timber, tamarack, white spruce, and a few pine stuff all of which will make excellent firewood. In the forest itself we find straight spruce trees, both large and small, balsam, and a few white birches, the loose of which will make the best kindling. Within three rods of the stream and 50 yards from the burn is a rise of ground, high enough to be safe from the spring freshets, and a gravelly ground which is firm and dry. This is the spot on which we will construct our cabin, for here we have good drainage, shelter from the storms, water and wood near at hand, and material for the construction of the camp right on the spot.

  The first thing to settle is the size of the proposed building. Ten by fourteen feet, inside measurement, is a comfortable size for a home cabin for two men. If it is to be used merely as a stopping point now and then, it should be much smaller, for a small shack is easier warmed and easier to build. I have used camps for this purpose measuring only six-and-a-half by eight feet, and found them plenty large for occasional use only. But this cabin is to be our headquarters where we will store our supplies and spend the stormy days, so we will make it ten by fourteen feet. There is just one spot clear of trees where we can place a cabin of this size, and we commence here felling trees from which to make logs for the walls. With the crosscut saw we can throw the straight spruce trees almost anywhere we want them, and we drop them in places which will be convenient and save much handling. As soon as a tree is cut we measure it off and saw it into logs. These must be cut thirteen and seventeen feet long, and as they will average a foot in diameter at the stump there will be an allowance of three feet for wall and overlap, or 18 inches at each end. We cut the trees as near the ground as we conveniently can and each tree makes two or three logs. All tall trees standing near the camp site must be cut and used, if possible, for there is always the danger that a tree will blow over on the camp some time, if it is within reach.
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  The corner construction

  On the spot chosen for the camp we now place two of the long logs, parallel with each other and exactly ten feet apart. We block them on the outside so they cannot be moved easily out of position. Then we place two of the short logs across the ends and in these we cut semicircular notches directly over the places where they rest on the long logs, and almost half through each piece. After cutting these notches we turn the logs notched side down, and these cuts, if they have been properly done, fit snugly over the long logs, thus binding the four pieces together and forming the first wound of the walls.

  Before going farther now we must decide just where we are going to have doorway of our cabin. We will place it on the south side, for we like to have the warm sun rays come in when the door is open, and if placed on the north or west sides it admits too much cold. We will place it near one end and then we can also put our window in the same side. About two or three feet from the corner we will cut out a section from the top of the log, making the cut four inches deep and two and a half feet wide, the bottom being hewn smooth and the ends sawed down square. Then we cut one of the balsam trees and saw a section from the butt the length of the proposed doorway. This should be not than five feet so we make it this length. Then we split though the center with the axe and a pair of wooden wedges, and hew the two halves into two smooth planks. We also make a plank two and a half feet long. When these planks are finished, we stand the two long ones upright in the place cut in the log and nail them firmly. We see that they stand perfectly plumb and in line with one another, the we nail the short plank across the top, thus completing our doorway. On this side, as the walls are laid up, we saw each log off squarely at the proper place and push it up against the door frame, fastening it there by nailing through the plank. The notches are cut to such a depth at the corners that the logs fit one against the other and this leaved no large cracks to close.

  To make our cabin comfortable it must have a floor and we have this in mind as we work. Before building the wall higher we will lay our sills for the floor, for it is difficult to get these cut to the proper length and fitted in place after the walls are completed and the timber must be brought in through the doorway. We cut three straight logs about eight inches thick in the middle and 14 feet long. These are bedded into the ground in the cabin, one along each side wall and the other in centre. They must be placed at an even height and this is determined by means of a straight ten-foot pole, which when placed across these logs should rest on each. If one of them is too high in spots we dress these places down with the axe.

  We will now leave the floors and proceed with building the walls. Round by round the logs are notched and fitted into place, until the walls have reached a height of about four feet. Then we make a window boxing of planks and fasten it in the wall in the same way we did the door frame. The ends of the logs are butted against the window frame and fastened with large nails, driven through the planks into the logs. But before making the window frame, the size of the proposed window must be determined, and this is done by measuring the width of the glass and making the proper allowance for the sash. When the logs are placed in the wall we try to select timbers of such a size that one round of log will come within about three inches of the top of the window boxing, and the next log is cut out to fit down over this window and the frame is nailed fast this log. The same thing is done when the top of the door frame is reached, and this gives a greater degree of rigidity to the walls.
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  The cables

  When the walls have been raised to a height of about six and a half feet about the floor sills we commence work on the gables. These are constructed by placing a full length log across the end, a shorter one on top of this, continuing thus far high enough. This is best done by setting a pole up in the end of the camp exactly in the middle of the end wall, the top being just the height of the proposed gab. From the top of this straight pole, poles are run down to each corner and then give the slope of the gables, also of the roof. The logs are then cut at an angle at the ends to conform with the line of this pole, and are fastened one on top of another by boring holes and driving wooden pins into them. When both gables have been raised to half their height we cut two 17-foot binding poles, each logs or poles not only given more stability to the gables, but they also make support for the roof, and are a nice foundation for a loft on which to store articles after the camp is finished. When the ends are brought up to within about eight inches of the required height a stout, straight ridge pole of the same length as the binding poles is placed on top, and notched lightly into the top log.

  Our camp is now ready for the roof, and what are we to use for this most important part? I have no doubt that camp roofs have caused more gray hairs for woodsmen than any of the other problems they have to solve. If it were each summer when the bark could be peeled from cedar and spruce trees we would have no trouble, but bark is not available now. About the only style of roof the we can make now is what is called a scoop roof, made from split logs. We must find a straight-grained, free-splitting wood for this, and of the woods at hand we find balsam the best, so we cut balsam trees about eight or ten inches in diameter, and make logs from the butt of each, about seven feet long, so that they will reach from the top of the ridge-pole to the walls and extend a foot beyond. These were split through the center and hollow out each in a trough form, by cutting notches in the flat side, without cutting the edges, and splitting out the sections between. We place a layer of these the entire length of the roof, hollow side up, and notch each in place so that it cannot slip or rock. Between each set of these troughs we will place a three-inch pole, and on top of the pole we place marsh moss. Then we place over these poles a second layer of the troughs, hollow side down, and over the ridge pole we place a large, full-length trough. The latter we must make by hewing a log flat on one side and then hollowing it out, for we cannot find a tree with such a straight grain that we can split a 17-foot length without more or less of a twist.
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  The roof

  Before completing our roof, in fact when the first layer of scoops are placed on, we must make provision for our stove pipe, for it must have an outlet through the roof, and the location the stove is to have in the cabin must be determined. A hole 12 or 14 inches square is left in the roof, by using a few short scoops, and this hole is covered with the sheet of tin we brought for the purpose, and a slightly oblong hole is cut in this for the stove pipe. The edge of this hole we turn up with the hammer, which makes it waterproof, and when finished it is such a size that the pipe makes a snug fit. The whole thing is so arranged that water cannot run under from the top, but this is difficult to explain.

  A roof like this take a lot of work, in fact as much as the rest of the camp in some cases, but if carefully made it is a good roof, warm and waterproof. It must be well mossed or snow will sift in, and the lower ends of the troughs, from where they cross the walls, should be cut deeper than the portion above. If this is not done the ice which forms in the ends of these troughs will back the water up until it runs over the edges and down the walls of the cabin. It may even be necessary occasionally during the winter to clean the snow off the lower edge of the roof and clip the ice from the troughs with a hatchet. The steeper the roof the less trouble there will be from this source.

  With the roof completed our cabin becomes a real shelter and we can camp inside at night. If necessary the flooring may be postponed for a few days, but we may as well finish it at once, so we clean out the chips and commence laying the floor. This we make of straight spruce poles about four or five inches thick. In the end of the camp where our beds are to be we leave them in their natural circular state, merely flattening them on the underside where they rest on the sill to make them fit and lie firmly in their places. But when the floor has grown at this end to a width of about four feet we adopt a different plan. We now hew the poles straight and smooth on one side their entire length, and flatten the underside where they rest on the sills, also straighten the sides so they fit snugly against one another. At the place where the stove is to be placed we leave an opening of two and a half by four feet, and around this place we fasten smooth pieces of wood about four inches thick, so that it makes of the opening a sort of box. When our floor is completed we nail down along each wall a pole, which covers the ends of the floor poles and holds them all firmly in place.
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  The door

  To complete our cabin now we need only a door, a window, and something to close the cracks. For a door we split cedar or balsam wood into planks, which we place on edge in notches cut in a log, and a hew down smoothly on both sides with the axe. Then we straighten the edges and measuring our door frame carefully we fit the boards into the opening, binding them all together by nailing across near each end a narrow board. We also place a strip diagonally across the door from near one corner to the opposite, to stiffen the door and prevent warping. Hinges we make of wood, fasten them together with a single large nail through each, and fasten the door to the wall. Then on the outside we hew the ends of the logs until they are flush with the edges of the door from flattened strip along both sides of the doorway. This is not absolutely necessary, but it gives the doorway a more finished appearance and increases the rigidity of the wall.

  Our window sash also takes considerable work. For this we split soft, dead cedar and hew it into three-inch strips. From these we make a frame that will fit inside the window boxing, and make the strips of this frame flush at the corners by cutting away half of each. Then at the proper places we fit our lighter cross strips, sinking them into the wood at the ends, and fastening with small nails. Grooves are then cut in the strips and the frame itself to receive the sheets of glass, which are put in place and fastened with tacks. The window is then placed in the wall and secured by nailing narrow strips of wood against it. As a window at its best it apt to admit a lot of cold air it will pay well to spend some time at this work and make the window fit snugly.

  All that now remains to be done is to close the cracks between the logs. Since logs were of a uniform size and have been well notched down there are no large cracks, no blocking is needed. The warmest chinking, outside of rags, which we do not have, is woods moss. That found growing on rocks and logs is best, for it does not dry out and shrink as much as march moss, and there is an abundance of this near at hand. We gather a few bags of this moss and with a piece of wood we drive it into the cracks all around the walls. We also keep a small quantity of this moss in the cabin, for no matter how firmly it is driven into the cracks it will shrink and become loose after awhile, and this must be tightened and more moss driven in.

  Our little cabin is now complete. It has taken much hard work to build it, but it is worth the effort for it is a comfortable, home-like camp. The cold winter winds may howl through the forest and the snow may fall to a depth of several feet but here we can live as comfortably as woodsmen can expect to live in the wilds.


  Energy


  Leaving the Grid

  BY DAVID BLACK

  The ABCs of Energy

  Unless you’re a physicist or an electronics technician, in order to get through the next two chapters we’re going to have to review all that stuff they tried to teach us in high school science class. This is the stuff that had us all saying, “Why in the world are they making us learn this crap? We’ll never use this junk in our real lives.” Well, surprise! Here it is, leering back at us like a smug mother-in-law.

  Energy is needed in order for anything to happen, and when something happens, energy is converted from one form to another. Different forms of energy make different things happen. Energy comes in many flavors: electrical, heat, light, sonic, solar, chemical, kinetic, and potential, to name a few. Chemical energy is energy that is released during chemical reactions. Food, like that breakfast you ate this morning, and fuels like coal, gas, and oil are storages of chemical energy. So are batteries.
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  Plants use solar energy to create a bank of chemical energy that we refer to as food.”

  Kinetic energy is the energy of movement—the faster an object moves, the more kinetic energy it has, and the slower it moves, the less kinetic energy it has. When moving objects hit stationary objects, some of the kinetic energy is transferred to the stationary objects, making them move.

  Potential energy is the energy objects have due to their position in a force field, such as an electrical field, gravity, or magnetism.
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  Shooting pool is a good example of how kinetic energy is transferred from one object to another.
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  From left, a simplified solar water heater, the backpacker s solar shower, and a propane-heated camping shower.
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  A solar water heater (“collector panel”). Radiated electromagnetic energy from the sun is absorbed by a black absorber panel, which heats the water in pipes connected to the panel.

  The Law of Conservation of Energy states that energy cannot be created or destroyed, but can change its form. As mentioned earlier, when something happens and energy is used, it is converted into a different form. The final forms in most energy conversions are heat and light. Even these final forms are not destroyed, but are so spread out into the environment that they become difficult to use. The energy chain of a flashlight is an example. Chemical energy in the batteries is changed to electrical energy. Electrical energy is changed to heat and light from the bulb, which is dispersed.

  While much of our immediate energy needs are obtained by burning fuels, nearly all energy on earth comes directly or indirectly from the sun. Solar energy reaches the Earth in the form of electromagnetic energy, a form of energy that can travel across space. The sun warms the planet. Plants use energy from the sun to make their food, and therefore ours. And the sun’s energy can be used to generate electricity using a solar cell, or to heat water using a solar collector.

  Non-renewable energy sources are those that can only be used once to produce energy. They include fuels like wood, coal, natural gas, oil, etc. Sources of energy that are not used up (that is, can be produced faster than we can use them, such as sunshine, wind, and moving water, or that can be reproduced as needed) are called renewable sources.

  Of the energy consumed by mankind, over 90% of it comes from the burning of fossil fuels—formed from fossilized plant and animal remains—and wood. The remainder is just about evenly spilt between nuclear energy and energy from renewable resources.

  The burning of fossil fuels results in the release of significant amounts of carbon dioxide (CO2) and other gasses. Even so, to this day there are rational people who deny that the greenhouse effect, global warming, and acid rain can be partially blamed on the intense use of fuels.

  Biogas is an interesting renewable fuel. Rotting organic matter produces methane, which can be used for space water heating. It has also been used to power some automobiles and even jet aircraft. Among its negatives is the fact that although it’s renewable, biogas is still a burned fuel.
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  A wind turbine. The propeller is turned to face the wind. As it spins, it turns the generator of the turbine to create electricity.
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  A solar panel with individual cells visible. The cells convert the sun s energy into electricity when sunlight falls on a special layer of silicon and makes electrons move, creating a potential difference between layers. In this picture, lying below the solar panel array are a couple of old solar collectors.

  In addition to solar energy, mentioned above, other renewable energy resources include wind and water. In a hydroelectric plant, moving water turns turbines that generate electricity. A wind farm generates electricity when the wind spins propellers that turn turbines.

  In the scientific world energy is measured in joules (J). Power is the energy used over a specified period of time, and is measured in watts (W). One watt is equal to one joule per second.

  Appliances and machines operate by taking one form of energy and changing it into another. An appliance is considered efficient if most of the energy used to operated it is changed into the energy that is needed. Fluorescent tube lights, for example, are more efficient than standard lightbulbs because they change more energy (electricity) into light and less into heat.

  Heat 101

  When a substance absorbs heat, its internal energy increases. Internal energy is the kinetic plus the potential energy of the atoms the substance is made of.

  Heat flows from warm objects to cold objects, changing the internal energy of both. It continues to flow until both objects are at the same temperature. The objects that lose heat also lose internal energy. The objects that gain heat, gain internal energy.

  Heat flow (or heat transfer) can occur by conduction, convection, or radiation.

  In conduction, heat is transferred by molecular excitation within a material without any motion of the object itself. Energy is transferred as the excited particles collide with slower particles and transfer their energy to them.

  In convection, heat is transferred by the motion of a fluid or gas. Heated gas or fluid expands and becomes less dense, becoming more buoyant than the gas or fluid surrounding it. It rises, moving away from the source of heat and carrying energy with it. Cooler gas or fluid sinks, and a circuit of circulation called a convection current is formed.

  Radiation occurs when heat is transferred by electromagnetic waves that carry energy away from the source.

  It takes 4,200 joules to raise the temperature of one kilogram (2.2pounds) of water by 1 degree Celsius (1.8 degrees Fahrenheit). But some materials absorb heat better than others. Equal amounts of different materials require different amounts of heat to reach the same temperature. For example, it takes more heat energy to heat a quart of water to 100 degrees than it takes to heat a quart of oil to the same temperature.
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  Convection

  Temperature is a measure of how hot a material is. Materials have different specific heat properties (thermal capacities). Two equal masses of different materials—for instance, a quart of oil and a liter of water—will reach different temperature when heated with the same amount of energy. The oil will actually be hotter than the water. It’s the difference in heat capacity that causes land masses to heat up faster than bodies of water, leading to sea breezes. Air warmed by the more rapidly heated land mass rises, and cooler air blows in from the body of water. These concepts of thermal capacity and heat transfer are important to understand when trying to design heat-efficient structures.

  Temperature can be measured in several different scales. The scales most commonly used by those of us who are not scientists are the Fahrenheit scale (F) and the Celsius scale (C). The steam point and the ice point (the points at which steam or ice are produced) are the reference points on these scales. The ice point is 32 degrees F and 0 degrees C. The steam point is 212 degrees F and 100 degrees C. A degrees of Fahrenheit is equal to 9/5 Celsius plus 32. For most of the world, Celsius is easier to use than Fahrenheit because one degree represents 1/100th of the difference between the steam and ice points.

  The Shocking Truth about Electricity

  Remember what that science teacher tried to tell you back in high school about how the nuclei (specifically, the protons)of atoms are positively charged and the electrons around it are negative? Normally an atom has the same number of electrons as it does protons, so the atom is neutrally charged. But if an atom loses electrons to other atoms, it becomes positively charged, while the atoms that gain an electron have a negative charge. Electricity is a stream of negatively charged particles (electrons) flowing at the speed of light through a wire, similar to the way water flows through a pipe. Electrical forces exist between the charged objects, and the opposite charges “attract” (which simply means electrons want to flow from the negatively charged object to the positively charged object in order to get the objects in order to get the objects back to their neutrally charged states). Substances through which a current of electrons can flow are called conductors. Substances through which an electron current cannot easily flow are called nonconductors or insulators.

  In conductors—for example, metal wires—the electrons are free to move, and their movement is called the current. The path the current takes from one location to another—again, for example, the wires—is called the circuit. A circuit is a continuous pathway between a power source and an appliance or device (commonly referred to as “the load”). If the circuit is interrupted by an open switch or a blown fuse, the current stops. This electricity is converted to other forms of energy by the appliance or device, such as heat, light, or sound.

  So, electrical current is a flow of electrons from an area of high electric potential (too many electrons) to an area of low electric potential (not enough electrons). It’s this difference that makes the electricity flow, sort of like the flow of water from high pressure to low pressure. The potential difference is basically electrical pressure, and is measured in volts (V).

  You will often hear the terms alternating current (AC) and direct current (DC). DC is the flow of electricity in one direction. AC, on the other hand, intermittently reverses direction because of the way it’s generated. Batteries and PV cells produce DC because the current always flows from a fixed negative point to a fixed positive point. AC comes from generators whose poles change 60 times per second, causing the current to reverse directions. It’s the type of current that enters your home from the utility grid. DC can be converted to AC by passing it through an inverter. Inverters are available with high AC power outputs and with conversion efficiencies of 90 percent.

  The amount of current flowing through a circuit depends on the strength of the potential difference (volts) and the resistance of the components in the circuit. Current is measured in amperes. All materials, even conductors, resist the current to a certain extent, reducing the amount of current that flows. The ohm is the unit of measure for resistance. An ampere (“amp”) is the current that will flow through one ohm of resistance with a “pressure” of one volt.
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  Left, a close-up of electrical cable and wire, made of a conductor (copper wire) and covered with an insulator (plastic). At right, plugs.

  Some appliances use a 2-pin plug and receptacle or socket. Others use a 3-pin plug. When a plug is put into a socket the pins connect with hot (live) wires and neutral wires of the circuit. On most 2-pin plugs one prong is wider than the other. This keeps you from plugging the cord in incorrectly and reversing the polarity (the positive and negative parts of the circuit).

  Components (such as lightbulbs) in an electrical circuit convert electrical energy carried by current into other forms of energy (heat and light). The components in a circuit can be arranged in two ways: series or parallel.

  So what happens to voltages and current when they are stacked up in a series like the stack of batteries in a flashlight? In series, voltages add up, but the amps (current) don’t. In parallel, the amps (current) add up, but the voltage doesn’t. Don’t worry; I’ll explain this again later when we look at how battery banks and solar panels are wired.

  The amount of power (P) delivered by a given current (I) in amps, under pressure, or volts (E), is measured in watts. The formula is power equals voltage times amps, or P = EI. As you can see, watts (P), volts (E), amps (I), and ohms (R) are all interrelated and must be dealt with mathematically in order to understand electrical circuits and electrical systems.
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  Top, a series circuit. The current flows through the components one after another. If one component stops working and breaks the circuit, no current flows. It s why an entire string of cheap Christmas lights stops working when a single bulb burns out. Bottom, a parallel circuit has more than one path for the current. If a component in one path stops working and breaks the circuit, current continues to flow through the other path.

  Let’s talk about watts in a little more detail. A watt is the amount of energy used per second and should be thought of as the rate of speed that energy is being used. The watt rating of an appliance is the rate or speed at which the appliance is using energy. For example, a 100-watt lightbulb uses 100 watts per second.

  The unit of measure for electricity consumption is the kilowatt-hour (kWh). Check it out on your next power bill. Kilowatt-hours are the amount of energy used, and are figured by multiplying the rate of usage in kilowatts by the time in hours that the device runs. Don’t let this term confuse you about how much power your appliance uses. Again, wattage is a rate; kilowatt-hours are the amount used.
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  Use the circles to help remember the formulas for Oh m s Law (I = E/R, E = IR, R = E/I) and the for power (E = P/I, P = EI, I = E/P).

  A battery is a storage unit of chemical energy that is converted to electrical energy. The batteries familiar to most people are the AAA, AA, C, and D batteries in their portable appliances and flashlights. These are called dry cells, and contain an electrolyte paste. An electrolyte is a substance that conducts electric current when used in a solution or paste. Chemical reactions make the charges separate and migrate to the appropriate terminal (positive or negative). When the necessary chemical properties of the electrolyte are depleted (when the battery “runs out of juice”), the battery is dead. Accumulators are batteries that can be recharged, like a car battery or like rechargeable flashlight batteries. Car batteries have a dilute sulfuric acid as the electrolyte that facilitates the potential difference between electrodes made of zinc and zinc oxide.

  Household electricity is 110V (actually 110, 120, or 125V) or 240V, depending on what country you live in. Parallel circuits carry the electricity around the house. Appliances are often protected by fuses. The thin wire in a fuse melts under excessive current and breaks the circuit, stopping the flow of electricity.

  Each parallel circuit in modern buildings contains three wires called the live (“hot”), neutral, and ground (or “earth”) wires. The current is supplied by the live wires (usually black), and the neutral wires (usually white) carry the current back. The ground wire (usually green or bare copper) is a safety device that provides a path to the ground (earth) through which current can escape if the neutral wire is somehow broken or interrupted. The electricity would otherwise take the shortest path to the ground—which could be you.

  A current flowing through a wire produces a magnetic field. A wire wrapped around an iron bar behaves like a bar magnet when current is passed through it. The wire and bar are called an electromagnet. And if moving current can produce electromagnetism, it stands to reason that moving magnetism could produce electric current. And so it can. A generator is a machine that converts the energy of magnetic movement into electricity.

  In a power station, electricity is created by turbines spun by steam or by moving water. The turbines then spin the shaft of a generator that has coils of wire (the armature) turning between two magnets. Turning the coil between two magnets induces a current that changes direction every half turn. This is called alternating current, or AC. The amount of voltage generated depends on the number of turns in the coil, the strength of the magnetic field, and the speed at which the coil or magnetic field rotates.

  In smaller systems (micro-hydro or small wind systems) we sometimes see the terms AC generator (also called an alternator) and DC generator. DC generators use a bridge rectifier to convert AC to DC to serve the battery banks. A rectifier is the opposite of an inverter. It changes AC to DC in a process called rectification. Rectifiers and inverters are known collectively as power supplies. A power supply is a device that converts one form of electricity to another and distributes it to the rest of the system.

  Although most ample AC sources can be used directly if properly governed by devices, with excess diverted to other useful purposes, many systems are dependent on storage batteries that require DC input. A properly governed AC generator can supply DC through a rectifier. But AC generator systems are commonly more expensive and complicated to set up than DC generating systems.

  Electronics is the use of devices or components to control how electricity flows through a circuit. Components include anything within the circuit that alters the path or intensity of the electrical energy: resistors, LED lamps, diodes, speakers, capacitors, antennas, and transistors.

  Resistance is the ability of a material to resist the flow of electric current. All parts of a circuit have some resistance, which reduces the amount of current that flows around the circuit. When a material resists electric current, it converts some of that energy into heat and light. Resistance is measure in units called ohms.

  Getting Wired

  For most people, this is the confusing part, and it’s where most do-it-yourselfers get screwed up.
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  In a common household circuit, 120V AC flows from a hot bus bar in a main service panel through a hot wire to a fixed appliance such as a lightbulb or to a component like a power socket. From there are neutral wire completes the circuit path back to the panel’s neutral bar, which is grounded. If a circuit malfunctions, the ground wire provides a safe path of the power source for abnormal current flow. The grounding wire keeps you and any metal surfaces containing appliances—such as your computer housing—from becoming the path of abnormal current flow. It also enables overcurrent protection devices such as circuit breakers to work.

  Most people move into houses that have been wired by electricians and construction experts. A few of us do it ourselves, and we take the risks. This book is not meant to coach you through the wiring of a home or building with local utility power as the main power source. Hire an electrician, or go to a building supply store or any decent bookstore to load up on do-it-yourself books on house wiring if that’s what you intend to do. For those few of you who want to try alternative electrical sources (photovoltaic, hydroelectric, or wind turbine) as a primary or backup power source, you’re highly likely to be working with battery banks, charge controllers, and inverters. You’ll be doing most of the maintenance on them and you’ll need to know how and why they work, and how they’re wired.

  Photovoltaic Cells

  Within a solar panel, a cell is the smallest structural unit capable of independent generation of electricity. A cell is made up of sandwich of semiconductor materials, the same materials that are used in transistors. The first layer is made of phosphorous (an N-type, or negative semiconductor). The middle layer is the absorber (P-N junction). It’s made of purified silicon. The third layer is made of boron (a P-type, or positive semiconductor). Each boron atom is missing an electron, and each phosphorous atom has one too many atoms. The energy of sunlight knocks some of the free phosphorous electrons off the layer, and current wants to flow as the extra electrons try to fill boron’s deficit of electrons. In order to make this happen, the three middle layers are sandwiched in between two electrical contact layers that form a pathway for electron flow.

  The cells are encased within a transparent material, like tempered glass on the front and a protective material on the back. Most panels are waterproofed, but there are some on the market that require the buyer to waterproof the panel with silicone around the edges of the frame, plugs, wire entries, and connections.

  Each cell produces about half a volt. In a solar panel cells are wired in series to make panels with higher voltages. Your 18-watt solar panel is probably made up of 36 individual 0.5 amp cells. The total voltage and total amount of current generated is determined by the intensity of sunlight and the configuration (series versus parallel) of multiple solar panels called an array. The output of a solar panel in watts is determined by the rated voltage times the rated amperage. Today 12-, 24-, and 36-volt solar charging systems are the industry norm. For needs under 2 kWh, 12V is enough. A panel that is rated for a 12V system probably has an effective voltage of up to 17 volts. Larger needs will require 24 or 36V. Panels from different manufacturers can be added to the system if their voltage rate is comparable (within a volt or two).

  There are basically four methods of producing solar cells:

  Single crystalline is the traditional method of production and the most efficient of the four types of cells. It’s also the most expensive process. The crystal is cut from a fat rod of silicon and is doped on the outside with phosphorous and the other side with boron.

  Polycrystalline is also cut from a fat rod of a type of silicon that does not undergo the same cooling control or require the same purity of single crystalline silicon. The result is a matrix of many crystals. It’s cheaper to produce, but since crystal boundaries tend to impede the flow of electrons, these cells are only 90 percent as efficient as single crystalline cells.

  String ribbon cells are made by drawing string through liquid silicon to produce thin sheets which are then doped. These cells are cheap to produce but are only about 75 percent as efficient as single crystalline.

  Amorphous or thin film cells are produced by vaporizing a silicon material and painting it on untempered glass or flexible stainless steel. These cells are somewhat less efficient than other types of cells and are easy to shatter. These are the cells you see on small RV and boat systems, and small panels are often sold at truck stops to trickle-charge your automotive batteries to keep them perky.

  Solar cells have no storage capacity of their own. Neither do wind or water turbines. So if that’s how you Plan to make your electricity, you’ll be storing that electricity in a 12-, 24-, or 36V battery bank. Fortunately, setting up a PV system is relatively easy. The panels themselves have no moving parts and require very little maintenance.

  The total amount of radiation energy available is expressed in hours of full sunlight per square meter, or peak sun hours. This amount, also known as insolation value, is the average amount of sun available per day throughout the year. At “peak sun,” 1,000 watts per square meter reaches the earth’s surface. One full hour of peak sun provides 1,000 watts, or 1 kW per square meter. To view a map that will help you determine the insolation value at your location, type “insolation map” into your search engine on the Internet and choose from hundreds.

  The performance of solar modules is rated on the percentage of solar energy they capture at sea level on a clear day. Weather, temperature, air pollution, altitude, season, dust, and anything covering the panel (i.e., snow, ice, raindrops, dust, mud) all reduce the amount of solar energy a cell will receive. Cells are most efficient at higher altitudes. But at the average altitude of earth’s surface (about 2,250 feet), clean cells will receive about 85 percent. Single crystalline and polycrystalline cells only manage to convert about 10 percent of that to electrical energy, and amorphous and string ribbon cells are even less efficient.

  The life of a solar cell is decades. It takes two to four years for a single or polycrystalline cell to lose 1 percent of its efficiency. Maintenance of solar panels is easy. Since there are no moving parts, you simply protect them from shattering and keep them clean.

  It is possible to overcharge a battery and damage it. When a battery is fully charged, the current from the charging device (be it wind, solar, or hydro) should be turned off or used to charge controller should be placed between the charging device and the battery bank to prevent overcharging. The controller opens the circuit to stop the flow of electricity. When the battery’s charge starts to drop again, the controller closes the circuit to allow current from the charging device to serve the battery bank again. Your controller must be compatible with both the voltage of your battery bank and the amperage of your panel system.

  Controllers can be simple or extremely complex. They’re rated by the amps they can process from a solar array. Advanced controllers use pulse- width modulation (PWM), a process that ensures efficient charging and long battery life. Even more advanced controllers use maximum power point tracking (MPPT), a process that maximize the amps into the battery by lowering the output voltage. As described in Ohm’s Law, if the wattage doesn’t change, a decrease in voltage must result in an increase in current.

  Some controllers have low voltage disconnect (LVD) and battery temperature compensation (BTC). An LVD permits the connecting of loads to its terminals, which are then voltage-sensitive. If the battery voltage drops too low, the loads are automatically disconnected, resulting in decreased damage to the batteries. Batteries are temperature sensitive. BTC adjusts the charge rate based on temperature.

  It is possible to lose some of the battery charge at night and on cloudy days through a process called reverse current. Some solar panels come with a diode that blocks reverse current. External diodes can be added to panels that do not have their own.

  As you shop for solar panels, notice the wattage ratings. Most manufactures list the best-case rating, based on full sun and perfect conditions of sea level, temperature, and clear skies. Don’t be fooled by this. Your panel will rarely function at that level for a number of reasons. First, full sun is tough to find. Even in the rural Southwest there is often enough haze in the sky on a windy but cloudless day to reduce the sunshine reaching your array. Cells get more sun at higher altitudes and in remote areas not affected by pollution.

  Temperature is also a factor. Cells lose efficiency in a hot environment. If it’s too warm outside for your comfort, it’s probably too warm to get maximum efficiency from your array. The best defense against this is to mount your array in such a way that the backs of the panels are well ventilated and where the full array is not enclosed in a natural or artificial amphitheater that acts like a solar heater. Considering these factors, it should be obvious that solar electrical systems are going to be more successful in rural or remote, dry, high-altitude locations, which tend to be cooler, less cloudy, and less hazy.

  The third and most important factor is shading and shadows. Anything placed between the cell and the sun will create a shadow and diminish the output of the panel. A small shadow has a cascading negative effect. Think of the array as a bucket, and the sunshine as a stream of water from a faucet. Your goal is to fill the bucket so full of water that it overflows. That’s essentially what your array does. It fills with electricity and sends the “overflow” to the battery bank. Now . . . think about the bucket again. Along come some thirsty people who just keep filling their cups directly from the stream before it hits the bucket. The result? There’s some water in the bucket, but it just doesn’t fill quite enough to overflow. That’s exactly what shadows and shade do to your array. With crystalline cells, a shadow the size of a basketball could shut down your entire array. There are two morals to this story: First, mount your array where it will get the best sun and the least shade—that is, perpendicular to the sun at solar noon (more on this later). Second, keep your panels clean.

  Solar arrays do their best when they’re set up to face at a right angle (90 degrees, or perpendicular) to the sun. You might as well fix your array so it’s permanently at 90 degrees to solar noon, at an angle equal to your latitude, give or take a few degrees for winter or summer. This is easy with a clinometer (a device that measures angles of inclination) or a swing-arm protractor.

  Mounting systems secure the panels in their proper position, preventing wind damage and allowing ventilation with cool air circulating behind them. There are several types of mounts available commercially, including ground or roof mounts, pole mounts, and flush mounts. Homemade mounts should be built using anodized aluminum or galvanized steel for corrosion resistance. Wood is fine, but won’t last as long. Slotted steel angle stock is readily available and easy to work with. Make sure that no part of your mount will cast a shadow on the panel. Portable arrays can often be mounted on wide-base A-frame ladders or stepladders.

  Adjustable tilt is nice for seasonal angle adjustments, but tracking systems that follow the sun across the sky are expensive and less effective than you would like them to be. The money would be better spent buying more panels and batteries. (For more information on mounting systems, see the appendices at the back of the book.)

  Finally, solar power works very well for most appliances except large ones that use a large electric heating element (water heater, clothes dryer, electric stove, electric heater, etc.). To minimize the size of the photovoltaic system you’ll need, consider using propane, natural gas, or another alternative to power these appliances.

  Wind Systems

  Wind power is commonly used to turn an appliance on an axis or to move an object from one location to another. Common examples are sailboats and wind turbines that generate electricity. Since this book isn’t about sailing, we’ll concentrate on the turbines. In a wind turbine, the wind turns a set of blades, which causes a shaft to spin. The shaft is connected to an alternator or generator that uses the rotation of the shaft to produce electricity.

  Wind turbines come in two common flavors: horizontal-axis turbines, which look like a propeller with two or three blades (rotors); and vertical-axis turbines that are often described as “eggbeater” turbines. Turbines are also described as being either upwind or downwind. Upwind turbines, like most three-blade horizontal-axis turbines, are operated with the blades facing toward the wind.

  Horizontal-axis turbines with larger rotor diameters catch more wind and generate more electricity than those with small rotor diameters. An average- to large-size home will probably need a turbine with a rotor radius of at least 5 feet (a total wingspan of 10 feet) to generate enough electricity to be independent of the grid. Smaller turbines, called mini-turbines, have rotor radii of between 2.5 and 5 feet, and are suitable for smaller homes and vacation cabins. Tansient and recreational venues (boats, RVs) can use micro-turbines, which have rotor radii of 1.5 to 2.5 feet.
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  Two upwind, three-blade, horizontal-axis turbines. The main parts of such a system are the rotor (propeller blade), the shaft that turns the generator, and the nacelle that houses the generator and all the internal parts that sit atop the tower. To the rear of the turbine is a wind vane that orients the turbine toward the wind.
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  These giant turbines are located in Spanish Fork, Utah. The length of a single blade is 147 feet, and a single turbine is rated to 2.1 megawatts.

  It’s interesting to note that small, heavy turbines (that is, turbines with all the parts densely) packed into a small nacelle) appear to be more durable than larger lightweight turbines (larger nacelle in comparison to rotor diameter).

  Both wind and water systems are most often used as an adjunct for a PV system, often as a booster for power production in bad weather. These combination systems are referred to as hybrid systems.

  A site that gets at least 8 mph of wind on a frequent basis can be a good site for a wind turbine. The turbines are mounted on towers, because wind increases with height. The drag at the wind-ground contact is eliminated. The difference at 100 feet may be as much as 60 percent.

  Hybrid wind/PV systems include a control and regulation center with charge controller, monitor, regulator, battery bank, inverter, and disconnects. Hybrid systems often incorporate a small backup generator to reduce the number of batteries needed.

  Turbines use permanent magnet alternators or coil induction generators. Whatever generator is used, the important factor will be its performance at the low wind speeds common to your location, and that will largely be determined by the rotor diameter (also known as the swept area) rather than the claims of the manufacturer.

  [image: image]

  Diagram of a hybrid wind/PV system. Diagrams of various simple and complex systems can be found in the appendices in the back of the book.

  So where do you mount the turbine? On a tower at least 200 feet away from wind obstacles. Remember, wind speed increases with altitude, and a 30-foot tower is considered a standard minimum. Higher is better.

  Turbines are heavy and require a hefty tower that is well-guyed. The tower, turbine, and guys are assembled on the ground and then raised. Some towers for small turbines are tubular steel masts; others for larger turbines are complex framed structures. Many towers are hinged at the base for easy access. Others are constructed with gin poles, a crane-like device consisting of a vertical pole supported by guy ropes. A load (the next section of tower) is raised with a rope which goes through a pulley at the top and to a winch at the bottom.

  Protect your electrical system from lightning by grounding. Be sure all the grounds in your wind and household systems are connected, giving the current a path outside your system. Also, consider a lightning arrestor, a device installed between the turbine and the battery bank, which directs excessive currents into the ground.

  Water Systems

  The nice thing about electricity produced from a stream is that it can work 24-7.

  A simple micro-hydro system consists of a pipeline (penstock) that delivers the water to the turbine, which changes water flow to rotational energy. The alternator or generator changes rotational energy into electricity. A regulator controls the generator or diverts excess energy.

  The hydroelectric systems used by homes and farms work like this: Water flow is collected into a pipeline. At the end of the pipe the water squirts out and strikes a wheel, which spins a generator, which makes electricity, which is then transmitted somewhere else by wire. The key piece to this is the head of the system—the distance the water falls from the collector to the turbine. The head determines the water pressure at the outlet of the pipe (pounds-per-square-inch, or psi). The pressures and the flow rate (gallons per minute) determine the amount of electricity the generator will produce. Energy can be collected from large volumes falling over small distances (low head systems), or small volumes falling over large distances (high head systems). Obviously the most effective sites are going to be in the watercourses of the mountains. Any site which could support a pipeline that gives 10 psi—or at least 20 to 30 feet of head delivering at least 2 gallons per minute—can produce substantial electricity.

  DC generators are typically used for smaller residential systems, and AC generators are usually used for larger commercial systems. High-flow, low-head sites and AC sites are complicated and expensive.

  An impulse turbine functions by using the impact of a spray of water from a nozzle or jet, also at the end of the pipeline. It sprays onto little cups on the turbine wheel. Kinetic energy from the water spins the wheel (runner). There are several impulse turbines available. Sites with at least 150 feet of head are best served by a Pelton wheel impulse turbine. The Pelton is a wheel on an axis that’s perpendicular to the flow of the current. Cups attached to the wheel catch the spurting water and cause the wheel to spin, which spins the turbine. Axial flow turbines are like propellers, with the rotors spinning on an axis that’s parallel to the flow of water. Pelton wheels are the best choice for high-pressure, low-volume systems (in other words, the typical mountain trickle). A Pelton system like this can be put in place for as little as $1,000.

  The low voltage generated by micro-hydro systems is difficult to transmit in large quantities or over long distances. The battery bank should be as close as possible to the turbine. If the distance between the batteries and the turbine is over 100 feet, a 24- or 48-volt system will probably work better than a 12-volt system. Extreme distances will require larger-gauge wire and specialized technical expertise.

  Micro-hydro systems require special change controllers or regulators. Their controllers divert excess power to a secondary load, usually a water or space heater. These diversion controllers can be used with wind turbines or PV cells, but solar controllers cannot be used with micro-hydro or wind systems.

  To get started setting up a micro-hydro system, a few measurements are needed. First, the head; this is the difference in altitude between the collection point and the turbine. The easiest ways to measure this are with a topographic map (7.5 minute series) or with a GPS, or both. When using GPS for altitude, make sure the device has acquired at least three satellites to ensure accuracy. If pipe has already been installed between the collection point and the turbine site, use a pressure gauge at the turbine site and multiply the reading by 2.31 (feet of head = psi x 2.31).

  Assuming the pipe has already been installed between the collection point and the turbine site, time how long it takes water from the pipe to fill a 5-gallon bucket. Divide the time by 5, then divide that into 60. This gives you the flow in gallons per minute. For example, if it takes 90 seconds to fill the 5-gallon bucket, divide 5 into 90 to get 18. Then divide 18 into 60 to get 3.33 gallons per minute (gpm).

  Sizing Your System

  To figure out how big a system needs to be, you first need to determine how many watts you’ll be using and the amount of time those watts are used (watt-hours). You can then compare those figures to the amount of energy resources (sun, wind, water head, and flow, available at your geographic location). Use this information to determine the size and number of components you’ll need to provide the amount of power you required (some systemsizing instructions are included in the appendices in the back of the book).

  Finally, let’s repeat the obvious: The size of your system can be drastically reduced by taking a few conservation measures. Use energy-efficient lighting and appliances, and consider nonelectric alternatives.

  Batteries

  Batteries, or battery banks, are required by all stand-alone and utility interface systems. The two most common rechargeable battery types are nickelcadmium (NiCad) and lead-acid (L-A) batteries. Lead-acid batteries have plates of lead submerged in sulfuric acid. NiCad batteries have plates of nickel and cadmium in a potassium hydroxide solution.

  Lead-acid batteries are the cheapest, and readily available. They come in several sizes and designs, but the most important thing to look for when choosing L-A batteries is the depth of the charging cycle.

  Shallow-cycle batteries (car batteries) give high current for short periods. They do not tolerate repeated deep discharging (below 20 percent), so are not suitable for PV systems.

  Deep-cycle batteries are made to be repeatedly discharged by as much as 80 percent. Even so, these batteries will have a longer life if they’re cycled shallow. Try to stay above 50 percent capacity. All L-A batteries fail early if they’re not recharged after each cycle. A long-discharged L-A battery is subject to sulfation of the positive plate and permanent loss of capacity. An electronic desulfater can be added to extend the battery life.

  Nickel-cadmium batteries are expensive, but can last many times longer than L-A batteries. NiCads can be 100 percent discharged and can stay discharged without damaging their capacity. Also, their capacity does not decrease in cold temperatures and they are not damaged by freezing. The voltage is stable from full charge to discharge. Because of these factors, smaller batteries can be used.

  NiCad charging efficiency is the same as L-A batteries, and their self-discharge rate is very slow. They require a higher voltage (16 to 17 volts for a 12V battery) than L-A batteries to bring them to a full charge. Many AC battery chargers cannot provide the higher voltage, but some solar panels do. Note that some 12-volt inverters may shut down temporarily with a battery at that voltage.

  Additional NiCads can be added at any time to the bank. L-A banks will “dumb down” to match the least-efficient or weakest battery in the bank.

  Nickel-iron batteries have charge and discharge voltages, life, and cold-temperature performance similar to NiCad batteries. However, they don’t deliver the high amperage that NiCads do, so a larger battery will be needed for the same power. One other advantage of these batteries is that they are made without lead or cadmium.

  A typical L-A battery contains liquid acid in cells that are not sealed. They can leak. Gel-cell, AGM, and sealed lead-acid are terms for batteries that are alternative choices in place of the traditional L-A battery.

  A gel-cell uses acid in a semisolid gel form and is therefore less likely to leak. The disadvantage is that a coating can develop on the battery plates, which reduces performance.

  Absorbent glass mat (AGM) batteries use internal glass mats to soak up the acid. There’s a slightly higher chance of leakage from cracks with AGM than with gel-cell, but AGMs deliver a more consistent performance.

  A sealed lead-acid battery can be any battery that uses lead-acid for electrolytes and is sealed. This includes both gel-cell and AGM batteries. The obvious advantages of sealed batteries are that the battery fluid is less likely to leak and does not have to be replaced. They are virtually maintenance-free.

  The size of a battery bank is determine by the storage capacity required, the maximum discharge rate, and the minimum temperature at the bank site (for L-A batteries). At 40 degrees F, L-A batteries will only function at 75 percent of capacity, and at 0 degrees F, at 50 percent.

  Storage capacity is expressed in amp-hours. The battery bank should have enough amp-hours capacity to supply needed power during a long period of cloudy weather. Add another 20 percent for L-A batteries. If there’s backup source of power, such as a generator and battery charger, the battery bank can be smaller.

  Charge Controllers

  Let’s summarize what we know about charge controllers: When a battery is fully charged, the current from the charging device should be turned off or used to charge or run another battery bank or appliance. A charge controller should be placed between the charging device and the battery bank to prevent overcharging. The controller opens the circuit to stop the flow of electricity. When the battery’s charge starts to drop again, the controller closes the circuit to allow current from the charging device to serve the battery bank again. The controller must be compatible with both the voltage of the battery bank and the amperage of the charging device system.

  Controllers are rated by the amps they can process from a solar array. Advanced controllers use pulse-width modulation (PWM), a process that ensures efficient charging and long battery life. More advanced controllers use maximum power point tracking (MPPT), a process that maximizes the amps into the battery by lowering the output voltage.

  A low voltage disconnect LVD permits the connecting of loads to its terminals, which are then voltage-sensitive. If the battery voltage drops too low, the loads are automatically disconnected resulting in decreased damage to the batteries. Batteries are temperature-sensitive. Battery temperature compensation (BTC) adjusts the charge rate based on temperature.

  “Monitor” or “regulator” units are charge controllers with additional bells and whistles. Typically they will include an ammeter for current measurement, adjustable voltage set points, and LED lights to show charge status.

  Inverters

  Inverters convert DC in batteries to on-demand AC through a process of transforming, filtering, and stepping voltages (changing them from one level to another). The more processing that happens, the cleaner the output, but this comes at the expense of conversion efficiency. When you shop for an inverter, you’ll choose based on the following factors:

  
    • Maximum continuous load. Inverters are rated by maximum continuous watt output.

    • Maximum surge load. Asking an inverter for more power than it can give will simply shut it down or cook it. If your inverter will be expected to run induction motors (e.g., washer and dryer, dishwasher, large power tools, etc.), you will need a surge capacity of three to seven times that of the highest appliance wattage. For example, if your air conditioner runs at 1,500 watts, you’ll need about 5,000 watts, of surge capacity to get the motor started.

    • Input battery voltage (12, 24 or 48 V).

    • The output voltage needed (120 versus 240). If 240 volts is needed, either a transformer is added or two identical inverters are series-stacked to produce 240V.

    • Purity of the AC waveform required.

    • Whether you need a static inverter or a synchronous inverter. A synchronous inverter changes DC to AC and feeds it directly to the consumer on demand. Any excess power is fed into the grid (the utility company), which acts as a storage battery. When you need extra power, you take it back from the grid. These are also called grid intertie inverters.

    • Optional features.

  

  Inverters deliver current in one of three basic waveforms: square wave, modified square wave (modified sine wave), and pure sine wave (true sine wave). The closest waveform to grid waveform is pure sine wave.

  Square wave inverters are inexpensive but also relatively inefficient, Modified square wave inverters allow greater surge capacity to start motors, but also allow economic power for running small appliances and electronics. Most appliances will accept them. However, they may damage or fail to run some printers and copiers and some rechargeable tools. They also cause a buzz in audio equipment, fans, and fluorescent lights. Pure sine wave inverters are the choice for running equipment that is sensitive to waveforms.

  Some inverters have special features. An example is an internal battery charger that can rapidly charge batteries when an AC source is connected to the inverter input terminals. Another example is automated transfer switching, which enables switching from one AC source to another or from utility power to inverter power for designated loads. Other possible features are battery temperature compensation, internal relays to control loads, and automatic remote generator start-stop.

  Note that efficiency losses between the source, wires, batteries, and inverter can be as high as 25 percent.

  Power Centers

  A power center is a panel into which the inverter, charge controller, safety disconnects, lightning arrestors, breakers, and system meters are mounted. For larger alternative energy systems, a power center is definitely advantageous.

  Switches

  A switch is a device used to break or open an electric circuit or to divert current from one conductor to another. This general category includes timers, switches, and relays. Some of the switches you might be working with include circuit breakers, transfer switches, power panel breakers, and auto transfer switches.

  Connections

  The clear standard for today’s home-sized solar arrays are the MC connectors. MC stands for multicontract, and the MC is a proprietary switch that has male and female ends and comes with various cable sizes. They provide clean, code-compliant, weather-tight connections. MC1 has been in common use, but the trend is toward the MC2 connector because it’s considered a better connection, and is now required by most building codes. There are adapter kits for going form MC1 to MC2. The small panels you often find at truck stops, auto parts stores, and boat shops often use what are called universal connectors, or SAE connectors.
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  An MC connector

  Electrical Safety Devices

  Two of the most important safety components are good enclosures and overcurrent protection. Enclosures have many uses including a wiring point for energy sources, weather protection for overcurrent devices, and load disconnection. Overcurrent devices and switch gear provide safe means to disconnect power. Overcurrent devices include fuses, fuse blocks, and circuit breakers. Consult an electrician about electrical safety devices for your system.

  Wiring the System

  First and foremost, make sure the batteries are matched to the voltage capabilities of the charge controller and the inverter (12V, 24V, 48V). Batteries and panels are similarly wired in series to achieve the correct voltage, and in parallel to achieve the correct current (amps).

  Series connections are made by connecting a pair of opposite poles or terminals of different batteries or PV panels (negative to positive.) This increases the total voltage. The voltages are added together, while the amp capacity remains the same as just one of the batteries or panels.

  Parallel connections are made by connecting the same poles or terminals (positive to positive and negative to negative) of multiple panels or batteries. The amperages are added together, but the voltage stays the same as one of the batteries or panels, or as one of the parallel battery or panel strings in a bank or array.
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  Portable emergency 12V system with two batteries in parallel and two, 1-amp 15-volt panels in parallel, making a 12V, 30W system. In this parallel PV panel array, all the red wires (+) are connected to the red controller wire, and all black (-) wires are connected to the black controller wire. The battery terminals in such a system would be connected with cables or jumper bars. Here the red terminals are connected to each other, the black terminals to each other, and the positive (red) and negative (black) outputs are taken from terminals on the opposite ends of the bank. Pulling the main output cables from opposite corners of the bank ensures that all the batteries in the bank are charged and discharged equally. This rig is mounted on a dolly for portability. Note the charge controller mounted to the front of the upper battery box, and a 400-watt, two receptacle inverter mounted on top of the same box.
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  Power sources (batteries and solar panels) wired in series. The amperage stays the same, but the voltages are added. These two 12V, 120-amp batteries wired in series produce 24V at 120 amps.
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  Batteries or solar panels wired in parallel. The voltage stays the same. The amps are added. These two 12 V, 120-amp batteries wired in parallel produce 12 volts at 240 amps. Note that in parallel systems, the main cables must come from opposite corners to ensure that batteries are charged and discharged equally.
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  To increase both amperage and voltage, batteries or solar panels can be configured with strings of series batteries wired in parallel. This shows a 48V, 240-amp system made with 12 V, 120 -amp batteries.

  Battery banks often have batteries connected in both series and parallel.

  Batteries are easy to wire when they’re set in neat rows on long shelves. Make sure there’s enough room above the battery to be able to access the caps to check and add water. Batteries can also be placed and oriented in different directions to fit tight or odd-shaped areas. However they are arranged, make sure the jumper cables or jumper bars don’t obstruct the caps or threaten to contract the wrong terminal.


  Energy from Wood, Water, Wind, and Sun

  The energy joyride—that brief delusion of 20th-century man that the supply of cheap fuel was limitless—came to a sudden stop in 1973 with the Arab oil embargo and subsequent price rises. But long before then, farsighted individuals had been advocating a change to what have come to be called alternate energy source: waterpower, wind power, solar energy, wood, and other nonfossil fuels. Conservation was one reason, saving money was another, but equally important were ecological consideration, for the growing use of oil and coal was polluting the earth, the air, and the oceans. Energy From Wood, Water, Wind and Sun is both an overview and a detailed look at small scale application of these “new” sources of energy. The techniques needed to use them in the home are described as well as the methods for determining if a particular system—be it wood stove, waterwheel, windmill, or solar heater—makes good economic sense for the individual homeowner.

  Making Your House Energy Efficient

  Energy-Saving Measures That Cost the Least

  The most effective way to save money on fuel bills is to use less fuel. At one time this philosophy was taken as a matter of course in America. Heavy shutters helped homeowners keep their houses warm in winter, cool in summer. Shrubbery was planted with an eye to protecting the home from weather and not used merely for decoration.
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  Chimneys ran through the center of the house rather than along the exterior. Homes were compact, not sprawling, and designed to draw family members together not only for conversation but also to share body heat. In many farm homes even animal heat was used occasionally by sharing living quarters with a goat or cow, or by housing large animals in a space alongside or beneath the family’s living quarters. The need to save fuel influenced customs and manners too. Bundling, the practice of permitting unmarried couples to occupy the same bed without undressing, allowed courtships to proceed with a minimal cost in firewood.

  With the advent of the energy crisis, many old practices are being revived. These techniques, when combined with modern insulation and weather stripping, allow us to immunize our homes against the vagaries of the weather to a degree unimagined by our ancestors.
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  Thermographs of your house will show you where heat is being lost and how great the loss is. Bright yellow areas are locations of greatest heat loss, while read, light blue, and dark blue indicate progressively less loss. Typically, the poorly insulated roof shows up as a major source of leakage. Thermographs are taken at night to avoid misleading effects due to daylight, and a professional firm must be hired to take them because of the high cost (many thousands of dollars) of the special infrared scanner that is used. If you are planning to have new insulation and weather stripping installed in your home, ask the contractor if he will provide a thermograph. Some companies use before-and-after thermographs as a diagnostic tool and may include them free of cost.

  Where heat leaks out and cold leaks in
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  Caulking
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  Reducing Air lnfiltration

  Every house has gaps and cracks through which outdoor air can enter and indoor air escape. In most houses air exchange takes place at a rate of one to two changes in an hour. Inevitably, this turnover of air causes a substantial loss of heated air in wintertime.

  Caulking and weather stripping are the basic means of reducing this loss. Properly applied, they can lessen the air exchange rate by 50 percent and cut fuel bill by 5 to 20 percent, depending on how leaky your house is.

  Caulking is used to seal construction cracks in the body of the house, such as those between window frame and siding. The usual way to apply caulking is with a caulking gun loaded with a cartridge of caulking compound. When the trigger is pressed, a continuous bead of compound is squeezed out, like toothpaste from a tube. The compound is also sold in a ropelike strip that can be pressed into place. Caulking is not a modern development. In pioneer days, homesteaders would plug leaky cabins with such materials as moss, mud, clay, and pitch-impregnated rope. Today’s caulking compounds are superior. They are easier to apply, last longer, and insulate better. Oil-based compounds are still very common. Others include acrylic latex types that permit cleanup with water before they set. Butyl compounds are more flexible and stick to more materials.

  Weather stripping is used to seal gaps between moving parts, such as those between a window sash and frame, and at door closures. To minimize wear, match the weather stripping to the motion of the parts. For compressive contact, as in a door closing, use felt or foam. For a sliding motion select a tough plastic or metal strip. Whatever type you buy, be sure it is thick enough to fill the gap. Foam stripping is available with a wood backing or with a self-stick adhesive backing. Where considerable compression is likely, as in a front door closure gap, use an opencell foam, such as urethane. For light compression use a closed-cell type, such as vinyl. Adhesive-backed weather stripping bonds best when the temperature is above 50°F. During cold weather warm the surface to which the stripping is to be applied with a heat lamp or hair dryer. In some cases inexpensive felt stripping can be used of sliding as well as compressive contact. Where sliding motion is involved, the felt must be mounted carefully so that contact pressure is adequate but not excessive, since friction shortens the felt’s useful working life. Felt stripping is usually held in place by tacks or staples. Wherever possible, with any type of stripping, make a trial fit with a short length before doing the complete job. Check that the seal is snug enough to block drafts but not so tight that the window cannot open or the door catch fail to hold.
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  Weather stripping

  Windows can be sealed against the weather in a number of ways. The most effective method is to tack specially designed strips of spring metal in the channel between sash and jamb. You can also nail rolled vinyl along sash border. Adhesive-foam strip can also be attached along border; it is simple to install but should not be used where window sash rubs against window frame.

  Doors as well as windows can be weatherproofed by various methods. Adhesive-backed foam along the jamb is easy to install but wears out quickly. Longer lasting is a strip of foam rubber with wood backing nailed to fit snugly against the door when closed. More durable yet is a strip of spring metal.

  Maximum toughness is a requirement for weather stripping put in between door and threshold. A sweep nailed to the door bottom works well if there is no carpet or rug to interfere with it. More troublesome to attach are channels of metals with vinyl inserts that you can screw either to the threshold or to the door bottom to seal space between door and threshold. Unless the threshold is worn out or absent entirely it is preferable to attach a channel to the door bottom.

  Keeping Heat In (and Cold Out)

  One of the most effective ways to save energy in the home is by adding insulation. The concept is simple: keep the flow of heat through walls, ceilings, floors, and roofs to a minimum. As the chart (right) shows, different materials have a wide range of insulating abilities. Among traditional building materials, only wood—and that in thicknesses found in log cabins—is an effective insulator. The chart also indicates that stone masonry is a particularly poor insulator; a castle may be magnificent to look at, but it is a chilly place live.

  Because heat rises, the attic and roof are the first targets for insulation. Next in importance are walls and windows, then crawl spaces and basements. Insulating materials are rated in terms of their R value: the higher the R value, the more insulation they give. Typically, R-30 insulation might be used for an attic and R-20 insulation or the outside walls. However, the optimum values for you house can depart significantly from these. When selecting insulation, a key point to be aware of is that doubling the amount of insulation (using R-60, for example, instead of R-30) will not double fuel savings. More likely you will achieve barely enough savings to compensate for the cost of the added insulation.
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  When putting in insulation, it is important to install a vapor barrier to prevent moisture from condensing in the insulation. Blankets (rolls of insulation) and batts (precut lengths of blanket) often come with a vapor barrier already attached in the form of a waterproof layer of plastic or aluminum foil. Always install the barrier so that it faces toward the interior of the house. In older homes a vapor barrier can be created by applying tow coats of paint to the inside of walls to be insulated, and sealing penetrations. If there is wallpaper, remove it before painting.

  Flo
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  Shutters are a traditional means for containing house heat. Leave them open during daylight hours so that sunlight can get in; close them at night to keep heat from radiating out through windows. Slatted shutters are used in summer for shade.
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  Double-pane windows (and storm windows fitted over existing windows) reduce heat loss by creating a layer of dead air between the panes that acts like insulation. For maximum benefit, windows should fit tightly and joints should be fully weatherproofed.

  Pipes, ducts, and heaters
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  Hot-water pipes to distant faucets often waste heat. Wrap pipes with [image: image]-in-thick fiberglass and seal with plastic tape or else install ready-to-use foam-type insulating tubes with self-sealing aluminum backing. Insulation also protects pipes from freezing. If used on coldwater pipes, it will keep water cool in summer and stop pipes from sweating.
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  Exposed heating and air-conditioning ducts in unused cellars or attic spaces raise fuel bills unnecessarily. To cut down on the waste, first seal joints and other leaky spots with aluminum-foil tape or silicone caulk. The cover ducts with 2 in of blanket-type fiberglass or similar insulation.
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  Hot-water heaters can waste fuel the year round. Special insulating material of 2-in-thick fiberglass with a vinyl outer coating should be used. Wrap entire heater in material except for bottom and controls. Complete water-heater insulation kits are available that can be slipped on, then trimmed to size.

  Heat-Saving Vestibules

  For years vestibules have been looked on solely as repositories for umbrellas, galoshes, dirty boots, old toys, and snow-covered children’s togs. Lately, they have been rediscovered as the heat-conserving structural devices they were originally meant to be, and many owners of homes that lack vestibules are having them installed or building them onto their houses themselves.

  A vestibule saves heat and increases the comfort of your house in two ways. First, it acts like an oversize storm door to provide a barrier between the front door and the outside. Second, it serves as an air lock, cutting to a minimum the transfer of cold air indoors as you enter or leave the house. And the same qualities that make a vestibule an efficient heat saver in winter also conserve energy in the summer, when the air conditioner is on. As an added bonus, a well-designed vestibule is an attractive addition to any home.

  If you are thinking of adding on a vestibule, design it to blend in with the overall look of the house. The vestibule should have room for a bench and enough space for coats, overshoes, and other such items. Otherwise it need not be large—in fact, the smaller it is, the more efficiently it functions as an air lock.
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  This version of a vestibule uses 2 × 4’s for structural members. Inside dimensions are 40 in. by 84 in. Prefabricated door and window units will save time and work. You can use a conventional storm door with a small window on each side or a fenestrated door with matching stationary windows, as in the picture. Door is hung on studs made of doubled 2 × 4’s. A solid masonry foundation extending below the frost line is essential. The depth of the frost line for your area can be obtained from a local weather bureau. In many localities you can simply dig a trench the width of the vestibule wall and fill it with concrete. The foundation should protrude at least 8 in. above the ground. Install wiring before putting in inside wall.

  Protecting Your Home with Trees and Earth

  Winter winds, like a forced-air cooling system, can cause substantial heat loss from a house. The loss is due to various effects: lowered air pressure, conduction, and evaporative cooling. These combine to produce a temperature drop called the windchill factor. The chart at right shows how large the factor can be. For example if during January the average outdoor temperature in your area is 10°F, an average wind speed during the same period of 10 miles per hour will make it seem like –9°F—a net difference of 19 degrees. If your house stands fully unprotected from the wind, the drop of 19 degrees that it is therefore subjected to might be virtually eliminated if you can find a way to block the wind. As an estimate of how much fuel such a step might save, check your fuel bills for January and for a month in which the average The Ultimate Guide to Self-Reliant Living outdoor temperature was 19 degrees above January’s temperature. The difference between these costs would be the saving for January. Such savings can range up to 30 percent in a year.

  Various methods exist for keeping wind away from a house. One of the most esthetically pleasing is a strategic placement of trees and shrubbery to block the wind. Planted near the house, trees can also shade it in summer and save on air-conditioning costs. Walls, trellises, and parapets can also be built onto or near the house to deflect air currents. When planning a new structure, consider the shape of the land—slopes and hills strongly affect the way the wind blows.

  Windchill

  [image: image]

  When the wind blows at speeds listed in left-hand column, your body—and outside walls of your house—will react as if the temperature were as given in the remaining columns.
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  Trees and shrubs can be planted in a variety of ways to redirect the wind. If the cold winds of winter arrive mostly from one direction, a single line of evergreen trees will do a good job of blocking them (Fig.1); more rows at other angles to the house may be needed if the wind is variable. In the summer, however, these same trees may interfere with cooling breezes. One solution (Fig.2) would be to plant a row of deciduous trees (trees that shed their leaves in autumn) to deflect summer winds onto the house. Once autumn arrives and the leaves have fallen (Fig.3), the evergreens will function as before to protect the house. Deciduous trees are also valuable as shade tree (Fig.4) to keep the rays of the hot summer sun off the house. Their advantage over evergreens is that sunlight will be able to get through during the winter to warm the house.

  A thoughtful, step-by-step approach to planting windbreaks is advisable. Wind patterns can vary considerably during the year. In many cases, not until the windbreak is in place can you be sure what its net effect will be. Phone or write your state energy office or local utility company for further information. Local agricultural extension offices can help and may provide you with lists of additional resources.

  [image: image]

  Shrubbery windbreaks most effective when planted no farther from the house than five times the height of the windbreak (150 ft., for example, for a windbreak with 30-ft.-high trees). The trees should be far enough away from foundations and sewer pipes to prevent root damage. The distance can be inferred from tree size; root systems of mature trees usually extend about as far as the trees branches.
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  Structures that impede air flow past the house, such as fences, walls, and parapets, can also serve as windbreaks. Even a trellis—which is normally used to support vines—or a similar wind-spoiling attachment serves this purpose.

  Underground Houses

  Houses that are built into the earth or beneath it are virtually immune to fuel shortages. This is because very little fuel is necessary to keep them heated comfortably above the surrounding temperature of the earth in which they are buried, a temperature that stays remarkably close to 55°F the year round.

  This impressive fuel-saving advantage is offset, however, by the desire of most people for open space and sunlight rather than the cave-like atmosphere of an underground dwelling. Moreover, since subsurface structures are surrounded by tons of earth, some individuals worry that the walls may collapse or that escape may be difficult in case of fire or other emergency.

  Many underground houses have been built in this country. Those that have been are often only partly buried. This type of design can still achieve major fuel savings if the layout of the house permits the residents to live aboveground during the warm months of the year and belowground during the cold months. Even if a house is embedded more deeply in the earth, its design can still achieve a degree of airiness by incorporating skylights, sunken courtyards, and aboveground panels that deflect the sun’s rays down light shafts. Another variant is to build the house into the side of a hill. That way one or more walls can be left exposed to let in sunlight and provide views of the countryside.

  There are a number of special problems associated with underground structures. Erosion of the earth that covers the house must be kept in check. Usually this can be done by planting grass or shrubs that stabilize the soil. The shrubs should have short roots so they will not penetrate the walls or ceiling. An underground building must have enough strength to sustain the heavy load of earth pressing down on the dwelling. To achieve extra strength, underground houses are often built in the shape of a circle or octagon, designs that achieve a relatively even distribution of load. Roofs reinforced with steel beams and heavy concrete walls are also used.

  Extra effort has to be made to keep belowground homes dry. Even with a waterproof vapor barrier around the structure that blocks moisture from the earth, the house must cope with condensation that accumulates inside. Surface houses have enough openings to let interior dampness quickly evaporate. Underground houses, however, need special ducts and blowers to keep them dehumidified. The problem is similar to the one many homeowners experience with their basements; but while a small portable dehumidifier will handle the moisture problem in the average basement, a much larger system is needed to control the humidity in an underground home.
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  Traditional Navaho hogan is the basis for the design of this octagonal log-supported home in the southwest. The logs rest on footings of stone and form the roof as well. The structure is covered by a mixture of earth and pumice. A vapor barrier of asphalt paint and stucco protects the logs from moisture.
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  This New England structure is essentially a two-story house buried halfway in the earth. A sunken courtyard-greenhouse, like a solar collector, supplements the fossil-fuel heating system. In winter, heat is extracted by a heat pump from a deeply buried air pipe; in summer, cool air is pumped inside the same way.
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  Built into the side of a hill, this Midwest home is nearly impervious to the effects of wind, storms, and tornadoes. An asphalt coating waterproofs the concrete roof and walls, which support more than 1 million lb. of earth. Drainage tiles below footings channel away water that collects there as a result of soil seepage.

  Wood as a Fuel

  A Reliable, Renewable Home-Heating Fuel

  Wood, as the old saying goes, warms two times: when you cut it and when you burn it. The saying sums up the chief virtues of heating by wood—healthy exercise, comforting warmth, and the homey pleasure of a wood fire. In addition, wood is widely available and economically competitive with fossil fuels. And if you gather your own firewood, the savings can be tremendous, cutting your yearly fuel bill from hundreds of dollars to practically nothing.

  Managing a Woodlot

  A woodlot can supply wood indefinitely if the quantity you take out of it each year is no more than the amount replaced by natural growth over the same period. As a rule of thumb, 1 acre of woodland can produce ⅔ cord of hardwood each year. (A cord is a stack measuring 4 feet by 4 feet by 8 feet.) If you own or have access to 10 acres of woodland, you should be able to harvest 6 to 7 cords a year—enough to heat an average three-bedroom house.

  The better you manage your land, the less acreage you will need. Woodlot management is like tending a garden, except it takes longer to see the results—years instead of months. In execution, it is a program of selective cutting based on the age and condition of each tree and how closely one tree grows to the next. As in gardening experience is the greatest asset.
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  Felling, bucking, splitting, and stacking a full cord of wood is a vigorous days work for even the heartiest individual.

  The first trees to cut down are those in an advanced state of decay and those damaged by disease or insects. These conditions are usually obvious, even to the inexperienced eye. As an exception, a tree with damage only to its leaves might be left for another season to see whether or not it is able to recover. Also, an occasional dead tree should be left standing as a home for wildlife. After damaged trees have been removed, harvest trees that have no potential value as lumber or trees that crowd others and inhibit their growth. Your county agent and state forester can both provide additional information on tree harvesting. The state forester may also be willing to go over your woodlot, marking the trees that should be culled.

  Obtaining Wood

  The cost of fuel wood depends very much on where you live and on the type of wood you are buying. In cities and treeless parts of the country you will probably have to pay much more for wood than in forested regions; and in either locale a cord of hardwood (generally more desirable for burning) is likely to be priced considerably higher than the same amount of softwood.

  Wood is usually sold either by the cord or by the face cord. A cord is a stack of split or unsplit logs that measures 4 feet by 4 feet by 8 feet, but the amount you actually get in a cord will depend on how the wood is piled—in the old days some woodcutters developed an uncanny ability to stack cordwood with a maximum of airspace and a minimum of wood, and the practice, regrettably, has not entirely died out. The so-called face cord is not a cord at all but rather any pile that measures 4 feet high by 8 feet long. The width of the pile can be almost anything; sometimes it is no more than 12 inches and it is rarely more than 2 feet.

  [image: image]

  Fruiting body or a canker (an open wound caused by rot) on the trunk of a hardwood tree indicates serious disease. Damage by insects is typified by holes left by oak borers and a sawdust-like residue at the base of trunk that results from infestation by certain types of bark beetles.

  Disease that often afflicts evergreen trees is blister rust. Wilting branches may indicate an attack by weevils, while extrusions of pitch from the trunk of the tree are signs that pine beetles are present. Even slight symptoms may mean extensive internal damage.

  Wolf trees are trees that take up large amounts of space and are two twisted and gnarled to have value as lumber. Due to advanced age they grow very slowly, robbing smaller trees of sunlight and nutrients and underutilizing the sunlight that they do absorb.

  Cull trees from groups that grow too closely together. Saplings, for example, should be about 6 ft. apart, trees with trunk diameter of 12in. Should be 18 ft. from each other. Sell straight, tall unblemished trees to a mill, since they are worth more as lumber than as fuel.
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  This table compares prices of heating fuels on a Btu to Btu basis. Btus are units of heat energy. This approach is necessary because heating fuels are purchased in different kinds of units, such as gallons, therms, cords and kilowatt-hours (kWh), each containing a different amount of Btus. This table also factors in the different typical efficiencies of the heating systems that use the various fuels. The result is a more meaningful price comparison of the usable heat.

  Find the price closest to the price for whatever fuel you are currently using. The alternative fuel you are considering will cost less per usable Btu if you can get it at a price LOWER than its price in the same column as the price for the fuel you are currently using. On the other hand, if the alternative fuel you are considering will cost you MORE than its price in the same column as the price you are paying for the fuel you are currently using, the alternative fuel with cost you more per unit of usable energy than the fuel you are currently using.

  Characteristics of different kinds of firewood
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  Use the table at left when choosing firewood and making cost comparisons. When you buy by the cord, heavier wood gives more value per dollar, since weight is equivalent to heat. To find out how many pounds of wood of a particular species you get in a cord, look down the weight column. The figures assume that the wood has been air dried (20 percent of its weight remains water).

  Before drying wood, check the column on value of air drying. Some woods have too little water in them to benefit much from drying; others should be dried six months or longer.

  Dealers often describe the wood they are selling as hardwood. In general, hardwood is heavy and softwood is light. The division is only approximate, however. Some hardwoods are light, some softwoods heavy.

  Wood is sometimes sold by the truckload. A ½-ton pickup will hold roughly ⅓ cord of wood. When buying by volume. Keep in mind that the heat value of wood is directly indicated by its dry weight. Unfortunately, when wood is still wet, it is not always easy to estimate the amount of water in it. Try to avoid woods with a high resin content; resin adds to creosote buildup in a chimney.

  On many occasions you can obtain fuel wood at nominal cost or for free. Public parklands and forests, town dumps, and lumber mills are sources for such wood. Even private owners may let you on their land to clear dead or unusable timber.

  Tools and Techniques for Harvesting Wood

  The best way to get fuel wood is to cut it yourself. Every step in the process—from felling the tree to bucking it into usable lengths to splitting and stacking it—provides vigorous outdoor exercise that is healthful and satisfying. With proper equipment and convenient access to the forest area in which you are working, you can harvest a cord of wood a day. A week or two of heavy work and you should have enough wood split and stacked to heat a reasonably well insulated house for one year (more wood will be needed, of course, in the colder parts of the nation, less in warmer climates).

  Felling and bucking with a two-man saw can be quiet and sociable, but the efficient chain saw is the best choice for heavy work—it can cut through wood 10 to 30 times faster. Some chain saws run on gasoline, others on electricity. Gasoline models, although more expensive, are better for most purposes, since the electric versions require an extension cord (impractical in the deep woods) and are not as powerful. Chain saws can be dangerous. Make sure the model you get has all the available safety features, and read the instruction book carefully before using it. Chain saws are also noisy; operate them with consideration for your neighbors.
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  The blade of a bow saw is cheap. Replace blade when it gets dull. You can sharpen cutters on a chain saw, but be sure to use proper file and file guide and to follow instructions in your owner’s manual. If in doubt, take chain saw to your dealer.
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  Chain-saw operator is in process of making a 45° angle face cut, the second of three cuts made when felling a tree.

  All your woodcutting tools, including the chain saw, should be kept sharp. Dull edges require much more labor and create hazards. Your chain saw will stay sharp longer if you avoid cutting through dirt-encrusted logs or allowing your saw to dig into the earth beneath a log. There are several signs of a dull chain saw: the chips become smaller, more force is required to make the saw bite into the wood, the wood smokes due to increased friction, and the saw does not cut straight.

  Felling a Tree

  To get a tree to fall where you want, first make a notch on the side facing the desired direction of fall. This is done with two cuts: first the undercut, then the face cut. A third cut, the backcut, is then made at a slight angle downward, approaching the undercut about 1 inch above it. Leave an inch or two of uncut wood to act as a hinge to encourage the tree to tilt in the direction you want. If the tree does not fall of its own accord, push it with a long pole or peavey. Do not cut through the hinge.

  Felling a tree can be dangerous. A side may be rotten, the tree may twist or bounce off another tree, or the trunk may rip loose and kick back in the direction opposite to its fall. Dead branches may also fall on you. For these reasons it is vital to have at least one, preferably two, clear escape routes and to get out of the way as soon as the tree begins to fall.

  [image: image]

  Pivoting technique lets you coax a tree to fall the way you want, even if it leans another way, provided the difference is not too great. Make backcut so that hinge is thicker at one end than the other. As tree falls, trunk will cling to wider end of hinge, causing it to pivot in that direction. Practice this technique in open woods before you try it in a tight spot.

  Keeping your ax sharp
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  Sharpen ax with carborundum file or use ax stone lubricated with light oil (avoid motor-driven grinders). Maintain original blunt taper. Do not try to take out every nick; you will only remove more metal than is necessary, shortening the life of ax.
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  A notch cut about one-third of way into trunk guides tree to fall in direction of notch. Set backcut higher than point of notch to prevent tree from falling back-ward. Tree will fall as planned unless it is leaning in some other direction. You can follow a similar cutting procedure with an ax, though control of fall will not be as precise.
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  Chain saw may bind when making backcut into a large tree. You should have a wood, plastic, or aluminum wedge with you to free the saw. Knock wedge into backcut until pressure is eased, then resume sawing. (By using more than one wedge, you can also encourage the tree to fall in the direction you want.)

  From Tree to Firewood

  Winter is the best time for felling and bucking. The underbrush is thin, you sweat less, and there are no biting insects. Also, it is easier to spot dead trees and to choose safe paths of fall and good escape routes. Should there be snow on the ground, you will be able to slide logs about with less effort. On the average, a tree with a diameter of 12 to 14 inches will yield about ¼ cord of wood. One to two dozen such trees will probably satisfy the heating requirements of your house for one season.

  When you cut a tree down, make sure the area is clear of people, particularly children. If the tree is near a house, attach a strong rope high up on the trunk and apply tension so that the tree will fall in a safe direction. You can get the rope up by weighing one end with a rock and throwing it over a limb. To apply tension, you can either have a helper pull on the rope from a safe distance or else attach the rope to another tree.

  Once cut, a tree may hang up on another tree instead of falling all the way to the ground. If you cannot pry it loose with a peavey, tie a rope to its trunk and use a block and tackle attached to another tree to pull it loose.

  When you remove a limb from a felled tree, make it a practice to stand on the side of the trunk opposite to the limb; that way you will minimize the risk of cutting your foot with the saw or ax. During the bucking operation (sawing the tree into logs), the weight of the tree as it sags can pinch your saw blade and bind it. The pinching is caused by compression, either along the top side of the fallen tree trunk or the bottom side. With practice, you will learn into which side to cut to avoid binding. When binding does occur, hammer a wedge into the cut to free the saw. The wedge should be made of wood, plastic, or other soft material to avoid damage to the saw.

  Limbing and bucking
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  Splitting and stacking
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  Sawbucks, cutting cribs, and woodsheds
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  Wood-Burning Stoves: Plenty to Choose from Whether Old or New

  Like the sun itself, a hearth fire or wood-burning stove radiates heat directly onto the human body. When you and your family cluster by the fireside on a frosty winter evening or gather near the cheery warmth of your stove, you will experience a satisfaction and comfort that modern central heating fails to equal. You will also be enjoying the only form of indoor heating that the human race has known for thousands of years.

  Though they are charming and sometimes a bargain to operate, wood-burning devices require attention. Fuel must be replenished. Draft regulators and dampers have to be set, ashes must be removed, and the chimney must be cleaned out. Though drudgery for some, many people take pleasure in these chores, enjoying the direct hand they have in the control of their environment.
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  Stoves have been used to warm homes for centuries, but until recently, particularly in America, they took second place to fireplaces. In the 19th century, however, the development of techniques to produce cheap cast-iron plate helped iron stoves become the most popular home-heating devices. Hundreds of firms marketed stoves in a fantastic variety of shapes.

  Iron stove design began with the box and the cylinder. A famous early version was invented by Franklin (see below). Despite the merits of his stove, it was soon supplanted by models that stood on legs and could be placed anywhere in the house rather than being tied to an existing fireplace or requiring special floor construction. At their peak iron stoves could boast of ashpits, built-in chambers for teakettles, secondary combustion chambers, and a lively baroque décor.

  If you have never tried heating your home with wood, proceed gradually. For example, you might start with one stove, installed to heat one room, leaving the rest of the house to be heated by a more conventional system; in this way you can learn the virtues and idiosyncrasies of wood burning and be able to plan intelligently any expansion of its use. You may discover, for example, that wood burning might work well in conjunction with a solar energy installation, the former doing most of the job in midwinter, the latter handling the load in spring and autumn.

  Making it easier for you is the wide array of wood-burning devices on the market today, most of good design, high efficiency, and excellent workmanship. With these at your disposal, you are likely to find the right stove for your situation whether you look for economy, aesthetic pleasure, or a combination of the two.

  Modern Stoves

  Recent developments in stoves have been mainly technological, an attempt to design a stove that will squeeze the last calorie of heat out of the wood being burned. Although there are many models on the market, no one stove can be singled out as generally superior to the rest. The best stove for you will depend on your personal taste, the purpose for which the stove is to be used, and on how the stove is installed and operated.

  From the standpoint of efficiency, a good stove should not draw any more air than that needed for the wood and the gases given off by the wood to burn. Fireplaces, for example, for all their appeal and hominess, do not obey this rule. They gulp large amounts of unneeded air. In many homes, this air comes down the furnace and water heater chimney to create a potentially dangerous situation. Building codes or home insurance agents may require installation of a make-up or combustion air vent. To minimize this problem with stoves, many manufacturers make them airtight, meaning that the stoves are so well sealed and free of chinks that the air flow can be adjusted to the exact rate needed. You can even starve the fire of oxygen and make it go out. An incidental advantage of airtight stoves is that they can be left untended for many hours, even overnight, while continuing to generate warmth at a fairly constant rate.

  Ben Franklin’s improved fireplace
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  The Franklin stove of 1742 was designed expressly to improve on the notorious inefficiency of old-time fireplaces. It was an immediate success, gaining popularity during Franklin’s lifetime and influencing stove design for years to come. Note, however, that the original Franklin should not be confused with what are now called Franklin stoves; the two types have little in common.

  Fireplaces waste heat by sucking heated air from the room and sending it up the chimney. To circumvent this, Franklin blocked the chimney opening with a brick wall. To let smoke exit, he fitted a trough beneath the wall so that the smoke from his stove could exhaust under and up behind the wall. A damper inside the stove controlled the rate of exhaust. Fresh air was drawn from whatever space was under the floor (a cellar, for example) via a duct cut through the floor; the duct opened onto the fire.

  To improve the stove’s efficiency, a baffled heat exchanger was placed between the fire and the back of the stove.

  Another attribute of a good stove is that it transfers heat to the house rather than letting it go up the chimney. To accomplish this, a system of chambers or baffles is usually built into the stove. The hot air, smoke, and gases are channeled through the chambers or past the baffle walls. These, in turn, absorb the heat and radiate it into the room. There are a variety of stove modifications using this principle, some as simple as the single horizontal baffle plate design used in such European stoves as Lange, Jøtul, Trolla, and Morsf; others with complex air-flow arrangements supported by secondary air inlets, as in the American-made Defiant, Tempwood, and Ashley stoves.
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  Franklin stoves as made today are only remote descendants of Ben Franklin’s original design. The modern version amounts to a straightforward cast-iron stove, with doors in front that open to let you view the fire—a feature Franklin himself strove to keep. With doors closed the stove gains in efficiency but not up to the level that well-made airtight stoves attain.

  As an added convenience, some stoves have a built-in thermostat; you set it for a particular temperature and the thermostat takes over, opening and closing the draft regulator (adjustable air inlet) to control the rate at which the fire burns. On stoves without a thermostat it is up to you to adjust the regulator to get the desired burn rate; you will learn by experience how to set it. To maintain a fire overnight, the regulator should be opened only a crack. Note, however, that slow burn rates can result in creosote buildup in the chimney.

  Some home heating units combine a wood- burning furnace with a conventional hot air system of the sort used with natural gas or oil burners. These have the advantage of heating the entire house with a single unite instead of with a number of stoves or fireplaces distributed in different rooms. Also, wood can be stored and dried in the basement, next to the furnace, minimizing handling and keeping the rest of the house free of wood chips. Countering these advantages, however, is the kind of heat provided; most people find the radiant heat of a stove more comfortable than warm air from a register.
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  Airtight stoves have top ranking for fuel savings, simple construction, ease of use, and long life. The design has been popular in Scandinavia for some time, and now American manufacturers, such as Fisher and Sunshine, make airtight units as well. One version, by Sevca, is built from a pair of empty propane tanks and features a separate smoke chamber above the fire chamber that extracts heat from the exhaust smoke and reradiates it into the room before it is lost up the chimney. The flat shelf shown offers a warming surface for the teakettle.
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  Circulator-type stoves, such as those made by Ashley and Rite-Way, are fabricated from steel plate and feature a cabinet (optional with some units) that surrounds the stove proper. Air between stove and cabinet heats up and is circulated out into room either naturally by convection or by a blower. A thermostatically controlled draft regulator is part of the design. Well-made units approach other airtight stoves in efficiency, but the warm air produced by the cabinet-enclosed models is generally not as pleasant as heat from radiant stoves.
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  Wood-burning furnaces (see picture below) are essentially overgrown circulator stoves; their larger size is needed to accommodate the heating requirements of an entire house. They are normally installed in the cellar, just as an oil burner would be, and blow heated air through ducts to the rooms above.

  Selecting and Installing a Wood-Burning Stove

  Choose a stove whose capacity matches the heating requirements of the space you intend to heat. A stove that is too small will have to be refueled frequently and still may not generate enough warmth. An overly large stove can be even worse, causing overheating on all but the coldest days, and more creosote build up from general use.

  Manufacturers usually specify the heating characteristics of a stove in terms of the number of rooms or the number of cubic feet of space the stove can heat. In a few cases they give the heat output in BTUs per hour. An average-sized room contains about 1,500 cubic feet. When the temperature outside is at the freezing level, you should be able to heat such a room with a stove that puts out 15,000 BTUs per hour. Of course, there are many variables to consider. How well insulated and weatherproofed is your house? (The better your house retains heat, the smaller the stove you will need.) Is your home laid out ranch style or does it have a compact two-story design? (It is easier to heat a compact house than a sprawling single-level home.) What sort of wind velocities are typical in winter? (The more wind, the bigger the stove you will require.) Above all, you must consider the severity of the winter in your area. A stove that will function admirably in Maryland or Arkansas may work only marginally in New York, Kansas, and eastern Oregon and be totally inadequate in northern Maine, Minnesota, Montana, or Alaska.
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  Radiant stove will heat most effectively and evenly if is located toward the center of the house. Central placement of circulator-type stoves is less important; put them where they can take best advantage of natural air-flow patterns.

  Though a central location for the radiant heat unit is advisable, other considerations such as chimney location may take precedence. Bear in mind that you will frequently be transporting firewood into the house; the trail of dust, mud and wood chips that usually follows a trip from wood-pile to stove can become a nuisance. To shorten the trail, place the stove near the doorway through which the wood will be brought or install a through-the-wall woodbox.

  Buying a Used Stove

  Not very long ago it was easy to find a discarded cast-iron parlor stove or cooking range. Now, however, these have become treasured antiques, and unless you are lucky they will cost you as much as a new stove.

  One style of woodbox
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  Through-the-wall wood box conserves heat because you do not have to open house doors to fetch each load of wood. Keep interior of box dry to help prevent insect infestation and wood rot. Weatherstrip both doors.

  Besides being attractively designed, old stoves were made to last; however, many were built to burn coal rather than wood, so their fireboxes tended to be smaller. Wood can be used in a coal stove, but you must cut it into shorter pieces and load the stove more often.

  If you come across a stove you like, examine it carefully for cracks, particularly in the firebox. Cracks are responsible for inefficient operation and will cause the room to smoke up when the stove is started. Sometimes a cracked firebox can be fixed by welding or brazing, but this must be done by a specialist—repairing cast iron is a very tricky business. Cracks found in other parts of the stove, where the operating temperature does not rise as high, can be chinked with stove putty.

  Before buying an old stove, be sure you will be able to replace essential parts, such as grates and doors, that happen to be warped, broken, or missing. There are a number of stove works around the country able to provide parts or cast new ones for you. Be wary of stoves that show signs of extensive rust. Surface rust can be removed with a wire brush followed by the use of stove black, but if vital inner parts are corroded, you may find it difficult or impossible to repair them.

  Chimney Installations

  A properly designed and installed chimney will produce a strong, even draft through the stove without any backpuffing (smoke coming out of the stove). Backpuffing occurs when the chimney has the wrong capacity or too many bends in the way of the smoke path. The capacity of a chimney is determined by its height and inside diameter; the higher and wider the chimney, the more capacity it has. When the capacity is too small, the stove will smoke whenever you try to raise its heat output by opening the draft regulator beyond a certain point. When the capacity of the chimney is too large, smoking can also occur, since the rising smoke-saturated air loses too much heat to the chimney surface. As a result, the air rises more slowly, generating a back pressure whose effect is visible as backpuffing can also result from inadequate clearance at the chimney object within 10 horizontal feet of it.

  Using a fireplace chimney
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  To connect a stove to an existing fireplace chimney, remove fireplace damper and frame. Install stainless steel liner in chimney and extend above the chimney. Seal with sheetmetal where liner exits damper throat. Fill between liner and masonry chimney with hi-temp insulation or cement slurry. Seal top of liner with sheetmetal and add proper cap. Connect the stove collar.
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  Special spacer made of noncombustible material must be used to support any stovepipe that passes through a frame wall. A useful addition is to install T-sections with soot pockets and cleanouts in place of ordinary 90° bends in stovepipe.

  Usually, smoke problems arise only when you connect to an existing chimney. Typically, a masonry chimney may have too large a capacity; a metal chimney, too small a capacity. Do not connect to a chimney already used by another stove or fuel burner. When installing a new chimney, match the inside diameter of the chimney to the diameter of the stove’s exhaust flue.

  A sage installation is vital. You risk burning down your house if an uninsulated stovepipe touches or passes near a part of the house made of wood or other flammable material. Manufacturers of prefabricated chimneys give installation guidelines, but check building code requirements for your area also.

  Installing A Prefab Chimney

  1. Set stove in desired position, then use plumb bob to find center of hole that will be cut in ceiling for chimney. Ideally, chimney should pass through gap between roof beams. To locate beams, tap ceiling.

  2. Draw a square on ceiling around center mark just large enough to accommodate chimney support (for example, 11 by 11 in. for 7-in.-diameter flue).

  3. Cut square out of ceiling with compass saw.

  4. Drill guide hole up through roof at one of four corners of square opening.

  5. Working on top of roof, use guide hole to help draw and cut out a square hole centered on hole in ceiling below but 3 in. larger in each dimension (14 by 14 in. for the example here).

  6. Saw through any beams that block 11 by 11 in. opening.

  7. Cut headers to fit opening, then nail them in place between roof beams. Drive in nails at 45° angle.

  8. Lift chimney support into hole in ceiling from below. Fasten support to adjacent beams and headers by hammering eightpenny nails through collar of support into beams and headers.

  9. Lower insulated pipe section into chimney support from roof. (The section simply rests in support; conical flashing placed later will restrain section from toppling.)
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  10. Apply liberal amount of roofing tar to roof around 14 by 14 in. hole. Slip conical flashing down onto tarred area.
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  11. Add additional section of insulated pipe; then tighten band that locks sections together.

  12. Put on storm collar and cap.

  13. Nail rim of flashing to roof; then add more tar along flashing edges.

  14. Seal gap between storm collar and pipe with caulking compound. (The purpose of the compound, and the tar around flashing edges, is to seal installation from inclement weather.)

  15. Install noninsulated stovepipe by pushing it up from below into chimney support. Then attach stovepipe bottom to exhaust flue on stove.

  Starting and Operating a Wood- Burning Stove

  To start up a fire in a wood stove, place a pile a kindling (thin slivers of quick-burning wood) over crumpled newspaper and top the pile with several light pieces of split wood. Open the draft regulator (and chimney damper if the stove has one), ignite the paper, and shut the stove door. After a few minutes, when the fire is going well, add larger and heavier pieces of wood—enough to fill almost the entire combustion chamber of the stove if you want a long burn. To avoid troublesome starting, use wood that is dry and dully seasoned.

  As soon as the larger pieces of wood have caught fire, close the draft regulator two-thirds of the way or more. The further you close it, the slower the burn rate and the longer the fire will last. Remember, however, that a slow fire tends to increase creosote buildup (see facing page).

  With a little trial and error in setting the stove’s regulator, you will learn how to correct for external factors such as outside temperature, presence or absence of sunlight, and degree of wind chill. On very cold days, for example, you will find that the draft up the chimney is stronger than usual because the difference between inside and outside temperatures is greater. The result may be an excessively fast burn rate. To compensate, you should close the draft regulator or chimney damper a bit more than you would normally. Of course, if your stove has a thermostatically controlled regulator, these adjustments are made for you automatically.

  Stove controls
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  Draft regulators and chimney dampers let you control the flow of air into the stove and up through the chimney; this, in turn, lets you regulate how fast the fire burns. Sometimes both are needed, but on airtight stoves draft regulators are sufficient for this purpose and the chimney damper may be omitted.

  Draft reversal
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  Warm stove air sometimes chooses a path through the house rather than up the chimney. Air then flows down chimney and into room. This is called draft reversal and is more common with exterior chimneys. To counteract the effect, open a window near stove. Also, before starting fire, ignite wad of paper in stovepipe. Once chimney is warm, air will go up it.

  Even with a well-designed chimney, a stove may occasionally backpuff. If this happens as you fire up the stove, try closing the draft regulator a bit. If backpuffing tends to occur when you add fuel, open up the regulator a minute or two before opening the stove door; increasing the draft will carry the smoke up the chimney.

  Smoking can also be a sign of creosote buildup in the chimney, since this condition promotes chimney fires, it should be eliminated. Poor chimney design is another cause of smoking. Finally, tight house construction and/or kitchen and both exhaust fans can make a fireplace or non-airtight stove backpuff by restricting the air supply. Opening a nearby window a crack to increase air flow into the house will probably clear up the difficulty.

  Making your own stove
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  Safety

  Anything that is flammable—curtains, clothing, paintings, furniture, wall hangings—can catch fire if it is repeatedly heated to 300°F or above. Since a stove will soon bring nearby objects to this temperature, it is vital to adhere to the standard set by the National Fire Protection Association by keeping flammable materials at least 3 feet away from any wood-burning device.

  Chimney fires are another hazard. Creosote, a wood by-product, tends to accumulate on chimney walls and may be touched off by sparks or flames from the stove. A chimney fire generally has a crackling or roaring sound. As the fire’s intensity increases, the stovepipe may vibrate violently and turn red hot. If the chimney is well built, and all metal chimney joints have at least three screws, the fire will likely die out without causing any damage. In some cases, however, it may become so hot that it ignites nearby wall lathing, wooden beams, or other structural members. In addition, chimney fires occasionally send clouds of sparks onto the roof, setting the roof aflame.

  The first step to take in the event of a chimney fire is to stop the flow of air to the fire. This is easily done on an airtight stove by closing all draft regulators. With a fireplace, you should have a large metal cover available that can quickly be put over the fireplace opening. With a leaky stove, a sopping wet blanket thrown over it may serve to stop the flow of air through the leaks. Have a bucket of water ready to wet the blanket down, since the moisture may quickly steam of and leave a dry blanket to catch fire. As soon as you can, check the roof for sparks and wet it down with a hose if there is any sign of danger. If the chimney passes through upper floors of the house, inspect all areas adjacent to the chimney. You should certainly have several fire extinguishers handy in the event the fire starts to spread. Above all, if there is any hint that the fire is spreading beyond the confines of the chimney, call the fire department at once.

  The best defense against a chimney fire is prevention. Clean your chimney regularly and operate your stove or fireplace so as to minimize creosote buildup. Details are given at right. Almost as important, you should make certain your chimney is in good running order. You will need to inspect it carefully to determine its condition. Do not assume that it is adequate simply because it has been in service for a number of years. Old stovepipes may not meet present-day requirements. If the chimney is made of brick, its flue may be cracked, the mortar may be partially disintegrated, or the chimney may have been built without a flue liner. If you have any doubts about the safety of a chimney, contact your local fire department; it can save you money and heartache.

  The Creosote Problem

  Creosote is substance deposited on chimney walls by smoke flowing up the chimney. Chemically, creosote is a mixture of unburned organic compounds. When hot, it appears as a dark, viscous liquid. When it cools, it forms a solid, tarry residue that may later turn to a black ash that seems to grow from the inner surface of the chimney in leaflike flakes. Creosote can burn, making it a fire hazard. It may also build up to such a point that it partially or completely blocks the air flow up the chimney, making the stove smoky and hard to light.

  Contrary to what one might expect, the more efficient a stove is, the more apt it is to produce creosote. Leaky, inefficient stoves burn hot and fast, and the chimney walls become so hot that creosote does not have a chance to form on them.

  If your chimney becomes clogged frequently by creosote, you may be running the stove at too low a burn rate. A smoldering overnight fire sends a lot of creosote-forming smoke up the chimney. To get an overnight burn with a minimum of creosote, run your stove hot, until the wood in it has been mostly reduced to charcoal, before closing down the draft regulator to its nighttime position. Of course, some heat will be wasted during the initial high burn period (unless the stove is adjacent to a large thermal mass, such as a heavy masonry wall, that absorbs heat and reradiates it back into the room overnight). A daytime approach, especially useful in the fall and spring when less heat is needed, is to make small, hot, quick-burning fires rather than cool, slowburning ones. You will have to refuel the fire often, but combustion will be more complete.
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  Hot creosote will drip down the chimney. Ideally, it will flow into the stove and be burned up. But if the stovepipe is a poorly joined metal one, the creosote may drip out of the joints and make a disagreeable mess. To discourage this, it is preferable to install the stovepipe and chimney sections with crimped ends inserted downward. This arrangement is typical of European chimneys but the opposite of traditional American practice.

  If your chimney runs straight up, you can inspect for creosote buildup by holding a mirror inside the stove when the stove is cold. Hold the mirror at a 45° angle directly under the flue opening. You can estimate the amount of creosote by the amount of daylight you can see. If you have a metal chimney with turns, T-sections installed at appropriate locations will permit you to check most of the chimney.
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  A simpler but less reliable estimate can be made by tapping the stovepipe with a finger; the tap will produce a tinging sound if the pipe is clear but a duller, heavier sound if the pipe walls are laden with creosote.

  Cleaning a chimney

  The chimney on an airtight stove can become clogged in a short a time as two weeks if the stove is used carelessly. On the other hand, a stove used regularly and properly in a cold climate may need its chimney cleaned no more than once a year.

  Cleaning a chimney is a messy job, and many prefer to hire a chimney sweep to do it. Some stove owners try to avoid the job by running a very hot fire once or twice a week to burn out accumulated creosote. The method is not reliable, however, and in addition such fires may eventually damage the chimney and break down its insulating properties. Chemical preparations are available that help disintegrate creosote when they are thrown on the fire. But first check with a stove or chimney dealer to make sure the preparation will not damage the chimney liner.

  The best cleaning method is to lower a stiff chimney brush through the top opening. Work the brush up and down to knock soot and creosote down the stove pipe and into the firebox where it can be cleaned out. The stove should be cold. It also should be shut tight, otherwise clouds of soot may waft into the room. To better seal the doors, lap several pages of newsprint over the opening and close the doors onto the paper and latch them shut. (For the same reason, when cleaning a fireplace chimney, cover the fireplace opening as tightly as you can.) Never use tire chains in a burlap bag. This can easily break tile or cement lined chimneys and internal mortar joints. Old-timers sometimes tied a rock to the top of a small evergreen tree and lowered the tree upside down by rope from the top of the chimney.

  Fireplaces: Warm, Charming . . . and Inefficient

  A fire glowing and crackling in a fireplace generates an aura that no other type of heating can equal. The aroma of burning wood, the play of light and shadow, the warmth from the flaming logs evoke a sense of peacefulness, security, and contentment. It is no wonder that wood-burning fireplaces are prized features of homes and apartments. At the same time, there is no denying that the heating efficiency of most fireplaces is low—less than 10 percent in many cases compared with upward of 60 percent for the best airtight stoves.
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  To start the fire, first pile kindling (thin pieces of dry wood that burn quickly) on balls of crumpled newspaper place between the andirons. Top the kindling with light pieces of split wood and two or more logs. Open the chimney damper and ignite the newspaper.

  Caution: Never pour kerosene or other flammable liquid on the wood to help start the fire.

  Much can be done, however, to improve the performance of even the oldest and most wasteful fireplace. Among the simpler steps is to make more effective use of the damper—a pivoted metal plate that can be adjusted to control air flow in the chimney. When the fire is burning, open the damper just enough to keep the fire from smoking. This will reduce the amount of heated room air lost up the chimney. It is also important to close the damper completely when the fireplace is not in use. This simple precaution, observed winter long, may reduce your overall heating costs significantly. The reason is that with the damper open enough warm air can be lost up the chimney to turn the fireplace into a heating liability rather than an asset. However, do not close the damper when the fire is still smoldering; otherwise you will wind up with a house full of smoke and noxious gases. To prevent heat loss up the chimney when the fire is low but not yet fully out, place a tight-fitting cover made of sheet metal over the fireplace opening. Few manufacturers make these covers, but it is easy enough to cut one out yourself.

  Fireplace efficiency can also be boosted with the help of special equipment. One useful accessory is the tubular convection grate illustrated on the next page. Also described on the next page is a heat-saving fire-place that convects air around the firebox via ducts or enclosed spaces and then sends the heated air back into the room. Prefabricated units often incorporate this design. Modern masonry units, too, frequently use the same approach. To some degree, however, these improvements change the character of the fireplace, making it somewhat like a circulator-type stove and diluting the esthetic appeal that makes a fireplace attractive. Another effective device for raising fireplace efficiency is airtight glass doors fitted over the fireplace opening. These doors cut down on the amount of warm air lost up the chimney but also isolate the fireplace from the room; you can see the fire, but you lose intimacy with it.

  Implements and accessories for the fireplace
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  Equipment for improved efficiency
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  (A) Tubular convection grate, used in place of an ordinary grate or and-irons, serves as a ready-made heat exchanger for a fireplace. The fire heats the air inside the tubes, causing it to flow by convection out of the top openings. Efficiency is increased, since warm air goes into the room rather than up the chimney. A blower attached to the bottom openings of the tube will speed heat transfer.

  B) Freestanding fireplace is easier to install than a built-in unit. Like a metal stove, it radiates heat in all directions. However, without masonry to slow heat transfer, the fire must be tended more often than with a masonry unit.

  (C) Prefabricated fireplace uses a special metal firebox so well insulated that the unit can be installed with “zero clearance,” that is, directly next to wooden framing. Prefabricated fireplaces often come with airtight glass doors in front to reduce heat loss and a system of air ducts and spaces to circulate room air around the firebox and then out into the room again by convection. Like any wood-burning heater, performance is improved if the chimney is installed entirely inside the house.

  Most people eventually develop their own techniques for building fires, yet there are nuances that are sometimes overlooked. When the logs are too close, not enough air will flow between them to support efficient burning; when they are too far apart, the logs will not absorb enough heat from adjacent logs to reach combustion temperature. Adjust the spacing for minimum smoke and maximum burn rate. A poker and tongs will come in handy for this chore.

  A common problem is a fireplace that backpuffs smoke into the room when the fire is started. An effective remedy is to hold a wad of burning newspaper directly under the chimney flue before lighting the main fire. This prewarms the walls of the chimney, making it more apt to draw properly. If the problem persists, the house may be overly airtight. Open up a nearby window an inch or two until the fire is burning well. Check the furnace and water heater draft hoods to make sure replacement air is not also being pulled down their chimneys. If it is, contact your gas utility or state energy office for advice. (An inadequate chimney, poorly designed fireplace, or house exhaust fans may also be to blame.)
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  Masonry and ceramic stoves

  Large masonry and ceramic stoves evolved over the years from continued attempts to improve fireplace efficiency. Originally developed in Europe, and later imported to the New World by the Pennsylvania Dutch and other early settlers, the stoves are vastly more efficient than the old-fashioned fireplace. (Their obvious advantages helped inspire Ben Franklin to design his famous fireplace stove.) Shown at left is a massive Russian-style brick stove featuring a serpentine arrangement of exhaust ducts to capture the heat before it can escape up the chimney. The stove is built entirely within the house. It is fired for a brief time with a very hot fire ad damped only after the wood has burned down to smokeless coals. The heat from the fire is absorbed by the masonry, which slowly reradiates into the room. From one firing enough heat can be stored in the masonry to warm a room for two days, and the heat given off remains remarkably even for that period. Since the fire burns hot, little creosote forms in the exhaust, making the stove one of the few wood-burning devices that can be left untended for long periods without collecting creosote.

  Making your own bellows
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  Basic materials for a good-looking bellows are a 3- ft. length of ½,-by 8-in. white pine and a few square feet of supple leather, such as split cowhide. For a nozzle, use ⅜-in. copper tubing or an old garden hose nozzle with its insides removed. When gluing, use casein or plastic resin, not white glue. Some ½-in. tacks and several dozen upholstery nails are also needed.

  Waterpower

  Streams and Rivers Provide Energy Free for the Taking

  The use of waterwheels to free human beings from heavy labor is almost as ancient as the use of draft animals. The earliest applications of such wheels were to raise water from wells and to turn millstones to grind grain. Later, waterwheels were adapted to provide power for other processes to which a slow, ponderous, unceasing rotary motion was suited. In early America, textile factories and sawmills were generally built on riverbanks to take advantage of waterpower.
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  1. Cut bellows halves and nozzle piece from wood.

  2. Cut valve parts from leather and tack over hole in lower bellows half.

  3. Glue nozzle piece to lower bellows half.

  4. After glue hardens, drill hole for nozzle; then glue nozzle into hole.

  5. Cut hinge from leather and tack into place.

  6. Prop bellows handles 4 in. apart. Tack cloth to edges where gusset is to be nailed; cut cloth along edges and remove it.

  7. With cloth as pattern, cut gusset from leather. Starting from handles, nail gusset to bellows.

  8. Make hinge cover pattern out of cloth; following pattern, cut cover from leather and then nail cover over hinge.

  With the advent of steam power in the 19th century, the massive, wooden waterwheel became obsolete, and water did not again compete as a power source until the invention of the highspeed turbine for generating electricity. This development not only led to huge hydroelectric installations but also made small, private hydropower installations possible.

  A personal hydroelectric power source has the potential to sustain every household energy need and provide an unexcelled level of independence. Having enough water flow is less a problem than one might imagine, particularly in hilly areas where hundreds of thousands of potential hydroelectric sites remain untapped. With a drop of 50 feet from water source to turbine, for example, a brook small enough for a child to jump across can provide enough power for a single family dwelling. However, bear in mind that the smaller the installation, the higher will be the construction cost for each kilowatt generated. Scaled against the cost of power from a public utility, it may be 10 to 20 years before a small installation pays back its initial expense, though rising fuel costs may substantially shorten the payback period.
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  Old-fashioned gristmills could grind 5 to 10 bushels of grain an hour. The miller poured the grain into a hopper from which it trickled down through the eye of the upper millstone onto a bed stone. As the ½-ton upper stone rumbled over the bed stone, it scraped off husks and pulverized the grain. The husks were then separated with a sieve, leaving flour.

  Modern Waterpower Systems

  Waterpower achieves its greatest usefulness when it is converted into electricity. Lighting fixtures, heating systems, small appliances, cooking ranges, and machinery of all sorts are some of the common applications. The conversion is made possible by electrical generators that transform rotary motion into electric current.

  Though not originally designed for the purpose, old-fashioned waterwheels can actually be used to run generators, but not without overcoming a major obstacle: electrical generators do not operate efficiently except at high speeds, on the order of 1,500 revolutions per minute. To reach these speeds, a large step-up in the waterwheels rate of rotation is required, somewhere in the vicinity of 100 to 1. Wooden gears simply will not work—friction alone would destroy them. Instead, rugged, well-made gears or pulleys are required that are not only highly efficient but also capable of handling the huge forces present in the shaft of a waterwheel. Heavy-duty tractor transmissions have been adapted for the purpose and can provide several years of service. The design and construction of a system that will last 20 years or more calls for a high level of mechanical ingenuity plus persistence and luck in finding the appropriate used or abandoned equipment.

  Traditional waterwheels
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  Individuality and variety marked the waterwheels of the past. Their diameters ranged from 3 ft. to 2o ft., and they incorporated every conceivable water-flow scheme. The most efficient type was the overshot wheel shown above, but if the water source was not high enough, a breast wheel or undershot wheel was employed. Of low efficiency, but simplest to build because it used no gears, was the tub wheel. A typical large wheel made 10 to 20 revolutions per minute; with wooden gearing this could be stepped up to 10 times the rate. A number of traditional waterwheels are still in operation in America, turning out the stone-ground meal so highly prized by home bakers.

  [image: image]

  Pelton turbines operate best with heads of 50 ft. or more. The high-velocity jet of water that results from such heads spins the bladed runner up to generator speed without the need of additional gearing. Pelton runners can be any size from 12-ft. diameters for megawatt installations down to 4-to 18-in. diameters for home installations. Very little flow is required to run a small Pelton turbine, in some cases no more than the water issuing from a modest spring. The need for a high head, however, restricts installations of hilly or mountainous locations. Also, springs tend to dry up during some parts of the year and freeze up during other parts, so care must be taken to select a water source that will provide year-round power. A recent improvement in impulse turbines is to orient the jet at an angle to the blades, as in Turgo turbines. These units are smaller and faster than Peltons.
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  Propeller turbines are most effective at relatively low heads of from 3 ft. to 30 ft. The propeller is completely submerged and is impelled more by the dead weight of the water than by the water’s velocity. In high-head installations, propeller turbines suffer wear from cavitation. In addition, they work well only over a narrow range of speeds, so care is required to match the size of the turbine to the available stream flow. For example, when flow drops to 50 percent of a propeller turbine’s optimum, the power output will drop by about 75 percent, and when the flow drops to 30 percent, the output becomes nil. To overcome this limitation, some large hydroelectric installations use several turbines in tandem, shutting down one or more whenever the flow lessens. Others employ Kaplan turbines, which have automatically adjustable blades that compensate for flow changes.

  Gearing problems can be circumvented by using a turbine instead of a waterwheel. Turbines are devices that convert water flow directly into high-speed turning motion. Little in the way of supplementary gearing is needed to achieve generator speeds. In addition, turbines are much smaller than waterwheels of the same power output, hardly larger than the generators with which they are coupled. Turbines run with a high-pitched whine— not as shooting as the rumble and splash of the old mill wheel—and some are subject to cavitation (wear caused by air bubbles).

  Before you buy a turbine, you should measure the characteristics of your stream, particularly its head, so you can match the turbine to them. (“Head” is the vertical drop the water makes from the point where it is diverted from the stream to the point a which it reaches the power-generating equipment.) Pelton wheels, for example, perform best under high head conditions; propeller turbines, the reverse. “Flow”—the volume of water carried by the stream past a stationary point each second—is also a factor in turbine design.
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  Cross-flow turbines work well when the head is greater than 3 ft. Water from a rectangular orifice passes through a barrel-shaped runner in such a way that the water strikes the ring of blades on the runner two times. This turbine is a relative newcomer; it has not yet been built in megawatt sizes but shows a great deal of promise for use in small installations. Moreover, it is simple enough for a person with a home machine shop to make; yet it can match the performance of the other turbines shown on this page, whose fabrication requires a high level of technology. It works well over a wide range of water flow, is relatively free from problems caused by silt and trash, and is not affected by cavitation. To improve efficiency, the rectangular orifice can be partitioned and parts of it closed off during periods of low flow. Some step-up gearing may be needed for optimum generator speed.
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  Francis turbines can be used over a wide range of heads 4ft. and more. As with a propeller turbine, the runner is immersed in the head water, which is guided onto the blades of the runner by a ring of adjustable vanes. The Francis turbine is highly efficient at its optimum flow but easily damaged by grit and cavitation. It is frequently used in large hydroelectric stations and is relatively expensive. As with propeller turbines and other interior-flooded turbines, a draft tube beneath the unit with its bottom rim immersed at all times in the tail water (the water flowing out of the power station) is a valuable flowing out of the power station) is a valuable adjunct: as water drops from the turbine runner down the draft tube, it sucks more water down with it, adding to the effective head of the system: This added head can be of substantial importance whenever the overall head of the remainder of the installation is small.

  Finding Out How Much Your Stream Can Do

  To determine the amount of power available in a stream, it is necessary to measure the water flow and make calculations from these measurements. This is not a hard job, since a rough estimate is usually all that you will require. Generally, wide seasonal variations in flow put a limit on the degree of precision that makes sense when measuring a stream. Changes on the order of 100 to 1 in the volume of water carried by a stream are not uncommon from one part of the year to another. In the Southwest, large rivers as well as smaller streams often dry up completely for long periods of time.

  The key information that your measurements should provide is whether or not a stream will yield enough kilowatts of electricity to make its development worthwhile. You will also want to get an idea of how large the equipment has to be to generate these kilowatts and what type of installation should be used.

  When the stream is tiny
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  Flow from a spring can be measured by funneling it into a 5-gal. container and timing how long the container takes to fill. For example, if it takes 20 seconds, the flow is 5/20 gal. per second, or 0.035 cu. ft. per second (multiply by 0.14 to convert gallons to cubic feet). Flow, measured by a container, is the equivalent of the velocity times area, factors that are separately measured in larger streams. Water behind the embankment should not change elevation during the period of measurement.

  A rough estimate, however, may fail to provide sufficient precise data to determine how the installation should be constructed or what specifications the turbine and generator should have. For greater precision professional surveying instruments may be needed; but before involving yourself at this level of complexity, consult the turbine supplier with whom you expect to do business. He should know the degree of accuracy required.

  A stream should be measured several times during the year so that its overall potential can be estimated and the power-generating equipment tailored to the variations in flow. The measurements will have value even when the flow is so large that only a small fraction will satisfy your power needs. It is particularly important to measure a stream near its low point during the year. Also, potential flood level should be ascertained if equipment is to be installed near enough to the stream so that it could be destroyed by a flood. When a dam is to be constructed, knowledge of flood potential is crucial.

  If you are not familiar with your stream’s annual ups and downs just by living near it, contact the nearest US Geological Survey Water Resources Office (a branch of the Interior Department) for information on water runoff in your area. The information is free and likely to include rainfall and river flow data going back many years. If a stream is too small to have been directly measured by the office, a knowledge of local water runoff will help you from a profile of its behavior.
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  Head is measured in steps The steps can follow a zigzag course downhill. At each step (except the last) the pole can be placed at any location that is convenient. Set the base of the pole on a stone, rock outcropping, or similar firm support and keep it vertical when marking it.

  What You Must Measure

  To find out how much power a stream can deliver, you must know three key measurements: the stream’s head, its velocity, and its cross-sectional area.

  Head refers to the vertical fall between the water source and turbine. In other words, it is the difference in elevation between the point where the water will be diverted from its natural streambed to the point where the water will be piped into the turbine.

  Velocity refers to how fast the stream flows.

  Cross-sectional area is a product of the width and depth of the stream.

  To make the measurements, follow the procedures outlined on this page and the next. Once the three quantities are determined, multiply them together to obtain a power product. The greater the product, the greater the power available.

  Measuring head

  Head is measured in step-by-step fashion proceeding downstream from the water source to the planned hydropower location. You will need an assistant to help you make the measurement plus the following equipment: a carpenter’s level, a camera tripod or similar support, and 8-foot-long pole, and a tape measure.

  Set up the tripod near the water source and place the carpenter’s level on the tripod’s table. Adjust the table to the horizontal, then vary the tripod’s height until the sight line along the level’s upper surface is line up with the water source.

  Measuring velocity

  [image: image]

  Estimate of velocity can be obtained clocking how rapidly floating objects move down the center of the stream. Select a portion of the stream that is reasonably straight and without obstructions, turbulence, or eddies. Tie strings across the stream at two locations spaced 20 ft. apart, with each at right angles to the direction of flow. Toss a cork, or other object that floats, into the center of the water upstream of the first string and time how many seconds it takes for the stream to carry the cork from one string to the other. Divide this amount into 20 ft., multiply the result by 0.7, and you will have the stream velocity in feet per second. (The factor of 0.7 is necessary to reflect the fact that portions of the stream flowing along the banks and near the bottom move more slowly than the surface of the stream where the measurement is made.) As an example, suppose the cork took 10 seconds to traverse the 20-ft. distance from string to string. Dividing 20 by 10 and multiplying by 0.7 gives a velocity of 1.4 ft. per second. For greater accuracy, repeat the measurement several times, then average the results.

  Measuring area

  [image: image]

  Cross-sectional area of a stream must be measured at the same location at which you measured the stream velocity. Mark off one of the strings in equal intervals. Six to 12 intervals should be enough, depending on the size of the stream. Measure the depth of the stream at each of the marked points on the string, record each measurement, and calculate their average after all the measurements have been made by adding the figures together and dividing by the number of measurements. Multiply this result by the width of the stream, measured from bank to bank, and you will have the area.

  As an example, suppose your stream measures 6 ft. across and you have marked your string at five points, each 1 ft. apart with depth measurements at each marker ½, 1, 1 ¼, ¾, and ½ ft. respectively. The measurements add up to 4ft.; 4ft. divided by five gives an average of 4/5 ft . multiplied by six results in an area of4.8 sq.ft.

  Next, have your helper hold the pole vertically at a location downhill from the tripod so that you can sight from the other end of the level to the pole. Call out instructions as you sight toward the pole, and have your assistant make a chalk mark on the pole at the point where the sight line intersects it.

  Now set up the tripod and level downhill from the pole at the location where the sight line, looking back uphill toward the pole, will intersect the pole at a point near its base. The assistant should now mark the new point of intersection, measure the distance between marks, and jot the measurement down. Once this is done, both chalk marks can be erased and the pole set up at a new location downhill, where the entire procedure is repeated. Once the power site is reached, add up the figures you have jotted down and you have the head.

  What the Power Can Do

  After measuring the head, velocity, and area, multiply together the numbers you have obtained and divide the result by 23. You will then have the usable steam power in kilowatts. Expressed as a formula, the calculation is:

  [image: image]

  The divisor, 23, is in the formula to make the answer come out in Kilowatts and to reflect an overall system efficiency of 50 percent.

  For example, for a head of 10 feet, a stream velocity of 1.4 feet per second, and a cross-sectional area of 4.8 square feet, the usable power output is:

  [image: image]

  Power capability

  The amount of kilowatt-hours per month that can run the appliances listed:

  300 kilowatt-hours will run all those in A

  700 kilowatt-hours will run all those in A and B

  1,500 kilowatt-hours will run all those in A, B, and C

  8,000 kilowatt-hours will run all those in A, B, C, and D

  [image: image]

  To find out how much electricity is available to you over a period of a month, multiply the figure you have obtained for power by 720—the number of hours in an average month. In the example above the 2.92 kilowatts (if this output is constant) would provide 2.92 × 720 = 2,104 kilowatt-hours per month.

  The computation is similar if a container is used to measure flow (see facing page). Just take out velocity and area from the formula and substitute the flow measurements in their place.

  Making the Calculations

  Once you determine a stream’s power, you can estimate its usefulness. One way to do this is to compare the kilowatt-hours stated on your electric bill with the stream power you have calculated; you will then have a quick estimate of the proportion of your needs the stream will be able to satisfy. For the comparison, use a bill with a monthly charge that is high for the year.

  Another way to estimate what the stream can do is to use a capability chart like the one above. In an approximate way the chart indicates the number and type of appliances various power outputs can handle. It assumes that the use of these appliances will be fairly evenly distributed over each month and also assumes that a storage system, such as a bank of batteries, is used in the power system to take care of peak power demands.

  One measurement of the stream is not likely to be enough to make a reliable estimate. Because stream flow varies, measure the stream’s velocity and area at several times during the year (over the course of a number of years if possible) and use the lowest measured power to estimated usefulness.

  Leading the Water to the Powerhouse

  A small dam—one up to 4 feet high and 12 feet across—can often be built of locally available materials such as earth, stones, or logs. Such a dam can provide a dependable supply of water at an intake to a race (a canal for diverting water from a stream to a power station) or at a penstock (a pipe that serves as a race).

  To moderate the effects of monthly and seasonal variations in stream flow, larger dams can be built. These will store excess water and release it during periods of low flow, providing more dependable power year round. Also, larger dams offer additional head (vertical drop from pond surface to turbine), a factor that can be critical in locations where the terrain is flat.

  As the dam is made larger, however, its design becomes more and more complex and the number of potential problems increases. Particularly serious are cracks that may develop because of the varying stress and strain characteristics of the materials used in constructing the dam. In addition, rock formations under the dam may permit unexpectedly large amounts of groundwater seepage that threaten the dam’s stability. As a result, dam builders must proceed with extreme caution. A failed dam can be awesomely destructive.

  The best way to design against flooding is to obtain rain runoff data for the stream’s watershed going back a substantial number of years. If such data are not available, the dam’s construction must incorporate a large safety factor. Extra safety precautions must also be taken in earthquake- prone areas. If you are considering building a dam and have any doubts about the design of either the dam or its race, consult a professional engineer. In addition, you should check local regulations governing structures that affect stream flow. For dams above a certain size, a permit must be filed and limitations on construction observed. For further information, write to your state’s water resources agency.

  When building a dam and race, the area to be flooded plus a marginal strip around the area must first be cleared of trees and bushes. This is to prevent any undesirable tastes and odors that may later result from the decay of the plants. The foundation site of a dam itself should, at the very minimum, be cleared of all soil (earth containing organic matter). If a rock fill or concrete dam is to be built, the site should be dug down to bedrock, hard clay, or other stable formation.

  A Low-head, high-flow power site

  [image: image]

  While construction is in progress, it will be necessary to divert the course of the stream. One way to do this is to dig a temporary channel around the construction site. Another method, useful for small streams, is to build a wooden flume that straddles the dam, carrying the water overhead while construction proceeds beneath. A third solution is a drainpipe installed under the dam works. By fitting the pipe with a valve, it can be made a permanent part of the structure for use in emergencies. However, such pipes may crack and silt up with the passage of years, so they should not be relied on as the only flood control device.

  Types of Dams

  A dam impounds many tons of water. If its mass and strength are not sufficient, the weight of the water may be enough to topple the dam or slide it downstream. Also, water seepage under the dam can cause it to settle, crack, and eventually rupture. To protect against this, a variety of cores, barriers, and asphalt blankets are usually incorporated into the dam structure. Another hazard is the possibility of flood waters that may overflow a dam, eroding and disintegrating it as they pour downstream. To meet the danger, an overflow spillway should be built, either in the dam itself or as a separate pond-exit channel cut into the hillside to one side of the dam. On a site where the flood potential is great a spillway may be the dam’s dominant feature.

  [image: image]

  Rock-fill dam (and concrete dam as well) requires solid foundation of bedrock, compact sand, or gravel to prevent setting and rupture of waterlight facing. When constructing on bedrock, anchor dam with bolts and seal joint with concrete.

  [image: image]

  Frame dam is fabricated from planks that have been coated with such preservatives as creosote or pentachlorophenol to prevent rotting. To forestall seepage, face upstream side of dam with asphalt or a layer of fine silt or clay.

  [image: image]

  Log dam can be built of treated 6-in. logs, such as oak, with stone or gravel used as fill. Face the upstream side with seepage-proof planks. Wood dams do not last nearly as long as stone or earth dams and should not be more than 4 ft. high.

  [image: image]

  Concrete dam is preferred whenever overflowing is possible, since a spillway can easily be incorporated. To prevent erosion under the spillway, pile rocks at the base or shape the base to deflect the down ward rush of water.

  [image: image]

  Earth dam is the oldest and most common type. For stability its slopes must be very gradual. To inhibit seepage, a core of impervious clay or concrete may be used.

  
    Bill Delp, Hydroelectric Contractor

    Harnessing Stream Power Rocky Mountain Style

    Bill Delp of Sandpoint, Idaho, once worked for a large public utility and had his own electricity and refrigeration company. When he realized two of the house he was working on had streams on the property, he told the owners he could install hydroelectric power systems and save them money and trouble. Now he has his own water power business, one that has grown largely by word of mouth.

    “I started out with cabins, and now we’re installing equipment that’s compatible with regular electric home too. But the main problem with hydroelectric power isn’t installing it. Anybody with a crescent wrench, a screwdriver, and a little elbow grease can do that. The pitfalls come before you get to the installation stage. With hydroelectric systems in Idaho and Montana, you first have to get the legal rights to use the water. Even if the stream is on your own property you have to get what is called a ‘nonconsumptive beneficial use permit’ from the state. Then if you are going to have lines that cross anybody else’s property, you have to get a right-of-way. Once you get through the legal hassles and arrange the financing, the rest is easy.

    “Maintenance isn’t difficult. The waterlines are insulated in cold weather areas so you don’t have to worry about freezing in winter. The major learning curve is realizing that you don’t have unlimited power the way you would if you were hooked up to a big system. You’re on your own, and if all the kids want hot showers and somebody is using the electric stove, you’re headed for trouble. You have to make up an energy schedule so you can balance your use of power. Once you’ve done that, your major problems are solved.

    “There’s been tremendous interest in the hydroelectric power field. It’s an immediately available technology on a large or small scale. It doesn’t pollute, causes very little environmental disturbance, and it can be installed very quickly. Our only problem is figuring out how to handle the amount if growth.”
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