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SMALL M CHELL (BANKI) TURBI NE
. WHAT IT IS AND HOWIT | S USEFUL
The M chell or Banki turbine is a relatively easy to build and
highly efficient means of harnessing a small streamto provide
enough power to generate electricity or drive different types
of mechani cal devi ces.

<FI GURE 1>
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Figure 1. Arrangement of a Michell (Banki) Turbine
For Low-Head Use Without Control (B)

The turbine consists of two main parts--the runner, or wheel
and the nozzle. Curved horizontal blades are fixed between the
circular end plates of the runner (see page 17). WAt er passes
fromthe nozzle through the runner twice in a narrow jet before
it is discharged.

Once the flow and head of the water site have been cal cul at ed,

t he bl ades of the 30cm di aneter wheel presented here can be

| engt hened as necessary to obtain optimm power output fromthe
avai | abl e water source.

The efficiency of the Mchell turbine is 80 percent or greater.
This, along with its adaptability to a variety of water

sites and power needs, and its sinplicity and | ow cost, nake it
very suitable for small power devel opnent. The turbine itself



provi des power for direct current (DC); a governing device is
necessary to provide alternating current (AC).

1. DECISION FACTORS

Appl i cati ons: * Electric generation (AC or DO
* Machi nery operations, such as threshers,
Wi nnower, water punping, etc.

Advant ages: * Very efficient and sinple to build and
oper ate.
* Virtually no maintenance.
* Can operate over a range of water flow and
head conditi ons.

Considerations: * Requires a certain amount of skill in working

with netal.

* Special governing device is needed for AC
el ectric generation.

*  \Welding equiprment with cutting attachnents
are needed.

* Electric grinding machine is needed.
Access to small nachine shop is necessary.

COST ESTI MATE( *)

$150 to $600 (US, 1979) including materials and | abor. (This is
for the turbine only. Planning and construction costs of dam
penstock, etc., must be added.)

(*) Cost estinates serve only as a guide and will vary from
country to country.

PLANNI NG

Devel opnent of small water power sites currently conprises one

of the nobst pronising applications of alternate energy technol ogi es.
If water power will be used to produce only mechanica

energy--for exanple, for powering a grain thresher--it may be

easi er and | ess expensive to construct a waterwheel or a windmll|.
However, if electrical generation is needed, the M chel

turbine, despite relatively high initial costs, nay be feasible

and i ndeed econoni cal under one or nore of the follow ng

condi tions:

* Access to transmssion lines or to reliable fossil fue
sources is limted or non-existent.

* Cost of fossil and other fuels is high.

* Avail able water supply is constant and reliable, with a head
of 50-100mrel atively easy to achi eve.

* Need exists for only a snmall dambuilt into a river or stream
and for a relatively short (less than 35m penstock (channel)
for conducting water to the turbine.



If one or nore of the above seens to be the case, it is a good
idea to look further into the potential of a Mchell turbine.
The final decision will require consideration of a conbination
of factors, including site potential, expense, and purpose.

[11. MAKING THE DECI SI ON AND FOLLOW NG THROUGH

VWhen determ ning whether a project is worth the tine, effort,

and expense involved, consider social, cultural, and environmenta
factors as well as econom c ones. VWhat is the purpose of

the effort? Wio will benefit nbst? What will the consequences
be if the effort is successful? And if it fails?

Havi ng made an infornmed technol ogy choice, it is inportant to

keep good records. It is helpful fromthe beginning to keep

data on needs, site selection, resource availability, construction
progress, |abor and materials costs, test findings, etc.

The informati on may prove an inportant reference if existing

pl ans and net hods need to be altered. It can be helpful in

pi npoi nti ng "what went w ong?" And, of course, it is inmportant
to share data with other people.

The technol ogies presented in this and the other manuals in the
energy series have been tested carefully and are actually used

in many parts of the world. However, extensive and controlled

field tests have not been conducted for nmany of them even sone

of the nbst comon ones. Even though we know that these technol ogies
work well in some situations, it is inportant to

gat her specific information on why they performproperly in one

pl ace and not in another

Wel | docunmented nodels of field activities provide inportant

i nformati on for the devel opment wor ker. It is obviously inportant
for a devel opment worker in Colonbia to have the technica
design for a nmachine built and used in Senegal . But it is even

nore i nportant to have a full narrative about the nachine that
provides details on materials, |abor, design changes, and so
forth. This nodel can provide a useful frane of reference.

A reliable bank of such field information is now growi ng. It
exists to help spread the word about these and ot her technol ogi es,
| esseni ng the dependence of the devel oping world on

expensive and finite energy resources.

A practical record keeping format can be found in Appendix |V.
V. PRE- CONSTRUCTI ON CONSI DERATI ONS

Both main parts of the Mchell turbine are made of plate stee

and require some nmachining. Odinary steel pipe is cut to form

t he bl ades or buckets of the runner. Access to wel di ng equi prent
and a snall nachi ne shop i s necessary.

The design of the turbine avoids the need for a conplicated and
wel | -seal ed housing. The bearings have no contact with the
water flow, as they are |ocated outside of the housing; they
can sinply be lubricated and don't need to be seal ed.



Figure 2 shows an arrangenment of a turbine of this type for
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Figure 2. Michell Turbine

| ow head use without control. This installation will drive an
AC or DC generator with a belt drive.

SI TE SELECTI ON
This is a very inmportant factor. The armount of power obt ai ned,
t he expense of installation, and even, by extension, the applications

for which the power can be used may be determ ned by
the quality of the site.

The first site consideration is ownership. Installation of an



el ectricity-generating unit--for exanple, one that needs a dam
and reservoir in addition to the site for the housing--can
require access to | arge amounts of |and.

In many devel oping countries, large lots of land are few and it
is likely that nore than one owner will have to be consulted

If ownership is not already clearly held, the property questions
must be investigated, including any rights which may

bel ong to those whose property borders on the water. Danmi ng,
for exanple, can change the natural water flow and/or water
usage patterns in the area and is a step to be taken only after
careful consideration.

If ownership is clear, or not a problem a careful analysis of
the site is necessary in order to deternine: 1) the feasibility
of the site for use of any kind, and 2) the anount of power

obtai nable fromthe site.

Site analysis consists of collecting the foll owi ng basic data:
*  Mnimmfl ow
*  Maxi mum f 1 ow.

* Avail abl e head (the height a body of water falls before hitting
t he nmachi ne).

* Pipe line length (length of penstock required to give desired
head) .

Water condition (clear, nuddy, sandy, acid, etc.).
* Site sketch (with evaluations, or topographical map with site
sketched in).

* Soil condition (the size of the ditch and the condition of
the soil conbine to affect the speed at which the water nobves
t hrough the channel and, therefore, the anmount of power
avail abl e) .

* Mnimumtailwater (determ nes the turbine setting and type).

Appendi x | contains nore detailed information and the instructions
needed to conplete the site analysis including directions

for nmeasuring head, water flow, and head | osses. These directions
are sinmple enough to be carried out in field conditions

wi t hout a great deal of conplex equi pnent.

Once such information is collected, the power potential can be
det erm ned. Some power, expressed in ternms of horsepower or

kil owatts (one horsepower equals 0.7455 kilowatts), will be

| ost because of turbine and generator inefficiencies and when
it is transmtted fromthe generator to the place of
application.

For a small water power installation of the type considered
here, it is safe to assunme that the net power (power actually
delivered) will be only half of the potential gross power



Gross power, or power available directly fromthe water, is
determ ned by the foll owi ng fornul a:

Gross Power
Gross power (English units: horsepower) =

M ni mum Water Fl ow (cubic feet/second) X G oss Head (feet)
8.8

Gross power (nmetric horsepower) =

1,000 Flow (cubic neters/second) X Head (meters)
75

Net Power (available at the turbine shaft)
Net Power (English units) =

M ni mum Water Flow X Net Head(*) X Turbine Efficiency
8.8

Net Power (metric units) =

M ni mum Water Flow X Net Head(*) X Turbine Efficiency

75/ 1, 000
Sone sites lend thensel ves naturally to the production of
el ectrical or mechanical power. Q her sites can be used if work
is done to nmake them suitable. For exanple, a damcan be built
to direct water into a channel intake or to get a higher head
than the stream provi des naturally. (A dam may not be required

if there is sufficient head or if there is enough water to
cover the intake of a pipe or channel |eading to the penstock.)
Dans nay be of earth, wood, concrete, or stone. Appendi x |
provi des sonme i nformation on construction of small dans.

EXPENSE

Fl owi ng water tends to generate automatically a picture of
"free" power in the eyes of the observer. But there is always a

(*) Net head is obtained by deducting energy | osses fromthe gross
head (see page 57). A good assunption for turbine efficiency

when cal cul ating | osses is 80 percent.

cost to produci ng power fromwater sources. Before proceeding,

t he cost of devel opi ng | ow out put water power sites should be
checked agai nst the costs of other possible alternatives, such

as:

* Electric utility--In areas where transm ssion |ines can furnish
unlimted amounts of reasonably priced electric current,
it is often uneconom cal to develop small or nedi umsized
sites. However, in view of the increasing cost of utility
supplied electricity, hydroelectric power is becom ng nore
cost-effective.



* Cenerators--Diesel engines and internal -conbustion engi nes
are available in a wide variety of sizes and use a variety of
fuel s--for exanple, oil, gasoline, or wood. |In general, the
capital expenditure for this type of power plant is | ow conpared
to a hydroelectric plant. Operating costs, on the other
hand, are very low for hydroelectric and high for fossil fue
gener at ed power.

* Sol ar-- Extensi ve work has been done on the utilization of
sol ar energy for such things as water punping. Equipnent now
avai |l abl e may be | ess costly than water power devel opnent in
regions with I ong hours of intense sunshine.

If it seens to make sense to pursue devel opnment of the snall

wat er power site, it is necessary to calculate in detai

whet her the site will indeed yield enough power for the specific
pur poses pl anned.

Sone sites will require investing a great deal nore noney than
others. Construction of danms and penstocks can be very expensive,
dependi ng upon the size and type of damand the |ength of

t he channel required. Add to these construction expenses, the

cost of the electric equipment--generators, transformners,

transm ssion lines--and related costs for operation and nmai ntenance
and the cost can be substantial.

Any di scussion of site or cost, however, nust be done in |ight
of the purpose for which the power is desired. It may be
possible to justify the expense for one purpose but not for
anot her .

ALTERNATI NG OR DI RECT CURRENT

A turbine can produce both alternating (AC) and direct current
(DC). Both types of current cannot always be used for the sane
pur poses and one requires installation of nore expensive equi pnent
than the other.

Several factors nust be considered in deciding whether to
install an alternating or direct current power unit.

The denmand for power will probably vary fromtime to time during
the day. Wth a constant flow of water into the turbine,
the power output will thus sonetinmes exceed the denmand.

In producing AC, either the flow of water or the voltage nust

be regul ated because AC cannot be stored. Ei ther type of regulation
requi res additional equiprment which can add substantially

to the cost of the installation

The flow of water to a DC-producing turbine, however, does not
have to be regul ated. Excess power can be stored in storage
batteries. Direct current generators and storage batteries are
relatively I owin cost because they are nmmss-produced.

Direct current is just as good as AC for producing electric



light and heat. But electrical equipnment having AC notors,

such as farm machi nery and househol d appliances, have to be
changed to DC motors. The cost of converting appliances nust be
wei ghed agai nst the cost of flow regul ati on needed for producing
AC.

APPLI CATI ONS

VWil e a 30.5cm di aneter wheel has been chosen for this nanua
because this size is easy to fabricate and weld, the M chel
turbine has a wi de range of application for all water power

sites providing head and flow are suitable. The anmount of water
to be run through the turbine determi nes the width of the

nozzle and the wi dth of the wheel. These widths may vary from
5cmto 36cm No other turbine is adaptable to as large a range
of water flow (see Table 1).

| mpul se or Pelton M chel | or
Banki Centrifugal Punp
Used as Turbine
Head Range (feet ) 50 to 1000 3 to 650
Fl ow Range (cubi c)
feet per second 0.1to 10 0.5 to 250
Application hi gh head medi um head
Avai |l abl e for any
desired
condi tion
Power (horsepower) 1 to 500 1 to 1000
Cost per Kilowatt | ow | ow
| ow
Manuf act urers James Leffel & Co. Onber ger -
Tur bi nenf abri k Any reput abl e deal er
Springfield, Ohio 8832
War enbur g or manufacturer
45501 USA Bayern, Germany
Dress & Co. Can be do-it-
your sel f
Warl. Germany project if snal
wel d and
O fices Bubler machi ne shops are
Taverne, Switzerland avail abl e.

Table 1. Small Hydraulic Turbines

The size of the turbine depends on the anount of power

requi red, whether electrical or mechanical. Many factors nust
be considered to determine what size turbine is necessary to do
the job. The follow ng

exanple illustrates the

deci si on- maki ng process

for the use of a turbine

to drive a peanut huller

(see Figure 3). Steps wll
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Figure 3. Village Peanut Huller

be simlar in electrica
power applications.

Power enough to repl ace
the notor for a 2-1/2 hp
1800 revol uti ons per

m nute (rpn) peanut

t hresher.

Gross power needed is about 5 hp (roughly twi ce the horsepower
of the notor to be replaced assumng that the | osses
are about one-half of the total power avail able).

Vill age stream can be damred up and the water channel ed
through a ditch 30m (100 ft) |ong.

Total difference in elevation is 7.5m (25 ft).



*  Available mnimumflowrate: 2.8 cu ft/sec.

* Soil of ditch permits a water velocity of 2.4 ft/sec (Appendix
|, Table 2 gives n = 0.030).

* Area of flowin ditch =2.8/2.4 - 1.2 sq ft.

* Bottomwidth = 1.2 ft.

* Hydraulic radius = 0.31 x 1.2 = 0.37 ft (see Appendix I).
Calcul ate results of fall and head | oss. Shown on nonogr aph
(Appendix I) as a 1.7 foot loss for every 1,000 feet. Therefore
the total loss for a 30m (100 ft) ditch is:

1.7
10 = 0.17 feet

Since 0.17 ft is a negligible loss, calculate head at 25 ft.
Power produced by turbine at 80% efficiency = 6.36 hp

Net power = Mnimumwater flow x net head x turbine efficiency
8.8

2.8 x 25 x 0.80
8.8 = 6. 36 horsepower

Formul as for principal Mchell turbine dinmensions:

([B.sub.1]) = width of nozzle = 210 x flow

Runner outside di aneter x [square
root] head

= 210 x 2.8 = 9.8 inches

12 x [square root] 25
([B.sub.2]) = width of runner between discs - ([B.sub.1]) =1/2 to 1
i nch
= 9.8 + 1 inch = 10.8 inches
Rot ati onal speed (revolutions per ninute)
= 73.1 x [square root] head
Runner outside diameter (ft)
73.1 x [square root] 25 = 365.6

rpm



The horsepower generated is nore than enough for the peanut
hull er but the rpmis not high enough

Many peanut threshers will operate at varying speeds with
proportional yield of hulled peanuts. So for a huller which

gi ves maxi mum out put at 2-1/2 hp and 1800 rpm a pulley
arrangenent will be needed for stepping up speed. In this
exanple, the pulley ratio needed to step up speed is 1800

.365 or approximately 5:1. Therefore a 15" pulley attached to
the turbine shaft, driving a 3" pulley on a generator shaft,
will give [+ or -] 1800 rpm

MATERI ALS

Al t hough materials used in construction can be purchased new,
many of these materials can be found at junk yards.

Materials for 30.5cm di aneter M chell turbine:
* Steel plate 6.5mm X 50cm X 100cm

* Steel plate 6.5mmthick (quantity of material depends on
nozzl e wi dth)

* 10cm I D water pipe for turbine buckets(*)
* Chicken wire (1.5cm X 1.5cm weave) or 25nmm di a steel rods

* 4 hub flanges for attaching end pieces to steel shaft (found
on nost car axl es)

* 4.5cmdia solid steel rod

* two 4.5cmdia pillow or bush bearings for high speed use. (It
is possible to fabricate wooden bearings. Because of the high
speed, such bearings would not |ast and are not recomended.)

* eight nuts and bolts, appropriate size for hub flanges

TOOLS

*  \Welding equiprment with cutting attachnents

* Metal file

* FElectric or manual grinder

* Drill and netal bits

* Conpass and Protractor

* T-square (tenplate included in the back of this nanual)
*  Hammer

*  C-cl anps

*  Work bench

(*) Measurenents for length of the pipe depend on water site
condi tions.
V. CONSTRUCTI ON

PREPARE THE END PI ECES



An actual size tenplate for a 30.5cmturbine is provided at the
end of this manual. Two of the bucket slots are shaded to show
how t he buckets are install ed.

Figure 4 shows the details of a Mchell runner.
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Figure 4, Details of Michell Runner

Cut out the half circle fromthe tenplate and nount it on
cardboard or heavy paper.

Trace around the half circle on the steel plate as shown in
Fi gure 5.

42pl18a. gi f (393x486)
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Figure 5. Trace Template on Steel Plate

* Turn the tenplate over and trace again to conplete a ful
circle (see Figure 6.

42p18b. gi f (353x353)

Figure 6. Trace Two Even Circles



* Draw the bucket slots on the tenplate with a cl ockw se sl ant
as shown in Figure 7.
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Figure 7. Bucket Slots on Template

* Cut out the bucket slots on the tenplate so that there are 10
spaces.

* Place the tenplate on the steel plate and trace in the
bucket sl ots.

* Repeat the tracing process as before to fill in the area for
the shaft (see Figure 8).

42p19b. gi f (353x353)



Figure 8. Bucket Slots on Steel Plate

* Drill a 2mmhole in the steel plate in the center of the
wheel where the cross is formed. The hole will serve as a
guide for cutting the netal plate.

<FI GURE 9>

42p20a. gi f (353x353)

Figure 9. Center Hole



* Take a piece of scrap metal 20cmlong x 5cmwide. Drill a
hole the width of the opening in the torch near one end of
the netal strip.

* Drill a 2mmdia hole at the other end at a point equal to the
radi us of the wheel (15.25cm). Measure carefully.

* Line up the 2mmhole in the scrap netal with the 2nmhole in
the netal plate and attach with a nail as shown in Figure 10.

42p20b. gi f (243x486)
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Figure 10. Cutting the End Plates

* Cut both end plates as shown (in Figure 10) using the torch.
* Cut the bucket slots with the torch or a netal saw

* Cut out a 4.5cmdia circle fromthe center of both wheels.
This prepares themfor the axle.

CONSTRUCT THE BUCKETS

Cal cul ate the length of buckets using the follow ng formul a:

W dt h of Buckets = 210 x Flow (cu/ft/sec)
+ (1 .5in)
Bet ween End Pl ates Qutside Diameter of Turbine (in) x [square

root] Head (ft)

* Once the bucket |ength has been determ ned, cut the 10cmdia
pipe to the required | engths.

*  \When cutting pipe lengthwise with a torch, use a piece of
angle iron to serve as a guide, as shown in Figure 11.

42p21.gif (353x353)



Figure 11. End View

(Bucket neasurenents given in the tenplate in the back of
this manual will serve as a guide.)

*  Pipe may al so be cut
using an electric
circular sawwith a
nmetal cutting bl ade.

* Cut four buckets fromeach section of pipe. A fifth piece of
pipe will be left over but it will not be the correct width
or angle for use as a bucket (see Figure 12).

42p22a. gi f (393x393)
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NIOH OF SACK PIPE SECTION 15 Giom (See tenplate)

Flgure 12, Buckets

File each of the buckets to neasure 63mm wi de. (NOTE: Cutting
with a torch may warp the buckets. Use a hamrer to straighten
out any warps.)

ASSEMBLE THE TURBI NE

*

Cut a shaft from4.5cmdia steel rod. The total Iength of the
shaft should be 60cm plus the width of the turbine.

Pl ace the netal hubs on the center of each end piece, matching
the hole of the hub with the hole of the end piece.

Drill four 20nm hol es through the hub and end piece

Attach a hub to each end
pi ece using 20mm dia X
3cmlong bolts and nuts.

Slide shaft through the
hubs and space the end
pieces to fit the
bucket s.

<FI GURE 13>
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Shaft

Figure 13, Hub Placement

* Mdke certain the distance fromeach end piece to the end of
the shaft is 30cm

* Insert a bucket and align the end pieces so that the bl ade
runs perfectly parallel with the center shaft.

* Spot weld the bucket in place fromthe outside of the end
pi ece (see Figure 14).

42p23.gif (540x540)



Flgure 14, Blade Al{gnment

Turn the turbine on the shaft half a revolution and insert
anot her bucket making sure it is aligned with the center
shaft.

Spot wel d the second bucket to the end pieces. Once these
buckets are placed, it is easier to make sure that all the
buckets will be aligned parallel to the center shaft.

Wel d the hubs to the shaft (check neasurenents).

Wel d the remai ni ng buckets to the end pieces (see Figure 15).

42p24a.gi f (353x353)



Weld buckets from the outside

Figure 15. Bucket Placement

* Mount the turbine on its bearings. C anp each bearing to the
wor kbench so that the whole thing can be slowy rotated as in

a | athe. The cutting tool is an electric or snmall portable
hand grinder nounted on a rail and allowed to slide along a
second rail, or guide (see Figure 16). The slide rail should

42p24b. gi f (353x353)

Grinding Wheels

Figure 16. Top View of Turbine
be carefully clanped so that it is exactly parallel to the



turbi ne shaft.

* G&ind away any uneven edges or joints. Rotate the turbine
slowy so that the high part of each blade cones into contact
with the grinder. Low parts will not quite touch. This
process takes several hours and nust be done carefully.

* Make sure the bucket blades are ground so that the edges are
flush with the outside of the end pieces.

* Balance the turbine so it will turn evenly (see Figure 17).

42p25. gi f (393x393)

Balancing Weights
(Small Metal Washers)

Figure 17, Turbine in Balance

It nmay be necessary to weld a couple of snmall netal washers
on the top of either end of the turbine. The turbine is
bal anced when it can be rotated in any position wthout
rolling.

MAKE THE TURBI NE NOZZLE
* Determne nozzle size by using the foll owi ng fornul a:
210 X flow (cubic feet/second

runner outside dianeter (in) x [square root] head (ft)

The nozzle should be 1.5cmto 3cmless than the inside w dth
of the turbine.



Figure 18 shows a front view of a properly positioned nozzle in
42p26.gi f (393x393)
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Figure 18. Turbine and Nozzle--Front View
rel ationship to the turbine.

* Froma 6.5mm steel plate, cut side sections and flat front
and back sections of the nozzle. Wdth of front and back
pieces will be equal to the width of the turbine wheel n nus

1.5 to 3cm Det erm ne other dinensions fromthe full-scale
diagramin Figure 19.
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25cm Minimum

§.5cm

Dotted 1ine on top portion
shows alternate construction
for penstock.

Figure 19, Detafls of Michell Nozzle

* Qut curved sections of the nozzle from 15cm (OD) steel pipe
i f avail able. Make sure that the pipe is first cut to the
correct width of the nozzle as cal cul ated previously. (Bend
steel plate to the necessary curvature if 15cm pipe is
unavai |l abl e. The process will take sone tine and ingenuity on
the part of the builder. One way of bending steel plate is to
sl edge hanmer the plate around a steel cylinder or hardwood
log 15cmin dianeter. This may be the only way to construct
the nozzle if 15cm steel pipe is unavail able.)

* Weld all sections together. Follow assenbly instructions
gi ven in "Turbi ne Housi ng" on page 29

The diagramin Figure 19 provides m ni mum di mensi ons for proper
turbine installation.



TURBI NE HOUSI NG

Build the structure to house the turbine and nozzl e of concrete,
wood, or steel plate. Figure 20 shows a side view and

42p29. gi f (600x600)
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Figure 20. Unobstructed View of The Nozzle and Timber Gate

front view of a typical installation for |ow head use
(1-3m. Be sure housing allows for easy access to the turbine
for repair and maintenance.

* Attach the nozzle to the housing first and then orient the
turbine to the nozzle according to the dimensions given in
the diagramin Figure 19. This should ensure correct turbine
pl acenent . Mark the housing for the placenment of the water

seal s.



* ©Make water seals. In 6.5mmsteel plate, drill a hole slightly
| arger than the shaft diameter (about 4.53cm. Make one for

each side. Weld or bolt to the inside of the turbine housing.
The shaft nust pass through the seals w thout touching
t hem Sone water will still conme through the housing but not

enough to interfere with efficiency.

* Make the foundation to which the bearings will be attached of
har dwood pilings or concrete.

* NMove the turbine, with bearings attached, to the proper
nozzl e/ turbi ne placenent and attach the bearings to the foundation
with bolts. The bearings will be on the outside of the
turbi ne housing (see Figure 21). (Note: The drive pulley is

42p30.gi f (600x600)



SEAL, MOUNTED ON )

INNER SIDE OF HOUSING ~
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21. Unobstructed View of The Turbine, Seal and Bearing

omtted fromthe Figure for clarity.)
Figure 22 shows a possible turbine installation for high head
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Detail showing Variable
unobstructed view distance
of trashrack at depending
penstock intake on site

Figure 22. Altermate Construction Showing Penstock
for High Head Application

applications. A water shut-off valve allows control of the flow

of water. Never shut off the water flow suddenly as a rupture

in the penstock is certain to occur. I f mai ntenance on the turbine
is necessary, reduce the flow gradually until the water

st ops.

VI.  MAI NTENANCE
The M chell (Banki) turbine is relatively maintenance-free. The
only wearable parts are the bearings which my have to be

repl aced fromtime to time.

An unbal anced turbine or a turbine that is not nounted exactly
wi Il wear the bearings very quickly.

A chicken wire screen (1.5cm x 1.5cm weave) | ocated behind the



control gate will help to keep branches and rocks fromentering
the turbine housing. It may be necessary to clean the screen
fromtime to time. An alternative to chicken wire is the use of
thin steel rods spaced so that a rake can be used to renove any
| eaves or sticks.

VI1. ELECTRI CAL GENERATI ON

It is beyond the scope of this manual to go into electrica
generation using the Mchell (Banki) turbine. Dependi ng on the
generator and accessories you choose, the turbine can provide
enough rpmfor direct current (DC) or alternating current (AC

For information on the type of generator to purchase, contact
manuf acturers directly. A list of conpanies is provided here.
The manufacturer often will be able to reconmend an appropriate
generator, if supplied with enough infornmation upon which to

make a recomrendation. Be prepared to supply the follow ng
details:

* AC or DC operation (include voltage desired).

* Long range use of electrical energy (future consunption and
addition of electric devices).

* Cimatic condition under which generator will be used (i.e.,
tropical, tenperate, arid, etc.).

*  Power available at water site cal cul ated at | owest fl ow and
maxi mum f | ow r at es.

*  Power available to the generator in watts or horsepower
(conservative
figure would be half of power at water site).

* Revolutions per mnute (rpm of turbine w thout pulleys and
bel t .

* Intended or present consunption of electrical energy in watts
i f possible (include frequency of electrical use).

GENERATORS/ ALTERNATORS

* Lima Electric Co., 200 East Chapnan Road, Lima, GChio 45802
USA.

* Kato, 3201 Third Avenue North, Mankato, M nnesota 56001 USA.
* Onan, 1400 73rd Avenue NE, M nneapolis, M nnesota 55432 USA

* Wnco of Dyna Technol ogies, 2201 East 7th Street, Sioux City,
lowa 51102 USA.

* Kohler, 421 H gh Street, Kohlen, Wsconsin 53044 USA

* Howelite, Rendal e and Nel son Streets, Port Chester, New York
10573 USA.



*  McCulloch, 989 South Brooklyn Avenue, Wellsville, New York
14895 USA.

* Sears, Roebuck and Co., Chicago, Illinois USA
*  Wnpower, 1225 1st Avenue East, Newton, |owa 50208 USA.
* ldeal Electric, 615 1st Street, Mansfield, Chio 44903 USA.

* Enpire Electric Company, 5200-02 First Avenue, Brooklyn, New
York 11232 USA.

BATTERI ES

* Bright Star, 602 Getty Avenue Clifton, New Jersey, 07015
USA.

* Burgess Division of Clevite Corp., Gould PO Box 3140, St
Paul , M nnesota 55101 USA.

* Del co-Reny, Division of GM PO Box 2439, Anderson, |ndiana
46011 USA.

* Eggl e-Pichen Industries, Box 47, Joplin, Mssouri 64801 USA.
* ESB Inc., WIllard Box 6949, C eveland, Chio 44101 USA

* Exide, 5 Penn Center Plaza, Philadel phia, Pennsylvania 19103
USA.

* Ever-Ready Union Carbide Corporation, 270 Park Avenue, New
York, New York 10017 USA.

VI11. DICTIONARY OF TERVS
AC (Alternating Current)--Electrical energy that reverses its
direction at regular intervals. These intervals are

cal l ed cycl es.

BEARI NG - Any part of a nmachine in or on which another part
revol ves, slides, etc.

DIA (Dianeter)--A straight |ine passing conpletely through the
center of a circle.

DC (Direct Current)--Electrical current that flows in one
direction w thout deviation or interruption

GROSS POVER- - Power avai | abl e before machine inefficiencies are
subtract ed

HEAD- - The hei ght of a body of water, considered as causing
pressure.

ID (Inside Diameter)--The inside dianmeter of pipe, tubing, etc.



NET HEAD- - Hei ght of a body of water m nus the energy | osses
caused by the friction of a pipe or water channel

OD (Qutside Dianeter)--The outside dinmension of pipe, tubing,
etc.

PENSTOCK- - A conduit or pipe that carries water to a water whee
or turbine.

ROLLED EARTH--Soil that is pressed together tightly by rolling
a steel or heavy wood cylinder over it.

RPM ( Revol uti ons Per M nute)--The nunber of tinmes sonething
turns or revolves in one ninute.

TAI LRACE (Tai l water)--The di scharge channel that |eads away
froma waterwheel or turbine

TURBI NE- - Any of various machines that has a rotor that is
driven by the pressure of such noving fluids as steam
wat er, hot gases, or air. It is usually nade with a
series of curved blades on a central rotating spindle.

WEIR--A damin a streamor river that raises the water | evel

| X. FURTHER

Brown, GQuthrie J. (ed.). Hydro Electric Engineering Practice.
New Yor k: CGordon & Breach, 1958; London: Bl acki e and Sons,
Ltd., 1958. A conmplete treatise covering the entire field

of hydroel ectric engineering. Three vol unes. Vol. 1: Civi
Engi neering; Vol. 2: Mechanical and El ectrical Engi neering;
and Vol . 3: Econoni cs, Qperation and Mi ntenance.

Gordon & Breach Sci ence Publishers, 440 Park Avenue Sout h,
New Yor k, New York 10016 USA.

Creager, WP. and Justin, J.D. Hydro Electric Handbook, 2nd
ed. New York: John Wley & Son, 1950. A nmost conpl ete
handbook covering the entire field. Especially good for
ref erence. John Wley & Son, 650 Third Avenue, New York
New York 10016 USA

Davis, Calvin V. Handbook of Applied Hydraulics, 2nd ed. New

Yor k: MG aw Hi ||, 1952. A conpr ehensi ve handbook covering
all phases of applied hydraulics. Several chapters are
devoted to hydroelectric application. MGawH I, 1221

Avenue of the Anericas, New York, New York 10020 USA.

Durali, Mohammed. Design of Small Water Turbines for Farns and
Smal |l Communities. Tech. Adapt ati on Program M T, Canbridge,
Massachusetts 02139 USA. A Highly technical manua
of the designs of a Banki turbine and of axial-flow turbines.
Al so contains technical draw ngs of their designs
and tables of friction | osses, efficiences, etc. This
manual is far too technical to be understood w thout an
engi neeri ng background. Probably only useful for university
projects and the like.

Hai merl, L.A. "The Cross Flow Turbine," Water Power (London),



January 1960. Reprints avail able from Ossberger Turbinen-fabrik
8832 Wi ssenburg, Bayern, Germany. This article

describes a type of water turbine which is being used
extensively in small power stations, especially in Gernany.
Avai |l abl e from VI TA

Hamm Hans W Low Cost Devel opnent of Small Water Power Sites
VI TA 1967. Witten expressly to be used in devel opi ng
areas, this manual contains basic information on neasuring
wat er power potential, building small dans, different
types of turbines and water wheels, and several necessary
mat hemati cal tables. Al so has some information on
manuf actured turbines available. A very useful book

Langhorne, Harry F. "Hand-Made Hydro Power," Alternative
Sources of Energy, No. 28, Cctober 1977, pp. 7-11
Descri bes how one man built a Banki turbine fromVITA
plans to power and heat his home. useful in that it gives
a good account of the mathematical cal cul ations that were
necessary, and also of the various nodifications and i nnovations
he built into the system A good real-life account
of building a | owcost water power system ASE, Route #2,
Box 90A, Ml aca, M nnesota 59101 USA.

Mockrmore, C.A.  and Merryfield. F. The Banki Water Turbi ne.
Corvallis, Oregon: Oregon State Col |l ege Engi neering Experinent
Station, Bulletin No. 25, February 1949. A translation
of a paper by Donat Banki. A highly technica
description of this turbine, originally invented by
M chell, together with the results of tests. Oegon State
University, Corvallis, Oregon 97331 USA.

Paton, T.A. L. Power From Water, London: Leonard HIl, 1961. A
conci se general survey of hydroelectric practice in
abridged form

Zerban, A.H and Nye, E.P. Power Plants, 2a ed. Scrant on
Pennsyl vani a: International Text Book Conpany, 1952
Chapter 12 gives a concise presentation of hydraulic
power plants. International Text Book Conpany, Scranton
Pennsyl vani a 18515 USA.

X. CONVERSI ON TABLES

UNI TS OF LENGTH

1 Mle = 1760 Yards = 5280 Feet

1 Kil oneter = 1000 Meters = 0.6214 Mle
1 Mle = 1.607 Kiloneters

1 Foot = 0. 3048 Meter

1 Meter = 3. 2808 Feet = 39. 37 Inches
1 Inch = 2.54 Centinmeters

1 Centi neter = 0. 3937 Inches

UNI TS OF AREA

1 Square Mle = 640 Acres

2.5899 Square



Kil oneters

1 Square Ki | orret er =
Mle

1 Acre =

1 Square Foot =
Met er

1 Square I nch =

1 Square Met er =

1 Square Centi et er =

UNI TS OF VOLUME

1, 000, 000 Square Meters =

0. 3861 Square

43, 560 Square Feet
144 Square | nches

0. 0929 Square

6. 452 Square Centineters
10. 764 Squar e Feet
0. 155 Square Inch

1.0 Cubic Foot = 1728 Cubi c I nches = 7.48 US
Gl | ons

1.0 British Inperial

Gl | on = 1.2 US Gal |l ons

1.0 Cubic Meter = 35. 314 Cubic Feet = 264.2 US
Gl | ons

1.0 Liter = 1000 Cubic Centineters = 0. 2642 US
Gal | ons

UNI TS OF WEI GHT

1.0 Metric Ton =

1000 Kil ograrmns =

2204. 6 Pounds
2.2046 Pounds

1.0 Kil ogram = 1000 Grans
1.0 Short Ton = 2000 Pounds
UNI TS OF PRESSURE
1.0 Pound per square inch
1.0 Pound per square inch
1.0 Pound per square inch
1.0 Pound per square inch
1.0 At nosphere
(PSI)
1.0 At nosphere
1.0 Foot of water = 0.433 PSI
1.0 Kil ogram per square centineter
1.0 Pound per square inch
UNI TS OF POAER
1.0 Horsepower (English)
(KW
1.0 Horsepower (English)
1.0 Horsepower (English)
1.0 Kilowatt (KW = 1000 watt
1.0 Horsepower (English)
1.0 Metric horsepower
1.0 Metric horsepower

144 Pound per square foot

27.7 Inches of water*

2.31 Feet of water*

2.042 Inches of mercury*
14. 7 Pounds per square inch

33.95 Feet of water*

62. 355 Pounds per square foot
14. 223 Pounds per square inch
0.0703 Ki |l ogram per square
centi meter

746 Vatt = 0.746 Kil owatt
550 Foot pounds per second
33,000 Foot pounds per mnute
1. 34 Horsepower (HP) English
1.0139 Metric horsepower
(cheval - vapeur)

75 Meter X Kil ogranf Second
0.736 Kilowatt = 736 Watt

(*) At 62 degrees Fahrenheit (16.6 degrees Cel sius).

APPENDI X |



SI TE ANALYSI S

Thi s Appendi x provides a guide to making the necessary cal cul ati ons
for a detailed site analysis.

Dat a Sheet
Measuri ng Gross Head
Measuri ng Fl ow
Measuri ng Head Losses

DATA SHEET

1. Mninumflow of water available in cubic feet
per second (or cubic neters per second).

2. Maximum fl ow of water available in cubic feet
per second (or cubic neters per second).

3. Head or fall of water in feet (or neters).

4. Length of pipe line in feet (or neters) needed
to get the required head.

5. Describe water condition (clear, nmuddy, sandy,
acid).

6. Describe soil condition (see Table 2).
7. Mnimumtailwater elevation in feet (or meters).

8. Approximate area of pond above damin acres (or
square kiloneters).

9. Approximate depth of the pond in feet (or
neters).

10. Distance from power plant to where electricity
will be used in feet (or neters).

11. Approxi mate distance fromdamto power plant.
12. Mnimumair tenperature.

13. Maximum air tenperature.

14. Estimate power to be used.

15. ATTACH SI TE SKETCH W TH ELEVATI ONS, OR TOPOGRAPHI CAL
MAP W TH SI TE SKETCHED I N

The foll owi ng questions cover infornmation which, although not
necessary in starting to plan a water power site, will usually
be needed later. |If it can possibly be given early in the project,



this will save tine |ater.

1. G ve the type, power, and speed of the machinery to be
driven and indicate whether direct, belt, or gear drive is
desired or acceptable.

2. For electric current, indicate whether direct current is
acceptable or alternating current is required. Gve the
desired vol tage, number of phases and frequency.

3. Say whet her nmanual flow regul ation can be used (with DC

and very small AC plants) or if regulation by an automatic
governor is needed.

MEASURI NG GROSS HEAD
Met hod No. 1
1. Equi prent

42p51. gi f (353x353)
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SURVEYCR'S LEVEL SCALE AND DETAIL OF SCALE

a. Surveyor's leveling instrunment--consists of a spirit
| evel fastened parallel to a tel escopic sight.

b. Scal e- -use wooden board approximately 12 ft in | ength.

2. Procedure

a. Surveyor's level on a tripod is placed downstream from
t he power reservoir dam on which the headwater level is
mar ked.



b. After taking a reading, the level is turned 180[degrees] in a
hori zontal circle. The scale is placed downstreamfromit
at a suitable distance and a second reading is taken
This process is repeated until the tailwater level is
reached.

<MEASURI NG HEAD W TH SURVEYOR S LEVEL>

42p52a.gi f (437x437)
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(TOTAL GROSS HEAD » A # B+ C + D)

Met hod No. 2

This method is fully reliable, but is nore tedi ous than Mt hod
No. 1 and need only be used when a surveyor's level is not
avai l abl e.

1. Equi prent

42p52. gi f (393x393)



LEVELING MOARD AAD PLUGS IN STAKES

o’
WAL AR DETALL OF SOALE

CARPENTER'S LEYEL
a. Scal e
b. Board and wooden pl ug
C. Ordinary carpenter's |evel
2. Procedure
a. Pl ace board horizontally at headwater |evel and pl ace
level on top of it for accurate leveling. At the downstream
end of the horizontal board, the distance to a
wooden peg set into the ground is neasured with a scale.
b. The process is repeated step by step until the tailwater

| evel is reached.

<MEASURI NG HEAD W TH CARPENTER S LEVEL>
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Neasuring Head with Camenter's Lovel

MEASURI NG FLOW

Fl ow neasurenents should take place at the season of | owest
flowin order to guarantee full power at all tines. I nvestigate
the streamis flow history to deternmine the |evel of flow at

bot h maxi mum and mnimum O ten planners overl ook the fact that
the flow in one stream may be reduced bel ow the m nimum | eve
required. Qher streans or sources of power would then offer a
better sol ution.

Met hod No. 1

For streans with a capacity of |ess than one cubic foot per
second, build a tenporary damin the stream or use a "sw ming
hol e" created by a natural dam Channel the water into a pipe
and catch it in a bucket of known capacity. Det erni ne the
stream flow by neasuring the tine it takes to fill the bucket.

Stream fl ow (cubic ft/sec) = Volune of bucket (cubic ft)
Filling tinme (seconds)

Met hod No. 2



For streanms with a capacity of nore than 1 cu ft per second,

the weir nethod can be used. The weir is made from boards,

| ogs, or scrap lumber. Cut a rectangular opening in the

center. Seal the seans of the boards and the sides built into
the banks with clay or sod to prevent | eakage. Saw t he edges of
the opening on a slant to produce sharp edges on the upstream
side. A small pond is formed upstreamfromthe weir. \Wen there
is no | eakage and all water is flow ng through the weir

opening, (1) place a board across the streamand (2) place

anot her narrow board at right angles to the first, as shown

bel ow. Use a carpenter's level to be sure the second board is

| evel .

<FI GURE A>

42p55a. gi f (437x437)

Measure the depth of the water above the bottom edge of the
weir with the help of a stick on which a scale has been
marked. Determine the flow from Table 1 on page 56

<FI GURE B>

42p55b. gi f (393x393)



Trrry

| Sl el Sl bl )

Tabl e |
FLOW VALUE (Cubi c Feet/ Second)

Veir Wdth

Overflow Height 3 feet 4 feet 5 feet 6 feet 7 feet 8 feet
f eet

1.0 inch 0.24 0.32 0. 40 0. 48 0. 56 0.64
0.72
2.0 inches 0.67 0. 89 1.06 1.34 1.56 1.80
2.00
4.0 inches 1.90 2.50 3.20 3.80 4.50 5. 00
5.70
6.0 inches 3.50 4.70 5.90 7.00 8. 20 9. 40
10. 50
8.0 inches 5. 40 7.30 9.00 10. 90 12. 40 14. 60
16. 20
10.0 inches 7.60 10. 00 12.70 15. 20 17.70 20.00
22.80
12.0 inches 10. 00 13. 30 16. 70 20.00 23.30 26.60
30. 00
Met hod No. 3
The float method is used for |arger streans. Al though it is not

as accurate as the previous two nmethods, it is adequate for
practical purposes. Choose a point in the stream where the bed



is smooth and the cross section is fairly uniformfor a length
of at least 30 ft. Measure water velocity by throw ng pieces of
wood into the water and neasuring the tine of travel between

two fixed points, 30 ft or nore apart. Erect posts on each bank
at these points. Connect the two upstream posts by a |evel wire
rope (use a carpenter's |evel). Fol | ow the sane procedure with

t he downstream posts. Divide the streaminto equal sections
along the wires and neasure the water depth for each section.

In this way, the cross-sectional area of the streamis determ ned.
use the following fornula to calculate the flow

<FI GQURE C

42p56. gi f (437x437)

Strean Plow (cu ft/sec) = Average cross-sectional flow area
(sq ft) X velocity (ft/sec)

MEASURI NG HEAD LOSSES

“"Net Power" is a function of the "Net Head." The "Net Head" is
the "G oss Head" |less the "Head Losses." The illustration bel ow
shows a typical small water power installation. The head | osses
are the open-channel |osses plus the friction loss fromflow

t hr ough t he penstock.

<FI GURE D>
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A TYPICAL INSTALLATION FOR A LOW-OUTPUT WATER POWER PLANT

]l
2.
3.
4.
5.
6.

42p58

River 7.
Dan with Spillway 8.

Intake to Headrace 8.
Headrace 10.
Inteke to Turbine Penstock 11,
Trashrack 12.

.gif (600x600)

Overflow of Headrace
Penstock

Turbine Inlet Valve
Water Turbine
Electric Generator
Taflrace
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<FlI GURE E>
Open Channel Head Losses

The headrace and the tailrace in the illustration above are

open channels for transporting water at |ow velocities. The

wal | s of channels made of tinber, masonry, concrete, or rock

shoul d be perpendicular. Design themso that the water |eve

hei ght is one-half of the w dth. Earth walls should be built at

a 45 [degrees] angle. Design themso that the water |evel height is
one-hal f of the channel width at the bottom At the water |eve

the width is twice that of the bottom

The head [ oss in open channels is given in the nonograph. The
friction effect of the material of construction is called "N"



Various values of "N' and the maxi num water vel ocity, bel ow
which the walls of a channel will not erode are given.

TABLE 11

Maxi mum Al | owabl e
Water Vel ocity

Mat erial of Channel Wall (feet/second) Val ue of "n"
Fi ne grai ned sand 0.6 0. 030
Cour se sand 1.2 0. 030
Smal | st ones 2.4 0. 030
Coar se stones 4.0 0. 030
Rock 25.0 ( Snoot h) 0. 033
(Jagged) 0.045

Concrete with sandy water 10.0 0. 016
Concrete with clean water 20.0 0. 016
Sandy | oam 40% cl ay 1.8 0. 030
Loamy soil, 65%clay 3.0 0. 030
Clay | oam 85% cl ay 4.8 0. 030
Soi |l | oam 95% cl ay 6.2 0. 030
100% cl ay 7.3 0. 030
Wod 0. 015
Earth bottom w th rubbl e sides 0. 033

The hydraulic radius is equal to a quarter of the channe
wi dt h, except for earth-walled channels where it is 0.31 tines
the width at the bottom

To use the nonograph, a straight Iine is drawn fromthe val ue
of "n" through the flow velocity to the reference line. The
point on the reference line is connected to the hydraulic
radius and this line is extended to the head-1o0ss scal e which
al so determ nes the required slope of the channel

Usi ng a Nonogr aph

After carefully determ ning the water power site capabilities
interns of water fl ow and head, the nonobgraph is used to
det er ni ne:

* The wi dth/depth of the channel needed to bring the water to
the spot/location of the water turbine.

* The ampunt of head lost in doing this.
<FI GURE F>
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Fall of Channel (or Slope) in feet per 1000 feet of Channel Length
(The total fall 15 equal to the Loss of head in Feet through thg Channel)

To use the graph, draw a straight line fromthe value of "n"

t hrough the flow velocity through the reference line tending to
the hydraulic radius scale. The hydraulic radius is one-quarter
(0.25) or (0.31) the width of the channel that needs to be

built. 1In the case where "n" is 0.030, for exanple, and water
flowis 1.5 cubic feet/second, the hydraulic radius is 0.5 feet
hr 6 inches. |If you are building a tinmber, concrete, masonry,

or rock channel, the total width of the channel would be 6
inches times 0.25, or 2 feet with a depth of at least 1 foot.

If the channel is made of earth, the bottomw dth of the channel
would be 6 tines 0.31, or 19.5 inches, with a depth of at

| east 9.75 inches and top width of 39 inches.

Suppose, however, that water flowis 4 cubic feet/second. Using
t he graph, the optimum hydraulic radius woul d be approxi mately



2 feet--or for a wood channel, a width of 8 feet. Buil ding a
wood channel of this dinmension would be prohibitively

expensi ve.

<FI GURE &
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However, a smaller channel can be built by sacrificing sone
wat er head. For exanple, you could build a channel with a
hydraulic radius of 0.5 feet or 6 inches. To determ ne the
amount of head that will be lost, draw a straight line fromthe

val ue of "n" through the flow velocity of 4 [feet.sup.3]/second to the
reference line. Now draw a straight Iine fromthe hydraulic
radi us scale of 0.5 feet through the point on the reference



line extending this to the head-1o0ss scale which will determ ne
the slope of the channel. In this case about 10 feet of head
will be lost per thousand feet of channel. If the channel is
100 feet long, the loss would only be 1.0 feet--if 50 feet

long, 0.5 feet, and so forth.

Pi pe Head Loss and Penstock Intake

The trashrack consists of a nunber of vertical bars welded to

an angle iron at the top and a bar at the bottom (see Figure

bel ow). The vertical bars nust be spaced so that the teeth of a
rake can penetrate the rack for renoving | eaves, grass, and

trash which mght clog up the intake. Such a trashrack can easily
be manufactured in the field or in a small wel ding shop

Downstream fromthe trashrack, a slot is provided in the concrete
into which a tinber gate can be inserted for shutting off

the flow of water to the turbine. (See shut-off caution on page
31.)

<FI GURE H>
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SECTIONAL ELEVATION: INTAKE TO PENSTOCK OF SMALL WATER TURBINE

The penstock can be constructed from comrerci al pipe. The pipe
must be | arge enough to keep the head | oss small. The required
pi pe size is determ ned fromthe nonograph. A straight |ine
drawn through the water velocity and flow rate scales gives the
requi red pipe size and pi pe head | oss. Head loss is given for a
100-f oot pipe length. For longer or shorter penstocks, the
actual head loss is the head loss fromthe chart nultiplied by
the actual |ength divided by 100. If comercial pipe is too
expensive, it is possible to nake pipe fromnative materi al

for exanple, concrete and ceranmc pipe, or hollowed |logs. The
choi ce of pipe material and the method of making the pipe

depend on the cost and availability of |abor and the availability
of material.
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NOMOGRAPH FOR HEAD LOSS IN STEEL PIPES

APPENDI X |
SVMALL DAM CONSTRUCTI ON
I ntroduction to:
Earth Dans
Crib Dans

Concrete and Masonry Dans
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Thi s appendi x is not designed to be exhaustive; it is neant to

provi de background and perspective for thinking about and

pl anning dam efforts. \While dam construction projects can range
fromthe sinple to the conplex, it is always best to consult an
expert, or even several; for exanple, engineers for their construction
savvy and an environmental i st or concerned agriculturalist

for a view of the inpact of danmi ng.

EARTH DANMS

An earth dam may be desirable where concrete is expensive and
ti mber scarce. It nust be provided with a separate spillway of
sufficient size to carry off excess water because water can
never be allowed to flow over the crest of an earth dam Stil
water is held satisfactorily by earth but noving water is not.
The earth will be worn away and the dam destroyed.

The spillway rmust be lined with boards or concrete to prevent
seepage and erosion. The crest of the damnay be just wi de
enough for a footpath or may be w de enough for a roadway, with
a bridge placed across the spillway.

<FI GURE J>
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The big problemin earth-dam construction is in places where

the damrests on solid rock. It is hard to keep the water from
seepi ng between the dam and the earth and finally underm ning

t he dam

One way of preventing seepage is to blast and clean out a
series of ditches, or keys, in the rock, with each ditch about
a foot deep and two feet wi de extending under the length of the



dam Each ditch should be filled with three or four inches of
wet clay conpacted by stanmping it. More | ayers of wet clay can
then be added and the conpacting process repeated each tine
until the clay is several inches higher than bedrock

The upstream half of the dam should be of clay or heavy clay
soi |, which conpacts well and is inpervious to water. The
downst ream si de shoul d consist of |ighter and nore porous soi
whi ch drains quickly and thus makes the dam nore stable than if
it were made entirely of clay.

<EARTH FI LL DAM>
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CRI B DAVS

The crib damis very econom cal where lunber is easily

available: it requires only rough tree trunks, cut planking,

and stones. Four- to six-inch tree trunks are placed 2-3 feet
apart and spiked to others placed across themat right angles.
Stones fill the spaces between tinbers. The upstream side
(face) of the dam and sonetinmes the downstream side, is

covered with planks. The face is sealed with clay to prevent

| eakage. Downstream planks are used as an apron to guide the
wat er that overflows the dam back into the stream bed. The dam
itself serves as a spillway in this case. The water com ng over
the apron falls rapidly. Prevent erosion by lining the bed
bel ow with stones. The apron consists of a series of steps for
sl owi ng the water gradually.

<FI GURE K>
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<FI GURE L>

Crib dans nmust be enbedded well into the embanknments and packed
with inpervious material such as clay or heavy earth and stones
in order to anchor them and to prevent | eakage. At the heel, as
well as at the toe of crib dans, |ongitudinal rows of planks

are driven into the stream bed. These are primng planks which
prevent water from seeping under the dam They al so anchor the
dam

If the damrests on rock, primng planks cannot and need not be
driven; but where the dam does not rest on rock they make it
nore stable and watertight. These primng planks should be
driven as deep as possible and then spiked to the tinber of the
crib dam



The | ower ends of the prining planks are pointed as shown in

42p69a. gi f (317x317)
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PRIMING PLANKS

the Figure on page 69 and nust be placed one after the other as
shown. Thus each successive plank is forced, by the act of
driving it, closer against the preceding plank, resulting in a
solid wall. Any rough lunber nay be used. Chestnut and oak are
considered to be the best material. The | unber nust be free
fromsap, and its size should be approximately 2" X 6".

In order to drive the primng planks, considerable force nmay be
required. A sinple pile driver will serve the purpose. The
Fi gure bel ow shows an excell ent exanple of a pile driver

42p69b. gi f (353x353)



about 1 foot
in diameter

and 5 feet
\\ long

PILE DRIVER

CONCRETE AND MASONRY DAMS
Concrete and masonry dans nore than 12 feet high should not be

built w thout the advice of an engineer with experience in this
field. Dams require know edge of the soil condition and bearing

capacity as well as of the structure itself.

A stone dam can al so serve as a spillway. It can be up to 10

42p70.gif (393x393)



Vater Level Upstream

— w

7

T |
. W
LT ]

N/ %@&3352&»
AN AW H& \

Stone Dam
feet in height. It is nmade of rough stones. The |layers should
be bound by concrete. The dam nust be built down to a solid and
per manent footing to prevent |eakage and shifting. The base of

t he dam shoul d have the sanme dinmensions as its height to give
it stability.

Smal | concrete dams should have a base with a thickness 50
percent greater than height. The apron is designed to turn the
flow slightly upwards to dissipate the energy of the water and
protect the downstream bed from erosion.

<SMALL CONCRETE DAM>
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Small Concrete Dam

APPENDI X |11
DECI SI ON MAKI NG WORKSHEET

If you are using this as a guide for using the Mchell (Banki)
Turbine in a devel opment effort, collect as nuch information as
possi ble and if you need assistance with the project, wite
VITA. A report on your experiences and the uses of this Manua
will help VITA both inprove the book and aid other simlar

efforts.

Vol unteers in Technical Assistance
1600 W1 son Boul evard, Suite 500
Arlington, Virginia 22209, USA

CURRENT USE AND AVAI LABI LI TY

* Describe current agricultural and domestic practices which
rely on water. What are the sources of water and how are

t hey used?

* \What water power sources are available? Are they small but
fast-fl owi ng? Large but sl owfl ow ng? O her characteristics?

* \What is water used for traditionally?

* |s water harnessed to provide power for any purpose? |If so,



what and with what positive or negative results?

Are there dans already built in the area? |f so, what have
been the effects of the danming? Note particularly any

evi dence of sedinent carried by the water--too nuch sedi nent
can create a swanp.

If water resources are not now harnessed, what seemto be
the limting factors? Does cost seem prohibitive? Does the
| ack of know edge of water power potential limt its use?

NEEDS AND RESOURCES

*

Based on current agricultural and donestic practices, what
seemto be the areas of greatest need? |s power needed to
run sinple machi nes such as grinders, saws, punps?

G ven avail abl e wat er power sources, which ones seemto be
avai |l abl e and nmost useful ? For exanple, one stream which
runs qui ckly year around and is | ocated near the center of
agricultural activity may be the only feasible source to tap
for power.

Defi ne water power sites in terns of their inherent potentia
for power generation.

Are materials for constructing water power technol ogies

avail able locally? Are local skills sufficient? Sone water
power applications demand a rather high degree of construction
skill.

What kinds of skills are available locally to assist with
constructi on and mai nt enance? How much skill is necessary
for construction and mai ntenance? Do you need to train
peopl e? Can you neet the follow ng needs?

* Sone aspects of the Mchell turbine require soneone wth
experi ence in metal working and/ or wel di ng.

* Estimated | abor tinme for full-time workers is:
40 hours skilled | abor
40 hours unskilled | abor

8 hours wel di ng

Do a cost estimate of the | abor, parts, and materials
needed.

How wi Il the project be funded?

What is your schedule? Are you aware of holidays and
pl anting or harvesting seasons which may affect timng?

How wi Il you arrange to spread information on and pronote
use of the technol ogy?

| DENTI FY POTENTI AL



* |s nore than one water power technol ogy applicable? Renenber
to look at all the costs. While one technol ogy appears to be
much nore expensive in the beginning, it could work out to
be | ess expensive after all costs are wei ghed.

* Are there choices to be made between a waterwheel and a
windmll, for exanple, to provide power for grinding grain?

Again weigh all the costs: economcs of tools and | abor,
operation and mai ntenance, social and cultural dilemmas.

* Are there local skilled resources to introduce water power
t echnol ogy? Dam bui | di ng and turbine construction should be
consi dered carefully before begi nning work. Besides the
hi gher degree of skill required in turbine manufacture (as
opposed to wat erwheel construction), these water power
installations tend to be nore expensive.

* \Were the need is sufficient and resources are avail abl e,
consider a manufactured turbine and a group effort to build
t he dam and install the turbine.

* |s there a possibility of providing a basis for smnal
busi ness enterprise?

FI NAL DECI SI ON
* How was the final decision reached to go ahead--or not go

ahead--with this technology? Wy?

APPENDI X |V
RECORD KEEPI NG WORKSHEET
CONSTRUCTI ON
Phot ogr aphs of the construction process, as well as the
finished result, are hel pful. They add interest and detail that
m ght be overlooked in the narrative.
A report on the construction process should include nmuch very
specific information. This kind of detail can often be nonitored
nost easily in charts (such as the one bel ow).
CONSTRUCTI ON

Labor Account

Hours Wor ked
Nane Job M T WT F S S Total Rate? Pay?



5
Total s
Mat eri al s Account
[tem Cost Per Item # ltens Total Costs
1
2
3
4
5
Total Costs

Sone other things to record include:
* Specification of materials used in construction

* Adaptations or changes made in design to fit loca
condi tions.

*  Equi prrent costs.

* Time spent in construction--include volunteer tine as well
as paid labor; full- or part-tinme.

* Probl ens--1abor shortage, work stoppage, training difficulties,
materials shortage, terrain, transport.

OPERATI ON

Keep | og of operations for at least the first six weeks, then
periodically for several days every few nonths. This log will
vary with the technol ogy, but should include full requirenents,
out puts, duration of operation, training of operators, etc.

I ncl ude special problens that may conme up--a danper that won't
cl ose, gear that won't catch, procedures that don't seemto
make sense to workers, etc.

MAI NTENANCE

Mai nt enance records enabl e keeping track of where breakdowns
occur nost frequently and may suggest areas for inprovenent or
st rengt heni ng weakness in the design. Furthernmore, these
records will give a good idea of how well the project is
wor ki ng out by accurately recording how nmuch of the tine it is
wor ki ng and how often it breaks down. Rout i ne mai nt enance
records should be kept for a m ninmumof six nonths to one year



after the project goes into operation

MAI NTENANCE
Labor Account
Al so down
time
Nane Hours & Date Repai r Done Rat e?
Pay?
1

2

Total s (by week or nonth)

Mat eri al s Account

ltem Cost Reason Repl aced Dat e
Comment s
1
2
3
4
5
Total s (by week or nonth)
SPECI AL COSTS
This category includes damage caused by weat her, natural disasters,

vandal i sm etc. Pattern the records after the routine
mai nt enance records. Describe for each separate incident:

* Cause and extent of damage.

* Labor costs of repair (like nmmintenance account).

* Material costs of repair (like maintenance account).
* Measures taken to prevent recurrence.

<FI GURE M>
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