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INTRODUCTION 

A. 
Water power was basic to the groWth of western 
society - but this needn't deter us from using it! If 
we ensure that the environment is not going to be 
damaged by a dam, u: leats and artificial waterways, 
then this source of power can probably come dosest 
to the ideal of effective and non-polluting power. 

Helsinki's Agit Krop group point out:- "Progress", 
said Dr. (father of the H-bomb) Teller, "cannot and 
will not be stopped." The pa1 :icular form of progress 
he was referring to is of course tl-Jat designed for use 
by industrial tech:10cracy, wnich knows of nothing 
more sacred than its O\"n carefully nurtured "de
mands". In the context of such a definition of 
progress it is hard!). surprising that the support of 
human-beings is considered· the highl!st possible use 
for Britain's wile places. Not even tourism's demand~ 
for scenic landscape can compete with tht. ~tncreases 
in short-term profitability and political con"'roi which 
have been the sole reason for the development of the 
technology of large dam building and largr .. ;cale water 
diversion projects. Considerations of health and 
conservation ot thP envircmment are irrelevant to 
profit and power motives. 

The age of cheap oil, and the promise of something 
for nothing from nuclear power meant that countries 
iike - especially - Britain could only "afford" L.J 

build large hydropo·.ver projects ny the 1950's the 
smallesL site potential "worth" considering was up to 
350 kilowatts. 

The sc<!le of damming and waterway modification 
required for 350KW turbines VIrtually guarantees 
damage to natural systems - especially migratory fish 

I It is nossible, by allowing people to develop their 
own srr.an scale watei power using the smaller rivers 
an~ streams not calculated for in official resource 
estimates, to produce at least three times as much 
hydro-electricity as is at pres~'nt generated in Britain. 
Where there are large rivers to be dammed there are 
generally also smaller ones. Enrivonmental impact 
would be reduced, there wouid be no need fur larg1. 
and ugly electric power grids, and if properly managed 
such schemes would often be suitable for food 
production and play. 

Many people regard such proposals as "quaint", 
"primitive'', or comical. This is because nearly all t!le 
"soft" technologies we know of are from wild and 
distant times and places. Such ancient or exotic 
technologies do not necessarily lead to a dead end, I 
just because historically they were suppressed. They 
were suppressed mostly because they are by their 

1 nature not amenable to centralisation and control. 
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and people living near the affected site who have to 
become migratory. Until very recently the compensa
tion for flooding out Welsh farmers w:1s iec..:koned in 
sterling equivalent of a certain number of months of 
rent value! Cheap electricity of this kind is the result 
of Big Brother swindles on smali groups and isvlated 
communities, to keep the rr.ighty machines of door 
latch and dildo manufacturers going. It also damages 
other living things, that in thdr lives can do no 
damage to humans. 

Small waterpower projects offer all sorts of potential 
for even improving environmental quality. This can 
be done by filling in holes left over from quarrying 
or mining. By increasing the number of habitats iJ, an 
area - giving food for new species - ecological 
stability can be enhanced by adding diversity. Not 
least, new waterbocHes whose permanence and nutrient 
content can be modified are just right for growing 
fish, many specialised plants (like w<>h ), and other 
organic materials, like alg1e. 

HAVE YOU GOT A WATERWH!".EI, 
OR WATER-DRIVEN GRAIN GRINDER? 

Want repairs? 
Qualified millwrights avai~ :1!Jle. 

For details (quoting ref LIT) 

A. COLMAN & P. TTNWIN, 

91 VICTORIA ROA. D, 
DISS, NORFOLK. 

(East Anglia and Midland areas preferred) 
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B. HOW TO WORK OUT WHAT POWER 
IS AVAILABLE 

The power available io:; determined by the quantity of 
·vater flowi!lg and lror you can create. The 
volume of water fl{ · tS (ound hy measuring the 
capacity of the strem.: .. , and the flow rate. 

i VOLUME: capacity of stream bed 
Select a length of the stre.tm that i~ fai:-ly straight, 
with sides approximately parallel, and unobstructed I 
by rocks or shoals for a distance of about l 00'. 
Stretch a taut wire squarely across the stream near I 
the middle of this length and measure the width of 
the stream here in inches. Mark this width off on 
the wire and div~de it into t~n equal divisions. From 
the centre point of each division, measure the depth 
of the watt>r in inches. Then average the depth figure 
by addin~ each value and dividing by l 0. The cross
sectional area o1 the st1eam. A, is now s~cured by 
multiplying this average depth by the width, and 
div:ding the result by 144 to obtain the answer m 
square feeL 

provide. ! ''s worth emphasizing, though, that this 
fig·tre is necessarily only a<> accurate as the measure
ments that produced it, and that the power indicated 
is that present at the time of measuring. A single 
stream-tlow value is not of itself particularly useful 

I unless it is obtained at the time of lowest water, 
ust1all~· in the !ate SLimmer months. Moreover, even if 
you have measured the flow at sl;Jckv.·.tter time, t~r 

I figures .~l'·Juld If ~cssibh..: ~~e supplemented by <•thers 
secured during maximum springtime flow, so that 
you em calculate the size of spiJlway nerdcd to 
prevent damagt> to your install:;don in times of 
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Mf.ASUR\NG VOLUME 6>. 

ii RATE OF FLOW USING FLOAT METHOD 
Your nexl step is to measure the rate of tlow. Using 
a :;teel tape. mark off a course along the bank that is 
1 00' long; the mid-point of this course should he at 
the line where ihe cro'>s sectimt was measured. Stretch 
wires or rope tautiy acrose; the stream at each end of 
the course, and make a tloat by filling a bottle so that 
it rides awash. Provide it with a pennant so that you 
can follow it easily. Then set the iloa t ac!:ift in the 
middle of the stream timing its progress over the 
course with a stop watch, beginning ju-;t when the 
pennant passes the first wire and stopping just as it 
passe~. the second. 

Make a series of runs, averaging the results. The 
speed of the float is then the length of the course 
divided by the average time. This result is not, however 
suitable for immediate use in the flow formula, since 
not all the water in a strearn flows as rapidly as that 
in the centre and near the top. 

Given an estimate of the amo•mt of head to be 
present at the wheel. you can !lOW make a rough 
determination of the horsepower your strram can 
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high water. 
It's a good practice, for backyard engineers as well 

as for professionals, to refine, cross-check, and test 
your measurements by all means at your dispasal. 
Such checks will not only reduce the chance of 
disappointm~nt tn the finai result, but will also 
permit calculat.!d economics in construction ;:md 
greater efficiency in operation. 

Your estimate of the head present at the wheel, 
for instance, shot~lcl be caref'Jl!y checked, since head 
is a vitd element in the efficiency of any water-power 
project. Several methods for determining the head 
rather precisely will be given \ater. 

CROSS CHECKING: THE WEIR METHOD 
Measuring the flow of water in the stream or brook 
on your property is the logical first step in planning 
a small waterpower project. The float method of 
making this me;~surement is generally the easiest to 
perform and, if done carefully, is accurate enough 
for most purposes. If, however, a stream is so shallow 
at low-water time as to imped~ the progress of a 
weighted float, the weir 1nethod of measuring flow 
has advantages. Essentially a kind of water meter, a 
weir is a rectangular notch or spillway of carefully 
controlled proportions located in the centre of a small 
temporary dam. Two simple measurements permit 
the volume of flow to be accurately calculated. 

Before constructing the dam, measure the depth 
of the stream at the site; the depth of the weir notch, 
Z should equal this. Since the dam need not be 
permanent, simple plank or tongue-and-groove lumber 
will serve adequately. No water must flow except 
through the weir, so care should be taken to seal the 
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ends and bottom of the dam by extending planks into 
the hanks and below the bed of the stream. Clay or 
loam puddling on the upstream side will stop minor 
seepage. Be sure the dam is perpendicular to the flow 
of the stream. 

The w,•jr ga!' shuuld he loc:lfed in the centre of the 
weir d:ttn, with its lower edge rwt less ,:,an I' above 
tlL' surLtC<.' o~· t f1e water. This :ower edge should b,: 
acclir<ltely kvt'lled. Both ti1is and the vertical edges of 
tht wo;.:~ ":10uid be bevelk.J with the sharp edge 
up<tream: a liS" tlat on the hevd will keep the edge 
from breaking down. Proportion the weir so that its 
length.:-.:. i~ not kss than 3Z and larger if possible. 

Drive a ..;take in the :-.tream bt'd at least 5' upstream 
from the weir. pounding it down until its top is 
exactly level with th.: bottom edge of the weir. Allow 
the stream to reach its maximum !low through the 
\Veir and then measure with a ruler the depth in inches 
of water ovl'r the stake. Referring to Table B you can 
now read tht' nu .. 1ber of ~.·ubic feet per min. of w .... ter 
for each ind1 of\:. the weir width. 

If your stn.:am is already dammed, t!"Jere is no need 
to construct anc,ther darn just to measure !low. It is 
quite possible to employ the existing dam, using its 
spillway as a weir. 

Where your stream or river is big, the measurement 
scene i~ like Figure 1. 

In winding, rocky and very steep streams you can 
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apply the weir method, but it involves first con
structing a dam - · :;ich will commit you to spending 
tinn~ and money. If the stream is reall~ small this 
will not he difficult. 

MEANWHILE - BACK A l THE GPO 

From Mr. Edgar Mehl 

Sir, With !mther rcfPrencc tu the letter:; of Mr Benwd Levin 
and Mr Paul Callan rL,·arding cmssed lines, may I tell you that 
a short while ago I also had J '-~''sscd line. The other man was 
making a bet with his bookmaker - in at:tual fact £.7 tc win on 
As Friendly. 

I told various friends of this and we immediately placed 
similar bets on this horse, which duly came In first Jt 3 to I in 
the 4.15 at Epsom! 

May I therefore, thro•.gh the courtesy of your Readers 
coi,•mn thank the Post Office telecommunicatiom department 
mo.>t sincerely for their excellent >ervice. 
Yours faithfury. 
EDGAR MEHL, 
19 Neville Court, 
Abbey Road, 
StJohn's Wood, NW8. 
July 5. 

WATER TIJRBINES 

PL1n~ & Spn ilicttitm-;, 

Contrat rin~ ct1 _ 

D. \'. ALLEN. 

VINCE 'I;T :\l.l.E:"o< ASSOCS .. 

:!'II •t:l;!i SIIU.ET. 

El'l'l:"o<!;. ESSEX. 

(tel: Epping 4t; 7 7) 

PH.ICES· .-\pprox. 1'. .. '.000 lor'! I '• k\1/ 

QllfrJ F RHTRI·::-;u:: 1.11 \\' 
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TABLE B FLOW IN CUBIC FEET PER i\tiNUTE FOR EACH INCH OF WATER 
DEPTH OVER STAKE, PER INCH WIDTH OF WEIR 

Depth over 
;take iPches 

3 0 -~ I'" Y4 

(0. 125) (0.::'5) 

.40 .47 .55 

' 1.14 1.24 1.36 -
3 2.09 "-,~ 

---~> 2.36 

4 3.22 3.37 3.52 

5 4.50 4.G7 4.84 
() 5.90 6.09 6.28 

7 7.44 7.64 7.84 

8 9.10 9.31 9.52 

9 t A 0£ 
tv.ou ll.08 i 1.31 

10 12.71 12.95 13.1} 

1! 14.67 14.42 15.18 

12 !6.7? 16.99 17.26 

J.:: 18.87 19.14 19.42 

14 21.09 21.37 21.6S 

15 23.~8 23.67 23.97 

16 25.76 26.06 26.36 

17 28.20 28.51 28.82 

18 30.70 31.02 31.34 

;9 33.29 33.61 33.94 

20 3~.94 36.27 36.60 

2i 38.65 39.00 39.34 
,, 41.43 41.78 42.13 

23 44.28 44.64 45.00 

24 47.18 47.55 47.91 

Weir width 24" (N) Depth of water e~er stake: 11':1" (S) 
Flow rate is 24 x 0. 7 4 = 18 lapprox) CU.FT. PER MIN. 

3,t,, 
I~'' 5~" , .. 

14 7~" 

(0.3 75) (0.5) (0.625) (0.75) (0.87S) 

.65 . 74 .83 .93 1.03 

1.47 1.59 1.71 1.83 1.96 

:.so 2.63 2.73 2.92 3 07 

3.68 3.83 3.99 4.16 4.32 

5.01 5.18 5.36 5 54 5.72 

6.47 6.65 6.85 7.05 7.25 

8.05 8.25 8.45 8.66 8.86 

0.74 Y.% 10.18 10.40 10.62 

) 1 54 11.77 12.00 12.2.3 12.47 

13.43 13.67 13.93 14.16 \4.42 

1·, 43 15.67 15.96 16.20 16.46 

17.52 17.78 ld.05 18.32 18.58 

l 'J.69 I' en 2U.24 20.52 20.80 

21.Cl4 22.21 22.51 22.79 23.08 
2 l.2(, 24.56 24.86 25.16 25 .4() 

26.66 26.97 27.27 27.58 27.89 

29.14 29.45 29.76 30.08 3C J9 

31.66 31.98 32.31 32.63 32.96 

34.27 34.60 34.94 35.27 35.60 

36.94 37.28 37.62 37.96 38.31 

39.6C, 40.04 40.39 40.73 41.09 

42.49 42.84 43.20 43.56 43.92 

45.38 45.71 46.08 46.43 46.81 

48.28 48.65 49.02 49.39 49.76 

Fxamples: 
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Weir width 30" (N) Depth over ~take: 6~" (S) 
Flow rate is: 30 x 6.28 = 188 (approx) CU. FT. PER MIN. 

"To owrcome the problem of poliution 11118 need only diKOVVJ 
a way of liYinQ without wnw " 
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WATER POWER QUISTIOIIIAIIE 

it i~ only possible tf• (Onsider the !'!H)St appropriate typ~ anJ. arrungern~nt of \Vater tt;rt•.nt= 
installation if we know in detail what the conditions are. The particulars requested \\.It': 

an enquiry are listed t.elow together with a full explanation of how to mea:;ure the He~t~: 
and Quantity c.f water. 

I lead tlleight of fall.) 

Estimated quanti tv of water available : 
( J i norma] tlLJW·. 
(h) minimum tlow. 

Wi!l ru,-hme dr:tw from storage d:1m or c>pen stream? 

!.ln.::; W]ter carry abrasive stlt in suspension at ar.y ti ~"of.: c:n'1 

Will pipe!ine be required'1 if so slate: 
(a) length. 
(hl diameter (if in existence or already decided). 

P~·,...er required ( Ir.dicate number of units if more than one). 

Does shortage of water at certain times of the year call for a Turbine 
hav;ng :1 h.gh ·'Part Load'' eft1ciency" 

.\rr:mgement preferred. (If possible suggest Impulse or Reaction 
Turhine and Horizontal or Vertical Shaft). 

\t<chinery to be driven 

Is a governor required'' 

lf driving an electric generator mdicate the ~upply required, (D.C'., A.C., 
50 or 60 cycle. et..:.t and whetl.er th~ new set will have to work in parallel 
1.vith any e:x:isti:1g source of supply . 

If the turbine is to replace a water wheel give full p:~rticulars of the water 
wheel dtmensions. 

If in :l•e Cn;ted Kingdom state exactly where the turbine will be installed 
so that. if posstble. we can identify the site on an ordnance survey map. 

Always try to let us have a sketch indicating the site conditions, particularly 
if the turbine is to go into an existing water wheel or turbine pit, or is to be 
arranged to drive existing machinery. Under this heading please include any 
ape..:iJ.l information which might he of use in assisting us to prepare an 
accurate quotation for the plant whid1 will be most suitable for your 
requirements. 

Determines Turbine Type 

Size 

Flow Rates 

Screen/Rack Ne.:ds 

Turbine Type 
Pipe C'osts 
Dam Sizes etc. 

lmpuL 
Reactio" 

'·~· lead 
f J\" 

For ronstant voitag~> etc:. 

Altern<. .r 
or 

Dynamo 

Power available 

Wate· supply 
Site details 

Site details 

ii.P.; Approx. 1 = Q X II Based on xrn Turbine Efficiency. Where Q 
H 

Cuhic feet ptr minute, 
Head in feet. 

660 

Gilkes & Gurriun. Westmorland, UK 
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THE JAM LEFFEL & CHAF:LIE 
Use Diffe.. ;t Methods For Measuring Water 

Mea•urin1 Flow of Water b1 Weir Method 

OTHER :\1.ETHODS 

Recorded Data 
On large streams and rivers - where water authority 
perm; ,sion can be obtained (see section .D l - access 
to historic. local or central authority information can 
provide you accurate t1ow data at cenain sites. with 
indicJtion of yearly variJtion. 

In BritJin the Surface Water Yearbook provides 
data, in cubic metres of waterflow per second, for 
several thousand sites which can be visited, photo
graphed, etc. to give useful comparative irH·onnJtion. 
This is especial!~' so when the site for potential 
wat;:!r power development is on J watercourse that is 
covered by the Yearbook. Yearly variations on a 
recent historica! basis is given in the book. (Available 
from many universit;es. through libr<..tries .md Water 
.'\uthority Ofl'ices ). 

Photogrammetry 
If you've got a people's balloon, private plane or 
hciicopter you cou1J take .1eriel photos of yo11r w·ater 
catchment area and work out the water availdble. 
Using items like pan· )graphs it is possibie to measure 
how much water is in yom system It is ulso possible 
to pinpoint the hest sitPs. !For Peoplc's Solar-Power 
Balloon -- see UnJercurients. Winter 197 3 ). 

C. W!-IEN THERE ISN'T ENOUGH WATER 

1. Use less power, better 
If y JUr hy·Jropowcr potential - and what you can 
add to this i'> not enough for you to run that little 
arc furPace of yours you don't have to give up WJter 
power. 

When you want heat and mechanical energy there 
are plenty of ways to get this without having 
electricity as a wasteful intermediaL~ stage. In fact, if 
your cr.oice is restricted to a water wheel, then this, 
initially, n.·ill drive 3 shJft. Ext~nd this. arid fit 
different size pulleys t'1 it. and you .:an drive direct to 
lathe<:, ~aws. millers and other workshop equipment. 
A dynamo pulley and suitable dynamo will ~i'.'e ]'vll 
electricity for purposes wher.: ii is e~.sential. 

2. Heat pumps 
If you need heat, then you can get your water wheel 

8 

to chill the air or the water, with a h( at pump, and 
heat your house in return. Heat pun1ps work with 
entropy and as a result they get a big extra bonus 
from nature they give out more heat than power 
needed to drive them, often by a factur of 5 times. 

3.Dams 
Where you can get permiSSion, building a dam is a 
practical solution to increasing power and reliability 
of water flows. Dams are O.K., !ike politicians, in 
small doses. The larger the scale, the more headaches 
and this is a possible problem for all Jams. There is 
damage to the dam caused b~· water pressure, abrasion 
of the dam lip and sides by ?articles ar'd stone in the 
watl!r and so on. 

E:irth dams 
D:J ms snch as the one shown in Figure C 1 should be 
layered, approximately as shown in the diagram. The 
ba~>ic idea is to achieve layering in whi..:b the outer 
layers are relatively porous. and each one below is 
less than the one before. If the layering is n.:>t dvnt: 
the dam can stiii hold, but the tendency will be for 
chunks to pull ont. 

In the case o: earth dams it is not possible to allow 
wate; to spill over the lip. For this reason spillways 
must be installed. 

One way is to huild-in drains near the dam edge, 
that prevent water reaching the lip level . ·here it 
wuld do damage. If necessary 'I<JU can fit covers to 
these draim to alter the amou'lt of water that they 
spill. 

Another way is to build a spillway from planks or 
stones or bl·xks. If you choose blocks the Cinva Ram 
can give tough blocks at a fraction of the cost for 
concrete blocks. A lip of plank~ or blocks is then 
built. as shown in figure C. that permanently lowers 

Concrete, though desirable, isn't ne.:.::;;,ary lor 
damming :1 srr.::1!l siream. Bedvers have gotten by for 
years without it. Suitable materials can be found on 
almost any farm. Logs, rough-hewn timber, rock, 
masonry, planking, gravel. sand and clay are all 
useful. Choose the materials most readily available 
on yaur property, or the least expensive if you must 



I 

obtain them elsewh~:re. Remember to visit demolition 
sites when you have ro build your dam. The summer 
months or a dry 111ont:h that's good to work outside 
in, is best. This is because you should construct your 
dam when the water is at a low. or lowest level, so 
that water causes the least building problems. 

Four basic types of small dams are shown in the 
accompanying drawing5. All are adaptable in general 
to the kind of materials likely to be on hand and also 
to the head of power desired. 

There are two basic principles of design to bear in 
mind no matter which you build. First a dam shoulcl 
be sealed both above and below its foundation to 
prevent the seepage of water through or under it. 
Seepage through a dam, if permitted can soon turn 
your soft technology so soft that it oozes away. 

The earth dam is particularly vulnerable. Sealing 
this type of dam is most important since seepage wil! 
literally carry it away if allowed to progress. The ~eal 
is put in first and the dam built around it. How far 
down it should go Lkpends upon the kind of soil. A 
sand foundation. for instance, requi.·es the seal to 
<'X tend deeper than clay. If planking;, used, tt would 
he well to apply :J pre kLI iw coat such :JS tar 
(\r cn:osote. 

Such a Jam obviously cannot have wat~·r spilling 
over its crest since thi~ action would wash it away. 
Two sugg.:stions for handling the excess w:Jter are 
shown. The spillway must be of some material, such 

EARTH DAMS 
CfASGA BLe bii?.AII',J 

S.P I L..L ''VA y 

I ~ lc~LIP 
--·-···-""" ---= ~ 

9 

as masonry or planking, resistant to the erosion of 
rushing water, and the sides must protect the open 
ends of the earth dam from .>pillage water. An 
alternative method of handling runoff v.ater is with 
drain i:iles instead of a spillway. Some means m:.tst be 
provided for shutting them off. A simple LOVer on the 
up~lream ..!nd would serve. 

Figure C.2 shows the framed dam, which likewise 
can be easily built, particularly on a farm where 
lumber in any form from logs to pbnks is abundantly 
available. Each frame consists of one joist on which 
the surfJce timber is laid and one or more 5truts. 
Once the height of the dam is t!eterminerl, the size of 
individual frames will vary deper.ding on the contour 
of the gully. those frames located at the lowest part 
being the largest. The frar:1es are spaced accoruing to 
the support the ~urface timber needs, that is, the 
thinner the surfacing the more supports. 

Lay the planking surface or rough-hewn timber 
horizon tally and edge to edge across the frames, and 
holt or spike each in place. Calk the joints and apply 
a prot~ctive coating. Fill is put in behind the 
downstream side. Build the spillway entirely of 
planking or Similar 111aterial. 

The gravity dam, shown in Fig. C.3, relies upon its 
weight for its ~tability. This dam would be most 
feasible where large rocks or field stones abound. 
Bricks. concrete or cinder blo r.:ks, and even chunks 
of broken concrete pavement are also excellent 

----
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materials. The dam is strictly a masonry type, each 
block being laid with mortar. 

Length is not a t:ritical factor for any of these 
three dams, but it is important fsr the arch dacn 
illustrated in Fig. C.4. The place.nent of such a dam 
in a gulley is limited not only to the point of least 
width but also to the point where the banks are 
highest. Otherwise, this dam would impound little 
water. It would seem unwise to build one t._, span 
more than a width of 10'. If the heavy timber is used 
only as a frame on which to spike or bolt a surface of 
planking, as shown in one of the drawings in Fig. 4, 
the number of timb~r arches will depend on the 
strength of the planking and also on the height of the 
dam. 

Only earth foundations are considered in the 
drawings, hut you may he fortunate enough to have 
a solid rock foundation 011 which to build. In that case 
a seal below the foundation will not be necessary, but 
some means must be provided to an:::hor the dam to 
the roc!<". such as with anchor bolts in the case of 
either the framed or gravity dam. Likewise the dam 
should be sealed at the rock foundation to prevent 
seepage under it. 

In most instances it will he found best to restrict 
the width of the spillway for excess water to some 
part of the total length of the dam. This will always 
be necessary in the ,_ase of an earth dam to prevent 
washing. The spillage water may be allowed to pour 
over the entire length of framed, gravity, and arch 
dams. however. if the precautions shewn in Fig. C.S 
are taken. 

If the downstream side of the dam, or of the 
spillway, is a curved hard surface of masonry or 
timber approximating the natural curvature of the 
water flowing over, it will guirte the spillage water so 
it will he directed downstream without actually 
falling. Such a curved spillway surface is particularly 
satisfactory for an earth dam. Large rocks, bri~ks, or 

-· 
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other hard objects placed on the downstream side of 
a spillway not having a curved surface will hreak the 
force of the free-falling water and prevent erosion. 

The spillway in its simplest form takes the shape 
of a rectangualr depression in the cre:>t of the dam. 
It should usually be large enough to carry off 
sufficient excess water sc that impounded waters 
will not top th~ dam at any season of the year. This, 
of cour~t·, is quite a p:-oblem, since accurate 
determination of spillway capacity requires a 
knowledgf.: of the total area drained by the creek 
being dammed plus data on the amount of rainfall at 
all seasons. 

However, most of us will know whether or not the 
creek we are .Jamming stays within its banks during 
the year. If il does, then a 'iafe rule to apoly would be 
to make the area of the s;)illway equal to the cross
-;ection area of the creek at the dam when it is brimful 
or just reallv to flood. The formula is illustrated in 
Fig. 6. 

I!. the stream does flood, then either construct a 
dam that in an emergt:ncy can allow water to top its 
full length or lmild some sort of floodgate into the 
dam so it c~n he o-ened when necessary. One form 
such a floodgate cou !d take is a group of drain tiles 
through the dam, as shown i;J Fig. 1. 

The height of the dam you build will be determined 
by the area of land to be covered by the impounded 
water. In geneial, the higher the dam, the p· ·ater the 
area covered by water above ;t. 

All vegetation, brush, floaL6 e, ancl the like in the 
area to J-.e flooded and for about IS' around it should 
be burned out or otherwise cleared before the dam is 
built. This k~eps down the breeding of mosquitoes 
and helps retard pollution. It is required in the 
regulations of some States and is a wise precaution 
even when not covered by law. In addition, all trees 
in the area to bl': flooded should be cut reasonably 
close to the ground. 
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r~LTERNATIVE SOURCES 
OF ENERGY --MAGAZINE OF TECHNOLOGY 

ALTERNATIVES -

"A.S.E." was started 
.three years befo:rf' 
the "energy crish, ,. 
to foster the growt.1 
of decentralized, 
human-scale techno
logy. 

You will find 
articles on: 

• HOW TO GET F.LEC
TRIC PO:-IE.il. FROM THE 
wnm ... 
• BUILDING SOLAR
HEATED HOUSES ••• 
• GENERATING METHANE 
FUEL FROM GARBAGE ••• 
• ENERGY CONSERV A-
T ION ••• much more ••• 

ALTERNATIVE SOURCES OF ENERGY is a one-of-a-kind 
magazine. Favorably revic:.red by Stewart Brand in 
the Ap't"il 1 74 issue of f~1 S MAGAZINE, A.S.E. 
has al:.o wen recommended htJ: HOTHER EARTH NEWS, 
SURVIVAL SCR.-.PBOOK, SMITHSONIAN MAC'tAZINE, CCJM.t.IUNITY 
MARKET CATALOG, THE NEW ALCHEMIST (New Alcheiey" In
st~tute), and others. 

Begun ou·~ of a con.::e:rn over pol:l: t~ , ·. .:JUI' 

depleted sup,.,ly o.:: fossiJ. fuels, ar, · 
danger..; of rruclear power, A T,TFPNA.:J:I . '~ 'JF 
ENERGY -

• prints new ideas concerring e 
scund, alternate tecrnologies ••. 
• pub! ishes plans ~nd ~; %0'!"~ s~.... ie~·.s ca.?'} 
begin to convert i.o ecological, decentralized 
energy sources ••• 
• tries to reach ell people, not j s~ engineers 
and scientists. Art.icles ar<J edited to maku coll'
plicated ideas clear. 

-..:.. 

_}_ ........ 

do-it -yourself 

Readers use 
plans and 
diagr= -
build - report 
on results -
genarate better 
designsl ---

Nflw, specula
tive ideas go 
into separ'l.te 
section, "From 
the Drawing 
Board." 

ALTERNATIVE SOlJRCES OF E~GY IS INCORPORATED AS 
A NON-PROFIT CORPORATION. 

____ WE_Jl_1_ST BREA_ll; EVEN FTIIANCIALL_Y_. -----

reader networks 

Net. works 
eneourage 
decentrali3ation 
- free exchange 
of ideas -
regional 
ccnfeTP.nces • 

Re1viers are 
encouraee<i 
to participate 
in the "making' 
of' the maga
zine -- art, 
editing, etc. 

To: ALTERNATIVE SOURCES OF ENERGY 
Bookstore Orders 
Rt. 2, Box SIOA 
Milaca, MN 56353 

Please send the following items: 

ITEM 

I ISSUE: ~1.00 

6 ISSUES: SS.OO 

PRICES EXCLUDE 
OVERSEAS 

FREIGHT OR AIR 

QUANTITY 

NAME ...................................................................................... . 

ADDRESS ............................................................................... . 

For rates, see ahm e. Prepayment not necessary. Invoice will be 
enclosed with shipment. 
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HEAT PUMPS 

Dear Sir/Madam, 
Thank you for your enquiry concerning heat pumps for domestic installations. 
Readily-available refrigeration units for heavy-duty applications can be used with coils supplied from 

spedalist manufacturers, for cooling of water (or earth, air, etc.) to give useful room he a tin~. THREE OR 
MORE UNITS OF HEAT ARE AVAILABLE FROM EACH UNIT OF ELECTRICITY USED TO DRIVE 
THE SYSTEM. Off-th<!-shelf heat pumps for building heating are available from Sweden and Switzerland. 
Cost for such units £650 - £2,250 for units r,iving 7 K w - 38 K w of heating, with water temps. of 
100- l20°F. 

In c-onnection with Frigidaire U.K., we can p~'1vide w~·· rcooled refrigeration units, at costs of £250 
-- £350, giving heat outputs of approx. 3 Kw ;4 K• 

These are watercooled. with water passed through t!IL' ~onrlen:-;f!r chambers at rates of approx. 20 gallons 
to 60 gallons pe1 minute. Used in conjunction to panel r;!diators, radiant floor, 0r warmed air heating, useful 
heating of homes can be accomplished. at nry low nmning cost. 

Waterbodie; such as small-medium ponds, rivers, i dammed stre~. ns will give most trouble-free heating. 
In such hodies a specially-made tinned -:oope1 heating coil is mserted, and connected to the Frigidaire 
watercooled co:-~denser. Coil costs: £150 - £350 (approx.) 

Competent plumbers, engineering contractors, and rt>frigeration engineers can install such equipment. 

LIT's Service 
We can undertake to evaluate tht suitability of a site and recommend an installation, using Frigidaire U.K. 
components. with specially-constructed heat coils made by a specialist manufacturer. 

Local building, refrigeration, etc., engineers will also be required. We i.:an undertake to brief such engineers 
on installatior.. 
Delivery periods: 

Packaged heat pumps 
Frigidaire components 
Coils 

10- 18 weeks 
12- 15 weeks 
12- 15 weeks 

LOW IMPACT TECHNOLOGY LTD., 
73 Molesworth St., Wadebridge, Cornwall. 
Telephone: Wadebridge 2996. 

*We hope to be able to offer complete supply-instailation services in the next 6 mont!1s. 
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Canpa Marine Refrigeration for 
Yachts and Small Commercial Craft 

The major problem m sailing and motor yachts requiring refrigeration is the 
power supply The use of a standard domestic type of refrigerator or freezer 
1is invariably ruled out because of its size, shape and power consumption. 
It has been found that a refrigerator under average conditions will run 40% 
0f the time and use 6-1 0 amps. while so doing, and use as much as 100 
from the battery capacity per day. 
The Canpa system of ''holdover" operation has overcome the power supply 
problem by usmg ;m ultra efficient refrigeration sysrem which will give as 
much refrigeration effect as possible per ampere hour of battery drain. 
The system compnses a 12 or 24 v. D.C. sea water cooled condensing unit 
connected to a "holdover" eutectic: evaporator in the refrigerator or plates 
tn the freezer. The plates. when frozen. will maintain the correct temperature 
Without operat1on of the condensing un1t. An all pressure switch in the 
system will ensure that the condensing unit cannot run unless the main 
eng1ne or charg1ng set is r;;nning. 

CABINETS 
A well· msuiated cab1net is essential for an efficient system ilnd is directly 
rel;:~:ed to the amount of drain on the bJttenes. Des1gn and construction 
details and suggested cabmet layouts are g1ven later in this brochure. 

STANDARD D.C. CONDENSING UNITS 
Two D.C. mode!s are standard - Model 25 (l h.p.) and Modei 33 O h.p.) 
A 1 h p. vers1on of the Model 33 is available to special order for larger 
cab1nets and dual Installations. 

~NGINE DRIVE CONDENSING UNITS 
Where larger cabin€ts a:e required or where small battery capacity 15 
un<Jvoidable, an engme dr1ven condensing unit is available. In this system 
a h1gh capac1ty compreswr in two sizes is driven off a pulley on the boat's 
mam engwe. 

CURRENT REQUIREMENTS 
Usmg a well-insulated cabinet it need only be necessary to run the engine 
for 1- i; l•"urs per 12 hours. This meJns that a Morlei 25 (1 h.p.) unit will 
draw a max1mum of '10 2~11pere hours per 24 hours from the battery on a 1 2 v. 
system and 25 ampere hours per 24 hours from the battery on a 24 v. system. 
When the batte~y ;:; b;.;;ng charged the alternator is in effect powering the 
condensing u:1it. Requ1red daily battery charging t1me can be suited to 
mdividual :leecs with the correct combination of alternator and battery 
capacity. 

14 
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Cabinet sign Suggestions for 
Marine Refrigerators and Freezers 

The following suggestions on structural requirements meet the normal 
conditions encountered in designing and constructing refrigeration cabinets. 

GENERAL RULES 
Vapour barriers on the warm side of the insulation are recommended for all 
boxes They are required on all cobinets to be maintained below 40 °F. 
Mv!ar ~Jiasttc f1lm is an effective barrier as we!l as aluminium surface paper 
or toii pa•Hcularly whert: structure allows the aluminium surface to be 
t::xposP•~ that ;s, :10t in contact witt. another conducting surface. Barrier 
searn"' :::.hould be b:tumen or heat sealed. 
Ali rig:c msulat1011 should have mitred joints and should be secured with 
a ~u:tahlt: Jdhes1ve m accordance with the manufacturer's recommendations. 
Stra1ght butt JO:nts can reduce the effectiveness ot insulation by as much as 
25% 
\JVI<e11ever pract!cal. exceed the recommended insulation thickness. Any 
·r,cr,~.Jse w;ll reflect 1n a decrease of tho ampere hours required to operate 
a direct current un1t- an tmportam consideration in marine use. 

Speeifi~t!t~n of CoJl«.f~J!Si~ Units 
\.~Lde 1 25 tv1odt•! 33 \ 

12 \/ 0 l: 
24. 0 c 

i18QIJII) 1 t1 P i25C\\ir 

12' DC 
24 · D L 

70 dlllp<, 

45 ._:rr:ps. 
___________ _____j 

"i ~) ,],"lip:, 

c,,pdc.t" dl l 0 ··f 1800 8 T •J Hr 2600 8 T U Hr ' 
f.rtuor.,trna 1 12 ·c :::-451o'Nh/hr 1 

T ~~·1penturlj :',~.ow 710W i 
·-~~-- ·- ·- .. -· __ ___j 

170U BTU HJ 

~ t:n·:~.·~''!~·.rr:- 1 _, 
Cupro- Ntckel 

Un:ts can be 'u;:,p!,.,d ittt<ed wtth 220 v 50 Hz 1 ph~se or 110-115 v 60 Hz 
1 phase i110t0h 1f requtrr:d 

The ~. h p verston ot the ModPI 33 ~~ a·Jc!llable H1 24 v D.C and A. C. 
\iOI:agb and has a ma>tmum capiJ<-It', cf 4000 BTU Hr at 10 ·F evapora
tfng temperature 

CHOICE uF 40 "F. 14 40 C.1 REFRIGERATOR HOLDOVER 
EVAPOAAaOR 

~he Ctidrl below 1ndtcate'i th'~ ->tle of •·!vapo•,tcH r~qutred for var1ous 
~dbr· ~<..:t S•.le~ 

T·1 .-,:: i 

T-,pc 2 
r yp~: ~i 

r YP'" 4 
"T ypi:: 5 
Type 6 

97(J B f U Hr 
970 aT u hr 

1940 8 T :1 Hr 
i 350 aT U. Hr 
2700BTU;Hr 

ur_~ ~\) 1 \~u fi 
3 to 6 cu fl 
3 to 6 cu f1 
8 to 13 C!! f! 
6 to 8 cu ft 
13 to 18 cu tt. 

If the shape of the cabm,-:t do!:<; nnt. aile"."..' the·;t: ;_t;HIIidrd P.vaporators to be 
fi!rP-,1. th'=' 1nd!v!dual platf:'; can be _.;uppl1ed fur 'Jvail 01 top atldchment 
Our Des1gn OfftCf: vvtll br~ f11Pn.::.J.:>d t,--; s~dect the r,urrect condf-:n::.tllq ur11t OJ~d 
"holdover" p!ates and f:vaporator$ for a rart1cular cabtne! arrangernPnt. and 
can rtdvtse on mstall-1t10n :Jrld cabinet construct;on. 
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GETTING IT LEGAL 
D. 
In the U.K. all streams and rivers are controlled by 
local Water Authorities, which have recently been 
amalgamated into a few hundred, from over 1200. 
The standard refusal grounds that were quoted are 
that too many dams and waterflow interruptions 
down the long profile of a stream or river will lead 
to interference in the load-carrying capacity, to 
aggradation (sedimentation) cf the river bed, more 
flooding, etc. It is also necessary to obtain permission 
from river or stream boundary "neighbours", who 
can be your o\vn !oca! napa!m agriculturalist, or 
plain bloody-minded, or can possibly even have 
metaphysical objeciium iu you u~ing w<ikf powci. 

To have rights to a stream you almost certainly 
have to have land and have dealt with solicitors. 
Your solicitor can check up on your use of water
power, from the Water Authority and from the local 
neighbour angle. You could also try your neighbour 
on a joint development by personal contact. (Who 
knows, he might not re;,lly want to use parathion). 

The legal situation is wry much an apparently 
all-embracing thing; hut once you have been through 
it, the actuai effects -- especially where you own an 
existing !eat. and aren't damming -- don't have to 
be negative. 

Cmltrol of impounding 
36. (I) Subject to the following provisions of this 
section, no person shall after the end of the initial 
period begin, or cause or permit any other person to 
begin, to construct or alter any impounding works at 
any pnint in an inland water in a river authority area 
(not being an inianJ w~h:r fJiiing with ;;ection ::! ( ~.' 
of this Act) unless 

I a l a licence under this Act gran ted hy the river 
authority to obstruct or impede the fluw of 
that inl:.:nd water at tha! point by means of 
impounding works i~ in force, and 

(b) the impounding works will not obstruct or 
impede the !low of the inlanJ water except 
to the extent. and in the manner, authorised 
by the licence. and 

ki any other requirements of the;:, t·nce, whether 
as to the proVI';iun of compensation water or 
otherwise, an.: complied with. 

'Water Re~oun:es Act I C)(,J, Chapt. 3~. HMSO, London 
95 pence (net i 

Supplementary provisions 
52. I I) In relation to the ah~traction of water by 
river authorities from sourn•o; of ·.;upp!y in their 
area~. <!mi in Jci..tliuu iu ihe o..:oii:.;tmdinr: or alteration 
by river authoritie:-; uf impounding work<.: in their 
ilf<:<h, iht: pmvisiom. uf thi~ Part of this Act 'hall havt~ 
effect su!~jc~·t to -.uch t''ln·ptinns and modifications 
3'i may he pr•:.,nilwd hy regu!at ions made LJtJdcr 11Jis 
Act. 

C:!) Any such regulations may in particular provide 
for securing 

(a) that any lit.:ence required by a river authority 
in relation to the matters mcntiuncJ in lit: 

J(j 

preceding subsection shall be granted (or be 
deemed to be granted) by the Minister and 
not granted hy the river authority; 

(b) that, in such cases and subject to such 
conditions as may be prescribed by the 
regulations, any licence so required by a river 
authority shall be deemed to be granted by 
the Minister unless the Minister requires an 
application for the licence to be made to 
him hy the river authority; and 

(c) that where a licence is deemed to be granted 
as mentioned in the last preceding paragraph, 
the river authority shall give such notice of 
that fad as may be prescribed by the regulu
tions. 

\Vater Resources ,1\ct ! 963, Chapt. 38. t!~~SO, I.ondon 
95 pence (net) 

58. (I ) As soon as practicable after the second 
appointed day, each river authority shall prepare and 
submit to the Minister a scheme (in this Act referred 
to as a "charging scheme") providing for the levying 
of charges (in addition to fees charged under the last 
preceding section) in respect of licences to abstract 
water granted under this Act. 

( 2) A charging scheme shall provide that the charges 
to be levted under the schcme in the case of any 
licence shall be calculated by reference to the 
quantity of water authorised to be abstracted from 
time to time in pursuance of the licence. 

(3) Subject to the last preceding subsection, a 
charging scheme may provide for the levying of 
charges thereunder at different rates in respect of 
water authorised to be ab<>tracted in different relevant 
circumst:.mcc:;, but (without prejudice to the effect of 
any agreement made under the following provisions 
< ,f this Part of this Act n:lating to exemption from 
and reduction of charges) the charg~s ll·vied under a 
charging sdlCIIH: in any financial year of the river 
authority shall be levied on all persons at the same 
rates in respect of the ;ame quantity of water 
authorised to be abstractnl in the same relevant 
drcumstances. 

(4) For the purposes of tlw last pre~.:cding subsection 
the following shaii bc taken iu be relevant 
circumstances, that is to say 

(a) the characteristics (whether general or special) 
of lht~ ~ource of suppiy from whtch the water 
is ~'uthorised to be abstraded; 

(h) the sca~on of the year ut which the water is 
authorised to bc abstracted; 

(c) the purposes for whid1, in accordance with 
the provision of the licence, the water is 
authorised to he used; and 

1. I 1 tht• way in which the water b to be disposed 
of after l.cing used for the purposes specified 
in the licence. 

Water Resources Act I 963, Chapt. JH. IIMSO, L.mdon 
95 pence I nd) 

POWLRS OF RIVER AUTHORITIES IN RELATION 
TO LAND AND WORKS 

65. I I l A river authority shall have power to a<quin: 
t~y agn:cmcnl any land which they require for any 
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I 
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purpose in connection with the performance of any 
of their functions. 
Water Resources Act 1963, Chapt. 38. HMSO, London 
95 pence (net) 

132.-( I) The provisions of this subsection shall have 
effect with respect to licences under this A<.:t and 

with respect to applications for such licences .. that 
is to say-

(a) an application for such a licence, where the 
relevant land is iand belonging to a benefice 
which is for the time b~ing vacant, may be 
made by the Church Commissioners. 

RIVER AUTHORITIES 

No. 

3 
4 
5 

h 
7. 
R 
9 

10 

11 
1, 
I-

13. 
14 
15 
1 f 
Ill 

17 
18 
19 
20 
21 ,.., 
23 
24 

"''" __ , 

"11--. 
-•.J 
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Names of river authorities 

The Northumbrian River Authority 

The Yorksime Ouse and Hull River Authority 

The Trent River Authority 
The Lincolnshire River Authority 
The Weiland and Nene River Authority 

The Great Ouse River Authority 
The East Suffolk and Norfolk River Authority 

' The Essex River Authority 
The Kent River Authority 
The Suo.;sex Riwr Authority 

The Hampshirt' Riv.cr Authority 
T!tc i:~Ic of \'·light River ;\uthnrily 
The Avon and Dorset River Authority 
The Devon River Authority 
The Cornwall River Authority 
The Somerset River Authority 
The Bristol Avon River Authority 
The Severn River Authority 
The Wye River Authority 
The U~k River Authority 
Ti:: Glamorgan Ri·;er Authority 
The South \Vest Wales River Authority 
The c;wynedJ River /\uthority 
The Dee and Clwyd River Authority 
Tli.: \1er~ey :md Weaver River Authority 

The Lmcashin: River Auihorily 
Th.: Cumberland River Authority 

17 

River board areas 

The Northumberland and Tyneside River Board 
area and the Wear and Tees River Board nrea. 

I The llull and Ea.st Y_ orkshire River Board area 
and the Yorkshin~ Ouse River Bo:1rd are~L 

The Trent River Board area. 
The Lincolnshire River Board area. 
The Weiland River Board area and the Nene River 

Board area. 
The Great Ouse River Board area. 
The East Suffolk and Norfold River Board area. 
The Essex River Board Area 
The Kent River Board area 

I The East Sussex River Board area and the West 
I Sussex River Roard area. 
I The Hampshire River Board area. 

The Isle of Wighi River Board area 
The A von and Dorset River Board area. 
The Devon River Board area. 
The Cornwall River Board area 
The Somerset River Board area 
The Bristol A von River Board area 
The Severn River Board area 
The Wye River Board area 
The Usk River Board area 
The Glamorgan River Board area I !!1e ~out h. 'Y::_s_t Wa~es R!ver Board area 
• lit: uy neuu Ktver 11oaro area. 
The Dee and Clwyd River Board area 
The Mersey River Board area and the Cheshire 

River Board area 
The Lancashire River Board area 
The Cumberland River Board area 

I 

~------------------~~---------------------------------''W __ , __ _ 
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The Secretary, 
Cornwall River Autnority, 
County Council Offices, 
Sennor, Kemow. 

Dear Sir, 

Part of Mellyn Fm, Gwidhal, Cornwally 

26th April, 1984 

We are acting for a proposed purchaser of the property shown edged 
red on the enclosed plan, such property being crossed by two streams or 
rivers. 

\V~ would ~c most grateful if you '.Vcu!d be kind enough to let us 
have such ;nformation as is in your possession with regard to the fol:owing:-

l. Are there any rates charges or outgoings payable to your authority? 

2. Is there any liability on the owner of this property for banking or 
erecting embankments? 

3. Are there any existing, proposed or contemplated weirs, blockages, 
diversions or other works along the full length of the river? 

4. Are there any existing proposed or contemplated licences with your 
authority for the abstraction of water, discharge of drainage or 
discharge of trade effluent or any other matter along the full length 
of the river? 

5. Is there any liability on the owner of this property to clear the bed 
of the river? 

6. Pleas!! confirm that the owner of this property has full fishing and 
boating nghts in the river. 

7. To your knowledge has any other person any fishing or other rights 
in respect of the river where it abuts the land edged red on the plan? 

8. Are there any matters relating to the river or the own~r of this 
property concerning reservoirs under the Safety of Reservoirs Act 1930? 

9. Are there any present proposed or contemplated reservoirs along the 
fuJi lengi.h uf the river? 

I 0. Is there any liability upon th~ owner of this property with regard 
to flooding? 

11. To your knowledge is the property liable to be flooded at seasonal or 
unusual periods? 

! 2. Jc;; there any other general liability outgoing or general information 
with regard to this property which you could let us have? 

13. The proposed purchaser is contemplating using the resources of the 
rivers to generate electricity for the farm and its buildings. Please 
let us have full details of all licences consents and requirements, If 
any of your authority in connection with this proposal. 

We would be most grateful to hear from you in reply to the above 
points, and if any fee is involved we shall be glad if you will be kind 
enough to let us know. 

Yours raithfuily, 

J. S. Loopy. 

F.nc. 
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KERNOW RIVER AUTHORITY 

ST. FREDS, 
DUNHEVED, 
KERNOW. 

Messrs Wood, 
York Place, 
I 00 Westminster Bridge Road, 
LONDON, E. IS. 

Dear Sirs, 

CH:EF ENGINEER: M.Echanic, Ph.D. 
Ff:~lE~'?.!t.S OFFICER: Mr. Fish, Bl.UB. 
WATER QUALITY OFFICER: 

Please Quote 
Our Ref.: 

Your Ref.: 

Date: 

J.Sloopy, VC(Retd.) 

99XYZ 

OM/SKJ 

23 May, 1984 

PART OF MELLYN FARM, GWIDHAL, CORNWALLY. 

I much regret the delay in replying to your letter dated April 26. 

i now reply to the various questions in the order in which the questions 
appear in yotJr letter. 

I. No. 

2. The watercourses shown on the plan which you kindly supplied are 
:-tot "main" river for th.! purposes of the land drainage legislation, and 
consequently they do not fall to be maintained by my Authority, nor 
may my Authority expend money on their maintenance. I am not 
aware of any liability but I feel that you should reply on the Vendor's 
reply ro this question. 

3. No wo~ks are :orttemplated by my Authority and the existing 
condition of tl:e w:tt~rcourses is not known. The old !eat to the mill is 
closed and only a few stone::. remain of the weir that fed this teat. 
Theie are no other weirs. 

4. i regret this question is too wide to permit me to reply. I can tell you 
however that ;here is no licence in being for the abstraction of water 
for the benefit of lhe property. 

5. Not so far as my Authority is concerned but I would draw your 
aiteniiun, pk.tst', to Section 4 ot the Rivers (Prevention of Pollution) 
Act Jl)t: 1 • : any clearing of the river bed is contemplated. If the 
condition of the river bt:comes such as to cause an impediment to the 
flow. the Local Coun..;i! have power to require your Client to remedy 
th<> rna;;.-,. (Land Drainage Acts i 930 and 1961 ). 

rc 1:: 

copy or ti 

Rye!<lW>. 

'lormally be the case but you must rely on the Vendor's 
th·Jrity has no byelaws to control boating. I enclose a 

... ti: •..• w·', T:>nJ Drainage, Fisher and Pollution Prevention 

7 . The Authoritv· Fisheries Offict::· :ntorms me that the owner of the 
land which J ·,l.,, '·he l:m i edged rel: on y(ll:r plan is .1 Mr E Trethejohns, 
Tregawna. Wtthit:l. i5 . :n. I am told t;:_if thi~ gentleman also is the 
ov.ner of ..:errain fishu.~ ,•:,t:;. 

8. I do nnl hold a ~:opy uf u,, \ >:l referred tv. 

9. The ChiP F ngineer instwcts me that there are no proposals to locate 
any reser• <"along thP length of river shown on your plan. 

I 0. Not "o far :· .. 

i L Thei 
abov, .. ,~ 

- •! 

· -\uthority is awar-

,f flooding in this valley. The property is situated 
i ' . ·1 of floods but the lower meadows wili be 

!iJI': le t· , · . ·,: ,' 

12. Non~.- ,o: :; "t .::~: .tware. 

IY 



13. Provided the river is used for the "on-stream" generation of electricity 
for the farm and buildings then no water licence is required. if water 
is abstracted or diverted from the river i.e. for "off-stream" generation 
then a water licence will be required. Care should he taken with any 
plant so employed to avoid pollution of the river by oil etc. This 
section of the River Ruthern is extremely important as a salmon and 
sea trout spawning and nursery area. Any conlemplateJ weir must 
h:>ve a fish pass and any intake system fer generating electricity 
whether it be from a leat or pump must have a smoit screen fitted to it. 

I hope the above is of assistance to you. 

I 
Yours faithfully, 

V.D. Clerk. 

CLERK 

E. CHOOSING WHICH TYPE OF POWER 
CONVERTOR TO BUILD 
As the scale of the waterpower available at a site 
goe~ dov" n. the numher of potential ways for 
converting it (e.g. to electricity, at reasonable cost 
goe:-; up. Small wheels or turhine~ are easier to build 
and instail. At ih very simplest the plant can be 
18 Inches Ji·uneter. with a bucket wheel made from 
modified tea'>poons (i.e. a very easily-made metal 
pres<;ing ). Such wheels were made and marketed in 
wartime USA I Fits waterv.:beel F;g E I). They ran on 
~-inch diamt:ter hose feed giving power outputs of 
around 250 Watts This isn't far off the scale of 
technology for harnessing drainpipes running bicycle 
dynamos -- for Xmas tree lights? \finiature heat 
pul•-•flS"l Budgerig:u :.:age lighting·J 

Turbines are much higher efficiency than wheels. 
Wht:n there is little power potential and damming etc. 
is difficult they can he the r:!tional choice, although 
3 wheel might seem funkier. Wheels often need 
c"<)mpkx. expensive and even dangerous shaft speed-up 
.;ystem~ ~o that if the :.:hoice I'> electricity it will 
often nuke e:.:onomic ~ense to :.:hoose 3 turbine. 
Wheels like the overshot type we show in detail 
I sect 1on F 1 ne~ds heads of ! 0 feet or so tc ht' a good 
choice: but low head turbines (technically called 
"reactiOn turbines") can use heads of 5 - 8 feet. These 
turbines can be made using propcilor.., iike the 
off-;,;helf marine variable pitch propellors. .... 

This brings dov.rn the cost of an effective and 
~ophisticated turbine. with alternator. to about £750 
at present low volume produLtion (basically only 
·one orr, .;,cale. 

Gravity is caused hy large s~·ale rotating bodies. 
constantly expanding away from solar fusion centres. 
Waterpower trans!Jte~ this raw energy to be your 
energy ~hn:. v,;ith iittle extr:1 tnn'>ition<; and L·an 
therefore he very very efficient. For t:xample a 
4-nozzle Pelton turbine can give IJ8·{ translation 
efficiency from falling water to electricity. 

Using h3si.:: theoretical physics you can get a good 
;:pproxim:Jtion for the '.Vater volume flow, at a 
certain head, from the following formula:-

.... 
Q =-b. :2g 

3 
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In the equation b is related to the width of notch 
(in a weir) or nozzle width in a turbine. H is related 
to the head available. The only other factor is gravity 
a constant force towards the centre of the earth. 
This formul3 gives figures for porent1al output that 
relate closely to what actually happens. 

We have a few short abstracts from hydrodynamics 
textboob ~o if you pre!er formulae to form-tilling 
(to get your !eat, dant, water supply etc) you can 
pause awhile in lush fields of figures. When you luve 

to get on with making a waterpower installation that 
works you have to m;.;kc decisions on plant type that 
control subsequent activity to a large amount. Where 
a high head is available - say 50 - l 00 feet - a high 
:;peed '"impulse" type turbine, like a Pelton, can be 

continued on page 23 
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The Hamblematic folding propeller has been designed 
to give the best possible performance under power 
and a very low drag ration under sail. 

Produced by a company havwg an internativnal 
reputation for the development md production of 
craftsmen-built propellers. the blades of the Hamble
matic are opened by centrifugal force in conjunction 
with the thrust created by the pitch faces thus 
eliminating the need for any mechanical device other 
than the operation of the engine control. 

The Hambkmatic hc>.s the ;~drl»·.~ ;;;1·.alltage of being 
equally ..-1!-:;:;.:i.t wnen the engine is engaged forward 
OR ASTERN and, under sail, the blades fold with the 
water pressure created by the way of th~ vessel 
reducing the drag to approximate!} 5': of comparable 
fixed propellers. 

Installation of tne Hamblematic is straightforward 
.. md with ha~i,· to0ls iht' filling can he cornplekd in 
about halt' an hour JS the hub i~ !.)<•red to ~uit normal 
propt>ikr shaft tapers and threads Due: to the high 

resistance to corrosion are Jssured. 

i. Blades completely closed - as when under sail. 
2. Bladt>s half open. 
3. BI:Hic'' full:.' open- as when •md:r power. 

Installation guide 
Hamblematics Jre despatcht>d fully assembled but the 
dismantling and fitting in<;tructions below. in conjunc
tion with :h.: oploJ.:d iilustrat1on •Jn page 3. indicate 
th~? ease of ~-ittmg. 

Dism:mtling 
Open the blades fully thus exposing the head of the 
pivot pin retaining ~crew which should he removed. 
After gently t:~pping out the ?ivo: pin. remove the 
b 1ades from the hub taking care nct to lose the three 
nylon spacmg: washers. The shaft rl'taining nut screw 
!oc:!ted in the si.Je of the hub ~hould now be removed 
and. after extracting the shalt retai:1ing nut from the 
reces~. the Hamblem:..tic is re:.1dy t•} he fitted to the 
shaft. 

Fitting and assembly 
Afrer wiping both the shaft and propeller bore. fit 
the key into th.: shaft recess and position the 
propeller en the shaft. The ret;·ming nut should then 
be insated in the recess and tightened with a box 
spanner ensur:ng that when tight one of the holes is 
aligned with the hole in tne hub. The retaining screw 
can now be positioned and tightened after which the 
blades can be !0catect making certair ~hat the three 
nyion spacing washers are in s1tu. The fittmg is 
completed by inserting the pivot pin and locking with 
the retaining screw. 
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continued from page 20 

really the best choice. As Rupert Armstrong Evans 
says later on, waterwheels look inherently simpler 
than turbines, but if your end product requirement is 
electricity you need very high shaft speeds. A six or 
ten pole alternator for SkW output can weig..~ a few 
hundredweight and cost a few hundred. You will need 
one of these for a relatively simple wheel, to get 
electricity. Where you can use mechanical energy 
(machinery, pumps, friction heaters, etc.) direct a 
wheel's power transmission can be not-expensive. And 
a wheel comes out as both the simplest and cheapest 
choice. 

In Britain even up to 1945 there were several 
thousand mills operating at the 5 - 50 kiloWatt level; 
and there were several times more feasihle mill sites. 
There is no reason, physically. why these couh.i not 
operate to suppl} local area grids and energy-use 
systems. Small scale hydropower solves some of our 
power problems, would substitute for some thermal 
energy use (conserving fuel, reducing pollution), and 

WAVE 
GENERATOR 

~ 
~ ---------

would help l:reate more self-sufficient subregions. 
Oil and coal, which supply many useful petrochemicals 
when heat distillated - not just burnt - ,ue being 
nibbled away frenzidly now; using 'second hand solar 
energy' by tapping the water cycle we could safeguard 
supplies of petrochemicals for millenia ahead. At 
present the 2% of all hydrocarbons going not to 
fuel, supply all petrochemicals. Switching off the 
fuel demand enables us to think how to use these 
chemicals better than "no deposit no return" items 
- for example when they're used in building damp
proof courses. Our heavy addiction to useless PVC 
could be moderated, stretching petrochemical supplies, 
on a world basis of consumption, by yet more millenia. 

We can't say that your choice of switching away 
from your friendly neighbourhood nukie and on to 
~ool water will save the future - but it could 1-jelp. 
Please try not to mangle your local environment or 
limbs with cranky junk strung together with wire and 
corrugated iron, shafts dangling, chains slipping - and 
so on. 
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i .5 Visco'>ity 

/'J(.b~ -N Pf; 
;v~&JNE 

~lAW ~.t>S 

_.\!though Ji! rea: tlu1cb re~Jq :my for~,e temling to 
·~:tu'.t: one !Jy~r t<> :nove o\ er :.tnotht:r. tho: resistance 
i> offere.t nnl;. w!:dc· lilt' !Till\\.'lll~·nt is L1king p!Jce. 
Thu~ when the e\knul tor..:e i..; n:rno•·eJ, the !low 
-,ub,ide.., he-:au.;e <)f t!lc· r,·;iqmg for-:e-... hut when the 
n,,w ~tops the pan~-.:k, ,~f llUld ->tay in the po-;ition-; 
t!1ey ha\T re;h:ht•cl and !u·.:: no tcndt:th'Y to revert to 
their origin:.Jl pos:,:oc ... '!Lh re..;lsUnc~ to the move
ment of one lay::r of tl;:id over :.tn ~H.ljJcent one is 
ascrih.:d to the ~·i\Lusin of t:1e !luiJ. Since relative 

U.I!INE 
~ 1\416:Dc IJ /VI. 
~ 

( ll.Ei'tCntfN ~) 

G 

the fluid itself. Under particular conditions one tluid 
offers greater resistance to flow than another. Such 
liquids as tar. treacle and glycerine cannot he rapidly 
poured or eas1ly stirred, and are commonly spoke.n 
of a.., 'thick': on the other hand, so-called 'thin' 
liquiLb such as water. petrol and paraffin tlow much 
more readily. 

Gase.., as well as liquids have viscosity, although the 
viscosity of gas~s is less evident in everyday life. 

motion between layer~ require~ ,hearing forces. that 1.5.5 Fluidity 
is. forces parallel to the ~-c:r•a..:es over whid1 they act. lnstead of viscosity the inverse property of jluiditv ;s 
the res!';ting forces :nust bt: in the exactly opposik somet 1mes considered. It IS defined as the reciprocal 
directions and so they too ;1re parallel tv the surfaces. ofviscosity; its usual symbol is 0 (i.e. o = 1/J.l) an'1 the 

It is a matter of cnmmon experience that the usual unit has been the 'reciprocal poise', i.e. em s/g = 
magnitude of the resisting. that is vi,.com. forces em:- (Cs dyne>. occasionally terrneJ 'rhc'. Fluidity, 
depends not only on e.xternal conditions but also on however. is seldom used in engineering pradi..:e. 

Type 

I. Steady unifonn !low 

2. Steady non-unifonn f10w 

3. Non-steady uniform !low 

4. Non-steady, non-uniform flow 

---------------~--~--

TABLE 3.1 
Example 

Flow at constant rate through a long 
straight pipe of constant cross-section. 

(Tile region close to the walls of the 
pipe is, however, disregarded.) 

Flow at constant rate through a tapering pipe. 

Accelerating or decelerating flow through (Again the region close to the walls 
a long straight pipe or constant cross-section uf the pipe is ignored.) 

Accelerating or decelerating tlow through a 
tapering pipe. 
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3.6.1 THE F!RST LAW OF THERMODYNAMICS 
One of the fund;.,m~ntal generalizations of sci~nce is 
that, in th~ abscnL~ of nucl~ar reactions, energy can 
be neither creatd nor d:saoyed. The First Law of 
ThermodynJmic'S expr~ss~.·s thts principle thus: 

For any ma~s system t th:Jt is. any identifit•d :1nd 
unc·hangmg .:olkc·tion of m;ttter) thL' nei heal 
supplied to !It~.· ,ysiem equal~ the· irllTl'J'L' 111 
energy <)f tile ,;y-;t.:m plu~ all tilL' energ~ wh:~·h 
leave-; tl:-: sy.;L:rn J\ work i' dor11.·. 

~O•r··~i•n•J•i•g_e_h_r_a_i,_·_tc-·r_m __ ,_· ---------------------------dj i 
Q ...}, Q =: ~ f + ~ \\ -

6.1 lntrodudion 
Lam;nJr !low !llJ~ ·x.:ur 1n man::. ,j•u;~tiuns. Its 
Jl"\tingui~hing ft.':itur~..:;. ~L''.l.;.'VtT. ~:rl' .11\•.:;1~ s rilL' \at1h.' 

ind:\'tcllul ['jf!t.-k,. tt" tLtiJ t'(lik)w, path, wlti,:h d,, 
n~...>t .:ro;.;.:; thost: en· 1 ... ~ighl•("i~lnng ~1arti~,.._·k·...; It uc.:ur~ .Jl 

vclo ... :it! ... ·..; l~,l\'-. ~·no!._:gi: ror ft.)r~.-·'"·~ due !o vis(tlsity t'~l 

pr<:'dominall' •.llc'r >ncrtu tor,e..; .tnd tlllh, it' ~my 

;ndilidl!Jl i'·:Jr!kk Jrtemph tO ..;tr.ty ff(lfll ib pr<:,crih.:.J 
1 p:1t 11. \ h ... :l_,,,i!\.'.., r~..·-.tLi!ni:;t. lLtnd .. lt (J:h_c finn I~ l'rin~" 

i··.Lk tl\C: c'TT;J!l! '-'rl<.: .. iih! tile' ur, 1c-rl:, pruc·c•..;-,iun ot' 

p:1rti..:k, :o:lt:nLic''· 
\\.7.· rc~..:..:ll f:\._;:L S:..·,~·ri~·-,n l.~. I. tiLtl vi"'·:uus ."'lfL\SL'·~ 

t.:n..! to d:mtnJt>.: :::.- ~dJtiv~.· mon:mt:nt. Tlte l'a'>ic· 
bw of vis.:ou.; ft:si-.un.:t: wa,; ck..;,Tibc·d by Newton in 
loS"' 

,/u 
r = !' ,/l' 

I Here: du 1,h· I' rl-,c· ··~tl.' .1t whi..:h til•: vdocity 11 (in 

I 
;;tnight and par. :d!t:l tl<1Wl inLT•'JS<'S with ~.·oon!inak 
.1 perpenclt.:L•I.tr 1•1 the lc·!oclty. I' represents the 
Cc1efficlent of 1 Jbsulutc i vi,:osity andT th..: rt•sttlting 

i shc:.tr 'trcs,; on a .;urL!.:c perpencli<.:ular to, and being 
I the -i1• •ion of in.-re:i'ie of .i . The pJrtial dl'rivative 

du ,fl " U'>c'd h:.:Jusc 11 r11J) v:try ;lOt only with y 
hut :dco in other dirc'diorh. 

\\'t' now con-.!der J nurnht'r of c:t'>e' of laminar 
!low v. htch :;r-: ot p:nti .. :uLtr intl're-;t. 

I. 7.~ Head Lost to Friction in J Pipe 
. One of th-: mu,;; importJni irem;;; of informJtion the 
I ilydrJ:.Ili•: engin,·er nt'ed~ is the difference of piao-

1 
mdri·: hc.id requi1eJ w force fluid Jt a c'erta1n steady 
rJtc through ,; pip::. Ah~)ut the miJJie of the 
E!Y1ct;.:~n t h 1 • .'~'!!! ury. tb.·:reforc, rnany t_lx pcrin1L:.ntt.~r~ I d;:•.otcJ ,n,·ntio•J to lilh topi,:. Among them was the 

I Fn:nc·i: eng:nec'r lknn DJrc:y I l SC\3-58) who 

I inv..:stigateJ the !lolA of water. unJ~r turbulent 
conJ1tion•. in lnng. c:nobstru..:ted. strJighl pipes of 
uniform durne'!c:r Ti1..: dissipation of e:1ergy hy tluid 
fn..:t1on n:-.u]t, i;1 J IJ!l nf piezometri..: head in the 
JireLtion of !lo\\. ;,nJ if the• pipe i~ of uniform 
no.,s--;eLIIon :.~nd th.: tlov. i~ 'fully J::vdl..•ped'. that 
:,. if tt h "u!lic:Iently •ar (rom tit:: in:et of the pipe 
for condition~ to have become settled, the piezo
metri<.. l1ead falls uniformly. Darcy\ results suggest 
the formuia 1 no·.v commonly named after him); 

' - 6-p * f[l __ _ 

\'\-' 

II 

I I 
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7.5 Other Head Losses in Pipes 
Not only is there a loss of head caused by friction in 
a uniform straight pipe, hut additional losses may be 
inL·urr~d at changes in the cross-section bends, valves 
and fittings of all kinds. In long pipes these extra 
losses may, without serious error, he negkded in 
nHnpJri-;on with the 'urdin:•ry' fril'tion !tJSS. Although 
they ;ITL' tlften termed 'minor' losses thl'Y may. 
howevr:r, altu;tlly outweigh the urdirnry frictiC>tl 
lo~s in -;!tort pipe,. TltL· luss,·s invari;thly a~ise from 
suclde1; ,·l!an~t:\ ot' \'-:lo,:ity 1 ~.·itll\.'r in m:1gnttude or 
d:rec'li<Jn l. These Lhanges generate !Jrg,·-scak turbu
knL·e in whic·h t'nergy is dissip.!l..:d as heat. 

The suur,·c· of the IL1ss is usu:dly L·onfmed to J very 
'hort k.1gtlt <'~'the pipL'. hut t'1c turbulence produced 
ll13Y pc'r'i't lc.:r c'Oil'iiLkLthk dislancT downstream. 
Th~.· llov. :1fter th~.· suddc·n cltangt' of velocity is 
e':\c·e,·dingl) c·ompliL·ated. :111d ,iJt' processe' of 
'on!in:try· pipe fridion are inevitably affc·cted hy the 
ad,lition;tl turbulence·. fur the purposes of 1nalysi'. 
however. it Is JS'ltnll'd tl~:tl the effects nr ordinary 
trictton and of the ;tdd itional !Jrgc-scall' turbulence 
.:an h,· '>l'parated. and ch t the· additional fr>Ss is 
c'tl!ll'entrated at thL' tkviu.· .:ausing it. The total head 
lnst in a pip<: rnJy thL'tl he .. ·akttl.ttcd as the sum of the 
nc rmal friction for I It: k 1gt It of pipe· considered and I 
the· additton:tlfn-,s.:.;. __j 

11.3.1 ENERGY GRADIENT 
In practi.:e, as the liquid flows from onl' section to 
Jnother. friction causes mech;,;nical energy to be 
conve:ted into heat, and thus lost. If the loss per 
unit weight is designated lz 1 • then for ste::uy tlow 
between two sectio:1s (I ) and 1 2 ). 

With reference to Fig. 11.4, the equation may he 
wntten 

h 1 1·.::: 1 +u 1
2 /2g=h 2 +.::: 2 +u//2g+-lit 1112) 

13.4 Surge Tanks 
\1any ,Jf the prol,!ems asso~·iated with water hammer 
may be circumvented by the use of J surge tank !n 
hydr('-''!e;:tri: installations fur example, the tL•-' ines 
must frequently be supplied with water via .: long 
pipe-line or a tunnel cut through rock. If the electric 
powc:r taken from the generators is suddl'nly altered 
the turbines tend to change speed. Thegovl'rnors must 
~.·ounteract this tenJe·ncy to change speed, by altering 
the v.Jter !low to the maL·hineo;, It is the consequent 
acc::kration or deceleration of water in the pipe-line 
whicit I;.ay give rise to water hammer. The minimizing 
of water hJmmer is doubly desirably: not only may 
water hammer produce dangerously high pressures 
within the pipe-line or tunnel. but the pressure 
changes impede the governing. 

Figure 13.9 shows the essential features of the 
arrangement. The simpll'st 





F. BUILDING AND INSTALLiNG A WATERWHEEL 

\\.Jt·:n\Ln!, oJ!'c'f c'llicl<'!lci<''> ,,, lw,!it ;1, (,()·' 

t 1i<lll!,!li 3U- _~u·· ~' 111<•rc· ll'>ll.d Without tile· 
,ullll'k\i!!c-, .Ji!c! lJJgl: ,<hh th.il .II'L' <Jftc·rl 111\<lhc·d 

111 i·u!ldi!1!,! .md lrh:.dlii~!! turbin,·~ whik a turl'tlle 

,-Jn nn!). 1:!1\c' <:kdfklt} It '' c'J'Y ttl IJ1;tKL' WilL·l'ls 
gi·.,· powe-r fllr :1 \:tri,·t:- of ILe,·h:!lllL';tl cqurpmcnt 

l.\.1111p! ·, in,·!ud,· ".·:d :md tluur grinding_ wooJ 
:md m,·L•I tc~nll!l:,!. :md Jri\ing: IJ,·:tt p~1mp~. This is 
JL,ne h). in-,t.dlin:; J dut:h :_n~J long driw--.h;llt to 
the whcc·L It c'Jil c'\c'n h,· linked up in :t "str:tight
through"' pJI!L'rn. Jir,·d !rom :tn L'Xtc'iideJ m:.tin 
hc:mn~ , uft_ •\!though this l'i the ultimate in 
'imp!i,·it~ th-:rc h :1 -,:t!c·:y prohkm hccathl' the 
dJl\c,!utt ,_,n't he JhcOll!ll'L·tcd .tt th: wh,·,·l c·nd. 
\nd \hac -~Jil he bn! ,-o-,t prohkm,. 

-\1<!11!,! ! 1'•: ,iJJft !'lilk).' :11-l' fi\L'd. Wi!lt hc'lh or 
ciUtlh Ill !he· lllJc-hlllL'f~. {<) I'L' clri'>L'IL f--,IJ!ll:tll\ln lli 

\\hcc:l !'•>WeT_ ur 1'-hl h:, k'tilh! \\ 11;1! tilL· ~li:tlt L·:tll 
J ri~c· \\ i l IlL:' t! 'kl\\ In>! ! !;,· \\ ilL'c' I. w iII IL' II yu ll huw 
much )•JU -.:.,n dnvc .1r :1ny LHW tii11L'. You em :tl~o gu 
tu the· tr •. lld'k uf dyn:JTnomdc'h for Jnt·;,t~uring till' 
pO\\t:r t>utput \c'f) JccllrJkl~ l httl gl'lting them i~ 

cliiiidll! )_ 

OVERSHOT WHEELS 
Opcr:Jtt·d h~ gr:t\ity. the t!\c'hihlt \\lied dcri\L~ ih 
n J m,- : rum 1 h c· rn :l n nc· r 111 \\ li 1 L h 1 ilL' w :1 t c r c ntn' 
!he' hu,kch "'! .H<•li!lc! 1!- pniphc-ry_ P;lllring from :t 
tlunrL· .d'l'\c' !IJ<.· whL·c·l. t!:c· w;t!l.'r ,Looh into buckets 
un ti1c d<JIA 11-munng ,l,k_ <1\ c.·rh.d.tllclllt,! the t'lllply 
Ulll'' ilppu,ll•: .1r1d 1-.c-cplll!! l!Jc· whc·c·J Ill .low rot;t\!On. 

Sltll·.· ·•!, il w teL· I !lLl)i l•c· luc;ttL'd ll<.':t~ 1-.ur ll<ll 

.tdlull:\ :n 1 ,- ,tfLl!!L 1! ulkr' c-lldi,·-,., i.!lld\c·:rping 
pch,th!l!llc'' lor :1 c.•llllllrY hU!11l' whL'I'<: :1 -,\rc:tnl with 
;,ufliticnt tl•JW :, :n:~iic~hk_ I; .a \ilL' '''' dry ground 
j, '-hu-;en. thl' •·oundJt;on n::1y he t.'<lll,trUL'fl•d dry 
J.nd the: \'-.Jt·:r k,! ~o the wl• . ..::l :md :t taiiLtCL' 
ex._-Jv:JIL'd_ With vcr} lt!tk dfor! _ t!J,· sn·n,· n1~1y h,· 
turnL·d l!l! :iil Jt!radivc g;trckn ~put thL· wilL·d 
hc..:oming holh a l:mJ'<.lpingo. fc.tturc :md J ·,ourcc- of 
pow~r. 

It -,hould be Pott·d. ho'Nl'VLT, that ;111 over~ht)t 

wilt'L'i i~ pr:ll'lic;rl only for a ~mall-capacity output. 
!low mud1 puwn it will prl)dltcL' Lkp.:nds upon tilL' 
wei!!ill of W;Jtt•r the huckch hold and its radius, or 
kvcr arm. Expn·~sed in another way, the output 
t!L'Jk'nd~ upon the weight of water transported and the 
height. or head. t: me~!.!h whid1 it falls while in the 
htll.:k•·ts_ Fnr rnaxin: · 'tl c·!Ticl~·ncy, the whet'! must 
usc tne weight or the water through as much of the 
hL·:td as po~-,ihk. Thadorc. the huL'kch should not 
spill or ~ling water until wry ncar tail water. 

Pl!lnTincrc<ISt'S wirh l!'idrh 
Although of ~impk construction. an overshot wheel 
1s o.:ur:<hcr~um·· 111 size. For this reason. before 
;illl'mptlng to build on,· he· cntain you have the 
l:tcilitiL'' to nwvc :tnd lift it into plaL-c when 
cOill!'ktcd_ :\i~o allow your~l'if pknty ot working 
tloor .~p;tcc. It llldS! ht• undcr\tood. too. that sud1 
a wheel i-, J sizeable projcd and requires a lot or 
mall'rial :.till! time. Extreme care in cutting and 
a-.-,,·mhling the parts is not l~ssentiJI. iwwever. because 
tilt' wheel. opnating at "low spt•cd. need not be 
;~,:curatl'ly balanced. 

ThL' accompanyit'g illustratio:ls are for con·.tructing 
wheel~ capahk of giving apprnx 500\V - I kW. For 
largn power outpuh tilL· dimensions h:tvc to be 
scald up. In the following tht• lte.td for the wheel is 
7 '. and tiL' wlh.:l'l di:ll11l'll.'T i~ s· (l"_ When enlarging 
waiL·rwhecl output it i~ advis;thk- to start with tilL' 
1.-':ht·,·l huckl't width. 

Virtually all large wheels arc built with wood or 
~IL'l'i arms. :md have a ~hroud plate nnly around the 
outer edgl'. h\lt you may find it simpkr and -mon· 
~alt'-Ltctory to hui!d tilt• drum-type whcl'! tk~L-rihcd 
Iter,·. In I hi' ,·asc. L':1d1 shroud pl:rk is ;1 di,k of I /S" 
•.hL'l't stl'cl. Each di-,k is h~t~.·cd hy ;1 1 1k" .,heel --.tee! 
~oil' pl.t!L' to which it ,., ··ontitHtously wcldt·d, hy the 
huckch. hy on<: of the two l;tr!!c d!:lln~·tcr I -'4'' '!tee! 
huh tlangcs to which it al-.u is ~_·ontinuomly wt'ldL'd. 
and hy tilL' iiJilg !tub itsc!L 

')"" -I 



Shrouds and Buckets 
You can build the shroud plat<> 1 rom wood. Proofing 
the wood against dampne:.s and v1bration is very 
important. In most cases peor'e u;.e cast iron or sheet 
steel shrouds anJ buckets. because of warpage, 
vibration and other problems, for example organic 
matter growing on the wood and accelt>rating r•Jt. 

Large Sheets are Ee.H 
Sheet steel for the disks may he ordered direct from 
several large steel companies in case your local supply 
house is unable to furnish it. Ordinarily. suci1 steel 
comes in standard 48 .. widths, so you may have to 
weld together two or more sheets to get the required 
5' diamet~r. using either a hutt weld or a ba.:king 
plate. This will produce some d:stortion or ripple, Js 

will the welding on of the numerous dips required. 
So long as distortion is local, hawever. and tile main 
lines of wheel and shaft remain true, this will do 
no harm. 

Afta thl:' sht't'l has het:'n prepared, scribe a 5' cirde 
on it and .:ut it with the ~o:utting tlaml:' of a gas welding 
torch. With ordinary ~..are. this method shout,! give 
sufficil'nl accur:tcy. Vent :tJH.l drainage holes should 
be drilled :ts mJicatl:'d :.~round l:':t..:h d1-.k to lessen 
corrosion with thl:' drum. 

Good Bucket.\ Impunant 
The huckets are the most important element of the 
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wheel. To give maximum efficiency, they must be 
formed so that the water enters smood1ly at the top 
of their travel and remains in them until just before 
they reach the bottom. For this reason, the bucket 
form 1.tdicated on the facing page should be followed 
L•ithfull). Either sheet metal or wood is an acceptable 
material, but metal is bl:'!ter suited to cold climates, 
since wood is damaged when absorbed water freezes. 
Because the buckets are subject to Wl.'ar from the 
water and sediment that it carries along, you may 
wani to install them so they can be easily replaced. 

In laying out and making wooden buckets, follow 
thesl:' steps: 

Using a common centre, strike off two arcs, one 
with a ~ 11/z" radius and the other with a 2' 6" radius. 
Then draw a radius line intersecting these arcs. 

From the point where the radius cros">es the inner 
arc, mc;.~surc 2·~·· farther along the line and mark the 
point E. 

From the point where the radius crosses the outer 
arc. draw a chorJ 1 OYz'' long and from the new point 
where this interseds the outer arc draw .i line to 
point E. You now h:tve th~~ inner trace of tne bucket. 

Take a piece of the bucket stock and lay it along 
the upper edge of this inner trace. and you have a 
~o.Toss section through the bucket. Cut your stock 
accordiPgly, making the length equal to B in the 
table oi dimensions. 

•• 
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Steel Buckets Require Jig 
Steel buckets are cnly siightly more diffi .. ·uit if you 
follow these steps: 

Using a common centre, strike off two arcs on a 
piece of plywood. one with a 2111:" radius and the 
otht.>r with a 2' 6"radius. 

Draw a radius line and tl~en :.1 t:.~ngent I() the inner 
:~rc. nuk 1ng it Vl'rtic·;JI to the radius. Fwm thl' point 
of tangency measure 5" along the tangent. \brk this 
po:nt. 

U,jng this mark as a Cl'llt;.;, Strik<_• off Jll JfC With J 

5" rJdiu:)_ This is p:~r! of tt:(.'" inner trac(' of th\:~ t-·.uck~.?t. 
At tht.> puint w!t(·rc the origin:.;! LiJius line (Stt:'p 2l 

cro;;;;.:s tlw Gt:ll'r arc dr;:w :i chord 101 ':·long. anL! at 
point r wll~·re til!:-, chord inter~ech t!Je outer :JrC 
dr:m J new Ltdiu~ line. Al-;o at pnint F m~·asure off 
15 \.h .. :~. bclo'"· thi..~ i1C\'v' LiJlit:~ J!1d JL1\'·./ lint~}:(; 1! \}~<1 
lnnl!. 

Th-. ~~- d-,ii~; {; .J'\ ~t \..·;:·r:tr'--·- ,tnk~ Jn Jr..: \\'tth a I! 1
:.::." 

Lic!Iu'. 1 hh form, tilL· rc'~t •.ll thL· innc·r tr:kL' ul the 

("ut rl-..... 11i~" •: .. ·._.~,~~.! --l:~~:1:..:. !!~i..:. !in.: .:::\._: J!c:n; th~· 
lin·~·" rh.tt (._~r;t! ,: qu.trL_'r ._·\:1p-.,'--'- t "in~ t':i' ,h .t ~)~tt!!...·~-n. 

· .. ll( ~l·\ •. :r.il J1:1u-._· ,;;;.;::·._·: '-·ll!~'"L''"' tf\JI:i ... ~..:r~1p. \.ul 
t:t;_·-..l· tt~ -.,t::...'L. ·.::-·. ~,: ·n.~;·.:..· .i hl·rhiin~ !!~ Jf\Hlnd 

.S/;i!( t., I ;,;i'L'fll'\ f(/_:c~'/ 

Th;..: -...lui:~·'--' -;Jt;: !11J~ •. .,:..' lt),_'jl\.:J :..1! Jny i...'Uil\CI:it:nt 

pL11..·.: :dung Th •. : I~urlll'. StnLc> 11 ~~ tlic.' gu;· ... ~rniilg.: 
mc:c!un;,!l' df ri:c: \\ r!cd. It' !ibtJlL!llOil ,l\ot:Jd b~ 
Jn: r ing :'L:l ,\tp-;nod. lt it i' in·-ulkJ .1t :m angle 
J~ on !h"-· (.-,Jl._)\\;jn~ rJ~C. \\."J{l'f prL~~Ur:..· Wil! ko..·:..~p it 
.!! J r: ~- --~ ... · -, :r~.· .J i"\C" ~I! 1•:_1 !1. ! f :I:~-~ .. il !t_ .. J \· r:f! !1_·:.!11 y. ~t)f11r: 

mc,l::;ni.;m. 'Lkii :1, J. r:.tc·l-; J.!1d pinion. ~hould he 
prnvi~.L.:c! ru 1--.ec'p ir in plJ.._'~ 

COu'NTRY CHITSE 
.PA&l\ID YOGHURT 

Tim & Cat Clarke, 
Withiel Farms Ltd., 
WithieL Cornwall. 
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Adjust the sluice so that the buckets will run one
quarter fuii. This will give a wheei speed of I 0 r.p.m. 
If the buckt:,s are allowed to run man: than om:
quarter full. the etliciency of the whed will drop for 
two reasons. Because of the increased speed. centri
fugal force will throw water from the buckets. They 
also will bl'gin to spill heforL' approaching tail water. 
Although th1s practice docs waste water. it may lw 
profitably L'rnployed during a freshet to incrt•:.~se the 
puwer output. for at 5llL"II tillic~S the excess water 
would he wasted anyway. 

Weld Whcci Parts 
Wdding of the variou·, p.trt;; uf the wheel produces 
an nceptionally strong constructiun. Aftl'r getting 
tugethtr or making all the required parts. begin the 
:t'.semhly hy V.'l'!ding fnur dip~ to each t·nd of the 
huh ,Jccve. Then weld tht' required number of -~lips 
to the ~hroud plates for the sole piate. and wt>ld the 
shroud plates IL· tlw dips on the hub slet•ve. After 
\\ c'!din~ both huh tlanges to tht~ -.nroud plates and the 
s!,:,•v,· wirh :1 ,·onrinttnu-.; w<_·!d, :1tlarh the sole pbtc 
t•l tilL· Llqh nn the shroud plates with No. ~ self
urpi;1.l! Sc'fC\Ih . ..\1~0 vveld tile SOle plat.: to the 
~IIIOll•l pbt'-'" with :1 continthlll' wl'ld, and the huckt.'t
..;uppurt angles to the sole pLitc. 
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Attach wooden buckets to the· suppurts with '"" 
No. l 0 roundhcJ.d wood scn·ws. and then drill lh)les 
2" from centre to ~·entre through the shroud plate:> 
for l ;.~ .. Nn. l 0 roctndllL':!J wooJ screw:>. If you use 
steel t'uckets. rivet or screw i 0 dips to each side of 
each bucket and attach the buL·ket<; to the :mgles 
with No. 8 self-tapping screws. Then drill holes 
thrn11gh the -;hrnt!d pl:!res in the· wav o! the clips 
for tht.> ~ame type of SLTews. 

Luhricafe R~:arings Wei/ 
Using locknuts and w:.~shers. fasten th~ hub slct~ve to 
th:: ~h::ft ·.vith two 3/8" by 4112" holh. placed at right 
angk~ tn ca.-!1 nlh•:·r. Two hea:!ng r:~~J~::1tin;:::; having 
2.3/8" rl'ne\vable liners with slwd!.icrs 'il10u!d be 
bolted to the foundation. Place shim> about h" thit:k 
unJa the bearing.;. 

Standard be:.~ring mountings. variously called 
peJ<:st:\ls nr blocks. may b~ bought complete with 
wick oiler or cup oil res<>rvoi': and with built-in 
sl'if-aiigning. feature;; StandarJ l1ronze bearing metal 
liner~ or inserts iikewise may lw bought from :.~ny 
machine compont:nt supplier. Babbitt liners are 
l.:lJuall) ~.Jti~L11.:tory. 

Although the wheel turns slowly. it is heavy and 
will be running almost constantly, so good lubrication 
of the bearings is es<.;ential. To tillS end, car~ should be 
taken to in ... ure that the bearing lines are l'inished to 
the correct fit. Porous Inserts or inserts contJining 
~!raphitc arc •:xcel!ent for this appliL·ation. hut may 
cost more than reguLr hearing inserts. 

It is important tlnt t11c foundation be L.Jflicd Jeep 
enough so that w:~tcr falling from the huckeis wiii not 
undermine it. A'.oid a long tlume if possible. in order 
to keep the construction as simple as possible. 
Strengthen it along its entire length with an exterior 
frame and support it well from dam to wheel with 
pipe uprights. 

I 
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, . ~~e·i B 11 f!:·B 
;J"'M Wh~s NttYI Mag<tZ IITI! 

July 1, 1974 

\lr. Hydro X Pow<'r 
Publi,·ation;; DL'rt. 
low I mra,:l T L'chnology 
'?1 \1ole..,worth Street 
w~JJdriJ~,·. ( 'orn-w:tll 
L\:< ;L\~-.:D 

De;,~r \!r. Powt..T 

'' I ' t . ~ ' l ' . ' ; ... I J ' !17, :i-l > ~'I•! l~JF f~;'l~_)l fjH' :1llLJL-! 

You have our permission to reprints extracts from "Build Your Own 
Haterpower Plant" from 1947 issues of Popular Science as outlined 
in your l~tt~r to us of June 20. 

We require the use of the following credit line to protect our 
copyright: 

Reprinted courtesy of Popular Science 
© 1947 Popular Science Publishing Co., Inc. 

We would appreciate receiving a copy of your Hydropower manual when 
it is 3vaHable. 

Sincerely, 
'\ 

! \" I I "· I 1 • ~, 

I\ (''~'-'j--~ ~~I H - G (.- \ -~ ~-_\~..._____ 
Harilyn H. !Bender -
Rights & Permiss:. .... ns 
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1 +-outer trace (shroud plate) 
/ t:.._inner trace (sole plate) 
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section through 
vvater bucket 
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turn shaft tram 
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steel bucket fixing 
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GR.l'>D!'I:G HIE GR.-\1'1:: .-\ Hoppa on bin floor; B lloppn; 
t_: tt"t"'d .,hut·; D Dam~':l tr, shake fn:d shoe; E Runw:r ;;;ton~; 
f Bt·d. storK; G Chute to meal b1n; H Stont' nut; I ~nnr wh.-PI· 

i\. \i.on •tn!!; :\R IU :\CTS: 1 l'ullnblo..:k (woo:~er;) -·~~~;:d-~; I, 
hfl stuncs f;•r drrssin~; 2 l'<ck m~a.sure; 3 Thrift; 4 Mill bill 
frxcd in thnti, 6 ·~bnv hnl!ht"' - ~ fronn nf '-••·rl .. ,. ,...,.,.; •-· . . --· -· ·---1"1- _, ...... "-' I 
"1 11 ""-!v jack up m!!!st·.H~~·~; 7 V-/cdct· · .. ,.-:th handle; S :\kai 'i.hv ... d --
L-MH"d 1rtlffi a siHgk !JKL·- ut 'yc_"::!ffi~Jrt:". I 

/.axt'\'. isle of .\Ian. Bn"tain 's largest watcnohee! 
-;':! j(·, i 7 inthc) i11 diamda. Buzlt 1854. 
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AS WE APPROACII THE 
POST Ii~DUSTRiAL Lt\GE' 
a totally new set ol solutions is required to the problems that confront 
man today: poverty unemployment - Ji.;eJsc malnutrition 
crime ·· war pollution et<.·. The need is for ccologicJI solutions 
rather than it'dmological ones. solutions that do nc,t require the 
massive expenditure of ever scarcer resources. th,tt solve prohlcms rather 
th.Jn m.:tsk iht:rn by t:radicating their svmploms. that lead to stability rather 
than instahility and wllapse. THF ECOLOGIST Journal of the Post 
fndtP,trial ~f,~, whoc.;e :,.d!!'.~rs 'Nrcte the r.c\v f~riiC!..l~ B~ucpiint fvt 
Surviv:.:l (Vol ::!. ! . J;,;n. l rn2) h.JS f'ut more than three yt:ars published 
articles that contrihute to this cnJ. 

·---------------------------------------------~~-

" 

su.bscription £4. 75. Members of Conservation Society, Soi I Associat:on, I 
Frrends of the Earth and Henry Doubleday Research Association £4·25. 1 
Students attercding a full time course £3.75. 11 

i I 
I I !! Name . . . . . .. ................. i 
I I I Address.................. ........... ... .............. . .............................. 1 
I I I .............. ....... ......... . ................................................... I 

I Mt.hl"'t' 'd I I ,on 01 11fs 1ssue,requife .. ......... .... . ....... 1 
1 Cheques, money orders, postal orders should be crossed and made payable I 
1 to the Ecologist, and sent to Subscriptions Dept., Ecologist, 73 Molesworth II 
I Street, Wadebridge, Cornwall. I ----------------;·-------------------------------· 32 
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CINVA-RAM® 
DtOCK PlESS 

_;: ·4l 

~: 

.I 
Cinwa· Ram Boock Press 

As you p•vbdb!y knOVIi th•s mach1ne IS manufactured in 
Bogota. Coi..Jmbia, uy Metalibec Ltd. We are handlrng the 
complete :mpurt_,;,.::;n of th:~ um! 1nto tht> United States and 
pav J!l :he omportat:on ch;.,rges, such as customs dut:cs, ocean 

charges. 

Our seiilng price for this Cl NVA- RAM press is£ 110. The press 
comes equipped with four wooden inserts to produce different 
tvpes of blocks and tii~s. plus an operations manual. The unit 
we!i:;hs 14U lbs. net, 165 lbs. gross \crated for shipment) and has 
a gross cub.c measurement of 3.0 cub:c feet each. With the 
cost of :mpcnat:on, freight, :nsurance. customs duties and 
handling charges which we must pay in bringi;1g these presses 
•nw the :.;.~ .. :c= v:;,,~C!·::cm. we are unable to extend any dis 
uJu~t-; Qf any kind for the CihJ"v'A-RA~.~ t:'0ck I.Jit'S5. 

Sh~pmPnt c;:,n be made irnfTied1ately upon rece1pt of your 
Purchd~t: Orde•. together V'llili. vo;.;: ch<>r:k o; money order. 
Please address your order to· Lov·; lm!Jc•:: Terhnology, 73 
\1olewmrth Stref't, Wadebr:cge Co•nwa!l. 

: 'Ju.ir rwo r:ouses t1ere us:ng CII'J\/A-RAM - where the 
owners made the br:cks us:ng n··v ~ . .>ch:~2 ouii• uu:1a:ngs were 
a s.ur:(~-ss ~n(:; :r e ,~ ,. '- ............ · >•~n!v has ;ts place. 

Ho'/Je..ter. I canno~ :Jt~o:d t~,. ~r.:)(iuce the block becacse ot tne 
~::;; !:=C.\l.}·_j~ f.:wror ~~ :s or;rl econ ... )mfca! for ovvner-budder con
~t~uc:~-0,.... 1\:Vh,:-!-, ,:, ~iEC!~ i s1:ii nre!E:>r t!'le '"P~_::!V~,:_~::: ·.11.'~1!. 

an1 ~se~, · i\t1agd:e1 •orrr clnd sorl-cerrter~t rr11.xlure . .A.!l thi-; :nfo 

car. be found ,,., 'ioe 2 chap•e•, oi f"lV oook !Owner-Built 
l-lorre, p. 94). 

s,ncerelv' 
t<en t<>:rn 

The WHOLE EARTH CATALOG 
The Owner-Buih Home 
Ken Kern makes a uniqu~ offf!r to anyone 
thinking about building his own home· for 
$15 he furntshe:; a prelim•nary house destgn. 
as well as e copy of The Owner-Burlt Horne, 
which is about me most useful book on 
butldmg available. 

For the destgn, send htm a sketch of 
vour building Stte. 1!ong with space 
requtrements and personalltkes and dtsltkes, 
or you may prefer to get the book ftrst and read 
the first chapter on 'Site and Climate' 
before sendmg tn the mforrnation. 

The book tS sound adVIce on the best low-cost 
building techniques from around the world 
A frtca, lndta, Israel countnes that c;;nnoi 
a;;ord U.S. style waste Much of tt is not in 
pnnt elsewhere. 

A I" conc.•ere floor wt th loadmg suesses of 
450 lbs per sq ft; houses bwlt of earth. woven 
bamboo and bott!es. as well as of co·wenttonal 
matenals. flow to hook up your piumbmg in 
a stmple • .:ntrai .cure. 

Good dope on concrete-proportiOns. addtttves 
such as sawdus. or emu/sifted asphalt for 
'comfort cushton ·floor Oetatls on wood 
framing. how stud wall houses are overbwft. 
the strengtn of threa' I!Cl nails 

There tS mu .11 good data on butldmg w• th 
rork and earih, how io maAt: a ~/1d!ng form 
for rammed earth and a d•Kuss•on of the strength of 
rammed earth and so•l cement Why don't vou 
twar anvrhing tf1es~ days about eanh wall 
bu•ldings} 

Inasmuch as there 1S noth.ng 1n bare eartn 
to ~rfl. no cornm~rc•al group ca:1 be tuund 
to extol 1ts mer1:s 

L?ts more. wtth a b•bl10graphy at the end of 
each chapter for further reasean:h 

ORDER NOW! 
ENLARGED ED:T!ON 

IN U.S. IS 
A'_'A.!LACL.E t-ROM 
L.I.T.AT~ 

£2. <15 po<tpaid 

___ ;. 

-Lloyd Kahn 

L.!.T. I 
73 Mo!es;r,;orth Street, 
Wadebridge, 
Cornwall. 

1 The Cover. A rectansle of metal 

1o111tJ ;:..:; th~ ~"10>' b~' two movable 

;uds .;;t i:he :)1de lO .111ow it to 
,l;ne ooen and to close. Above it 
are two brockets t•) house one of 
the upper shafts of the lever's 
connecting rods. 
2. The Lever. Cons•s ts of a set of 
connecting rods operated by hand 
which set the piston in motion. 
3. The Box. A metal mould supp
orted by tour angular iron legs, 
constttuting the frame of the 
whole mechan:sm. 
4. The Piston. Cons•sts of a cy· 
<:nder, gu1ded between two adjust· 
able angle' and ending :n a rect· 
•l';iJ;_;!:ir plilte whtch serves as a 
c<Jrnprec;sion plunger T0 th:~ pt:JTP 

,<_; screwed a pteCP of wood, the 
functton of ,-.vhich ts to stamp the 
tat,_,,k., If 50ltd blocks are wanted. 
thP. woodPn pu~cP can be toke" \)ff 
tJy rernov•qg !t:e ~crews ar1d filltng 
thP hol~·s left 1n thp plc.•tP with 
·,rn.Jll :.cr t!w:.. 

A. Screw; f,n loosening the piston 
gt!ides. Art: ul)ed to loo<;Pr th~ 

pt:.ton d :t ftts to0 ttght!y bet
WPen the guides, or vtce versa. 

Cl'\\' J\ H. o\,'\1 mc1uldf!r f•,r lbt· rJr•~rluction 

·ll 51\ll ··t·m•"nt blod<.<> ~-xpldn...tron sket<:h. 



F. IMPULSE TURBINES 
Where you can obtain a good tall head of water, an 
impulse wheel like the Pelton wheel shown here, can 
be made up, installed, and give useful, cheap power 
without damaging n:tture. Where lower heads are 
avaiiable a Kapl<'n-style reaction turbine can be 
used. These can be fabricated from readily-available 
marine screw equipment, and do not necessarily have 
to be of extreme cost. such as the £6,000 - £1 0,000 
often quoted by established manufacturers for 
turbines giving 2- 5 kW of electricity. 

For the drawings shown here the head required is 
from 25 ft. to 60 ft. 

HEAD FLOW R.P.M. HP. 
CU.FT/sec. 

25' 0.43 3 350 1.0 
30" 0.51 390 1.3 
40' 0.59 450 2.0 
50' 0.66 500 2.8 
60' 0.73 550 3.75 

Thus, if a survey of your stream indicates a head and 
flow close to these values. this Pelton wheel will fit 
neatiy into your plans. 

in the drawing. This shape acts to slow the jet by 
turning it smoothly through 180 deg. The surface of 
each bucket must be as smooth as possible. A mirror 
finish is desirable on the inside, and even the back of 
each bucket should be ground and polished to 
minimize spray. 

Important also is the correct orientation of the 
bucket to the jet. When the full jet strikes, the bucket 
should be perpendicular to it. Both the nozzle and the 
buckets will wear under the action of the high-speed 
water, at a rate determined by the silt content and 
should therefore be made easily removable for 
replacement. 

Above all, buckets must be uniform. If you can 
get access to a metal-cutting handsaw, cut the blanks 
according to a single pattern. This pattern can be 
shaped so as to form the ~nd bevels automatically 
when the blanks are bent, and the bending itself can 
be done in a jig or hammering form. This jig may be 
made of a piece of pipe of about 2" outside diameter 
mounted in hardwood endplates. Also provide a 
holding fixture that will slide in the table groove of 
the handsaw to assure that the slots for the end lugs 
are cut and spaced uniformly. A holding jig should 
also be made to line up the lugs and buckets for 

•Ja!ve 

/ 4'' penstock pipe 

from dam < -

long section 
Strictiy speaking (in fact, not!} a water whed is an weldirg. On completion, balance the wheel by laying 

engine powered by water. just as an automobile weld beads along the backs of any light buckets. 
engine is powered by gasoline. The important power- Beads should be laid carefully and ground smooth. 
producing elements of the wheel are the buckets and Ball bearings may be employed, but are not 
the nozzle. and considerable care should be exercised necessary since the wheel turns at comparatively low 
to see that these parts are made correctly. The nozzle speeds. If the builder prefers to use plain bearings, it 
meters the correct amount of water to the wheel, and will simplify machining the shaft, which should 
forms and directs the jet against the buckets. Both present a shoulder to the inside of the bearing so that 
the inside diameter and the location of the nozzle the wheel may be positioned. If plain bearings are 
with respect to the whed are very important, since employed, babbitted linings are satisfactory, provided 
the jet must impinge upon each bucket at the correct provision is made for proper lubrication. 
wheel radius or lever arm. It must also be divided One vital job that the foundation must do is hold 
equally by the centre ridge of each bucket. the wheel and the nozzle in correct ielativc positions. 

The function of the bucket is to convert ihe It should be placed on firm ground or piling so that 
energy of the jet, represented by its high speed, into it will not settle unevenly, and must, of course, take 
mechanical energy at the wheel shaft. To do this it advantage of all the head possible. The penstock from 
must slow the water from its high speed in the jet to the dam should have easy access to the nozzle, and the 
practicaiiy zero speed when it drops into the tail tail water easy escape to the stream. If possible use 
water. Maximum efficiency with this wheel will be 4" or larger pipe for the penstock and lay it out to 
obtained if the buckets have the form and size shown hold frictional losses to a minimum. The width of the 
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foundation is such as to ailow tl1e water to tly clear 
of the buckets. The n:movablc cov•?r over the upper 
half of the ·v.iteel may fit more closely. since no 
water sprays from the l'uckeb through thi;, half of 
the revolution. 

The foundation may be n~aL'e of such materials as 
timbers in a framework, masonry, or concrete. so 
long as it fulfills the abvoe requirements. The wheel 
and the machinery being driven may then be housed 
in any suitable, inexpensive shed. 

It's not wise to dispense with a gate valve, which is 
used to cut off or to throttle the water supply to the 
wheel. Since a gate valve cannot be operated rapidly, 
it is the best type, eliminating the risk of dangerous 
water hammer in the penstock. It is also well suited 
for throttling because fine adjustment is obtainable 
through the long operating screw. In throttling, the 
gate valve should be used together with a tachometer 
or revolution counter connected to the wheel shaft 
to secure the optimum speed and horsepower for the 
stream condition and load. Either fasten a tachometer 
permanently to the shaft, or keep a revolution counter 
handy in the wheel shed. 

Generally the head and volume of water flowing 
to the wheel will remain constant, resulting in a 
tail-water surface at the wheel. For an impulse wheel, 
however, which cannot operate submerged, the 

, .. J((5. iJ 
1 2 :,- -'* y"" 

'1.~f, 3Cf 

L' ~~o. requ1red m1rror fir.ish 18 
w.ztded stzet sheet 

buc.ket 

shaft 

3" 6 4 
'+.--- -----.,. 

~
"tlo3.nge 
~. r ~rad. 

45°chamf:'r 

nozzle 
available head is measured from headwater to the 
centre line of the nozzle. As shown in the construction 
drawing, there is only 5" difference between the two 
dt:finit10ns, but this can make some difference in 
output when working with the moderate heads for 
which this wheel is designed. 

While many details can be altered, the reader 
should beware of any that will affect operating 
characteristics. Thus stainless steel buckets and anti
friction bearings would improve performance, 
involving only some extra work in building the wheel. 
Changes in the nozzle diameter, wheel radius, or 
constant output. If the machinery driven by the 
wheel has a level power demand there will be little 
need for constant adjustment of the valve. 

The requisite piping, pipe fittings, steel sheet and 
rod, and bolts, nuts, and gaskets are available at 
building-supply houses or steel distributors. Machine 
screws, lock nuts, bearings, and the like may be 
purchased from good-sized hardware distributors or 
mail-order houses. 

One final point to keep in mind in making your 
calculations: head is defined as the vertical distance 
between the water surface behind the dam and the 
effective head, however, should be undertaken only 
after careful consideration of the probable effect on 
performance. 
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FIRST HAND ~~IRST RATE 

\'LGE i .\BLE HOT-POT 

-1- "1'. put..tto 
..J. ot.s. ,week or turnip 
-1: oz s. ctrrots 
-1: t•:.s. tlllion~ 
I th~. oil <>r t .. t.iStc 

~ n1.s. ~oya flour 
I -:! tsp. lhnncnc 
I pint w~ttt'!' or stu, k 
2 ot.s. turnip top' or other dark 
green \t:geLtble, (nettle in the 
spring?) 

Clem .md cut \l'ljCI;tbk~ into tubcs. \lix soya with 2 tbs. cold w;ttcr, 
pour ·In hoi w;tlt-r, ;Hiti Barmene, •;tir well and pour O\Tr \'t•gcLJhle~. 
Couk in c;t,,::rolc in sluw u\ en I ~hours. Add !'hopped turnip ka\t's 
f, •r Ltst 20 minutes. Stir in oil just bdore ser\'ing. 

S.\ \'Ol'R Y PA:"~o;C\KES 

t "'~· tlour 
\ ll/.,_ '"'··• fluttr 
l ~ o/s. o! w.t tcr 

Pinch of s;tlt 
oil fur frying 

\!ix dr\' ingredients. Stir in W;tter. lleal wdl or mix i.l ukndn. Le.t\'C 
in rt'frigt:Lttllf or cool pbn.: rur at least 3() minutes. Ileal 2 tbs. oil in 
f:·\ ing p.tn <HI a \Try hot plate wllil it begins to smoke. Pour in -1- tb~. 

of JXII1c.tkc mixture. Reduce heat to half. When set sha~ e slightly to 
prc\ent stit king. \\'hen lightly bnmnt:d on under side turn and brown 
un the other side. Spread with a filling of S<tlad of finely chopped 
t>n1o11, gr;~tcd catr<Jt, or beetroot, and beans ur h'L.lled nuts and 
llarmene. 

\ll'SHR00.\1 A~D 0.\'r S.-\ VOl'RY 

1-\ ozs. mushrooms 
~ ozs. h•tzcl nuts 
~ t hs. oil 
1·2 pint stock ur \Vater 

2 lll.s. fine oatmeal 
2 ozs. soya 
Salt to taste 

Prepare mushrooms •md simmer in the oil. Cut in the pan - into 
pit:n:s . .\lix oats. soy:.~ to a thin cream with a little water. Boil the 
stock •md mix \Vith the cream. Add to pan of mushrooms and stir 
until the mixture has thicke!1ed and simmered for a few minutes. Stir 
in nuts. Put in fireproof dish and garnish with chopped parsley. 

\ICESLI CAKE 

-1- ozs. raisins (preferably seeded) 
14 pint hot water 
--1- ozs. rolled oats 
2 ozs. barley Hakes 

1 oz. rye Hour 
I ut.. wheat germ 
3 ozs. oil 
Salt to taste 

Soak raisins in hot water for about 20 minutes. Strain off the water 
into the oil. ~lix dry ingredients together. Chop the raisins and add to 
the mixture. Stir water and oil and mix well with dry ingredients. 
Press out onto oiled baking tray. Cook for 35-40 minutes at 300°F. 
Press down and cut into squares and leave to cook in the tray. 

VEGAN RECIPE BOOK FOR LOW COST LIVING 
25p incl. p/p from LIT 
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Power Sources 

11000.1 
11110.1 
11110.2 
11110.3 
11110.4 
11110.5 
11120.1 
11120.2 
il120.3 
11120.4,5,6 
11131.1 
11132.1 
11133.1 
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1 KWL River Generator .50 
Bicycle Drive Pulley .25 
Manual Rowing Machine Power Unit 1.00 
Bicycle Power Pack .50 
Bicycle Powered fl,indmt:ter .50 
Dynapod 1.00 
Oxen Yoke .25 
Animal Power Unit .25 
Multiple Hitches .25 
Harness for Horse, Bu11ock or Donkey .25 
Helical Sail Windmill .75 
Savonious Rotor Windmill .75 
Fan Blade Windmill (VITA Essex) 1.00 
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WATERPOWER: A TURBINE-BUILDER'S VIEW 
R.J. ARMSTRONG-EVANS, Chagford, Devon. 

Historical Background 
The harnessing of the •forces of Nature' to provide 
mechanical power has been carried on since the 
very earliest civilisations. It was the progressive 
specialization of man's activities which bwught about 
the demand for powt.r which could not be met by the 
use of human al'd animal energy. The Chinese, 
Persians and Romam exhibited ~onsiderable skill and 
ingenuity in the field of civil engineering, many 
examples of which stand today. 

Water power is known to have been used in the 
British Isles by the Norsemen, but the main growth 
cam~ from the late 18th centur; onwards. The power 
for the Industrial Revolution was supplied by water 
and latterly by steam. We will describe the designs in 
detail later. It was the awarding of the prize offered 
by the Societe d'Encouragement to M. Fourneyron 
in 1827 that heralded the arrival of the water turbine. 

Ther'~ followed more than half a century of 
development until we arrived at the vast machines 
producing thousands of horse power for the major 
hydro-electric schemes of the world, such as the 
Hoover Dam in Colorado. It was the demand for 
electricity which then stimulated the construction of 
power stations in the early 20th century. Many small 
plants were built, mainly in Scotland, Wales and thf.' 
West Country to supply the country houses with this 
fashionable new form of power. Latterly the growth 
of the National Grid system made most of these 
plants redundant as they were usually designed to 
produce 'Direct Current' as or--posed to 'Alternating 
Current'. 

In recent years we have seen the continued 
growth of the large H.E.P. schemes O\'erseas such as 
; he Snowy \1 ountain scheme and a resurgence of 
interest in the smaller domestic plants as a result of 
both economic and environmental pressures. 

In this hooklet we will endeavour to give an insight 
into the subject without going into too much technical 
detail and outline some of the problems and considera
tions which will be encountered. The later sections are 
devoted to some practical projects and information 
for the prospective builder or purchaser. 

Engineering Summary 
The Site Potential 
All hydro-dynamic prime movers (turbines and water
wheels) are machines for concentrating the energy in 
a flow of water into a usable form, whether it be for 
saw!ng wood or generating ele~:tricity. The power 
available is a t"o.mdion of head (the distance the water 
falls vertically l and the flow I quantity of water 
passing a given point in a tmit ol timel. The flow of 
water can he calcuiated by ascertaining the cro~s
sectional area of the stream and the average flow; so 
that you arrive at a figure of x c.:ubic feet of water 
per minute or litres per second. 

To measure the flow in an open stream or 
channel: you should measure the depth at several 
equi-distant points across the stream, average thern 
and multiply the result by the width of the stream. 

Choose a straight uniform length if possible. Using a 
float (a stick or bottle) time it over a measured 
distance, say 10 yards (repeat several times) and 
calculate the volume per unit time. Reduce the final 
figure by IS% for a well maintained !eat, 25% for a 
stream and 25% for an irregular boulder-strewn 
brook. 

At a weir: Measure the weir and depth of water as 
shown below and take flow from table. 

At a sluice: Measure the width of aperture (w) the 
height of the aperture (d) and the head of water 
behind the sluice (h) (from the centre of the aperture) 
and calculate the discharge in cubic feet per minute 
from:-

336 X d X W X lz 

using a V-notch weir: the notch should be a right 
angle with the sides of the angle levdled to a sharp 
edge on the downstream side. The discharge in 
cubic feet per minute 

11 2 XhX3 = 
10 

The flow is fixed by the supply, but storage is 
often used so that uneven rates of working can be 
achieved (e.g. the millpond fills from a small stream 
when the sluice is closed and it empties rapidly while 
the mill is in operation.) 

The head is governed by the geographical features 
of the countryside and is realized as the vertical drop 
over an overshot water-wheel or a pressure wit!1in a 
pipe. Measuring Head: A large scale Ordnance Survey 
map may be of help on a high head scheme but 
usually a builders level or a tape measure will do. 
The total head is from the surface of the iiikt water 
to the bottom of a water-wheel, or the ~urface of the 
tail-race water of a reaction turbine when it is 
running. Note: Up to 1/3 of the 'total head' of a low 
head reaction turbine is often below the machine 
due to the vacuum created in the draft pipe, but it 
wiii never be more than about 20ft. 

Water which is in a state where it can do work (at 
the top of a fall or in a pressure pipe), possesses 
'potential energy'. The potential energy of the water 
is utilised by: I) controlling its descent as with an 
overshot water wheel. The slower the descent the 
higher the theoretical efficiency due to the relation
shipswith 8 (acceleration d11e to gravity- 32ft/sec2 ). 

2) Causing the water to flow through a narrow 
restriction (a jet or passage), so that the water attains 
a high velocity. This new energy of I.wtion (kinetic 
energy) is dis~ipated by playing the flow of water 
onto a paddle-wheel wh: .:h is free to rotate. 

J n all cases there will be losses in efficiency due to 
turbulence, friction etc. resulting in an am'Junt of 
mechanical energy in th~ rotating shaft; ranging from 
approx. 50'i to 80% of the original thecrdical energy 
available. This power may still not he in a useful form 
and gearing may be neces.;ary. It shuuid be remembered 
that the lower the spt:ed the greater the <-ize, weight 
and cost of the components. 

With a water-wheel the speed will usually be 
between 5 and 30 RP\11, and it is the firs'. step up to 
about 300 RPM which is expensive. It is possible to 
achieve a step up fwm 150 RPM to 1500 RPM 
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is the most usual alternator speed) in one 
belt drive, but the primary pulley will have to be very 
large. Drives from a shroud gear on the wheel itself 
are usually very noisy, but there is scope for the use 
of composition pinions, water-resistant belts and 
friction drives. Because of this and other problems 
very few water-wheels are used for electricity 
generation, though the overshot water-wheel has the 
advantage of not getting blocked up with leaves anJ 
sticks. 

Water quality 
Unles~ one is considering installing a relatively high 
performance machine such as an impulse turbin~. the 
quality of the water will not be very important. Very 
acid water can he a problem, but it is usually best to 
mak~ all parts of generous proportions. or plate them. 
Galvanising. preferably hot dipped. is normally satis
factory. if it is sufficiently thick and is not subject to 
abrJsion due to sand-ladeu water. A hard coating 
suitable for fal,ricated turbine runners is electro
nickel. hut this costs up to £.5 per sq. ft. Fabrications 
in stainle5s stt:el and bronze are worthwhile in a 
turbine. although cast iron (and som~times duralurnin) 
have good wearing propt'rties under a wid~ range 
of condition-.. 

Sand and gravel will .:rode the impt'llt'r of a pt:lton 
or similar impulse wheel at a considerable rate, so it 
is advisable to provide a silt-trap at the top end of the 
inlet pipeline. 

Leaves probably cause the most trouble in hydro
electric power plant and the only ways to overcome 
the problem are I ) to have a self-cleaning grid 
(trash-rack); 2) to have a machine which will pass 
them (most water-wheels. particularly overshot, or a 
propeller turbine with no guide vanes, or wide 
clearances); 3> or 10 shut down the plant while the 
leaves an.· falling off the trees. 

31 Civil Engineering Works 
Dams 
For main river schemes in the U.K. the question of 
dam construction is not likely to ari~e, due to other 
considerations. mainly legal. The situations I will deal 
with are: the repair ol an existing d;Jin; the 
construction of small stream dams; and the construc
tion of earth and tempcrary barrages. 

Repairs to existing structures 
There are many dry-stone weirs which have been in 
existance for hundreds of years without being washed 
away. Once erosion hegins then the stru..:ture may he 
completely washed away: so any dam··gc should be 
made good as soon as possible. Work will almost 
certainly have to be car ·ied out Juring the summer 
months when the Wuter is low. A coffer-dam may 
have to be built out of sandbags, or :.caffoiding, 
corrigated iron and tarpaulins. It may also be necessar:; 
to have a pump to drain the working area. All the 
silt and debrio; should be removed so th'lt a good key 
can be obtained with the rest of the weir. On large 
areas it may be desirabie to use reinforcing bars. The 
concrete is then poure<t in, unless the area is u'lder 
water, in which case the mix should be put in dry. 

With m..>st work of this kind it is advisable to 
discuss it with the Regional Water Authority 
Engineer. 

Damming a side-stream 
The process usually involves diverting the stream or 
part of it while you build a rendered concrete wall 
and sluice gates. Provision should be made for 
draining a11d de-silting the pond. 

For many sttes semi-permanent structures may be 
desirable and these include: 

a. Railway sleepers or similar timbers held by 
conc:-ete or channel-iron supports. 

h. Plastic fertilizer bags filled with sand or a dry 
concrete mix. 

c. Tim her or metal frames covel ed with a 
waterprt•of membrane e.g.: Rick slwet. 

d. Straight trees 18" to 3' in dian:..:ter felled 
into trenches in the banks of the stJ::am. 

e. Special dams such as large tubes filled with 
water. 

f. Lengths of drain-pipe and paving slabs. 
In all cases bank erosion may occur at the edges unless 
care is taken to reduce leakage as much as possible. 

Creating a Lake 
If your scheme i-; in wnjunction with a L1ke, for 
ornamental or storage purposes then the construction 
will be as follows: · The site should be accurately 
surveyed and a plan made and submitted with the 
relevant form to the Regional Water Authority 
together witi1 copies of notices that you are required 
to place in a local paper and the London Gazette. 
In due course you should receive a lake licence in 
accordance with the 'Water Resources Act' 1963. 

All scrub and turf should be removed from the area 
of the dam. A drain should be provided at the bottom 
of the .Jam so that the pond can :,e drained if the 
need should arise. First bulldoze the downhill footing 
of the dam and work hack :1t a grade of about I in 3, 
consolidating the ground with the machine as you 
go. Then lay down .1 thick layer of heavy soil to form 
an imp~rvious barrier before covering with other soil 
and if necessary stone at water level to resist erosion. 

About S'''r of the dam's hi!igllt sh::ntld be allowed 
extra for settling. It should he ~own with grass seed 
to help anchor the surf<!ce. Very great care is 
necessary in designing ·md constructing spillways as 
any leakag~ will result in the whole structure being 
under-mint•d. 

Inside the darn there will be an artificial water
table and it is vital that this does not emerge on the 
surface of the dam as seepage will occur and the dam 
may be eroded from within or slump, due to the 
flowing of the soil particles. 

Leats 
The construction of teats follows much the same rules 
as for the construction of earth dams. They should be 
excavated if pos~ihle and fenced against cattle, which 
will break down the hank<;. The longitudinal profile 
of the teat bed should be level or <;lightly uphill for the 
first 100 yds. or so, to help the silt to settle (a by-wash 
is usually provided for washing out the silt every 
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few years). Th~ leat thence continues to fall at about 
1 in 300 to keep any remaining silt in suspension. 
The gradient should be such that the leat is kept 
clear but not eroded, 2ft. - 3ft. per second being the 
usual range. 

Flumes 
These are constructed of wood, and are a usefltl 
method of crossing difficult country at low cost, 
provided there is a good supply of local timber. The 
structure obviously has a limited lifetime and will 
probably require more maintenance than a leat. 

Pipelines 
Pipelines should be as short as possible to reduce the 
cost, so many schemes use a combination of a !eat 
aPd a pipeline (usually called the penstock). Pipes 
should be of a material which will resist abrasion and 
corrosion as well as the pressure. It is fairly common 
practice with a long pipeline to use cheap low 
pre~sure piping (i.e. concrete or plastic) for the top 
section and steel or cast iron for the bottom section 
where the pressure is highest. 

It is best if the pipeline is buried, provided it is 
non-corroding, but if t!1is is not possible it should be 
well-supported and with concrete anchorage points 
built on steep gradients and at changes in direction. 
A pressure release valve or swell tower is a vital 
safety measure if there is any likelihood of the flow 
being stopped quickly - due to the blockage of a 
turbine nozzle or the rapid closing of a gate valve. 

Spill-ways 
These should be more than adequate to. carry the 
greatest amount of flood water and should be so 
constructed that blockage due to sticks becoming 
jammed is impossible. The wing-walls and i.1y-water 
chute should be so constructed that erosion of the 
banks around and under the structure is unlikely. 
OnLe a leak occurs it will wash out the fine fill of a 
bank and may result in a breach. Circular spillways 
are often used but mainly where sticks do not present 
a problem. Railway sleepers. wood or :oncrete 
retained by concrete or chanrel-iron supports, are 
surprisingly resilient to erosion, provided they have 
been well dug in a·1d sealed with clay. 

Sluices 
Sluices must 1--e able to withstand the pressure of a 
stream in flood. be easily built and maintained. There 
is no need for them to be too elaborate as the working 
parts will only be;;ome seized up through lack of use. 

Screens 
It is not usually considered necessary to screen the 
water feeding a water-wheel, but it is almost an 
universal practice with turbines. Screens are normally 
made up of metal bars or strip-welded to t frame. 

backwashing system. Clearing the screen is usually a 
simple operation, taking a few minutes at most, and 
is a small chore for the benefit of hydro-power, (the 
exercise also being undoubtedly beneficial!) 

The Foundations 
The foundations of the screen tank and those to 
carry the machinery should be carefully designed and 
constructed, as any settling and subsequent cracking 
of the concrete work could cause considerable 
problems, and even a wash-out. The same applies to 
the support of water-wheel bearings and drive 
foundations, which have to withstand considerable 
low frequency vibrations. 

4) Engineering Equipment 

i I Water wheels 
Come in all sizes, shapes and designs, so we have 
chosen the more usual and interesting ones for 
considaation. 

The Overshot Wheel 
simply receives the water from the launder, rotates 
due to the weight of water and empties the water at 
the bottom. The bucket design is critical and should 
be such that the water flows freely into them 
without causing hammering or trapping of air. The 
mouth of the bucket should be several inches wider 
than the stream of water, and the water should be 
retained as long as possible. 

The Breast Wheel 
is similar to the overshot wheel, but it takes its water 
about 2/3 up the periphery of the wheel and rotates 
towards the launder. 

The Undershot Wheel 
can be in the form of a simple paddle wheel running 
in a stream, in which case the effective head is approx. 
1 foot, •.'r the water may run down between the wheel 
and the curved masonry. The leakage reduces the 
efficiency a lot, and there is a danger of logs 
damaging the buckets if they become jammt-d in 
between the wheel and the masonry. 

The Poncelet Wheel 
is an undershot wheel of fairly high efficiency, even 
when working on part gate. The water flows out from 
under the sluice, down a I in 10 race and up the 
floats (buckets) without any shock. Gliding up the 
curved floats it comes to rest, falls back, and acquires, 
at the poi:1t of discharge, a backward velocity 
relative to the wheel. such that the water falls dead 
into the tail race water, having given up all its kinetic 
energy. The wheel rotates "against" the water 
direction. 

The debris that collects on the screen has to be raked The Bakti Wheel 
off by hand or by a mechanical rake. Self-cleaning is fairly unusual, in that it can work on a head 
screens work with greatly varying efficiency, many times its diameter and is principally of the 
depending on design. Water and mechanics don't impulse type. The water is led to the wheel in a pipe 
agree, so the simplest methods are often the best or flume and is given considerable velocity (kinetic 
The most successful involve a rotating screen or a energy) by constricting the outlet. The water enters 
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the floats (vanes) at the top of the wheel and is 
deflected across the axis to where it strikes the inside 
of the floats on the opposite side, which deflect the 
water forward at a velocity approximately equal and 
opposite to that of the periphery of the wheel, so that 
the water falls dead into the tail race. The main 
advantage of this type of wheel is that it is fast 
running and eliminates the gearing problem mentioned 
earlier. 

The above wheel could run submerged as a 
reaction-type wheel, if enclosed in the right kind of 
case, but the speed and efficiency will be greatly 
reduced. Other wheels have been built mainly with a 
vertiLal shaft, which work on differential drag - like 
Savonius rota - but they are of low efficiency, and 
cannot be consid.!red for schemes of any consequence. 
(Though Savonius rotor boats were feasible. - Ed.). 

1i) Water Turbines are classified into impulse and 
reaction types. The former, which include pelton and 
turgo-impulse wheels, utili7e the kinetic energy (or 
momentum) in a jet of water which impinges on the 
buckets of the runner. The buckets are so shaped 
that they turn the flow of water through as near 
180° as possible and move at a speed which results 
in the spent water falling straight to the bottom of 
the ca~e. whic~ is mostly full of air. (The reaction 
turbines can be sub-divided according to the flow of 
water through the machine, into inward, outward, 
axial and mixed flow types.) Most machnes have a 
set of guide vanes (deflectors), and the runner from 
which the power is derived. Unlike the impulse 
turbine, the case is completely filled with water and 
tlte ~.:untinuation of the outlet (draft pipe) below 
the machine results in the formation of a slight 
vacuum, which both increases the total head and 
reduces turbulence. 

The final classification is with regard to the casing. 
Those which have no exterior case and run submerged 
in the inlet channel are generally referred to as 
'open case'. 

Most development has been centred on improving 
the general efficiency and performance on part gate 
(when there is a lack of water I. Traditionally machines 
have been designed •Nithin the limits imposed by the 
minimum summer water flow, but now peopie are 
considering the winter average flow, which occurs 
when their demand for the power for heating 
purposes is greatest. Most itomes are connected to a 
mains suppiy. so that theo;e plants can be regarded as 
suppliers of part of the total demand. The complica
tions necessary to achieve accurate governing and 
capacity to supply peak loadinf!s, can multiply the 
cost of a plant by 4 - 5 times. The main criteria on 
which a modern domestic plant should be built, are 
economics and simplicity of maintenance, for which 
we are obliged to sacrifice some efficiency, particularly 
on part gate. 

minute. 
Unless one has unlimited funds and is prepared to 

spend in excess of£ I 000 per kilowatt ( £500 per h.p.), 
the fixed bladed propeller turbine is virtually the only 
type one should consider. If one has considerable 
expertise in fabrication, a Francis or Jonval type 
could be made. 

From those firms in Western Europe and the U.S.A. 
who will build small turbines, virtually nothing is 
available at less than £2500, plus installation and an 
alternator. 

There are very few second-hand turbines available, 
so the only alternative is to build your own from 
drawings or buy a complete kit, and install it yourself 
or with the 'help of a builder. 

Most turbines are governed hydraulically/mecha
nically, which is out of the question for most plants 
with which we will deal. Rather, it is far easier and 
cheapv· to maintain a constant load on the machine 
and divide the output between a main circuit and a 
balast circuit. There are several ways in which this can 
be achieved electronically, and the degree of sophisti
cation and number of safety devices is naturally 
reflected in the price. Here we are talking in terms of 
£50 - I 00 per h.p. for the materials and drawings, 
plus your own labour, and an alternator costing at 
least £30 per kw. 

(Included in the next section is a more detailed 
description of the construction of a vertical propeller 
turbine.) 
High HeaJ Turbines 
High head installations using turbines of the impulse 
type have many problems and additional costs, the 
greatest of which is usually the pipeline. The size of 
pipe is most important, as it is necessary to balance 
cost against the losses due to friction which would 
occur in a pipe of too small a diameter. Manufactured 
machines are available with or without governing, 
but the cost is considerable. For the home builder it 
is advisable to buy or build the moving parts and 
build a casing of concrete or brickwork at a fraction 
of the cost. The two designs suitable are the pelton 
wheel and a Bakti type cross-flow machine. 

iii) DriPe - For low speed/high torque, gears and 
heavy chains are necessary - expemive if purchased 
new, I would advise those who wish to use a water
wheel to look for suitable second-hand equipment. 
For higher speed drives vee-belts are the most 
convenient, as they are quiet and fairly easy to 
install and renew. Hydraulics are available and some 
include self-governing systems, but they are expensive 
and have a limited life. 
Bearings - These should be ball or roller and where 
necessary of the thrust type. Wherever possible you 
shuuld instal as large bearings as possible, as the 
increased life will more than offset the extra .;ost. 
l 0 yearc; should be regarded as the minimum life of 
low-speed bearings. Well-maintained hearings running 

Design Criteria - for low head installations. at less than 500 r.p.m. may last ur to 30 years of 
If a design is simple. it usually follows that the cost continuous running. 
of construction and L1e maintenance will be low. The Alternators and Dynamos - Not many people are 
most cor.1mon site i·, that of an old mill, where there interested in ge!lerating 'direct current', though there 
is 6- 20 ft. head. and up to 3000 cu. ft. of water per is quite a lot of good slvw-speed equipment available, 
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which is suitable for water-wheels Generally we are 
interested in producing 'alternating current' as 
supplied by the National Grid. 

There are many makes of alternator on the market 
and most run at 1500 r.p.m. For most purposes single 
phase is required, and there is a great deal to be said 
for the brushless (rotating field) machines. It should 
be checked whether the alternator has suitable 
bearings for bdt driving and, if necessary, for vertical 
mounting, as required for my own design of propeller 
turbine. 
Governing - This can be the greatest and most 
difficult problem, as it has traditionally involved 
regulating the flow of water through the machine. 
It is now generaHy accepted that for small plants a 
fixed load is best. In simplest form the output of 
the machine is always connecterl to water or space 
heaters. In more sophisticated installations, the load 
is electronically shared among several circuits, by 
power or frequency monitoring (obviously the cost 
is related to the degree of control requir·.:d.) This 
method of control makes water economy less easy, 
but cuts the cost of the installation by up to 500%. 
As mentioned earlier, hydraulic systems have their 
own built in governing system. With most systems it 
is vitdi to have an ovt:rspeed safety device, in case the 
electrical load is removed by the blowing of a main 
fuse or component failure. Without such a device to 
shut the plant down most alternators would be 
destroyed by the very high centrifugal force in the 
rotating armature, not something one would wish to 
happen too frequently! 
Power Cables - These can be a very expensive part of 
the in~ialiation if they are of any great length, mainly 
due to the high price of copper. The main disadvantages 
of overhead cables are that they are unsightly and 
can be struck by lightning. Underground cables are 
usually more expensive. For low voltages the wires 
can be laid in an alkathene pipe which can be pulled 
in with a mole-drainer. Whert- there is likely to be 
excessive power drop or cost in using heavy cables 
transfonners may be used. The cost of the transfonners 
has to be offset agai!lst the saving in the size of 
cable. (The higher the voltage the thinner the cable.) 
Switch gear - I would like to emphasize that any 
wiring and changeover swih:hes that may be necessary 
should only be installed by a person who knows what 
trey're doing. In no circurr.otances should any direct 
connection be made between a mains supply and a 
private supply. Otherwise it could be your wheel 
versus an atomic power station! 

on bearing temperature and this usually involves 
stopping the machine for safety reasons. The comu
tators of fast running D.C. generators usually cause a 
lot of trouble due to sparking of the brushes. T!le 
slip-rings of alternators don't usually suffer from 
such troubles, but it can (>nly be overcome by Psing 
a hrushless (mtating field) machine. 

Legal 
'ffiemain areas where the Law should be studied are 
in connection wtth: 

a. The 'Water Resources Act' 1963. 
b. Water rights and access for maintenance. 
c. Liability for damage caused by flooding etc. 
d. sale of electricity. 

The 'Water Resources Act' 1963 
Made no specific reference to water-mills and conse
quently there followed a consiclerable amount of 
argument a·; to the intention of the Act in thb 
respect. The main legal argument hinges on whether 
the water for a mill is abstracted or diverted. In the 
light of recent court cases (Dee Mill v Dee River 
Authority; and Farm Industries v Devon River 
Authority) it would appear that no charge can be 
made for water used by a wheel or turbine, as the 
water is returned to the river in a nonpolluted state. 
It is reasonable for the river authority to specify 
minimum flows for the main river during times of 
drought so that the fish will not be killed. 

If water is flowing in a !eat and has been for years 
then you have established a legal right and with it 
one often has the right of access to maintain the leat 
and any works in connection \tith it. It should be 
remembered that this usually works both ways in that 
you have an obl!gation to maintain it should it flood 
someone elses land. Where the flow has ceased in a 
leat, or a new scheme is planned, a licence may be 
required by The 'Regional Water Authority', Whether 
they can charge an annual fee is a matter for debate 
and there is considerable discrepancy between regions. 
It should also be mentioned that mills and weirs help 
to improve the oxygen content of the water, which is 
vital to fish survival and growth (especially where 
high-BOD agribusiness waste is dumped in rivers 
-Ed,). 

The right to take water 
and to maintain works may be written into the deeds 
of the property or the local records. A search is often 
worthwhile, particularly if there is a dispute. 

Appendix : How much do ~ou have to do? Liability for damage 
In general everyone has a duty of care to his 

Maintenance neighbour when he is carrying out anything that 
If your plant is near the point of power need you could endanger his person or property. Provided you 
are at a distinct <tdvantage, as you save yourself a have taken all reasonable care you will probabiy be 
walk, and there is less risk of vandalism. The screen all right but your insurance in respect of 'Public 
should be checked once a day while the leaves are Liability' should cover you against your own 
falling off the trees. The machine should be stopped negligence. This is more important in urban areas. 
every week or month, depending on the type so that Under the Electricity Nationalisation Act the 
the bearings and belt tension can be checked. various boards were given a monopoly of the sale of 
Continuous running can be achieved for long periods electricity. By joint ownership of the plant it is 
(i.e. 6 months or so) but checks should still be made possible to run it without money changing hands. 
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Economics 
Does it pay? To be abie to answer this question we 
should calculate or estima1e the following: 

a. Wh:1t wili your initiai investment be (including 
or excludmg your own labour) 
b. What annual cost will you incur. 
c. How do you value your own time for maintenance 
d. What value of power should you get from your 
plant. 

fixed co<.ts 
For the purpose of calculation capital is costed at 
aver;:~.ge borrowing rate say l 0'7r and the fixed costs 
are those required to pay for this capital i.e.: interest 
and repayment over ten )'ears. 

Variable .::csts 
These are the annual running -:osts which are very 
low with hydro-electric power as the fuel is free. 

Cash flow 
It is relatively easy to '~::kulak the output of the 
machine over a period hut the costing is more 
difficult. ~ 1rstly you must cost it at the value of the 
!uel that you are replacing. so it is ohvwusly best to 
replace the most t>'~per~sive. C!Su:.i!ly electricity fii"st. 
SeLondiy you must estimate the change in the price 
of fuel over tLe next few years (a dangerous past 
timel. It is possible to make allowances for intlati·--n 
:md growth so that you have an eiahorate 'Cash !low' 
programme for several years ahead but in the present 
time of rising costs. most are out of date in a very 
short time. There :He iunher advan(ages with regard 
to taxatir ,'!lowanct:>s and I would suggest that you 
consult your accoum:mt. 

llaletv 
I can~ot ~Ire~~ teo hard the need for the strict safety 
measures as foliows: 

l!'ater 
1 1 Design your spillway" <>o that there is no danger 
)f flooding your property or your neighbour. 
2) Fence all waterways, pond~. w:tter-wheels etc. 
against liveshwk ~md children. 
E!ec rrical 
Keep everything dry 
Stop the machine when making connections 
If in doubt seek professional advice 
.Het hanical 
Guard all moving parts. belts. ge;Jrs etc. 

BJ way of 1mming. An :1cquaintance oi' mine 
rewrned home to hear a noise coming from his 
millhouse: he rushed in to stop the machinery hut 
:~aught his coat in the main drive chain. As he was 
wour.d into the sprocket he m;maged to push a 
crow-bar into the drive and ~top it. Not everyone 
has a crow-bJ.r to hand at such times. so be warned. 

(LIT wishes to point out that it has no financial 
interest in artlf!cial limbs, solar-powered or otherwise. 
So please don't practice amputdtion instead of 
waterpower. 1 
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by 
Chris Shil:ing 

L _____ ---' 

LOW IMP,\CT TECHNOLOGY, 
73 Mf,iesworth Stleei., 

Wadebrid~e, Cornwali 

COUNTRY CHE&SE 
AND YOGHURT 

Tim & Cat Clarke, 
Withiel Farw.s Ltd., 
Withiel Cornwall. 



Dear Q• .... ~r, 

RECREATION & ENVIRONMENTAL SERVICES 

TRECARRELL MILL 
TREBULLETT 

lAUNCESTON 
CORNWALL 

COAOS GREEN 285 

Enquiries to : Quarries Cottage 
:t~eldon Hill 
CHAGFOP.I' revon. 

'!'el : Chagford 234 6. 

I would like to thank you for your enquiry regardine 
!:ydro - Electric power. Our firm can design and build plants 
ior most situations, but ~e are also interested in supplying 
cowplet€ packages for your own installation. 

We can produce equipment at a very oompetive price but 
dependin~ on your location we would aav1se you to arran~e for 
a lccal Luiiding Iirm to install it to our drawin~s and if 
n6cessary supervised by us. 

It would be of great ~elp to us if you are able to 
bive us approAimate details of head and flow; photographs and 
drawints would also be of advantage. 

~he machinery for a IOKw plant will cost from £!500 to 
£20CO plus piping concrete and cable. You will appreciate that 
the on site costs are tte most variable as no two sites are the 
same. 

~e also have some second- hand equipment available 
from time to time • 

. A.nticipatint€ the rise in cost of electricity v.-e can 
offer you a reasonable return on your capital investment while 
assisting you to carryout a pr~ctical conservation project. 

BopinL that we can be of assistance to you. 

Tours faithfully 

PLANNING, CONTRACTING AND MANAGEMENT OF GARDENS. PARKS AND RECREATIONAL FACILITIES 
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CARBURETTORS 
AND PRESSURE 

REGIJLATORS 
FOR NATURAL 

AI'~D 
1V1ETHA~~E GAS 

II ~REMEMBER: ITS A GAS/NEW PRODUCTS 
1 ] SHOWS YOU HOW AT THE 

I l20P mcp & P I MIN I MUM COST II .... ····-·- - --
1 

THE OBSER \"ER. 28 J l"L Y. 197 -l 

Giving Battersea the bird 

i 

The artlcle b·1 N1gcl Hawke~ 
on Dr Colin We>t's solar engine 
!:lst weei< prompts me to point 
out that an engine based on 
lllm!lar. although not identical, 
prind;j,es, has been sold in 
a number of shoos. It Is called 
a 'Crazy Drinking Bird.' One 
wets the blrd's head, the water 
evapol'!Ues. tlle gas Inside con
!ra!..!':!, caus::-:g ll'4utd to Huw up 
a tube so that the bird over-

balances, dip, Its beak In a 
f'('Ceptacle of water, returns to 
its prev1ous position, more water 
eva!Xlrates and tl. ~ ..,roce" " 
repeated again. Both machine3 
depend on the altern<>te contrac · 
tlon and expansion of an 
enclosed volume of gas, causing 
a liquid to flow back and forth, 
altering the equlllbnum of the• 
ma•.hine. Both may work in
definitely, IJiiven, In the case of 
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Dr West's machine, a ~upply oi 
heat, and, In the case of the 
bird, a supply of water. 

In fact, I see no theoretical 
reason why an array l!f, ~dY, 
a hundred Super-Crazy Drink•ng 
Birds, perhaps each a hundr•d 
feet high, llnlng the bank of thm 
Thames, should not replace 
Batterseoa Power St .t!nn. Dnt>•! 
onvond 

SE16. C. A.. lticldand 



Another Turbine Builder comments: 

POWER FROM FLOWING WATER 
Fuels are no longer cheap. Since the advent of 
electricity, the limitations on watermill power earlier 
imposed by the geographical location are no longer 
important: the energy can be readily transported by 
wires. The fact that many miil sites produce only 
small amounts of useful energy is also unimportant; 
using modern control methods the available power 
can be used to carry "base load" while peaks of 
demand can be taken from the national grid. A mill 
which can develop say 20 hp continuously (or at any 
rate for several months of the year) will provide 
heating at about 48.000 B.Th.U per hour, or some 
1.23,000 unics of electricity per year. (Value £1230 
at I p per unit.) 

The method of extracting this energy from water 
generally involves passing it through a turbine which 
then drives an electrical generator. The type of turbine 
depends upon the pressure head of water available 
and generally speaking the greater the head, the smaller 
the quantity of water required for a particular output, 
anJ the cheaper the turbine. The avaibble power in 
killowatts from a water so:Jrce is approximately P = 
QH/1 6 where Q = quantity of water flow in cubic 
feet per second and H is the working head in feet. 
(on~: gaiion of water weighs 1 Olbs and a cubic foot of 
water weighs 62.4lbs, i.e. 6.24 gallons per cubic foot 
of waterl. If metric units are used in the formula, 
P = QH! 138 wher~ Q is the quantity of water flow in 
litres per c;econd and H is the working head in metres, 
P as before is the electrical power produced in 
ki!lowatts. 

Using the above formula, the amount of potential 
power available at a site can readily be calculated. 

It can also be seen that if some means of increasing 

the working head can be found - say by constructing 
a weir, dam or sluice or by conducting the water via 
a pipe from a higher l..:vel, the amount of water 
required for continuous operation is reduced. Any 
increase in the amount of water stored behind 
impounding works during wet periods may be utilised 
during a dry spell to maintain the production of 
power. 

It is sometimes feasible to improve upon an 
environment while prvviding a source of iow cost 
power for industrial purposes. Areas of water contained 
by new dams or impounding works can often be used 
to hide the scars of past mining or to cover other 
derelict land. At the same time they can provide 
water-based leisure facilities which may also yield 
revenue. 

In under-developed countries, impounded water 
can be a useful source of protein in the form of fish, 
in addition to being a store for irrigation and 
drinking water, and can provide potential power for 
pumping water to more distant areas. This power can 
be used for the grinding of corn and for processing 
other foodstuffs, sawing of timber etc. Thus. in 
remote areas the use of expensive imported high 
energy fuels may be avoided while the benefits of 
power may be enjoyed. Much of the cost of a 
comprehensive water resources development consists 
oflocallabour and material which is another advantage 
the imported machinery and know-how being a 
proportionately low content in the overall scheme. 

The civii engineer is a practitioner of the art of 
harnessing such resources of nature as water power 
for the use of man. He considers altern~tive arrange
ments of flow, head, machinery and civil works to 
obtain the best and most economical scheme at each 
site while maintaining the balance of nature in the 
environment. 

Vincent Allen Associates, Consu1t.ng C•v•' Engoneers 291 High Street, Epping. Essex CM 16 4BV. U. K .. 

HAVE VOl' GOT A WATERWHEEL 
OR WATER-DRIVEN GRAIN GRINDER? 

Want repairs? 
Qualified millwrights available. 

For details (<!uoting ref: LIT) 

A. COU.IAN & P. UNWIN. 
91 \-1CTORIA ROAD, 

DISS, NORFOLK. 

(East Anglill and Midland areas preferTed) 
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IYlTER 1VRBINES 

Made to measure Plans & Specifications, 
~or trarting f"fC 

Southwest and West area 

R. ARMSTRONG-EVANS. 
QUARRIES COTTAGE, 
~!ELDON HILL, 
CHAGFORD. DEVON. 

(tel: Chagf,rd 2346) 

COSTS: Approx . .£2,000 for 2·15 kW 

QUOTE REFERENCE: I.IT-W 

SpeciaM;: low-head tw-hines 
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The Independent Petroleum Association of America 
estimates domestic crude oil prices have increased 
about 24% since the first of the year (1973). That is 
more than US Petroleum prices rose in the preceding 
decade. 

Of the almost 6'f per year load growth predicted 
for the Pacific Northwest in the next 20 years, only 
) 1i{C:. per year is attributable to population growth. 

The amount of oil discovered per foot of explora
tory drilling. From 1860 to i 920. when oil was 
fairly easy to find. the ratio was 194 barrels per foot. 
From 1920 to 1928 the r~tio declined to 167 barrels 
per foot. Between 1928 and 1938, partly because of 
the discovery of the large East Texas oil field and 
partly because of new exploratory techniques, the 
ratio rose to its maximum of 276 barrels per foot. 
Since then it has fallen sharply to a nearly constant 
rate of about 35 barrels per foot. 

The Cost of Living Cuuncil reports that 53.3 
mi!!im; gaiions of fuel oil will be exported from the 
U.S. during 1973, a figure 284rt higher than the past 
year ( 19731. IEnergy Digest. 11.16.73.J 

According to the lJN report. "World Energy 
Supplies 1968-1971" the United States is still the 
world's largest oil producer, followed uy the Soviet 
Union. Iran ami Saudi Arabia. 

A TYPICAL ROUND TRIP TO SAN CLEMENTE, 
FOR THE PRESIDENT. consumes a fantastic 71,000 
gallons of fuel. For the Key Biscayne trip the figure 
is 30.000 gallons. Three helicoptt>r~ with a tutal fuel 
con'>umption of 450 gallons, ust•:JIIy escort the 
President to Camp David and hack. 

When the President is in Florida, the Air Force 
provides a 24-hour airborne radar patrol over his Key 
Biscayne retreat. Yet unaccountably, the radar planes 
are flown to Florida from \1cClellan Air Force Base, 
California, though radar plane._ are available in 
Florida. 

DURING THE 12 MONTHS ENDED LAST JUNE 
30, only 40.2 per cent of first class seat'> on U.S. 
airline planes were filled, compared with 55.9 per 
cent in coach class. 

Even if the Arabs are willing to sell us oil, the 
investment required by the oil industry to satisfy 
world demand in the next decade is staggering. 
According to the Chase Manhattan Bank's annual 
survey, the petroleum industry will spend $1 ,000 
billion by 1985. Of this, they will have to borrow 
$400 billion. "That the petroleum industry could 
obtain so much money in competition with all 
other segments of the worldwide economy is by no 
means certain." 

Denis de Rougemont, the Swiss sociologist and 
writer, defines a civilised country as one that protects 
tts forests. On the basis of this definition, Britain 
(which is 7 per cent forested) is the second least 
civilised country, next to Ireland. Finland ranks 
first with over 60 per cent forests. 

For the third time this year, members of President 
Nixon's personal security force have been relieved of 
duty because. allegedly, they were smoking dope. 

The latest instance occurred iast week a{ the E! 
Torro Marine Corps air station in California near 
Nixon's San Clemente horne. Eight members of the 
President's personal security guard, all with high 
security deara11ce, have been transferred from the 
ser:urity detail reportedly for smoking marijuana. 

The Japanese \1inistry of Construction has estimated 
that by 1985 industrial waste will lie in ••layer 2.5crn 
thick over the whole inhabited area of the country. 
By the year 2000, Japan will be consuming 76 per 
cent of the world's iron ore and 92 per cent of its 
crude oil in a vast cloud of industrial pollution. 
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My feeling is that if there were unlimited funds it 
would take an unlimited length of time. Those 
working on the problem would just keep working and 
working on it - why should they worry? They'll 
always have work and good pay -- enough to buy the 
last gallons of oil. 

Isn't this all very obvious'? Our own dear Bob 
Stromberg from Sandia. :lS bright and likeable a 
gentleman as you would ever wish to meet, might 
really accomplish ~omething if he and his crew hall 
some good clear goals and the likelihood they'd lose 
their jobs if rhey didn't proJuce. The country 
seems to regard itself as the custodian to an increasing 
number of scientists and experts who are rewarded 
with grants and contracts and the avid attnetion of 
the rest of us every time they help us take a bum 
turn. ;:· the captain of a ship has sunk it through 
negligence, better to throw him to the floor of the 
lifeboat and let the amateurs take a try at sailing 

WINTEIZ 
AIR. HEATING 

than to help him to the tiller again. 
What was interesting at the meeting? Exxon 

Corporation is selling small silicone cells, each one 
produces Jl;i watts, they are about the size of a sheet 
of paper folded in half the long way. The cells arc 
enclosed in clear polycarbonate and have an expected 
life of over 15 years. They are beautiful but terribly 
expensive. Each one costs S30 or S20/watt. The 
researchers would not guess about how cheap th.:se 
might become in the future. They showed slides of 
these cells coupled to batteries on off shore oil rigs in 
the gulf where warning lights and fog horns must he 
supplied with energy. An interesting and vital p..1rt of 
these installations was the greasy rubber band they 
string above each panel of ct'll'. · sea gulls don't like 
greasy rubber bands and therefore perch elsewhere. 

At the end of the !T'.eetinf, a man was outsid~ 
sweating and laboring to set up a demonstration of a 
small solar powered steam engine ··· the concentrating 
collector consisting of two racks of shaving mirrors 
(some of the shaving mirrors with rlain rims and 
others with gold culicue de,-;~ns on the rims). The 
boiler kept running out of water, the mirrors had to 
be adjusted constantly as the earth turned. Scattered 
clouds blocked the sun periodically. The man wrestled 
with the device, explained that it was a model of a 
large power plant he wished to build. It seemed 
wonderful that there on the neat lawn in front of the 
NASA Lewis research center, a kind of institute to 
make other institutes feel ashamed of their lack of 
guards. government limosines and dignity, there was 
a demonstration relying on hardware purchased at 
two different drug stores with differP.nt brands of 
shaving mirrors. 

C,W11'f /lilA 1.1.. 
FQt 

S.GGD tNSU!AT1(11J 

TROMBE SOLAR WALL 
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ELEKTRO G.m.b.H. 

ELEKTRO WVG2 

Nominal 
Output Aver2!¥' Monthly Wind Speed in mph 

Rating of 
Generator 

6 8 in Watts 10 12 14 

----------

50 1·5 3 5 7 9 

100 3 5 8 11 13 

250 b 12 18 24 29 

500 12 24 35 46 55 

1000 22 45 ti6 86 104 

21JOO ! 40 80 120 16-') 200 
I 

4000 '75 150 230 310 390 

6000 Ins 2'30 350 470 590 

AVERAGE MONTHLY OUTPUT IN 
KilOWATT-HOURS 

Low Impact Technology, 73 Molesworth Street, Wadebrid~:e, Cornwall. 
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THEJOURNALOFORGANICLIVING 

If ,,aturai foods a~e a necessary part of your 
life, then you vJil1 ~-;elcome Nature's Food,;, a 
beautifully illustrated, detailed cookbook by 
Peter De~dman and r~ren Betteridge(available 
from SEED bookshop). 

~AKtll~ weT, 
/'lllj/j(t4.1UJvff 
pi 56AK UP Tfl: 

:r:Ht CtP~~ 

"It is mysterious and exciting to rediscover 
the ~ower and beauty in food, and the uses t~ 
which it can be put. Food and its many dimensions 
becomes a tonl by ~1hi ct- ~;e can change ourse 1 ves 
fr~m sickness to health, and from unhappiness 
to happine5s. Food is bas·c, close to the earth, 
ancient as life, and it unlocks great energies 
in us.May all be well with you." 

Nature's Foods tells us about the importance 
and uses of various grains, beans, vegetables, 
breads, spreads, sauces and drinks, and covers 
everything from travel"1ng foods,seasonal foods, 
nourishment for nursing mothers and babies, and 
breakfasts,to wine and beer recipes, herbal 
remedies, kitcnen utensils and the art of washing 
up. 

With AWAJ~N~~~ SPRING, youn~ and tender wild 
greens are nature's way of cleansing the body 
after a winter of .:ating coarse foods.Forag-
ing for your own food is free and gives you a 
chance to tune in with all growing things. Some 
may be found growing along hedgerows, but it is 
important to know ~hey haven't been sprayed with 
weed killers or insectic;des. 

"Many of us", say the authors,"are changin~ 
the way we eat as part of an overall change 
in no1r lifestyle. We believe in a diet that is 
si~ple dnd harmonious, cheap a~d wholesome, 
non-d~structive(to other creatures, other men 
and cur planet\ Jnd based on a fair share of 
what is available. We believe also, that eating 
in this way both our physical and spiritual 
health will grow, for we cannot truly feel a 
separation between the the two. 

DISTRIBUTE SEED! 

Join us in our efforts to disseminate 
SEED and what we stand for. We need 
people to directly handle circulation 
in their home towns, colleges, etc. 
This r.eed only involve you once a 
month and will supplement your income. 

Please contact us: 
269 PORI'OBELLO ROAD, LONDON W.II. 
tel: OI-229-4723. * sroa< <E<O W 'OUR'""" 

For a regular supply of SEED for 
sale in your retail outlet/bookshop/ 
natural foods store, contact us at 
the above address. 

Let us know what you think 
about SEED. Tell us what you 
want to see in it, or perhaps 
what you'd like to see out 
of it. We need your feedback. 
It will keep SEED what we 
want it to be - a forum for 
those people who are into 
organic living. 

If you have any experience 
that wi 11 he 1 p peop 1 e to 
live in closer harmony with 
nature or increase their 
capacity to enjoy 1 iving, 
pass it on to us. 

Name ............................ . 
Address ......................... . 

cheque/P.O. for £2.40 enclosed 

Make SEED your magazine. 
Subscribe, contribute. We'd 
1 ike to hear from you. 
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PARTICLE 
OF 
FEAR by Anthony Tucker 

Questions of nuclear reactor "safety" pale into 
insignificanL·e beside the :~pparent threat, extending 
hur.dreds of thousands of years into the future, 
associated with plutonium. Since nuclear reactors 
of all kinds, Jnd not only fJst breeder reactors as ha'> 
been suggested in some reports. are associated with 
plutonium production and release. the latest US 
assessment of puhlic hazard posed hy plutonium 
blights the whole technology. 

Dr. Tamplin and Dr. Cochran two US experts, 
now argue that a single plutonium particle, one 
thousandth of :t rnillirnctre tone micron) in diameter 
or le~-.. can induce lung cancer. Industrial retention 
ofp:.Jflicle~ of le:>". thJn a micron c:mnot be guaranteed 
by :my known or hreseeahle technology and, in any 
case. accident~ are hound to happen. They have 
cert:Jtnly o~.:curred tn the past :md, t..tking the round 
figure of 2-+,000 years for the half life of 
plutonium-239. imply th:Jt man has already expnsed 
himself Jl1Ll future gl'nentions to some level of 
hazard for upwards of :1 quarter of a million years. 

AccorJing to C'\ Scientific Committee reports 
significant quantities of plutonium. which evolutionary 
processes l:ad more or les:> eliminated from the surface 
of the earth hefon: the era of nuclear fission 
technologie-;. luve Jlready heen released by accident 
or des1~n. 

Rcrm:mhering that J partil..'ll' or the .:,ize suggeo;ted 
JS hemg likely to ,,·Juse lung cancer has a radioactivity 
of Je-,; th:.tn one third of a millionth of a millionth of 
a curie 10.2S picocu:ies1 the~e earlier releases look 
sinister. Born!, te~t". for example, rell.'ased some 
300.000 l·uril'~ uf plutoniurn-239. Bomb accidents. 
such :1' ,ho.:..e :tt Palom.trc~ and at Thull'. have 
resulted in locally high levels of contaminatior. and, 
in the PJ!omares inc1dent. in an unknown amount of 
D1uton1urn bemg c:.trril'd hy the wind over a wide area. 

Plutonium-23,1.,. Jn 1sotope hardly les'i deadly than 
239 hut less i-;)llg-lived for its half life is aroumi 
90 year~ .. ,,.a, produced in much smaller quantities 
by nuclear we:1pon~ te-;ts lahout 10,000 curies) hut 
has reached Lh hy aCL'ILil'nt. Some 17.000 curies were 
"injected into the 'itrato phae" hy a satl'ilite which 
has a plutoniun1 power sou;ce and which hurned up 
on reentry in 19A l. A similar power ~ource reentered 
the atmosphere "":md fell into the Pacific Ocean" in 
1970. and :1 ~imilar plutonium generator went into 
the sea off the Californian coast wr.en a weather 
satellite exploded during launching in llJ6R. 

Stockpile threat 
These recorded events int.. ·;.,e only the tip of the 
problem. No one really knows what radionuclides, 
plutonium included, have reached the atmosphere 
(and us) thrcugh mishaps, fires, technical failures of 
filter systems and the myriad mista!.cs ·vhich men 
are certain to have made since they L. , :'rted to 
handle the material. But the amount u · · ~ rnnium 
now stockpiled, either for weapons c. (, . L:~e as 
nuclear fuel, is now ve~y large and fa ;u:_.;; at an 
accelerating rate. As Sir Kingsley Dunhan 1~cently 
pointed out. a few kilograms of plutoniurn-2 ~9 are 
~nough to threaten the whole of mankind. But 
plutonium-239 is already stored in ton quantittes 
throughout the norther: '·emisphere. 

The true risk of cance;· induction might be <>:;'her 
greater or somewhat less than that indicated b·, ~he 

:bsessment. But in either case it appears th~· · Lhe 
existing levels of permitted exposure are ,.; , \ "ry 
much too high. The urgent question is whell~;:>r ; l ,~ 

possible, either technically or economically, to • educe 
''routine" emissiom of plutonium to less than one 
hundred thousandth part of presently permitted 
levels. In Britain, where plutonium waste is storeo as 
hot liquid (with such disturbingly dangaous and 
plutonium-like radionuclides as Americium-241) it 
will be argued that questions of plutoniurn particle 
release ar~ hypothetical. That is not true for, wherever 
plutonium is handled, separated or processed, there 
is bound to be some release. 

Nor is it reasonable to argue, as has been sugges£ed 
by nuclear proliferators. that we have to be 
"reasonable" and relate nuclear risks with other 
everyday risks. such as those of lung cancer from 
cigarettes. or injury through road accidents. We are 
not talking about risks only to ourselves. nor about 
risks which c~tn he calculated with any certainty. 
Nor are we talking about a nsk wh1ch can be avoided 
by those who \' 7ish to avoid it by not smoking 
fur instance. 

We are talking about a risk which is invisible but 
reache-s so far into the future that it is almost 
beyond comprehension. one which is so uncertain 
and enormous that a single major accident or error 
of judgment. or the activity of a single unbalanced 
human, coulrl entrain an irreversible degradation of 
earthly life. it is time to pause and reas~ess. before we 
go '>0 far that we are hooked on plutonium in the 
same 'lick way that we are hooked on oil. 
GRADUANI 
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Oil ADVERTISING: BRAINWASHING AT PUBLIC COST 

by Lee Stephenson 
Environmental Activn.March 2, 1974. 

The oil industry has bombarded the American public 
with a multimillion doBar advertising campaign in 
recent months carrying its side of the energy crisis. 
Prime-time television ras frequently carried colorful 
messages, and major newspapers and magazines have 
had dozens of full-page advertisements with huge 
bold headlines - all to proclaim the companies' 
innocence of any wrongdoing. 

But the one thing the companies haven't said in 
their multimillion dollar ccmpaign is that they are 
getting the public to pay for most of it. 

The cost of nearly all of the advertising - all but 
that which advocates specific changes in legislation 
- can be deducted from taxable income as a 
"legitimate business expense" by the oil companies, 
according to the Internal Revenue Service (IRS). 
Thus the companies have an indirect public subsidy 
in their campaign to defend their high profits and 
proclaim their innocence against charges that they 
have cause, or at least could have prevented, the 
current energy crunch. 

Although all American industries can use the same. 
deduction, this provision in connection with other 
special tax favors gives the oil industry a percentage 
rate of tax on income far lower than the average for 
U.S. industry. In fact, the companies pay a lower 
percentage of tax on income than does the average 
citizen. 

The deduction includes all of the costs of 
advertising, including fees to advertising agencies, 
preparation and the purchase of expensive print 
media space or electronic media time. For instance, a 
60-second commercial carried coast-to-coast on the 
NBC evening news program costs $27,000 and a full
page advertisement in the Washington Post on week
days costs about $4,670. 

Such a television commercial rea.:hes millions of 
homes (the 60-second spot during the NHC news 
program reaches about 9.5 million) and full-page 
newspaper advertiserr,ents may reach hundreds of 
thousands. Most of the energy-crisis-related newspaper 
ads have appeared in limited m~ui<ets, such as New 
York City and Washington, D.C., to reach "decision
makers." However, some companies have taken their 
ads to wider markets. One full-page newspaper ad in 
late Janu£1'""/ by Mobil Oil, which reprinted four earlier 
rr.essages under the headline "Don't read these ads if 
you've made up your mind about oil profits," was 
placed in nine large newspapers with a total circulation 
of approximately six million. A single ad in late 
Jancary by Exxon headlined "Exxon plans to spend 
nearly $16 billion over the next four years to help 
get more energy to you," was run in newspapers in 
the top 50 advertising markets in the country with a 
combined circulation .:;f over 30 n!iliion. 

Electrical utilities h~ve also jumped on the energy 
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advertising bandwagon in rect:nt months, and these 
companies have a special public subsidy the oil 
companies do not have, Investor-owned public utilities, 
which are regulated by state public ;Jtility commis
sions, often have their customers pay for company 
energy crisis advertising by including the costs in the 
rates consumers pay. Although some public utility 
commissions have begun to restrict the inclusion of 
consumption promotion and controversial issue 
advertising in the uLilities' rate base, in most cases 
customer~ will pay for advertisements suggesting 
steps to meet the energy crisis, criticizing environmen
tal controls promoting nuclear power, and advocating 
ratt- increases and the suspension of clean air 
regulations. 

The energy company advertisements have also 
been criticized for misrepresentation and deception. 
Calling the recent oil company and utility advertise
ments a "multimillion-dollar propaganda blitz," six 
members of Congress petitioned the Federal Trade 
Commission (FTC) in January to require ;roof of 
claims made by companies on energy and environmen
tal issues. In 197 i the FTC started a program to 
investigate product claims made by companies, but 
non-product or so-called institutional advertising has 
never been monitored by the FTC. 

The six petitioner:> include Senators Birch Bayh 
(D-Ind.), Thomas Mcintyre (D-N.H.) and Frank Moss 
(D-Utah), and Representatives Les Aspin (0-Wis.), 
Benjamin Rosenthal (D-N.Y.) and Andrew Young 
(D-Ga.). The companies cited in the complaint 
include Shell Oil, Tenneco, Champion International, 
Mobil Oil, Exxon, Pacific Power and Light, Wheela
brator-Frye, General Electric, Amoco Oil, and the 
Investor-Owned Power and Light Companies. 

A second official complaint to the FTC was filed 
in January by Environmental Protection Agency 
Administrator Russell Train in response to a Chevrolet 
advertisement advocating the removal. of automobile 
emission control equipment. The ad's clair1 that an 
increase in gasoline mileage of up to 2:1 percent could 
be achieved by removing the equipment is "grossly 
inflated and misleading," according to Train, who 
asked the FTC to investigate the advertisement and 
to "prevent such misleading advertisements from 
occurring in the future." ' 

Richard Herzog, the FTC's assistant director for 
national advertising, said the Commission has also 
had an "unusual number" of other letters complaining 
about the companies' advertisements. B~t although 
Herzog acknowledged that he was heading the 
Commission's review of the complaint::., he refused 
to characterize the work as an investigation and 
would not speculate as to when or what type of 
response the FTC would make. Other Commission 
sources have said a largt investigation of energy 



advertising is underway and have predided the FTC 
would take some action to control non-product 
energy advertising. 

FTC Chairman Lewis Engman has said he favors 
some curb on image advertising intended to enhance 
tht• compamt>s commercial well-being. However, 
En,gr.1an and rTC inve~tigators have had a difficult 
time defining the purpo~es of institution;.J! advertising 
and do not :hink that :.11! forms should he controlled 
under any circumstances. The FTC is very reluctant 
tp tarnpl.'r with politi•:al ads which advocate a 
legislative r'oSition 011 a controversial issue. The right 
to express such :m opinion no matter how 
obnoxious · is guar:.J!lteed by the First Amendment. 
However, when f:.Iisl' or misleading mformation is 
used toju~tify ~;uch c1 po~ition. or whe:1 an institutional 
advertisement is clear!y intended to improve a 
compa;1y's product appe;.tl. or -:tock marketability. 
the FTC b ··onsidering a-:tion. 

The only ott • .:~ r"Lkr:JI agen..:y th:.Jt exercises control 
over •:OmJ=:my :.1dverttsmg ~~ i!:;.• Federal Connlllnica
tions Commi-;,ion 1 FCC 1 'Jnder its F,,i;ness Doctrine. 
That set or re~ulations requires television ..:nd radio 
st:.ttions whtch present one side of a controvehiat 
issue to al~o allow ··reasonable oppr,rtunity" for the 
pre sen tat ion of con tr:tsting vtewpoin ts. 

The initial -Jeterminatton of the fairness issues is 
left up to the local hroadca~ter~. and most stations 
claim to meet this requirement with their news and 
public affairs prognmming. However. the stations are 
ultimatdy responsihle to the FCC for the balance 
they present in these controversial matters, and 
cum plaints received by the Commission are supposedly 
taken i1:to a..:wunt when the local broadcaster's 
ti.~ense comes up for renewal every three years. 

The- co'lknt of advertising presented by a station 
is also ~ubje...t to the F~irness Doctrine, :.tnd if the 
opposing vtewroint to :tn oil industry advertisel.ttnt 
is ;wt given a ··rea~onable opportunity," mdividuals 
('~I groups can fik :.1 complaint with the FCC. Few 
compiJinh Jft' filed anJ even fewer decided in 

Don't read these ads 
if you've made up your mind 

cbout oii profits. 

Are.;.tDt",...'bCIG, ..... 
f'~~.., 

""""" 

favor of the complaintants, although t_ '1ere are some 
instances of success. 

In i 97 3 a citizen's eJ~ctric utility monitoring group 
the Georgia Power Project, and two other iocal 
organizations complained to the FCC about a series 
of Georgia Power Company adverti·;ements in support 
of a pending rate increase. One broadcaster in 
Atlanta and a second in Augusta had refused to 
allow the groups to respond to the LOmpany's 
messages. The FCC ruled in favor of the groups in 
December of 1973, requiring the stations to allow 
response times to the groups and setting an important 
Fairness Doctrine precedent. 

The other potential area under FCC regulations for 
a different viewpoint fro1:1 advertisements is the 
public service announceme:ns (PSAs) that local tele
vision and radio stations carry. There is n0 requirement 
for any specific quantity or subject matter of such 
:mnouncements, but it is understood the licensee will 
carry some messages of public interest free of charge. 

PSAs most often take the form of broadcasting 
n0tices of community meetings or using messages 
supplied by the Advertising Council. The Council is a 
non-profit, public service corporation which conceives 
and pay~ for the production of advertising messages 
on a vanety of public issues. The ads are then supplied 
free of charge to radio and television stations to use 
as PSAs. 

The Council's work has been widely praised, but 
th.e organization has met some criticism lfor conflict 
of interest due to its industry- and business-dominated 
board of directors. For instance, the Council prepared 
a campaign for Keep America Beautiful Inc. (an 
organization composed mainly of container a:1d 
beverage manufacturers), suggesting that "People 
start rollution, people can stop it." The Advertising 
Council has thus helped to lend credence to the 
beverage industry's contention that consumers are 
more responsible for litter and pollution than the 
industries which create millions of tons of throw
away containers yearly. 
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The board of directors of the Advertising Council 
is composed entirely of manufacturing, retail, utility, 
insurance, advertising, publishing and broadcasting 
corporations. Moral: Don't expect the Advertising 
Council to produce any public service announcements 
countering energy company claims. 

Of course, the FCC has no contrC'l over print 
advertising, which is why company newspaper and 
magazine messages are more prone io heavy advocacy. 
Most television advertisements by the oil companies 
present a low-key message to minimize Fairness 
Doctrine problems. But, as newspaper advertising 
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E~ERG\ SHOUlD BE E"ERYBODY'S BUSIN-Ess __ _. 

The oil companies have been pumping out the advertisements aJ. 
mast daily but those who might counter the industry's claims 
have bun ut~able to pay high ad rates. Above is a sample of 
cou11ter advertisements .Jvailable at cost from Public Interest Com
munications. 

executives readily point out, the public owns the 
air waves and thus has a right t0 regulate their use; 
individuals or companies own the press. Again, a 
constitutional issue is involved. 

The Washington Post's Vice President for Advertis
ing, Joseph Lynch, told Environmental Action there 
is no limit on the amount of advertising space a 
company or group of companies can buy and said 
there shouldn't be. Lynch did say the Post regularly 
screens such advertising for libel, obscenity or factual 
problems, and said that several oil company ads had 
recently been questioned and two seut oack to the 
companies for different statistics. But he admitted 
the newspaper is not in a position tQ investigate the 
statistics or alleged facts used and "unless we know 
for sure that it isn't true" the ad is likely to run. 

The Post's ombudsman, Robert Maynard, said he 
had received no complaints about the volume of 
energy company advertising in the newspaper, but 
added that he thinks the volume of such advertising 
presents a problem. Maynard said contrasting view-

points probably could not be adequately presented 
by the use of the letters-to-the-editor column, guest 
columns, or even editorials, and said "I don't know 
what could countervail that [the volume of ads] 
short of having the same amount of money" to buy 
advertising space. Maynard also said that although the 
news columns of the newspaper had devoted 
considerable space to energy problems and some of 
the company claims, the volume of company 
advertising seemed to outweigh the exposure of 
alternate viewpoints. 

Em•ironmental Action could not find a single 
advertisement in a major newspaper or magazine 
which attempted to counter the energy company 
line. Groups contacted that have charged the 
companies with misrepresentation or falsehoods said 
they simply did not have the money to answer the 
company claims through advertisements. 

A San Francisco-based non-profit communications 
firm, Public Interest Communications Inc., has asked 
the San Francisco Examiner for regular full-page 
advertisements free of charge to respond to the oil 
companies. But there is apparently no precedent for 
a major newspaper to give free advertising space to an 
individual or group to balance or respond to 
advertising campaigns. The Examiner has not 
announced a decision on the request. 

The outlook for opposing viewpoints on the air 
waves is equally complicated. A Washington public 
interest group, the Media Access Project, is preparing 
a Fairness Doctrine campaign to force television 
networks to air counter-industry ads. However, the 
group says its chance of success is limited because the 
FCC is likely to rule that the ads are adequately 
balanced by network n~ws programs. 

In an attempt to give citizens the materials to launch 
a counter-industry energy advertising campaign,Public 
Interest Communications has prepared a full set of 
newspaper, magazine, radio and television advertise
ments. The group is offering the materials at cots to 
individuals and groups to either purchase or solicit 
free advertising time from the media. But a spokesman 
for Public Interest ComPmnications said the group 
thinks people should not try to buy time because 
the public has a right to free access to the media. 

WHAT TO DO: 
Environmental Action is preparing a letter to the 
publisher of the Washington Past to express concern 
over the large number of prominently displayed 
energy company advertisements and the inability 
of most people who might counter those ads to buy 
advertising space. The newspaper's ombudsman has 
asked EA to propose a solution to the problem. You 
might take the same action with your local daily 
newspaper if it has CQrried a significant number of 
national or local energy messages. 

Public Interest Communications Inc. ( 1300 San
some St., San Francisco, Calif. 941 1 1) also has a free 
"Handbook on Free Access to the Media for Public 
Service Advertising" and can supply individuals or 
groups with its newspaper, magazine, radio and 
television messages. 

from Environmental Action. 
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Solar-heated future 
Advocates of alternative energy sources received good 
news on February 13 when the House of Representa
tives passed the Solar Heating and Cooling Act of 
1974 with a decisive 253-to,two margin. 

The biil, sponsored by Rep. Mike McCormick 
(0-Wash.), will subsidize the construction of 4000 
housing units, half of which will be solar-heated and 
-cooied. The other half will he solar-heated only. Half 
the units will be installed in public housing and the 
other half will be put into private homes. 

The bill also gives NASA the authority to contract 
for solar systems in factories, colleges and barns, as 
well as homes. It is estimated that $12 to $17 million 
of the $SO million authorized in the bill will go 
toward these large units. 

McCormick believes that the nation will save 
$2 billion a year in fuel bills if only five percent of it<> 
buildings receive 80 percent of their energy from 
the sun. 

Action on a similar bill has begun in the Senate, 
with hearings set to begin at the end of February. 
S. 2658, the Senate version of the bill. is expected 
to pass by a wide margin. 

frum 1-."nl'irun men tal Action. 

What the customer wants is his electri.:ity as cheap 
and reliable as possible, and his prospects of this hang 
cruciaily on the nuclear decision. Coal and oil are 
becoming scarce and expensive. Development of 
British mines or ~~orth Sea oil cannot bridge the gap. 
The Generating Board wants to order one or two 
nuclear reactors a ·year, or roughly 1,250 megawatts 
each. to the end of the decade. then speeding up 
until nuclear covers the entire growth in demand. The 
detailed figures ~·re arguable, but the overall scale 
is not. 

It was for this reason that the Generating Board 
chairman Arthur Hawkins is asking for "bread and 
butter nuclear plant." regarding the reactor purely as 
a m:Jch.ne for producing his power efficiently and on 
time. This approach concentrates the mind. but 
where does it lead'' 

Thus the AEC ~ays of ··hypothetical'' LMFBR 
accidenb where safety systems fail that "if a practical 
means can he found to . . . accommod<1te the 
consequences ... [it] should be considered." Critics 
would argue that if it cannot he found, proven by 
experiment, and implemented, then the reactor should 
not be built. Likewise. the AEC considers it "re;-:listic" 
to evaluate the effects of postulated accidents only 
on the assumption that engineered safety features 
work a:; designed; but since their failure is considered 
credible, this line of argument does not seem very 
promising. 

The regulatory and promotional sides of the AEC 
have recently disagreed by one or two orders of 
magnitude about potential radioactive releases in a 
LMFBR accident. Uncertainty in the explosive 
potential of a LMFBR may be greater stili, so that 
containment that is adequate (on paper) for "design 
basis accidents" may be too little for other plausible 
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accidents which the designer prefers to consider 
"incredible". (Critics point out that the Fermi 
meltdown, though contained, did technically exceed 
the "Maximum credible accident".) 
Fermi fast breeder reactor. 
Michigan, USA. 
Born 1967. Died 1967 • 

THINK YOU GOT PROBLEMS? 

Monks' date with death 
Seventy monks at the Mount Athas monastic 
community in north Greece have threatened to bum 
themselves alive if II other 1;wnks and two superiors 
from Mount Athos are dismissed on orders from 
Istanbul in a dispute over whether they should give 
up the Julian calendar and use the Gregorian. 

- Agence France Presse. 

_..;,;,::· ··.·. ·.·· 

.··.·· ......... . 

"He used to serve in the canteen at Brixton." 
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Taming the National Parks 

Bir(hvatchers -- Binoculars must be equipped with be used unless they are provided with drain holes 
soft rubber eyecups to prevent injury to eyes and below the ankle. 
facial bones. All field guides carried in the pocket Hikers -- Visitors walking the backcountry must stay 
must have soft covers. For added safety, it is on the fenced boardwalks provided. Hikers must 
recommended that the hook's corners be trimmed make five-minute stops at each of the rest stations 
round. Edges of pages should be ragged. to prevent provided at quarter--mile intervals. (Note: The logs 
painful paper hurns. and stumps spotted at irregular intervals along the 
Boaters - Boats. which must he equipped with boardwalks are for local color only. Do not sit on 
Coast Guard-approved safdy and survival gear, may them as there is always danger of picking up splinters 
not he operated in water over shoulder depth, unless from any unfinish•:d wood.) 
they are equipped with double-outrigger systems. Picnickers Breakable bottles, :.harp metal cans, and 
Campers - Tents must he constructed of a fabric fires are prohibited. Meat containing bones and other 
~c..ntaining no less than 50 percent asbestos or other hard foods are permitted, hut visitors assume all risks 
fire-retardant fiher_, and must be equipped with to dentures. Soft foods in pliable packaging are 
approved sprinkler systems. To reduce fire and strongly recommended. 
carbon-monoxide asphyxiation hazards. all vehicular Plwtographer5 - Wiidiife, trees over 25 feet in height 
campers must drain their gas tanks before retiring for balancing rocks, waterfalls, and other potentially 
the night. hazardous objects may not be photographed with 
Children Park visitors under che age of 21 must be wide-angle, close-up, or other lenses requiring the 
handcuffed at all times to a parent or other responsible photographer to approach within 200 feet. 
adult. Large families or youth groups in which the Senior Citizens - Visitors over the age of 35 must 
children outnumber the adults may elect to use leg furnish proof of h.IVing passed a cardiac examination 
irons instead. within the past six months. Such proof is not necessary 
Climhers ~- Parachutes must be worn on all ascents in the great majority of cases, since most older visitors 
of over 500 feet. both back and chest parachutes must will not be leaving their autos. 
be worn. Climbs during winter months and in Sightseers Safety goggles must be worn at all times 
inclement weJther at any time of year are prohibited. when viewing scenery so that eyes will not be exposed 
Fishermen -- \1ae Wests or other Coast Guard- directly to the air, which may he laden with dust, 
approved flotation gear must be worn at all times pollen, leaves. or other material potentially injurious 
when within 50 feet of any body of water. Hooks, if to the eyes. Sunsets must be viewed through smoked 
used. must he blunt. Waders and hip boots may not or heavily tinted lenses. 
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Visitors Generall_v - R:.mgers or other park personnel 
may fwm time to tim.: require that visitors use 
parasols. long undem ear. rub her boots. rigid headgear. 
crampons, snowshoes. gasmasks, or otl;er safl.'ty 
equipment. as climati~· and other local conditions 
dictate. 

If th.: Park Servi~·.: ~·an get its big-brother sakty 
Jet togt.'th.:r. mayh.: \1r. Walker c:111 :lcL·omplish his 
goal: "I'm not going to ht.' ~atisfit?d with mt.'rely 
redu~·ing tht.' numba or LttJiitie-; in thL' parks." Aftl.'r 
all. tht.' national parb already post :111 enviahlt.' safety 
record: !Jst year. the 2q8 areas in the National Park 
System (comprising over 30 million :1cres of lands 
:md w:iter~) rad~t.'d up 211.6 million visitor-days and 

~'-( 

({) JA.M• Sl'r~ PU 

only 143 fatalities. "As far as I am L·oncerned. a 
single death in our parks is one death too many.'' 

Holr1 on. '\.1r. DirL·ctor. that's going too far. Your 
goal is an impossible dream. h't'n if your kl'Lpers 
prevent every singk human vi-,itor from fuli'iiiing 
what 'iO obviously appe:.~rs to you to h,· !lll·ir 
unL·onscious dt':lth wi-,h~.·s. then: will -;rill he at ie:1st 
Ollt' fatality. for. with the ~nutting nut uf :ldvL'nturL·. 
L'Xcitement. and exhilir:1tioJ1. t!JL' \;Jlue of tlw n:JtJ,m:ll 
park visit will haw d1ed. And rlwr -,i,J~!k dt•ath will he 
one death too m:my. 

\ 

1!.\ \'E YOL' GOT.\ \\'.\TER\\'IlEEL OR \L\TER-DRIVE0.' CR.\10.' CRI0.'DER:• 

Wor~t repairs? Qualified Millwrights available. 

:\. COLMAN & P. UNWil\', 

91 VICTORIA ROAD, 
DISS, NORFOLK. 

(East Anglia and Midland areas preferred) 
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F'orest is tory 

------::--:-- ~--~-

•: :" -L ·_E_~

r::.._r:-:r,.·, 

f,uest History Society, P.O. Box 1581, Santa Cruz, California <J5061. 
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J. LEFFEL & CO., SPRINGFIELD, OHIO 

HINTS ON THE DEVELOP\tENT Of SMALL 
WATER POWERS 

Thi~ p:•mphkt has bt:en prep:tred f01 those who 
cotll.empbk the L·onstrudJon of small water powu 
pbn:s on small stream\ for tllt:' purpo~-· of generating 
electric L·urn:nt for general home use and it is intended 
to comt:y ..:er!:Hn inform::tiOn in order that the 
subject may be gra~ped hy those un:-. · quainted with 
the gencral rutes and requirements f0r such develop
menh. 

It ~~ generaily urhkrstood by all that a tlowit.g 
strt.':Jm rJlJY ht' rnJdc to produce powt.'r, hut it is not 
gen,·r:tlly t!ndt.'r~tood what wformation is rt.'quircd hy 
~ilt' manul:tc"tura ol w:ltt'r po;,\·er cqutpmt.'nt in order 
tlut proper adv1ce :..~JlJ recnrnr~1enJ:Jtions may ht.: 
given. Th,·n:fore Wt' Jre .'"lurlining below the rules 
Jnd rc-qlllrements th:1t rnusl he observed when asking 
for tnforrnation pataining !() the dt.'H.'(Opment of 
w;tlt'r powt.'r \\'t.> will add tl1at tht.' ~uhjcct matter of 
till' p:nnphkt :.tppiil·s prinLipally to the \lllalkr 
,Jncluptr . .:nh. hut. a~ thL· ..,anll' t1me. tlw sJmc rules 
nn~ !•.: :tpplic."d to tl 1e !Jrgcr dc\t.:L•rmenh to a 
CI':;·Utn e\t::nt. 

Fall or Heao 
In orJa to produce power from a !lowing stream 
thae must be J ··fJtl" ir. the .;;trearn. This "fall" is 
~dnHJ·;t ~,1\~.:.ty" :1ugmented. o:- 1ncreased by the 
::onstrudwn of t Ja1n. A dam in the stream .s 
n,·,·essary in order to r:Jist' tlw w~HeT to a maximum 
k\"c."l to LL'ate a he3d, and to Ji\·ert the water from 
the." strt:Jm to the." turbine. or water wheel. This head 
,'1at i~ c:rc.":ttt'J i~ tht: \erticJI dist:tnce from the surface 
of tht: watr:r at the." lLim down to the surface of the 
wat;;:r 1n th.: -.tream ht.>lnw the." Jam and at a point 
v.h.:r.: the." turhi:1e will he heated. 

.-\-. tLc· u~eful Dowcr that may he produced from any 
WJtapower :~ the Jir.:r:t prod'.lCt' of thc ··head" and 
the w.:ight o! the WJter. whidl weighs 62.34 lbs. per 
dlhiL· foot. !t follcws that the "hc."ad" a'ai!able and 
the ~1mount of w:.~ter !lowing in the stre:.tm in cubic 
feet per minute Jre ahsoiute factors when it is 
desired 10 com~·utc." the amount ot power that may be 
developed. 

It will hc under~tood that the term "fall" mean:> 
the natura! fall or drop in t:1e cour<;e of a '>tream, and 
that th~ term ""hc."ad" defines the vertical drop 
resulting from thc construcri~m o!· a dam in t11e 
stream. Pk~'": not.: Dc."<>ign 30 illustrating how th;~ 
term is appi11:J to J turbine instaiL.:tion. 

How to Determine the "Head" 
When ~clccting tht' J:~;n site it is well to ret.Jenther 
that the higher the d:tm J<; built the more the "head" 
will be, ami the gre:..:ier the ··11ead" the more power 
a given amount of water will produce: and the smaller 
~ill be the turbine. Therefore. it is well to exercise 
care in the selection of the dam site so that thc 

ighest possible head may be realized. However, 
onsideration must be given to the cost and possible 
amage to your neighbor's property. U'iually the 
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topography ;:,t" the ground will suggest the logical 
location for the dam. although there are other 
determining factors to be taken into consideration, 
such as character subjects. We will say, however, that 
area, etc. Space does r;ot permit a more detailed 
treatment of these suhjccts. We will say. however, 
that it may bc well to have an l'ngineer or st<rveyor 
run out "contour lines" upstream from the dam site 
reprcsenting proposed water le\'els back of the dam. 
In this manner the llooded area may be determined 
before the darn is built, and seriou~ complications 
avoided if such there may be. 

After the height. or elevation. of the water hack of 
the dam h:...s beea established. levels may be run 
dowil:>tn .. am with an engineer's level or transit to 
determine the "fall" or "head" tha~ may be secured 
helow the dam site within a reaso;1able distance. It 
follows that th.: TOTAL HEAD that may be secured 
is that which is created hy the dam piLL the ''fall" or 
"head" that may be secured below the dam. This 
TOTAL HEAD is r~presentecl by the VERTICAL 
DlST.-\NCL from thc surface of the watcr back of the 
dam down to the surface of the watc; ht.>low the dam 
;..nd at th.: polllt w:tere the turbine may bP located. 

If the developed "head" is low; that i:>. flom a few 
feet up to ten to fiftee.1 feet, the turbine is usually 
located right at, or very clo;;e to the dam. the ·.vater 
being conveyed to the turbine through an open flume 
or penstock. But. in some cases, where the head is 
not any greater than mentioned abov~. the turbine 
may he quite small and for that reason alone it might 
be more economical to convey the water to the 
turbine through a steel pipe line. 

l n some cases, regardless of the head secured, it is 
desirable to place the turbine some little distance 
helov. the dam to secure additional head due to the 
fall cf the stream below th:: dam. In such cases a 
pipe line. or an open tl~1me or open ditch rr.;1y he 
used tc convey the water to the turbine. However, 
there are cases whc re an open ta;l race may he 
excavated from the stream to the powerhou:'e to 
secure at L:ast !13ft of the fall helow the dam; this 
being less expenstve than the above mentioned pipe 
l'ne or ditch. 

Measurement of water flowing in the stream 
·;-r.t:' second absolute factor that dett:'rmines the 
amount of power that may be developed is the 
quantity of water available for '10wer purposes 
flowing in the stream. Quantity of water for power 
purposes should he expressed in "cubic feet per 
minute" (C.F.\1.) 

There are two well known methods of measuring 
strcams: one by the weir method and the other hy 
the lloat method. Both n.ethods are fully described 
and illustrated on a leallet <Htached to thi~ pamphlet. 

There are cases where it is obvious L,;lt the watcr 
supply is more than adequ;ttc i"or the power to he 
developed hut in most cases it is highly imrortant 
that the w<~tPr he carefully measured. 

It will gener:JIIy he foun,! tl:at the flow of water in 
any 5tream will vary gre:tlly \•:ith the season of the 
year and this shouiJ he Ltken into consideration when 
measurements ::.re t:.~ken. 



The minimum flow of a stream, in most cases, has 
a duration of several weeks during the dry season, and 
this flow, when taken into consideration, represents 
the amount of water that can be developed continu
ously, or I 00% of the time outside of that period of 
time the stream may be in flood stage. 

As the flow of the stream increases, the amount of 
power that may be developed increases, although it is 
true that as the flow increases the actual head on the 
turbine is decreased somewhat on account of a 
greater quantity of water being discharged into the 
tail race which raises the level of the water therein. 

As the flow increases beyond the normal, or average 
stage the head is reduced still further, However, 
periods of high water and low head are of compara
tively short duration and while this condition must be 
contended with, it should not be allowed to stand 
in the way of the development of the water power. 

It is obvious that a stream sh<''.lld be measured at 
various times of the year in order that complete data 
on the flow be established. Daily measurements are 
ideal and may be made conveniently, especially if the 
weir method of measuring is used. 

It is also obvious that any measurement taken 
during flood period would be of little value except 
that such measurements m1y be used to estimate the 
size of the flood or waste gate in the dam. It should 
be noted here that if the stream is subject to floods, 
provision must be made in the dam to allow the 
excess water to escape; thereby preventing damage to 
the dam and powerhcuse structure. 

Effect of Pondage 
When a dam is built in a stream there is created back 
of the dam a pond that is really a storage reservoir 
that may be used to very good advantage to conserve 
the supply of water during times when the turbine is 
consuming less water than is flowing in the stream, 
and to supply water over and above that flowing in 
the stream, and to supply water over and above that 
flowing in the stream when it is needed. If the pond 
is of sufficient area the above feature is of much 
benefit during times when the stream is at minimum 
flow. -

In further explanation it may be stated that the 
ioad on any plan is seldom, if ever, fixed as it may 
and will vary with the needs of the power consumer. 
For example: Let us assume that the maximum 
capacity of the turbine is 600 cubic feet of water per 
minute, and that the load on tl:>e turbine at the 
moment requires all of this water tc develop the 
load Assume also, that the flow of water in the 
stream at the same time is only 300 cubic feet per 
minute. It will be seen that the turbine will consume 
the 300 cubi<. feet of water flowing in the stream 
plus 300 cubic feet mort: per minute which will be 
drawn from the pond. Now assume that in a short 
time the load changes to the e:-.tent that the turbine 
only requires I 00 cubic feet of water per minute. 
Inasmuch as there are 300 cubic feet of water flowing 
in the stream and the turbine only requires 100 
cul'ic feet of it, the difference, or 200 cubic feet of 
water per minute, will be stored in the pond to 
·eplace that wh!ch was drawn out. 

66 

A great many water-power feed and flour mills 
depend a great deal on pondage as they operate during 
the day, ~rawing on the pond for excess water not 
supplied by the normal flow of the stream. At night 
they shut down and the flow of the stream refills the 
pond which allows them to start the next moming 
with a full pond. 

From the above we believe it will be seen how 
important and necessary the pond is to the successful 
operation of a water power plant during times when 
the normal flow of the stream is not great enough to 
supply the maximum capacity of the turbine installed. 
In other words one may take advantage of the 
existence of a pond and install a larger turbine than 
he could otherwise, and, thereby, be able to carry a 
greater momentary, or peak load for short times. 

Therefore, the area of the pond created by the dam 
should be given along with the information regarding 
the head and the quantity of water. The area of the 
pond may be given approximately and in terms 
of acres. 

Estimating the power required 
As this pamphlet is principally for those who 
desire to install water power equipment to drive 
generators for furnishing electric current for home 
and farm use, we will confine our remarks to that 
type of load. 

It may be your wish to furnish electricity to only a 
small cottage, a group of cottages, a group of farm 
buildings, or perhaps, to a private estate including all 
the buildings thereon. But, whatever it is, there are 
cerbin items of information we should have to be 
able to advise you regarding the amount of power 
required to accomplish the results you desire. 

A list of the total number of electrical outlets in 
all of the buildings ~hould be made, and this list 
should include only the outlets for electric lights. 

Then, in addition, list all of the electrical appliances 
that may be usect, including heaters, flat irons, radios, 
television sets, electrical ranges, milking machines, 
cream separators, etc. With such a Jist at hand we can 
then estimate the approximate peak load that would 
have to be carried by the turbine and helps us to 
decide on the proper size of turbine and accessory 
equipment. 

Types of Electric Generators 
There are two types of elect ic generators that may be 
used, and we are refer · ag to their electrical 
characteristics in this instance. One type generates 
Alternating Current and the other type generates 
Direct Current. The type to be selected depends on a 
number of factors which must be given consideration. 
Alternating Current may be transmitted much greater 
distances than Direct Current without undue loss and 
with smaller wires. Therefore, the distance from the 
power plant to the place where the current will be 
used is a very important factor and should be stated 
in your inquiry. 

The size of the generator is another • -'ctor, but that 
is determined when the power of the turbine is 
determined, and, therefore, this will be taken into 
account when the recommendations are made. 



The type of equipment to be operated by the 
electrical current is, als0, a factor. and it is well to 
remember in this connection that any electrical 
apparatus having heating elements, such as light 
bulbs and heaters, may be operated by either 
Alternating or Direct Current. On the other hand, 
any apparatus operaced by electric motors must be 
equipped with either Alternating Current motors or 
Direct Curre.n motors as it is substantially true that 
it is impossible to h:1ve a motor ~!lat will operate on 
both A.C. ;ml D.C. current. 

If your buildings are already furnished with 
Alternating Current equipment it i~ a very deciding 
factor in the selection of the geneiator, irrespective 
of the distance the current must be transmitted. But, 
if this apparatus is yet to be purch.1sed, consideration 
may be given to the selection of a Direct Current 
generator and equipment to suit. Direct Current 
generators are generally less expensive than the A.C. 
type. and. if wound in a certain specific manner hr 
constant voltage. t'Xpensive governing equipment for 
the turbine equipment may he omitted. 

For additionJI information on this subject r!ea~e 

wrik to any of the prin..:ipal ek..:tri..:al manufa..:turer~:. 
or con(er with :• our local t.'lectrician. 

Types and Styles of Turbines 
The James Leffel & Company, with main office and 
factory located J.t Springfield, Ohio, having manu
factured turbin~ water wheels since 186~. hav~ many 
lines of patterns from which a selection may be made 
to fit pr:~..:ticaily every condition of installation. We 
are prepared to furnish turbines developing fp:•ional 
horsepower up to thousands of horsepower, and these 
are made in m:my different styles to meet the 
requirements of our customers. 

No inquiry is neglt'cted regardless of the size of 
the eqUipment imohed, and each and every inquiry 
is given prompt and careful attention. We earnestly 
desire that the party making inquiry correspond with 
us freely. :111d we will do ev::-rything within our power 
to ;:;dvi~e and counsel him to the end that when the 
plant is .:.·ompkted it will be a thing of usef:Jiness 
and not a failure. We urge you to acct:pt our advice 
anJ suggestions BEFORE work is ~.tarted. Altogether 
wo many pt'opk have cvme to us for advice AFTER 
they have attempted to make Jn installation, relying 
on their own limited knowledge of an art that is 
highly speciJlizeJ. They have nothing to their credit 
but failure. lo~s of time and much money which, ii. 
properly directed in the beginning, would have spelled 
succes~. 

The sucL·es-Jul compktion of a waterpower plant 
is not a difficult pmhlem if it is properly engineered 
in the hegir:ning. If the owner will realize that the 
proHerm confronting lnm Jre of an unusual nature 
and that to solve them properly requires special 
training, he will not start construction or expend his 
resources without proper advice. 

We have endeavored to show in this pamphlet what 
information we must have in order to properly advise 
those who are contemplating the construction of small 
wa~er power plants, and, on receipt of this information, 
we will promptly advise rhe amount of power that 

may be developed, together with a ~ uggestion as to 
the type and size of turbine that would best suit the 
conditions. Quotations on the equipment will also be 
given at the proper time. 

At this point we might describe in detail the 
various types and styles of turbines which we are in 
position to furnish, but to do so would have a tendency 
to con fuse a~d we would, there Core. prefer to dwell 
on this matter at length after the first preliminary 
information is at hand which is covered in this 
pamphlet. We will, however, describe brietly a few of 
the more common types of turbines and their 
applications. 

A turbine water wheel is a device for transforming 
the energy of falling water to power in a form which 
may he applied to the driving of machinery, electrical 
or otherwise. The empounded water back of the dam 
!lows into a tlume or penstock which is built into 
the dam, and from thence, it flows through the 
turbine and into what is h:nown as a discharge pit, or 
tail race, eventually reaching the stream again below 
the dam. 

A turbine may he installed in a vertical or 
horizont:\1 position, but the vertical positic.n is to be 
preferred as it is usually more economical and 
efficient. The illustrative page referred to above 
shows a typical, vertical, open tlume turbine. When 
this type of turbine is installed an extension shaft is 
attache(~ to the coupling on the top end of the turbine 
sha;t, and on this extension shaft is mounted a pulley 
for driving a generator by means of a quarter turn 
belt. Necessary hearings are also mounted on this 
extension shaft. Examples of quarter turn belt drives 
may be found in our bulletin No. 38, copy of which 
will be sent on request. 

The tlume in which the turbine is installed is usually 
built of concrete. but sometimes wood or steel is 
ust>d. An open flume or penstock is one that is open 
at the top to the atmosphere, and a closed flume is 
closed at the top which is below headwater level. In 
this case (closed tlume) the extension turbine shaft 
and the gate operating shaft pass through suitable 
packing boxes in the top of the tlume. 

When turbines of small capacity are used under 
heads of water of about fifteen feet or mort:, they 
are often installed in steel or cast iron cases and the 
water is conveyed to the turbine by means of a pipe 
made from steel or wood. 

In all cases the turhine is fit ted with a set of 
adjustable gates of the wicket type that may be op.:n 
or closed to any degree from closed position to open 
position, and they are located in the gate, or guide 
casing mentioned above. These gates are used to 
regulate the tlow of water through the turbine 
runner, and thus regulate the power and speed of 
the turbine. 

In many cases the adjustment of the turbine gates 
is accomplished hy meuns of a suitable handwheel 
located at a convenient place in the powerhouse, ami 
conneC'ed to the turbine gate operating mechanism by 
suitable ~hafting. In other cases the adjustment of the 
turbine gates is accomplished by an automatic 
governor. which automatically adjusts the turbine 
gate.;; to maintain a constant speed on the t~1rbine 
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when the load is diminishing or increasing. When used 
this governor is located in the powerhouse and is 
arranged in such a manner that the turbine gates may 
be operated by hand if desired. 

Whether or not a governor is needed depends on 
the size of the turbine, type of load on the plant, 
type of generator used, and the desirability for good 
speed regulation. It is also a factor in the cosi of the 
equipment as the governor cost is sometimes as much 
as that of the turbine equipment if the turbine is 
small. These as well as related questions are covered 
in detail when the quotation is made. 

In instances where the turbine is installed in 
concrete or wooden flumes, we consider it our duty 
and a part of our business to furnish information 
showing the proper size, or the internal dimensions of 
such flumes. as it is of the utmost importance that 
these flumes be built sufficient in size to handle the 
water without undue loss in head. It is well to note 
here that the water tlowing in the tlume tlows at a 
velocity determined by the size or area of the flume, 
and, as it requires a certain amount of head to 
produce a given velocity, it f0llows that the higher 
the velocity the more head is required to produce that 
velocity. The head is lost to the turbine and, therefore 
does not produce power. It is highly important, 
therefore, that the flume, pipe line or penstock, as 
well as all the water passages conveying water to t,1e 
turbine be designed with ample dimensions, and we do 
all that is possible to see that this type of construction 
is carried out. But, all too frequently, we find flumes 
and penstock~ designed and built altogether too small 
for the size of the turbine installed. The result is that 
the turbine does not operate under the head expected 
and the owner is sorely disappointed with the 
performance of the plant. 

Trash Racks and Head Gates 
To prevent trash and tloating material from getting 
into the turbine and plugging up the water passages 
with a resultant reduction in power and efficiency, 
and, aiso, possible damage to the turbine, it is highly 
desirable to install at the head of the flume or 
penstock a suitable trash rack made from steel bars 
set on edge to the flow of the water and properly 
spaced according to the size of the turbine. It is usual 
to design trash racks so that the maximum water 
velocity does not exceed one and one-ralf feet 
per second. 
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Just back of the trash rack should be installed 
suitable head gates that may be operated easily to 
close the water out or the flume or penstock to 
allow the turbine equipment to be inspected, cleaned, 
or repaired as the case may be. 

We manufacture both trash racks and head gate 
equipment and we will furnish further information 
regarding these items on request. 

Old Water-Power Plants RemodeleJ 
It often happens that an old, abandoned water-power 
plant is purchased and it is desired to have it 
remodeled and brought up to date. In such cases it 
is well for us to know this in the beginning, as we 
have records of many of these sites, and such 
information means a saving not only w the customer 
but to ourselves as well. Quite often existing structures 
may be saved, and if the old flumes or penstocks are to 
be used we should have full information regarding 
them. In most instances of this kind it is desirable to 
have one of our engineers visit the site in order to 
get first hand information and data. 

Services of an Engineer 
As mentioned in the above paragraphs, we are 
prepared to have one of our expert engineers visit 
the water power site to collect the necessary 
information and data on existing water power 
structures to assist in the planning of the application 
of new turbine equipment. This engineer would also 
be competent to take measurements of the head and 
to go over the ground in a preliminary manner, 
advising to the best of his ability and experience, 
whether or not the project is practical. 

Arrangements for the services of such an engineer 
may be made on written application to The James 
Leffel & Company, Engineering Department, Spring
field, Ohio. 

In Conclusion 
We have discussed in a general way in this pamphlet 
several items of information that should be given us 
when inquiry is made regarding the possibilities of 
small water powers and, in conclusion, we will group 
these items in condensed form on the following page 
in order that they may be readily taken into 
consideration and proper reply made. 



POWER CONVERSION MULTIPLES 

kiloWatts horsepower (HP) BTU/second kCals/second metre kilog..ams/sec foot pounds/sec 
(kW) to:- X 1.36 X0.95 0.239 X 102 

I kW = 1.36HP = 0.95BTU/sec = 737 fps 

ENERGY CONVERSION MULTIPLES 

kiloWatt hour BTU kCals met rekilograms foot pounds Joules 

(kWhl to:- X 860 X 367100 X 1980000 X 36000000 

l k \Vh = 3411 BTU = 36 71 OOrnkp = 860 I OOcal 

Body Energ\ required hy one adu!t for one da;: 2000- 3000 kCals = 2.2-4 kWh 
One gallon of petrol: 42.kWh. Year's heating. one UK house: 15,000- 20.000 kWh 

SOME MORE POWER AND ENERGY TABLES 
on...-er•;ion factors for power units 

X 737 
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X 860100 
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3.0 Renewable Energy Forms and iheir Use 

3.01 General 

Energy Excha,ge in the Biosphere. iJ. M. Gat,-~~. Harper & Row. 1962. 

The Energy Cyde of the Earth. A. H. Oort. Scientific American. Sept. 1970. 

Communities & Ecosystems. R. H. Whittaker. Holt Rinehart Winston. 19/0. 

Physical Climatology. W. D. Sellers. Chicago UP. 19ti5. 

Primary Prod,Jction in Terrestial Ecosystems. G. M. Wood'.-,ell ·nd R. H. Wnittaker. 
Amer. Zoologist Vol. 8, 1. 1968. 

Secondary Productivity of Terrestial Ecosystems. ?roceedings Jablonna Meeting (Ed). 
K. Petrusewicz. International Biologica; Prog./UN. 1967. 

Ecological Energetics. J. Phillipson. St. Martins Press. 1966. 

3.02 Solar Energy 

Solar Radiation. N. Robinson. Elsevier. 1966. 

Direct Use of the Suns Energy. F. Daniels. Yale UP. 1964. 

Solar Energy. F. M. Branley. Crowell. 1957. 

Solar Energy. H. Rau. Macmillan. 1964. 

The Coming Age of Solar Energy. D. S. Halacy. Norton. 1963. 

l'Energie Solaire. M. Perrot. Fayard. 1963. 

Solar Energy. Vols 4, 5, 6. UN C.onference on New Sources of Energy. UN Publications 1964. 

Solar En~rgy. D. Charroudi. Domebook Two. 1971. 

Introduction to the Utilization of Solar Energy. A. Zarem & D. Erway. McGraw Hill. 1963. 

Solar and Aeo:ian Energy. Proceedings NATO Conference. (Ed). A. G. Spandies. 
Plenum Press 1964. 

A Solar Air Cond;tioned House. N. Sheridan & W. Carr. Solar Research Notes No. 1. 
University of Queensland. 1966. 

lithium Bromide-Water Refrigerators for Solar Operation. J. Duffie & N. Sheridan 
Transactions, Australian lnst of Mech and Chern Engineers. 1965. 

Solar Air Conditioning. N. Sheridan. Vol 33 Jrnl Austral lnst of Engng. 1961. 

Engineering of the 'Sol air' House. N. Sheridan & P. Juler. Architectural Science Review 
vol 5. 1962. 

Solar Water !-!eaters in Queensland. N. Sheridan. Solar Research Notes l\lo 1. 
Queensland L'niv. 1960. 

Power from the Sun. E. Ay;e:.. Scientific Amerit::an. July 1950. 

Power from the Sun. Glasser. Science. November 1\:168. 

Selected Bibliography on Solar Energy Conversion. Optical Sciences Centre. University 
of Arizona. ~972. 

Farmrng the Suns Energy. D. Thomsen. Science News. Vol 101. April 1972. 

The Use of Solar Energy in HmJsing. S. Szokolay & R. Hobbs. A I BA Jrnl. Apri! 1973. 

Living off the Sun. A. MacKillop. Ecologist. July 1973. 

Heat Pump Heating. A. 1\·iacKillop. EcologiS':. June 1973. 

How to Capture and Keep a Photon. A. Meir.o.:. Power from the People. 1971. 

Proceedings of the World Symposium on Applied Solar Energy. Phoenix Arizona 1955. 
Stanford Research lnst. 1955. 

Which Drive for Your H<:!at Pump? P. Little. Actual Specifying Engineering. December 1961. 

Harnessing Heat from the Su ... W. Coblente. Scientific American. June 1922. 

Solar Power. A. Ford ilnd J. Kane. Bulletin of the Atomic Scientists. Oct 1971. 

The Trilpping of Sol;;;r Energy. W. ~.cNevin. Ohio Jrnl of Science. May 1953. 

The Performance of Flat Plate Coliectors. H. Hottel & B. Woertz. Trans Amer Socy of Mechanical Engineers. Feb 1942. 

Intermittent Absorption Cooling Syste"os. D. Williams et al. Refrigeration Engng. Dec 1953. 

Solar uistillation. Dept of Eron & Social Affairs. UN Publicns. 1970. 

How to Make a Solar Still. J,, Whillier ?1 G. Ward. Brace Research Institute. Mr.Donald College of McGill Univ. Jan 1965. 

Heating By Solar Enei'gy. Buelow & Boyd. US Jrn! of Agricultural Engineering. Jar. 1957. 

Sol Shot and Growhole. Lama Cookbook Funo. 1972. 

La•ge Enclosures and Solar Energy. S. Dietz. Architectural Design. Apri I 1971. 
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Sun-Heated Ski Lodge Slit into Mountain Slope. P. Grillo. Interiors Mag. Jan 1951. 

MIT Builds Sular Heated H0use. Architectural Engineering. April 1959. 

Low Cost Solar Heated House. M. Telkes. Heating & Ventilating Jrnl. Aug 1950. 

House with Sunshine in the Basement. H. Thomason. Popular Mechanics. Feb 1965. 

Solar House Models. H. Thomason. Edm:.mds S..:ientific Corpn. 1965. 

Solar Control and Shading. A. & V. Olygay. Princeton 1957. 

Domestic Solar v.-... ter Heater. rJJ. Khanna et al. Indian Jrnl of Scientific and Industrial 
Research. Feb 1959. 

How to Build a Solar Water Heater. D. Sinson & T. Hoad. Brace Research lnst, 
McDonald College of McG;il Univ. Feb 1965. 

['esigning for Survival. Architectural Design. July 1972. 

Low Impact Technologies in Housing. A. MacK:Ilop. Architects Jrnl. July 1972. 

Plastic Covers for Soiar Collectors. R. Whil!ier. Solar Energy Jrnl. July 1963. 

Prospects & Limitations of Solar Energy Use in Developing Nations. 
M. Saif·U1-Rehman Solar Ener1JY Jrnl. Feb 1967. 

The Role of Solar Energy in Qn :nteri"Tlediate Technology for Developing Areas. 
P. Ward. Procdgs Conference on Technology Development in Small Transitional Socs. 
Feh 1968. 

The Sun as an Energy Source. G. Ward. Brace Research lnst. McDonald College of McGili 
University. May 1961. 

The Sun- A Manual. Fdited P. Burberry. Architects Journal. 12 Jan 1965. 

Sunpath diagrams and Solar Heat Gain Calculation. P. Petherbridge. Building Research 
Station. Paper 39. 1965. 

3.03 Wind Energy 

The Generation of Electricity by Wind Po'her. E. Golding. Spon 1955. 

Power from the Wind. P. Putnam. Van Nostrand. 1948. 

Discovering Windmills. J. Vince. Shire Publicns. 1968. 

Windmills and Watermills. J. Reynolds. Praeger. 1970. 

Electric Power from the Wi01d. P. Thomas. US f'Fderal Power Comm. 1945. 

Wind rnergy Vol 7. LIN Conf on New Source~ of Energy. Rome 1961 (UN 1964). 

Wi••d and Solar Energy. Procdgs UNESCO Symposium. N~w Delhi. 1956. 

Energy from the Wind. World Meteorological Orgzn. 1954. 

Can We harness Power from Windmills. S. Kidd & D. Garr. Popular Science. Nov 1972. 

Wind Generators: Heres an Advanced Design You can Build. H. Meyer. Pop Science. 
Nov 1972. 

Putting the Wind up the CEGB. D. Stabb. Undercurrents No 2. 1972. 

The S-rotor and its applications. S. Savonius. Mechanical Engineer. Vol 53. May 1931. 

lntroductiun t.""J the Theory of Flow Machines. A. Betx. Pergamon. 1966. 

Low Cost Windmill for Developing Nations. VITA Handbook. 1970. 

Savonius rotor Windmill. VITA Power Source Plan. 1972. 

·.anta Barbara Fan Blade Wind:nill. VITA Power Source Plan. 1972. 

A 1 kW Wind Lighting Plant at Springs Head. M. Simonds. Brace Research lnst. 
McDo• aid College of McGill Univ. Feb 1964. 

Performance Test of a S..vonius Rotor. M. Simonds & A. Bodek. Brace Research inst. Jan 1964. 

Notes on the Development of the Brace Airscrew. R. Chilcott. The Aeronautical Jrnl 
of the Royal A?ronautical Socy. Vol 73. April 1969. 

Current Stat., of Windpower Research in the USSR. N. Lev~'· Brace Research lnst. 
Sept. 1968. 

3.04 Small Scale Waterpower 

Power from Small Streams. C. Crowley. Popular Mech.1nics. Sept & Oct 1940. 

Your Own Waterpower Plant. C. Bassett Mother Earth News. May 1972. 

The Wheelwrights Shop. G. Stu~rt. Cambridge UP. 1963. 

Tide M1lls in Britain. R. Wailes. Er.gineering Vol 5L. 1938. 

English Watermills. L. Syson. Batsford. 1965. 
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Power from Water. T. Paton & J. Brown. Leonard Hill. 1961. 

Hydroelectric Engineering Practice. J. Brown. Blackie. 1958. 

Tidal Power. T. Gray & 0. Gashus. Plenum. 1972. 

Generation of Power from Ocean Waves. B. Turley. Alternative Sources of Energy No 7. Sep. 1972. 

Ocean Power Generation. H. Anderson. Oceanology Yearbook. 1967. 

Some North Country Watermills. R. Clough. AlBA Publicns. 1965. 

Tidal Power & the Severn Barrage. Procdgs lnst of Elec Engineers. June 1949. 

Discovering Watermills. J. Vince. Shire 1970. 

3.05 Biological Energy 

Algae Man and the Environment. (Ed) D. F. Jackson, Syracuse UP 1968. 

Power Gas from Sewage Sludge. Science and Culture Vol. 20 7 1955. 

Methane Gas on Farm and Plantation. International Sugar Journal. 54 1952 

Solution to Pollution. C. E. Burr and K. D. Gilbert. Mother Earth News, May 1970 

Methane Production from Farm Wastes. Agriculture 58 1952. 

A Clean New Gas. Staff Report. Engironment. Dec. 1971. 

Radical Gas. A Mackillop. Pe3ce News. 14.7.72. 

Micro-organisms as Allies. C. L. Duddington. Faber 1961. 

Industrial Fermentation Industries. L.A. Underkofler and R. J. Hickey. Chemical Publishing Co. 1954. 

~1ass Cultivation of Algae. H. Tamiya. Annual Review or Plant Physiology. 8 1957. 

3.10 Usefc~l Magazines 

Alter11:.tive Sources of Energy. Route No. 1 Box 36B, Minong Wisconsin 54859, USA. 

Mqher Earth News. PO Box 38, Madison, Ohio 44057, USA. 

New Alchemy Magazine. NA lnst. PO Box 432, Woods Hole, Mass 0.2543, USA. 

Undercurrents, 275 Finchley Road, London NW3. 

Ecologist. 73 Molesworth Street, Wadebridge, Cornwall. 

Peace News, Caledon.an Road, London Nl. 

Consernus, NUS, 3 Endsleigh Street, London WC1. 

Communes, 3 Russe;l Way, Wootten, Bedfordshire, UK. 

3.11 Organisations & Groups & Companies Active in Alternative Energy Sources 

Brace Research Institute, McDonald Cc-llege of McGill Univ. Ste Anne de Belle vue, Que, Canada. 

VITA Inc, 3706 Rhode Is Ave, Mt Rainier, MD 20822, USA. 

Biotechnic Press. Box 26091, Albuquerque, NM 97125, USA. 

Equality, Postfach 3413, Frankfllrt/Main, West Germany. 

Biotechnic Research & Development. Eithin Y Gaer, Churchstoke, Montgomeryshire, UK. 

ITDG, 9 King Street, London WC2. 

Survival Technology Inc, 7801 Woodmont Ave, Bethesda, MD 20014, USA. 

HYDRA. Gundelingerstrasse 462, Zurich, Switzerland. 

Low Impact Technology Ltd. 73, Molesworth Street, Wadebridge, Cornwall. UK. 

Council for Small lnds in Rural Areas. 35 Camp Road, London SW19. 

Khadi & Village Industry Comm. Vile Parle (W), Bombay 56, India. 

The Homesteader, Oxford, New York 3829, USA. 

Earth-Star Structures, 30 Benedict StreP.t, Glastonbury, Somerset, UK. 

Barglutli-Tribe, 3186 Dudingen Canton Wallis, Switzerland. 

INFO, 6 Bidwill Close, Yarralumla, ACT 2600, Australia. 

Shelter Publications, PO Box 279, Bolinas, CAL 94924, UDA. 

New Science Group, 2036 Natural Resources Bldg, Michigan Univ. Ann Arbor, MICH 48105, USA. 

Compagnons du Colombier, 1274 Chene du Fleuve, Les Cedres, PO Canada. 

Trans-Atlas Ltd, 15 Duke Street, Dublin 2, Eire. 

Balaju Yantra Shala Ltd. Balaju, Kathmandu, Nepal. 

Dai-Dong, Koningslaan 2A, Bussum, Nederland. 
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WAIT TILL YOU SEE LIT'S SOLAR MANUAL
IT'LL GE r YOU HIGHER THAN THALIDOMIDE 

236 COL 

A PENSIONER'S bedsitter 
looked like Dracula's Castle, 
a policeman said yesterday. 

For the old man feared that 
vampires would inv:~de his tiny 
ro:Jm. 

And he surro,Jr.ded himselt 
with objects to ward them off as 
dusk fell. 

There was garlic in the kevhole 
and on the windowsdl. T: <>re were 
bags of salt on h1s pLllow and 

more salt spnnkled on 
the '"Jlankets. 

Dread 
But the d rea d of the 

legendarv blood - suckers 
finally killed t'B-year-oid 
Folish immi;:rant Demit
riuus My•crura. 

Br SUN REPORTER 

He went to sleep with
a d've Q( garl>c in his 
mouth and choked, Police
constable John Pye told 
an inquest at Stoke-upon
Tn .. nt. 

Pc Pye, aged 22. a 
horror fiim fan. said he 

·~studied a book called the 
Natunl H1story of the 
VampJre. 

He found that the bed· 
sitter was li!tered with 

I ritual objeP!s to drive 
a\vay Vdffiptres. 

l 
Mr Mvi£iura, a retired 

pottery V.·orker who came 
to Britam 25 years ago, 
.,.a$ found dead in bed. 

Hi; l and I ad v. M r s 
Eugizig Rodazichwios. told 
coroner Mr Frederic Hails· 

Strange 

"He thought vampires 
were everywhere. He 
used s;.t, pepper and gar
lic to keep them away." 

\ 

Mr Hails said : "This is 
a verv strange co.se." 

Verdict: Accident 

YAK 
YAK 

CHSCKOIR 
The 

funeral o' His Mo;t Gracious 
Majesty the Lord Grimsby of 
Katmandu took place in Lan
cashire recently, after a lying in 
stilte on a silken bed that lasted 
three weeks. The casket was 
covered with 1,000 carnations. A 
funeral oratwn of poems by 
Shelley and Wordsworth was 
read. At £1,500, this was per
haps the mv~t expensive funeral 
a parrot has ever had. 

The s1!liest fcre:en 
story as yet is being enjoyed in 
Katmandu. It is headlined: "Girl 
Says I was Knocked Out By Yeti.'' 

The girl, 19 year old yak herder 
Lakpa Sherpani, said that thP 
incident occurred in the Khonar 
area near Everest. M1ss Sherpani 
desr:ri·bed the yet 1 as four feet 
tall, with thick black hair below 
the waist and brownish hair 
above. After strilcing her several 
blows, it attacked her grazing 
yaks an.-i killed five by twisting 
their horns. 

YUK YUK 

Said the owner, David Bates, 
of Prestrm: "'The lying in state 
was just like that of Queen 
Victoria. He had a diamond ring 
on his beak, his favourite piece 
of jewellery, and a little crown 
on his head. There were silver 
candelabra, palm leaves and 
other things around him." 
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In Sweden, famed Israeli spoon
bender Uri Geller has had a 
paternity suit filed against him 
lly a young blonde mother. The 
girl does not claim that Mr 
Geller 1s her bahy's father. But 
she sav3 that his magi:al bending 
powers so altered her contra
ceptive loop that it became in
operable. She has produced the 
twisted looo in evidence. 

A BLACK youth leader from 
South-West Africa will go on 
trial in Windhoek next month 
charged with causing malicious 
damage to property - scratching 
slogans on the wall of his ceil 
while held in solitary confine
ment during five months of 
detention without trial under 
South Africa's anti-terrorism 
laws. Thomas Ndalikutala Komati 
22, of the South-West Africa 
People's Organisation Youth 
league, used a spoon to scratch 
political slogans. 

Mr. Komati, detained from 
January 31 until June 11, has 
been charged only with malicious 
damage. He original!) pl·aded 
guilty, but in court last week 
sought to change his plea to not 
guilty on the ground that he had 
suffered temporary insanity 
following hallucinations during 
solitary confinement. He said he 
had found himself talking with 
some friends who appeared to be 
in the cell with him, and he 
scratched the slogans during one 
of these "visitations". However, 
the judge rejected the not guilty 
plea. 




