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Fellow Environmental Health Workers:
 

Some years ago, the Agency for International Development (AID) sponsored

a series of publications on water supply and sanitation indeveloping

countries. The series was prepared by the University of North Carolina
 
with the objective of encouraging the exchange of information, not only
between workers in the more developed nations and their colleagues ir,

the lesser developed countries but also between those workers themselves.

Itwas hoped this exchange would fill the need for a continuing source of
 
new ideas, new techniques and would provide a ready meanls of sharing
ideas and problems. The contract resulted intwenty publications over a
 
period of three years.
 

AID believes its objective was achieved and that the sustained demand
 
-or individual items and the total series confirms their present day

utility. For that reason, AID has reprinted the entire series and is
 
pleased to forward a copy in response to your recent request.
 

We hope itwill prove of value to you.
 

A. Dale Swisher, P.E.
 
Environmental Engineer
 
Office of Health
 
Technical Assistance Bureau
 





WATER SUPPLY AND SANITATION 

iIIIIIPIN DEVELOPING COUNTRIES 

AGENCY FOR INTERNATIONAL DEVELOPMENT UNIVERSITY OF NORTH CAROLINA 

GERRIT V. R. MARAIS AND FREDERICK E. MCJUNKIN, EDITORS 

September 1966 AID-UNC/IPSED Series Item No. 1 

SCOPE OF THE PUBLICATION SERIES 

An engineer concerned with water supply and sanitation in developing countries soon real izes how 
difficult it is to receive and pass on to others information on technical matters in his field. Although 
much money is being spent on water supply and sanitation, and although the developing countries have 
many common problems; at present, the enginee, in the field can find no regular publication describing 
new developments, designs and operational experiences. 

Why does this happen? First, many people believe that the developed nations have all the necessary 
technology, which needs only to be exported to the developing nations to solve their problems; second, 
some have the mistaken idea that efficiency goes hand-in-hand with highly developed technology; and 
third, others mistakenly assume that "crude" solutions have only limited or temporary value, so why bother 
to publish information about them. 

Conditions in developing countries, however, are so different from those in develuped countries that 
solutions which work in developed countries may be of little value in developing ones, where limited 
financial resources and manufacturing capacity are the rule; skilled labor is scarce, unskilled labor plenti
ful; the climate is usually tropical; and elementary facilities are the greatest needs. Such factors must be 
reflected in solutions for developing countries. 

Continuous critical study and appraisal of developments elsewhere and their potential adaptation to 
local use are necessary. These objectives can best be satisfied by reciprocal exchange of information. 
The existing international communications for this type of information are primarily conferences, symposia, 
and intermittent publications by international agencies, with once-only publication and little follow-up 
of developments reported. Conferences and symposia are infrequent and costly. Their durations are short 
so that the number of papers that can be discussed is limited. They are attended mainly by administrative 
engineering personnel--design and field engineers rarely see the proceedingq and are given little incentive 
to contribute and participate. World-wide dissemination of the proceedings is unsatisfactory--an engineer 
in Africa rarely reads what his counterpart in Snuth America thinks about the same problem. 

Recognizing the need for better communication, the Department of Environmental Sciences and 
Engineering, School of Public Health, University of North Carolina at Chapel Hill, through its Inter
national Program in Sanitary Engineering Design (IPSED), is beginning a series of publications on water 
supply and sanitation in developing countries. The series is sponsored by the Agency for International 
Development (AID) of the United States Department of State. It is concerned particularly with activities 

This publication series is prepared by the International Program in S.nitary EngineeringDesign(IPSED) 
under the sponsorship of the Comnmmity Water Supply Branch, Agency for InternationalDevelopment (AID), 
United States Department of State. 'lPSED. is a program of Ike .Department of Environmental Sciences and 
Engineering, School of P.ublic Health, Onizveraity of North 61iia a Cbapel Hill. Correspondenc,"shouid 
be addressed to Frederick E. Mclinkiiin .'Etor, IPSEPD.- B4e O.€Cibiptl1ill. N.C, 27514, U.S.A. Pub
lications are supplied free of charge to fnguzers. woring in~4 et.eriug countries and may be obtained 
from U.S. embassies, U.S.A.ID. missions, orby iritirg Wlsimverstty. lalerialfor publication is invited 

http:U.S.A.ID


designs, and pro
of design and .;eld engineers--to assist them by collecting and distributing information, 


cedures that experience has shown to be successful under conditions prevailing in developing countries.
 

This series should become a useful means oi communication between sanitary engineers in developing
 

countries.
 

the series will be issued in loose leaf form, usingTo ensure the greatest flexibility and usefulness, 
Each subject item will be developed from the information received from contri

lithographic reproduction. 
butors, or otherwise available at the University, and published as a separate paper. The treatment will 

items will be revised.not be exhaustive. As further information becomes available, 

Items of information will be compiled from personal communications, roports, papers, literature sur

however, should be from the engineers and administrators presently conveys, etc. The principal source, 
cerned with water supply and sanitation in the developing countries. IPSED recognizes the severe demands 

to on their time, which, even if they should have the inclination, may not allow would-be contributors 

make the effort required to write papers. Furthermore, no information should be lost by default because 
Consequently, IPSED will undertake thethe contributor is afraid that his English is not good enough. 

can, therefore, feel free to send their informationresponsibilities of compiling and editing. Contributors 
in any form, be it pencil notes, sketches, or annotated plans, whatever is most convenient. Full recog

nition will be given to each contributor and thus readers may personally contact contributors if they wish. 

Success of this publication depends primarily on participation by ilv ,ngineers, administrators, and 

operators in the water supply and sanitation field in developing countries. No idea, development, pro
even though it may appear insignificant and commonplacecedure, or operation should be withheld, to 

the contributor. What is considered a well-worn method in one region may be revolutionary in another. 

The University of North Carolina, serving as a clearing-house, is in a favorable position to evaluate each 

contribution as information worthy of wider distribution. 

IPSED is vitally interested in identifying those design problems in water supply and sanitation that 

are most comm ,i in the developing countries and whose solution would be of value. Thus readers faced 

with Jesign problems which they have beei unable to solve satisfactorily are invited to submit these also. 

If the problem is of sufficiently general interest and a solution is available, both the problem and its 

solution will be published. 

An abbreviated listing of items to be described or discussed in forthcoming issues includes such topics 

as wells and well drilling, water rates, estimation of water demand, water distribution systems, novel 

construction materials, sedimentation and coagulation facilities, slow and rapid sand filters, iron-removal 

processes, storage facilities, pumps, windmills, hydraulic rams, vater services, oxidation ponds, sanita

tion facilities, disinfection apparatus, solar stills and water heaters, etc. The abov, is a typical, but by 
The itemsno means exhaustive, listing, and contributed material on other topics would be welcomed. 

distributed with this announcement are illustrative of the spirit and intent of the series. 

To repeat, the success and value of this publication ser;es will depend largely on two-way communi

cation between its editors and its readers. Critical comment, suggestions, and especialy, information 

and material for publication are invited. 
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REDUCTION OF WATER WASTE 

BY THE USE OF CONSTANT-FLOW VALVES 

ABSTRACT 

Installation of inexpensive constant-flow valves ,ated at 2 UK gpm (9.1 Ipm) in the supply lines to indi

vidual houses in Kitwe, Zambia reduced the water use by 25 to 30 percent. No complaints regarding 

inadequate supply were received. 

(Key words: Water supply, water services, water consumption) 

Source of Informalion L. J. Vincent, Manager 
Zambia Housing Board 
Box RW 74 
Lusaka, Zambia 

Investigation by 

G. Keppie 
Town Engineer 
Kitwe, Zambia 

Introduction 

can result in the following situations:Water waste, particularly in high-density housing areas, 

(1) Average cost of water consumed per household may exceed the budget for unmetered water 

allowed in house rental calculations. 

a total lack of water during daily peak demand periods may(2) 	 Inadequate water pressures or even 
The situation worsens during the occur in high-level areas because of heavy drawoff in low-level areas. 


hot season and supply mains may be inadequate to an extent requiring an expensive investment in increased
 

capacity.
 

This publication series is prepared by the InternationalProgram in Sanitary Engineering Design (IPSED) 

under the sponsorship of the Community Water Supply Branch, Agency for International Development (AID), 
IPSED is a program of he Department of Environmental Sciences'andUnited States Department of State. 

Engineering,School of Public Health, University of North Carolina at Chapel Hill. Correspondencesbouid 
27514, U.S.A. Pubbe addressed to Frederick E.Mcjunkin, Editor, IPSED, Box 630, Chapel Hill, N.C., 

lications are supplied free of charge to engineers working in developing countries and may be obtained 

fron. U.S. em'nassies, U.S.A.I.D. missions, or by writing the University. Material for publication is invited. 
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The fact that no complaints regarding inadequate water supply were received is significant. Psycho
logically the constant flow valve has an advantage over other water-conserving devices in that there is 

no apparent visible curtailment of the supply--the consumer is usually unaware of its existence. 

At present virtually no information is available on optimum flow rates. Decisions will have to be 

made in the light of local experience. For unmetered supplies, the Zambia Housing Board recommends 
that 2 UK gpm (9.1 1pm) valves be used. Under normal conditions this figure will ensure an adequate 
supply of water to each household but, at the some time, will reduce waste caused by draw-off at un
necessarily high rates of flow. In many situations this flow rate will be considered excessive. For instance, 
in Mexico, constant flow valves rated at 50 lph (0.83 Ipm, 0.18 UK gpm) have been installed for some 
rural communities, a rote which is probably near the lower limit of acceptable supply.* 

Constant-flow valves have also been used successfully in Brazil .** There the valves are often used 
cven for commercial buildings and small industries with valve diameters ranging in size up to 2 in (5.08 
cm). Unfortunatel/, at present, no further information on Brazilian constant-flow valves is available to 
the Editors. 

The cost of the constant flow valve is approximately US $1.5 to $2. 

AIDI i S' RUlilS1I'. 4 No. 2 
I- - 21 

4- 5 CM 

FLO 1/4 - 1/2 IN 

FIGURE 21 CONSTANT-FLOW VALVE 

HIGHLIMIT 

U LOW LIMIT22F 

20 20406 8 0 0.0 

3:z3 

0 20 4 60 80 too 150 200 

PRESSURE IN PSI 

FIGURE 2.2 FLOW CHARACTERISTICS OF A 2-GPM VALVE 

7Informotion received from the President, Medildores Azteca, S.A., Av. Toluca 300, Villa Obregon, 
Mexico 20, DF, This company manufactures the Azteca Constant Flow Valve. 

"*Where they are known as penos dleagua. 
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WATER SUPPLY USING BAMBOO PIPE 

ABSTRACT 

Bamboo pipe is extrensively used for small water supply systems in Indonesia. This report briefly describes
the salient features of design and construction of elements of the system, 

(Key words: Water supply, water pipe lines) 

Source of Information: Department of Health 
10 Tosari
 
Djakarta 
Indonesia 

Introduction 

In Indonesia bamboo pipe to convey water to villages is extensively used. Where bamboo is readily
available its use as a substitute for metal pipe appears to huve considerable merit. It is simple to con
struct using unskilled labor and local materials. 

Design and Construction 

Bamboo pipe is made of lengths of bamboo of the desired diameter by boring out the dividing mem
brane at the joints. A circular chisel for this purpose is shown in Figure 3.1. One end of a short length
of steel pipe is belled out to increase the diameter and the edge sharpened. A length of bamboo pipe of
sufficiently small diameter to slide into the pipe is used as a boring bar and secured to the pipe by drilling
a small hole through the assembly and driving a nail through the hole.* Three or more chisels ranging
from smallest to the maximum desired diameter are required. At each joint the membrane is removed byfirst boring a hole with the smallest diameter chisel, then, progressively enlarging the hole with the larger 
diameter chisels. 

*Such a nail is also known as a cotter pin or linchpin. 

This publication series is preparedby "th:lnealio
 
under the sponsorship o/ thr Commwity'>Water Siply Brely
 
United States Departmcn o/ Stale. IPSED is'ap mgoa.,Zba
Engineeiing,School of P'blicHealth, University oNortC
 
be addressed to Frederick R. Mc) wnkin, I-difo, Ip O.-
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Bamboo pipe lengths are joined in a number of ways, as shown in Figure 3.2. Joints are made water
tight by caulking with cotton wool mixed with tar, then tightly binding with rope soaked in hot tar. 

Bamboo pipe is preserved by laying the pipe below ground level and ensuring a continuous flow in the
pipe. Where the pipe is laid above ground level, it is protected by wrapping it'with layers of palm fiber 
with soil between the layers. This treatment will give a life expectancy of about 3 to 4 years to the pipe; 
some bamboo will last up to 5-6 years, Deterioration and failure usually occur at the natural joints, 
which are the weakest parts. 

Bamboo piping can hold pressure up to two atmospheres (+ 30 psi* or 2.1 kg/cm2 **), hence, it can
not be used as pressure piping. It is most suitable in areas where the source of supply is higher than the 
area to be served and the flow is under gravity. Where the depth of the pipe below the hydraulic

gradieit is such that the maximum pressure will be exceeded, pressure relief chambers must be installed.
 
A typical chamber is shown in Figure 3.3. These chambers are also installed as feederboxes for branch
 
supply lines to villages en route. 

A diagrammatic sketch of a bamboo pipe water supply system for a number of villages is shown in
 
Figure 3.4. Size requirements for bamboo pipe may be determined using the pipe capacity nomograph

provided as Figure 3.5. A design for a public fountain made from bamboo is shown 
 in Figure 3.6. 

Health Aspects 

After a bamboo pipe is put into operation it gives an undesirable odor to the water. This, however,

disappears after about three weeks. If chlorination is done before discharge to the pipe, a reservoir giv
ing sufficient contact time for effective disinfection is required since bamboo pipe removes chlorine
 
compounds and no residual 
 chlorine will be maintained in the pipe. To avoid possible contamination by
ground water, an ever present danger, it is desirable to maintain the internal pressure within the pipe at 
a higher level than any external water pressure outside the pipe. Any leakage will then be from the pipe,
thus, contaminated water cannot enter the pipe. 

Use in Other Countries 

In many rural areas of Taiwan, bamboo is commonly used in place of galvanized iron (G.I.) for deep
wells up to a maximum depth of 150 meters (492 feet). Bamboos of 50 mm (2 inches) diameter are selected,
straightened by means of heat, and the inside nodes knocked out. The screen is made by punching holes 
in the bamboo and wrapping thot section with a fibrousmat-like material from a palm tree, Chamaerops
humilis. In fact, such fibrous screens are also used in many G.I. tube wells.*** 

Use of bamboo pipe is also being investigated in Thailand. Results of this work, however, are 
p.sently unavailable to the Editors. 

*Pounds per square inch 

**Kilograms per square centimeter 

***D. F. Yung, "Rural Water Supply in Taiwan," Taiwan Institute of Environmental Sanitation, Fuchow 
Street, Taipei, Taiwan, Republic of China. 

2. 
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THE CHISEL 

FIGURE 3.1 REMOVAL OF DIVIDING WALLS 

ROPE TAR MIXED WITH COTTON 

FIGURE 3.2 CONSTRUCTION OF JOINTS 
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FIGURE 3.4 LAYOUT OF BAMBOO WATER SUPPLY SYSTEM 
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PIPENOMOGRAPH FOR FLOW IN BAMBOO 
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FIGURE 3.6 PUBLIC FOUNTAIN
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WATER AND MAN'S HEALTH 

Water is a physiological necessity to man; it is also essential to ogricultur'l and industrial develop

ment and growth. From time immemorial, man has accepted water wherever he found it and used it to 

Many people in the world today still pursue this course,
maintain life and for other advantageous purposes. 

were not forever satisfied with mere acceptance of
either by choice or through necessity. But all men 

idea that certain waters could be controlied and made more responavailable water; some conceived the 
one, to protect and enhance quality,

sive to their needs. In ancient times, control action- took two forms: 

and anothur, to improve accessibility and availability. 

However, in that year
The beneficial alteration of the quality of water may antedate 2000 B.C. 

- included a statement that "It is good to"Ourta Songhito" - a collection of medical lore in Sanskirt 

1op wo~i in copper vessels, to expose it to sunlight, and filter through charcoal." Other ancient re

colds, including the Bible, refer to water storing, clarifying, filtering, and distilling to make it more 
From these days until the present time, man has conpalatoble and less objectionable for hygienic use. 


tir ued his efforts to improve the palatability and potability of water.
 

As man increased in numbers, migrated to other land areas and clustered together for greater physical 
Diseases andsofety, he contributed more and more to the degradation of the water available to him. 

identified and catalogued but people were just as vulnerable tobodily afflictions were not then so well 
them r! they are today. With the improvement of the medical and biological sciences, recognition of the 

in the initiation and transmission of diseases and other bodily disturbances became 
[Jofl pluyed by water 

and more obvious until today there is a frightening array of agents which can exist in water and af
more 
fect the susceptible person if and when the opportunity is presented. 

Many living contaminants of water - the parasitic organisms which take up their abode on or with;, 

other living organisms to obtain food - are ready to attack man if they can get to him. Some of these use 

water as their habitat while others require it to complete their life cycle or as a vehicle to a point of 

entry to man. Some attack man directly; others need water-living intermediate hosts to produce their 
may also contain a large number of non-I iving or chemical conattack posture. Water consumed by man 

taminants and a variety of them can be present in water both prior to and after its purification. Man, as 

well as other living matter, is always exposed to background ionizing radiation coming from outer space 

and from ttices of naturally radioactive isotopes. Now he must also worry about artifically-produced 

radiation. 

The need to keep the body clean,In i less cor:plicated manner, water is important to man's health. 

to remove substances and organisms which can thoughtlessly or unknowingly be caught up in entrances to 

The small child who rubs his itchy eye with a dirty finger has no realitle body, is of great importance. 

zation that he may be pushing the trachoma virus into his eye. Given an opportunity and encouragement
 

to wash his hands, this might never happen. Cleanliness is inimical to external parasites such as lice and 
The use and reuse of common utensils in homes andmites, and to the fungi responsible for skin diseases. 

public institutions and plcces, without adequate cleansing and disinfection, is another cause of disease 
Without adequate, safetransmission even among people living in relatively highly advanced countries, 

their disablingwater, conveniently available, many communicable diseases will just continue to run 

course. Dispelling filth, on the person arid in the surroundings, requires clean water sufficient to main

tain hygienic conditions. 

The need for a clear and complete account of the relationship between water and health was recog

nized by the Community Water Supply Branch of the United States Agency for International Development 

(AID) and they asked Mr. Arthur P. Miller, formerly a sanitary engpine.er of the U. S. Public Health Ser

eiice, to prepare such a document. The result was c 10(1 F b'ziet entitled, " oh' and Man's Health." 

This booklet l.;: been printed in English, Spanish, and French and may be obtained, without charge, from 
in the capital uf your country orthe representative of the U. S. Agency for International Development 

from the Community Water Supply Branch, Health Service, Office of Human Resources and Social Develop

ment, Agency for International Development, Washington, D. C. 20523, U.S.A. 
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FLOAT VALVE HYPOCHLORITE SOLUTION FEEDER 

ABSTRACT 

A solution feeder to apply solutions of calcium and sodium hypochlorite to water supplies, built from 
equipment available in plumbing hardware stores, is described. 

(Key words: Chlorination, water supply, disinfection) 

Source of Information 	 New York State Department of Health Bulletin No. 21
 
New York State Department of Health
 
Albany,. New York
 

Introduction 

A feeder for applying solutions of calcium or sodium hypochlorite to water supplies, constructed from 
equipment available in plumbing and hardware stores, is described herein. Developed by the New York 
State Department of Health for semi-permanent installation or . use in emergencies, its basic simplicity
and low cost fit it for application as a permanent installation in small water supplies in developing 
countries. 

Construction 

Figure 4.1 is a diagrammatic sketch of the feeder and a list of materials for building it is given in 
Table 4.1. 

Except for the pipe conducting the mixing water to the barrels, all piping and connections should be 
of brass or plastic to reduce or prevent corrosion. All bends and connections are of the cross type with 
the dead ends closed by screw plugs.so that solids in the piping can be removed by unscrewing the ends 
and rodding with stiff wire'. To permit rodding, stopcocks or gate valves rather than globe valves should 
be used as control valves. 

An ordinary toilet (water closet) flush tank, A, preferably with an all-plastic mechanism, maintains 
a constant head or pressure cn a small petcock, B, which is used as a control valve. 

, + This publiai'sii 	 e*, d -A 
under tlhbe sponsbif4Ijj - 0
 
United$StatesMc 
 i 

,+:: + i ns.::4li-"0iO++ . taf 
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the rate of flow of the solution, sufficient space to permit the insertion of a 
In order to measure 

petcock, B, and the funnel, C. This flow 
measuring cylinder should be provided between the small 

dosage.measurement is necessary to control the chlorine 

in an open conduit, or is to he treated in the pump well, the 
Where the water to be teled runs 

means of a plastic tubing connected to the funnel beneath the 
solution may be discharged drectly by 

c toilet flush tank may
petcock. Where the solution is to be discharged to the suction pipe of a pump, 

a water seal tank. The necessry piping and connections fKrthis purpose are shown in 
be utilized as 
Figure 4.1. 

When large supplies ate to be hIosinated, the 	tvwo 50-US-gul . barrels (41 .7 UK gal., 189.2 liters) 
concete t.mus nra/ be required.

may not be sufficiently larg. od pecial wooden oi 

exporiericec ;nVeepin- the ,.nstant-I,cad floni ,dve, A, inclean condition.
Difficulties may bo 

.s a rource f trouble. Accurate adjustment to the
Where the float valve is mde of bha,,, corrocion 

by adjusting petcre4 P is difficult ,s t'ie setting is very sensitive.
hypochlorite solution flow rate 

Table 4.1 

LIST OF MATERIALS 

2 1-in. (25 mm) galvanized iron ells
2 50-US-gal . (189 liters) barrels 

1 glass or enamel-ware funnel1 flush tank with float valve 

Sufficient length of 1-in. (25 mm)
I flush tank with float valve when 

galvanized iron pipe to conductneeded as water seal tank 
water to barrels and to water 

seal tank
12 ft.(3.L6m) or more of 1-in.( 25 cm) 


brass pipe
 
35 ft. of 2 X 4 in. lumber 

2 1-in.( 25 mm) brass stopcocks 	 (10.7m X 5 X 10 cm) 

in. boards4 1-in.( 25 mm) brass "crosses" with 8 	ft.of 1 X 6 

(2.Z4 m X 2.5 X 15 cm)
6 plugs 

10 ft.of I X 12 in. boards1 1-in.( 2 5 mm) brass .1e 

(3.05 m X 2.5 X 30 cm) 

1 1/4 in.(-6 mm) brass petcock
 
16 ft. of I X 4 in. boards
 

(4.87 m X 2.5 X 10 crr)I brass reducer to attach petcock 


to bottom of constant-pressure
 
1 !iter graduated measure
tank 

1 pair of household scales2 1-in.( 25 mm)galvanized ;,on tees 

I 3-gal. wooden bucket and 1
 

wooden paddle
 

(Plastic materials may be used instead of brass.) 

2. 
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FIGURE 4-1 FLOAT VALVE HYPOCHLORITE SOLUTION FEEDER 
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A PROPORTIONAL CHEMICAL FEEDER 

FOR SMALL WATER PURIFICATION PLANTS 

ABSTRACT 

An installation in a small water works for feeding chemicals proportional to the raw-water inflow is des
cribed. The flow in the influent channel drives a paddle wheel at a speed proportional to the flow rate. 
The wheel drives'a shaft to which arms carrying dosing cups are attached. The rotating arms sweep 
through the chemical solution, fill, and empty a chemical dose into the raw water. The installation can 
be manufactured locally. 
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Introduction 

Small water purification plants, where circumstances are such that the raw-water flow rate varies 
over the period of a day, 	 nearly always present F.oblems of feeding the chemicals, usually hydrated lime 
and alum, proportionally to the rate of flow. An ingenious device, developed in Swaziland in Southern 
Africa, provides an inexpensive solution and can be made locally. 

Construction 

Figures 5.1, 5.2, 5.3 and 5.4 show photographs of this device. On each side of the raw-water 
influent channel is a concrete solution tank holding alum and hydrated lime so ulions respectively. The 
flow of water in the channel between the tanks drives a paddle wheel . Figure 5.5 shows a cioss-section 
of the channel and the position of the paddle wheel in the channel. Upstream of the paddle wheel, a 
water level higher than the downstream flow level is maintained by damming the channel with a steel weir 
plate. The flow over the weir falls on ,q paddles and drives the wheel (Figures 5.2, 5.3). 
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The paddle wheel drives a horizontal shaft above 'he wheel by means of an endless chain belt 
(Figures 5.2, 5.4). This shaft is supported by two bearings outside the tank walls and passes through holhs 
in the walls to the inside of each tank (Figure 5.4). Bolted to each end of the shaft is an arm with a 
chemical dosing cup welded to the free end. As the shaft rotates, the cup sweeps through the chemical 
solution in the tank and empties a'fixed volume of the solution to a funnel appropriately located above 
the shaft (Figure 5.4). The bottom of the funnel is connected to a plastic hose which discharges the dose 
to the channel. 

The chemical solution tanks are lined with glass-fiber-reinforced plastic to prevent corrosion by the 
chemicals. The dosing cups and arms are of steel which corrodes rather quickly, but they are cheap and 
easyto make and replace. The alum and hydrated lime are mixed into solution in 45-UK-gcl. (200-liter, 
55-US-gal.) drums and the solution is transferred to the tanks by means of plastic buckets. 

Operation 

Speed of rotation of the paddle wheel is approximately proportoncal to raw-water flow rate; hence
 
the dosing cups deliver a chemical dose proportional to the flow.
 

Rate of dosage is adjusted by the attendant to suit the quality of the water by setting the angle of
 
the chemical solution cups to empty more or less solution per revolution.
 

AppI ication 

Correct dosage of the chemicals will depend on the raw water. Each water tends to have its own 
character*stics and requires experimental investigations to obtain good results and to determine the
 
simplest method of control. This aspect falls outside the intent of this item, but it is of interest to note
 
the simple method of control used at the water works where the proportional feeder described above is
 
instal led. 

The treatment plant is located in granite country with rainfall from 35 to 60 in. (90 to 150 cm) yearly,
80 percent occurring during the summer months September to April. The majority of streams are perennial, 
the water during the dry winter season being clear with very little suspended matter. During the early 
summer rains, dust and burned grass enter the water courses and cause noticeable discoloration of the 
stream flow. A typical chemical analysis of the raw water during the winter gives: 

pH = 6.7 
Organics = Nil 
Iron = Nil 
Manganese = Nil 
Turbidity (Silica scale) = 7.1 mg/I 
Total Alkalinity = 13.0 mg/1 
Total Hardness = 15.8 mg/I 

This analysis indicates that the water is relatively unbuffered and very corrosive. 

Lime dosage to bring the pH of the raw-water, as measured by a comparator, up to a value between 
8.5 and 9.0 is determined by trial and error. This dosage is added upstream of the paddle wheel. Alum 
dosage added downstream of the paddle wheel is then adjusted to bring the pH of the water back to 
between 6.8 and 7.0. Good flocculation is obtained and the settled water has a pH of about 7.2. 

These dosages are readily obtained by a semi-skilled water works attendant, who also has the respon
sibil ity to make adjustments when the raw water quality changes. 

2.
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It must be emphasized that the pH values used here are applicable to this water only. 

Performance 

The installation, which has given excellent and trouble-free service, has been so successful that a 

similar intallation to feed hypochlorite solution for disinfection of the treated water is now proposed. 

Ilk 

"*-1' 4. 

,11• .* ." 

FIGURE 51 GENERAL VIEW FROM DOWNSTREAM 

1 FIGURE 52 CLOSE-UP VIEW FROM DOWNSTREAM 

mNil 

FIGURE5'4 DOSING CUP LAYOUTFIGURE 53 WEIR AND PADDLEWHEEL 
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INDIVIDUAL HOUSEHOLD DISINFECTION AND FILTER UNIT FOP TURBID WATERS 

ABSTRACT 

A simply constructed and operated rtiol wttc r pc:;fication unif, corstructed entirely of local materials, 
isdescribed. 
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Introduction 

In rural and urban areas common sourcri- of water suppl, are shallow veilIs sunk in backyards or sur
face waters collected 1n earth darns or dra, n firm streams. These woteLs are often subjert to bacterial 
coritomination and may be turbid. This tepo.t describes a simple purification and disinfection procedure 
suitable for individual households. 

Purification Installation 

Figure 6.1 shows a diagrammatic sketch of the instfllution, consisting of: 

(I) RcwWater Container. Adrum or any receptncle, A, of about 100 liters (26.4 US gal., 
22.0 UK gal.) or greater capacity is placed on a pedestral, Z. Two tops are set in the dium; the first 
tap, B, in the bottom and the second top, C,. in the side aboot 10 cm (4 in.) bove the bottom. 

(2) Sand Filter. A clean kerosene (paraffin' tin, o, similwr receptocl:. D, of ol.,ouf 3 to 4 gallons 
(13 to 18 liters) capacity catches row water from rap C. Top E, set in 'he sioce of D, just above the 
bottom of the tin, is connected on the inside of the tin with a perforated rubber or plastic collecting hose 
about 1/2 in. (12 mm) diameter. A layer of gravel of about 10 mm average size suriounds tkt! hose to a 
depth of about 100 mm (4 in.) above the hose. A nayer o.f -iLut30 cm of c r ier sand with average 
size grains of about 1/2 mm is placed on ton o the qrovel iayer. A splash plete nf enamel or china plate 
is placed on top of the sand. 

This publication seri. is preparedby 'the International Program'in Sanitary Engineering"Design (IP$ED)
under the sponsorsipi o- the4f.omrmmiiy Water Supply Brancb, Agency,lor InternationalDevelopment (AID),-
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(3) Clean Water Reservoir. A covered container, F, receives the filtered water. It has two taps, 
I and G, set in the sides near the bottom. Tap G, is connected to an activated charcoal filter, H. 
Tap I, is used to fill pails or other receptacles. 

(4) Charcoal Filter. A cylindrical container, H, of mild steel about 30 in. (76 cm) in length and 
10 in. (25 cm) in diameter and painted on the inside with asphalt to reduce corrosion is filled either with 

...	 activated churcoal obtained.commercially. (Norite RII).or charcoal. made from coconutrshells... To prevent. 
clogging of the0connecting piping, the charcoal is placed between top and bottom layers of fibrous 
material such as palm fiber. Water from tap G is filtered through this container and residual color an. 
taste are removed. The charcoal filter is not essential to health; its use depends primarily on the degree. 
of removal of color and taste-producing agents desired. 

(5) Other Materials. One mixing stick of bamboo or wood, one tablespoon (10 gm), one teaspoon. 

Chemicals 

Aluminum sulfate or potassium alum 
Calcium carbonate 
Calcium hypochlorite powder 
Activated charcoal or charcoal made from coconut shells 

Operation 

(1) Disinfection. Close all the taps and fill drum A, with raw water to within 4 in. (10 cm) of the 
brim. For every 100 liters (22 UK gal., 26.4 US gal .) of water in the drum dissolve one-half teaspoon 
of calcium hypochlorite in a glass of water and add to the contents of drum A. Stir gently (without 
splashing) for about five minutes. At the end of this peiiod, test the liquid by smelling for chlorine; a 
penetrating sensation in the nose indicates that the water has sufficient chlorine residual. If the chlorine 
is not detectable by this method, repeat the hypochlorite dosage as described above. This process des
troys the bacteria in the raw water. 

(2) Sedimentation. For every 100 liters (22 UK gal., 26.4 US gal.) of water in the drum, make , 
solution of one tablespoon, (10 gin), of aluminum sulphate or two tablespoons of potassium alum in a glass 
of water and add to the drum contents. Stir gently for about 3 minutes (or longer) until a sediment or 
floc starts to form. Add one tablespoon (10 gm)of calcium carbonate stirring continuously. A coarse fioc 
should form. Allow about half an hour or longer for the floc to settle to the bottom. Drain as much as 
possible of the floc through tap B. 

(3) Filtration. Top C is opened and the water flows onto the splash plate until tank D is filled. 
With tap C open, tapE is opened sufficiently to keep the level of the liquid in the sand filter container 
approximately constant, but always above the level of the top sand surface. Initially, the filtered water 
from tap Ewill have a cloudy color; this water can be wasted if desired. When the flow clears it is 
caught in the covered container F. 

Drinking water is drawn off through the carbon filter, H; water for other purposes is diawn from tap I. 
If the carbon filter is not installed, both drinking water and water for other purposes are drawn from tap I. 

A simpler and less expensive version of the above installation is shown in Figure 6.2. 

2. 
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SMALL SCALE PURIFICATION OF TURBID SURFACE WATER 

.....-....... ...
 

A D 

DD 

FIG. 6.1 HOUSEHOLD WATER PURIFICATION PLANT 

SMALL SCALE PURIFICATION OF TURBID SURFACE WATER 
SIMPLER AND LESS EXPENSIVE 

FIG. 6"2 HOUSEHOLD WATER PURIFICATION PLANT 
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FLOATING PLATFORM HYPOCHLORITE SOLUTION FEEDER 

ABSTRACT 

A simple chlorinator readily made from local materials and suitable for disinfection of small water s.,pplies
is described. It can be pre-set to feed solution at a given uniform rate. 

(Key words: Water supply, disinfection, chlorination) 

Source of Information Bulletin No. 21 
* New York State Department ot Health 

Introduction 

A simple chlorinator easily made from locally available materials is the floating platform solution 
feeder shown ir. Figure 7.1. Essentially the rate of feed is controlled by maintaining a constant pressure
head on orifice A by floating it at a constant depth beneath the liquid surface. Inoperation the floatingplatform solution feeder has the distinct advantage over the solution feeder described in AID-UNC/IPSED
Series Item No. 4 in that it does not require a constant-head float valve which is difficult to keep clean 
and, unless constructed of special material, is subject to corrosion. Furthermore, the equipment shown
by Figure 7.1 does not rely on a small control valve to permit a change in the rate of flow of solution but 
rather on adjusting the degree of pressure on a constant-size orifice. Experience has shown that this type
of control of the rate of flow of sol ution is more accurate than that secured through the use of control 
valves or petcocks. 

Construction 

The concrete storage tank may be constructed to any desired size, but its effective depth should not
be greater than three to four feet in order to minimize the length of flexible rubber tubing used. A
feasible size, for example, might be a tank three feet (Jeep, three feet wide and four feet long. Such a
tank would hold 220 UK gal. (1000 liters, 265 US gal.) of hypochlorite solution, which at one percent 
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United States Dcpartieiin ofState. IPSED is a prog'ram:of:nuronm
 
Engineering,School a/ PublicWealth, Univerity c 
 Norb Carinaat ll.c 

"be addressed to Frederacks. Mcjunkin Editor, IPSED Box 630' Chatel,11i . 
i 

U;

licaions ar upidfree of chreto vriteswokn i eeoigQun 
 rec-a~n .mYnqbe otiifromt U.S. embassies, U. S. A.1 D, missions, or 11Yu~riting 11)e Unwevrsly, Maeidfor ibltcutfon :i in, d "d 

________ ____ _s, ____ ___ ____ v . 



AID-UNC/IPSED Series Item No. 7' 

strength (1% chlorine by weight), would be sufficient to treat 150 UK gpm* (185 US gpm,** 700 Ipm***) 

Application at other rates w6uld be proportional.
at the rale of 10 mg/1**** over a 24-hour period. 

Inner surfaces of tunks are coated with 
Wooden barrels are sometimes used instead of concrete tanks. 

bitumastic enamel or plastic paint to reduce chlorine attack on the concrete and wood. 

B, fitted witk z: brass stopcock or shut-off valve
For cleaning tFe tank, a brass or copper drain pipe, 

Another brass or copper pipe, C, fitted with an elbow and 
is cast-in-place in the bottom of the tank. 

The inside end of this pipe is connected to a 
!,topcock or shut-off vulve i cast-in-place in an end wal; . 

D. The other end of rubber tubingis securely
flexible, thick-walled, .of: rubber or pla,.tic tube, 

or copper tubing, E, supported by a wooden
fastened to the lower end of a one-quarter inch (6 mm) brass 

f!oat. The iuhber tube ',hould be long enugh to ao.iow the float to move freely from top to bottom of the 

inch (6 rmm) tee; the run is part of tube E. Tube E should be
tank. Orifice A is the leq of u one-quarte 

F, when the float is near the tank bottom. Tube E is open
long enough to extend above a w.-oden guide, 


at the top etid. Guide F, placed acres the top of the tank, is a wooden plank about two by four inches
 

(5 X 10 cm) in craos section, witlh a brie, somewhal larger than the outer diameter of tube E, drilled in
 
changes.

the center. Tube E must be ahlb to move fieuly through the hole in the guide as the liquid level 

Tube, D and L ure supported by a wooden float in which a centered hole about one and one-half 
anis dillerA. A large rubber stopper, G, fitting this hole is used to provide

:rrche!' (40 raw,)in diomete, 
hole drilled through it about the diameter of tI'e out

odlustahl, o iekwtiun, Tie stopper should have a 
the level of the solution in the tank may be adjustedside of th2 lube. SuLnrelgence of the orifice below 

by moving the tube up or down through the rubber stopper. If the diameter of the hole in the stopper is 

correctly boted, then udjutrnent of orifice submergence (and flow rate) can be readily made when the 

The wooden float should be coated with several layers of
stopper is ternpoiarily loo.rned from the flout .
 

asphaltic or enune! paint to prevent the absorption of the solution.
 

If the one-quarler-inch (6 mi) diameter brass orifice, A, is adjusted so that the center line of the 

orifice is one inch below the surface of the ,Ilution, the flow of solution through the orifice and rubber 

Flow rates may be measured (and calibrated)tubing will be about one-quarter gpm (approximately 1 Ipm). 

rates are


by timing the period required to fill a flask of known volume at valve H. Higher or lower flow 


achieved by raising or lowering orifice A, that is, by pushing tube E up or down through the rubber stopper.
 

in twenty-four hours. This rate ofA flow rate of one-quarter UK gpm is equivalent to 360 UK gpm 

flow 's higher than normolly required; hence on orifice one-eighth inch (3 mm) in diumeter may be neces

sary. Such an orifice may be made by screwing a one-quarter-inch (6 mm) petcock into the one-quarter

inch orifice, because such petcocks have free openings about one-eighth inch (3 mm) in diameter. 

with an outer diameter of about one-quarter-Another expedient is to put a short length of rubber tubing, 


inch and (n inner diorireter of about one-eighth inch, into the one-quarter inch orifice opening. An ori

fice one-eighth inch (3 mm) in diameter under a head of one-half inch (13 mm) will provide a flow of
 

about 60 UK gpnr (190 I:ters) per twenty-four hours. Increasing the head on the orifice to one inch
 

(25.4 mm) will increase the flow rate about 50%, two inches (50.8 mm) about 100%. 

= 1.2 US gallon per minute*United Kingdom gallons per minute 

**United States galons per minute 

***Liters per minute 
,l***milligrams per litter 
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REGIONAL SCHOOL OF SANITARY ENGINEERING 

ESCUELA REGIONAL DE INGENIERIA SANITARIA . .. 

Los estudios de Ingenierra Sanitaria a nivel de post-grado, fueron establecidos en la Facultad de 
con ccracter regional, para Centroameric , deIngenierto de la Universidad de San Carlos de Guatemala 

acuerdo con la resoluci6n del Consejo Superior Universitario Centroamericano - CSUCA - en su III Re

uni6n Ordinaria. 

La Escuela Regional ha sido planeada para dotar a Centroamerica de una Instituci6n regional, capoz 
campo de la Ingenieria Sanitaria,de tener a su cargo, en forma permanente, la educaci6n avanzada en el 

para Ilenar la creciente demanda de Ingenieros de esto especial idad y colaborar en esta forma en el 6xito 

de los programas de Obras Sanitarias actualmente en ejecucion y expansion. 

esta concebido a que los profitonales queEl programa de ensenanza, con duraci6n de un no, 

participan en el mismo adquieran, adem6s de un conocimiento con s6lidas bases cientffi.as y tecnologicas, 

un concepto fundamental de planeamiento a largo plazo y lo relativo a la programaci 6 n, diseFo, con

strucci6n, administracion, operaci 6 n y financiamiento de obras sanitarias. 

se do especial interns a la investigaci6nComo parte y complemento del programa de ensenanza, 
aplicada par adaptar las tcnicas y m~todos modernos de Ingenierf'a Sanitaria a las condiciones culturales 

y econ6micas de la regi 6 n. 

Las directrices de lo Escuela Regional son fijadas por un Comite Consultivo, integrado por represent

antes de las cinco Universidades centroamericanas. A propuesto de este Comite, se ha puesto enfasis en 

el programa de estudios en los aspectos fundamentales de aqua potable y alcantarillado y disposici6n de 

desechos, incluyendo tambi~n las octividades generales en los campos de Saneamiento y la Salud Publica. 

Por acuerdo entre el CSUCA y Regional Office Central America and Panama, U.S.A.I.D., la 
por medio de su Escuela de Salud Publica, enUniversidad de Carolina del Norte colaborara y participar6 

el programa regional de estudios de post-grado de Ingenieria Sanitaria en la Universidad de San Carlos de 

Guatemala, a trave's de un intercambi, de profesores y consultores. 

Las solicitudes de inscripcion deben hacerse en formulario especial, el cual puede obtenerse en la 

Secrrtar'a de la Facultadclde Ingenier'a de la Universidad de San Carlos de Guatemala o solicitarlo par 

Ia 4 0 postal a la Secretarrla General del'CSUCA, en San Jose de Costa Rica. Estas solicitudes deberan 

presentarse, con duplicado, a la Secretarra General de Ia Universidad en el p del solicitante o a Ia 

dependencia que corresponda. Las solicitudes de profesionales no residentes en Centro America deberan 

dirigirse directamente a la Universidad de San Carlos de Guatemala. 

"NEW FACTORS IN THE DESIGN, OPERATION AND 

PERFORMANCE OF WASTE-STABILIZATION PONDS" 

In the developing countries, unit costs of waste-stabilization ponds are generally low. Moreover, in 

the tropics and subtropics, environmental conditions are conducive to a high level of pond performance. 
In view of this, the theory, operation and performance of such ponds under these conditions have been 

staff member G.v.R. Marais in the Bulletin ofstudied. This work has recently been reported by IPSED 

the World Health Organization, Vol. 34 (1966) pages 737-763. Reprints are available from the Editor,
 

IPSED, Box 630, Chapel Hill, N. C., 27514, U.S.A.
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V-NOTCH CONSTANT-HEAD SOLUTION FEEDER 

ABSTRACT 

A simple chlorinator readily made from local materials and suitable for disinfection of small water supplies 
is described. It can be pre-set to feed solution at a given uniform rate. 

(Key words: VWoter supply, disinfection, chlorination) 

Source of Information 	 Roger D. Lee, Project Direclor
 
Northwest Watershed Project
 
Route 4, Box 4519
 
Gig Harbor, Washington 98335
 

0evelopment Work 	 Roger D. Lee, Vincente Rubio G. and Gonzalo 
Procel. The latter two are Ecuadorean engineers 
of the Servicio Cooperative Interamericano de 
Salud Publica. 

Introduction 

The feeder described below was develhped in Ecuador to provide a low-cost locally made constant
head feeder for calcium hypochlorite solution. 

Construction 

(1) Solution container. The solution container is made of Eternit* water tanks in various sizes, but 
usually of 2 50-liter (66 U.S. gal., 55 U.K. gal.) capacity, rectangular in shape with rounded interior 
corners and overlapping covers. To check the volume of solution the tanks are fitted with liquid depth 
sight gauges made of flat sections of plastic glued or solvent welded together to make a rectangular sec
tion and mounted on one side of the tank. The effective volumes of solution in the tank corresponding to 
the levels in the sight gauge are painted on the tank side. Figure 8.1 shows the general arrangement. 

*Trademark for a line of asbestos-cement products. 
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(2) V-Notch feeder. Figure 8.2 is a diagrammatic sketch of the feeder. It consists of a hollow 

rectangular float, 37-1/2 x 25 x 20 cm depth (approx. 13 x 10 x 8 in.), of plastic sheets glued or solvent 
welded together. Attached to the underside of the float is the solution feeder, consisting of a 3-1/2 cm 
(1-1/2 in.) square plastic block 20 cm (H in.) long with a 1-1/2 cm (5/8 in.)-diameter hole drilled full 
length along the axis of the block. The solution feed hose is attached to the outlet of the hole at one end 
of the rod. A solid plastic rod slides through the hole at the other end. A long V-groove, tapering from 
full depth at the one end to zero at 2/3 the length of the rod, is cut into the rod. Silicon stopcock 
!grease or petroleum jelly is used to lubricate the rod. 

Operat ion 

The rectangular float is weighted In the field with stones or lead slugs for trim and desired submer
gence. Flow role is controlled by the combination of submergence of the V-notch (which depends on the 
bullast in the float) and the size of the V-notch section (which depends on how far the V-notch rod is 
inserted in the dril led hole). "l ppigo dwurto solids blocking the V-notch is cleared by withdrawing the 
rod and estoring it to its pievious position - the increased opening and flow usjally carry the offending 
particle away. Blockage due I, porticle setti;ng in the V-groove can also be reduced by inserting the 
[lostic rod with the V-groove at the bottom. 
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_.U . FLOA1 L -V, --

j 
iON 

METAL PIPE THREADED 
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ENDS 

-- NOTH FED"ER 	 (A) DETAIL OF OUTLET 

,SIGHT GUAGE 

,ALTERNATE SIGHT GUAGE 
* TRANSPARENT PLASTIC TUBE 

TUBE
PLASTIC 

E DETAILA" 

/OOUTLET 
(B) DETAIL OF DRAIN 

NOTE 	 ALL METAL PARTS 
OF BRASS OR BRONZE 

/ DRAIN (SEE DETAIL"a" I 

ZTANK WALLS OF "ETERNITE" OR ASBESTOS- CEMENT NOT TO SCALE 

ELEVATION (SE CTI0Nj 

FIGURE 8.1 V-NOTCH CONSTANT-HEAD SOLUTION FEEDER 
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FIGURE 8.2 DETAIL OF FLOAT ASSEMBLY 

SANITARY ENGINEERING DESIGN (IPSED)INTERNATIONAL PROGRAM IN 

Three of every four people in the world, according to current estimates, suffer from diseases spread 

Furthermore, economic developmentby contaminated water supplies and associated insanitary conditions. 
industrialof many urban communities and regions is handicapped by inadequate supplies of safe water for 

, 


A similar need exists for the sanitary disposal of wastes.use. 

the Twelfth World Hualth Assembly endorsed the principle of a global community water
i Muay, 1959, 

ipF,ly Iogtam, urged Member States to give priority considerction to the program, and invited all multi

latcn;l and bilateral agencies having cin interest in this field to cooperate with the World Health Organi

i tn c ,i rrylIn out this global \alri supply opetation. 

Th, U. S. Congress then made on appropriation C1the International Cooperation Administration (now 

to assist countries to develop
ih .ecy for International DevelOpMent) in suoport of this program ". . . 

or ,'31 business-type, self-sustaining national institutions which wilI plan and aid financing,r,11n1h_ 

level"
cliiII0,: iohand managemient of water supply systems at the community 

Este, adopted in 1961 to reflect the intent of the American Nations to 
Ihe Oiltter of Punta del 

" 
 that it is necessary to provide adequate water supply and sewage
"stenothen our human potential, states 


than 70 per cent of the urban and 50 per cent of the rural population.
disponI for not less 
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The International Program in Sanitary Engineering Design (IPSED), at the University of North Carolina 
. 

at Chapel Hill, was established in 1962tasitnth accomplishment of~these goals IPSED is spon
... :'-;-.--sored by the Agency for Inte rn a t io na l Development, (AID) of the U.-S.-Department of.State.-As one phase... 

of its program, IPSED trains engineers who are or will bersosbefr maigtepeiinr niern 
reports, arranging the fina'ncing, preparing plans and specifications, and suevsn ostructo of water 

supply and waste disposal works. Participants ore selected from throughout the world by AID on the basis 

of their responsibilities in community water supply. 

A new group of participants begins the program every six months, with each. participant's program 

running eight to twelve months as follows: 

3 months at the University of North Carol ina.
 
I month at a water and/or wastewater treatment plant.
 

4-8 months in the office of a consulting engineer.
 
Sweeks at UNC for concluding seminar.
 

The training program emphasizes design and coverage includes: organization of field surveys and pre-

Iliminary investigations; preprationcf preliminary engineering reports; preparation.of detailed plans and 
of equipment and materials; supe'rvision of construction;specifications, with special emphasis on selection 

estimating costs of a project; project financing; organization and operation of a design office; and res
ponsibil ities in supervision of operation.i 

Tihe program a! UNC is conducted by the staff of the Department of Environmental Sciences and 

Engineering with visitingother lecturerssuch drawn from engineering and gency,4ffices.4.. Group trips are made toaencDesNmayPSED SeriesrItemciNont8 
water supply antd waste-water disposal projects in operation and under construction, to design offices, and 

to facilities of equipment manufacturers.
Engineering Design,( North Carolina271,USTh nentoa rgaPSOD),oat6thenSntary University....o 

~~~Field residence 'raining is by individual assignment to water and waste treatment plants and engineer-
ing offices which exemplify outstanding engineering practice and is under supervision of the UNC staff. 

Participants entering the Program must have an engineering degree, must have some specialized ex

peineo advanced education in sanitary engineering, and must be able to communicate competently 
in English. The applicant must submit for review.a transcript of college grades and the usual biographical. 
data.i 

Information as to the present occupation and title of the applicant is also required, as well as assurance 

from his employer that I-e will be assigned, on returning to his country, to a position at least equal to that 

held prior to his training, in which the newly acquired knowledge can be applied. 

The U. S. Agency for International Development missions in various countries, in cooperation with 

host governments, select participants. Those qualified for participation in this program may apply to any 

of the 80 AID missions overseas, generally located near the U. S . Embassy. In countries where there is 

no AID mission, inquiries should be directed to the nearest U. S. diplomatic or consular office. 

The World Health Organization also sponsors participants in this program, and inquiries may be 

directed to their headquarters in Geneva, Switzerland, or to any one of their regional offices Iocaied in:.i 

Copenhagen, Denmark; Manila, Philippines; Alexandria, Egypt; Delhi, India; or their regional office in 
Washington, D. C. The Ford and Rockefeller Foundations, the Organization of American States, and 
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FLOATING BOWL HYPOCHLORITE SOLUTION FEEDER 

ABSTRACT 

A simple chlorinator readily made from local materials and suitable for disinfection of small water sup
plies is described. It can be pre-set to feed solution at a given uniform rate. 

(Key words: Water supply, disinfection, chlorination) 

Source of Information 	 A. H. Taylor
 
Central Housing Board
 
P. 0. Box 20380 
Niarob; 
Kenya 

!ntroduction 

The floating bowl hypochlorite solution feeder was developed in Kenya to provide low cost chlorina
tion of water sipplies. It is very similar in operation to the previously reported Floating Platform Hypo
chlorite Solution Feeder (AID-UNC/IPSED Series Item No. 7) and the V-Notch Constant-Head Solution 
Feeder (AID-UNCilPSED Series Item No. 8). 

Construction and Operation 

Figure 9.1 is a diagrammatic sketch showing the solution feeder and the tank holding tlhe hypo
chlorite solution. The feeder, slown in more detail in Figu:e 9.2, consists of a circular bowl of earthen
ware or plastic with a central hole in the bottom plugged with a tight-fitting rubber stopper. The bowl 
floats in the hypochlorite solution, desired submergence, stability and trim being achieved by ballasting 
tihe bowl with pebbles of quartzite. 

Three copper tubes pass tightly through the rubber stopper. Tube A, of 1/8-in. (3 mm) internal dia
meter, is located at the center of the stopper with its top end at approximately the same level as the rim 
of the bowl. It is threaded by a taut nylon string or cord strctched vertically from the bottom of the solu
tion container to a cross member at the top. The string serves as a guide to keep the bowl floating on a 

This publication series is prepared by the InternationalProgram in, Sl itarX Engineering Design (IPSED)
under the sponsorship o/ the Community Water Supply Brich 'Agrtn y fInterational Devielopment (AID),,
United States Department of State. IPSED is a program o/thA Depanezt o'Environmental Sciences and.
Engincuring. School of Public Health, University o/North Carolinaat Chapel Hill. Correspondence should 
be addresscd to Frederick E. McJunkin. Editor. IPSED,' box*60,(Cha4el Hill,. N. C, 27514, U.S.A. .
 
lications are supplied free o/charge to engineers.wbrkinri, " ,ey op.4g caWnries and may be .obiaivnd'-,. $(
from U.S. embassies, U.S. A. .D. missions, or by Writing tb0 -N9 fte's Nt-al for ublicaion is invited. 
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vertical line as th -iquid level in the tank falls as the solution is withdrawn. 

Tube B, of 1/8-in. (3 mm) internal diameter, allow3 the solution in the container to flow into the 
bowl. Inflow rate to the bowl, via tube B, is controlled by the difference in level between the top of 
the tube and the liquid surface level in the container - the head, H, which con be changed by pushing 
tube- B.upor down through.the rubber stopper,, and thereby altering the inflow rate. Fine adjustment .to . 
the flow rate is made by adding or removing pebbles of quartzite from the bowl. . 

The inflow to the bowl is drained through tube C, of 1/4-in. (6 mm) internal diameter, via a soft 
plastic tube to the discharge tap set in the side of the container. The diameter of tube C should be large 
enough to drain the inflow without causing the liquid level in the bowl to rise significantly above the 
entrance to tube C, as this would be equivalent to adding ballast to the bowl, changing the head, H, 
and hence the inflow rate via tube B. The top level of tube C should be below that of tube B; otherwise 
the level of tube C will control the inflow rate. 

An alternative bowl arrangement, known as a "floating funnel," is shown in Figure 9.3. This arrange
ment does nol have a guide to control the path of the bowl or "funnel." The guide used in the Floating 
Platform Hypochlorite Solution Feeder (AID-UNC/IPSED Series Item No. 7) could be adapted for use in 
either floating bowl or floating funnel feeders. 

To stop flow from the feeder, the bowl is lifted above the liquid level in the tank and if equipped 
with c handl e or bail can be stored at the top of the tunk when the feeder is not in use. If flow is stopped 
by closing the outlet at the side of the tank, the bowl will fill and sink to the bottom. 

WATER LEVEL
 

FLOATINGBOWL 
FLEXIRLE RUBBER , 45UK-GAL (55US-AL, 200L) 

OL O - DRUM OR CONCRETE CONTAINEROR PLASTIC HOSE 

.-TAUT NYLON STRING NOTE Pait Ineldwith cmen? 

fined bitumen 

OTT-----. '-...2 -'-__ 
OUTLET
 

.i m l PLATFORM TABLE 

FIGURE 9.1 FLOATING BOWL SOLUTION FEEDER 
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_-TUBE A ( 1 /1"or 3mm dia.) 

IN TANK 
1-10010 LEVEL _ .H 

--- BOWL 

RUBJR 3l )PER- '-BALLAST 
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TUBE C-.--TUBE 8 
'I,"r 6raindial.)8. or 3 mm dio.) 
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FLEXIBLE PLAST!C 
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FIGURE 9.2 DETAIL OF FLOATING BOWL (SECTION) 
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FIGURE 9.3 DETAIL OF "FLOATING FUNNEL" (SECTION) 
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WHO PUBLICATIONS 

'The World Health Organization, in series, hasits-monograph published-several . 

books of particular interest to sanitary engineers in developing countries. 
 These
 

include:
 

"Water Supply for Rural Areas and Small Communities, " by E.G. Wagner and 
J.N. Lanoix (1952). X1 15s. $6.75 Sw.fr. 20. 

"Excreta Disposal for Rural Areas and Small Communities, " by E.G. Wagner
and J.N. Lanoix (1958). 11 5s' $5.00 Sw.fr. 12. 

"Oeration and Control of Water Treatment Processes," by C.R. Cox (1964).

1 17s. $7.25 Sw.fr. 22.
 

"Snail Control in the Prevention of Bilharziasis," (1965). 11 lOs. $6.00
 
Sw. fr. 18.
 

WhO publications may be obtained by payment in local currency directly or 

through a bookseller, from local agents in a number of countries or directly 

from: WHO distribution and Sales Unit, Palais des Nations, Geneva, Switzerland.
 

Orders addressed to Geneva must be paid for in one of the currencies quoted. 
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BOTTLE HYPOCHLORITE SOLUTION FEEDERS 

ABSTRACT 

Three simple chlorinators, purticularly useful in emergencies or for srtr water-supply systems, quicklyand cheaply mode from locally available materials are described.
 

(Key words: Water supply, disinfection, chlorination)
 

Sources of Information V. C. Lischer,
 
"Comment,, and Sugqestlons on Design of Rural 
Community Water Supplies,"Symposium on Rural Community Water Supply Development Problems in 
Southeast Asia. 

Bulletin No. 21 
New York State Department of Health 
Albany, New York 

Introduction 

\/ory small water supplies, or larger ones during emergencies, can be chlorinated with bottle hypochlorite solution feeders made from locally available materials.
 

Siphon-Type Feeder
 

Figure 10. i is a diagrammatic sketch of a siphon-type bottle feeder. 
 The hypochlorite container1-to-5-gal . (4 is ato 20 liter) transparent bottle. The regular stopper of the bottle is replaced by a two-hole,ubber stupper of the same size, in which two tubes of glass, brass or copper are inserted. The lower endof tube A should be about 1 in. (2.5 cm) above the bottom of the bottle. Fitted to the upper end of tubeA is a short length of tubber tubing with either a laboratory type stopcock or a screw-type pinch clamp, B. 

The luwer end of the second tube, C, is placed about 2 in. 
TheTlower end of tube C should always be above the 

(5 cm) above the bottom of the bottle. 
lower end of tube A). At the upper end of tube C,a length of rubber or plastic laboratory tubing, D, fits tightly over the tube and bends down to a few 

This publication series is prepared by the InternationalProgram in Sanitary Engineering Design (IPSED)under!the sponsurship o/ the Community Water Supply Branch, Agency for International Development (AID),UnitcarStates Department of State. IPSED is a program of the Department of Environmental Sciences andEngineering, School of Public Health, University of NrthCail6ina at Chapel Hill. Correspondence shouldbe addressed to Frederick E. McJunkin, Editor, IPSED, Box 630, Chapel Hill, N. C., 27514,licaticns are U. S. A. Pub.supplied free of charge to engineers working in developing countries and may be obtainedfrom U..5. embassies, U.S. AI. D. missions, or by u.iting the University. Material for publication is invited. 
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inches below the bottom of the bottle. Tube D is held in position by one or more clamps fixed to a 
support. 

The difference in level between the bottom ends of tubes A and D (see Figure 10.1) supplies the net
 
head, H, for siphon flow through tube D. Flow is started by blowing into tube A. The rate of flow can
 
be controlled:
 

(1) By keeping stopcock Bwide open and increasing or decreasing the net head, H, by moving tube 
D up or down. The rates of flow, marked on the tube D support, are determined by measuring the time 
required to fill a liquid measure of known volume. Thus, the flow rate can subsequently be set as required 

(2) By contrclling the inflow of air through stopcock B. When this method is used, the outlet level 
of tube D is set, with stopcock Bopen, to give the maximum flow needed; and the required flow is set by 
odjusling the stopcock opening. 

A Iransparent bottle is essential as the feed control can operate correctly only if there is no free air
 
inlet to the bottle other than that incorporated in the design. The amount of liquid in the bottle, there
fore, can be estimated only by visual observation.
 

A problem with this feeder is that the rubber stopper on the bottle must be removed to replenish the 
hypochlorite solution or to clean the bottle, thus disturbing the setting for the flow rate. The setting can, 
h Nc ver, be mainta;r ed by (1) marking ihe tubing A above the rubber stopper and making a corresponding 
reference mark on a wall, or (2) brazing or soldering to tube A a stop bar which bears on the rim of tie 
mouth of the bottle. When the stopper is removed, it is replaced so that the mark on the tube is at the 
some level os that of the reference point, or, if the stop bar is used, the stopper is replaced so that the 
stop bat tests on the rim of the bottle mouth. 

Every time it is necessary to remove the rubber stopper, the bottle must be filled completely with 
solution before it is put back into operation. If the bottle is not refilled the flow will, for a period of 
time afterwards, be greater than that indicated by the setting, because the pressure of the air in the bottle 
is atmospheric initially. 

Sound practice is to have at least two bottle feeders should the bottle in operation be broken or 
blockages occur in its feed pipe. The stand-by bottle should be used regularly, otherwise its hypochlorite 
solution will become stale. Where flow rates between-day and night are considerably different, say in 
excess of 20%, two feeders operating at different rates are desirable, one for night and one for day. 

Liquid Seal Type Feeder 

Figure 10.2 shows a liquid seal chlorinator, consisting of a bottle filled with the hypochlorite solu
tion, turned upside down, and resting on a glass, ceramic or wooden container. Solution flows from the 
bottle, raising the fluid levPl in the bottom container to the mouth of the bottle, thereby sealing it. 
While there issolution in the bottle this level is automatically maintained. 

Solution is siphoned from the bottom container, the rare being controlled by the head, H, the dif
ference in level between the outlet of the siphon tube and the liquid level in the bottom container. 
Feed rates are changed by setting the outlet at different levels, and these rates can be marked on a sup
port as shown in Figure 10.2. Hypochlorite solution drips ir.:o a funnel located below the siphon feeder 
outlet and connected to the pipe conducting the water to be treated. This method ob -usly will not work 
if the hydraulic grade line above the pipe conducting the water to be treated is highe! an the funnel. 
When the solution is discharged to the suction pipe of a pxmp a water-sealed tank is needed to prevent 
air entering the suction pipe. A diagrammatic sketch of such a tank is shown in Figure 10.2. 

2. 
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In emergencies it may not be possible to install a regular water-seal tank. The feed tube is connected 
directly to the suction pipe as shown in Figure 10.3, the feed -ate being controlled by means of a pinch 
cock or a screw valve in the feed line. It is not possible to regulate the feed rate accurately, but, pro
vided the cosage is bigger than the minimum required, the only objection will be ke chlorine taste in 
the water. 

SIPION TUBINGWELDID STOP 

AIR TIGHT STOPPER 

0 

0 

7 
FIGURE 10-1 	 BOTTLE SOLUTION FEEDER 

(Siphon Type) 
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CHARACTERISTICS OF THE UNKNOWN PUMP 

ABSTRACT 

A method of approximating performance characteristics and determining power requirements and safe. 
operating pressures by an analysis of the physical measurements of a centrifugal pump is presented. 

(Key words: Pumps Pumping, Centrifugal Pumps), 

Introduction 

An all too common problem when designing or operating systems in which older or secondhand centri
fugal pumps must be used is lack of information on their operating characteristics. Information from the 
manufacturer may not be available and field testing may be impractical. In such instances a method 
developed by Mr. Igor J. Karassik may be used by advantage. Performance characteristics, power re
quirements and safe operating pressures may be approximated by an analysis of the physical dimensions of 
the pump itself. The following pages reproduce Mr. Karassik's paper published inrPublic Works, Vol. 90, 
No. 6, Pp. 111-116 (June 1959) and reproduced with the author's kind permission. Further reproduction 
is prohibited. 
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TERISTICS-..arWhat Ia: 
of t|N iPUMP ?
 

charocter stics and determining power requirements andA method of approximating performance 


safe operating pressures by an analysis of the physical measurements of a centrifugal pump.
 

IGOR J. ble to out cvrtoill nmeure- poitions. The first phase is theKARASSIK,* carry 
ments anld calcuations to obtain theoretical aspect of the problem 

Consulting Engineer the desired informatio, \tiih some which would give us a reasonable 

and Manager of Planning, degree of accuracy. approximation of the pump Head-

Worthinglon Corporation There r two separat, phases to Capacity curve at any given operat

when a centrifugal the problem of ustimating the r- ing speed and the expected power 

ENERALLY, formance of a centrifligal pump of consumption of the pump. The see-
G pump user wishes to deter- which one knows iortintlg oxcept ond phase of the problem concerns 
mine the, performance character- the physical dimensions ae::l pro- the practical aspects of the applica-
Lstics of a given pump In his pos
session, he has a large reservoir of 
information from which these data 
can be determined: . --..... .- .

a) lie will probably have a file I ;---" 

copy of the order on which the -
pump was purchased. 
b) In addition, or instead, he may 

0consult the nameplate of the pump. 
This nameplate generally carries * 

the pump shop serial number, the 
manufacturer's type designation and 
the rated conditions-of service, in- K1. +

90 
eluding the operating speed, got 

c) This speed is also listed on the - .. e 

pump driver nameplate or, should -"- . A= 4 - ' - 0 
this nameplate be missing, from a U 01 , o 

direct speed measurement on this W .. ... -704driver. 
If the pump make and serial , ---- -. 

number are known, it is a simple o . 
matter to get the, desired informa- . I

tion from the manufacturer. If the -iI-
Make but not the serial or other -I--- -,oo-..0 -

I Iidentifying number or .letter is 
__ _ -Tknown, most manufacturers can 

-4----0

identify the~pump, type and im-

peller design, if given 1) the nozzle
 
sizes; 2) a sketch showing the ex-


VALUES OF SPKIFIC SPED his
ternal appearance and dimensions 

of the pump; and 3) the major . '
 
impeller dimensions.
 

It is therelore sel.dom that a pump 
is available 'but both pump and
 
driver nameplates have disappeared,
 
no record of the purchase Is avail- GENTRIFUGAL , M !
'mv PROPELILER 

fable and the only thing certain is 
the physical presence of the pump 

possi- 0 FIGURE 1. Typical single suction impeller outlirs and their related specificitself. Nevertheless, It is still 
*Reprodco T s ae r b speeds, which remain constant for'all geometrically similar pump designs. Above the 

curves Illustrate approximate characteristics.graph showing efficiencies are that
the author, 
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tion of the pump to a particular
service, Is the physical design of SPECIFIC SPEE-DOUBLE SUCTION TYPES
 
the pump suitable for the power
and the speed selected? Is the cas- -

ng design suitable for the operating 


" pressure? Will the pump operate . . . 
satisfactorily under the suctFon " - a 
conditions contemplated? Z5 	 .a5 

Many of the advances made in the 
field of centrifugal pump design can < 

-
-0 Xh! 

be credited to the development and 4- -
application of the principle of model S 	 -..  ..and prototype relationship in hy- - 7
 
draulics. This principle has enabled 

pump designers to predict the per-

*-

.
 O.-
formance of centrifugal pumps o
 
the basis of the behavior of other >.. .
 
pumps, smaller or larger in size, 
 .----.- - 0-e.operating over a wide range of de--,-----....-
sign conditions, but modelled from 0.7-	 o 

-'-and geometrically similar to each o - i " 
other. The concept of "Specific
Speed" was introduced to combine SPECIFIC SPEED- SINGLE SUCTION TYPES 
the three separate factors of per
formance characteristics (that is, * FIGURE 3. Variation of Dg/D 1 ratio and constaw,% o and K., with specific speed.
capacity, head and speed) Into asingle term such that two pumps where other hand, the formula for specificgeometrically similar to each 
have 

other N, = Type specific speed speeds remains unchanged regardthe same specific speed. This n = Pump speed in revolutions less of. whether a single or a doubleconcept, therefore, is'an extremely per minute 	 Auction impeller is involved. It isuseful parameter for correlating 	 the Q = Capacity at best efficiency in customary, therefore, when listingperformance characteristics of varl- U.S. gallons per minute a definite specific speed, to menous types of centrifugal pumps. H = Head per stage at best effi- tion which of the two types of im-Thus, the specific speed of a pump ciency, in feet pellers is in question.

is an index of its type, as long as
 
it is determined with reference 	 to For any given impeller, the ape- Uses of the Specific" the best efficiency 	 point' on the cific speed does not change with the Speed Conceptpump characteristic curve. We need operating speed, since any change S eC p
not present here the mathematical in speed carries with it a change in One of the most important appli.
analysis used to establish the rela- capacity in direct proportion to the cations of the specific speed concept
tionship between the specific speed speed and a change in head vary- is the fact that all sizes of pumps
and the operating characteristics of lug with the square of the speed, can be indexed by their type specific 
a centrifugal pump. This analysis A double suction pump impeller speed. Thus, for geometrically simi
yields the following relation: may be considered as two single lar designs, the performance of any

suction impellers, each of half the impeller of the series can be pre
width of the double suction impel- dicted from the knowledge of theN, n ... (1) ler and, hence, 	each handling half performance of any other impeller

H1 the capacity of the latter. On 	 the of the series. Because the physical
characteristics and the general out
line of impeller profiles are inti
mately connected to their typeRADIAL TYPE MIXED-FLOW TYPE 	 specific speeds, the value of the 
latter can Immediately evoke in the 
mind of the designer the approxi
mate impeller shape in question, As' 
an illustration of this statement, 

Df NUMBR Fig. 1 shows a few typicalVNEdIt 	 singleT suction impeller outlines tied downvaTs-Z1 to their specific speeds. 

D. "The, specific speed 	 of a given
/ e01 / pump will ralso reflect very defi-

I Onitely in the shape of the pump __ o_xIs _characteristic curves. While some 
ROTATION variations; In the shape of these 

curves can be obtained by changes 
, in the design of the impeller and(eD -z si) 	 Ft" 4....F , 2	 Fz"wrL casing waterways, the variations 

which can be obtained without ad
versely affecting the pump efficiency*6 FIGURE 2. Dimensional symbols for Impellers and formulas for the area F2. 	 are relatively small. Approximate 

3. 
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characteristics for the impeller types u2 = Dia. in ft. x Rev./sec. x Dn
 
shown on Fig. 1 are illustrated over 3.1416 and 

H = 1840 / )

Capacityincu.ft./sec.their specific speeds. 

Approximate SpecificSpeed Type if Area in sq. ft.25 Kcr F ...... (3b) 
From Impeller Outline D2 =Outside dia. of impeller in 

Prior to the general use of specific ins. 
speed as a type index, the ratio be- = Discharge area of impeller Both y and Kcr vary with theF2 
tween the impeller outside diameter in square inches (See Fig. specific speed type and, to some 
(D2 ) and the suction eye diameter 2) extent, with the individual impeller 
(D,) was frequently used for that Then: and casing design. The relation be
purpose. (See Fig. 2 for symbols of DXnX3.1416 tween 9 and N, and between K, 
impeller dimensions used in this us D and N. representrtive of a normal 
article). An approximate relation 12X60 design of pumps is shown on Fig. 3. 
between the D,./), ratio and the D2Xn (4) As in the case of the D2 /D vs N. 
specific speed of single suction im- 229 ......... curve, these curves show average 
pellers is shown on Fig. 3. A dou
ble-suction impeller will have a 
type characteristic approximating FEET SUCTIONHEAD-SEA LEVEL-85"F 
that of a single-suction impeller -20 -13 -10 -5 o +5 
having a specific speed of 707 per- so
cent (that is 1/ V2) or that of the 
double-suction inepeller. 70-- - ------


It should he noted that this meth- - - - - e 

_ - ----------od of identifying the specific speed 


from the 0 D, ratio fails fo. axial _ go
flow impellers which fall in a 9000 .......... .
 

to 20,000 specific ,peed range. Their - -- - 

output anid hence their specific I . so.
 
-. 
 . .speed depends on the angle and I 

length of the vanes as well as the
 
number of vanes. To predict the z ..- 
characteristics of axial flow impel- 20 0-- 4o- - -ft
 

lers, one would require very de- .
 
tailed information on the impeller -
and other putmp parts. As a result,
 
no simplified guide can be offered
 
for general use for this type of so.
 
pump. 10 RO 25 so 33 40
 

NET POSITIVE SUCTION HEAD-FEETHead and Capacity Constants 

There are two design constants 
which can be used in approximating * FIGURE 4. Approximate limit for peripheral velocity at suclion eye vs NPSH. 
the performance of a centrifugal 
pump. One expresses the relation and values and the actual values for an 
between the impeller peripheral QX 144 individual design can be expected 
speed and the total head. The sec- cs = to vary somewhat from the values 
ond relates the radial discharge 7.48X60XF, shown on Fig. 3. 
velocity from the impeller (and Q 

. . . . . . .. .hence, the capacity) and the total = 3.117 F- (5) Maximum Speed Limitthon
 
head. The formulas for these con- We can now replace equations Present day practice in the U.S.
 
stants are: (2) and (3) by places a limit on pump speed by
 

a ymitingthe maximum specific speed 
S . ()D2Xn type for any combination of total 

...... V head and suction conditions. Before 
-V 2gH the widespread use of the specific

and speed concept, the maximum rota-

SDXn ......... (2a) tive speed of an impeller was often
 
Kcr.... (3) .... 	 determined by limiting the peri_ . .1840xt pheral velocity of its suction eye 

where: (DI) to a certain value, depending 
u. 	= Peripheral velocity n feet KQ on the suction conditions. This 

PKr velocity can Le established exactly 
per second 3.117F2 V/ 2PH as in the case of the peripheral 

= Radial discharge velocity in velocity of the outside impeller di
feet per second Q aeieter in Equation (4). Thus: 

H= Total head (per stage) in __.. (3a) a 
feet 25 F,,.I-H Suction eye velocity = 

Let us then convert these rela- We can further transform these 
tions in terms of impeller dimen- equations to give us head and ca- D,X n 
slons which we can measure. pacity values directly: 229 .... (6) 

C2 

4. 
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Specific speed for tile same capaci
300 -l IZr-r"......... - . ties. Fig. 7 shows the eflect of- .. . .. -300 

S - ' specific speed on the efficiency at 
Lo -2 -5, - 50, 75 and 110 percent of rated

S 04 ---- -............... - ------- ----- -- 0ts capacity. The va:s shown on Figs. 
. . -- 5, (, and 7 represent nmore ,or less 

,.. i_ impeller-casing andnormal designs 
S-,---- SWUT-OFF 

Thuei'Iie %-0l ill tile shape of 
-.... CAPACITY "haractl' h2o., istics between a single

suction impeller withliaftthog 
".the eye and ain o'ei-ung single

- -- , -suction 	 impeller is nevligible. Thus, 

too 	 to 'ation thle 

r 150o 1-0 data from Figs. 5 to 7 can be ap
140...------------ -- -140 plied to either tYpe. We li:ive i

50%- CA1.IT0 -	 -cd ttd thilt t dOulh-suction
,-impelhIrS-- --. . " - ?Y.C-,TY -	 will have it type charac-

Ii V----- teristio approliuiog that of it 
IL $n110 single-tion imipeller having a 

speCiti speed 70.7 percent of thatto, . . . . i .. : " . .. 1:.-o00 (4 the doubhe-suctiou n p i, .o0----- - - + ' . . . . .- - - - --- .. . 
S4 0---i . . . . .. -110% CAPAITY, - o Safe Power nput 

.	 - -- The shaft of a cv-ut! ifugal pItunp.0 L -------------------,0 ------- -.-- 0 is uIhjct to both la dilng and 
. - . . - - .torsional stIesses. U Iially, itsro-l..-....° .... .! ',... • -, . .. ----- 70 sniallcst djam vttor Is, ait tile coupling 

o o 60 , 	 o coo O and this section is subijcted p'i

-I - - 1 2 marily to tioisional stress only. Cen-
SPECIFIC SPEED- SINGLE SUCTION TYPES orally, centrifugal pump shafts are 

designed not to exceetdI a torsional 

* 	 FIGURE 5. Chart shewing normal varillions in head values with specific speed. stress at the ci upling of 7,100
 
pounds per sqnuare ich for safe
 

A reasonable maximum peripheral seen that the shape of these curves nIaximuni continuotis loading.
 
velocity for the suction eye is shown is affected by the type specific speed Therefore, in predicting puml per
on Fig. 4 for various suction con- of the pump. Three curves have formance, one should check to see
 
ditions. been prepared to permit the con- if the maximum expected power at
 

stru;ction of these curves. Fig. 5 the selected speed keeps the tor-

ExpectedPowerCon.umption shows the variation of head with sional stress within the recoi-

Determining the possible head specific speed for shut-off, 25, 50, mended 7,000 psi limit, if not, the 

and capacity of a pump would be 75 and 110 percent capacity. Fig. 6 pump is not mechanically safe for 
of little valve in applying this pump, siows the variation of power with operation at tile selected speed. The . 

if the power required to drive it 
could not be predicted. Fig. I showsthe approximate maximum effil- 300 ........ -- .. ]-i--- ... i +r--,roo B
ciency for both single- and double- Y_ - - .r.. 

suction pumps that can be obtained +7i 	 " : .. .. 
r-n existing pump would approach W. oo _...4- . . ... .. 

nexsigpm olaprahwith present day designs. How close 6. -- - _j20 

these values would depend on the 
individual pump. Expecting any- 1 o- ;3
thing between 80 and 1100 percent -- _ 
of the efficiencies 5lio~T, on Fig. 1 IY5 
might be reasonable if the pump is -A --- J" - oo 
not over 30 years old and of the - - CAPACITY 
single stage type. Multistage pumps, X 0 
with abrupt cross-over passages l -so o.'. t_. - 0 

from one stage to the next should 70 -
be expected to be less efficient by z 9o 
two to three points of efficiency. _-- . 

Shape ofHead-Capacity and
 
Power-Capacity Curves - I40
 

Once the head, capacity and ED I	 1T 
power consumption of a pump at a so -o 
given speed have been established 0 0 6for the best efficiency point, it re-	 0 t,; 0 W 
mains to approximate the curves 	 SPECIFIC SPEED-SILE SUCTION TYPESrelating the head and power to the 
capacity over the entire pump 
operating range. We have already 0 FIGURE 6. Varialson of power values and specfic apoed for selected capacitles. 

,5.
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relation between transmitted HP, 
spe..d, shaft diameter and permissi-

,L is given by thetorsional stress 
we.d-kn.,wn relation 

Wil, 

,; 

It 

'in 

. 1.. o( .. • (7)21,00t 


Permissible stiss in psi 
Shaft diameter at coupling in 
inches 

Sale Operating Pressure 
d t rm ine the safe operating 

pressure of aIgiven pUnip would re-
quire a very detailed study. Sonte 
idla of a p;riibtle mnaximnum can be
obtained by exalining tiihe andsize 
drilling of the discharge nozzle 

iinge. 'li is somewhat of an in-
delinite bulit, especially in tih U.S. 
where the so-called 125 flange 
which is good t)lp to 175 psi by-
draulic operating pressure is gen
erally used for allpressures below 
that value. Many pump designs 
Isng such flanges are not good for 
operating pressures that high. 

A more satisfactory check of safe 
o.ratiig pressures is the bolting 
of the casing or casing heads. In 
actual design studies, maximum 
safe bolt stresses are calculated with 
fiii' knowledge of the areas sub-
jetted to internal pressures, of the 
maximnn expected hydraulic pres-
sure and of the forces required to 

Il10,CAPACITY,/°00 t 0t 
...- .. 0. 

90 [tr -I5I CAPACIT - T 

Z -* 50%---CAPACIfT t. . 

C3 To - - -T 70 
,
 

so.
6o 


( :D z' " I -. t.-- , cr I_, 
- A'PAT; 

- } 0 

0O. 
, 

to0 
a o o0 

0_ _ 2, 
o 
o,0 

o 
°0 

0o 
° ' 

S 
SPECIFIC SPEED-SINGLE SIJCTIONTYPE 

* FIGURE 7. Relationship between efficiency values and specific speed types. 

compress joint gaskets. A good ap-
proxintation can be obtaited by 
limiting tIlebolting stress at the 
root of the threads to 5,000 psi. 
Thus: 


Safe working pressure in psi = 
5,000 x A, x Number of bolts 
Area subjected to hydraulic (8) 
pressure in sq.inches 

where 
A,= Root area of bolt in sq. 

inches 

Applying the Methods to a Typical Pump 

Let us assume that we are ann-
lyzing a modern double-suction, 
single stage centrifugal pump with 
an 8" discharge and 10" suction, 
both having 125 pound flanges. 
Various relevant dimensions are 
given below: 

Impeller 
D., 12'/" 
D; 6%" 

w.. =2 1/16" 


z., 7 
-. V, 

The shaft diameter is 1-9/16" at the 
coupling, increasing to a maximum 
at the impeller. The area of the 
horizontal splitis200 sq. inches. The
hronaspiis20s.ice.Te50 
pump casing is held together by 21 
a,:¢" and intendedstuds bolts. Thedrive is a 60 cycle induction motor.
is a 60drive c. 2.25/6.5 

12.25/6.125 = 2.0 
Referring to Fig..3, a D2 /D1 ratio 

of 2.0 indicates an impeller type 
with specific speed N, = 1,700 if 

single-suction or N. = 2,400 if 
double-suction. The head and ca-
pacity constants are: 

= 1.06 
Kr 0.13 

Assuming that the pump will be 

applied to an installation involving 
15 feet suction lift at sea level, 
handling cold water, the NPSH (netpositive suction head) will be,roughly, 17 feet. From Fig. 4, we 
can establish that the maximum safe 
peripheral velocity at the impeller 

suction eye is about 50 feet per 
second. Solving for the rotative 
speed in equation (6), we get: 

x 229 
n= ....... = 1860 RPM. 

6.125 
Therefore, 1750 RPM will be *the 

maximum possible rotative speed
with a 60 cycle motor, 

Using equation (2b), we can cal-
culate the pump head at 1750 RPM: 

6. 

(12.25 x 1750 
=
 

H = -- x 1.-6) . 120.5 feet 

Using the formula on Fig. 2, we 
can calculate F, the discharge area 
of the impeller: 
F.,= 2.0625 (3.1416 x 12.25 - 7 x 

0.375) 
= 74.2 sq. inches 

N ady touse Equa-

Now, we are rea ttion (3b) to estimate the pump capacity: 

Q 25 x 0.13 x 74.2 x ,/120.5 = 
2650 GPM 

We can therefore expect that, when 
operated at 1750 RPM, this pump
will deliver 2650 GPM against a 
total head of 120.5 feet at its best 
efficiency point. We can recalculate 
its specific speed, N,, from equation 
(1):
 

1750 /2650
N, 1750__/265
 

(120.5)1 
= 2480, double suction. 

From Fig. 1,we would expect 
that, for this specific speed and ca
pacity, the maximum efficiencywould be somewhat above 85 percent. If we were to use 85 percent, 
the power consumption would be 

2650 x 120.5 
HP = 3960 x 0.85 - 95 

Working from these values of capacity, head, efficiency and hjrae
pow ead usi en ages 
power and using the percentages
shown on Figs. 5, 6 and 7 (for a
single-suction N, of 2480 x 0.707 

= 1743) we can obtain the points
listed in Table 1 (next page). 

Plotting these points, we obtain 
the approximate curve shown on 
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ConclusionPRE ICTEi.C ....] Th,, foregoing example has denm
----- ACTAL, T .STCUE onstrated that it is possible to np

. iproximate the petformane of cen
140- trifugal punips other than those of 

4--the 
 HEA -CP*IT axial flow impeler type. Neverth e le ss, th is reVso d tosh o u ldb te rte 
W 1 5. oly inlthe aibsenc. (ifaInore-re-IliableI. 1 method and certainly should 

20be . . .. 
 I- used with caution. 

u- j , 

I -- EFFICIENCY 

60.........
 

/ .. . ...'
 
/ 

710-s.. . .. .
 
5o' /7 / ".-100
 

-- . .. . ......... *
 

. V.. . .. 40 

0 5 't IS 20 ZS 30 

CAPACITY- 100 GPM 

* FIGURE 8. Comparison of the pump charucterivtics predicted from impeller di.
 
mensions and the actuul characteristics determined by test shows close agreement.
 

Table l-Approximcte Points on Capacity, Heed, Efficiency 

and Horsepower Cairves 
Capacn.y in led ill Powerr Efficiency
 
,. GPM ", i-eet " 3
2IfP '; Mnx. Actual 
0 1 116.5 14.J 5. 51.2 0 0
 

25 662 
 62.5 59.4 45.7 38.8
 
50 1325 115 
 138 75 71.2 75.6 64.3

75 1987 11( 132.5 88 836 93.8 79.6
 

100 2650 100 120,5 100 95 100 85
 
110 2915 93 112 103 
 97.8 99 84 

Fig. 8.The actual te t curve of the halves of the casing together have 
pump has been superinipoi4d on an ar,ai0l 0.302 sq. inch s at thethe same gr'aph for colpariso4n. root of the threads. Applying equa-

Using e-quation (7) we cim de- ti0, (8), we get: 
termine whether the pinp shaft is Safe working pressure 
suitable for this applicAtion: 5000 x 0 302 x 21 

7000 x 1750 x 1.562. -.- -.--.--- = 158.5 psiSafe HP . .--... . * 145 200
32100 This is about 2.6 times the expected 

The shaft is obviously safe for 1750 shut-off head of 140'2.31 or 60.5 psi,
RPM operation. when operating at 1750 RPM. It 

It remains to check the pump for appears that the casing will be
the safe operating pressure. The 1," amply strong for the intended oper
bolts and studs holding the two ation. 

7. 
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EDITOR'S NOTES 

In using this paper the following conversion constants may be useful: 

1 U.S. gallon per minute (G.P.M.) = 1.20 U.K. gallons per minute 
=3.78 liters per minute
 

1 cubic foot per second (cu.ft./sec.) = 28.32 liters per second
 
1 foot (ft.) = 12 inches (in.) 0.305 meter
 
I foot per second (ft ./sec.) 0.305 meter per second
 
I pound per squore inch (psi) 0.0703 kilogram per square centimeter
 
I horsepower (HP) = 33,000 foot-pounds per minute
 

0.7457 kilowatt
 
76,04 meter-kilograms per second
 
1.014 cheval-vapeur (75 meter-kilograms per second) 

In computing power consumption in the example problem, the following formula wa used: 

horsepower (HP) : U.S. gallons per minute x head in feet
 
3960 x efficiency
 

Public Works is published by the Public Works Journal Corp., 200 South Broad Street, Ridgewood, 
N. J., U.S.A. 

Further informotion on centrifugal pvmps may be found in Centrifugal Pumps; Selection, Cperation,
and Maintenance, by Igor Karassik and Roy Carter, McGraw-Hill Book Company, 330 West 42nd Street, 
New York, N. Y., 10036, U.S.A. 
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USE OF ALUM-CAKE IN WATER TREATMENT 

ABSTRACT 

Construction and operation of a device for feeding alum solution, prepared from alum-cake (alum in 
large lumps or blocks), in a water treatment plant is described. The feeder consists essentially of a wooden 
tower or bin for storage of alum-cake. An overhead spray spreads water over the top of the tower. As 

twater trickles down through the nwer, the lumps of alum are dissolved and an alum solution discharged at 
the base of the tower. The feeder may be assembled at the plant, using local materials and labor, and 
requires no mechanical equipment other than weighing scales and flowmeters. A low-qade, unpurilied, 
unground alum may be used. The system described has been successfully operated since 1959 in Santiago, 
Chile at the Las Vizcachas Wate Treatment Plant, a rapid sand filter plant treating up to 6 cLubic meters 
per second (137 million gallons per day). Similar feeders have also been used in smoll plants. 

(Key words: alum, feeders, coagulation, water treatment) 

Source of Information 

This item was prepc'.ed from information supplied by Luis Pivet P., Ingeniero Administrador, Planta 
de Filtros Las Vizcacias, Empresa de Agua Potable de Santiago, Chile. Ing. Raimundo Hederra, Servicio 
Nacional de Salud, Santiago, assisted the editor in translating correspondence, technical papers, and 
drawings. 

Introduction 

Coagulation as an aid for water clarification has been practiced from ancient times for household 
supplied and almost a century for municipal supplies. The most widely used coagulating agent is aluminum 
sulfate, commonly knownr as alum, filter alum, or sulfate of alumina. 

Alum is commercially produced indry form and as a soiution. Dry alum is generally measured by 
volume or weight and dissolved inwater prior to introduction into the main plant stream. A great variety 
of manufactured equipment is availakle for continuous addition of alum. 

N' 4 
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At the source, itLiquid alum may be obtainable in some areas, especially near large paper mills. 

costs less than dry' alum; however, the increased shipping weight (double or more) due to added water
 

Also, Iiqu-d a um ishigh y corrosive and requires special shipping containers.
Iimits its Widespread use. 

method using locally produced unground alum in cake form has been developed and used success
__ _A 

fully since 1959 in Santiago, Chile; at the Las Vizcachas Water'Tratment Plant. Th initial c t is
 

relatively small and little mechanical equipment or maintenance is required. In this method, broken
 

pieces of alum-cake are placed in a wooden tower or bin similar to that shown in Figure 12.1. Water is
 
As the water passes down over the cakes, alum is dissprayed from the top of the tower over the alum. 


solved and the alum-water solution falls through the base of the tower and flows to the selected discharge
 

line as shown in Figure 12.2.
 

of water with a turbidityThe Las Vizcachas Plant treats up to six cubic meters per second (m3/sec) 

between 10 parts per million (ppm) and 30,000 ppm (exceptionally 200,OQ ppm), with an annual average
 

of from 30 to 1200 ppm. The plant has two flocculation stages. The primary stage has two towers with a
 

combined capacity of 1,300 kilograms of alum-cake per hour; the secondary flocculation'stage has a
 

tower with capacity to dissolve 300 kilograms of alum-cake per hour. Approximately 80 ppm of alum

cake can be added to plant flow at full capacity.
 

dosing system will be used in the New Vizcach-s Plant (capacity: 9 m3/sec). SeveralThe same 

smaller plants (0.1 - 0.2 m3/sec) in Chile have also adopted this system.
 

Alum-Cake 

a clay rich in hydrousAlum-cake used in Chile is the reaction product of sulfuric acid and kaolin, 


silicate of aluminum (A12 Si2 O5 (OH) 4). Its characteristics are shown in Table,12.1.
 

TABLE 12.1 

Alum-Cake (A1 2(SO) 3 .nH2 0) Used at Las Vizcachas Filter Plant /, 

' • Per Cent 

Soluble as A1 90, 16 % 

Soluble Fe20 3 0.5% 

Free H2SO4 less than 0.1% 

Insolubles* 20 % 

*Includes silica, unattacked kaolin, and other silicates ./ 

The alum emerges from the reactor, or digester, as a hot liquor. Dry 4 um is produced by evaporat-
A1203 . (The desired, trength may vary.) The 

ing water from the digester liquor to a strength of 16% 


evaporated liquor is then cooled in pans to form alum-cake, and broken into IL'-4ps of some 10 to 30
 

kilograms each. (See Figure 12.3.) If lumps cannot be used directly, then the alum-cake must be
 

crushed .ind ground to the desired screen size.
 

groun 


2.* 
.
•- ..
• ,. 


1 
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FIGURE 12.1
 
DETAILS OF WOODEN DOSING TOWER
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DETAILS OF TOWER BASE AND WEIRS
 

4. 



AID-UNC/IPSED Series Item No. 12 

Mechanical hardness of the cake is closely related to the content of water of crystalization and of 
The

A1 20 3 , being ha'rdest when the content of A12 03 is greatest and wati of crystal ization least. 
A1 20 3 ), which has the ad

tendency of Chilean industry has been to produce higher alum product (16% 
but has resulted in a hard, difficult to dissolve alum. At Las 

vantage of lessening weight and storage, 
11% to 16% more than doubles the time necessary to dissolve 

Vizcachas, increasing A1 2 0 3. content from 

a given quantity. 

Design of the Dosing Towers 

Prior to construction of the towers alum dissolution was studied experimentally by means of gravity 

water flow through a hollow column full of lumped alum-cake. Such a system was used in one local 

industry (F6bricas Arteaga) for preparation of concentrated aluminum sulfate so.ution and in another 

a dosing system but the necessary reliability and pie
(Compa'na Manufacturera de Papele. y Cartones) as 

been proven. An experimental
cision of dosage necessary for treatment of a pub!ic water supply had not 


program was conducted to determine the quantity of alum cake which could be dissolved per unit of time.
 
an alum-cake 

Observations indicated that the maximum quantity that could be dissolved corresponded to 


in the tower of four hcurs under critical conditions - the hardest alum-cake, cold weather,
detention time 
than a four-hour

and low temperature water of dissolution. That is, storage within the tower of more 


increase in the quantity of alum-cuke dissolved. Thus more ihan
 
supply of alum-cake did not result in an 

four hours detention at peak demand is neither necessary nor economically desirable. The bulk density of
 
Thus for a maximum dissolutioti
 

alum-cake placed in the tower isapproximately 0.7 ton per cubic meter. 


capacity of 0.5 tons per hour of alum-cake, minimum tower volune would be:
 

(Rate of Weight Added) (Time) (Weight) = (Volume) .......... (12.1) 
(Bulk Density) (BulTD nity) 

(2 tons) = (2.86m3 )...................(12.2)
(0.5 ton/hr) (4 hr) "" 
(0.7 ton/m ) = (0.7 tn7m3 ) 

tower is of constant strength, the 
Also, to insure that the solution discharged from the botton cifie 


minimum tower height should be three meters. For a given rate of solution flow, concentration of solu

tion at the base of the tower was found to be practic~lly independent of alum-cake height for heights
 

greater than three meters. The horizontal section of the tower would then be:
 

= 2 .. .. . .. .. .. .. . .. .. .. .
(Area) (um -= (2-86 30) 0.95 i ..(12.3) 
(Aea _ (Height) - (3m) 

Tower dimensions for other capacities are similarly obtained. 

Each side is made of a double walled panel;
The towers are built with square horizontal section. 

and exterior walls are of flooring oak. Panels 
are of poplor panels of 2.5 cm thickness,interior walls 

10cm spacer strps with both panels nailed to the strips. Interior nz,ils are 
are eveniy separated by 5cm x 

protected by nailing them deep (counter-sinking) into the panels and filling the resulting holes with tar.
 

dameter 
On erection of the tower, the four double-walled panels ore s..rported with 5/8-inch (1.7cm) 

Microbial destruction of the weod is arrested 
steel rods surrounding the perimeter of the tower section. 

A grate or grid placed at 
by the ocidity of aluminum sulfate, so that poplar is a satisfactory material. 


the bottom of the tower supports the weight of the column of the column of alum-cake. The grate is nuade
 

of 5cm x 10 cm oak bars initially placed 2.5 centimeters npart. However, foreign matericls in the alum

cake at first obstructed the grate but this difficulty was solved by eliminating alternate wooden bais there

by widening separation between bars to ten centimeters. The greater separation did not increase the dis-

A side cover or manhole was put on nor did the regularity of discharge vary.charge rate from the tower 
Foreign materials are removed from the grate at least 

the lower part of the tower for access to the grate. 

once a year.
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Descent of alum-cake through the ;'ower is accompanied not only by dissolution of the outer portion 
of each lump but also by progressive hydration of the lump, an exothermic process accompanied by, an in

crease in volume. Especially for finely broken alum-cake, this can lead to obstruction of the tower form

ing a practically immovable mass. To avoid this difficulty, the upper half of the tower is built in the 

form of a truncated pyramid with a thirty to one (30:1) slope on the sidewalls. 

In Figure 12.3 be seen a photograph of the upper par. of tne tower showing how dissolution watercan 
fals over a wooden grid, distributing the water as a shower over the top of the tower. This water is fed 

This canfrom a constant level water tank above the tower, attached to t!.a top of an elevator frame. 
also be seen in the photograph. Rotameters are used for measuring flow of dissolution water. 

Operation and Maintenance 

After the alum-cake has remained in the tower 4 to 8 hours, the lumps are practica!ly disintegrated. 
insolubles in the lower part of the tower increase at first but eventually reach an equilibrium concentra
tion. The lower contents of the tower are transformed into a plastic mass or paste that regulates tower 
operation by insuring alum-coke solution homogeneity. This plastic mass also helps support the weight 
of the tower contents, preventing the tower from emptying through the openings of the bottom grate. 

The effect on tower operation of the insolubles in the alum-caka used at Los Vizcachas is important. 
Use of alum-cake of a different composition* may require adjustment in spacing of bars of the bottom 
grate, wall slopes, detention times, and other design factors. 

Insoluble material is not extrocted or removed but is added (in suspension) to the raw water. At Las 
Vizcachas, one kilogram (kg) of alum settles 100 kg of mud. Thus the addition of 0.2 kg of insolubles 
per kilogram of alum-cake is a negligible problem. 

The level of alum-cake is always maintained within one meter of the top of the tower. This requires 
reloading intervals of one to four hours. An elevator is used in loading the large towers (see Figure 12.3). 
The weight of alm-cake added is recorded and a parallel hourly register of dissolution water ;- main
tained. The total alum-cake added in a certain period (8 to 24 hours) is divided by the weight of water 
added to determine the parts per million of alum-cake dosage. An experimental graph of hourly flow cf 
dissolution water versus hourly alum dissolved is helpful in plant operation. At Las Vizcachas, one liter 
of water dissolves one kilogiam nf alum-cake, giving two kilograms of solution with a good order of pre
cispon. Two volumes of water dissolve twice as much alum-cake. 

Maintenance cost of this equipment is minimum; neither complex replacement parts nor skilled labor 
are required. The only need is to clean the tower at least once a year, removing by the manhole or 

hatchway those materials left over the bottom grate. Experience at Las Vizcachas has been that the 
annual sum of all interruptions is about /0 hours per year. Primary and secondary dosin. towers have 
nc'ver been out of service at the same time. The range of dosage for the largest of ihe existing columns 
has been from 15 to 750 kilograms per hour, a ranqe of from 1 to 50. Change in dosage is accomplished 
in a few minutes by adjusting the flow of dissolution water. 

The worker formerly needed for preparation of alum-cake solution is no longer required. All cor
rosion problems in equipment dte to a!-.minun sulfate and its acidity were eliminated by arranging the 
towers to discharge alurr olution directiy to tha. water to be treated. 

The service life of the feeders, without replacement, has been about seven years. 

*For exam e-, alum meeting the American Water Works Association Standard for Aluminum Sulfate 

(AWWA B403-64) may have not more than 10 per cent insolubles in unpurified, or 0.5 per cent insolubles 
in purified lump or ground alum. 
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Loadingi a Sauill Thw", 

(Note A] i . (:ok it, H-111 
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Base o;.. Towor
Baffled Mixing Basins 

FIGURE 12.3 
PLANTLAS VIZHACHAS WATER TREATMENT 
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E,peiience of Others 
Ingenieria de Sanitaria of the 

At, upfluw alum-cake solution feeder is under study by the Facultod de 

in Figure 12.4
A sketch of their laboratory unit is shownPeru.IJiersidad Nacional Ingenieria in Lima, 
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12.4 

FEEDER 

FIGURE 

ALUM-CAKEU.NI. UPFLOW 

f[ee water surface in the column. 
it operates with a 

It is not unlike a .solution pot" feeder, except that 
to the overflow level. As 

of the alum as it passes upward
influent watei dissclves some untillevel sinks 

the submerged alum dissolves, tate of inflow and the 
In hi unit the 

is reduced and dry alum abovethe oveiflcr 
its volume 

constantconstant at any
alum ubnerged remains

Thus, the amount ofsubmerged. constant.sotlution discharged is also 
density (or concentration) of the olurn 

II ur :r thot an at urm 
New Delh: . India. This unit 

a small unit near
12.5 is a photograph ofFigure 


Llck solution feeder could be adapted to even the smallest plants.
 

12.5FIGURE 

SMALL ALUM-CAKE
 

IN NEW DELHI
FEEDER 
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Summary 

Depending on local conditions, use of alum-cake solution feeders may offer significant economies in 

capital investment, operation, and maintenance. The need for importation or investment in complex 

mechanical equipment is reduced. Furthermore these units are not difficult to maintain and repairs may 

be made with local materials. Experience with this system in Santiago has proven its reliability. Failure 
Problems due to coiosion cnd to obstructiondue to human, mechanical, or electrical causes is almost nil. 


of equipment by insolubles have been minimized. Dosage is readil) changed over a wide iange.
 

Another economic advantage is that no expenditure need be made io grinding and screening ulum

coke, and a low grade of unpurified alum can be used without detrimental effect. 

Reference 

de Alum-Cake la Planta de Filtros de Los Vizcachas,"Pivet Poblete, Luis, 'Dosificacion en 
Ingenieria Sanitaria, Vol. 15, No. 2, 111-119 (October 1961). 

Note 

Parts per million, or ppm, is always by weight and is simply a convenient method of expressing the 

concentration represented by the number of pounds of dry solids contained in one million pounds of water, 

including solids. One part per million may be expressed as 8.345 pounds of dry solids to one million 
one port per million may be expressed as one gram of dryU. S.gallons of water. In the metric system, 


solids to one million grams of water, or one milligra' per liter.
 

milligrams per liter, theIn arriving at parts per million by mears of pounds per million gallons or 

density of the solution or suspension is neglected. If the density is appreciably different from unity, the 

results will be slightly in error. 

Other relevant conversion factors: 

I cubic meter per second (m3 /sec) = 22.8 million gallons
 
per day (mgd)
 

1 kilogram (kg) = 2.205 pounds (Ib)
 
= 
1 ton (metric) 1000 kilograms (kg) = 2205 pounds (Ib)
 

= 
1 meter (m) 100 centimeters (cm) = 3.281 feet (ft) = 39.37 inches (in)
 

1 centimer (cm) = 0.3937 inches (in)
 
1 inch (in) = 2.540 centimeters (cm)
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WATER SUPPLY AND SANITATION IN DEVELOPING COUNTRIES 

Index To Previous Items 

Item No. Title 

1 "Scope of the Publication Series" 

2 "Reduction of Water Waste by the Use of
 
Constant-Flow Valves"
 

3 "Water Supply Using Bamboo Pipe"
 

4 "Float Valve Hypochlorite Solution Feeder"
 

5 "A Proportional Chemical Feeder for Small
 
Water Purification Plants"
 

6 "Individual Household Disinfection and
 
Filter Unit for Turbid Waters"
 

7 "Floating Platform Hypochlorite Solution
 
Feeder"
 

8 "V-Notch Constant-Head Solution Feeder" 

9 "Floating Bowl Hypochlorite Solution Feeder"
 

10 "Bottle Hypochlorite Solution Feeders"
 

11 "Characteristics of the Unknown Pump"
 

A NOTE FROM THE EDITOR 

As said in our very first Item, the success and value of this publication series will depend largely on 
-two-way communication between its editor and its readers. I invite - I request - your comments, 
suggestions, and, especially, information and material for publication. Penciled notes, letters, sketches, 
druwings, photographs - the form is not so important as is the idea. English, Spanish, French - the 
language does not matter. Information can be prepared for publication if the idea is there. Length is 

not crucial. Ideas from brief notes can be combined for publication, as was done for Item No. 17. 

In addition to your own experience, a lead or contact on another engineer's idea may be helpful. 
Your experience with Items we have previously published will also be helpful, for example, suggested 
improvements, location of similar installations, etc. Ideas on administration and management are as 
important as hardware. E'entually an IPSED staff member may be able to visit your country and discuss 

these ideas directly and perhaps visit your installations. 

One other point: the rapid growth of our readership, the problems inherent in mailing to over 100 

countries, and our small staff have made mailing of the series somewhat irregular. Also for economy, 

series mailings must be consolidated. I ask your indulgence. 

I hope I will be hearing from you. 

10. 
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THE ELBOW METER FOR MEASURING THE
 
FLOW RATE OF WATER IN PIPES
 

ABSTRACT
 

The construction and operation of a simple meter for measuring the rate of flow of water in pipes is 
described. The meter may be constructed using an existing pipe elbow and a simple manometer. The ac
curacy of the meter is within 2 percent when calibrated in place, but calibration is not necessary if some 
accuracy can be sacrificed. 

(Key words: 	 flowmeters, manometers, water measurement, 
water meters) 

Source of Information 

This item was prepared by P. Aarne Vesilind, Research Fellow, Department of Environmental Sciences 
and Engineering, University of North Carolina, in collaboration with the editor. 

Introduction 

The elbow meter is a simple, readily constructed device for measuring the flow rate of water in piping 
systems. Any existing pipe elbow may be used as the primary meter. The only other materials required are 
two taps, some rubber hose, glass tubing, and a meter or yard stick, all of which are widely available. 
The meter measures the differential pressures created by the centrifugal force of water moving through the 
elbow. The pressure on the ou'side of the elbow (H1 ) is greater than that on the inside (H2). This difference 
inpressure (H1-H2 ) can be readily measured with an airwale manometer as shown in Figure 13-1. The 
pressure differential is proportional to the square of the flow rate (Q), or in the usual mathematical form: 

Q=CrH-2 =C ,&
SC 2= 	 (13-1) 

where C is a constant. Thus the differential pressure (AH), which is easily measured, can be used, by 
calculation, to estimate the rate of flow (0) through the pipe elbow. 
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Construction 

The essential elements of construction are shown on 
Figure 13-1. The tops inserted into the elbow may be 
of any convenient size. Generally l/8-th inch (3 milli- J I __,__ 

meter) tops are satisfactory. The L;ps should be flush V- - '- 

and smooth with the inside of the pipe. For cast iron I 3 

pipes, this should pose no problem. For thinner wall 
pipes, such as copper or steel, a piece of lead can be .. 

soldered to the elbow at the location of the tap and the i4-1 1 
200 300 4CC 50(, GO0 700 60, 900top can then be made through the lead and pipe as 
I I I i I - I 

shown. In this way, the taps are more securely fastened 


and the possibility of leakage reduced. Q (gpm)
 

SAMPLE CALIBRATION CURVE
If a significant static pressure is present in the pipe, 

use of clamps on the rubber hoses is advisable. The glass FIGURE 13-2 

tubes should be at least 3 feet or 1 meter long, and 

again may be of any convenient diameter . Both of the 1 

glass tubes, however, should be of equal diameter to 9o --

cancel capillary influence. 80 9 

70 
60---_
The scale can be an ordinary meter or yard stick. 

The glass tubes and the scale should be securely mounted 

on a wall or board in a vertical position. A small valve 50 7 

should be placed on top of the manometer in order to 4C 

allow the release of excess air. If static pressures are 6 

not too great, a simple rubber hose stub with a clarrp 30 

may be used for this purpose. 
5 

-Cal ibration 

Where it is practical and possible to do so, the con- 4 --_
 
stant C should be evaluated experimentally. This may 

be done by allowing the water to flow through the meter 
at known rates of flow (Q's)* and measuring the resulting 0 

differences in pressure (LH's) in appropriate units. By 9 3 

plotting Q versus "V"N- on arithmetic paper the constant a 

C can be determined. The square root of the pressure 7 

difference may be obtained by slide rule, tables, or from 6 

Figure 13-3. As on example, the data in Table 13-1 is 5 
plotted as Figure 13-2. --

Table 13-1 4 

Example Flow Data 
3Q AH & 

(gallons/minute) (inches) (from Figure 13-3) 

0 0 0 
2 6 2.4450 

630 12 3.5
 
765 18 4.2
 

990 30 5.5
 

*One method/of estimating the flow is to clock the time 

to fill a container of known volume while prrping at a COVRIN FAlTO4H
 
constant rate. The rote can then be found by dividing CONVERSION OF AH TO
 

FIGURE 13-3 
the volume pumped by the time of pumping. 

3 
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C = Since by definition, C = 0 +- H, the slope of the line is C. In this example, 1000/5.2 = 181. 
This value can then be used for calculating any rate of flow (Q) for any pressure differential (AnH), pro
viding the dimensional units for Q and A H are not changed. (In the above example, gallons/minute and 
inches are the dimensional units). 

Operation 

The rubber hoses should be clamped off just below the manometer and the glass tubes drained of water. 
The small valve on top of the manometer should be closed and the clamps on the rubber hoses ,eleased slowly 
and simultaneously. The air-water interface on both glass tubes should now be at the same height if no 
water is flowing in the pipe. The height of the interfaces should be close to the middle of the scale. If 
they are not, they may be adjusted as follows. 

If the interfaces are too low, a small amount of air may be released from the small valve on top of the 
manometer. This will raise the water level in both tubes. If the interfaces are too high, the rubber hoses 
shot,, again be clamped but this time further down toward the elbow. The water must then be drained from 
the 	manometer and the clamps slowly released as before. 

When the two interfaces are both even and close to the middle of the scale, the meter is ready for 
operation. If the meter is to be calibrated, the procedure in the preceeding section should be followed. 
If not, the meter is ready for operation. 

If the meter has been calibrated, the flow rate (Q) for any manometer reading ( L. H) may be determined 
either by the use of equation (13-1), using the calculated value of the coefficient (C), or from the calibra
tion curve dir ctly. The rate of flow (0) may be determined from the calibration curve using the following 
procedure: 

(1) 	Plot the sluare root of the manometer reading, i. e., -/A H, on the vertical axis of the calibration 
chart, 

(2) 	 through this plotted point, draw a line parallel to the horizonal axis, intersecting the calibration 
curve, 

(3) 	 through this point of intersection, draw a vertical line to the bottom of the chart, i. e., the 
0-axis. 

(4) 	Read the value of the discharge, Q, where tie vertical line intersects the axis. 

If it is not possible to calibrmte the meter in place by measurement of flow, the nomograph of Figure 
13-4 may be used to determine the :!ow rate (Q) for any manometer reading ( &H). 

In order to use the nomograph, the pipe diameter (D) and the centerline radius of the elbow (R) must 
be known. It is important to note that the elbow radius is to the center-line o" the pipe (see Figure 13-1). 
A straight line must be drawn from the diameter (D) scale to the radius (R)scale, and the point of inter
section with the C line marked. Connecting that point on the C line with the measured pressure differential, 
scale A. H, the straight line can be extended to the flow rate scale (Q) which gives the flow rate in either 
English or metric units. An example is included on Figure 13-4. 

It is also possible to use the nomograph to draw a calibration curve similar to Figure 13-2, if the use 
of a calibration curve is found more convenient. Entering the nomograph with various pressure differentials 
( L H's), the corresponding flow rates (Q's) may be cao,-ulated. These values may then be plotted as in 
Figure 13-2, with -VAl versus Q. Once this curve is plotted, the use of the nomograph is no longer neces
sary and the flow rate may be determined from the calibration curve as discussed above. 
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AppI ication 

This meter is applicable whenever a measurement of pipe flow is necessary and more expensive and 

accurate metering is not available. Any elbow in the system may be used and it is not necessary to dis-
The elbow may be in any pbsition - horizontal or vertical.assemble the piping in order to install the meter. 


The pipe must be flowing full, however, during calibration and operation.
 

Performance
 

The advantages of the elbow meter are itslow cost and simplicity. When installed in an existing el

bow, the additional system head loss is negligible - a significant advantage in comparison with orifice 

meters. Also the elbow meter is little affected by corrosion, or by "dirty" water providing the taps are 

flushed periodically. The major disadvantage is that ihe elbow meter must be calibrated in place when 

accuracy greater than 10 percent is required. When thus calibrated, the meter will be accurate to within 

The accuracy of the meter is not impaired by upstream or downstream piping.2 percent of full range. 

Reference 

Taylor, D. C. and McPherson, M. B., "Elbow Meter Performance," Journal American Water Works 

Association, Vol. 46, p. 1087 (Nov. 1954). 

APPENDIX 

The difference in pressure (A H) is related to the velocity within the pipe according to the equation:
v2
 

AH=C 1 g 

where C1 is a coefficient, V is the average velocity of water, and g the acceleration due to gravity. 

Using the continuity equation: 

= 
Q = AV (Discharge Area x Velocity) 

we may solve for the discharge as a function of head differential, or: 

Q=A 

For a circular pipe, 

D2

A =T- (D = inside pipe diameter), and
 

It has been found that C1 may be approximated by the dimensionless ratio 2D/R, where R is the center
line radius of the elbow. (See Figure 13-1). Substituting this into the above expression, we obtain 

=7 D 2 VgRVrH 

The nomograph of Figure 13-4 is the solution of this equation. 
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FIELD EXPEDIENTS (GIMMICKS ANID GADGETS) IN
 
WATER DISTRIBUTION SYSTEMS
 

ABSTRACT
 

Several special tools and methods developed in the field for construction, maintenance, or operation 
of water distribution systems are described, including techniques for installing service pipes, detecting 
and repairing leaks, disinfecting mains, operating valves, patzhing pavements, and cleaning meters. 

(Key words: water distribution, maintenance, water pipe lines) 

Sources of Information 

P. F. Beaver, Water A. J. Benedetti, Assistant J. D. Henry, Supervisor 
Distribution Supervisor Director & Water Superintendent Distribution Division 
Charlotte Water Dept. Dept. of Public Utilities Dallas City Water Works 
600 E. Trade Street City of Tacoma 2869 Municipal Street 
Charlotte, North Carolina 28201 P. 0. Box 11007 Dallas, Texas 75215 

Tacoma, Washington 98411 

Several of the items described have appeared in Willing Water, a publication of the American Water 
Works Association, Inc., 2 Park Avenue, New York, New York 10016. 

Introduction 

The special tools, devices, and methods described herein were developed, for the most part, by
journeyman water works personnel. They are practical and ingenious, often the product of necessity, and 
have made employees' work easier, safer and more productive. 
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Pulling Service Pies 

The City of Vancouver, B.C., Canada has developed a pipe puller to extract old service pipe and to 

pull in and attach new cuppe7 service pipe. This has also been used to pull back the blow or boring pipe 

with a nev service following behind. This device is shown in Figures 14.1 and 14.2. The puller is set 

upon top of the old pipe or boring pipe. Notched cams on the puller, working on a ratchet principle, 
engage the pipe. The puiler is then operated by a bar used as a lever and operated with a reciprocating 

motion. The puller is used in conjunction with a light weight aluminum, folding shoe set against the face 

of the ditch. The shcc eliminates the necessity of otherwise driving a bar or brace into the ground, 

which is advartuqecu, because often the ground is too soft for this purpose. 

An alternuriv, metlhod dveloped in Dallas pulls old .evice pipes with' a service truck. When an old 

galvnnized serv;ce pipe ha, failed and it is necessary to replace it with copper tubing, a new copper tube 

is conrnected witli rhe old service pipe, usually at the meter connection side of the street. A chain is 

then attached io e ,qnd of the old service at the water rain, then the chain is tied to the back end of the 

service trur .he truck pulls the old ipe out and the new pipe follows the old, The new pipe, service 
is pulled to the righ! poition in the excavation at the main and then connected to the original service 
corporation cod . 

These me:iod, make it unnecessary to trench or to bore a hole under pavement when renewing an old 

service, thus reducing the cost of renewing the service and restoring service more quickly. 

S. - ? L 

FIGURE 14.1 FIGURE 14.2 

PIPE PULLER PIPE PULLER SHOWING 
NOTCHED CAMS 

Driving Service Pipes 

One of the old methods of putting a new service pipe under pavement without breaking the pavement 

was to drive on iron pipe from a top hole r the street to the meter box location behind the curb, using a 
sledge hammer. In Dallas, this method has been replaced with a pneumatic tamper as the driving force. 

The tamper foot or pipe is placed against the end of the coupling on an iron pipe and as the tamper strikes, 

the pipe moves at a rate of froma 1/4 inch to I inch per stroke depending upon compactness of the soil. 

In most soils other than .ock, a pipe can be driven a distance of twenty feet (6 meters) in a few minutes. 

The iron pipe is driven from the top hole to the meter box location, then removed, and a copper tube 

pulled through the hold. This method saves the need of breaking extra pavement and is faster and less 

expensive than the open cut method. 

2 
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FIGUR[- 14.-3 DRIV!NG SMALL-DIAMETER PIPE 
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.Adopting Flaring Tools 

For flaring copper service pipe without shutting off the upstream riessure, some utilities drill a hole 

in a regular commercial cooper flaring tool. The hole is drilled along the center a;Is parallel with tha . 

tool, beginning at the pointed end that enters the copper tubing and progressing up the tool to the flared 

or krerled part of the tool . Here scme smaller holes are drilled at right angles to the hollow part of the 

tool. When this tool is inserted in a copper tube under full water pressule, water is forced or of the 

center holes in tho side of the tool, allowing the workman to ,lae the tube uganst the water pressure. 

After the tube is flared, un open curb stop is fastcned to the ferrule. The curl ,op can then be turned 

off, thereby shutting off the stream of water . 

This method enables the workmen to put a broken copper service back in service without the necessity 

of ;urning the pressue off in thecmain or closing the corporation stop at the main, At least one company, 

Mueller, caries such a tool as a catalog item. A slightly different version isused in Vancoever; their 

tool is equipped with a bypass allowing water 'o escape during flaring operations. (See Figure 14.4). 

Freezing Pipe with Dry Ice 

Dry ice (carbon dioxide in solid state) may be used to freeze pipes, thus acfing as u ier-porary or 

emergency valve or stop cock, Dry ice ib placed around the pipe and then gasoline is added, causing tl" 

dry ice to vaporize, 'rhereby freezing the pip,! at a faster .ate, Fifteen to thirty minutes are usually re
quired to freeze a 3/4 inch water service. c.eperrding on ambient temperatures. After the pipe is frozen, 

extensions or repairs of that part of the pipe beyond the frozen section may be made without taking pressure 

off the st.rvice. A two inch pip, can be frozen in less than one hour. No water movement in the pipe can 

be allowed while the freezing proces: is under way. Tins techn;que often enables savings by eliminating 

the necessity of making extensive breaks in streets oaved with concrete and it also removes the necessity 

of having more than one customer out of water at one time. 

Extending Valve Stems 

When an emcrgency arises and it is necessary to shut off mains in a hurry, fitting valve keys on valve 

nuts located irdeep manholes may be a particularly difficult problem, especially if the manhole is full of 

water or a wild stream of water is flowing aver the top of the manh le or valve box. A permanent valve 

stem extension removes that handicap. It also removes the need for a ten to Ffteen foot unyielding valve 

key. 

A steel rod is fashioned the proper length with a hub on the bottom end to fit the regular valve nut at 

the bottom of the manhole or deep valve stack. At the top end of the extension a regular valve nut is 

fastened so that ' standard valve key will fit thereon and operate the valve, In an emergency, the valve 

nuts on top of the extensions are readily accessible at the top of the manhole or valve stack, so that the 

valve car, be closed immediately, Extensions are heavily coated with a protective paint to make them 
long lusting. 

Marking .,lve Information 

In Dallas, the number of turns of a large valve is carefully noted and cut with c chisel inside the 

north edge of a manhole casting so that any valve man can readily know how many turns it take, to 

operate that par,icular valve. For example if the valve has 375 turns, the figure 375 is cut with a chisel 
on the edge of the manhole casting with a capital letter 'T" following the last figure. This "T"of course 
indicates turns to him, The north side is used so that he will know where to look for the marking in case 

4 
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it is covered with rust or mud. This information is particularly useful when using turn-registering powered 

valve rtlosers, and reduces the danger of breaking a valve. 

If the letter V" is cut with a chisel on a curb, sidewalk, or post with the V" pointing towards the 

valve, and the distance From the "V" to the valve cover cut beside the lette!, the volve will be easier to 

locate than from written measurements alone on valve cards or block maps. Experience shows that one 

cannot have too many records of a valve location when forced to isolate a main break. 

Jetting Valve Stacks and Vaults 

Quite often valves in stacks or vaults cannot be operated with a valve Cy because the stack is full 

or mud, gravel, or debris. The debris can be jetted out with water from a piece of 1/2 inch or 3/4 inch 

iron pipe joined to the end of a hose whose other end is connected to ,.nearby fire hydrant or water ser

vice. The voter pressure is turned on and the pipe inserted into the valve stack creating a jetting action 

that blows th mud, gravel, or debris out through the top of the stack within a few minutes, often eli

minating the expense of a time-consuming excavation job. 

Tacoma has made good use of a small, electric motor-driven, positive displacement pump for the 

.-ame purpose. The pump is powered by a car battery and is similar to bilge pumps used in small boats. 

with suction and discharge hoses and an extra electrical cable for permanent connectior, to theComplete 
car's battery, it can be stored it.the trunk of a car. Although it can be operated from the trunk, it sho.0d 

be removed and placed beside the structure to be pumped. The Tacoma unit has a capacity of approxi

10 feet of total head and costs about US $40. (See Figure 14.5).mately 5 gallons per minute at 

/.2'
 

FIGURE 14.4 FIGURE 14.5 

TOOL FOR FLARING UNDER PRESSURE BATTERY DRIVEN PUMP FOR 
PUMPING CUT SMALL VAULTS 

Detecting Leaks 

Phenolpthalein is used in Dallas to determine if water in a street is coming from a water line leak. 

Dallas water has a lime content from the treatment process and turns a bright "polk berry pink" when 

pink or red color when phenolpthaleinphenolpthalein is addeu to it. Therefore if water in the street turns a 

is added, that is a strong indication that the water is coming from the water lines. This method is effective 

in helping to identify whether the wate, sicoming from a main or is seepage drain water, Careful use of 

this chemical in Dallas has eliminated many needless exploratory excavations. 

5 
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Repairing Pavements with Dry Patches 

cuts be replaced with a throughlyIn heavily traveled streets or hazardous places pavement car 
and the road can be

tamped, dry-mixed concrete base, and a tamped-in cold-mix or emulsion surface, 

no water is used in the aggregate. Damp gravel is simply
opened to traffic immediately. In this method, 

cement and the hole patched as described. The need for barricades in the street for two to
mixed wirh 

three days after main repairs is eliminated.
 

Cleaning Meter Gears
 

can be fashioned from a 5-gallon drum. Cleaning solvent
A convenient cleaning vat for m,ter gears 

of air piped into the bottom. A wire mesh basket containing the gears
in the drum is agitated by means 

is then placed in the drum. This device is effective for cleaning dirt and grease from meter gears. 

When tilebasket is lifted, the
Similarly a large wire basket may be used to dip 'brass meter parts in acid. 

acid water runs off immediately. 

Disinfecting Mains 

The City of Portland has developed a solution feeder for disinfecting newly laid water mains before 

a schema'tic arrangement of this device. In the disinfectionthey are put in service. Figure 14.6 shows 
from an adjacent hydrant with the rate of flow controlled by a process, water is 'nd into the new main 

gate valve. A nydraulic injector is installed alongside, bypassing the gate valve. The vacuum developed 

by the venturi rube inthe injector draws in the disinfecting solution, mixing it with t6e water flowing 

through the injector. This mixed solution then combines with the main flow of water entering the lines 

through the gate valve. 

The dosage is controlled by a needleIn practice a concentrated sodium hypochlorite solution is used. 
a check valve to prevent back flow and a pressurevalve. The hypochlorite solution iine is fitted with 

gauge placed on the water supply line aids the operator in controlling the strength of the solution entering 

the main. 

Ii ,M AI1, 1 1, lZI/I 

' " I t. t iii 1l.114 

ph'gir~iI111 d C I i I' "t" l -pans. 
MAIN STERILIZER S h- aw r -i 

men? of wa~ter rn,.n ot-irr tier sting tile -tier -iv h' 

T 


- I I I, I I-- t he
by the in ,etor , together w Ith iiti A -alr, PT nr-s ':t' L. 


fullton rining the na n flow 

druritesolution 1 -!" hI',
 

1teI t"ed.
 
c itc neri g hIl lt i,i 1,111 

FIGURE 14.6 SOLUTION FEEDER FOR MAIN DISINFECTION 
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The use of the injector, developed at a cost of approximately US S100, .ep:c.:e- an older method of 

In t' , oci method, occasion
pouring the hypochlorite solution tlhrouqh a fjnnOI into an open' stind pipe. 

would force the solution back out of the, strrrdnipe spraying the 
ally air trapped inside tle new main 

more 
up the process of fillircj Me',v" mlairs :nd provides a 

materially spededoperator. The new method has 
Main ste;iization can be done hy one man, more ef

uniform distribution of the hypochlorite sclr.ion, 

with increased safety,fectively, with less cost, onJ 

Shoring Excavalion, with Porti7'lu Ccsinr)v 

on a
;th the problem of installing some 30 bell-joint clamps 

The City of Seattle was recently face6 
near a heavily troveledc high way, Individual shoring of each 

iron water moin in unstable soil60-inch cast 
as well cis unsatisfactcry due to rapid' sloughing of the unstable soil. 

excuvation would have been costly 
used steel pipe were slotted on
 

To overcome this problem, two 8-foot long sections of 66-inch dlanetet 


the water main imrnediately after its excavation. 
either side and used as pvitnibe casing to be placed over 

outside of tile casing to prevent soil 
Pit run sand and girivel were placed around the 

(See Figure 14,7). 
of hand -,:cavotion inside the casing

uncle' ihe iighway. A small amount
slippage and to retain support 

;nstrlllt in, o1 tLe bIll-joi5n' clamps.
permitted safe and easy 

hoisting shackles installed through holes near the top rim. 
The casing can be readily moved ,ith 

vcter mains in unstable ground. In addition 
found usefl on the repair of small

This device has also been 

it protects the workmen against cave-ins,


to saving of time, 

14.7 SHORING WITH PORTABLE CASINGFIGURE 

Postscript 

workers and refined through experience. We 
in the field by journeymanThese ideas were developed 

who knows of sinilar special and useful devices, ideas, or methods to 
encourage any water works man 

suggest them for publication in this series. 
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INTERNATIONAL PROGRAM IN SANITARY ENGINEERING DESIC (IPSED)
 
AN EDUCATIONAL OPPORTUNITY
 

The International Program in Sanitary Engineering Desig (IPSED) at the Uoiveisity of North Carolinsa 
was created in 1962 as part of the United States partlcipaticn in the Global Community Water Supply 
Program. IPSED is sponsored by the Agency foi International Development (AID) of the U. S. Department 
of State. One IPSED function is education of engineers flor developing countlies; education intended to 
enable them to assume responsibility for pieparing project and program studies and reports, preparing 
financial and feasikility studies, designing v.r!, preparing detailed pian., ,pucifications, and contract 
documents, and for errgineer ing rrtpcvC1i',ra 4f contr ucton. 

A new group of participants enters the program each September, .vith each participant's program 
running six to twelve months - v,_raging about ten months. The participant is first errrolled in an irtensive 
one-semester academic program at the University. The emphasis during this phase of the program is on 
instruction in design of water and sewage works. If an academically qualified participant so desires, he 
may enroll for postgraduate credit, up to eleven semester hours, and receive such credit on a University 
transcript on successful completion of the academic courses. Application for enrollment for credit may 
be made after arrival at the University. As wa, stated, enrollment for credit is optional and is not manda
tory for enrollment in IPSED. 

Following his academic ssork, each participant is usually assigned to a mun: ipal water works or other 
public agency for one month as a professional observer. Following this, each paricipc,,it serves a two to 
six month "internship" it) the office of a U. S. consulting engineer. 

The program at UNC is conducted by the staff of the Department of Environmental Sciences and
 
Engineering with visiting lecturers drawn from engineering and public agency offices. Group trips are
 
made to water supply and waste-water disposal projects in operation and under construction, to design
 
offices, to facilities of equipment manufacturers, and to locai and national meetings of professional and
 
technical societies. The UNC staff clso monitors field residence trainhng. 

Participants entering the Program must have an engineering degree, must have some specialized ex
perience, advanced education, or interest in sanitary engineering, and must be able to communicate com
petently in English. Applicants must submit for review transcripts of college grades and the usual bio
graphical data. Information as to the present oczcupation and employment of the applicant is also required, 
as well as assurance from his employer that he will be assigned, on returning to his country, to a position 
at least equal to that held prior to his training, in which the newly acquired knowledge can be applied. 

The U. S. Agency for International Development Missions in various countries, in cooperation with 
host go,ernmerts, select and sponsor participants. Application may be made directly to local AID 
Missions. These are generally located near the U. S. Embassy. In countries where there is no AID mis
sion, inquiries may be directed to the nearest U. S. diplomatic or consular office, preferably to the Edu
cational or Cultural Affairs Officer. 

The World Health Organization aso sponsors participants in this program, and inquiries may be directed 
to their headquarters in Geneva, Switzerland or to any one of their regional offices located in Copenhagan, 
Denmark; Manila, Philippines; Alexandria, United Arab Republic; New Delhi, India; and Washington, 
D. C., U.S.A. Many local World Health Organization (and Pan American Health Organization) engineers 
are familiar with IPSED and may be of assistance in making application. The Ford and Rockefeller Founda
tions, the Orgonzation of American States, and other such agencies may also sponsor participants. Appli
cations from self-sponsored participants will be considered but such participants must expect to provide 
their own financial support. 
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JETTING SMALL TUBEWELLS BY HAND 

ABSTRACT 

The "sludger method," primitive but effective, for construction of small tubular wells is described. 
not exceed 250 feet j80Where the soils to be penetrated are fine, the maximum depth of the well does 

meters), and labor is plentiful and cheap, "sludging in"is a simple, economical, dependable method 

that can be accomplished entirely with handtools. 

(Key words: wells, ground water, water supply) 

Sources of Information 

John A. Bellizia, "East Pakistan Fights Disease," AID Internal Paper, June 1956. 

East Pakistan Directorate of Public Health Engineering, "Facts About a Tube-Well," Dacca, No 

Date. 

Evelyn L. Shockey, Technical Information Officer, Health Service, Office of War on Hunger, AID, 

Washington, D. C., U.S.A. (Photographs). 

Introduction 

Throughout most of East Pakistan tubular wells, provided with sturdy hand pumps and concrete pro-
There a well 2rC 

tective apronsare a practical solution to the village drinking water supply problem. 

feet deep will usually draw fresh water of good quality. Because of hydrostatic pressure of overlying 

can be used to draw water from most of these wells.brackish waters, shallow well pumps 

problems. Many of the villages are inaccessibleHowever installation of such wells poses numerous 
while the rigs themselvesexcept by boat or on foot. Trained operators of well driving rigs are scarce, 

are costly, heavy, and cumbersome. 

This publication"series is prepared by the lnternatinal Program in :Sanitary Engineering Design (IPSED) 

underthe sp4aos"rip 6f the Community WaterS#y, Bronchi Agucy forlatereationA Development (AID), 
a program o/the Department of Envirmmental Sciences andUnited States Depoartment of State. IPSED is. 

Correspondence shouldEngineering, School of Public Health, University of North Caralina at Chapel Hill. 
IPSED, Box 630, Chapel Hill, N. C., 27514, U.S.A. Pub.

be adfiressed to Fredeiick E. Mclunkin, Editor 
obtained

lications are supplied free of cbargc to-engineers uwrki*g indeveloping countrics and may be 
missions, or by utrit.g the University. Material for publication is invitede

from U.S. etkssie$.,US.A.I:D, 
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One solution developed by Pakistanis is a methori of "slucging in" the well pipes. This method is
 
satisfactory in Fine or sandy soils, where the maximum well depth isless than 250 feet (80 meters), and.
 
where labor is plentiful and cheap. No tools are reqLired other than a length of chain and two pipe
 
wrenches.
 

The labor cost per successful well is usually le,.i than US $5. Added to the labor cost is about US 
$125 to cover pipe, well screens, pump, check valve, and concrete for a platform. Total cost is approxi
mately US $160 per well. 

Construction 

The method of construction is illustrated in the accompanying photcgraphs. 

1iuaugh 

sinking of the well pipe. The pipe is pushed up and down by jerking action through the bamboo lever
 
chained to the pipe. While the pipe is penetrating, the loosened !oil enters at the bottom, is suspended
 
in the water, and flushed out through the top of the pipe, the entire sequence deepening the hole. As
 
the pipe penetrates the hol i, new pieces are added (photo 12).
 

Photographz I 5 show the necessary preparation while photos 6 through 10 show the actal 

During the process one man sits on top of the staging operating the "flap valve" (photos 7 and 8) and 
also insuring that the pipe is driven vertically. At every upward and downward motion of the boring pipe, 
he operates his hand in the mouth of the pipe in such a way that a vacuum is created to give a sucking 
action. 

During the progress of the work, soil samples are collected and examined at every 5 feet (1.5 meters) 
of depth. Boring continues until good water bearing strata are obtained. Then the whole length of pipe 
is withdrawn piece by piece keeping the bore intact. The bamboo lever, chain, and pipe wrenches may 
be used tc free the pipe in event of difficulty. Immediately after withdrawal, struiners along with pipes 
are fitted and lowered to the ascertained depth. 

Immediately after sinking the well, it should be washed with a powerful pump to clean off sand and 
other foreign materials. Washing (or development) may also be done by tilting (surging) water near the 
strainer by a weight hanging from a wire-rope and continuously pumping the well with an ordinary hand 
pump for at least 16 working hours. 

Contamination 

Tube-wells should be located away from surface drainage and above flood level. They should be at 
least 100 feet (30 meters) removed from any sewer, latrine, or cesspool. 

The construction of a concrete platform with a spill water drain is an integral part of sinking a tube 
well. Also uny space between the outside of the casing and the inside of the bored holev should be 
cemented with grout. Otherwise used surface water around the well may trickle down the side of the 
tube-well pipe to the strainjr and enter the well. 

Following construction and before use, the well installation should be disinfected with a chlorine 
solution prepared by mixing a tablespoonful of calcium or sodium hypochlorite, lime chloride, or bleach
ing powder with a little water to make a thin paste, carefully breaking all lumps. Stir this into a quart 
(lIter) of water. Allow the mixture to stand a short time. Pour off the clear liquid into the well. 
Agitate the water in the well, mixing it throughly, and let it stand several hours, preferably overnight. 
Then flush the well to remove all the disinfecting agent. The well casing above the water level can be 
disinfected by returning the water to the well during the first part af the flushing, thereby washing the 
walls with chlorinated water. 
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(Ill AHEN ON( LENGTH OF PIPE IS . I, ,
LENGT"HF LHt/I I' , , 

, 	 A NfI LENGTH OF PIPE IS COUPtIED ON, 

(131 MOREWATERADDEDTO THE PIT AS tH lEVIL DROPS 

FIGURE 15-1 (CONT.) 
"SLUDGER METHOD" FOR 

3INKING SMALL TUBEWELLS 

I141	AND TMEWELLDRIVING BY THE "SLUDGING" PROCESS 
CONTINUES, SIX M[N CAN INSTALL A 1-1/2 INCH 14CMI 
TUBULAR WELL?OOFEET(0 METERSi DEEPIN rOOP DAYS 
BY THIS NTETHOD 
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ESCUELA REGIONAL DF iWGENIERIA S4NITARIA 

Los estudios de Ingeonerla Sanitaria a nivel de post-7rado, fueron establecidos en ]a Fcocultad de 
Ingenierla de laUniversidad de San Carlos de Guatemala can caracter regional, para Centroamerica, de 
acuerdo con la resoluci6n del Consejo Superior Universitazro Centroamericano - CSUCA - en su IIRe
uni6n Ordinarioa. 

La Escuelo Regional ho sido planeada pnra dotar a Centromrica de una Instituci6n regional, copaz 
de tener a su cargo, en foria pe(mrinenlo, la edur!6n ovc.,zado en elcampo de la Ingenier'a Sanitaria, 
para Ilenor la ciecierile dcmando don et, p-J 'lidad y colahorar en esta formo en el 6xito 
de los progromas de Obras ,ontricos actua!mente cri ejecucion y expansion. 

El programo de enseFianza, con duraci ,n dr un o6o, esta concebido a que los profesionales que 
participan en el mismo adquieron, edem6s de un conocimiento con s61 idas bases cient'ficas y tecnologicas, 
un concepto fundamental de planeamiento a largo plaza y Iorelativo a la programaci6n, dise o, con
strucci6n, odininistraci6n, opeacioi ),financiamento de obras sanitaricas. 

Como parte y complemento del programa de ense-an.:, so da especial interns a la investigacion 
aplicada pare adaptar las ti.cnicas y mftodos modernos de Ingenierra Sanitaria a las condliciones culturoles 
y economicas de la regi6fn. 

Las directrices de la Escuela Regional son fijadas por un Comite Consultivo, integrado par represent
antes de las cinco Universidades centroamericanas. A propuesta de este ComitY, se ha puesto nfasis en 
el programa de estudios en los aspectos fundamentales de aqua potable y alcantarillado y disposici6n de 
desechos, incluyendo tambin las actividades generales en los campos cleSaneamiento y la Salud Publica. 

Par acuerdo entre el CSUCA y Regional Office Central America and Panama, U.S.A.I.D., la 
Universicdod de Carolina del Norte colaborara y parlicipar6 par medio de su Escuela de Salud Publica, en 
el programa regional do estudios do post-grado de Ingenieria Sanitaria en la Universicdad de San Carlos de 
Guatemala, a troves de un intercambio de profesores y consultores. 

Las sol icitudes de inscripci6n deben hacerse en formulario especial, el cual puede obtenerse en la 
Secretaria de la Facultad de Ingenier'a de Ia Universidad de San Carlos de Guatemala a solicitarlo par 
la vj0 postal a Ia Secretarra General del CSUCA, en San Josede Costa Rica. Estas salicitudes debern 
presentarse, con duplicado, a laSecretarra General de la Universidad en el palsidel so icitante a a Ia 
dependencia que corresponda. Las sol icitudes dleprofesionales no residentes en Centro America deberan 
dirigirse directamente a la Universidad do San Carlos de Guatemala. 

"NEW FACTORS IN THE DESIGN, OPERATION AND 

PERFORMANCE OF WASTE-STABILIZATION PONDS" 

In the developing countries, unit costs of waste-stabilization ponds are generally low. Moreover, in 
the tropics and subtropics, environmental conditions are conducive to a high level of pond performance. 
In view of this, the theory, operation and performance of such ponds under these conditions have been 
studied. This work has recently been reported by former IPSED staff member G.v.R. Marais in the Bulletin 
of the World Health Organization, Vol. 34 (1966) pages 737-763. Reprints ore available from the Editor, 
IPSEI), Box 630, Chapel Hill, N. C., 27514, U.S.A. 
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TEMPORARY CHLORINATION OF SMALL WATER SUPPLIES 

ABSTRACT 

Construction and operation of a small (about 20 liters) portable chlorinator is described. It may be 
constructed of local materials for about U.S. $9 and has been successfully used in rural water supplies in 
the Sudan. 

(Key words: chlorination, water supply, disinfection) 

Source of Information 

This item was prepared from information suppliea by the Community Water Supply Programme, World 
Health Organization (WHO). 

The apparatus was developed in c.inection with WHO Project Sudan 42; the drawing and schedule 
of costs were taken from the report of 1,.E. Grombach, Short Term Consultant to the WHO Eastern 
Mediterrean Regional Office. 

Construction 

Figure 16._I shows the construction of a portable chlorinator which hos been installed successfully in 
a number of rural water supply installations in the Sudan. Basically the unit consists of an inverted plastic 
"jerry can" container of 20 liters (about 5 U.S. gallons) capacity, in the base of which a hole has been 
cut. A sieve (mosquito gauze) and a loose-fitting, non-airtight cover (plastic) are removable for filling 
and access. The float may be made of styroform - a roam-like plastic commonly used as packing material. 
Glass tees are used for the liquid intake. 

The solution feed rate may be controlled by adjusting the orifice diameter of the stem of the tee. 
The diameter may be decreased by drawing out the glass stem over a Bunsen burner or other gmz flame and 
nipping it off by trial and error until a satisfactory solution feed rate is achieved. 
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AID-UNQ,/IPSED Series Item No. 16 

For a given orifice diameter and depth below the float, the unit will discharge at a near-constant 

rate due to the constant hydraulic head maintained above the orifice by movement of the float as soltion 

is discharged. 

Operation 

In the Sudan, chloride of lime is used as disinfecting agent, and mixed at the rute of 100 grami (the 
gallons of water) in aapproximate content of a tea gloss) to 5 liters of water (0.21 p.und to 1.25 US 

bucket and is allowed to stand for some hours before pouring into the chlcrinator, taking care that the 
Mixing and standing of solution in alternate buckets isinactive sediment is excluded and thrown away. 


timed in accordance wi' u,..iitity of water to be treated. Tomorrow's first bucketful ismixed today nnd
 

stands overnight.
 

the above make%a solution ofAllowing for 25 per cent chlorine content in the chloride of lime, 

5,000 parts per million (ppm) chlorine, capable of imparting a dose of 1 ppm to 25,000 liters (6,600 

US gallons, 5,500 UK gallons). 

Cost 

The total cost was about US $9 per unit and all materials were obtained locally except the glass 

were obtained from a local laboratory, later ones were ordered from overseas.tees. The first few tees 

Table 16.1 lists quantities and cosis.
 

Not,
 

Descriptions of olution-feed chlorinators have been published previously in Water Supply and Sanita

tion in Developing Countries as AID-UNC/IPSED Series Items No. 4, No. 7, No. 8,No. 9, and No. 

10. Item No. 5 coi id-also e adapted to such use. 
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AID-UNC/IPSED Series Item No. 16 

Table 16.1 

ONF PLASTIC JERRYCAN CHLORINATOR WITH FLOATING OUTLET 

a) Chlorinator 

Bill of Quantities and Ccsts (Sudan) 
us $

equivalent 

I Plastic Jerrycan 25 liter (5 gallon) 

I Float of Plastic foam 28 an/12cn/1. 2 cm (iI irV5in/1/2in) 

1.01 

0.14 

3 Glass Tube - tee, ext. dia 7mm (1/4 in), length 50/50/50mm 
(2/2/2 in) with nozzles worked to various intake width 0.'79 

3 Rubber stoppers, bottom 25 mm (1 in), top 29 mm 0.22 

1 Rubber tubing, ext. dia 9 mm, int. 
flexible, length 120 cm (50 in) 

dia 6 mm (1/4 in) extremely 
0.28 

Mounting of chlorinator in workshop 0.57 

Transport 1.01 

4.02 

b) Auxiliary Equipment 

I Plastic Funnel 0.28 

1 Plastic Tubing, ext. dia 12 mm, int. doa 9 mm (3/8 in), length, 
according to plant lay-out, 10 m (33 ft) 2.30 

2 Plastic Buckets 6 liter (6 quart) for preparing bleach solution 2.02 

4.60 

Total cost of Jerrycon Chlorinator 8.62 
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WATER SUPPLY AND SANITATION 

"ltl" IN DEVELOPING COUNTRIES
 

UNIVERSITY OF NORTH CAROLINAAGL1CY FOR INTERNATIONAL DEVELOPMENT 

FRrDEsUCX E. MCJuNW~, EvYtO 

AID-UNC/IPSED Series Item No. 17August 1967 

AN INEXPENSIV , TRUCK-MOUNTED, JETTING-DRIVING
 
VE LL DRILLING RIG
 

ABSTRACT 

Construction and operation of a simple, inexpensive, truck-mounted well drilling rig suitable for 

jetting and driving 2-inch (5-cm) diameter well pipe in alluvial soils are described. The cost to make such 

a rig in Cambodia is about US $100, exclusive of the truck, and each rig can drill about 9 wells per 

month at an average depth of 100 feet (30 meters). 

(Key words: wells, ground water, water supply) 

Source of Information 

at that time Well Drilling Advisor, U. S.This drill rig was developed in 1961 by Marvin E. Miller, 
Agency for International Development (USAID), Cambodia; and is described in several internal AID docu

ments by Bru.ce T. Wood, formerly Sanitariun, LISAID, Cambodia. These docunnts were made available 

to the editor by Arthur H. Holloway, Acting Chief, Community Water Supply Branch, Office of the War 

on Hunger, USAID, Washington, D. C. 

Construction 

The rig is basically a Dodge Power Wagon or similar truck with a folding steel mist bolted to the truck 

Figure 17.1 shows the general layout while Figure 17.2 details the necessary subassemblies. Thebed. 

pipe or casing is driven by a sliding 90-pound (40-kilogram) weight or hammer (Detail A) made by filling
 

a 6-inch (15-cm) piece of clsing with lead and capping both ends with steel plate. The drop hammer,
 

sometimes known as a driving, monkey, slides on a special shaft with a flared driving ring at its base.
 

Details B, C, D, E, J, cnd K illustrate the assembly of the mast and its supports. The mast may be 

lowered by removing one bolt at its base and rotating it about the shaft shown in Details C and K. The 

mast assembly may be easily removed from thn truck by removing the three bolts fastening it to the truck 

bed. Slight adjustments in tht dimensions shown in Details C, E, and I may be necessary for trucks with 

different dimensions thc~n those shown. 
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FIGURE 17.1 TRUCK-MOUNTED, JETTING- DRIVING WELL LRILLING RIG. 
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AID-UNC/IPSED Series Item No. 17 

For power, a rear wheel is removed and replaced with a cathead (Detail F) and spudder wheel.(Detail
H). A stake Detail G) is provided for letting out rope or cable as drilling progresses. Several guide
sheaves (Details I and L) and a crown pulley at the top of ihe mast (Detail B) complete the rope assembly. 

Operat ion 

Setting up. Place truck on the drilling site, chock the wheels, raise the mast, place the left rear 
axle on blocks, and level the machine. Replace the left rear wheel with the cathead and spudder wheels 
(Figure 17.3.1). Attach a ten-foot length of two-inch pipe to the hammer assembly and drive this piece
of pipe into the ground, making sure lhat the pipe is vertically alined (Figure 17.3.2). The driller in 
Figure 17.3.2 is using the cathead to lift the hammer. When using the cathead without the spudder arm 
the truck should be in a forv.id gear. Dig a mud pit consisting of two holes approximately 3 feet by 3 
feet by 2 feet (1 m x I m x 2/3 m)and connect them with a shallow trench. Next, dig a trench from the 
well casing to the mid pit. 

Drilling 

Screw bit (Figure 17.3 .3) on fo end of 10-foot (3 -meter) length of 3/4-inch (2 -cm) pipe. Insert in
 
2-inch casing ard begin pumping. When circulation of drilling fluid is established begn jetting and,
 
using either the spudder arm or cothead alone, 
 raise and lower the drill pipe while a driller continuously
 
turns the pipe in a 1800 arc so that the hole drilled will be round (Figure 17.3.4). Continue drilling by

adding 10-foot lengths of drill pipe until 30 feet (10 meters) has been jetted. Remove drill rod, add a
 
10-foot length of 2-inch casing and drive, Remove hammer, and drill by jetting 10 more feet. Alternate
 
in this manner, keeping the jetted drillhole about 20 feet (6 meters) beyond the end of the casing until
 
sand is reached. 

The jetting bit shown in Figure 17.3.3 was made from an automobile leaf spring, sharpened and
welded into one-inch pipe. The bit is 1-7/8 inches in diameter. Figure 17.3.5 shows the hose connection 
and swivel used while jetting. Water for the jetting pump should be taken from the second or farther pit 
from the well, aliowing the first to serve as a settling basin. 

In operating the drop hammer, slack in the rope should be taken up when the htmmmer is at rest. The 
spudder arm, rotating clochwise (truck in reverse gear), then lifts and drops the hammer once per revolution 
(Figure 17.3.6). The speed of rotation may be controlled by the throtHe setting on the truck engine. The 
drop height may be shortened by using the spudder arm closer to the axle. As the pipe casing is driven 
down, more rope must be fed from the stake behind the truck cab. These operations require continuous 
attention by the driller. 

By checking the cuttings in the drilling mud, the formation penetrated can be determined. Drill 
through the aquifer, noting the depth of the coarsest stratum, and remove the drill pipe and bit. Deter
mine where the screen is to be placed, drive casting to the desired depth, insert a telescoping well point
and drive to desired depth (Figure 17.3 .7), and swedge (Figure 17.3.8). 

Development and Sanitary Protection 

The comments on development of hydraulic performance and the sanitary protection of completed
wells as outlined in AID-UNC/IPSED Series Item No. 15, "Jetting Small Tubewells by Hand," are also 
appropriate tc this Item. 
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FIGURE 17.3 

WELL DRILLING RIG AID-UNC/IPSED Series Item No. 17
OPERATION OF 

(CONTINUED FROM PRECEDING PAGE) 

Ihl vnc n Marvin E. Miller OieratinJ sattllng-percuSsion rig.Orill Two 5 v ie int the groutd withiqle! ll n Inclh cain1 Inn(I (J71itnI 

the helmmer. 

' i. 

poit. belig tio !;wudqiq lead packera n 
M rvin E. Miller insert nit telesculin drivl SwO(|11 hw-e-od 

screwn,. 

Perfotmance 

This rig has satisfactorily drilled several hundred 2-inch diameter wells in alluvial soils ;n Cambodia. 

It can be built, using homemade attachments, for less than US $100, exclusive of the cost of a light 

drill 9-10 wells per month at an average depth of 100 feet (30 meters). It cannottruck. Such a rig can 
drill through rock. 
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PRACTICAL HYDRAULICS 
PART ONEFOR THE PUBLIC WORKS ENGINEER 

F. E. McJUNKIN and P. A. VESILIND 
Department of Environmental Sciences and Engineering, 
University of North Carolina, Chapel Hill, North Carolina 

De.ign or analysis of almost any mnafor public works project requires application of hydraulic 

engineering principleI and procedures. Water supply and distribution, wastewater collection and 
disposal, drainage, flood control, irrigation, and navigation are ready examples. However, many 
engineers who ate not involved daily in such tasks find that they require periodic, brief review 
to retain and sharpen their skills. Those engineers regularly involved in 
personal collections of design aids and references useful. This review is an 
nerds of both groups in concise and useJul fashion. 

FLUIDS AT REST 
Fluid Pressure 

By pressure is meant the force 
exerted on a unit area. Pressure, P, 

exerted by a column of fluid is a 

function of the specific weight of 
the fluid, e.g., in pounds per cubic 
inch, and its height (depth) in 
inches, I. 

P - wh 

This relationship will hold for any 

consistent set of units. P, however, 

is frequently expressed in pounds 

per square inch, and h as feet of 

ater. The specific weight w of wa-

ter is 62.4 pounds per cubic foot. 
A convenient relationship between 

Sand P, therefore, is: 


P (psi) = 0.433 h (ft.) 


The vertical distance It is usually 
termed the "head" of a liquid, or 
the "static head." The pressures dis-
tussed above are due to the weight 
of the liquid only. 'T'hese pressures 
can be measured by an ordinary 
gage and therefore are termed gage 
pressures. Absolute pressure takes 

GAGE
 
PRESSURE
 

ATMOSPHERIC PRESSURE 

VACUUM-) 

.nto account both the pressure ex-
erted by the liquid and the pressure 
exerted by the atmosphere. The 

mean pressure of the atmosphere at 
sea level is usually assumed to be 
14.7 lbs. per square inch, which is 

equivalent to a head of 23.9 feet of 
water. If a pressure is less than at-
mospheric, it is designated as a vacu-
um, and its gage reading is the differ-
ence between liquid. and atmospher-
ic pressure. A per,-ct vacuum cor-

esponds to absolute zero pressure. 

The properties of liquids are not 

usually affected by atmospheric 
pressure and therefore most calcu-

lations are in terms of gage pres-

sure. Gage pressure is sometimes 
denoted h,. psie and ihso'w pres-
;ure by psia. In this discuss~on, ps:
will be taken to designate gage 

pressure, unless otherwise indicated, 

These are illustrated in Figure 1. 

The pressures exerted by liquid 
in a reservoir and pipe are shown 
in Figure 2. The liquid in this case 
is assumed to be at rest and the 
pressures shown are static pressures. 
It is important to not" that the 
shape of the water column is not 
important, rather, it is the vertical 

hydraulic work find 
attempt to meet the 

distance between any point along 
the pipe and the surface of the res
ervoir which determines the static 

pressure in the pipe. 

Measuring Instruments 

Pressures are commonly meas
ured by the Bourdon gage. This 
gage contains an elliptical cuived 
tube which changes its curvatuze 
with changes in pressure. The free 
end of the tube rotates a dial hand 

through a linkage system. 
A simple piezometer, shown in 

Figure 3, consists of a small tube 

rising from a container in which 

liquid is under pressure. The total 

height of the water in the piezome
ter (pressure measuring) tube de
notes the pressure of the liquid.
Piezometers can be used to measure 

both static pressures and pres!!ures 

of flowing fluids. 

Manometers are used to measure 
pressures when simple piezameters 
are inadequate. A simple manometer 
is shown in Figure 4. The manome
ter fluid is usually mercury al
though other fluids may be used de
pending on the range cf pressures 
to be measured. 

. FIGURE 1 (left) Pressure schematic. 

U FIGURE 2 (below). Static pressure exerted by water. 
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0 FIGURE 3. imple Pezometer. 

By reading the difference in 
height (Y) of the manometer fluid 
in the two legs of the tube, the 
pressure inside the pipe(A) can be 
determined. A gage equation for 
this manometer can be written by 
beginning at the open end of tile 

~ 

I

Y 

B 
I 


" 


IAA 

_-

n FIGURE 4. Simple manometer 

manomeler and proceeding through 
the tube to pint A', adding terms 
when il,:.cending a column, suh
tracting when ascending and equat-
ing the results to the head A. For 
the simple manometer shown the 
equation 	 is: 

DI:scrNiNC IN 'jUBL: 
Height of inanom-

Oeer fluid (Y - Z) 
times fluid specific + 
weight (W) Y-4 ) 

AscENDINt IN Tuin,:
 

Ieight of illanonl
eter fluid (Z) times 

fluid specitic wt. (W) -- (ZW) 

Height of water 

(X) ties specific
 
weight (w,) -(Xw)
 

DESC'ENIUNO IN TUP.iT; 

Height of water
(X 4 Z) times spe-

CHeICi (w) A-(X +- Z)wweight 

P. 	 (Y -- Z)W - ZW 
Xw + (X + Z)w 

1. YW + Zw 
tor in terims of feet of wvater, 

p.
 
Ys -f Z 

where s : specilfi gravity of ma
nooetir fluid.
 
Gage equations for other illanome
ters inay be similarly written.
 

FLUID PROPERTIES holds for inany fluids, whai ire known as New

tonian fluids. Fluids for which the shear stress is 
The density of a fluid is its mass per unit voi- not proportional to !he shear rate are known as 

ume. In the English system, density is expressed as non-Newtonian fluids. An example of a non-New
slugs per cubic foot, or as lb-see-/ft

4
. Density in tonian fluid is biological sludge. The teri viscosity, 

the metric system is in terms of grams per cubic -lien apllied to biological s!udge, is therefore sig
centimeter. The density of water under standard nificant only if either the rate of deformation or 
conditions is 1.94 in the English system and unity the shear stress is also specified. 
in the metric system. In the metric sy.tem, a unit of viscosity is a 

by poise, with units of grams per centimeter-second.Specific weight represents the force exerted 

gravity on a unit volume of fluid and therefore Most fluid..have low viscusity and a more conven

must terms force 	 Cn4t 0.01 poise. visbe in of per unit volume, such unit is the or Ientipoise The 
as pounds per cubic foot. The specific weight is (osity of water at 8.1 F is t ientipoise. In the 

specific weight English system th, unit of viscosity is pound see
related to density as w = g. The 

rodsper square foot. One lb)-sec 'ft" equals 479
of water 	is 02.4 pounds per cubic foot. 

poise. 
Specific gravity of a liquid is the ratio of its Kinematic viscosily! is defined as the absolute 

density to that of pure water at a standard tem- viscosity, f,,divided by the density of the fluid, or 
perature. In the metric system the density of water v = jiL. The dimensions of kinematic viscosity are 
is one gram per cubic centimeter and hence the squire centimeters per second. Fluid viscosity is 

specific gravity hts the same numerical value as a function of tenperature. Table 1 is illustrative. 
the density. 	 Table 1-Viscosity of Water 

The viscosity of a fluid is a measure of its re- Temperature Viscosity 
sistance to shear or angular deformation and is F Ib.-sec./It.- Centipoise 
defined as the proportionality constant relating the . .... .... 

shear stress - to the rate of deformation du,'dy. 40 3.1 x 10 1.5 

This proportionality constant is usually written as 50 2.7 x10' 1.3 
60 2.3x 10 1.1

du 	 
= i--. The assumption inherent in this defi- 63.4 2.1 x 101 1.0
 

dy 70 2.0 x 10' 0.96
 

nition is that the shear stress is directly propor- 80 1.8 x 10' 0.86 

tional to the rate of deformation. Such a defin~iion 90 1.6x 10 0.77 



C Internal Pressure Exerted 

Consider a cross-section of pipL 
(see Figure 6) through which a 

h plane XY is passed. The total force 
tending to rupture this pipe along 

H plane XY is equal to 2rLP where p 
is the internal pressure, r is the 
radius of the pipe and L the length. 

- h I'his force is resisted by the tension 
in the pipe wall, T, and 2T 2rLP. 

B45*4 

.. . FLUIDS 	 IN MOTION -- Laminar and Turbulent Flow 

E FIGURE 5. Forces exerted by water There are two distinctly different 

on a vertical plane surface. ty'pe.i of fluid flow: laminar and 

is charac-

/ 	 terized by absence of irregular ed-

(lies or fluctuations in the fluid, 
Fluid particles in laminar flow 

move in definite observable stream-

, " 
-

lines or paths. Laminar flow in 

.	 tu rbulent. Laminar flow 

practical hydraulics is rare. 
Tu rbul eat flow is clhairacterized by 

I irregular motion of a large number 

of particles and erratic paths fol-

- . .. r- -- lowed by ny single particle. The 

- f/luid pairticles exhibit no definite 
/ 	 frequency and no observable pat-

tern. Turbulent flow is encountered 
in almost all practical hydraulics. 

Lamninar flow can often be con-
verted to turbulent flow if physical 

the flowobstacles are put intoT stream. The change from laminar 
to turbulent flow is often character-

g FIGURE 6. Internal pipe ized by presence of a brief "transi-
pressure. 	 tion region" in which the flow 

fluctuates as turbulence builds up. 
Force on Submerged Surfaces The conversion from laminar to tur-

on the bot- bulent flow can be demonstrated byPreviously, the force 
torn of a vessel was shown to be injecting a (lye in a pipe in which 

due to the weight of the liquid, or water is flowing. This is illustrated 

equal to iv times h. Cons'dering the in Figure 7. 
vertical plane ABCD in 	 Figure 5 Steady andUniform Flow 
as the side of a vessel one unit wide. 

a small element a is By "steady flow" is meant that
the force on 
equal to w, times I since the force the flow characteristics at any one 
on a subme'rged surface is equal point along the flow path do not 

flow"regardless of the direction. Tiue to- change with time. "Uniform 

Uul force on plane ABCD, L units means that the flow conditions do 
not change ,vith respect 	 to space.,Aide, 	 must then be equal to the 

sum of all the unit elements a, or Both of these definitions must be 
2HvwL. 


The line of action of the total re-


sultant force passes horizontally oH5ThRUCTION 

through the center of gravity of tih 
triangular wedge. The 	 point at .:::: . 

which this line of action intersects 

the area is call-I the center of _ 


pressure. Co,,sidering the plane 

ABCD 	as being a dan holding back - " " 

water, the resultant force tending to 
overturn this dlam would act "shown

tAcenter 	 of pressure, and LTMNA, ,' '-NT
through the ce n o p aV 
create 	a moment about the line AB. 

Thismomntalclatd ,assumingoul U FIGURE 7. Transition fromThis moment could hebe calculated as 

M = 1/2H'-wL(1/3H) 	 lar-inar to turbulent flow. 

If the thickness of the wall is desig

nated by tand it.s tensile stress by 
S, then T SIL. 1-fence, St = Pr. 
Knowing the pressure, the pipe ra
dius, and allowablh stress, the prop
er wall thickness may be deter
mined. Or. for known w:dl thick
ness. pipe diameter, and allowable 
stress, the maximurn allowable 
pressure can be found. 

modified to be applicable to turbu
lent conditions al it i; usually as

I"fed that by "steady flow" is 

meant "ean ;te uy flow," that oin 

the average, cnditions do not 

cage with Iinm.tSioilarly by "uni

form flow" is reii, "mean 	 uniform 
Ifoa.i 

flow i ;tran t f isa g
flowing full is chn2itthe flow is 
uniform alonu Ih, pipe, but un
stad. inchah5te((Vaadta

flow ca sst invepnd entl 

form flow cal -xist idependently 
of e ch ot l. fo ur cruabuatiots are 

Continuity Equation 

Consider a c-(naverging conical 
pipe ill 1i (I i-i flow ing from 
the large etd to the small. At the 

large end. the ('roc -sc,'tion area is 
A. the v,'loc v itof water is V1. At 
the stanll erod. area A., the velocity 
hias to be gr'at'r t, compensate for 
the srnalle ar',a. 'Ih flow rate Q 

at both has t) he e(I ll, or Ql _-_Q2 
= A11 7 , = A.,V. for steady non

compressible fiow For compressible 
flow the weight of the fluid flowing 

past oile p)lit ia!; to equal .the 

andwveight flowng4 plstc another point,in thmis ens 'e cotinui ty equna
tion is vAVi..l iwhich ii' is 

specific weiight. 

Energy Equation 

One of the fundoilu ntit principles 
of hydraulics states that in a sys
tem, the total 'neigy of a perfect 
liquid under ideal conditions does 
not change as it flows from point 
to point. Total enery is the sum of 

the position en,,ri'y, p,-,( sure ener
gy, and velllity 'let*. fThese en
ergies are lisually stated in tetms of 

feet of fluid, so that position energy 

is static head z. pr'essur e etergy is 

fluid pressture F i'. and thi' velocity 
energy is velocity head V"2 g . 

Consider a Swosig such isSL as 
oi Figur' 8. Wme is flowing 

through this pipe from a reservoir 
with constant surface elevation. and 

there ,re no losses in thissystem, it is obvious ,h,'.t 	 the total 

energy 	or" the tatal head of water 



remains constant, although the form loss of energy. Taking into account 
of the energy or head of water is losses occurring in any system be-
converted from one type of energy tween two points, the equation is: 
to another. For example, at point 1, 
at the surface of the reservoir, all P, V- p., V,-
the energy is static head, while at Z + - + - Z.. + - + 

points 3, 4, and 5, the energy is dis- w 2g w 2g 
tributed among static, pressure and 
velocity head. At point 6, the energy in which hL represents the energy 
of the jet, s it enters the atmos- losses within the systtm. 
phere, is made up of only the ve- The energy loss may occur in 
locity head and the static head. The many places in a system, such as 
total energy, however, is constant valves, bends and sudden changes in 
at all points in the system. pipe diameter. One of the major 

This is the constant energy prin- losses of energy is in the friction be
ciple, commonly known as Bernoul- tween the moving fluid and the 
li's Theorem, which if written be- pipe wall. 
tween any two points in a system is: Figure 9 shows a system similar 

to tho ideal system previously dis-
V1 2 P ,, V .J" cussed, but now the energy lossesP1 

Z + - + Z., + - + - ale considered. The total energy of 
w 2g w 2g the system decreases, so that at the 

discharge, a total lo.s of h, feet of 
This equation holds for *n ideal water has cccurred. This energy loss 
fluid, in which no losses occur. In is not recoverable. The line con-
real systems, however, the flow of necting all points of total energy is 
a fluid is always accompanied by a called the "energy gradient" and 

0 ENERGY GRADIENT 
- ".. - -- I.--__4VT


\-t - 2 
PT V 


4 

_R-

2 Z5 Z, 


I 

IFIGURE 8. Characteristics of ideal flow. 

,Head lossdue to entrance conditions 

Heod lossdue to sudden expansion 

2V--.Head 


-3 FIG 9 Csudden 

zi 

II - I 

2,42 

Zi3
 

must always decrease to the drec
tion of flow, unless external energy 
is added to the system as, for ex
amiple, wit" a ipuiil). 

The "hydraulic gradin" is de
fined as the whichhirn: colniets the 
le;el of static and pressure MIr
gies, or the heigthts at which water 
i pivzometric tubes would ris. The 
lydraulic grativli may increase iin 

the direction of fiiw if velocity head 
is cotver',,d to prte slre he:vd. nite 
.'elationship l'iwee, the evierry and 
hydraulic gradienis is: 

( Energy ,trah"oll V 

,£radhint Gra lier,t) g 
I II .f 

Tetl iva. h,Pi"'..i forinh 
system .;iown in i 'l t. 9 is Ilr, 

Force Equation 
'"'1t force exirtid on a fiee hudv 

;)y a tlv;ln if fluid is F " Q"'. F 
is tbh forc,,azad V' is lh, veloclty 
componilt ,,'rIieidciil;Hi 1o tih' 
body. 'Ihe rcactiol fci, (f a jet of 

wot.r, in which V' i:;,imily lilt jet 
velocity, is bliviolisly 1V :QV. 

Force adll(ini ,niniia ipatiois'lld ar 
(iofimporaolttitt ind i m m il lin of liyd~romachinery - t

tin s at b)liid. . id i la wily o fsis 

channel stahlity.
 

CLOSED CONDUITS 

A basic public wo,ks engineering 
problem is the cans vance of watter 
by means of a fliiv.' channel--viitho 
closed III opi.1. l)r'i,.l tl(' c011
Z-onphace. oat ' this prolill,llilli of 
design metoids foi its solution are 
still largely emliriial. Dimensional 
requirements estbihsh the current 
flow functiOn to h' (ifthe form 

lossdueto
 

contractio 

HT 

I 

UFIGURE9. Characteristics of realistic flow. 
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Table 2-Equivalent Sand 
Roughness 

Pipe (feet)
P 

Rivetedl steel, few rivets 0.003 

Riveted steel, many rivets 0.030 
Concrete, finished surfacv 0.001 

Concrte, rough rvrface 0.010 

Woodstave, smoot surface 0.0006 
Wood . tave, rough zurface 0.003 
Cast iron, new 0.00085 
Galvanized iron, new 0.00050 

Asphalted cast iron, new 0,00040 

Commercial steel, now 000015 

0.00015Wrought iron, new 

Drawn tubing, new 0,000005 
(glass, brass, copper, lead)Sess,,ntinlly "smooth" 0es'nfalv 'sroof''a 

known as the Darcy - Weisach1 
equation: 


L V-

d 2g.0174 • 2gh
 

where: Ii/ is tite head loss Il a ipe 
of length L and diarneter d through 

which a fluid is transported at ioean 

velocity V; fl is tile acceleration of 
gravity; :ncd f is a dimenisionless 
friction ett(,r influenced by %iscos-
ity, gravity, wall toughnes, and to 

t 
a negligible ex e-nt in these plrb-

lets, surface tension and fluid corn-
pressibility. 

Because of the Crarlex ntuLr' of 

the friction factor function, v-arious 

attempts hiave been made to grOtll 

all roughness dinensions into a single 

repres'entativ' dimension, the oos' 

widespread being the iequivalent 

sand-grai dianiet'r," E, of Niku-

radse. Representative valus ar 

given in Table 2. On the basis of a 

large n umber of experiments on rc-
sistance in conmmerrial Pipes, Moody 

published a set of curves in a single 
diagram (Figrre 10) that descri)-s 
the relation between the friction 
factor f, the relative roughness, /D, 
and the Reynolds number. The 
Moody Curves" have been popular-

ized by their incltSion in nearly all 
modern texts on fluid mechanics. 

An example illustrates usage of 

the Moody eurves, 

Gs'EN: A smooth-walled conciete 
pipe is required to carry 10 efs a 
distance of 5000 ft. with a nmaxi-
mum head loss of 5 ft.; water 
"emperature is 60' F. 

FiD: Minimui pipe dimeter 

SOLUTION: From Table 2, 

0.001 ft. 

Try P : 24 inches; then 

Q 10 cfs 


Vaterlal. :- :3.18 fLs 

A -(I ft) 

and VD" (3.18) (24) - 76.3 
0.001 ft. 

C t i s0and 0..0005 
D 2 0ft. 

From Figure 10, f 0.Mt]77
 
( .. 185 ( 0 ( 3 .1 8)
 
( 0 

(2) (2) (32.2) 
-- 7.0 ft. • 5 ft 

TryI'1) 27 inches: 

10) 
thel' V = 25 fps

7. 1 :l I 

and VI)" (2.5) (27) 68 

a(L 0 t I 1and 	..... 0M 

D 2.25 

IFron I'igiuri' 1l, f - 0)171 

(50100) 12.51-
r 

(2.25) (2) "32.2) 

h, 3.1, ft 5 f!
 

ANswl.:n: Use iinwi'r of 27 il'hh,'s. 
Ill this eutnile. te i' pro'edure in-

%lvies sol\ng fil I'D", \vlic.h rlp

r,,sents tlii',hu c i i ill ti' t p of 
the chart and o/i), tilt' rig,ht-hand 
Ordinate. A 'ertical lie frosi ile 
colue found for VI)" is f,,llowid t 
till, 	 intersction of ih,. ii'' cor',-

sponiding to tih valh' found for ./J). 
Ftront this point of intersection, it 

horizontal li' is followed to th, 

lft-liand ordinati ho tirl the -ilr-

respondinI, saue (If f. ''he I)AcTY-
Weishh l ei tion may thiolli he 

iilved fit lit,. 
The I)arcy-Weisi; icih , qulioil1 S 

not 	 widely use'd ill Ii 1rk 
practice. Beullse ite rIlaiti h 

ness E 1) is a ke'y to f, trial and ,i 
ror 	solution is required. AIso addi-

tional diagrams are required for 
paretially illed and nancircular sec 
ti:irs. Because if tlite: practical 
shortcomings, e'ncir'ers have rI-

sorted to fitted exptiential tqua-
tions for fillw calculauions. Among 

these, the IIaze-W;llialis formula 

is most wi 
d 

ely u sed in theI Uniti-d 
States for flow in il-essti' pipes and 

the 	 Manning foranulal for Ilow in 
open channels or pipes not flowing 
full. 	These formulas are linlited to 
turbulent flow of water and to corn
mon ambient temperatures. 

The Hazen-Williams formula is: 
V -- 1.318 C "

0 
6

.1so 5 

in which V is tile mean velocity of 
flow in feet per second, r is the hy-

dr-ihc radius (area divided by 
wetted p,.'rimeter) in feet, s is the 
slope of the hydraulic grade line, 
and 	 C is the H1iiien-Willianms frie
tion 'orfi iilt. Col i rul'd with the
 
1iotiluity tcquat ion. Q AV, tile
 
feriniil for discharge, Q, in gallons
 
per 	 nilite cir('Wr Pllp' difor of 
a n er in illh , i; 

Q (7) 

''lh lioinogiailh !sown as ligure lI
 

is a sOluti o Of t' ;Ihove eiquation.
 
Tahh 3 suiiiiariies llIa;,ti-Willialiis
 
(t.i ic;-iits f( , variols pip riiteri

als.
 

Exalipt 1'obh'il:
 
(;ts'e:N 'liiwpti'~5i ' drop tlrough


lin(.0-inch si,sts-rerilt pipe, 

:1, firt,t ill -illh is 20 pd. 

Fli : ''illo laoxv iIii li tilt' pipe.- 231t 

SolIT : 20Ip.- x 20 1 fi et 

,.,,ater [Li 1;. f.,.t of hmad loss 

( ,). . .2 [I • 3000 f(,,t - 15.A 

feet 111011 ( )ftl "roi Taile 3,ilt' I 1I/' . -ll-W1i o s cotllcaient is 

l11 hiIlh;irri-Willianis1.10 	 lo'i .

Table 3--Valucs of "C" for 
Hazen-Williams Formula 

Type f PipeC 
A5')etos Cement 14C 
Brass 130 140 

i k 
trick Sewerl 100 

Cs'.f Iron 
New, Unhned 130 

Old Unlined' 40-120 

Cement Lined 130-150 

itu'nasti Enamel Lined 140-150 

far Coated 115-135 

Concrtte or Connete lined 

tee form, 140 

Wooden forms 120 
Wdenlloally Spun 135 

Copper 	 130-140 

[ire Hosc (Rubber Lined) 135 

Gilvanized Iron 120 
Glass 140 

Lead 	 130.140 

120-140Masonry Conduit 
140.150Plastic 

SteelTar Eamal Lined 145150 
New Unlined 140 150 

Riveted 	 110 

Tin 130 

Vitrified 100-140 
Wood Stave 120 

'See "Hy-roulic Tables," by G. S. Williams 
and A. tazen, Wiley, New York. 

'7 



Table 4-Minor Losses of Head as V/29 

Loss Nature of LosNature of 
Special Resistance K Special Resistance K 

45LElbowAngie Valve 
Use 3/4 of Loss for 90'Wide Open 2.5 

Butterfly Valve Bend ofSame Radius 
1 22 1/2' Elbow
 

0 40' 10 Use 1/2 of loss for 90'
 
0. l0 

o 70 320 bend of Same kadius 

Check Valves Entrance Losses 
Horirenlal Lifts l2 Pipe lProjecting into Tank 08 1.0 
Ball 65.70 End of Pipe wilh Tank 0.5flhth 

Swing 0.6 2 5 Sligtrly Rounded 0.23 

Gate Valves Bell MouLthed 0.04 
Wide Open 0.2
 

1/ Cosd .2 Outlet Losses rIn Stil Water
1/4 Closed 1.2 tmci floe 
1/2 Closed 5.6 or Ahnosphoce 1.0
3/4 Closed 24.0 

Sudden ContractionGlobe Vatwes 
10 d.1 - 1:4 0.42 

Wide Open 
d/D - 1/* 0.33 

90' Elbow dIo.: 3:4 0.19 
Ilegular flanged 0.21.0 30 

Long Radius Flanged 014-0.23 Sudden Enlargement 
0.92Short Radius Screwed 09 d.D -1 4 

Medium Radius Screwed 0.75 dI/1) 1 2 0.56 
Long Radius Screwed 0.60 d/D 3,'4 0.19 

nomograph, Figure 11, the dis- for which values of K may be esti-

charge is 460 gpm. If the flow had mated using Tabhle 4. 

tie head los; could Example Problem:
been given, 


be found in reverse manner. GIVEN: Th~e loss for a slow of 1.01cfs
 

Minor Losses Due to Resistance !hrough a given G-inch main with 

Energy or heael is lost at the en- a gate valve wide iopen is 20 ft. 

trance to a pipe or conduit: at FIND: The head loss with the gate 

valves, meters, fittings, and uther vdve 3 A closel. 
irregular features, at enlargements SOrPtTION: Fromn Tabli 4, the in-

ani at flow contractions. These cn .ini in K valti when the valve 

losses, called "minor losses," are in is partially Closed is 24.0-0.2 
excess of friction losses over the 

23.8 (I),IvrienC'e in K for 3/4 
same length of straight pipe rr cor- closed and fully open).
duit, and can be expressed ais: 

V
2 Q 1.0 cfsV..: .....- 5)flS
hrt,= K --
2g A W20( !,f 

Table 5-Minor Losses of Head as Equivalent Lengths 

LossinPipe 

Special Resistance Diameters Special Resistame Diameters 
Nature of Loss in Pipe Nature of 

TeeAngle Vauve 

Flow Through Run ?0Open 170 
to Run or Run to SideFlow SideCheck Valve 65No Throat
Swing Type, Open 8045 

Gate Valve 
Wide Open 7 Lateral 45 

1/4 Closed 40
1/2 lose 200200 Sudden Conltrction112 Closed 

dO 153/434Closed 850 dD 1/421 
d;D- l.2 12
 

Globe Valve d/D 3,4 7 

Open 340 

Sudden Enlargement 

Standard Elbow 32 d/D 1/4 32 

Long Swing Elbow 20 d/d 112 20 

450 Elbow 15 d/D 3/4 7 

8 

PIPES IN PARALLEL:
 

P NOD."I
 

NO,6
 

L, 1400'
 

A EQUIVALENT PIPE 

0 8.8"L IO00f
 

NOTE- C-'00 FOR ALL PIPES 

PIPES IN SERIES:
 
IPENO 3 /PIPE NO.4
 

D-6"
(P D" 0r 
C . L"4,O'o L,600' r 

-ACTUALPIPES-* 

PIPE E_c _OCUIVALFNT 

D.6.5"
 
L" 1000' 

NOTE Cm 100 FOR ALL PIPES 

* FIGURE 12. Equivalent pipes. 

hi. h.,- K (V,,;2g) 
20 ft. "-(23.8) (5.0) /(64.4) 

ANSW- h,. = 29.2 feet. 
For many calculations, it is con

venient to measure minor losses in 
trso qia~tlntsd
 

terns of equivalcnt lengths of 
straight pipe. Those equivalent 
lengths are ;idded to tie actual 
length. For example, tse resistance 

of aI(inch standari( elbow to the 
flow of water through it is the same 
as tie r!,sistance of approximately 
32 pipe diameters or 16 ft.of straight 
6-in. pip(. Therefore. if in a 6-in,. 

lint 30 ft. long thero are two stand

ared elbows, the eouivalent length 
(6 '12)of line is 30 - (G 121 32 --

!nd this length can32 or 62 f(.et, he 

UH112 
Table 5 shows equivalent pipe 
length for other minor losses. 

Used ir 'li ting bead loss of flow. 

Equivalent Pipes 

Two pipes, two systers of pipes, 
or a single pipe and a system of 
pipes are sai:t to be equivalent when 
their losses of head for equal rates 
of flow are equal. (Or flow is equal 

for equal loss of head). Compound 

http:014-0.23
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pipes, whether In parallel or in se-
ries (Fig. 12), can be reduced to 
single, equivalent pipea. The follow-
ing examples are -'Iustrative: 

Examplc of equivalent pipe for 
pipes in parallel: 

GIVEN: Parallel pipes as shown in 
Figure 12. 

llEQumIRE: Diameter of Equivalent 
pipe (length = 1000 feet as-
sumed). 

SOLuTION: 
I. Loss of head through Pipe #1 
must always equal loss of head 
through Pipe #2 between points 
A and B. 

2. Assume any arbitrary head 
loss, say 10 feet. 

3. Calculate head loss in feet 
per 1000 feet for pipes #1 and 
#2. 


10

#1: 	 ---- x 1000 = 7.7 ft./!000 ft. 

1300 

W 
#2 : ---- 1000 = 7.1 ft./1000 ft. 

1400 


4. Use Figure 11 to find flow in 
gallons per minute. 

#I: D = 8 in., s = 0.0077, 
Q = 495 gpm 

#2: D = 6 in., s = 0.0071, 
2The 

Total Q through both pipes = 
715 gpm 

5. Using Figure 11 with s= 0.010 
and Q = 715 gpm, equivalent pipe 
size is found to be 8.8 in. diameter. 

Example of equivalent pipe for 

pipes in series: 


G 	 N: Pipes in series as shown inQ 

FIND: Diameter of equivalent pipe 

(length = 1000 feet assumed). 


SOLUTION: 
1.Quantity of water flowing 
through pipe #3 and pipe #4 is 
the same. 
2. Assume any arbitrary flow 
through pipes #3 and #4, say 500 
gpm. 

3. Using Figure 11, find head loss 
for pipes #3 and #4. 

#3:D:=8in.,L=400ft.,
Q = 	500gpm. 

500 
h, =0.4 x 8.0 = 3.2 ft. 

#4: 	D = 8in.,L : 600 ft., 

Q =S0gpm. 


hl, = 0.6 x 33.0 = 19.8 ft 

Total head loss in both pipes = 
23.0 	 ft 

10 

4. Using Figure 11, with head loss 
= 23.0 ft/1000 ft and Q = 500 
gpm, the equivalent pipe size is 
found to be 6.5 inches diameter. 

More complex systems can be re-

duced to a single equivalcat pipe
by piecework conversion of real 
and equivalent pipes. 

Pp NKt,,k 

Flow 	 in Pipe Networks 
Although the calculations become 

tedious, solution of network flo, 
problems is dependent on the same 
basic 	physical principles as for sin-
gle pipes, that is, the principles of 
energy conservation nd continuity 
must be satisfied throughout the 
network. In general, a series; of 

e(jiations can be written for the 
network as follows: At each pipe 
junction: :Q 0O and around each 
closed circuit: !H = o. 
Usually a suffici'ittnumber of in-

dependent equations of these two 

types can be set up and solved sI-. 
for the unknowtIs 

Htowever, for complex networks,al-
gehraic solution isimipractical, 


The most cominen method for sys
tematic solution of distribution net-
works is the relaxation or controlld 
trial 	 and error method developed 

by Hardy Cross. This method is 
well suited for solution 1-y hand ' 

and 	is easily for 

lo of bead in pipe may be 

represnted by KQ , whene or 
a giveth pipe, K is a numerical cot-
715sat ngvep a CpeKinumerial 
stant deanding on C, d and L; Q 
is the flow: and n is a constant ex
potient for all pipes (for the Haz.en-
Williams formula, i = 1.85).
Cons rmuingo hem mdena 

single circuit, for each pipe:
sPeiseeaaingln 

= Q,, + A 
where Q is the corrected florw, Q, 

is the assumed flow and A is the 
flow correction. Then, 

KQ" K(Q. + A)" 
-K(Q," -1 nQQ'-1 A ... ) 

5oo 


ig 
3oogm A 2000,-5" t 

C=11O 

0, 	 ,

" CIRCUIT I IraCIRCUTr n - ,, 
0 !2gpm 
-


g_.0m 1500'- 6" 2006- 4" 0Z'-6" 
H C=. 0 C _00 IF C.,IO 

3o0am 400gpm 
11 FI(URE 13. Eownc', vil-ocmw-rk ;.'ehlem. 

If A is small relative to Q0, the re
maining terms in the expansion may
 
be neglected.
 

Since for each pipe, H-=-KQ",
 
and for the circuit, H -= 0, then
 

!'KQ"1 0, 0 = !KQ," + KnQ,,,-IA
and A correction
 

VKQ !:H
 
=_
 

nKQ,,' I n1(HiQ) 

The necessary formulations are
 
madce algebraically consistent by ar
bitrarily designating clockwise flows
 
and associated head losses as posi
tive, counter clockwise as negative.
 
Assumed flows must sum to zero at
 
o:a'h junction. The originally
pipe 

S;,sumied and the
flows are corrected 


procedure repeated. Note that pipes
 
comoion to txsa circuit- receive two
 
cOrrections, one for each circuit.
 
The pr,,dure is rpeated until the
 
vor'ections are negligible, thereby
 
rdic;iting a hydraulic balance has
 
lultaneouslySolution of
been reached. (Table 6) 

tin two-circuit network shown in
 
,i,ce 1:3illustrates the procedure.
 
The lahst cjluna.n shows the final an

5 . 
'I, friction loss from point D to
 

p'oint G is
friction losses;the algebraic sum of the
along an continuous
 

route two points. For path

oDteF.-v, tIeloses ar pat.
 

D-	 22daptedlsachineor ft..lG, ft. 34 Other 
routes from D to G incur identical
 
totial friction loss. The difference in
 
gage pressure readings at D and G
 
would b: 3-1ft., if corrected for any
 
, 	 t ion difference. 

ir a given te where te
 
ead toss is known, the flows can be
 

balanced by correcting assufh 
heads. High speed digital computers

be programmed to solve net
work problems in a number of ways, 
the classical Newton-Raphson meth

osibeig the princripal ait,'rnative 
to the Hardy Cross methodl. Electric 
analyzers or analog computers are 
in usze in several cities anti univer
sities. 

o00pin
10000pm
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Water Hammer 
Water hammer in a pipeline is 

caused by a sudden stoppage of 
flow, due either to valve closure or 
loss of power in force mains, and 
is characterized by loud noise and 
vibration. Since water is an essen-
tially incompressible fluid, the en-
ergy from a suddenly stopped flow 

-- --- s---

- - ;, 
- -.--. ./' 

-rese 
tranfered o te ppe 	 -~*'a1wli~h 

is transferred to the pipe wal: which 
expands under pressure. As a re-
suit, shock waves are set up with n 
a system and, if suifficiently severe, 
will destroy equipment, iostruments, 
and possibly the pipeline itself. 

Consider a system such as shown 
in Figure 14 and assume that the 
flow has been stopped instantane-
ously by closing the valve. Element 
1, next to the valve, will be corn-
pressed with a resultant stretching 
of the pipe and pressure rise. Ele-
ment 2, which is still in motion, will 
"pile up" on element 1, cease for-
ward motion, and in turn be coni-
pressed by the remaining water a 
the pipe, with a resultant increase 
in pressure. In that manner, as sac-
ceeding elements are compressed, 
pressure will increase in the pipe
until the wave reaches the reservoir 
where it is dissipated. The water in 
the pipe, however, is under great 
pressure, and this must be released 
by a negative pressure wave origi-
nating at the reservoir, which, as it 
reaches the valve, will have imposed 
a negative pressure on the ppe, 

...
* 	 FIGURE 14. Water hammer in pipe 

due to valve closure. 

tending 	 to collapse the pipe. Thi.s 
again causes a positive pressure 
wave which originates at the valve 
and travels to the reservoir. Those 
waves will finally be dissipated by 
friet.on. 	 The arrival of the waves 
at the valve causes the loud noji, 
and vibrations which characteriize 
water hammer. 

The velocity of a pressure wave in 
a medium is equal to the velocity 
of sound. Due to the elasticity of 
the pipe, however, the veloity of 
a pressure wave in a closed Conduit 
is less than sonic velocity. The 
p essure caused by ;asudden closure 
of the valve is a function of the ye- 
locity of the pressure wave as well 
as the original velocity in til' pipie. 
The total pressure at the valve iru-
mediately after closure is then the 
sum of the original static pressure 
and the pressure caused by the sld-
den closure. 

The time reouired for a pressure 
wave to travel from the valve to 
the reservoir and back again is 
T =.2L/u, where L is the length of 
the pipe and u is the velocity of tile 
pressure wave. If the valve is com
pletely closed before the first pru-s
sure wave has had time to reach theasd re to the 
reservoir and] return to tile valve,
the closure is called "rapid closure" 
and the pessure is estimated from 
the formula P ,- 1 uV If the time 
of closure is greater than T, how
ever, negative and positive waves 
will be superimposed on each other 
is they travel in the tipe. Thie lat
ter is known .:- "gradual closure." 
A nuiber :.f formulas have been 
proposed for estimating the pres
sare' ii'u. for gradual closures, but 
ali tend to a ndercstiiuate. since it is 
colceiviable that my number of 
positive or negative waves will by 
chance be superimposed at one spe
cific time and place' in the systemr, 
thereby creating tetnolouS pres
.ures and causing pipe failure. The 
prediction of thise waves "is further 
complicated by the presence of dis
(ontinui ties. such as flow itieter:;,
changs in pipe diameter, etc., 
which not only transmit the prs
sure waves, but also reflect some 
paurt of the wave. Computer pro
grams are available for analyzing 
effects of water hammer and should 
be utilized whenever water hammer 
ciold caUs' serious damage. 

Table 6-Analysis of te Network of Figure 13 by Method of Balancing Heads 
_: NETWORK ASSUMED FLOWS, F-3PST CORRECTION SECONO CORRECTION 

PIPE L D0 
j 

0, 
J 

S 
H 

. 
I 

%2, I 
,I H 

'C 2 , FINAL 

AB 2000' 5' 110 +200 12 5 +25 0125 +20 +220 145 429 0 13L L 1+220 14.5 t25, 0132 4220 

8C 1000' 5" 100 -30 32 -32 .107 420 -280 28 -2F I00 0 1-280 28 -28 0C -280 

CGI 1800' 6" 90 0 0 0 0 r20-60 -40 0 4 -0.7 .017 0-25 -65 0.9 - 6 .025 -60 

GH 1500' 6" 80 -400 33 -50 .125 f20 80 30 45 .1Q 0 _& 30 45 '8 -310 

HA 1200' 6" 100 +500 33 +40 080 420 +50 36 +43.2 03 0 4520 36 '432 083 4520 

TOTALS (E) -17 0437 -15 0450: -2 4 0 458 

CORRECTIONS 6'* ( 7 7) 4 4'62 	 +1 8 - 2 4)__
SAY , 20 1 FO_450)(1. SAY 0 423 Y 0 

CD 1400' 6" 100 -500 33 -46 0092 +60 -440 27 -38 0086; +25 -415 24 -336 0081 -420 

DE 1200' 8" 100 4500 8.3 +10 020 +60 +560 10 1-12 024 1,25 4-585 II +132 0.23 +590 

EF 1200' 6" I10 +300 11.0 +13 043 +60 +360 15 +18 050 +25 +385 18 &216 056 4380 

FG 2000' 4" 100 -100 120 -24 .240 +60 -40 2.3 -46 .115 +25 -15 04 -0,8 053 -20 
GC* 1800' 6" 90 0 0 0 0 +60-2C +40 0.3 +0.5, 013 +25+0 +65 09 +1.6 025 460 

TOTALS ( ) -47 0.395 ;12.1 02B8 1 +2.0 0238 

(-47) 643 All - 122.7 / (42.0) . 
CO8REC SY f( (082380 28SAY SAY1+8251 ( -5 

*Indicates pipe common to both circuits 
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PRACTICAL HYDRAULICS 
FOR THE PUBLIC WORKS ENGINEER PART TWO 

FLOW IN OPEN CHANNELS 

As sthtI before, t e Maningformto is comnionly used for de-
sign Oifseweis and small channels 
with Unifarin low. 'Tiis form uila is 
usually w rittve l as: 

I.l1)I, Si: 

a 

in which is fin, in cischiarg,
avor4iciit, ,V is tlie veloity in feet 

Per -econd, R is the hydraulic radi-
utsin feet (area, divided by the wet-
ted perimeter), anid S isthe slope
of tht,lydraulic grade line. P 

Discharge, Q in cfs, for c "cular 
pipes of diameter, D, in inches, flow-
ing full, according to the Manning
for lath is: 

III isti 

Figure, 15 is a nDigraplh for tlhi' 
Manning fornaila. Cloice of a .iui-
able Manning coefficient, 71,may be 
made from Table 7. Ii use of the 
chart, a straight line is extended 
through Mannig's n and tle slope 
to locate a point on theI' Turning 

Line. A second line, trawlI througli 

thi.point, disciarg , plp,
s colisect.s 

diameter and velocity for tih given 

conditions of flow. 


Exam ple 'roblen: 

GIVEN: a 12-iniici concrete sewS,r, 
flowing just full, laid on a grade 
of 0.00105 ft. Der ft. 

FIND: Fi-s% velocity anti rate of dis-
charge. 


Sot.uimtx: From Ttible 7, n --0.01:3. 
From Figure 15, the discharge is 
2.27 efs and the velocity is 2.85 fps. 

Partially Filled Sewers 

Problems involving sewers flow-
ing only partially full may be solved 
using a lydraulie-elemenL graph. 

12 

["or tie Manniig formula, the ratio 
of each olecnt of the partially 
ft'lled to flh correspondingMs'ction 

hAcnil of i*. illsection is do

i nPt dci l alone. Figure 16,'nln 
tcharts Jhcsor-la ionsliips for sewers 
of 'ircilm"r It use iscros-.e tilil. 

best ixptI)einNI lv the following,, ex-
mulh, 

Example Problen: 

(;ovLN: A 12-inc sewer, n = 0.(1:3, 

i lidhon i gr'ij of 3.0 feet per
]0100 feet. 

VIN: V,.hity ;oud dischiar ,e when 
the sewer is flowing 0t full. 

S,.'UTIO: Frorii P'igure 15, Q = 2.0 
ifs Ind V 2.5 fps. From Figure
1, for I I) - 0.1,q1'Q - 0.27 and 
v V - 0.71. Therfore-. q -: 0 27 x 
20 = 0.54 cfs, and v - 0.71 x 2.5 

1.78 fps. 

No-Circular Conduits 


Figure 15 ian ijiso Ileused for 

other cris seetional shapes, e.g., 

rectangular. if the dischii rsel scar
le, 

Q, is ignored. If. for example, Q is 

givei, tie cbli'e of S and it will 

lotat tea trin sfr 4,,int. pivot-
. l.y 

ing on this point, sits of values of 

R and ,;are otiIair .d 1v trialand 
crror, a ioriitihhl set of values for 

fibe given Q and cross section ny 
b' found whlich :atisfio, the correctdeptii of flow, d. Sirce the solution 
is not uiniqci for :igiven seI of 
cross section l iandinwiriosi. these 

be adjustied if cconoi'cy dictates. 

Exaple Pelroler: 

GnN: A rvctani ;ilar, concrete 
chIannel to be constructed to a 
0.4'1 slope nsust discharge 20 cfs. 

FIND: Clu isr iini l rsisi~ns for rnin-
insurn area. 

SOLUTION: Oii Figure 15, connect 
the points for S = 0.004 and n = 
0.013. Extend Otis line, locating 

Table 7-Values of "n" in 
Manning Formula
 

Type of Channel 
Cast Iron 0.013 
Cas t e 

Struigt 0.011 
With Bends 0.013 

Untirished 0.014 
Clay, Vitrified 0.012 
Corrugated Metal 0.024 
Brickwork 0.013 
Sanitary Sewers, 

coated with slime 0.013 

Open Channels; Lined 

Asphalt 0.013 to 0.016 
Brick 0.013 to 0.015 
Concrete 

Trowel 0.013Finish 

Float Finish 0.015 
Untinished 0.017 

Concrete, bottom float finished, 
wit sides of 

Dressed stone 0.017 
Random stone 0.020 
Cement Rubble masonry 0.025 
Dry Rubble or riprap 0.030 

Gravel
Bottom, sides of 
Random stone 0.023 
Riprap 0.033 

Excavated
orDredged
 

Earth, 0.018 to 0.027straight and uniform 
Earth, winding and sluggish 0.025 to 0.040 
Charnels, not maintained, 

weeds and brushuncut 0.080 to 0.100 

Natural Stream 
Streams 

Clean stream, straight 0.030 
Stream with pools, 

sluggish reaches, 
heavy underbrush 0.100
Flood Plains 
Pasture, no brush 0.030 
With some brush 0.050 to 0.100 



DIR n -, Iv 
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0.02. 
0.015-

U,
'w 
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-0.0008 
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0.006 
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a. 

:_0.0006-j.0.0005 

w -- F-w 2118 0.4 CL1 U 0.0004 

) 

a: 
5 
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< 
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52 12 

0.3 
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-0.0003 
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0.0002 

2 43 I0 -100• 0.2 
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0,6 
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.0- 8 0.000051.0 6 
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, 0-00003 
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0.4 -3- 000008 
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U FIGURE 15. Nomograph for solution of the Manning formula. For solution in metric units, see Figure 37. 
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N FIGURE 17. Closed coniduit differential pressure meters. 
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the turning point. By drawing a 
line through this point, select trial 
values for R and V. Test each set 
chosen against discharge, Q = 20 
cfs, until satisfactory dimensions 
are obtained. 

A rectangular section is most 
efficient (i.e., its area is minimum 
for a given discharge)., when its 
depth, d, is one-half its width, w. 

let d --- w/2. 

___V_.(w_) (w12)
R d- - 2(w/2) jw 4

(w =4R, A 

First Trial: 

Try R= 0.50 ft. andV=4.5fps 

Then w -4(0.50) = 2.0 ft. and 

Q = (2.0) (4.5) = 9.0 cfs 
<20 cfs 

A" 2.'0)'ft.'.
 

Second Trial: 
Try R = 0.70 ft and V = 5.8 fps 
Then w = 4(0.70) = 2.80 and 

AJ =F , = 3.9 ft. 2 

(3.9)= (5.8)q (2.8) 22.6= 20 

Third Trial: 2
 
Try R = 0.67 ft andV 5.5 fps 
Then w =4(0.67) =2.68 and 

2.6A 3.6 ft.

=(3.6) (5.5) = 19.6 cfs 

- 20 cfs 

ANSWER: Width = 2.68 ft = 32 
inches; depth = w/2 = 2.68/2 
1.34 ft = 16 inches; say 32 inches 
x 16 inches. 

Example Problem:
 
GIVEN: Same channel but a bottom
 

width of 4.00 ft is required. 
FIND: Depth, d 
SOLUTION: Try R = 0.70 ft and V = 

5.8 fps
 

First Trial:
 

Try R = 0.70 ft. and V = 5.8 fps 

n 20 cfL 
The° \V7 5.8cfs .t t 
Then A .1.40 =.4 

d (1 (1.87 ft. 

wd 3.46 
.21+ w 2(0.87) + 4 
0.6ft. < 0.7 ft. 

Second Trial: 

Try R = 0.65 ft. andV = 5.3 fps 



------

3.78 

Then A - --- = 3.78 

2(0.9.4) + 4.00 

0.64 ft. z 0.65 ft. 

ANSWER: Depth = 0.94 ft. = 12 
inches: say 48 inches by 12 inches. 

Example Problem: 

GWVEN: A trapezoidal, concrete 
channel on a 4.0 ft. 1000 ft. grade 
with a bottom width of 4 ft., a 
depth of 2 ft., arid sidewall slopes 
of 1:1. 

FIND: Discharge, Q. 

SOLUTION: On Figure 15, draw a 

straight line through n = 0.013, S 
0.004, and the turning line. 

R\.J 12 00 ft.-
llll ' fl.' , 11.Id 

1.76 ft. 
Draw a straight line through 
R = 1.76, the turning point previ-
ously established, and the velocity 
line; V = 10.3 fp:; 

ANSWER: Q = AV = (12) (10.3) 

= 124 efs 

FLOW MEASUREMENT 
Closed Conduit Meters 

Many closed conduit meters are 
based on the principle of differen-
tial pressure. Application of the 
energy equation between points 1 
and 2 of the meters shown in Figure 
17 indicates an increase in velocity 
head at point 2 which corresponds 
to a decrease in pressure head. The 
pressures, measured with man-
ometers, can therefore be related 
to velocity. Ideally the pressure 

V = 2.g A.-, where All is the 
difference in pressure head between 
points 1 and 2. Due to friction, how-
ever, this relationship does not hold 

strictly, and empirical coefficients 
and/or calibration tests are required 
to relate the flow to the differential 
pressure. 

The Venturi meter, although rela
tively expensive, is considered the 
most accurate closed conduit differ-
ential pressure meter and has a low 
permanent head loss. Another ad-
vantage is that it can measure the 
flow of fluids containing particulate 
matter, provided the manometer 
lines are flushed, periodically. The 
cost of Venturi meters can be low-
ered substantially if plastic inserts 

Q Ci2 
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U FIGURE 18. Nomograph for Venturi meter. 
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N FIGURE 19. Corrections for Venturi meter. 

are used. There have been many applies for water only (room tem
modifications to the Venturi meter perature), and meters for which 
using short converging and diverg- Dj/Dj = 0.5. It may be used for 
ing sections, such as the Dall Tube. D,/D, as high as 0.75, but the re-
The nomograph in Figure 18 may sults will be about 1 per cent high. 
be used to solve for the flow, Q, For high flow rates, the nomograph 
when the differential head A If and may be used with no correction fac
throat diameter are known. D, is tors necessary. For low flow rates 
the upstream diameter and D1, the (low Reynolds Number), the cor
throat diameter. This nomograph rection factors shown in Figure 19 
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GAVENPRO0.E .080 	 FIGURE 21. Elbow meter. 

GIVEN: Ali - 10. L80.-,5 	 must be used. The value of Q from 
UD. 1 	 . the nomograph must be multiplied 

SOTIO:Q . +-. oby .-'"2 I C' to obtain the final answer: 
. FIND: 

4 - A GIVEN:Flwtruhaeilhads 

2 - 1-inch throat. Differential head is 
- V .90ie "f 0 	 ,Z 2 Flow through a Venturi with 

4 QQ (6,A2)(4) - a 


0 d 4 feet.
 
1 314c1S 9 
 40 FIND: Flow, Q. 

5 	 SOLUTION: From Figure, 18, Q2".e 

94 6-1 < o- 0.087 cfs. Check Figure 19 for pos
. : . - sible correction. For Q = 0.087 cfs 

so__ and D,, = 1 inch, C' = 1.0. There
go
too- fore, no correction, and answer is 

__ Q = 0.087 cfs. 
N FIGURE 20. Nomograph for orifice meter. 	 Example Problem: 

GIVEN: Same as above, except dif
ferential head is 0.1 ft. 

Qvf 
- - ,-- oo aS n I-DI 

-H 	 - -. - -,--

SO-U7- 

- 4400 I| -U•I 	 I 

A p elb ow witeIE I . 
in.-2 ia 

.. . ;4' " -- : , ... .. . ,. . 
, " £ + g ": . EXMPLE: .-= " . ~ 

e .For m 61r)... raiu IR of2 nce 

-,. 	 lin. lO.BeoJnd 01 t - £-" 
A WER: n lRd dolm trl (0)20. 

o , i *". FIDo odkjm (RIof 24 Inches (61cm). _ ! .~ 

FI FR o monometr reading m tH)r
 
-6of 


-" 
ISin(38cm), what I, the 

IPM112.100 

- = ,-, ANSWER:Roteofflow CO)*3200gpm 

so.
 

o - 944+tUNITS 

9I0*'
ALL.SCALES * 

IU FIGURE 22. Homograiph for elbow meter, 



-- 

SOLUTION: From Figure 18, Q 
0.014 efs. From Figure 19, C' 

0.987, therefore Q -- 0.987 'Y0.014 
0.0138 cfs. 

The orifi(e meter (Figure 17) is 
the least expenswve of Ihe in-line 
closed conduit. meters ZITlcreates a 

subsiantial head differential. Dis-

advantages include a relativey large 

hw,;and redcedperrinl out head 
accuracy for fluids containing par-
ticulate iltatter. The nomograph of 

Figure 20 can be used to calvltntet 

the flow in ori ice mtotels. 
The elbow meter is a relatively 

simple dcvice for Iieas'tiring flow, 
rates. It consists oif a standard pipe 
elbow, with toips il tlt osi odI 

outside radits (Fit2,ure 21) It is inl-
expensiv;c but locks the accuracy of 

o 

other differential r.ssitr in-line 
ireters. Since standard pipe elbows 

cal bo i ,,ed,it is possible to dtfvt4tInl) 

aj fent' ri I t( ntIt (i bN' %I1 i h I(e 
flow th tugh aly elbow to latii es-
timatcd.I'l The tom ,opraph preseited 
is Fil ',' ' isedufor ,stiltoatirg 

water titc.' ram,-s, based suchis on 
a 	 relatimship.


The cvms tiOtt
tc nonm'tphs pcc-
sented h'rc for estimating flows 

through difter,.-tial meters miay be 
used if in-place calibrations are not 
available or possible. Calibration in 
place is desirable for best iticcutmiy. 

The rotatieter, ' variable - area 

mete', is a device based on the col-

Q-2284(" Q 1312(H) ' 
.40: 


6.00 
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2- 40-00 


0 
9 3 

6200 
IL 

103 


4 4 
3 

3 

tinuity principle. The flow passes 0C 

upward through a diverging section 

in which a float is suspended. The 
higher the velocity of the water 

(and hence Q), the higher the float 
0 Lt

rises in its t:ansparent conical cage. 

Although these meters are accurate 

and sensitive, they are relatively 

expensive. 
Comm ercial water mmeters are 

jiplacementeitheq of tht positive 
type, usually known as nutating disk V-NOTCl WEIR 

aeters, ol vane meters. The nu

tating disk meters are usually used 

for low flows and the vanes for D

hi her flows. Combination meters,
 

which use both of these meters in L
 
parallel, are used to olitain a wide
 
varintion in flows.
 

Better -tll nore accurate meters 

are continually being developed. 

One ttti which has found consid- RECTANGULAR WEIR 
rable appl icalion in the waste 

trea tn en t field..sinrce part icul ate 	 
matter do's not afTect its perform

:mrce, is tll- magnetic flow rumeter. 0 
L
 

Open Channel Metems 

Usinrig tlit. flow principle,critical 
the velocity f water flowing over 

a sharp crest and discharging to the ClPOLLETTI WEIR 
atmosphet, tiay be related to the 

head or dupth of water above the E FIGURE 23. Types of weirs. 

voir etot. Many weirs have been 

developed nd cai'brated, to ily a 
fraV of which will be discussed here. 

4,.1 nd,ontato!c,, (r33311-?'
 

wln e,com,,3 Q=3.33(1L-2t'I"w3 33LHd- -)66H
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U FIGURE: 25. Nlomograph for rectangular weirt.
U FIGURE 24. Nloroph for 600 and 900 V-notch weirs. 
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V-notch weir. Flows over rectan- move until it completely submerges 

Ho gular weirs may be estimated using the throat. The percent of submer
is defined as H,,,'H,,. If thLthe nomograph shown as Figure 25. gence 
section is submerged, theThe Cipolletti weir has also found throat 

flow is obviously not. critical, and some application, mostly in irriga-
SE "tc tien work. A disadvantage of all the calibration3 and nomograph may 

1E weirs is the relatively large loss of no longer be used without appropi
he-ad. Likewise, for water contain- ate corrections. The corrections for 

_____ ing particulate matter, the weir cal- submergence are shown as Figure 
_S R-ED I bration may be changed due to tile 28. The submergence is calculated, 

FLOW ) and the value of Q/Q,, read for the14. 	V buildup of solids on the upstream 
I ,side. Their ueat advantage is their proper throat width. The flow 

simplicity 	and ease of construction. through the flume is then calculated 

'e Parshall flume, although more by multiplying the flow obtained 
SEC1, 	 expensive weirs, has found from the nomograph by Q/Q,.5i11 	 than 

0 FIGURE 26. The Parsholl flume. considerable use in water and waste 
treatment plants arid in irrigation Instrumentation 

The V-notch weir is possibly the ,;cheries due to its low permanent The meters thus far discussed 

Most p)opular weir used in the water loss of head and self-cleaning ca- may be classified as primary de

and wastewater industry. It is par- pacity. A typical flume, shown on vices, in that the flow of water is 

ticularly adapted to situations in Figure 26, consists of a rapidly con- related directly to some other 

which there is a wide variation in verging and dropping section, in meas'ement, such as head differ

flow. A ly!ital weir is shown on which a Critical flow situation is ential. It is necessary to convert 
Figure 23. The angle of the notch developed. If the flow through a this to a readable signal. For dif

is usually 600 or' but almost any fluMie free no ferential such asu0" Parshall is (i.e. hy- meters the closed 

angle may be used. Nuningraphs, draulic junip is formed), the flow conduit meters, the head difleren

as in Figure 24, may be ':se(l for may he estimated by measuring the tial may be read by manometers, 

estiiating the fliw ov,'r 6;0'and 1 pstrea in water level. Tb,. homo- as previously discussed. The water 

90" V-notch weirs. graph shown ias Figure 27 may be depth for the open channel meters 

The rectIinige'r weir, shown Ol used for such calculations. For may be determined by using hook 

Figure 23, is particularly adapted higher flows, a hydraulic jump is gages. Both of these methods, how

to relativelv :,table flows, and it oh- formed at the downstream end of ever, are not adaptable to recording 

viously has greater discharge per the flume, and the higher the flov or transmitting the signal, and 

unit width of channel than does the the further upstr'am will the jump therefore these are known as indi
cators. It is possible by various 

means such as diaphragm or mer
45,000-.-00

0.0,40, !90	 cury well manometers to transmit _ 

22w° -. the signal to recorders or totalizers. 
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PRACTICAL HYDRAULICS 
PART THREEFOR THE PUBLIC WORKS ENGINEER 

PUMPS draws water into a cylinder on one puimps have, been built in sizes rang
stroke and forces it out on the next, ing from a few gpm to the mammoth 

Pumps are mechanical devices for and the rotary type, in which two 144-in. pumps at Grand Coulee 

converting other forms of energy cams or goars mesh together and ro- which handle 1,350 cfs ('05,000 gpm) 

to hydraulic energy. When inter- tate in opposite directions to force against 310 feet total head and are 

posed in a pipe, they adl energy to water continuous',y past them. In driven by 65,000-hp motors. The re
the liquid passing through the pipes. addition there are jet piorj (ejec- inaining omments on pumps are 

tors, air-lift pnmpt, hydrailicrams, directed primarily to centrifugal andNearly always, it is pressure energy 
PUmps, like motor vehicles, are not difphragpn pumps, and others which propeller pumps although certain 

individually designed for public may be useful under special circum- comments ate of course more broad

works projects, except for very large stances. ly applicable. 
or unusual installations. Rather, About (10 percent of all pumps in 
they are selected from pro-designed use are of centrifugal design and Head Terms 
and manufactt red units readily the majority of these are in a head The static suction head (Figure 

available for a wide range of appli- and capacity range that can be met 29) on a pump is the vertical dis

cationso by standardized pumps. Centrifugal tance, i. e.. elevation difference, fromEconomical selection requires that 

attention be given to: 1) The normal 
pumping rate, and also thi mini
mum and maximum rate that the 
lrmp will ever be called on to de- A 

LOSSES rAtmospiwliver; 2) the total head capacity to 
meet flow requirements; 3) suction'A 
head (or lift); 4) p-imp character- TOTAL TOTA. --

HEAD STATICTOT 
istics, including sped, number, pow-
er source, and spatial, envircnnien- HEAtD . { 

,tal and other soecial require-nents; Presw& - 

and 5) the nature of the liquid to be 
LOSSESpumped. 

There are many types of pump.sTAI STTIC
but the two most often encountered DISCHARGE 
in public works are roto-dyramic HEAD 
and displacement pumps. Roto-dy-

I NETnamic punps ii.ipart energy to 
liquids with a rotating element, or STATIC HARG 

impeller, shaped to force water out- HEAD 
ward at right angles to its axis (ra- NE 
dial flow), to give the liquid on axial SUCTION 

HEAD as well as a radial velocity (mixed 
flow); or to force the liqtud in the 
axial direction alone (axial flow). 
Radial flow and mixed flow ma
chines are commonly referred to 6 

-UMPas centrifugal pumps and axial flow 
CENTERLINEmachines are called propellerpumps. 

Displacement pumps include the re
a piston N FIGURE 29. Pump head definitions.ciprocating type, in which 
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2 FIGURE 30. Specimen graph of centrifugal pump characteristics. 

Two types of NPSH are importanta 	 free liquid suiface' on the intake 
to the pump centerline. This static in pump selection, the required 


positive or negative NPSIU and the available NPSH. The
head may be 
(the latter sometimes called suction former is a characteristic of the 
lift). The net suction head h, is the pump, varies with the operating con-

static suction head minus friction dition, and is defined as the energy 
head losses, Including entrance loss, needed to fill a pump on the suction 
ior the capacity under consideration, side and overcome losses In the sys-
The static discharge head is the ver- tern, i.e., the minimum reqtiired 
tical distance from the pump center- margin between suction head and 
line to the free surface (or dis- vapor pressure at a given capacity, 
charge) on the discharge line. Simi- Many factors, such as eye diameter, 
larly, the net discharge head hd is shape and number of impeller vanes, 
the static discharge head plus the shape of suction passages, and many 
friction head loscs. The total head more, determine required NPSH. 
H is the difference between the net The available NPSH is character-
discharge and suction heads, or, istie of the system and Is the energy 

available in the liquid at the suc-
H =h, I--h tion side, i. e., the difference between 

the existing absolute suction head 
In pumping liquids, the pressure and the vapor pressure at prevailing 

atoan ont ucton vpo The NPSHin ed e temperature. available 
should not be reduced to the vapor 

pressure of the liquid, if air binding, must always exceed the required 

loss of prime and cavitation are to 
be avoided. The available energy 
that can be utilized to move liquid, 
through the suction line to the in
peller is thus the net suction head SYSTEM HEAD CURVE 
It,, plus any pressure (a vacuum be-. 
ing a negative pressure) existing in 
the suction supply line, and less the 
vapor pressure Pp of the liquid at 
the pumping temperature. This en
ergy er head is known as the ret __ 

positive suction head and Is gener
ally indicatedl by its initials, NPSH. 

If 	 no free surface exists, the gage 
pressure at the pump flange (suction "
 
or discharge)'for zero discharge, cor-

rected to centerline pump elevation, I
 

should he used in lieu of the static CAPACITY 
head (suction and/or discharge as 
appropriate). U FIGURE 31. System head 
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NPSH if cavitation is to be avoided 
and flow unimpaired. The required 
NPSH can beobtained for any pump 

the manufacturer. The avail
able NPSH,' however, must be cal

for each system. 
The available NPSH Is the alge

braic sum of the potential pressure 
and velocity heads, Since vaporiza

vapor pressure of the fluid at the 
specific operating temperature must 
be subtracted from the pressure 

Because the total energy of 
a system is constant, the available 
NPSH may be determined At some 
point distant from the pump. If a 

on the intake reservoir sur
face is selected, the velocity is neg
ligible and the available NPSH in 
feet of water is: 

NPSH S -h . 
w
 

For pressure in psi for water, the 

equation is: 

NPSH 
2.31 (P., P,)N -h 1 

Where 
S = static suction head in feet 

of water 
Pat =pressure head (approxi. 

mately 14.? psi if open con
tainer under atmospheric 
pressure), 

P,,, vapor pressure of liquid 
(0.256 psia for water at 
60-F.) 

= 	 friction head loss in suc
tion system in feet of water. 
Note that S - hL = h, (net 
suction head) by definition. 

hL 


For a system where a gage readn 
ng is available atthe suction side of 
the pump, the available NPSH can 

be calculated as: 

" 	-
I RICTION
 
LOSSES
 

TOTAL
 
STATIC 
HEAD 

I 

curve. 
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O~3 1NG ~System 
CAPACITY - -erni 

FIGURE 32. Determination of pump operating point. 

NPSII 2.31 1 	 to-',:.) WIVIfr Q is iLIp discharge, 11 is 

-i V2/2g - Y tal head, and 11) is specific weight l 

W heln For water at 68 F., Q il gallons perm initt ( ]lain ). ;nd H ill feet:P,..,. gulgo i't'tlinin0 fpsi
g~io eain ilisie'o 

velocity in suction line, fps WHP QH 

Y difference in levation 
be- WH-P-.. 3960 

tw 'een ptinp cnterline and 
gag , The tt;tIl powitr reiqtirt'd to (IiS,', 

a pump is the bralke Iorsepower
1E:ximrpht Problem: (BIP). The ratio of the water horse-
GIVI:N: A giyea idisha rge by the power to the brake, horsepower is the 

system show in Figure 29; fric- Purmp efficiency, 7): 
tifn losses-- 12 ft, vapotr pressure 
:- 0.256 psia, and the vertical dis- WuIP 
tane fiom pump centerline to in- 7 = percent efficiency BHP- 10 
take tiservoir surface is 20 feet. 

Therefore: 
FIND: Available NPSH 
Solu'rliN: BIf - 100 QH 

3960 , 
NPS., --.20t1..-- 12ft. 211(14.7 for water at 68'F. BI-P for other 

water temperature and other liquids 
Exampli Problem: can be determined by correcting for
 

the change in specific -weight. For
GIVEN: A gage is placed at the suc- natural waters, correction of spe-

tion side of the pump, at 1 foot cific weight for temperature is usuabove the pump centerline, and ally negligible. Meticulous accuracy
the gage reading is --1. = 2.4 psi, for the usual installation is unwar-
The velocity in the pipe is 10 fps. ranted as pump motor sizes are 

rounded off to the next higherFiso: Available NPSH standard size. 

SOxuirON: Pump Characteristic Curves 
NPSI-I - 2.31 (2.4-4-14.7 --0256) For a given pump, the total head 

+ 102/64.4 : 1 developed, the power required to 
--41.5 ft. drive it, and the resulting efficiency 

vary with discharge. These inter-
Power Requirements relations of head, power, efficiercy

and 	 capacity are commonly known
is the product of the weight of liquid as the characteristics of the pump. 
pumped multiplied by the head de- They are best shown graphically, as 
veloped by the pump. The power or pump characteristic curves. The 
work per unit time required is the usual practice is to plot head, power, 
hydrauxlic horsepower, commonly and efficiency against capacity at 
known as water horsepower (WHP). constant impeller speed as shown inBy definition: 	 Figure 30.The 	curve H-Q, showing the re-

WHP cc QHw lation between capacity and total 

head is cafled the hed-cuparity 
curve; and punmps art oftexn class
lied 	 on the basis of tii. shap, of 

head-capacity cuirves 
Tire 'tjr%-e 71-Q sjloiwr fliaIelation 

.is c led simply tIt, 'lfJ 'ijel.c curve. 
The elit-ity 't.irw, tisiially exlthb~sliii. 0v i c c 'iI r Y11 Ia ap' i v n 
a maximtin or piak efli'ien,:y, 

the rlit
tIin I( i iiltg 

t i 'rt i'o.C. II i c r: Ici h)I th 

fir' ,'. 

Head Curves 
"II'ho, Ilead Iss it) a piulrhpilig ;ys

icieases atl ci so i ith if'roiio
ing flow thriurgh ti, systoim. This 
carI bo. shown graphically as a sr/s-

Ifmal cuind . Figure :1 i!: Im ex
allh,. Tl, system had loss for any 
fli w iilh' I,, theit siin (if friction heaid
hmis : I at ;it p1ii thl I otal statir 
IIi Il t i
h lb t ofl sht i' rlial ti lifTeri', 

'l0 ( ii l s'i'itatc hr widi, t( it' ( r
ill hh\aill lthe disto~li 

h rg' fiqiiti I,, ;hlld hI ,lsuttion 
liquid (S- fiit 29) Inns
itlf li i t, itti ise 111,;I lfrs(at, 
\vhetir Ihll 1(1111 ) 

i ottrating or 
not. ii is IiotIhd as, th' lowit. portiuu 
ff the hvs'irri curvetotaf 

Frilin losse. includin g munor 
losses, t if' di'terilmedIas outlinid in 
P;irt I of liw, sines. The system pip
1Ing anld fittintgs it.,y he convrted 
to one ,(iui'ahvnt pipe and head 
hs.e. foi several flow rates derter
tinned readily from th' liazen-Wil
lit ms rionlograph (Part 1, Figure
11). Alternatively the head loss 
through all pipe nd fittings rtay be 
coniptitdf.256) for i single flow rate andlosses for other flow rates deter

mini'I fron the relationship: 

(H,
Q. if. 

Total hrad for zero discharge will 
be eiual to the total static head. This 
point plus several computed points 
will suffice to plot the curve. Quite
commonly, the static head in a sys
tern 	 will vary as tanks and reser
voirs are filled and lowered. In such 
cases, system curves may readily be 
constructed for minimum and maxi
mlum heads, tbereby, as ",ill be seen 
shortly, enabling prediction of sys
tern pumping capacity for the entire 
range of possible static head iondi
tions. (Shown on Figure 32). 

By separation of static and friction 
head in preparing tie system head 
curve, the reasonableness of friction 
losses can be checked. If piping to 
be used is too small, then the pump
and 	 motor capital and operatingcosts due to the higher head capac

ity required will be excessive. As a 
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H 

-- ara 

CAPACITY 

SINGLE PUMP TWO PUMPS TWO PUMPS 
IN PARALLEL IN SERIES 

N FIGURE 33. Change in head-capacity curve for pumps operating in parallelt 
and in series. 

rule of thumb, the friction losses 
should not be more than 10 to 20 
percent of the static head for cam-
paratively short pipe lines. For elab
orate and costly installations, anhe tadoffheadeconmicanalsisof
economic analysis of the tradeoff 
between pumping and piping costs 

may be justified, 


Operating Head and Discharge 
The usual design condition is 

that a system will be given and the 
proper pump must be selected. If 
on the system head curve (such as 
Figure 31), a pump head capacity 
curve (such as in Figure 30) is su- 
perimposed. then their intersection 
will locate the operatingpoint. Fig
ure 32 is an example. The operating
point is the dischnrge and head at 
which the given system and given 
pump will operate. This also locates 
the efficiency of operation and the 
power requirements. A pump should 
be selected that has an operating 
point at or near its peak efficiency. 
Many other factors, some previous-
ly outlined, must also be considered 
in selecting from the multitude of 
options available, but meeting the 
system discharge requiremen' tfor 
a given system, satisfying discharge 
automatically meets the head re-
quirement) at reasonable efficiency 
is paramount, 

The pumping head developed is 
doubled if two identical pumps are 
placed in series. Conversely, two 
pumps in parallel will double the 
pumping capacity. (Figure 33). 'T.his 
does not mean, however, that the 
Iead or capacity of a system is dou-
bled. Superimposing a system curve 
on the head-capacity curves for two 
pumps in parallel, it is clear (from 
Figure 34) that. the added capacity 
results in a greater friction head 
loss, the relationship being: 

its capacity with one pump. Similar-
1v pumping in series will double 
neither head nor discharge. 

Centrifugal Pump Relations 
The specific speed (N,) of a pump 

is defined as the speed in revolu-
tions per minute (rpm) at which 
a theoretical and geometrically sim-
ilar pump would run if proportioned 
to deliver I gpm against 1 foot total 
head with its best efficiency. It is 
therefore an index of pump type 
and for homologous (having the 
same angles and proportions) de-
signs, the performance of any im-
peller of the series can be predicted 

from the knuwledge of the perform
aince of any other, impeller of the 
series. Becaus° the physical charac
teristics and the general outline of 
impeller profiles are intimately reto their respective type specif

immediately describe the, approxi

mate impeller shape in question. For 
dial flow impellers. the range of 

specific speed is 500 to 3.500; for 
mixed flow, 3,500 to 7,500; and for 
axial flk'w. 7.500 to 12,500. 

Specific speed may be calculated 
as: 

N . - 
H3/4 

Where: 
N,=specific speed in rpm
N =rotative speed in rpm 

Q = flow in gpm at speed N andH (single suction; for 
double suction, Q should be 
doe suon, hol be 
taken as one-half total flow) 

H =total head per stage in feet 
For a given total head and suction 

head (lift) condition, experience in
dicates that the specific speed of a 
pump should be below a certain 
value for successful operation. The 
Hydraulic Institute has issued 
"Specific Speed Limit Charts." Their 
chart for single stage centrifugal 

PM 
SPECIFIC SPEEDN-

SINGLE-SUCTION PUMPS WITH 

0 0 0 n o 
- _ I W I 
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hgo.Q~SPECIFIC 
and that the system capacity withH 
two pumps in parallel is not double N FIGURE 35. 

SPEED, N,= 

Specific speed 

3AM FOR DOUBLE-SUCTION PUMPS 

limit chart for single stage centrifugal pumps. 
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iniany of the figures used in this 

Q2 # 2Q Iiseries. 

Computational Aids 
Engineers regularly engaged in by

0draulic calculations may find computa
tional aids, similar to those presented 
herein, of value, Accordingly, listed be
low are some references with extensive 
and useful, tables__charts, and graphs, 
of hydraulic functions, dimensions, con-

W stants, and properties.
CkJ I, Water Measurement Manual. Bureau 

of Reclamation, Denver, Cola. 80225 
($2.500).

2. Hydraulics and Useful Information, 
Chicago Pump, 622 Diversey Park
way, Chicago, 11. 60614, (Free on 
Request). 

CAPACITY - 3. Pipe Network Calculator Kit, Cast 
N FIGURE 34. Change in discharge with two identical pumps operating Iron Pipe Research Association. 3440 

Prudential Plaza, Chicago, 111.60601.
in parallel. (Free on Request). 

4, Cameron Hydraulic Data, Ingersoll-
Rand Company (Published by Cam

pumps isreproduced as Figure 35. ic speed as possible since thi. re- pressed Air Magazine Co., Phillips-
The Hydraulic Institute charts indi- suits in a smallLr-diameter impeller burg, N. J., $3.00'). 

and hence a smaller and cheaper 5 HydrauWley Tables. Williams and Hacate only the empirical maximum 
rotative speed that assures proper pump. In general the efficiency will ."Desgl Charts Yor Open.Channel 
operation. The maximum specific also be higher. Flow," Bureau of Public Roads, 
speed indicated by the chart does Washington, D. C. (U.S.* Govern

mnet Printing Office, $0.70').
not necessarily correspond to the 
point of maximum aperating effi- Acknowledgment 7. Handbook of Hydraulics, King, H. 

W. and Brater, E. F., McGraw-Hill, 
ciencv. Pumps, as indicated pre- The authors wish to acknowledge New York ($15.00').
 
viouL.y, are normally chosen so that the assistance and cooperation of 8. Hydraulic Tables, U. S. Army Corps
 

of Engineers, Washington, D. C. (U.
the operating point (s) will be at or the Community Water Supply 

S. mcGovernment Printing Office, 
near maximum efficiency. Branch, Office of the War on Hun- $0.70*). 

For a given head and capacity it ger, U. S. Agency for International 
is desirable to use as large a specif- DevelopmeitiI who made available * Prices subject to change. 

rectangular weir without end con-PROBLEMS e.a vitrified clay pipe sower is toADDITIONAL 
discharge 4 cfs when laid on a grade tractions and a length of 3 feet? 

1. Referring to Figure 4, the dif- of 0.0016 and flowing half full. What 
ference in height of the manometer is required diameter? 12. A Parshall flume with a 

throat width of 3.0 feet has a throat 
fluid, mercury,is 32.7 inches; heiht 7. An 18-inch sewer, n=0.013, is submergence, or Hb, of 18 inches 
X is height is12',5 1500 feet long and laid on a uniform with an upstream depth of 20 in-.47.5 inches; e, 
inches. Find pressure in the pipe. grade. Difference in elevation of the ches. What is the flow In cfs? 
Specific gravity of mercury is 13.6. two ends is 4.8 feet. Find velocity 

2. Given a new cast iron pipe 16 and discharge when sewer is flowing 13. A pump delivers 900 gpm 

inches in diameter and 2,000 feet 0.6 full. against a total head of 145 feet. (a) 
long. Using the Moody diagram, de- 8. A 48-inch circular sewer is re- Assuming a pump efficiency of 90 
termine whether this pipe will carry quired to discharge 100 cfs when percent, what is the brake horse
1450 gallons per minute with a head full. What is the required grade, power? (b) At a nominal rotative 

loss not exceeding 2.5 feet. Water according to the Manning formula, speed of 1760 rpm, what is the spe

temperature is 60°F. if n=0.015? cific speed for a single suction, 

single-stage PUMP!
3. A 24-inch pipe with centrifug-ally spun concrete lining carries a 9. A rectangular open channel, g pup 
flow of 10 mgd. Fnid (a) head loss, flowing with a depth equaL to one- 14. Given, two identical pumps
(f)veloohalfcity, the width, discharges 4 cfs. with characteristics shown in Fig
(b) velocity. .What will the discharge be if the ure 30. Find discharge for a head of 

4. A 6-inch main is carrying a depth of flow is doubled? n:0.015. 100 feet if (a) both pumps are op
flow of 1.0 cfs. What head loss is erated in series; (b) both pumps 
produced by two regular flanged 10. If a flume is concrete, ere in pumpsfloat iseres b 
450 elbows and a gate valve one- finished, with a width of 2 feet and are operated in parallel. 

half closed? side wall depth of 4 feet, what is the 
minimum slope permitted to avoid' Answers: 1 16.5 psi; 2) yes, h 

5. Three pipes, each 1500 feet long, overflowing at a discharge of 10 cfs? 2.41'; 3) 3.0'/1000', 5.0 fps; 4) 2.44';
5) 11.9"; 6) 22.4", use 24"; 7) 2.85 are arranged, in parallel. Two are 

9.68 ds;6-inch diameter; the other Is 10- 11. What should be the maximum fps, 3.19 cfs; 8) 0.0065; 9) 

inch. All three have a Hazen.-Wil- weir height for measuring -a flow of 10) 0.000213; 11) 14.1", 11.4", 4.5"; 

hams "C" value of 100. Find dia- 1000 gpm with (a) 600 V-notch 12) 21.2 cfs; 13) 36.6 hp, 1260; 14) 

meter of the equivalent pipe. weir; (b) 90' V-notch weir; (c) 2200 gpm, 3800 gpm. 
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PLANNING AND DEVELOPING WATER SUPPLY 
PROGRAMS IN DEVELOPING COUNTRIES 

Introduction 

The relationship between man and water is long, intimate, even mystical. Romantic evolution
ists explain the mystique between man and water as his heritage from a time before he was even 
man, perhaps a single-celled creature born in the sea. Or in the words of the lyric poet, Walt 
Whitman, "Out of the cradle endlessly rocking." Langdon Smith put it more humorously, "When 
you were a tadpole and I was a fish in Paleozoic time." Since the coming of man upon the planet, 
drinking water has been indispensable. The earliest people lived beside readily available wter
 
which had not yet become fouled by man's indiscretions, and the great civilizations of history
 

developed alongside the rivers and lakes. However, with increasing growth and dispersion of 
population, people found themselves far removed from drinking water sources adequate for all 
seasons or were forced to use water which had become dangerously contaminated. The widespread
 

inadequacy of drinking water s.'pplies is responsible for perhaps 500,000,000 cases of debilitating 
illness per year, perhaps 5 millioa infant deaths each year (1). For ages it has been traditional 
for women to carry water for family use, a duty which takes much of their time and involves many 
miles of weary walking. It is ironic that a necessity of life obtained with such effort and
 
devotion may carry the germs to destroy the objects of that devotion.
 

Everywhere the picture is not the same. In the United States as in other highly industrialized 
countries of the world, although constant vigilance is required to assure continuous safety, and 
momentary local shortages may arise, the provision of community water supply has been so successful 
as to have it taken for granted. Wherever the delegates to this conference travel in the United 

States, they will have full confidence in the water available in their hotels. In England as in 
the Netherlands, more than 97 per cent of all the people, including those in rural areas, are 
served by piped water from public supplies. Many lessons can be learned from the experiences
 
leading to this high level of accomplishment (2), but it is fallacious to believe that the availabie
 

technology needs only to be exported to the developing nations to solve their problem. It is also 
fallacious to believe that engineering efficiency Coes hand in hand with sophisticated mechaniza
tion and instrumentation. 

Economic, labor, and resource conditions in developing countries are generally so different 
from those in industrialized countries that the technical solutions'may not be the same. Conditions 
characteristic of many of the developing countries include: limited financial resources, particular
ly foreign currency; limited manufacturing capacity; limited skilled labor but ample unskilled labor; 
scarce engineering manpower resources for conceiving, planning, constructing and operating works; 
and a concurrent need for many other facilities such as schools, roads, hospitals, houses, etc.
 
These factors must be considered in establishing the nature of the water supply needs in developing 
countries and how these needs can be most expeditiously and economically met. 

Ia addition to these influences, there is the more important consideration of the people to be 
served. Less than 10% of the population in developing countries are Supplied with piped water in 

their homes, and this very commonly on the basis of an intermittent ser-vice lasting only a few 

hours each day and with inadequate supervision of quality (3). It is questionable if new con

struction is keeping pace with population giowth - much less reducing accumulated backlogs. Under 
these conditions, Dr. H. G. Baity, formerly Director of the Division of Environmental 

This paper was presented orally at the International Conference on Water for Peace and will
 
appear in the Conference Proceedings. Reproduced here by permission.
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Iealthi 	of the World ilealth Organization (and Professor Emeritug at the authors' Uolversity), has
so a',tly state,! 141: ". . . it becomes logicaI to give (some) water to as many of the people as
nos,iit, rather than to give a perfect supply 	 to a -'v." In a ighly developed country, a sani

tary e'nginee-r can cloak ilmse!f i the resnectahly co- ;Prvative (and safe' mantle of "standardprat cft " and ble a u,;e!.u[ ,ervint of society. If one 	accepts Dr. altv's argument, the sameenil.ne.r, appl Iinv tie ;ame "stanlard oractict." within developing countries, would abe wastrelwhwr oneeds atrl So great that snv waste is inequitable - perhaps even immoral. 

Let It 	 be ulllcrhltood tihat in no way are we suggesting that crude engineering or crude solutlion, are good enough in develop.ing countrie!. .;ut we are suggestinr that the proper measure ofgood engineering It;how 	 well, both functionallv did economically. it serves the needs of the
populace and not how elaborate It may be. Rosults irc t0(- proper criteria for judging success,and no 	 particular technology, rewardless of its -ophisticatjon, has superior virtue in and 	 ofIt,;,It. The re.,a!utqought is an adequate amcunt of water people safe for the more people, the 
beter 	 ze-u It. 

Mle designer and developer of cormunity water supplies in developing countries even morethan hi counterpart in developed countries, must be inquisitive of 'he hasic reasons ,lehfnd
"CulV~tlI lonal" or "textbook" designs , and 
 be prepared to challenge sacrosanct standards. He

551st be imatgin.tlve 
 and exercise the ingelluitv demanded by limited resources. 

Relationship of Planning Policy and Design Criteria 

By virtue of his education, background and experience, the sanitary engineer is the profeiilonal most qualified to translate the necod for water into the physical need for pumps andpipes. However his freedom of action is infringed upon by many others - government leaders,financiers, planners, etc. At samethe time his technical decisions may well have considerable
impact on the economy of the community arid the nation, its employment and manpower problems, and
on the 	welfare of the conmunity as a 'whole. Some of the spillover effects of water supply pro
jects Include: 

(1) Imported materials and equipment and their effect on balance of payments and currencyreserves. 
Funds for water supplies ,must be ohtained In co.-.et:tion, of course, 
with alternative investments. 

(2) Effects 
on local industry of using local materials and equipment. Where the appropri
ate local industry is non-existent, 
it may 	he that serious consideration should begiven to stimilation of 
such industry even though short-run costs may be higher.

For a centrelized, continuing program, establishment of joint 
ventures oetween

local and external manufacturers may be a feasible means 
of rapidly establishing

local capability, both financial and technical. 
 Benefits to village schemes
 
should not be overlooked.
 

(3) 	Effects on plant reliability resulting from maintenance, repair and replacement of

imported equipment. Closely related is 
the availability (or non-availability) of
 
ceatralized procurei.nt and warehousing of 
critical inventories. 

(4) Effects on local employment, again, both long-run and snort-run.
 

(5) Availability of construction and operating personnel. 
 If the 	olant cannot be operated,

it has 	failed as 
surely as ff it were ineptly desi med.
 

(6) Training of skilled personnel where few or none 
had previously Existed. This may

affect equipment selection and design. 
Such trainine should be considered in
project planning.. Tie recently 
created De-'artment of !'ater Supply 
and Sanitation
of the Yemen Arab Republic, establisileJ with the assistance of the U.S. Agency for
International Development, is an excellent example [5). 
 Over 250 employees have
been trained from the inception of the program In 
1962, in this, a relatively
 
underdeveloped country.
 

(7) Effects of financing policies on design. 
 "Textbook" design periods reflect the time
value of money within developed countries which is generally lower than in develop
ing countries.
 

(8) Effects of stage development. 
 What level of service and to whom? 
And when?
 
Compatibility of system stages?
 

(9) The uncertainty of economic and political environment.
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(10) 	 Uncertainty due to lack of data on consumption and future demand. Cost and un

certainty are directly proportional.
 

(11) Social acceptance by tilewater asers and development of comunity support.
 

com

munities be the first significant community-wide activity. Few other facilities
 

enjoy a higher priority onl a cormmnity-wide basis.
 

(12) Comnmunity organization created for providir.g water supply may in many small 


The above factors, vital in their impact on design practices, are matters of policy as well 

as technical criteria. Conversely feedback irom policy makers is essential to the design and 

establishment of technical criteria. For example the aforementioned statement that "the limited 

funds available be used to give (some) water to as many of the people as possible rather than 

give a perfect supply to a few" ii, a ;,oliv statement with profound impllcations in establishing 

deslibo criteria. To the extent tha the above factors suggest alternative strategies, amenable 
not only for waterLo CoIsCi':ue choice, they can be further developed as planning criteria, 

sup;.lies, but for all investmernts in the public sector of the economy. 

lie remainder cJ Ibii paper is principally devoted to examining some of these factors, 

patlicul-rly the use of imported versus local materials and equipment, the design of labor-

Int en; ly, as opposed to capital-inten;sive, facilities, and the design problems attendant to 

the availability of skilled nperating per,;onnel. 

Development of iocal Desin Standards 

1here Is a need for c:.rgn standards developed for developing countries and not derived from 
Session of the Regionaldevl ioped ccuntries. This was very aptly expressed by the Fifteenth 


LomaoIttee for Southeast Asia of the orld hiltih Organization (61 in its conclusiOn thar.:
 

"In the present stage of development of the majority of communities of this 

region, the methods, equipment, and the basic desgn factors commonly used 

in the highly developed and wealthier countries are often economically and 

reach. There is a great need to devise and develop systechnically beyond 
tems of water treatment and distrtbution and of preservation of water re

sources which are inexpensive to construct and simple to operate and main-

To this end there is a concurrent need for research and development
tain. 

and for realistic re-appraisal of the fundamental bases of engineering design.
 

MLasures mst be found to make full use of local materials, local skills, 

and the principles of self-help. Research and development should lead to
 

standards for design, determination of desiln periods, maintenance, operation
 

and management applicable to the conditions in the different countries of 

the region." 

This may seem very self-evident, yet violations of these precepts abound, even within the 

nations represented at the meeting which adopted the above conclusion [7]. 

For example, in an'important capital city, a new water treatment plant has recently gone into
 

is a country where skilled labor is scarce and unskilled labor is plentiful andoperation. This 
devices 	and
!o'w in coat. Mechanization was carried to an extreme, with mechanical coagulation 

Almost two years after operation, the sludge-removalwechanical sludge-removal equiprent. 
equipment in one settling tank was not operating because a part was broken and had not been
 

rec-,tved from Europe where the equipment was designed and manufactured. After 18 months of opera

cleaned found to have accumulated less than twotion, this settling tank was manually and was 


ieet of sediment - certainly no Indication that mechanical sludge-removal equipment had been
 

necessary. Most incongruous of all, a large sampling table permitted samples to be taken from 

flicking a switch. This expensive
any one of dozens of points throughout the plant by merely 


ampling table, also purchased from Europe at consideraole cost, was of doubtful value because
 

actually few samples were being analyzed.
 

In another important capital city, a new water treatment plant was built using literally
 

rordc; of men and women carrying baskets of earth on their shoulders and their heads from the
 

The plans for this plant as well as for plants already
.nxcavatLions for the settling tanks. 


the city include modern, expensive, mcchanical equipment for removing the sludge from the
!;erving 

Apparently manual labor is adequate for the
settling tanks without the need for manual labor. 

construction of the plant by local contractors, but the designing engineers must have felt that
 

thus scarce foreign currency was
n~inual labor is not satisfactory for the removal of sludge and 

the reasoning that
expended on the importation of such equipment from abroad. One wonders about 


so abundantly available. The foreign
encourages such labor saving devices when labor is 
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currency might bettor have been used for supplying piped water to more homes.
 

In still another capital city, a water filtration plant was recently constructed. During
 

construction, laborers 
in great number could be seen pouring the concrete, carrying in the sand 

for the filters on theirrshoulders, and manually performing many other of the construction tasks. 

This plant has automatic filter controls and in addition is provided with a complex chemical feed 

.- system withatainleas-steel-pumps:with-electris.motors installed.in a.sob-basement. However, in 

this city the distribution system is often without water and undervacuuml and because the sewer

age system is not adequate, the water supply is frequently contaminated. Cholera is an annual 

visitor. One wonders why automakic. equipment and complex chemical handling systems are required. 

It cannot be to save labor because labor is a plentiful resource in that country.. One of the
 

Riven for providing such equipment is that local operators cannot be depended on and the
 

equipment can decide better, for example, when a filter needs to be washed. This argument is not
 

valid as the maintenance of such equipment is generally more difficult than the operation it is
 

Lo perform.
 

reasons 


The above examples illustrate several points. First, water works are being constructed in
 

increasing numbers serving increasing millions of people throughout the world. This is good.
 

The greatest need, however, is not for incorporation of the most complex mechanical and elec

tronic devices into treatment plants, but rather to bring water of adequate quality and quantity
 

to as, Aay people as possible. Design practice in any locality whether it be the United States
 

or in(Ideveloping countries should strive for the most economic application of available capital,
 

materia1, and human resources. Certainly where manual labor is plentiful, where electronic
 

specJ jists are few, where money for purchase of equipment abroad is limited, and where the
 

greatest need is 
to serve as many people with water as possible, it does not make engineering
 

sense to invest limited resources in labor-saving equipment. Perhaps more important than cost,
 

reliability of the supply may actually be decreased. This is particularly true where adequat2
 

maintenance of such equipment cannot be assured.
 

Some economists have suggested that developing nations in their striving for industrializa

tion "leap frtog" more developed countries by installing the very latest automated equipment,
 

thus enabling them to compete more readily with nations with large fixed capital coats in older
 

equipment. 
 This has been the case to some degree in those countries whose industries were
 

This argument may or may not have validity for industries operating
devastated in World War II. 


in international,markets. However it is certainly not true for water supplies since they are
 

monopolistic and do not compete in international markets.
 

Lest the foregoing comments be interpreted as a brief for no equipment, we hasten to add
 

that there is a place for equipment or instruments that can'do things better than they can be
 

done by men., For example, the use of float switches for starting and stoppinp of pumps is
 

superior to manual control. Remote control dials may be appropriate where distances are great.
 

Equipment manufacturers have made a considerable contribution to water supply practice in the
 

developed countries, and they also can in the developing countries. However, even if no currency
 

problem exists, the equipment provided should be suited to the local situation.
 

In the majority of cases, the ahove examples do not reflect upon the competence or judgment
 

of a country's own engineers. On close investigation, it was found that many of the fundamental
 

decisions were made by consultants or equipment manufacturers from other countries. In other
 

instances, the 
local engineers were not consulted or their opinions were disregarded. In some
 

to he conceived and executed by
instances, the lack of local engineers has permitted projects 


.qutpmelnt manufacturers from the developed countries throuph so-called "turn-key" contracts
 

where the contractor is primarily interested in the sale of equipment. 
 Such equipment may bv, 
In the developed country of the equipment's
from a functional point of view, quite efficient. 


origin, where wages are bighh, interest rates low, and full employment preval,nt, such equipment
 

may also be efficient in an economic sense. But it, uu,'in situation. where labor costs are low,
 

unemployment is rampant, interest on 
capital high, and fnreivn vxchange funds limited would seen,
 

to be, at best, questionable.
 

it was perfected before their
 

time. For example, the slosv sand filter was highly developed before the end of the last century.
 

For years slow sand filters have provided safe and reliable water supplies for rany of 


Engineers also need not discaid a good solution just because 


the cities
 

of lurope and the United States, Many are still in use in the northeastern United States; new
 

units have recently been installed in urope and England. one might he inclined to think that
 

of this practice; however, an extensive engineering and economic study,
tradition Is at the root 

conducted by the London Metropolitan Water Board in the 1950's indicated that it was economical 

to continue to incorporate slow sand filtration in the treatment of Thames River water [8]. If. 

slow sand filters have a place in 11ritain, a country with advanced technical and manufacturing 

treatment cannot be ignored when considering feasible alternatives anyresources, this type of 

of slow sand filters in an industrialized
where. The very factors which weigh against the use 
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are
 
economy, namely, high land costs, high capital construction costs, and high labor costs, 


not applicahle In developing countries. rurthermore, slow sand filters are reliable and re

quire a minimum of mechanical equipment and chem eals for sound operation. 

from being attractively
 

built and a proud monument to the community and its engineers. ror example, because 

The limited use of equipment and instruments does not keep the work 


concrete
 

they have in general
service reservoirs are often more economical than those of imported steed, 

countries than in industrialized areas.been more attractive by far in the developing 	 The 

in the 	1930's continues to be far more attractive than more recent 
waterworks built for Manila 
highly mechanized additions. 

be required in
Some recent developments are indicative of the type of thinking that will 

large (1.5 Ton/flour), but simple

solving sanitary engineering problems. The development of 

hydrant used on por
alum-cake solution feeders in Santiago, Chile [9], the Fordilla Service 

(10], the modification of the aqua privy
tions of the distribution system in Asuncion, Paraguay 

Eli] for use in low-cost, high density residential areas, and the 
as developed in East Africa 


[12], are examples of what can be accomplished.
mono-valve filter developed in Taiwan 


Use of Consultants
 

A major technical resource available to developing countries is the use of consulting
 

engineers from developed countries, many of whom are making a major 
contribution to tileglobal
 

They have long experience in the preparation of feasibility reports

water supply effort. 


and in the design of waterworks. They have specialists in many fields upon whom they can drgw
 

a project develops. The best and most economical use of such consultants is when they pro
as 

vide this type of "know-how" but depend uPon local engineers for services that can be handled 

make surveys, do drafting, supervise
best locally. The local engineers can collect data, 


a much lower cost than

construction, and in general perform engineerin!g services on the job at 

As local engineers gain experience in the
 
can foreign consultants imported for these tasks. 


can gradually be reduced. 
specialty of water supply, the responsibility of outside consultants 


foreign engineer may be the beat arrangement.
Often, 	 a consortium of a local and 

that a 	reputable and experienced consultant be em)loyed in 
Lending agencies often require 


a project, and such experienced engineers may not be available locally.
 

the responsibilities of a forein consulting enrincer. 

and this should be written into the contract, be the employment of local engineers and their 

this type are now under way in Pakistan and 

It is extremely valuable that one of 


training in an organized fashion. Projects of 


Thailand.
 

certai. disadvantages.

Just as with imported equipment, the use of imported engineers has 


that the load on the system be established. 
a water supply systen, it is necessaryIn designing 

from another culture, labors under a handicap in this regard.

An outsider, particularly one 

they get the water from a public fountain, a yard
How many people will tse the water? Should 


What is the per caiLta consumption? 
 What is the population of the
 
tap, or indoor plumbing? 


city? Hlow is it changing from a rural- to a city-centered population? For all these data
 

2ngineer is better
information which the local 
can be just as the outside engineer must depend upon local 


prepared to both gather and evaluate. )verdesign from a capacity viewpoint 


expensive as overdeaign from an equipment standpoint.
 

on groundwater. Therefore outside consul-

In many developing countries little data exist 


surface water, although groundwater may be
 tants may be biased towards "safe" sources, that is, 

Some of
 

more economical. Groundwaters have certain advantages which should not be ignored. 


these are:
 

can be 	more readily developed by stages.
(1) Water systems obtaining raw water from wells 


be closer to served areas generally than can surface 
water sources thus
 

(2) 	Wells can 

reducing pipe and pumping costs.
 

turbid 	reducing capital requirements for treatment.
 (3) Groundwater is less 


more uniform throughout the year.
(4) Groundwater quality is 


cost
 
Another area in which outside consultants are at a disadvantage is in preparation of 


Outside consulting engineers are often very much in the dark as to the cost of
 
estimates. 


These estimates are particularly important in
 local materials and labor, especially labor. 


estimating local currency requirements. Oftentimes, consultants are instructed to keep that
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cost to a minimum. If by this is meant an economicnl design, that Is satisfactory, but if it 

including elimination of contingencies and profits,
implies an arbitrary cut in the estimates 

it is a mistake that will be costly in the ion;, run. 

Development of Personnel
 

on ,what is perhapso after finances,- the .....
l-i comments o lo -engineering_ personnel- touch 

that is the shortage of
 
serious present deficiency in community water supply programs,
moat 


matter 	of fact, thc problems of finance and personnel are very
trained local personnel. As. a 

Supply 	 Congress in Barcelona, 
ror example, at'the Seventh International Waterclosely related. 
 loan
 

a World Bank (International )tank for Peconstruction and Development) 
engineer stated that 


time but that there is a shortage of
 
funds for water supplies are available at the present 


duo to 	lack
 
sound water supply projects. This shortage of. "Rood" water supply projects is not 


to prepare project applica
of need, but rather to lack of personnel to formulate projects and, 

that surne countries are reaching their capacity to 
tions. Other engineers also have observed 

lack of need, hut because of lack of personnel.
 
use funds effectively, again not because of 


Or aS the senior author has cormmented elsewhere [13].
 

"It has already become evident, however, that the "bottleneck" in providing
 

lack of water, because ample water
community water supply systems is not 


resources for municipal supply are generally available, not 
lack of 
money,
 

are locking for sound water supply projects in
 as the 	lending agencies and purps arewh|ich to invest, not lack of materials, because pipes 
pu ainterestiegencrally readily available at reasonble cost, and not lack of 


on 'thepart of the people of the communitis, wo have demonstrated their
 

ater supply systems. he difficulty is their
need and desire for public 

qualified enpineers in tle developin, countries to conceive,
shortage of 


and manage water supply projects."
investigate, promote, design, construct 


to delays, waste, poor construction, poor operation, and
 Inadequate engineering leads 


inefficient use generally of available resources.
 

One rerpedy for these problems is a lares-scale effort to recruit more engineers 	 for work 

fhs re
in water suply and to provide specialized tralning for those already in the field 


quires many approaches, all taken simultaneously:
 

(1) 	Prepare more engineers by increasing the educational facilities and using those
 

that exist more fully.
 

local engineering institutions.
(2) Create graduate sanitary engineering curricula in 

Create intensive short courses for specialized training, in the capital and in
(3) 

Educational institutions can help.
 

Send engineers abroad for long and short-term specialized training, A word of caution
 
provincial centers. 


(4) 

is in order here the conventional academic and 
 .i programs in sanwtar engi

are enerally not appropriate for practicingnering in the developed countries 

engineers from developing countries, because the emphasistendsto be theoretical 

and directed to problems and solutions which must seem esoteric indeed 
whentia 

observed from these countries, hile such courses might be suitable for engi

careers in their own educational institutions,
neers preparing for teaching

practicing engineers need training more specifically directed to their own 

practice.
 

Among the training centers in the industrialized countries is the International Program in
 

Some 50 engi-

Sanitary Engineering Design at the University of North Carolina at 

Chapel tltll. 


- 12 month programs of study
 
neers from more than 20 developing countries have completed 9 

con
which combines work at the University, in municipal water works, 

and in the offices of 


sulting engineers. They now occupy key positions at the local and national level, and some 
of
 

Most important, these enpineers

them are responsible for organizing local training programs. 


are helping to establish a setting in which the technical resources of the industrialized
 

the developing countries to pro

people at reasonable cost.
 
sectors of the world can be adapted to the local resources in 


vide adequate water supply for the greatest number of 


in the 	developing
In ten years, an estimated third of a billion people in urban centers 


countries will be needing water supply facilities that are not now 
available t3]. These projects
 

will be competing not only for funds but for the engineers to conceive 
and design the projects.
 

6-. 

-.-. . 
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to design engineers and system operating personnel,
It is not always realized that in addition 


that successful water supply systems require support and participation from 
numerous other pro-


These include health agencies, which monitor water quality, develop support,
fessional group.. 

promote improvenents, a-d educate the pehlic; state or federal financing agencies, which regulate
 

rates, repayment st debt, credit,
 
governmental borrowing; bonding agencies, which keep an eye on 


special commission; equipment manufacturers
retainer or 


for parts and product information; and central.ized data collection

etc.; consultants, either avai]able on 


and distributors, available 

services, e.g., hydrological surveys.
 

Central Water Authorities 

to c eate a central water authority with limited
It may 	 be advantageous i art, countries 

or general powers. For example, a central agency could:
 

(1) Establish standard specifications for water supply equipment, e.g., pCImps, 

and maintain a stock on hand. This action could (a) reduce the size of the 

total parts and equip ut inventory needed within the country, and (b) 

stimulate local production. 

deoad 	as an aid to planning, and as a stimulant
(2) 	Prepare estimatesof tuture 


to local indu try.
 

(3) Centralize problems of foruifn exchange. Often the tendency is to do without, 

as for example, publications, laboratory reagents, etc.
 

a "circuit-rider" basis. 
(4) Provide expert consultation to smaller communities on 

(5) Develop central registers of qualified contractors and engineers.
 

of training programs,
(6) Encourage protessional development through sponsorship 


short courses, fellowships, etc.
 

(7) 	Conduct research and experimental investigations with applicability 
through

out the region.
 

(8) 	Maintain centralized data collections.
 

fact recording and data collection revea3s present conditions, reveals progress
A system of 
 Facts
 
achieved in waterworks construction, and leads to improvement of water supply operation. 


Th-.y also help to reduce
 
are a very powerful tool in obtaining support from the gendral public. 


overdesign due to uncertainty.
 

of smaller 
For smaller communities within the country, or for the entire country in the case 

countries, the central authority could also take advantage of scale economies by constructing
 

as well. This is particularly advantageous if surface
 and/or 	operating water supply systams 

are widely used iT,Central America, e.g., 

water storage must be required. Such orfanizations 
and IDAAN (Panama).

SNAA (Costs Rica), ANDA (El Salvador), SESP (Guatemala), SA'AA (Honduras), 

esearch and Development 

have yet to be explored scientifically. Although
Many problems o' community ,iater supply 

borrowed from the litera
much of the research needed in developing countries 	 can and should be 

applied research can be conductedthe United States and E.urope, much 	 most 
ture published in For example,
This work need not be elahorate to be useful. 

efficiently in the country of need. 


by operating a filter plant treating well water for 	the 
removal of iron and manganese, withot
 

the filter, investigators in Taiwan demonthe flocculation and sedimentation tank in front of 


strated that for the water in questitit, thieresulting quality 
of water with the filters operated
 

the filters operated with flocculation and sedimen
in such a manner was equivalent to that with 

obvious import of this research was that in constructing new facilities to trust water 
tation. The 	 was new flocculation and sedimentation basins

investment in
frem, this particular source, no 

needed.
 

Some engineers have the mistaken notion that research 
and development is confined to univer-


The above example shows that useful, inexpensive 
studies can
 

sities and government laboratories. 


be done in the field. Other non-university sarks of significance on filtration 
that readily
 
a design engineer.
14], a plant operator, and Hudson (15],


to mind include those of Bayliss
come 


7 
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Developments of this nature may very well be useful in more than one developing country. A
 

new publication, Water Supply and FSanitation in Developing Countries, sponsored by the Community
 
Water-Supply Section of- the United States Agency for-International Development-and published 'at..
 

tlhe University of North Carolina hag been established to report on such developments. Some
 
examples of items published to dale include:
 

(1) The use of constant-flow valves in Zambia [16]. These are inexpensive valves,
 

installed in water service lines, which yield a constant rate of discharge 
regardless of pressure, thereby reducing waste and insuring even distribution 
of water between users at high and low elevations. 

(2) 	Water supply in Indonesia using bamboo pipe [17]. Procedures for design and
 

construction are outlined.
 

(3) 	A proportional chemical feeder developed in Swaziland [18]. This feeder uses
 
a paddle-wheel for dosing control and requires no source of power other
 
than the paddle-wheel.
 

(4) 	Alum-cake feeder developed in Chile [19]. A simple and inexpensive but
 

highly effective alum-cake feeder for a larpe water plInt is described.
 

The problem of research and development in developing countries is closely related to the 
problem of Imported equipment described earlier. Ulater supplies, in comparison with other items 
of social overhead, such as highways, contain a very large percentage of non-labor items 
materials and equipment. This is esp, cially true of pipe installations. Although the COSL.;ratio 
of labor to non-lhor items varies from country to country, it is essential tOat materials anid 
equipment used within the individual country be produced within that country if major savings in 
hard currency requirements are to be realized.
 

This line of reasoning invites attention to pipe, since pipe of one type or another is 
usually the most important single non-labor cost item in water supply construction. 'rhis means
 
then that study of pipe. materials could have potential rewards. Looking at the Post corumon 
diameters for smaller systems, ranting from say 2 to 6 inches in diameter, the most promising 
alternative to present use of palvanized or cast iron pipe is plastic pipe. Such pipe offers
 
or would seem to offer certain advantages in developing countries: rirst, low capital invest
ment is required for production equipment. !!enderson [20] has indicated that an extruder 
machine capable of producing 2700 to 3100 feet of two-inch pipe in a six-hour day could be 
purchased in New York City in 1961 for $27,000. Such a plant would require a 25 horsepower
 
motor 	plus a small heating load to warm the resin. Based on averane U.S. labor and energy costs, 
the total cost of conversion from raw material to finished pipe is about, 3 1/2 Cents per foot
 
for 2-inch pipe. Second, the light weight of plastic pipe which reduces transport costs of hoth 
raw material and finished product and lowers installation cost. And third, widespread avail
ability of the basic materials in industrialized countries. Of course, disadvantages exist
 

too. 	 No brief for plastic pipe is intended, rather we are attemptinp to show a reasonable 
example of the type of investigation which could"be made without great difficulty or expense
 
by such a central agency as previously proposed, 

Such investigations might also be made by an appropriate university. Tilenewly established
 
Regional School of Sanitary Engineering at San Carlos University in Cuatemala is an excellent
 
example of an institution which is making, such studies on a regional basis, in this instance,
 
for Central America. Where a conmon Niarke exists, as in Central Amr.rca, planning new water 
industries can be carried still further bv distributin? manufacture of various items among the
 
participating countries.
 

The National University of Engineering of Peru has established a Center of Investipgations
 
to undertake the type of studies described herein (21].
 

These two Univecsity programs are assisted by *thL University of North Carolina and the 
U.S. Agency for International Development.
 

Justification of Comunity' Water Supplies 

In the 	competition for limited funds available for publ.-c investment, it has become more
 

and more necessary to provide "hard" data on the desirability of a water supply improvement. 
This is somewhat disconcerting to the public health worker who no more needs an economic analysis 
to show that water supplies are desirable than does he need a precise measure of luminosity 
to assure him" that the sun has passed below the horizon. Pes iias. : onetheless, 

N_ 
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such data are becoming virtually mandatory in order to compete For limited funds. The tradition
al justification has been improvement of health and its accompanyinv increase in productivity of
 
the working population.
 

Nearly every successful water utility operates on the nrinciple that it pays its own way. 
Problems of equity abound in estnlllilnp rate structures. ho',ever, for mst of the water 
systems of consequence, it has been det~onstrated that a AtrucLure capable of recoverinn the 
full operation and debt service charres i; feasible. Qlhere public iydranrs exist, they may re
quire a charge against another governmcntal agency. Althou-h in a sense this i,-horrowin.,, 
from Peter to pay Paul, empirical observaticon has indicated this practice to be far superior 
to simple subsidy. Continued operation and growth of water supply systems depend upon local 
interest and initiative, and this can onlv he renrienteI throurh continuins contributions of 
funds.
 

The notJon that water is, or !hould 1,e, free unfortunately linlrers on. In this regard, it 
is interesting to note that throuighout tie uorld, individual water carriers have a good market 
where piped supply is nct available, and in everv case they collect much more per gallon by 
several-fold than the highest charne made by a water utility anywhere. And of course, tile 
quality of such Eervice is deplorable, 

These remarks nuggest several favorable aspects of water supply as a public investment,
 
i.e., i*can and should be self-sustaining., and secondly it has widely distributed benefits.
 

Water supply also has certain other advantages: it has visibility and can be dramatically 
sold; successful completion and operation can be reasonably expected; it offers a high rate of 
return as a health expenditure in developing countries; the technology is reedy now; and 
minimal education of the public iq rded to derive the benefits. 

'Jater upplv and Sewerage 

Provision of piped water within densely populated areas, of necessity, requires con
comitant consideration of sewers. Unfortunately some central water authorities are hesitant 
aLout providing funds for sewers, feeling that they are unproductive investments (22]. The 
totion persists that water supply and sewerage are two separate entities. This is inevitable 
perhaps when local authorities have had to fight long, lonely battles to secure even a water 
supply system, and where elements of subsidy blurred the financial perspective even in respect 
to the water supply project.
 

In urban towns in India where water supply was long since installed and a sewer system held 
up for want of adequate "subsidy," the delay is costing dearly. Insanitation and mosquito 
nuisance have taken root and filiariasis is becaming endemic over an ever widening urban area 
in the entire country [23]. "Ironically encugh filiariasis control is fast assuming an 
increasing importance as a health measure with prophylactics pressed into service - This is but 
fighting the shadow and not the substance [23]." 

The visible return from sewerage is not so attractive as a water supply or an electrical 
project. But the provision of sewerage will eliminate the need foC maintaining an army of 
people engaged in the unpleasant task of night roil conservancy, transport, and disposal; 
maintaining cesspools; and maintainin, crews to combat nuisances. Savings on anti-mosquito 
measures can be anticipated. Mortallty and morbidity rates will decrease. 

The cost of not providing water 3nd sewerage facilities is inevitably greater than the 
cost of providing them. 

Summary 

Our principal argument has be- That standards and policies for community water supplies
 
should be developed within their .nvironmental framework. Although considerable assistance, 
guidance, and information are ave: ule from the more developed nations, the development of 
appropriate atanda'ds and polici, ultimately would seem to be a task of local engineers and 
administrators. Although outside expertise is available, this is a situation where money cannot 
buy everything. The development of at least a cadre of local talent is necessary if local 
objectives are to be efficiently met. It should be noted that this is pertinent regardless of 
the source of funding.
 

May we also suggec" that the attitude of the enrineer and the administrator should be one
 
of open-minded and continou us questioning of alternative means of achieving realistic goals,
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and that results are the proper criteria for ju'drini success - results in water for people, 
water for peace. 
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DESIGN OF SMALL GRIT CHANNELS 
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ABSTRACT 

Grit channels are used in water and sewage treatment to remove grit and silt from raw water or sewage to prevent their settling in ponds, tanks, or other treatment units with resultant loss in capacity 
or difficulty of subsequent removal and, also, to prevent excessive wear or scouring of pumps, pipes,
and channels. Design, construction, and operation of small grit channels requiring no mechanical equip
ment are described in detail. Particular attention is given to use of grit channels for preliminary treat
ment prior to oxidation ponds. 

(Key words: grit channels, sewage treatment, settling, preliminary treatment, oxidation ponds) 

Introduction 

In many developing countrio-s the inorganic grit load in sewer-borne waste waters can be very high.
This is due to the practice in some commpnities of using soil, sand, or silt as scouring aids in cleaningdomestic utensils. Also, with the Asian type flush latrine soil on the user's shoes is washed into the 
latrine during cleaning, and flushed to the sewer. Grit loads up to one cubic yard per million UK gal 2 

(0.17 cubic meters per 1000 cubic meters) per day of waste flow, are not unusual with an average of 
about 12 cubic feet (0.05 mi3 ) in many parts of Africa. 3 

Grit, if not removed before discharge to oxidation ponds, will settle around the discharge paint in
the primary pond. With high concentrations of grit in the influent, banks of grit will build up eventually 
to the surface, in a relatively short time. These banks disrupt mixing of the influent flow with pond 
contents, causing unsightly conditions and odor problems, and reduce pond capacity. 

1Also called Continental, Turkish, Squat or Eastern. 
2 One UK gallon is equal to 1.201 US gallons.
3 Even heavier loads have been reported for rainy-season raw water sources in the cordillera of eastrn 

South America. 
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".- Referring in particularto oxidation ponds, grit removal can be accomplished by two methods.-The - " 
first is to pretreat the effluent in anaerobic lagoons; the grit accumulates in the lagoon and is peribdically 
removed. This is the simplest method of dealing with the problem, but cannot always be used; for exmple, 
anaerobic ponds near built up areas may cause odor problems. 

The second method is to use a grit channel or other degritting facility. Many of these facilities have 
mechanical parts and are power operated. These are relatively expensive to install, and operation and 
maintenance require skilled personnel - usually beyond the financial and technological resources of small 
communities in developing countries. Unskilled labour, however, is normally readily available. Hence 
it is important to consider clegritting devices without mechanical aids and power requirements and needing 
only unskilled labour for satisfactory operation. Of these the simplest is a grit channel cleaned by hand 
labor. 

The criteria by which grit channels are designed are to regulate, for all flows, the velocity of flow 
foot per second (0.3 m per sec) and a time of passage through the:to a constant value, usually one 

channel of about one half to one minute. These criteria provide sufficient time for most of the grit to 
settle on the floor of the channel, but insufficient time and sufficient turbulence to keep the bulk of the 
organic material in suspension. 

Observations on grit channels in Zambia for example, have indicated that the grit is composed of a
 
large percentage of fine sands and silts (0.2 mm equivalent diameter and less). If the channel is designed
 
using the criteria above an appreciable proportion of the fine material passes through the channel without
 
settling. Settlement of the fine material is increased by reducing the velocity of flow through the channel
 
to about 3/4 foot per second; the lower velocity however also causes settlement of more of the organic
 
material.
 

Grit channels operating at 3/4 foot per second velocity and about one minute retention time will 
reduce the fine sand fraction (0.2 mm) by about 95 per cent. Finer fractions will be reduced by lesser 
and larger fractions by greater percentages. In developing countries it is recommended to use a velocity 
of 3/4 foot per second for degritting raw sewage before discharge to oxidation ponds. 

VELOCITY CONTROL METHODS 

Constant velocity in the grit channel is achieved by providing flow control devices at the outlet of
 
the channel. There are two kinds: proportional flow weirs and critical flow flumes.
 

The shape of a proportional flow weir is such that the flow varies proportionally with the head on the
weir so that the velocity of flow in a channel of rectangular cross-section remains constant. When de
signed for small flows the shape of the weir has fine corners, which tend to clog with debris. Also, the
 
weir cannot operate under submerged conditions but requires free fall, hence there is a loss of head
 
equivalent to at least the full depth of flow over the weir - a disadvantage in areas of flat topography,
 
where every inch of head needs to be utilized. References dealing with the design of grit channels con
trolled by proportional flow weirs'are listed in the bibliography.
 

In critical flow flumes the flow is forced to pass through the critical depth (i.e. the flow changes 
from tranquil to shooting flow). This is achieved in a number of ways - by putting a stricture in the width 
of the channel, or a hump on the floor of the channel etc. If the depth of flow is measured at the point 
in the flume wherethe flow posses through the critica( depth the flow can be measured with great accuracy. 
Unfortunately this point changes with the depth of flow and the approach velocity, so as an approximation 
a depth ismeasured at a point upstream of the flume throat and the flume constant obtained by calibration. 
To ensure accuracy, manufacturers of flumes specify the shape of the flume and approach and exit channel 
dimensions to close tolerances. 

As a means of velocity control critical flow flumes have advantages in that (1) some of the head lost 
through the flume is recoverable by means of a hydraulic jump downstream; (2) the flume can serve a 
dual purpose, as a velocity control and a flow measuring device - for the latter purpose only one up
stream depth measurement is necessary; (3) the flume is self-cleansing. However the head-flow relation
ship for critcal flow flumes is of the type: 

Q H" 2 | 

2. 
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where Q is the flow, H the head, 
 W the width of the flume throat, and a a constant (flume constant).As the control flume section is rectangular in cross-section, the velocity varies nonlinearly with the head. 

Td r x m y constant velocity in the grit channel over a range of flow two methods 
are available: 

In the first method the cross-sectional shape of the channel is mode parabolic.calculation of the parabola dimensions the velocity in the grit channel 
By appropriate 

can be designed to a constantvalue over the whole range of flow expected. This method of control is widely used in big schemes andwith satisfactory results but with small flows where big grit loads are expected and where operationalcontrol is poor the grit storage space necessary is relatively large and it is difficult to provide sufficientstorage space without disrupting the parabolic shape of the grit channel. The procedure for design is set 
out by Camp (1942). 

In the second method the flume is set lower than the floor of the grit channel. With this controlmethod the cross-section of the grit channel is rectangular and it is a simple matter to provide adequategrit storage space. Over the range of flow the velocity in the grit channel deviates from the design valuebut the magnitude of this deviation can be restricted to acceptable limits. It provides probably thesimplest form of velocity control and for this reason will be given detailed consideration. 

There ore a number of designs for critical flow flumes and any of these could be used to control theflow in the grit channel. However, in sewage practice the Parshall flume has particular merit in that(1) the head-flow relationship is not significantly affected by the channel approach velocity, consequentlythe approach channel dimensions and elevation are not critical factors, and (2), from 60-70 per cent ofhead lost through the flume can be recovered by means of a hydraulic jump without the head-flow relation
ship of the flume being affected. 

In Figure 1 a diagrammatic cross-section and plan of a Parshall flume and grit channel Is shown.Tables 1 a)and 1 (b)the dimensions of Parshall flumes with different throat sizes are listed 
In 

- Table I (a)is in feet and inch units, Table I (b) in metric units. In Table 1 (b) equivalent throat sizes have beenrounded to the nearest convenient metric unit corresponding to 3, 6, 9, and 12 inch throat sizes. Theother dimensions are direct conversions of the dimensions in Table 1 (a) to ensure that the depth-flowrelationship for the flumes conform to the experimentally established functional relationship expressed in 
equatiens 1 below. 
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TABLE 1(a) 
Dimensions of Parsholl Flume. (Feet-inch units) 

W 

in. ft. 
A 

in. 
B 

ft. in. 
C 

ft. in. 
D 

ft. in. 
F 

ft. i1. 
G 

ft. in. 
K 

ft. in. 
N 

ft. in. 

3 

6 

9 

12 

1-6 3/8 

2-0 7/16 

2-105/8 

4-6 

1-6 

2-0 

2-10 

4-4 7/8 

0-7 

1-3 5/8 

1-3 

2-0 

0-10 3/16 

1-3 5/8 

1-105/8 

2-9 1/4 

6 

12 

24 

24 

12 

24 

18 

36 

12 

24 

18 

36 

2 1/4 

4 1/2 

4 1/2 

9 

TABLE1(b) 

Dimensions of Parshall Flume. (Metric units) 

W 

cm 
A 

cm 
B 

cm 
C 

cm 
D 

cm 
F 

cm 
G 

cm 
K 

cm 
N 

cm 

7.5 

15.0 

22.5 

30.0 

46.68 

62.09 

87.97 

137.19 

45.73 

60.97 

86.38 

134.34 

17.78 

39.70 

38.11 

60.9 

25.88 

39.70 

57.48 

84.48 

15.24 

30.49 

30.49 

60.97 

30.49 

60.97 

45.73 

91.46 

2.54 

7.62 

7.62 

7.62 

5.72 

11.43 

11.43 

22.86 

For meaning of symbols refer to Figure 1. 
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Flow Through The Parshall Flume 

The base of the flume (see Figure 1) forms the reference level for all head measurements. The head,

Ha, is measured at point Pand equations 1(a) and 1(b) relate Ha with the flow, Q,
 

Q =4.1 W (Ha) 3/2 . . . . . . . . (a) 
where W = Width of throat in feet (ft) 

Ha = Head of liquid above flume base at A in feet 

Q = Flow in cubic feet per second (cfs) 

Q = 2.27 W (Ha) 3/ 2 ........ I(b) 
where W = Width of throat in metres (m) 

Ha- Head of liquid above flume base at A in metres 

Q = Flow in cubic metres per second (m3isec)
 
The head, Hm, in the grit channel is found from
 

Hnef 1.1 Ha 

Hence equations 1(a) and l(o) can be conveniently written in terms of H as follows:m 

H 3/2 3/2
Q=4.1 W(2-) =3.554W(Hm) /cfs ........ 2(a) 

1.1 

H 3/23/ 3
Q =2.27W(2L.) =l1. 9 6 8 W(Hm) in .. . .2(b)m/sec . 

1.1 

Alternatively from equations 2(a) and 2(b) 

2/3Q 
Hm = (3. -W) feet ........ 3(a) 

H = 2/3 metres ........ 3(b) 
m 1. 968W 

The relationships between Hm, W, and Q according to equations 3(a) and 3(b) are shown in Figures 
2(a) and 2(b) respectively. Note that the head-flow relationship is linear when plotted on log-log graph
paper. The head-flow relationship should not be used for design outside the limits shown in Figures 2. 

Limitation of rlow Formulation 

The fcrmulation expressed in equations (2) is no longer correct when: (1) the flow exceeds a certain
absolute value. This is a limitation due to the geometry of the flume. In the case of the Parsholl flume the 
limitation is set by the dimension N (see Figure 1): 
H must not exceed ]ON, substituting in equations 1: 

a 

(ON) 3/ 2 Q(maximum) = 4.1 cfs ........ 4(a)
 

= 2Q(maximum) 2.27 (ION) 3/ m3/sec ........ 4(b)
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These maximum flows are marked on the diagrams in Figures 2 (a) and 2(b). Also note that for each flumethroat width there ik u Tlirirum flow below which equations 3 do not hold; these values are based on

expcrimental data.

(2) Ihe level head of flow (relative to the flume base) at the throat, !,I exceeds 0.6H0 (0.7Ha in
 
flumes Y, itI -idths
thoat 9treater than one foot). Then "drowning" of the flume occurs whereupon theflow is no longer independent of the downstream conditions. Although the relationship 

If (. ( H . . . . . . . . (5)
is simple, the practicul prfbler I, thot ii is ver, difficult to determine the value of the Ht beforehand
 

aridl hence 
 it is not',sihir to check if it satisfies equation 5. However, Leliavsky (1965) made anexperimental obser, ation of cunrvideruble practical value in the design of these flumes: when drowningcommences Ole liquid surfa:e evels in the downtream channel and at the throat are approximately thesame. Consequently the downstream surface level should not exceed 0.6 H at all flows. (See Figure 3). 
a
 

Velocity Con l
 

To c4btain an approximately constant velocity in the grit channel it was stated that the Parshall flumeis lowered a distance (colied the step height) below the floor level of the grit channel. The step height,Y, (see Figure I) is determined on the assumption that at two flow rates, 0 the velocity,V, iii the gilt channel is equal to a pieselected value. 0max min' 

Since Q AV W D V, then
 
g g
 

WD V Q9 max max max 

WD .V . Q .g minm in min 

but atQ andQ .
 
max min
 
V max V . -- Vmin 

i.e. 'max maxDmox"T Q max-T-.-.  . .. (6)6min min 

Now D =H -Y 
........ (7)
 

Hence substituting equation 7 in equation 6 

Hm(max) -Y = Qmax 
(8) 

Hm(min) -Y Qmin 

From equations 2(a) and 2(b) substituting for Hm in equation 8 

ma 2/3 2 / 
__________mx= /1.1 Y C' (Qmax) -Qym mox 

a . \ ' C' (Qm /n -Y 
1.1 7. y 

6. 
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Let R - Qmax Qmin and solving for Y 

Y 	 . '. . . . . . . . (9) 
"-lR2T m(max) 

:'C H 	 . . . . . . . . (10) 

()where C R -

Note that C is a funLtion of R only. 

In lahie 2 the values of C for different values of R are listed and these are plott, in Figure 4. The
 
diagroms in Figues 2 and r4 allow rapid solution of some of the grit channel cr 1 itions as illustrated
 
in the design example below.
 

DESIGN APPLICATION 

Design a grit channel to treat the influent to an oxidation pond. Future population is estimated at 
7,500, present population 2,000. Data from neighboring communities indicate an eventual waste watur 

flow of between 20 and 30 UK gal per person per day. Grit load is estimated at 12 cubic feet per million 

UK gal per day. The pond is located in an area of flat topography and in order to balance cut and fill, 

ihe head available must be utilized to best advantage. 

Solution: 

Assume (1) Maximum daily flow is 3 times mean daily flow. 

(2) 	 Design velocity in grit channel is 0.75 feet per second. 

(1) 	 Maximum Design Flow 

Mean daily flow = 7,500 x 30 = 225,000 UK gal/day
 

Maximum daily flow = 3 x 225,U00 675,000 UK gal/day
 

- 1.2 cfs
 

(2) 	 Minimum Design Flow 

In this oroblem it is difficult to estimate the minimum flow. In any event as the community grows the 

minimum 	flow will gradually increase so that any reasonable estimate will do.
 

= 2,000 x 20 = 40,000 UK gal
Estimated initial total daily flow (at 20 UK gal per person per day) 

per day - 0.075 cfs.
 

The ratio of maximum to minimum flow is greater than 12. For R greater than 12, at intermediate 

flows the deviation of the grit channel velocity from the selected value (0.75 ft/sec) becomes appreciable. 

Hence for design purposes accept R -' 12, which gives the minimum design flow as 0. 1 cfs. 

(3) 	 Flume Sihe
 

If the
The flume size is chosen considering maximum and minimum flows and the head available. 
within the range of two flume throat sizes, the larger sizehead available is limited and the flows are 


requires a lower head rise for the same flow. This has the effect of increasing the width of the grit
 

instance the low minimum flow (0. 1 cfs) must be considered when selecting the
channel. In the present 

flume and a 3-inch flume is indicated. At the maximum expected flow (1.2 cfs) the depth of flow will
 
still only be 1.24 feet, hence the flume should be satisfactory.
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(4) Step Height Y 

Data: 	 R = 12, Q = 1.2 cfsmax
 

From Figure 4 or equation 11, Cr 0.117
 

Ftom Figure 2(a) or equation 3(a), Hm(max) = 1.240 ft.
 

Hence from equation 10, Y 0.1'' x 1.240 = 0.145 ft. 

1.74 inches
 

say, 13/4" (0.146 ft).
 

(5) 	 Width of Grit Channel
 

Data: V = 0.75 ft, Q(max)= 1.2 cfs
 

Depth of flow in grit channel, D(Max) = Hm(max) -Y 

1.240 - 0.146 = 1.084. 

Width of channel, W --Qmax = 1.2 1.42 ftg 
V D 0.75 x 1.084 

max 

say, 	1.5 ft. 

(6) 	 Length of Grit Channel 

Data: 	 Retention time = 1 minute (60 seconds), flow velocity 0.75 ft/sec.
 

Hence length = 60 x 0.75 = 43.0 ft.
 

(7) 	 Velocity Variation with Flow in Grit Channel (optional calculation)
 

H* D** V***
Q m g 
cfs ft ft ft/sec 

0.1 0.234 0.088 0.76 

0.15 0.307 0.161 0.62
 

0.3 0.49 0.344 0.58
 

0.6 0.78 0.634 0.63
 

0.9 1.02 0.874 0.69
 

1.2 1.24 1.094 0.73 

1.5 1.44 1.294 0.76
 

* from Figure 2(a) 

**Dg =Hm - Y (Dg = depth of flow in channel) 

***V = Q/(Dg Wg) 

8. 



AID-UNC/IPSED Item No. 20 

A plot of V versus Q is shown in Figure 5. It indicates that at flows between the maximum and 

minimum the velocity in the grit channel may reduce to 0.6 ft per sec. This value is probably near the 

lower limit of acceptable grit Jiannel velocity. In general the maximum deviation from the design 
velocity decreases as Rincrease,. 

(8) Grit Storage 

In small installations it is advisable to provide from 3 to 7 days grit storage space in the channel for 
adequate supervision and control is often not strictly exercised. For example, if the laborer is sick the 
channel may not be cleaned for a number of days. Usually no laborer is in attendance over weekends and 
holidays. 

Assume: 7 days grit storage space. 

Data: Daily flow = 225,000 UK a' 1 .; grit concentration = 12 cubic ft 

per million gal. 

Seven day grit volume = 225,000x 12x7 = 18. 9 cubic ft.
 
1,000,000
 

Depth of storage required in grit channel (S) 

S = grit volume
 
W x length of channel
 

g 

S = 18.9 - 0.29 = 3 1/2 inches. 

1.5 x 43 

The storage space can of course be increased still further by increasing the depth. The grit storage 
space is provided by lowering ihe floor level of the grit channe between the penstocks. In order not to 
disturb the velocity relationships in the channel, loose "ladder" sections are laid in the grit storage area, 
the vertical depth of the ladder section being equal to the depth of the grit storage space, i.e. 3 1/2
inches. (See Figures 1 and 6). The crossbars act as hydraulic foils causing points of low pressure behind 
each "rung" and are believed to enhance the deposition of grit. The sections are made from aluminium or 
from hard wood which has a higher density than water. 

Two channels are provided so that one may be isolated, drained and cleaned while the other is in 
operation. Each channel isisolated by means of two sliding gates (penstocks), one at each end of the 
channel. Drainage of the channels to the pond is through a 2-inch diameter pipe with valves at the inlet 
and outlet. The valve at iOi outlet is essential to prevent entry of frogs to the pipe where they die and 
very effectively block the drain pipe. (Fig. 6). 

(9) Sewer Invert Level 

The invert level of the influent sewer discharging to the bar screen well upstream of the grit channels 
is governed by the condition that during the doily lovw flow period there is free flow in the sewer. At 
higher flows the sewer is flooded due to the rise of the wnter level in the grit channel and deposition of 
grit and organic material may take place in the pipe, but will be scoured during free flow periods. A 
design procedure is to set the invert of the sewer at the level that ensures free flow at the expected minimum 
daily flow under maximum mean daily flow conditions. 

In the example considered, assume the minimum daily flow at maximum mean flow (0.4 cfs) is 0.1 cfs. 
For a 3-inch flume the water level, Hm, in the grit channel at this estimated minimum daily flow from 
Figure 2(a) or equation 3(a) gives 

H = 0.23 ft 
m 

9. 
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whicih ;, arceped cis the invert level of the inflent sewer relative to the base of the Parsholl flume. 

(1 O) Downst ream Cond it ions 

In the (JJ'tou ;hown in Fiqure 6 the PcRrshll flume serves both as a control and flow measuring device, 
-eric- the flow ee of the d&vnvt eonm chante; rnu be lowered sufficiently to ensure that the flume will 

not be drowned by th. water leve I tising lo:) higi. The wuter level in the downstream channel is determined 
w!surning hal there i , fee fall to the inlet pite well. (6ee Figure 6). The depth of flow is then given by 

D ( V " . . . . . . . . (12) 

Where Dc Depth of flow in downstream channel in feet c 
Y/ Widldt of chacnel cl point oi free fall 

Q Flhw in cfs 

Asumin the downstream chunneI is I ft wide. 

At maximum flow (I . 2 cts) 

1,. 2 3 42 /3
 
D -2>Z4 (0.4) 0.33 ft.
 

At 1.2 cfs the head, Hm(max) in the Parshali flume is 1.24 ft, i.e. 

H . I :- 1.24/1.1 1.13 ft.Ha 

To prevent drowning, H. < - .6H , Le. H < 0.6 x 1.13 =: 0.68 ft. That is at 1.2 cfs 
the water level in the channb d ownstreomaof the flurke must not exceed 0.68 ft. The floor level in the 
downstream channel relative to flume base (R. L. 0.00) is 0.6 H - D = 0.68 - 0.33 = 0.35 feet, i.e. 
this level is higher than the flume base. The downstream channolacannSt be higher than the level at 
point K (Figure 1), which from Table 1 (a) is -1 inch (-0.084 ft, and consequently the floor !evel is set 
cit -0.0q4 It. 

The downs~reaRr floor level is noimajly a critical factor only when a separate measuring flume is in
. ulled downstream of the Parshall flunme 4 for then the width of the channel is fixed. Otherwise the depth 
of flow can always be reduced by widenin, the downstream channel. 

t Flow Measurenment 

ie hend of flow through the flum- !r measured in the well next to the flume. (Figure 6). Spot 
meOsulenrents can be made with a graduated measuring stick. Given the head, discharge can be calculated 
ro,ing equations (1). Estimates of doily flow can be obtained from head measurements at 1/2 hour intervals 

over the period at a day. Continuous recordings of flow or head are most simply obtained by measuring the 
Fiessrre or a dip tube suitably set in the well and recording this value on a clock wound recorder. This 
metliod huwever requires a curripiesed uil surce, and if a powei-driven compressor is not available either 

compressed air bottle or a conainer pressorized by a manually operated air pump will be needed. 

Floa recorders aje also used. These require a big well with the recorder shelter often built over the 
'vell The recorder must be isolated froor the well by wooden floor boards (or a steel plate), the float wire 
.,ssing through a small diameter hole in the boards. The recorder shelter must be well ventilated otherwise 
corrosion problems result due to the forration of sulphuric acid from the hydrogen sulphide gas generated in 
the well. 

A separate measuring flume is installed when accurate flow measurements are required, as the Parshall 
lurme is accurate only to.about five peicent. 
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It is essential that the well be provided with a drain, similar to that for the grit channel. During 
draining, the well contents are agitated to assist in flushing the sludge and grit. 

Automatic recording instruments require continuous and skilled attention and are not justified in small 
installations unless operational or research data are required. 

A nomograph for converting Parshall flume head measurements to discharge appears (p. 18) in the 
Water Supply and Sanitation in Developing Countries Special Reprint: "Practical Hydraulics for the 
Public Works tngineer." 

(12) Level of Pond Inlet Pipe 

The downstream channel discharges to the pond pipe inlet well (see Figure 6). For conservative de
sign the floor level of the well is set half the inlet pipe diameter below the channel floor level; the head 
available should then be sufficient to prevent drowning of the control flume. 

The invert of the pipe inlet is set about 2 inches minimum above the water surface level in the 
primary pond. 

Performance 

An experimental check on the depth flow-relationship in a grit channel was obtained on an installa
tion in Zambia. The grit channel was controlled by a 3 inch Parshall flume with a step height of 3/4 inch. 
Downstream of the Parshall flume was a commercial 6-inch Venturi flume which had depth-flow relation
ship approximately conforming to equation (12). For a number of different flow rates the head on the 
Venturi flume was plotted against the depth of flow in the gri channel, i.e. 

Dgrit = (Q/4.1W)2 / 3 
- Y 

Hflume = (Q/3W) 

In Figure 7 are plotted the theoretical curve and also the experimental values describing the re
lationship between Dgrit and H-flu * It is clear that there is cood agreement. 

Operatiknal Problems 

The main r;perational problem stems from a misunderstanding of the mode of operation of the grit 
channel. For example, very often the two channels are used simultaneously thus reducing the velocity 
in the channels to half the design values. A solution is to post a notice such as: 

"These grit channels will not operate correctly unless one only is in use at any time". 

If adequate security fencing around the installation is not p.-vided, it is advisable to provide chain 
padlocks on the penstocks and the barscreens; the padlocks must b-f made from corrosion resistant materials. 
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