DOCUMENT RESUME

ED 243 656 SE 044 387
TITLE Water Purification, Distribution and Sewage Disposal:
Appropriate Technologies for Development. Reprint
R-29. -
SPONS AGENCY ' Peace Corps, Washington, DC. Information Collection
S and Exchange Div. .
PUB DATE Apr 79
CONTRACT PC-25-1709 o
NOTE 259p.; Prepared by Volunteers for International
... Technical Assistance, Inc.
AVAILABLE FROM Peace Corps, Information Collection & Exchange,
. Office of Programming and Training, 806 Connecticut
' Avenue, NW, Washington, DC 20526. .
PUB TYPE Guides - Classroom Use - Guides (For Teachers) (052)
EDRS PRICE MF01/PCl1 Plus Postage. . )
DESCRIPTORS *Construction (Process); Design Requirements;

Developing Nations; Learning Activities; = -
Postsecondary Education; Public Health; *Toilet
.Facilities; *Training>Methods; Training Objectives;
Units of Study; *Waste Disposal; waste Water; *Water
Resources; *Water Treatment

IDENTIFIERS *Peace Corps; Water Distribution

"ABSTRACT , e e
. __ .. _ _ _This document, designed to serve as a training manual
for technical instructors and as a field resource reference for Peace
Corps volunteers, consists of nine units. Unit topics focus on: (1)
water supply sources; (2) water treatment; (3) planning water

distribution systems; (4) characteristics of an adequate system; (5)

construction techniques; (6) operation and maintenance of a

% — a2 %3 "2 ¥ - — — & 2 . — a2 &

distribution and treatment system; (7) scope of disposal system

projects in host communities; (8) the privy method of excreta design
for a village; and (9) water carried sewage systems construction and
~maintenance. Each unit includes: an overview (statement summarizing
. significance of material to follow and points requiring special )
emphasis); an objective (definition of goal to be achieved); lists of
‘tasks (steps followed to accomplish objectives), functional skills
(knowledge skills needed to perform tasks), terminal performance =
tests: content information describing the knowledge and skills needed

* Reproductions supplied by EDRS are the best that can be made *
+he or *

o




INFORMATION COLLECTION & EXCHANGE

Peace Corps' Information Collection & Exchange (ICE) was_
established so that the strategies and technologies devel-
oped by Peace Corps Volunteers, their co-workers, amd their
counterparts could be made available to the wide rang - oF

development organizations and individual workers who mght
find them useful. Training guides, curricula, lesson pians;
project reports, manuals and other Peace Oorps-generated
materials developed in the field are collected and reviewed.
‘Soe are reprirted "as is"; others . provide a source of field
- pased information for the production of manuals or for re-
search in particular program areas. Materials that you sub-
mit to the Information Collection & Exchange thus become

part of the Peace Corps' larger contribution to development.

Information about ICE publications and services is available
. through:

Peace Corps : _

information Collection & Exchange =
office of Programming & Training Ooordination =«
806 Connecticut Avenue, N.W.

Washington; D.C. 20525 oy

dd your experience to the ICE Resource Center. Send ma-
terials that you've p.epared so that we can share them

with others working in the development field. Your tech-
nical insights serve as the basis for the generation of

ICE manuals, reprints and resource packets; and also

crsure that ICE is providing the most updated, innovative

problenrsolving techniques and information available to

you and your fellow development workers:

Peace Corps



WATER PHRIFIG&}'} TION; DISTRIBUTION AND SEWAGE DISPOSAL

FOR

PEACE CORPS VOLUNTEERS

Uy

Prepared by
Volunteers for International Technical Assistance, Inc.

Reprinted by Pesace Corps:
OVS/Technical Resources Division-5/69

Information Collection & Fxchange=4/79



FRELE FE FORTERTE

; WATER SUPPLY SOURCES AND TREATMENT
SECTION 1: * WATER SUPPLY SOURCES

OVERVIEW ...... Ciiiisiiiesseiessssasicassescssssisssessesssasasasaasl

Background Information R I I R I S S S
Evaluation of SOUrCeS::iiii.iiiiiissessssssscasassnssssssssssasansld
Factors Influencing the QU?lity of Water....i.iiiiiiiiciiinnsnsaasll
The Quantity of Water.. tiieesiseissessssssisisssssssasessssseaad
Types of Sources. .:....:........;..;;;;.;;;;;...;.;..;;...;;..;..24

Deve]opmentfgffggge[7§oggces..;;;.;;;;;;;;;;;;;;;;;;;;;.;;;;; ..... 31
The Basic Requirements of a Water SuppIy.;;;;;;;;;;;;;;;;;;;;;;;;740
Selection of the Source Of SUPPIY:::eeivecsssssssssscasssssasioios 41
~ LESSON PLANS . i iiiivsiocescoscsscsssscssssiosasassssisasissssasseasacdd
SECTION 2 NATER TREATMENT
GVERVfEW';';;;a;.a ..... seeseessenssassesssnnse eeecescecctecraccrnnace 48
Self Purifiﬁ’tign Creeteetsetaasasaasaanans Cetesrecsesssenesananns 51
Basic Steps \in Irea;ing R 1] PR Y 4
Sample Desigphs for Treatment Systems......... ceereccentans Ceeeneaddb
LESSON PLANS. ....ccviveecrnncnns P A S -1
SECTION PLANNING THE DISTRIBUTION SYSTEM
OVERWUIEW....ovvn... S S T S S -1 4
Desigh .o .................;;;;;;;::;;;;...;;..;.;....;...21
Existfing Faci]itiesil: ..... ceas ................’.i....;.;;..;;;;;;;.22
Size fand Nature of the Conmunity;;;;*;.;.;; tieteieiciiieisiaasas 72
System Capacity..cciciiiiceircressasnanans A I K
; Wate SODFCQili;;;;;;.........;’.;;;’.. cee csssccscascannin 76
Propo8ed SYStem......:iiissicieseisaii-essinissisassssaissanasanacll
Financing the Project.......ciiiiiiciiiiisiiiaciscioonecnnnacnanns 87
LESSON PLANS. . .iiiseiliisciresisnsiisnisninsancans enenas . -1 |
SECTION 4 CHARACTERISTICS OF AN ADEQUATE SYSTEM :
OVERVIEW: oo vieiienrenaconeensnnsasancssssnssscissossnssssasssnsessdd
Essential Components of an Adequate System............cic.oee7::0:99
- General Requirements for an Adqua;efSys;gmil!i,;;;..;.:.....;...101
Relationship of Distribution System to Community........i..c0::::105
Headloss and Distribution Systems;;;;;;;;.;;....;.;...;;;.;.;;...]BG
LESSON PLANS......cenanrniaiiaiiaiiiiiaiiniiiiaiiairaniaiaaeiiis .108
SECTION 5 CONSTRUCTION TECHNIQUES
OVERVIEW. ..viiveviiiciisasssesssssssssaassssosnsnannnnnnns ceeaans 110
SCheme...c.ciiiciiraarsasssassisasisioscnnnnns eecaseteresareanans 114
© CONCrELe.::cisosesssisssisiosasasaisnnassnsasantentsnsassataanens 114
Construction at the SBHFéé;;;;;...........................;...;..121
Construction at the Pumping Station..................eeeieias.eiil22
Construction at the Storage Faci]ity............;......;;.;;;;;;;123
Coustruction on Supply LineA...i, .............. PP b & )
tESSGN ptANSZ;.;2;2.222;-....;;;;;;;.; ....... o.----;aa.,;;;;;;;;;;]35

4]
mw




SECTION 6 OF “RATION AND MAINTENANCE

QYEBYIEWiiii-iEjEiii::::-:;:-e;:;:::-; ........................... 139
Water Source Maintenance and Inspection...........cciiiiiiiiiiei144
Regulations for Installing New Service Connections..:i...........148
Regulations for €leaning the Distributions System..:.....:::.::.::148
Inventorying for Operation in Emergencies:.:::.::isi:isi..a:i:0::4::148
Types of Financial Statements for Small Waterworks..:.::.::.:::..::151
EESSGN PtANS;;A;;;;;;;;;;;;;;;;;;o;i;i;oii.ooo-o..oa.i---i -------- ]51‘
SECTION 7 SCOPE OF DISPOSAL SYSTEM PROJECTS IN HOST COMMUNITIES
OVERVIEW. ¢ s sseeeeennrnnenssnsnesassnseeensassans eessreesannens 160
Public Health Importance of Excreta DiSPOSATeueerennrnnenncaranns 163
How Disease is Carried from EXCreta.....cccvecereeanenrcancancans 163
The Characteristics of an Adequate System................. evaaee 165
Possible Sanitary Measures in Rural Areas......c.eevsuececase ee..165
Soil _and Ground-Water Pollution.......cccceeuerncncneccscscacanns Al
Location of Latrines and Other Excreta D1spasa1 Facilities.......172
Sludge Accumulation and the Life of a Pit Pr1vy;;;;;;;;;,;;;;;:;;]?3‘
Commuriity Participation.....ciciiiiiivininecscosiosacsssacsoasessl?5
Family Participation....cc.iciiiiciiiiicocassessccsssssnsnsnaeaaasl?b
Role of Health Department and Other Agenc1es.....;;;;;;;;;;;;;;;;177
. Public Versus Pr1vate Latrines.e.cicceceivirsennsssasssnsnannasaal?8
\ Human Factors..... S S S S I S ¥ £
tESSON PLANS:::;:::::::::;;;;;;;:;;;;:;;;;;;f;;;;;;;;:;;;;;;;;;;;181
SEETION.8 IHE,PRIVY METHOD OF EXCRETA DISPOSAL DESIGN FOR
A VILLAGE
\»‘? OVERVIEW . coiiiiiiiiieeessssssscsascacsscssscisissasassssscasinsnia 184
The Sanijtary Survey;;;;;;;;a;;;;;;,;;;;;;a;;;;;a;;;;;;.;...q......IBB
The P]tPflvy;;;;;;;;;;;..;.;.;.-.O;;..;..; .......... eeesacas seeae 189
Examp]e Pr'lvy Besigns.......;.;.;;;;; ............................ ]95
Latrine for Village US@.....cececeinecnnsncncanacacas esesesanans 199
Thailand Water-Seal Privy....ceeeeeeeesnascaccnncans teenas Ceessanas 204
LESSON PLANS....ccvvennaans teeecesscescnsanacans secsassecaanae ...208
SECTION 9 WATER CARRIED SEWAGE SYSTEMS CONSTRUCTION AND,
MAINTENANCE
OVERVIEW. . cieueveecaoiosiiossiesoiicaassnissnnssssssssssssnanasssdll
-1he Septic TanKk:..eeeeeciicsseescnsosessasssssasasssssassssssessadly
Operation and Maintenance........ccciciieicssssssasassssssnsssssadd
LESSON PLANS. .ciiiiiiesccinvissssssnsasassssssasssssasasasaassaasddb
BIBLIOGRAPHY : iiiiiiiiiiissnsassssssssssssssssassissassannssosasssssssll2
6




Fig. 1
Fig. 2
Fig. 3
Fig. 4
Fig. &
Fig:. o
Fig. 7
Fig. 8
Fig. 9
Fig. 10
Fig: 11
Fig. 12
Fig. 13
Fig. 14
Fig. 15
Eig. 16
Fig. 17
Fig. 18
Fig. 19
Fig. 20
Eig. 21
Fig. 22
Fig. 23
Fig. 24
Fig. 25
Fig. 26
Fig. 27
Fig: 28
Fig. 29
Fig. 30
Fig. 31
Fig. 32
Fig. 33
Fig. 34
Fig. 35
Fig. 36
Fig. 37
Fig. 38
Fig. 39
Fig: 40
Fig. 4
Fig. 42
Fig. 43
Fig: 44
Fig. 45
Fig. 46
Fig. 47
Fig. 48
Fig. 49
Fig: 3 50

TABLE OF CONTENTS

FIGURES
Contour lines::::i:i:i::aza:iiiis Ciiiiaiiisiaiiiiiiiiiiiereceliiiiilis
Symbols for Topoqraphlc maps.,...................;;;i;;:;;:;:;;;;S
Contouring from SPot eleVAtIoNS .. vueve v e ereeenrnnennerenss 6
Plane Table MaPPINg. . ..ueeneoioireeeneeaeeerennnn, P
Nomenclature of unconso1fdated rocks...;;;;;;..;;;.; ........ A V4
Turbidity test: :::i:iziiiiiiiiiiiaains I S Y A
Geological formations. .. ...ccimeereerenneenevrnnneiniiisseiiiici2?
Occiirrence and distribution of sub-siurface water...... et ieea. 28
Shallow well in free wa;grizone.....;;;..........;.; ............ 30
Well tapping confined water.:....: ;:;..........;:;::;::::;.;..;;;30
Direct intake; with hose on bottom of water source::::::::::.:::33 . .
Surface 1ntake with hose buried in gravel-f!ljed pit......... "..33
Use of bucket on end of surface 1ntake..........ccveeeenneenn.... 34
. Improvised dam for impounding small streams,.........iii.iv.n... 34
Baffle dam for _protecting inlet strainer.....:::i:vi:i i . i::.:::.35
Float-type surface intake; with anchors..............ci:00000:::35
Gravel-filled gallery intake..... weenean e ttiatat it e, 36
Spring inlet...... T [ 36
Typical dug well with suction pump:.......ciiviaiiiiinaniiiy...:38
Finished drive point well . . iiiiiiiiuiinnirisisisinenananiisnl9
Trickling. sand filter. .. ... .. ittt riaaninininiseasin?
Chlorination system............cccvcvecnenns e deetet e eeaeenn 59
Chlorination system. ... ... iiiiiiieiieiiiioreiinisinieieseiaisib3
Cistern catchment yield: . .. . it iiiiiiiivicineninasinenesneessld
Determine stream yjeld.......... e reereaa. e eettteat et e 75
Cross Section Of StreamM. . ..ueieic et eineneeeeoonnennnnessnnsnnnns 76
Hydraulic Ram.....iiiiiiiioiiiiiiiiiiiiiiiiiiiiiiiiiaiiiniaesan82
Typical Installation of Jet pump..:i:.iiiiciiiisiiisiiaiaaiiiasiiB3
Displacement Pump Operation.......c.cviiiiiinririnensannrncnnnns 83
Elementary, single acting FOITE PUMP. .. ueeenneeeneeeennnnnnnnnn 84
Centr1fuga] 1101))] o1 S g il o g - 1
Pump size and horsepower requirement..::..:::i.c.iveennnsnrnnnns 86
Layout of a combination water system ......... v ieeeeneenoaeanans 101
Pipe flow calculation....................... I A [0 K
Dead-end system... i i iiiiiiieiiiiiiiiniaiiasiaiisiiniaiasasaailh
LOOp SYySteM. .. ittt ittt ettt tae sttt a e 105
Head MeaSUremMeNt. . . vveeeneeeeenneeesenoeenenansoasescanesnnness 106
Distribution system layout ...:....iiiiiiiiiiieiiiiinineiiizanilla
Concrete Calculator:...::::i:iiiiiiiiisisnsranassainsicianisassaall?
€oncrete m}g1ng......................; ......................... 118
STUMP COMB. v eeoneeeesacanannsnsnsannnaess feeeeetenreasanananaa 119
STUMP CONE PlaNS. .. ciiiiiuiiiiisniiiiaioiieiaiiiiiiaiissesesaail20
Small intake structure..;:::;:;:;;;;:;;;;;;;;;;:;;;;;g;;;;;;;;;]22
Ground_Tevel reServOirS. . iv.. et reeiseesennsssnsnnecnnsascnns 123
Typical spring collection- chamber for BOWNS . o v e vvenneennnnnenns 124
Properly protected spring.....c..oiiiiiiiiiiiiiiiiiiiiiiiiii 124
Properly protected spring (II)iociaioioiriiiiiiisivivesainaaal2d
Elevated storage tank.......uueueeeeninennnrunneeensneassennans 125
Water-level indicator for elevated storage tanks............... 126
StOPAGe LANK.....vwivioiiiiosanirssiosioaiiniiiosnsnnsnasinnes 127
W



* Eig: 52 Typical valve and box .......................................... 127
- Fig. 53 Piping installation................ S Sl <
Fig. 54 C(Cistern f1lters.::;...L;;;;;;;;;;;;;;;.;.;.;; ....... iiieiiiees 128
Fig. 55 Chlorinztion system....: TEi i iieiiiiieieiiiiieieiesiieieiesaes 130
Fig: 56 Boiler for potable water. . ......iciviviiiiniiiinniiine., 132
Fig: 57 Standard pipe fittings......c.vvvverenrvennenneeerennenennennan 138
Fig. 58 Treatment system flow chart..,...............;;;;;:;;;;;:E;;;;;]45
Fig. 59 Transmission of disease from Excreta.........ciiiiiiiiaiesesis 164
Fig. 60 Cesspool Lined w1th large stones..;a;;;;;;;;;;; ............. «..169
Fig: 61 Sefipage Pit.ciicciciiieiseeescinunasesnnannnns e e 169
£ig. 62 Typical household sept1c tank............. NN I A
Fig. 63 Iyp1ca1 layout of septic tank system.......:ciigcesiieaariaciaal?l
Fig. ¢4 Moveneni of poliution in underground water......:....i.:i:.::00.:172
Fig: 65 Sludge accumulation in pit latrines....ccoiiiiiieniinnniien L. 174
Fig: 66 Privy das-gns ensuriny privacy and separation of the sexes..... 180
Fig. 07 Types of Privy Shelters........ccveivvivennnnnn irisiiieiienesal9d
Fig. 68 Various parts of a san1taryfpr1vy....;;;;;;;;;;;;;;;;;;;:;:;;:;]9?
Fig. 69 Typical rourd and square bases...:. Cliiiiiiieiiiieiiiceiieieneas 198
Fig: 70 A hewn-log privy b@8Se........ceiiiiinnnnnnnannnncns i eeeeeaean 198
Fig. 71 LAtrine for vil1lage US@.......eveeeneeceeneensseveiasenaasiassl99
Fig. 72 Inner form utf ldatrine (top VieW)..iiiiiiiiiiiiiiiaaeesasaaaasa:200
Fig. 73 Tinner form and steen rim in place ON bASE:::iiiveererenrnrenasss 200
Fig. 74 Latrine bowl mold...~.. Cetaeatotenansetocseansasorasanennns .20
Fig., 75 Views of constructlon of slab for 1atring........cciiiaaiiess::202
Fig. 76 Views of construction of slab for latrine:.:i:iiiiiiiiiiinaies 202
Fig. 77 Views of construction of slab for latrine........ e 202
Fig. 78 Views of construction of slab for latrine.............. ceeea...202
Fig. 79 Views of construction of slab for latrine. .o iosiiiiainiiiii..202
Fig. 80 Views of construction of slab. for latrine......i:i..i.in.... ...202
Fig. 81 The completed casting. i i ciiiiaiiiciineeenennnonann. e 203
Fig. 82 Sketch of the completed privy..... '.....................;..;;;;;294
Fig. 83A Backward. flushlngfﬁrgp.........;.;;;;;;;;;;;;;;;;:;;;;;;;;:;;;;205
Fig. B3B Forward flUShing trap.. ... iiiiioiiiiciiieisiioiennnentanane 205
Fig. 84 Bowl core handles . i i i iiiiiiiiiiiioifonnracrcanncacnnnn e 206
Fig. 85 Privy FrAME: c 25 vierneeeenencesasnnsaseaninonsnnneceionsanaies:07
Fig:. 86 Privy S]ablgyt]1ne...,, ........ teeeene P Y < :
Fig. 87 Methods of ‘making percolation tests..i®i i iiiiiiiieiiinnnainns 217
Fig. 88 Longitudinal section of single compartment concrete o
SEPLIC BANK: i :cviuinnenereennenssenenssnensnnnsoniososioneasssi2d
Fig. 89 Concrete silo stave tank..............;;;;;;;;;;:5;;;:;;;;;;;.;224
Fig. 90 Cover slab for sept1c tank ..... ;;;;;;;;;;;;;;;;;;i;.;.;.;..;...ZZB
Fig. 91 Concrete block tank:.:i:.ciiiiiisiveivan eeseeserisense tesenene 227
Fig. 92 C€losed or continuous tile system arrangemen; for level ground..23]
Fig: 93 Serial distribution system arrangement for sloping ground: .:.:::232
Fig. 94 Typical d1str1but1on BOX: i iiiiciviiiiisiiininesonannssoasannas 235




]

TABLE_OF_CONTENTS
TABLES

Classification of unconso]1dated mater1als ..... P e
Coagulation Residuals.....ccc.cesececccannss :::;::;;;;;;;;;;;ii’

Test for proper chlorination dosage..........cooiiiiiiivnaaaiis

Conversion of ppm to ounces per 1,000 gal. .........ioieiiaaes

Advantages and disadvantages of var1ohs types of pumps;;;;;;;;;

Average fricticon loss for water f1owing through pipe::.::::::::

Allowance in eguivalent length of p1pe for fr‘ct1on 1ess

" in valves and threaded f1tt1ngs ..... iiseiiiseisesieiiisieceseens

Repair record chart........ccciiaiiaan Freriieeeceseseeiaanes ... 146

Maintenance chart of a G.M. djesel Z]....;..;;;' ............. A |

,,1

.85

Pit privy capacity for a family of FIVB.ereeeeeeececeasncannnns 19¢
Volume and depth for rural latrine.........cceceeesesunen eeseaa 196

Distances from various sources to disposal facilities..........
Required absorption area for given percolation rates o
Required capacities for septic tanks serving individual
dWeTTINgS..uueeeeevinennesassesscoacacciaeccreccccnsosascssnnns
Required capacities for septic tanks serving camps and day

schoo]s...................;’;;;;:;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

Capacitiés, dimensions and materials for septic tanks:::.:.: cesias

Absorption trench area and spBCIMg. .. . iiiiiiiiiaiisisaaaaiass
. 3



- OBJECTIVE - A definition-of the goal to be-achieved by the trainee

< : PREFACE

-

-

WATER PURIFICATION; DISTRIBUTION, AND SEWAGE DISPOSAL s designed to a
ald both the. technical instructor as a_training manual and the Peace °
Corps Volunteer as a field resqurce reference. We 'hope tkat the man-

ual will help ko turn out.Volunteers who can perform effectively in

the field: \ .
Each logical unit of instruction is sub-divided into the following

categories: '

-

the material to follow, and points reguiring special
emphasis. )

OVERVIEW < A statement summarizing the general significance of

for that unit of instruction. °
TASKS - The steps to be followed to accomplish the objective.
FUNCTIONAL The knowledge and skills needed to be able to perform

. SKIELS 7 the tasks. .
TERMINAL The means of evaluating the ability of the trainee to

PERFORMANCE perform the skills needed to complete the tasks in

TESTS order to accomplish the objective: _
RELATED Content information describing the knowledge and skills

INFORMATION needed to perform the tasks correctly.
LESSON .  ‘Suggested guidelines for providing in§tructional time

PLANS for the essential areas of each unit.

Although we have followed a.typical pattern of presentation, offering
logical units of informatien, it is important to k€ep in mind that the

manual is to be used in preparing Volunteers for a program and kh&t no_
single unit can possibly stand alone. A1l are interrelated andjneed to_

be included in a systematic presentation. Its value as a refergnce tool

will come after the skills have been learned and the Volunte2r As over-

" seas. Once in the field, thé objectives .and tasks can be used by the-

Volunteer as an outline description of how the project should proceed.

buring the early stages of the project, valuable siiggestions and opinions

were offered by VITA Volunteers, Robert Fortman. James Patterson, Morton
Hilbert and Ramesh Patel. ' ‘

To Union College students Robert Okello and Richard Sack who collected,
summarized, and organized the material into the manual's present format,
a most sincere vote of thanks. Without their efforts, we would still be

in first draft stages.
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A deep bow to Ethel Earlson. who managed to keep ail the horses on the

track; and Barbara Ille;. who spentspany hours trudging through first
draft scratchings.

-

Special éﬁbrétiétiéh is extended to Messrs. Richard Williams and Mike

Furst; United States Peace Corps; and Ken Kalb; Executive Director, VITA.

Without their vision,; support and eneouragement this manual would not have
been written .

Finally. errors and ‘oversights muét;be credited to...

. Michael J. Glowacki

‘ i , Project Coordinator =
Schenectady; New- York ;&
.Aprﬂ 18, 1969 : =/

.
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SECTION 1

3

WATER SUPPLY SOURCES

,,,,,V,,,,.,,,,i. ;]

where it is needed, ‘A source of water must be found which is adequate in.
quantity and guality. An understand1ng of the gevlogical properties of the

earth is necessary to recognize and evaluate the potential sources of water

for this system.

This section is b]éﬁﬁéd to féﬁi]iéfiZE the -student with these basic geologi-
cal brbﬁért1é§ Also included is information on making topographic maps to
aid in_this evaluation. This background knowledge is then used to describe_
water sources and how they can be developed to provide potable and palatable

water fo% distribution by the WatEr supply system:

The,]earn1ng,act1vities in this sect1on,are pr1mar11y field ékéibiﬁés. The

" trainees will be in the field seeind actual examples of water sources. They

will examine samples of the various rock types. The empkasis should be on
individual part1c1pat10n It is only through this egpggiggce that a trainee

will be able to again recognize suitable sources when he is overseas: .

hﬂ\;ie
ND |
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WATER PURIFICATION, DISTRIBUTION, AND SEWAGE DISPOSAL

WATER SUPPLY SOURCES AND TREATMENT
SECTION 1:  WATER SUPPLY SOURCES
OBJECTIVE: Locate and identify water supply sources and
~ determine potential feasibility as village or
rural water supply sources. S .

TASKS: 1. Procure existing topographic maps and sketches
of the area and consult people with a knowledge
of the same information ontthe types and loca-
tions of the sources. .

. 2. Determine the location of any lakes\or ponds,
cisterns, _sprinas,; rivers; or wells ﬁ{f@iiéi
spect to the conmunity. \

3. 1dentify any lakes, ponds, rivers, springs,
wells, or cisterns.

4. Roughly sketch the topography between the
sources and the community. ;

5. Plot the locatfon of any houses, livestock
grazing areas, privies, etc. on an existing

map or a simple sketch map:

6. Estimate by means of field determinations
and past records the amount and the variation
in the amount of water available from each
source. M

7. ldentify the nature and quantity of any

vhysical, bacteriological; and chemical
pollutants ‘of each source.
8, Identify the extent to which any developments .

various potentially produgtive sources.

9. Determine the cost of developments for each
potential source. .

FUNCTIONAL SKILLS:

1. Interpret ani! make simple topographic maps.

sources:

[ )

|

b
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WATER SUPPLY SOURCES (cont.)
4. Identify the basic rock and s61l types
and know the hydrologicai properties of:

each.

Know what factors influence the quantity

(S, 0
.

of a given water Supply source.

6. Kﬁoﬁ what chtors influence “the quality

of 2 niven water supply source:

7. Identify physical pollutants (the extent

of _chemical and bacteriological pollution.
will be determined by laboratory analysis).

8. Ildentify what _developments can Sigﬁifitéﬁtly
reduce pollution or improve the yield of the

various water supply sources.

souyce developments.

g, Li:iAthe retative costs of various types of

TERMINAL PERFORMANCE TESTS:
1. Given_a compass; draw a simple topographic
map of any prominent tbpographic features

such as a hill.

2. 1In a field exercise, correctly identify

the various types of water supply sources.

Ejﬁéé

4. Correctly list the factors which influence
the quality and quantity of a given water
supply source, and the extent that each

factor influences that source as a water
supply consideration.

§. Given a number of water samples, correctly
identify all physical pollutants present in
each sample

eggggg;ly7]i§;wthe developments that may
improve its quality or quantity.

7. ©On a written examination 1ist the relative
cost of given tyces of source developments.

i
-9
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WATER SUPPLY SOURCES AND TREATMENT

WATER SUPPLY SOURCES

BACKGROUND INFORMATION

TOPOGRAPHIC MAbijé

In planning a water distribution-or sewage ddsposal system, the

~ Tayout of the community with Fespect tu any water -supply-sources——-————-—-——

must be mapped. When, no maps. of an area are available, crude
sketch maps are sufficient. Such maps should indicate the
approximate placement of any man-made structures, ]jyestéék

grazing areas, water supply sources; and disposal systems.

Topographic Contouring

use of contour lines, the shape of the ground surface. This __
exercise involves the determination of ground relief (topography)

A topographic map is a means of illustrating, through the

from points whose elevations above sea level are known:

The method is called “contouring from spot elevations”. The
dats might have been obtaired by surveying with a plane table
and alidade, although modern topographic maps are made much

more easily and accurately by the stereoscopic plotting of

airphoto information.

Rules and hints in topographic contouring.

1. A1l points lying on a _contour are of the same elevation _
above (or below a,ié%%?éhté,D@ihg-,,HQWeYefi,°"e contour
need not satisfy all the points of equal elevation; eg.
adjacent hilltops of similar relief might require sépa-
rate, closed contours each showing comparable levels:

Some contours mav be cut by the edges of the map and appear

to be discontinuous but if_the map be made large enough
every contour eventually closes on jtself, becoming con-
tinuous.

3. With rare exceptions, the contour interval_is constant for

the map area and is defined as the vertical distance_be= _

tween successive contours. The contour interval is stated

as part of the scale of the map so that.the vertical dimen- .
sion of the contoured surface has identity. Ten-foot, _ '
+wenty-foot, fifty-foot and 100-foot intervals are common.

The interval is selected to best show the shape of the sur-
face at the desired horizontal scale without requiring.an
unnecessary; unreadable number of 1ines. The relief of the

area tbjbé mapped also influences the choice of the contour e
interval. : -

-

3. Contours do not Cross. Such a situation would illustrate
an impossible ground surface shape. Contours are Closely
spaced on steep slopes, and distantly spaced on gentle
slopes.

»
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Closed depression contours are hachured on the Tower

side. They are used when all points within the line

are below the level of the 1ine. Obviously they are
only required to show depressions which are completely
surrounded by high ground. Gullies and river valleys
are not usually closed on_the downstream side and _

therefore are not illustrated by depression,contourE;

A depression contour_ takes its value from that of the

lowest, topographically adjacent regular contour.

— —
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In contouring guilies and valleys, the contours vee -

in the upstream direction. Be careful to confine the

stream to the lowest part of its valley by passing

the stream through the notch of the vee.

Fig. 1 Contour Lines
Contours are broken where numbering is necessary, to

improve readability.

The use of some degree of "artistic.license” is recom-
mended in contouring. Do not attempt to just satisfy
the point data. Try to make the trend of a contour

reflect the trend of its neighboring contours.
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Fig: 2 Symbols for Topographical Maps
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Fig. 2 CONTOURING FROM SPOT ELEVATIONS

X 600

Draw and label the contours every 100' {300, 400, 500, ete.)
Indicate with dashed 1ine a divide; with dotted line an area of future
stream capture. Label the highest point A, the lowest point B.

N = |
.

Distinguish areas of high and low stream gradient, indicate direction

of flow of streams:

W |
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General
In making a crude topographic sketch very little attention should

be paid to detail. Scale can be determined by pace, and direction
by a compass. Periodic sighting of a distant object in 2 path and

determination of its position relative to a present mark will serve
vor proper orientation. ‘ .

Determining Pace

Lay out a one_hundred foot interval on level ground, an uphill,
and a downhill slope:. If only a foot ruler is available, this may

be used to mark out three or four feet on a stick; and this stick
in_turn used to measure the 100 feet. Being careful to work nor-

mally; the map maker then determines the number of paces over the
100 foot interval for each slope. By division; it is then possible

to find.a number of feet in an average pace for uphill, level, and
downhill slopes.
>

Taking Bearings with the Compass

A bearing is tlie compass direction from one point to another. A

. bearing is always in a unidirectional sense; for_example, if the

bearing from A to B is N30W, the bearing from B to A can only be.
S30E. To read accurate bearings, three things must be done; (1)

the compass must be leveled, (2) the point sighted must te centered

exactly in the siqghts; and (3) the needle must be brought to rest:

In a sketch map; contours are used only to show the relative differ=
ences. in._elevation and the nature.of-the-topography. —It-1s unneces-'
sary to know the elevation of a aiven contour or to connect all of

them. Contours can be drawn arbit-arily to indicate that a hill is
steep, a_stream runs in a qiven direction; the community is uphill )
from a vater source, etc. A realistic sketch map can be drawn by

estimating the relief of an area around a point and then proceeding
to a point on_the periphery of this area. Plane table mapping may

prove more adequate when more detailed maps are required.
Map Making Usind a Plane Table

A description is aiven for the construction of serviceable maps
using a plane table. Such maps are valuable for irrigation, drain-

age and village layout plans.
Tools and materials needed are:
Plane Table

Tape measure {optional)
Spirit level (optional)
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The first step is to decide on a _scale for the map. This is
determined by judging the longest distance to be mapped.and
the size of the map desired. It should be noted that the _
map does not have to be made on a single sheet of paper but
can be spliced together when completed. As an example, if one

wanted a map 2 1/2 feet long to portray an area whose major
distance is 172 mile, 2640 feet, then a scale of 100 feet to
the inch would be convenient.

Paper should be placed on the plane table and, the plane table
oriented on or near some principal feature of’ the map, that is,

a path; road; creek street; etc. A _pin should then be_placed

vertically in_the spot on the finished map where this location
is desired. The plane table should:be made level - by use of

a spirit level; if avajlable. The table should be rotated to
a proper orientation,. that is, so that_the digection will ap-
pear on the finished map in:the desired way.  Now sight along
the first pin to another principal feature which is visible

from the table location (a bend in the road, a hill or any
feature that will tie the map_together), moving the second pin
into the line of sight. A ruler may be used for this purpose

if it has a sighting edge or even a couple of pins stuck into
it. HMNow draw a line in the direction defined by the two pins.

Measure the distance to the feature observed either by pacihg
or with a tape. Scale this distance along the 1ine drawn,

starting at the initfal pin. Repeat this process for other

principal features which may be seen from this location, When
this has been done; move the table to one of the points Just

plotted, selecting one which will enable you to move over

the territory in a convenient fashion. For example; follow a_
lane or creek or some feature which ties things together. Set
up the plane table over this point and reorient the table. Do

this by putting pins into the map at the present and previous

locations. MNext rotate the table so that the pins 1ine up with

the previous location. This procedure in fact locates_ the line
joining the two locations on_the map in_the saime direction as

the 1ine exists in nature.  Again from this new_location map

in the desired features which can be conveniently sighted.

In this way the entire region to be mapped may be -covered in a

systematic way. If gaps appear or if more detail is needed,

you may go back and set up over some mapped feature, reorient

the map by sighting on a second feature, and proceed to map in
the detail.

An alternate procedure may he used in mapping features which

are not going to be used as plane table locations in_the map-

ping process. This involves.drawing a line in the.direction

I T
Q)



=9=

.. 9f each feature from two plaiie table locations. The intersection

of these two lines corresponding to a single feature locates the

feature on the map. As a result this avoids the necessity for
measuring distances. Note, however, that it_is impossible to

avoid measuring the distances between plane table locations:
If a spirit level is available, it is possible to level the
plane table accurately, and using a ruler or other sighting .

device, relative elevations may be plotted on the map. A stick.
——————about—s i ould-be-marked-off in inches, and— - ———

the person holding the stick vertically can, by moving his fin-

ger, ideftify to the person sighting, the distance up from the
ground through which the l1ine of sight passes. . -

- - ROCK FORMATIONS AND THEIR WATER-BEARING PROPERTIFS
The rocks that form the crust of the earth are divided into three
classes: T

Igneous--rocks which are derived from the hot magma deep’in the.

earth. They includd granite and other coarsely crystalline rocks, )
- dense igneous rocks such as occur in dikes and Sills, basalt, and

other lava rocks; cinders; tuff, and other fragmental volcanic ma-
terials. '

Sedimentary--rocks which consist of chemical precipitates and of
rock fragments deposited by water, ice, or wind. They include de-
posits of gravel, sand, silt, clay; and the hardened eguivalents

of these--conglomcrate, sandstone, siltstone, shale, limestone,
and -deposits of gypsum and salt. C

Metamorphic--rocks which are derived from both igneous and sedi-

mentary rocks through considerable alteration by heat -and pres-

sure at great depths. They include gneiss; schist, gquartzite,

slate; and marble:

. R . . o > e
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The pores, joints, and crevicés of the rocks in the zone of saturation

are generally filled with water: Although the openings in these rocks
are usually small, the total amount of water that can be stored in the
: subsurface reservoirs of the. rock formations is large. The most pro- _

ductive aguifers* are deposits of clean, coarse sand.and gravel: coarse
porous sandstones; cavernous limestones; and broken lava rock. Some
limestones, however, are very dense and unproductive. Most of the ig-

neous and metamorphic rocks are hard, dense, and of low permeability.

They generally yield small quantities of water. Among the most unpro-
. ..ductive formations—are—the—silts-and ¥lays: —Theopenings- in these ma- —~ B

terials are too small to yield water, and the formations are structur-

-ally too 1incoherent to-maintain large openings under pressure. Com-

pact materials near the surface, with open joints similar to crevices

in rock, may yield small amounts of water.

EXAMPLES OF MIXED ROCK
Medium sand with fine gravel; gray Fine gravel . 20%
- Coarse sand; gray 30%
Medium sand, gray 40%
, Fire sand, gray 10%
Medium gravel with coarse sand, brown Coarse Gravel, brown  20%
Medium. gravel; brown 30%
Fine gravel, brown 20%
Coarse sand, brown . 20%

Medium sand, brown 10%

. Clay with sand and fine gravel, blue Fine gravel, gray 5%
‘ Coarse sand; gray _5%
Medjum sand;, gray 10%
Fine sand, blue 20%
» Clay; blue 60%
.77 The—nomenclature used in consolidated sedimentary rocks is very similar

to that used for the unconsolidated rocks. The following—names- should
be applied to the consolidated equivalent of the eight classes of un-
consolidated rocks. . E

Mame of unconsolidated rock Name of consolidated equivalent

Boulders . Boulder conglomerate
Coarse gravel Coarse conglomerate
Medium gravel Medium conglomerate
Fine gravel Eine conglomerate
Coarse sand Coarse sandstone
Medium sand Medium sands tone
Fine sand . Fine sandstone

Clay : Claystone

O~ UT DWW =

ation, group of formations, or part of a formation that is

water Béénigg;
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Name.to be
N S T Applied in
Classification Grade Name Particle Dimensjons*  Logging.

= ) n.)_ Water Wells

Very large boulders | 2048 to 4096 80 to 160

Large boulders_ 1024 to 2048 40 to_80

Medium boulders 512 to 1024 20 to 40
swall boulders | 256 to 512 10 to 20
Large cobbles 128 to 256 5 to 10

Boulders

GRAVEL Small cobbles 64 to 128 2.,5to 5 _ Coarse
Very coarse pebbles 32 to 64 1.3 to 2.5 Gravel

: Coarse pebbles | 16to32  .6to 1.3 | Medium
Medium pebbles 8 to 16 .3 to .6 Gravel

_Fine pebbles | to 8 16 to .3 Fine
Very fine pebbles to 4 ;08 to :16 Gravel
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Very coirse sand | 1 to 2 Coarse

Coarse sand Saﬁd.
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g
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SAND - . Medium sand .25 to .5 Medium sand

Fine sand .125 to .25 S
Very fine sand .062 to .125 Fine sand
Coarse silt 2031 to .062 ’

|

Medium silt 016 to .031

Fine silt . .008 to .016

S Very fine silt .004 to .008 \

CLAY AND Coarse clay .002 to 004 " L

SILT Clay
‘Medium clay .001 to .002

" Fine clay .0005 to .001 -
Very fine clay 00024 to .0005 -

——=% pnerican Geological Institute Data Sheet No:. 7 -
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Fig. 5 NOMENCLATURE OF UNCONSOLIDATED ROCKS
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Sedimentary rocks and voicanic rocks are sometimes interbedded with

strata of volcanic ejecta. Some of these_strata have been deposited. .
by water and others by direct air fail. The terms "pumice" and "cin- -
ders" should be used to describe these materials.

Puniice

Cinders _

A very 1ight, excessively cellular volcanic glass. Its

color is.generally light gray or white and is often so

1ight that it will! float on water. :

Uncemented glassy and vesicular ejecta from a volcanic
cbne. Generally black or red in color. In logging a
well penetrating into_strata of cinders, the cinders

should be also described by color and degrees of coarse-

ness. ~

MISCELLANEOUS TERMS RELATED TO SEDIMENTARY ROCKS:
us - Cks:

. Caliche
Chalk
Diatomite

..Dirt
Gumbo

Hardpan
Loess

Mud

Quicksand

A hard lime deposit genarally found in the soil zone
in arid.regions. It is usually found in layers rang-
ing from a few inches to a few feet in thickness.

A soft, white to gray, fine-grained limestone. Often:

incorrectly used on weil logs to describe diatomite.

A sof* white to gray, fine-grained rock composed of

the siliceou- shells of diatoms.

A term used. by many well drillers’ to describe the soil
zone. The term "soil" with a_descriptive adjective as
"gravelly soil” or "sandy soil" is recommended for use
on well logs. :

A term applied by some well drillers to a soft sticky
clay. The term "soft sticky clay" is preferred for
use on well logs: K .

A term that has been applied to many hard impermeable

rocks including glacial sill; caliche; conglomerate,
claystcne; and sandstorie. The term should never be
used on a well log.

may contain subordinate amounts of very fine’sand and
clay._ Loess should generally be reported as clay on

a well log. :

Wind deposited material composed chiefly of silt but.

A term used by many well drillers to describe soft
clay or sil1t. The term "soft clay" is preferred fo
use on well logs. :

A term often applied to "running" or "heaving” sand.
The terms "finesand, waterbearing" or medium sand,

waterbearing” is preferred for use on well logs. .

68 24



‘shale A laminated claystone. As laminations are not generally
discernible in drill cuttings, the term "claystone" is

preferred for use on well logs.

cleavage. The term has been used_by many well drillers

Slate A ietaniorphic_rock possessing a very well developed platy
7 v to describe a "hard claystone"., It {s recommended that
< S this term not be used to describe sedimentary rocks but .

restricted to true slates. :

B3
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" POROSITY AND PERMEABILITY
Porosity is essentially the capacity of a rock or sediment to_contain
water. It can be measured as the total volume of a material. that is

void space. Permeability is the capacity of a rock or- sediment to _

transmit water. Permeability is measurable as the quantity of water .
- flowing through a given cross-sectional area per unit time. Permea-
bility is directly proportional to grain sizey Thus clay, which has
a high porosity, has a very lgusgsrmeability Bicause it 15 fine
grained. ; _ ‘

The following figures indicate the porostiy of common soils and rocks:

Safid and gravels of fairly uniform size 35% - 40%

and moderately compacted

Well-graded and compacted sands and- ~ 25% - 30%

gravels "

§5ﬁdsfone. - . 4% - 30%
; Chalk | L s

Granite, schist, and gneiss - 0.02% - 2%

‘Slate and shale : 0.5% - 8%

Limestone ) . _ 0.5 % -17%

clay ' . i aag - a7x o
Topsoils . 37% - 65%

oot . ,, ,,i,,L i o o o o __ :
Sil1ts may be as high as 80% porosity In general, soils with fine,

separate particles, such as clay; topsoil, and silt; have a very high
porosity. In other words, they have a big volume in which water can
- be stored. - : 7.5 .

EVALUATION OF SOURCES® - ' {
THE QUALITY OF WATER |
Absolutely pure water is never found in nature. The impurities in water
vary from dissolved gases and chemicil compounds_to_suspended matter : L
such as disease organisms and dirt. iJhile some of these impurities C
can_be seen by the naked eye and othe's can be detected by taste or odor,

o

" ‘most can be detected only by laborato y test. . ‘ _ o

_ it e e
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Water takes on various characteristics and properties as ‘it passes
over and through the earth. These characteristics and properties
vary, and are dependent on the materials encountered. They may be

E}assifiedaccordingto m2ans of detection as physical (detectad.by

- ohe_or more of the five senses) -and chemical (detected by chemical.
analysis). The most important physical characteristics are turbidity,
color, odor; taste and temperature. - The most important chemical char-

acteristics are acidity; alkalinity, hardness, and corrosiveness.
Sometimes these two .types of characteristics overlap; for example, iron
its color and taste are also physical. This section discusses these
Characteristics aid their causes.

'in water is a dissolved mineral detectable by chemical analysis, vet

-

BACTERIOLOGICAL QUALITY  * .

.

The selection of a source of supply may be restricted because of eco-

nomic or_ technical limitations involved in the use of normal water-
treatment processes for making the water from this source safe for

o

human. consumption. P : .

~

o

‘The effectiveness of a water-treatment process can not be established

in specific, guantitative values. For instance, the bactgriological

quality of fiitered. chlorinated water is dependent upgn the bacterial
content 0f the raw water; its chlorine demand; the coagulating,; settling
and filtering characteristics of the treatment plant; the degree of

uniformity of the raw water; and, not least; the inteqrity and ability

of the treatment plant operator. Furthermore; the public health signi-
ficance of the degree of bacterial pollution of raw water, and hence

of any bacteria remaining in the treated water produced, depends .upon

the probable source of contamination of the raw water with coliform -
organisms, which serve as an isdicator of pollution. These organisms ‘

may_have originated largely from surface drainage; a situation likgly .
to be most noticeable when man.red fields are found within the watershed _
involved. On the other hand, sewage pollution may be the chief source .

of such organisms; in which case the indidence of intestinal diseases

ameng the population contributing the sewage would have ammarked impact
on the water. In this case the probable ratio between the numbers of

pathogenic organisms and of coliform bacteria in the poi?dtedjyg;e[jff
will be considerably increased. Such conditions are often encountered’
misurban areas where .intestinal diseases constitute

in rural as well as.semi:urban areas wh |
a_serjous pub}ic_heabiﬂ problem; the ‘treatment 0f.the sewage is not prac-
ticable; and effective water-treatment is beyond the economic and tech-

" nical resources available.

_For these reasons, any bacteriological standards of quality adopted

for drinking-water on a country-wide basis. generally appear to be

too rigid for large areas where; because of economic and social con- ..
ditions, they are most difficult to apply and enforce. However, 1t = _
must be reckoned that the adoption under these circumstances of more -~ e
lenient standards, betause they affpear to be mor istics only =
confuse thé issue by lowering the goal of safety and potability without

" providing a meaningful substitute: Instead, it is preferable to keep -

the pubTic health objectives of the water supply constantly in mind,

»

-
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_discussfon. In the latter; the attention ¢
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but to appradse local situations and review pertinent information in

the 1ight of qualified professional judgement. 1In many cases; there-

“fore, it is best for you to rule out the use of many surface waters

which might appear to be suitable and convenient sources of potable

water supply, and to throw considerable emphasis upon the use of

ground waters whenever feasible.

The above statement should not be interpreted to mean that surface

waters, because of bacteriological considerations; are unsuitable
sources of supply for rural communities, This would be far from the _

truth. In fact, the use of surface waters often makes it possible to

bibVidé,@bﬁsymgrgfgjthfamp]efquant1t1es,of,ﬁétéi in their own homes,

thus fulfilling most of the major health objectives of the systems.
In some instances this is achieved by passing surface water through a
simple and economical treatment plant: In most rural situations such
a system may be considered as a step in the right direction; and i$
to- be preferred to the appalling conditions under which the villagers
are forced .to carry, or even to purchzse, small amounts of raw and_

poiluted water. As time goes on; public pressure, technological ad-
vances, and the developiment through training of local skills; will

gradually bring about thes improvement of plant efficiency, operation _

and technical supervision to a point where the enforcement of existing -

standards of water quality may be possible,
It is necessary and desirable to establish sofie_form of contfol over

_vural water-supplies. However, in most countries of the world; routine

.bacteriological control, which is obligatory in urban communities,

would be unrealistic_under rural situations, as indicated by the above

the local health admin-_

'on_those major elements of

will afford natural pratec-

tion, and on routine sanitary in- ; :
: to_educate_the_rural population : “y
in the application and enforcement of rural sanitation regulations.:

istration should be caqientrgggd primari

location and design of the supplies wh

tion 1atér,éééiﬁétgbﬁtsidé,CQﬁtﬁgj’
Ss

Periodically tests for physical, chemical, and bacteriological quality

- should be made for the purpose of_detecting major health hazards.

Bacteriological Standards for Drinking Water Recommended by the

. WAO Study Group ‘ _ - S
Some public drinking watar supplies are chlorinated or otherwise: - .
disinfected before being distributed; others_are not. Effective S
chlorination yields & water which is virtually free from cotiform S
organisms .i.e. these organisms are absent in 100-m1 portions;
if communal supplies which are distributed without treatment or .
disinfection cannot be maintained to the bacteriological standard '

established for treated and disinfected water; steps should be_ -
taken to institute chlorination or disinfection, or other treat- .

-

ment, of these supplies: 3

A standard demanding that coliform organisms be absent from each

100-m1 sample of water entering the distribution system--whether_ -__
the water be disinfected or naturally pure--and from at ieast 90% Yo

of the samples taken from the distribution system can be,applied .

[
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in many parts of the world. Although there is no doubt that this

is a standard that.should be aimed at everywhere; there are many
areas in which the attainment of such a standard is not economi-
cally or technically practicable.

In these circumstances there would appear to be economic and
technical reasons for establishing different bacteriological.

standards for public water-supplies which are treated or disin-
fected and for those which are not treated. The.following bac-_

ter standards to be adopted in the future.

‘ The standards described below are based on the assumption that
frequent samples of water will be taken...For each individual

sample, coliform density is estimated in terms of the "most
probable number {MPN}" in_100-m1 of water; or "MPN" index... _
The use of the MPN index is recommended as the basis of quanti-

tative estimation of coliform density after full recognition of_
jts limitations. However, the value of the index is sufficiently
enhanced by the use of data from a series of samples to warrant

"its use in the recommended standards.
Treated Water

1 90% of the samples examined throughout any year, coliform
bacteria shall not be detected or the MPN index of toliform micro-

organisms shall be less than 1.0. MNone of the samples shall have

an MPN index of coliform bacteria in excess of 10.

With the examination of five 10-m1 portions of a sample this
would preclude three of the five 10-ml portions (an MPN index of

9.2) being positive in consecutive samples:

In any instance in which two consectuive samples show an MPN _

.index of coliform bacteria in_excess of 8; an additional sample

or_samples from the same sampling point_should be examined with-
out delay. This is the minimum action that should be taken.

It may also be desirable to examine samples from several points

in_the distribution system and to supplement these with samples

collected from sources, reservoirs, pumping stations and treat-

ment points. . In addition; the operation o

cesses should be investigated inmediately.
Untreated Water ’

In 90% of the samples examined throughout any year, the MPN index
of coliform micro-organisms should be less than 10. None of the
samples should show an MPN index greater than 20. :

An MPN index of 15 or more should not be permitted in consecutive
samples. With the examination of five 10-ml portfons of a sample;
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this would preclude four of the five 10-ml portions (an MPN index

'of 16) being positive in consecutive samples. If the MPN index T

~

~ -

is consistently 20 or greater, application of treatment to the
water-supply should be considered.

in afy instance 1n which two consecutive samples show an MPN index
of coliform organisms greater than 10, an additional sample or

samples from the same sampling point should be examined immedi-_
ately. _It may also be desirable to examine samples from several
points in the distribution system and to supplement these with
samples collected from sources, reservoirs and pumping stations.

When accurate and complete data concerning the sanitary conditions

at_the sources of an untreated water-supply; covering all possible
points, of pollution; are available and indicate that indices high-
er than the established maximum may bear little relation to poten-

tial health hazards, the local health and water-supply authorities

should be responsible for ruling that such higher indices do not

CHEMICAL AND PHYSICAL QUALITY

Water of good chemical and rhysical quality is necessary from. the
points- of view of its acceptability by the people; the protection of

the health of the consumer, and the conservation of the water system.

Anyone who_has drank water from different sources encountered situa-

tions in which offending chemical substances have made a water source

unacceptable even though its bacteriological quality was excellent.

Palatability of water is a term which describes the characteristic of
being pleasing to the sense of taste. Drinking water should be free

from color, turbidity, taste, ‘and odor; and should be cool and aerated.

At least four human perceptions can be used in judging these qualities.
They are the senses of sight (color and turbidity), taste, smell (odor),
and touch (temperature). However, palatable water is not always safe

to drink or potable:

Turbidity and color are important in rural water-supplies. Depending 3
upon the character of the watershed; turbidity may vary considerably
from one season to another because of rainfall. A sudden increase_in

turbidity may do serjous damage, or at least stop the operation; of_
small water-treatment_plants if adeguate precautions are not_taken in
advance in order to allbw for rejection of the incoming supplies at
such times. Water from slow-moving streams and small lakes is Tikely
to be colored, at least during certain seasons of the year. Both tur-
bidity and color will cause -discoloration of clothes and may be respon-

sible for rejection of the supply if removal by simple and economical

_ processes cannot be achiéved.
CORROSION AND SCALE :
Hydrogen sulfide, dissolved oxygen, and carbon dioxide in water cause

acidity and are responsible for corrosion of iron pipes. Hydrogen _
sulfide; which is sometimes found in deep-well water, is a product of

decomposition of organic matter. It attacks cement and concrete and

29
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destroys storage tanks built of these materials, Dissolved oxygen
combines with ferrous iron, which is sometimes found in solution in

well water, and produces ferric hydroxide; which is insoluble and
gives the water a rusty color. It may also cause serious corrosion

of distribution pipes and house plumbing pipes.

Perhaps the most important and troublesofie of the three products

mentioned here is:.carbon dioxide, which is often found in well water

and in surface water drawn from heavily wooded watersheds or from
the lower layers of deep ponds. Carbon dioxide in water is respon-

sible for heavy and rapid corrosion of unprotected pipes, thus crea-

ting increasing difficulties with maintenance and operation of a water
system. ' Various materials, mostly bituminous compounds and cement

are psed by manufacturers for 1ining the interior surfaces of pipes
against corrosion. These materials are also used to protect outside

pipe‘surfaces against corrosion caused by the contact of pipes with
certain soils and, under certain circumstances, by electrolysis.

Natural water coitainihg caibon dioxide will dissolve carbonates from
rocks in the ground, thus producing soluble bicarbonates. Depending

upon the relationships between the bicarbonate alkalinity and the pH
of the water on the one hand; and between the free carbon dioxide and
the alkalinity on the other, the water will either be corrosive or;

on the contrary, will deposit a film of carbonate on.the inner sur-

face of pipes. This film may somtimes develop sufficiently to become
a thick scale which obstructs small distribution and service pipes;

water. meters; etc. -The prevention of corrosion and scale rests upon
the chemical control and maintenance of the proper equilibrium between
the three factors mentioned, i.e., by reducing the content of carbon

dioxide o increasing the alkalinity as determined by special tests.

Except in rare instances; this type of chemical control is beyond the
technical resources of small rural water-supply systems and; therefore;

will not be discussed here. in greater detail.

TURBIDITY | |
Turbidity ig,a muddy or unclear condition of water, caused by particles
gf,sandl,sjitl clay, or.organic_matter being held in suspension. The

faster water flows, the more material it picks up and the larger the
size of thé‘bieces carried along: As water shows down, the larger part-
icles settle out. Clay and silt remain suspended in water longest;

because of their particle size and spgcific gravitjes:

COLOR |

i ; . !
Color in water is due to the presence of Eéi&?é&,éﬁﬁéiéﬁéé&Viﬁ,gajg;jpn
such_as _vegetable matter dissolved from roots and leaves, and to humus

and iron and{manganese salts. True color is due to substances in true
solution; apparent color includes true color and also that due to sub-
stances in_suspension. Water taken from swamps, weedy lakes, and
streams containing vegetation is most 1ikely to be colored. Color may
also be caused by industrial wastes and turbidity. The latter is re-.
sponsible for| an apparent color, rather than the true color, and is

caused by matérials of vegetable origin: Color as such is harmless,

|
|
\
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but objectionable due to its appearance aiid to the taste and odors
sometimes associated with it.
ODORS AND TASTE '

Taste and odors found inswater are most commonly caused by alga (min-. -

Ute water plants), decomposing ‘organic matter, dissolved gases, or
industrial waste. Mineral substances may also be a cause. Potability

is not normally affécted by the preseace of odors and tastes. ~0n_the.

other hand, palatability is frequently affected, particular]y when a

substance such as bone or fish oil is present. Water containing one
of these substances in noticeable quantities. 1is unpalatable. Tastes
and odors which make water unpalatable must be removed. _Use of free
available chlorine and activated carbon.will do much to prevent odor-

ous combinations of chlorine with arganic impurities in water.
TEMPERATURE

Warm water tastes flat. Lowering the temperature of water suppresses
odors and tastes and, thcrefore, increases its palatability. In the -
sumier the temperature of deep lakes and reservoirs decreases sharply -
from top to bottom. By shifting the depth of intake, it _may be pos-

sible to draw relatively cool water even during hot weather. Water

should be drawn from the lower depths when possible. _Cool water_is_
more viscous than warm water and thus is more difficult to coagulate

and effactively chlorinate than warm water due to slower reactions.
Water treatment times should be increased when water temperatures are

less than 45°F.
ACIDITY AND ALKALINITY

Some of the physical iﬁﬁﬁ?ifiés,ﬁéﬁtidhédfcéugé water to behave as

cither an acid or as a base. The degree of acid behavior is called
acidity. The degree of basic behavior is called alkalinity. Since
either condition has an important.bearing on water treatment, the o

- degree of acidity or of alkalinity must be determined: L

The pii value is a measure of the acidic or alkaline nature of the
water. The pH value ranges from 0.- 14. A value of 7.is neutral.

A high pli value indicates a very strong alkaline solution.
The pH influences the corrosiveness of the water the amount of chem-
jcal dosages necessary for_ proper disinfection; and the ability of

an analyst to detect contaminants: :

HARDNESS AND OTHER CHARACTERISTICS DUE TO DISSOLVED MINERALS

Hardness js caused by_the soluble salts of calcium, magnesium; iron,
manganese, sodium, sulfates, chlorides, and nitrates. The degree of
hardness depends on the type and on the amount of fmpurities present
-'iﬁ,thg"water;'>Hardne55“éﬁSd“ﬂébéhdéigﬁ;ghg amount of carbon dioxide

influences the solubility of the impurities that cause hardness.
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fne,nardness caused by carbonates and bfcarbonates is caiied carbonate
hardness. The hardness caused by all others (chlorides, sulfates,

nitrates) is called non-carbonate hardness. Alkalinity is usually

equivalent to the carbonate hardness. Sodium, however, also causes
alkalinity. 1In natural waters; sodium is not normally present in
appreciable amounts. Therefore, in natural waters, the alkalinity

is equal to the carbonate hardness. After a water has been softened,

however; a iarge amount of sodium remains in, the treated water. In

softened water, the total alkalinity is the sum of the carbonate alka-
linity plus the sodium alkalinity.

Hardness is undesirable in that it consumes soap, makes water less

satisfactory for cook1ng, and produces scale in boilers and distil-
lation units: :

The following minerals cause hardness in ground and surface waters:

Calcium carbonate. Alkaline and only slightly soluble;
causes Carbbnaté hardness and alkalinity in water.

Calcium bicarponate. Contributes to the alkalinity and

carbonate hardness ‘of water. Calcium bicarbonate when
heated prcduces carbon dioxide and calcium carbonate.
Th1s ca1c1um carbonate precipitates as scale in boilers

€alcium sulfate or gypsum:. _Causes noncarbonate hardness
in water. Being more soluble in cold water than in hot; it

8 separates_ from the water in boilers and forms sca]e on the
boiler tubes: -

Calcium chlor1de Causes noncarbonate hardness in water
In steam boilers and distillation units, the presence of

calcium chloride can cause chemical reactions which result

in p1tt1ng of the boiler tubes:

FACTORS mFLUEnéinﬁ THE QUALITY OF WATER

As water goes through its hydro]og1c cycle, it gathers numerous impurities:

Dust, smoke, and gases fill the air and tend to contaminate rain; Snows
hai1; and sleet. As runoff, water picks up Silt, chemicals, and disease
organisms. _As it enters the earth through seepage and infiltration, some

.of the susgended impurities may be filtered out; but at the same time,

other minerals and chemicals are dissolved and carried. along. It is now
ground water in an underground depOS1t and; although it may now become
levs contaminated or polluted, it is not necessar11y pure, and may contain

disease organisms as well as harmful chem1cals. 77 .

In addition to the 1mpur1t1es in water result1ngffrgmf1nf]1trat1gn77many7,
are contributed by an industrialized society. Garbage, sewage, industrial

waste, insect sprays, and chemical, b1olog1cal, and radiological agents

are examples of these:
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Impurities in water are either suspended or dissolved. The suspended.

impurities are usually more dangerous to health:_ They include mineral.

matter; disease organisms; silt; bacteria, and algae, and must be des-
troyed or removed from water that is to be eonsumed. J
1) The main factors influencing the quality of a given water supply
source are: . ‘

A) Nature of the surface geology; character of soils and rocks.
B) Character of vegetation; forests; cultivated and irrigated

lands, including salinity, effect on irrigation water, etc.

~_C) Methods of sewage disposal whether by diversion from watershed
or by treatment. TS e

D) Character and efficiency of sewage-treatment works on watershed.

E) Proximity of sources of faecal pollution to intake of water

TURBIDITY TEST

The turbidity test is used to show the amount of suspended matter pres-
ent in raw water, and also to determine the .amount removed from treated
water. The test may be made with the white porcelain cup with its_

black enameled dot; or by employing the turbidimeter and standard tur-

.bidity solution. Rapid approximate readings only can be made by using
the. cup.

Turbidity Determination by Use of Measuring Cup:

The measuring cup can be used to determine whether raw water has
more or 1ess than 100 turbidity units. If the black spot cannot
be seen when the cup is filled to the top with the water sample,

the turbidity is 100 units or over. The turbidity is less than

100 units if the outline of the black spot is visible:
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~ Waters having Tow turbidities, such as effluent from a purifica-

tion unit; may be checked by adding about 1/2 inch of water to

the cup and looking at the black spot; it appears as black as it

- was originally, the turbidity is less than 5 units. Turbidities

over 5 units produce a graying or milky hue in the black spot.
Tﬂfidﬁﬁﬁiiii46§4ﬂ£12§ ’ ’
Surface water originates mostly from rainfall and is a mixture of surface
run-off and ground water. It includes large rivers, ponds and lakes, and

the small upland streams which may originate from springs and collect the

run-off from the watersheds. The quantity of run-off depends upon a large -
number of factors, the most important of which are the amount and intensity

of rainfall; the.climate and vegetation and, alsc, the geological, geog-

.raphical, and. topographical features of the area under consideration. It -
varies widely, from about 20% in arid and sandy areas-where-the-rainfall-. . _
1s heavy. Of the remaining portion of the rainfall, some of the water

percolates into the ground; and the rest is lost by evaporation;, trans-
piration and absorption. )
FACTORS INFLUENCING THE QUANTITY OF WATER
A) TSE&i éﬁﬁﬁéi precipitation. ’

B) Seasonal distribution of precipitation. Both the total annual

precipitation and the seasonal distribution of precipitation
are best determined by past record.

€) Soil porosity and permeability:

D) Annual and monthly evaporation and transpiration,

One of the first steps in the selection of a suitable water supply
source is determining the demand which will be placed on it. The

essential elemznts of water demand include the average daily water
consumption and_the peak rate.of demand. The average dajly water
consumption must be estimated:

. To determine the ability of the water source to meet con-
t"ﬁli‘i?jg demands over jcr'ltical ,p’éi‘ib”dg, when surface flows

are low, and ground-water tables are at minimum elevations. . = .

2. _For_purposes-of estimating quantities of stored water which

B o would sustain demands during these critical periods.
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TYPES OF SOURCES
SURFACE WATERS

.

- Surface water sources are lakes and ponds, rivers, streams, and control-

led catchmerits (cisterns): -

‘Lakes and Ponds

A lake or pond is any. standing body of inland water.
Quantity: Advantageous in that it is usual 1y able to store

water in wet periods for use in dry periods:

Quality: Generally poor: . Normally turbidity and bacteria are
- the major pollutants. Use only when ground water sources

and controlled catchments are not available or are insuf-

ficient or inadequate.

Development requirementsT —The—tdeal situation {s that the water-
shed permits water of the highest quality to enter epondi— —
To approach this goal, the watershed should be clean; free
from septic tanks, barns, privies, etc., protected against

erosion and drainage from livestock areas, and 1ivestock

should be excluded (fencing if necessary).

Treatment requirements: No lake or pond -water can be considered

safe until it has been disinfected. Generally it is also
necessary to remove turbidity.
Treatment processes: »
1) Sedimentation plant - (w/o alum for coagulation) allows
... large particles of turbidity to settle out:
:2) Filtration to remove turbidity and reduce bacterial content.
3) Disinfection “

Warning: Lake and pond waters usually require extensive treatment - .

éﬁ&,&,?J§atjﬁ§AiﬁtékezggrgggprgiA;In-maﬁy:ESSés*théifilt?éfiﬁﬁ'"”
init becomes clogged and must be cleaned. It is advisable to look

elsewhere for a source of water.

Rivers and Stréams

General: A stream or river is a body of running water on the sur-

face of the earth, from higher to lower ground:

Quantity: Yield controiied by rate of mininum flow per day and
year. Streams generally exhibit marked seasonal variation in
flow.
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Quality:. Generally poor. Chemical nature partially dependent
on_bedrock.
variable: Eas

- tary control ov

hysical and bacteriological quality highly.
y contaminated. Impossible to exert sani-
xwatershed. s :

Development requirements: Requires-a submergtd fhtake stricture
and in the case of small streams requires the construction
of small diversion dams. '

Treatment requirements: Same as lakes and ponds. Likely to bs

more turbid and have a Greater gquantity of chemjcal pollu-

tants. )
Treatment Processes: Same as the lakes and ponds.

Warning: Rivers and streams should be considered last as a poten-

tial source of water unless, of course, adequate treatment

facilities already exist. -
Springs
. _general: The outflow of water that has previously run or per-
—————colated through the pores of rocks. Two types:
\

1. Gravity-ground water flows over impervious stratum-onto.
ground surface. , —

2. Artesian-water rise to surface after confinement between
two impervious beds.. ‘

Characteristically have low discharge. (2) Artesian springs

“tend to have a nearly constant yield.

Quantity: (1) Yield of gravity springs fluctuates with rainfall _ i

Quality: Are subject to contamination near points of emergence. _
Poor to good. Usually contain dissolved minerals {especially _
calcium carbonate). Caution*- springs emerging from limestone. . . -————"

channels allow_for_very little -natural-filtration. May become

“highly turbid and polluted after heavy rains. Careful inves-
tigation recommended. T : .

Development reguirements: Elimination of a1l sources of contami-
nation near point of emergence. If gravity type, further

development not_recommended:

Requirements---{1) filtration-sometimes not necessary
(2) disinfection N

Processes: (1) slow-sand filter {2) chlorination

% Gravity springs have the advantage in that they provide a
‘gravity type distribution system. A filtration and storage

unit can be constructed before point of emergence. Such a
development is not feasible unless the spring has a substan-
tial yield. : i

A% 38
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General: A sloping surface area for collection of rainfall run=_

b ~, -off leading to,a covered tank (cistern). s Roofs are the most

AL R A A A S A Al B 2

common collection: areas: ' . ’ .
" ,

Quantity: Dependent on amount and variation of rainfall, evapora-

tion; infiltration; and replacement of the soil deficit. For

Quality: Wholly dependent on the character of the surface of the
area of collection. ’
covered; tank with outlet.

Treatment regquirements: Tank must be periodically disinfected.
With fenced catch aréas of clay surface, filtration advisable

»  before intake. With roofs, cement or other hard surfaces

it is advisable to-have some screen to catch leaves; etc.
Hard surfaces shuuld be cleaned periodically.
- Treatment processes: Disinfection is the only necessary treatment.
GROUND WATER
~—____ Ground water serves the great majority of people who 1ive in rural areas
“and-have-a_watercsupply system of one type or another. The reason is
that, among the vari

that, of supply; ground-water is by far the
most practical and safe in nature, Even—in-a-highly industrialized _
country such _as the USA, municipal ground-water installati el
namber surface-water supplies: It is very probable that; for a long ~—————_
time to come; ground water will be the most important source of supply o
for most rural communities of the world. '

The advantages of ground water are:

. It is likely to be free of pathogenic bacteria; -

Generally; it may be used without further treatment;

In many instances it can be found in the close vicinity of
rural communities; L : o S o
It is often most practical and economical to obtain and dis-
tributes-

. The water-bearing stratum from which it js _drawn usually pro-
vides a natural storage at the point of irntake.

(S, 8 £ W N —
. . .

The disadvantages are:
1. Ground water is often high in mineral content;
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iﬁﬁgf@ﬁﬁ&-giEéF,%giﬁii,?ﬁ€é§§i§ifiaﬁ§;&ﬁa design, the engineer is
7, concerned with the following steps: R
o / 1. to find 1t in iﬁéfféﬁﬁiié&ﬂ@&iﬁfify,iﬁa,ﬁﬁiiify as near as possible
__  to the center of consumption; in order to reduce transport_costs;
2. to extract it by means of a system which produces the quantity re-_
quired, safeguards the quality, and; at the same time, involves the
_ Tleast -capital outlay; - ) o ) - .
, 3. _to_transport the water to the consumer in a way which requires the
¥ least amount of operational and maintenance skill and cost.
.r u.:- E‘,:v-- ’45--“" 3"‘;”
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T ___— 1 Areat where there are good possibilities of obuining water from infiltration galieriss, well-point

1

2 = Ground water i Duteronping at this point. so that a flowing spring is formed. At the foot of piver
. _ _ banks and hills other springs ma W% '
3 = Top of ground-water table - - - ~ -
4 = Area of infiltration to supply-formation B . e
A = Non-confined (non-artesian), water-bearing formation covered with top soi _
B = Confined {artesian). water-bedring formation ’ \—\ )
€ = Impérvious rock, or hard-pan formation -

S I
Fig. 7 Geological Formations

Ground water is that portion of the atmospheric precipitation; mostly
rainfall, which has percolated into the earth to_form underground de-_

P posits called aquifers.(water-bearing formatfons) (See Fig. 8). These
tan_be tapped by various means, to be discussed later; and, in.the _ .
great majority of cases; they can be used without further treatment for
individual and community water-supplies in rural areas. Fig. shows

- the occurrence and distribution of subsurface water.
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The great majority of wells for rural water-supplies take water from -
the "free-water zone". (Figs. 9, 10). These will usually be jetted;

dug; driven, or bored wells. Infiltration galleries also take water
from this zone: Drilled wells often penetratg the confined water-

aquifer: It is from this stratum that flowing wells are developed. &

<. . e o
Thé aquifer must be supplied with an ample quantity of water if it is_

to serve as a source. It is simply a reservoir and can ba°depleted in

_ the same manner as a surface reservoir if its supply 1§ inferior to the
L demand placed on.ft. - In rural areas this is _very seldom a concern as__
1 the  aquifer will usually be replenished sufficiently to supply the rela- »

tively small demands of rural communities.: An element of greater sig-

nificance for the engineer searching for grdund water pertains to the
characteristics of the soil formation of the aguife-,.i.e., to the abil-
ity of the aquifer to give up water and, therefore, t0 serve as a re-

1iable source of supply. . . . -~
The quantity of water that can be extracted from an aquifer will depend
on (1) 1its porosity and permeability, and (2) the draw-down in the ¢

well. The porosity and the permeability; of a formation ave 1imited .

by nature; and while conditions may be altered somewhat in the immediate

vicinity ‘of a well _intake, the general nature of tne aquifer is-fixed .

and cannot be modified. The draw-down in a well, however, can be varied -~

within. the limits of the thickness of the aquifer, the penetration of .. G

“the well into thé aquifer, and the capacity o(<the pump used (Fig. 9,10).
, b .

Ground formations; however; have & certain tendency to hold the water
and ¢5 give up only a part of it. This characteristic of a soil for-

mation is called permeability; it is the quality of a formation which
controls the passage of water through it. From a_knowledge of hydrau-
lics; it is obvious that water will pass through large openings more

gasily than it does through small ones: : : : >

Clays and topsoils have high pofosity (large volume of voids) but low d
permeability (very small opening between particles), so that water_ __ .

passes through them with great difficulty. Gravels and sands, on the

other hand, are permeable and therefore allow ground water to. pass with

relative ease..This type of formation is;also porous, as_can be seen
above, so that it can store large quantities of water. These, then,
are_the Wétéf?bééiiﬁé,férﬁétigﬁsfmg§§7§mengb]g to. the development of .
wells and most important to the engineer in searching for a rural com-
munity water-supply. Sandstone is both porous and pervious and there-

fore an excellent aguifer which can be tapped to produce large guanti-
ties of water, especially if it is confined as shown in Fig. 9 (for- _
- mation B) and Fig.10 . Where it is known, for example, that sandstone. _
s underlies an area, and where no other readily available source {s found,
a test hole into this stratum would be & goed risk. Chalk_formations
" in the British Isles and in Haiti are known to produce reasonable
quantities of water. _ : T -

<
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F1g. 9  SHALLOW WELL IN;FREE-WATER ZONE

"0 i o

G = Draw- down

s A= Ground surface
. B = Top layers of soil H = Depth of penetration of wcll
C = Wuer -bearing stratum into aquifer
D :. Impervious stratum § = Draw.down cona.. _ . .
E - Thickness of water-bearing ] = Curve of maximum draw-down
_ stratum P = Pump_
F = Water table R = Radius of circie of influence
- Fig. 10 WeLL TAPPING CONFINED WATER /
P /
B o !
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A w Ground surface. . .« G an-aai\'vii
€ = Warer-bearing’Stracum I = Driw.dowi cone
D = Impervious stratum____ P o= ‘%umjl
E Q = [Depth of water in well___
_ ¥ I R =/Radius of circle of influence
F = Water trble K
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Except for unusual geological features or underground dams, it,can be

said that; in any drainage basin; ground-water always flows towards
the principal _streams (Fig. 7 ). ~While there are. exceptions to this
rule, the best place to o0k for shal]ow ground-water is at the bot-

tom of draws and valleys. It is in this area that pockets of sand
. and gravel may have been deposited If these are close to the present

stream or in an old course, they will probably be well supplied. Under-

groﬁnd sampling by boring or jetting in these areas will usually be
profitable. In this way, samples of the underaround formation can be

- taken and examined to determine the characteristics of the aquifer and -

its ability to supply the quantity of water -needed. Fortunately; a .
great many small towns ,in rural, underdevgjoped areas have been built

along natural watercourses so that the povsib11ity of finding avail- -
ablﬁ ground-water as a source of supply may be somewhat improved in
such areas. . :

DEVELOPMENT OF WATER SOURCES

BASIC CONSIDERATIONS

Development of a water source includes all work which increases the _
quantity and improves the quality of the water; or makes it more readily
available for treatment and distribution. The development of surface

yariabiEe vl RrrEaLEUL TR _Vianl AL IViie 1= WE e i 8

water sources and springs is considered in this section

In deve10pino a source, dams, floats, aalleriés, and similar improvements
may_be used to increase the quantity and quality of the water. Some
of the more common 1mprovements are discussed in succeeding paragraphs.

Elaborate deve]opments should be avoided; simplicity brings more rapid
results. A temporary water source should not be converted into a per-

manent one unti] the area_has been reconnoitered for a source requiring

less development. A1l intake hoses or pipes should be equipped with an

intake strainer regardless of the clearness of the water source: Suc-
tion strainers should be protected from f]oating debris which may dam-

and damage to strainer. Figures_ 11 12,13 and 14 dep1ct several of the

commor methods of suction inlet anchorage

Water at the ‘intake point should be as clear and deep as possible. The

strainer on the suction hose is placed-at least 4_inches_below the water
level. This precaution -reduces the possibility of the strainer becoming

clogged with floating debris, or the prime being lost due to air getting

into the suction line.

SURFACE WATER SUPPLIES

I For normal field water supp]y. surface water is the __
most accessible type of water source, This source also lends itself
readily to the purification_equipment common to most engineer units.

Surface water is the most easily developed source of water. Vari-
ous methods of constructing intake points for inland surface water N
sources are discussed below.
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Rocks and Stakes. If the stream is not too swift and the water is
sufficiently deep; an expedient intake may be prepared by placing

the intake strainer on a rock. This will prevent clogging of the

strainer by the streambed and provide enough water overhead to pre-

vent the suction of air {into the intake pipe. If the water scurce

is a small stream or shallow lake the intake pipe can be secured
to a post or pile as shown in Fig. 1.
Covered by at least 4 inches of water, a pit should be dug and the

- screen laid on a rock or board placed at the bottom of the pit.
Pits dug in streams with clay or sil1t bottoms should be 1ined with
%ravél,tb prevent dirt from entering the purification equipment -
(Fig. 12 ). The screen is surrounded by grav2l which prevents col- |

"lapse of the sides of the pit-and also shields the screen from dam-
age. by large floating objects. The gravel also acts as a coarse
strainer for the water. A _similar method may be provided by en-
closing the intake screen in a bucket as shown in fig. 13 .

 Dams: The level of the water in_small streams can be raised to o
cover the intake strainer by building a dam as shown in Fig. 14
In swiftly flowing streams, a wing or baffle dam can be construc-

ted to protect, the intake screen without impoundina the water’
(Fig. 15 ). s ‘ ‘

‘loats: Floats made of logs; lumber, sealed cans, or empty fuel
drums can be used to support the intake strainer in. deep-water._
They are especially useful in_large streams where the guality of
the water varies across its width or where. the water is not deep

enough near the banks to cover the intake strainer. The intake

poirt can be covered by an adequate depth of water by anchoring
or stationing the float at the deep part-of-the stream.. The in-

take hose should be secured to the top of_the float; allowing ___

enough slack for movement of the float. If support lines are used

to secure the float to the banks, the position of the float can be

altered to correspond to changes in depth by manipulation of the
line.. The chief advantage of a float intake is the ease with :

which the screen can be adjusted vertically: Fig. 15illustrates

two types of improvised flcats.

Gallerfes. Water from muddy streams can be fmproved in quality by
digging intake galleries along the bank. A trench is dug along.the

bank deep enough so that water from the stream percolates into it

so it_intercepts ground water flowing toward the stream. The trench
is filled with gravel to prevent the sides from collapsing:._The in-_

- take strainer 1s placed in the graveT below the water line {Fig. 17 ).

The amount .of work required to produce the gallery is justified by

a reduction in the amount of chemicals needed to coagulate the water,
the elimination of the necessity of frequently backwashing the filter
and the higher quality of water obtained. .

Drive Points. Many tifes it 15 advantageous to utilize shallow ground .

water_sources or percolated waters adjacent to a turbid_surface water.

Well points are issued in 2-inch diameter; 54-inch lengths. A drive
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cap is driven into the ground with a sledge. Successive sections

of pipe, each 5 feet long, are added and driven until the screen
is well within the water bearing media. Several well points may
be connected in parallel to supply sufficient water to the raw

water pump. In developing drive point sources; it must be remem-.
bered that the practical limit of suction 1ift of the pumps issued
with field equipment is 22 to 25 feet at sea level. Suction 1ift

pumps can be used, therefore, only where the pumping level in the
viell will be within the 1imit of suction tift, or 22 to_25 feet be-

low. the position of the pump. . At 5,000 feet above sea level; the.

nractical 1imit of suction 1ift is only 20 feet. It should be noted

that since a suction-1ift pump must create a partial vacuum in the .

suction line, it is necessary that the 1ine be absolutely airtight -

jf the pump is to function .properly: R :
_SPRINGS |

a source of field water supply if properly developed. Springs may be
developed by enlarging the outlet of the spring; and by reducing loss

Springs yielding 20 gallons per minute or more of water can be used as

by damming and conducting water to storage. To reduce possible pol-
lution, springs should be cleared of all debris, undergrowth, top soil,
loose rocks, and sand. ' , : . -

Water which flows from rocks under the force of gravity and collects in
depressions can_be collected in_boxes or basins of wood, tile, or con-

crete. The collecting Lox should be large enough to impound most of

the flow. and should be placed below the ground level so that only the
top is slightly above the surface: The box_ shouid_be covered tightly
to prevent contamination and lessen evaporation._ The inlet should be
designed to exclude surface drainage and prevent pollutitn. This re-

quires fencing off the area and providing proper drainage. Fig..
shows a spring inlet which has been protected in this manner. The

screen on the overflow pipe prevents the entrance of insects and small
animals: - Another screen on the intake pipe prevents large suspended
particles from being ingested by-the pump used to distribute the spring

water, thereby preventing mechanical failure or reducing it to a mini-
mum. : o .

The flow of water from a spring located on a steep slope of loose earth’
can be obtained by the following two methods: ’
1. Constructing deep, narrow ditches leading from the spring to the

point of collection. .

2. Constructing pipeline tunnels from the spring to ‘the collecting
- point. Pipe of large diameter is more suitable for this purpose.

The water from the tunnels can be trapped by constructing a dam
"at the point of collection. _ -

Digging is a more positive and more economical method of developing a

spring than blasting.__ In using explosives ir developing the yield.
from springs you should exercise great caution. Blasting in unconsoli-

dated rocks may shift the sand or gravel in such a way as to divert the
gpring to a different point.
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WELLS | \ ’

When ground and surface water supplies are inadequate or cannot .be used,

ground water ‘supplies are developed by constructing wells.—Wells.are

classified ‘into five types, according to their method of construction.

These are dug, bored; driven, jetted and drilled wells. Each type of
well has its particular advantages, which may be ease of construction;

type of equipment required, storage capacity, ease of penetration into

certain types of formations, or ease of safeguarding against pollution.

THE BASIC REQUIREMENTS OF A WATER SUPPLY

The objectives of any water supply; big or small, are to provide the con-
sumers with safe and wholesome water in adequate amounts and. to make that

water readily available to users.
\ i SAFE, AND WHOLESOME WATER

\ safe and wholesome water is water that may be consumed without risk

“from its chemical and bactericlogical contents.. 1Its color and odor

. should be unobjectionable and it.should be free of visible suspended
N matter. e C

| Mich information concerning. its sanitary quality may be obtained by
N chemical examination of a water but it is impossible to say that a _

_ - water is free of sewage pollution by chemical analysis alone. Where
the presence of pollution is being investigated, bacteriological ex-

gmjnqpion,is,esséntié]!,;Wétgr,@highﬁg e tests have shown to_be safe_
", may be polluted after the samples have been taken and the only way of

\ensuring the early detection of intermittent pollution is through fre-_

g}ent routine bacteriological examinations: 1In rural_areas_it is often

fficult enough to have one such examination done but to insist.on . _

weekly repetitions would be quite unrealistic. The Bacillus coli which

normally 1ives in the bowels of warm-blooded animals and which is pre-

sent_in human faeces in _enormous numbers is used as the bacterial in-
dicator of pollution. Unfortunately there is no ready method of dif-

ferentiating B. coli of animal origin from those of human origin.

in view of the foregoing it is of the utmost importance that the supply
system be correctly located and constructed so as to provide natural.
protection against outside contamination. A careful inspection of the

pertinent area must, therefore, be carried out, and it should be repeated
étwrégularkintggéals to ensure that this area is maintained in the neces-

ular_1 va|
sary sanitary s \te.

ADEQUATE QUANTITY

-—

The average amount of water required daily by an individual is about
10 gall r athing and
laundry. People can da with less for short periods when necessary, but

10 gallons_for_domestic purposes, i.e. drinking, cooking; b

public health is-best served by encouraging the use of water and dis-
gEﬁprovis’ion of 25 or more gallons_per _person

_ couraging its waste._ Th : €9
; per day does not include water needed for gardening purposes or for
animals. \\ - .
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The former usually affects only the bungalows and varies considerably
in amount. The standard daily allowances for animals are:-~for horses

and cattle--10 gallons per capita: and for sheep, goats and pigs, 2 gal-

lons each. Hospitals require about 50 gallons per patient daily, an

schools need approximately 10 gallons daily for each child:
 AVAILABILITY S | .

Fron the purely public health view-point there is no gquestjon but that

the aim should be to supply safe and wholesome water in adequate quan-

gk |

tity to every family in its home. Generally, when individual families

are provided with_ taps in_their own houses they look after the taps and

the wastage of water is-minimal. On the other hand, where the distri-
- bution of water is by public stand-pipes, the taps’are generally left

running and many of them are repeatedly broken so that they cannot be

turned off. Unfortunately the capital cost of a waterpoint in each
house is often too_great and it 1s then necessary to compromise be-
tween economic realities and the desired sanitary conditions.

Until they actually experience the benefits of safe water, villagers
rarely understand or appreciate its advantages and they will continue
to use their old polluted sources unless the new sanitary supply is
superior in some respects obvious to them, such as greater convenience

or greater reliability. They may bathe-themselves and wash their clothes

at the new water-point but the general standard of household cleanliness
will vary inversely with the distance the water has to be carried. If
the new water-points are not as handy or as dependable as the old ones
the people will continue to use unprotected shallow wells near their
homes or persist in going to the river for polluted water: Such prac-
tices defeat the real object for which_the new supply is being instal-
Ted, namely; to jmprove the public health. As many stand-pipes and
household connections as possible should, therefore, be supplied and

the layout of the whole.pipe system should be such as to facilitate the

fut ire provision of a'tap in each house:.” The following are Buggested

as minimum standards:--one stand-pipe should not serve much more than _ _
40 people; and in the case of wells to which the people must go for their -

water there should be at least' one well for every 250 peqp]e approxi- e

mately). .

—_ . .- Pt
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SELECTION OF THE SOURCE OF SUPPLY

. P

" The choice of a source of supply for development depends on a number of factors,

chief among which are:--the quantity and auality of the water available; the

possibilities of sanitary control of the catchment area; whéther the water _
can be supplied to the consumers hy gravity or has to-be pumped; and the dis-

tance from the source to the houses. In order to obtain full information on

these points it is necessary to carry out a very careful preliminary; survey.
SOURCE. OF SUPPLY S ‘ L L ;

The first step in' startinn any water scheme is to aétéiﬁiﬁé,ﬁhit source
of ‘supply are available. Frequently a good sourcé is not dffficult to
find but it is usually advisable to check all alternatives as some may
be more economical apd safer to develop. Sometimes suitable sources
are not obvious and a' seprch should then -be made in the valleys; along
| | -
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the foot of the hills, where. the vegetation is greener, and such places.
In this reconnajssance the inhabitants are generally very willing to

assist with their local knowledge: - E
If the search fails to reveal a satisfactory source an investigation of

the ground-water becomes necessary; and for this a knowledge of the lo-
cal geological formations is most helpful. Study of any existing wells

#i11 provide some information about the layers it penetrates; and_the

location; quantity,and quality of the water. Unless a good deal is _
already known about the aquifer it is expedient to sink test holes_at

various likely spots. These holes may be made with a pipe; about 2 -
inches in diameter, tipped with_a point, and driven into the ground by

a hammer, or a pipe sunk by an earth auger or by boring.. This method

is generally successful provided the water is not-more than 30 feet _
or so from the surface. If it is necessary to probe any deeper, ii.is

usually wise to obtain the services of an engineer possessing the ex-
perience and the equipment for this type of work. Deep well explora-
tion and construction are expensive and are not jobs for amateurs.

The next step is to determine the quantity of water available. The

rainfall figures may be obtairned and the history of springs and exist-

ing wells may often be secured from the local residents. An estimate _

of the capacity of the aguifer may be made by pumping a well and noting
the rate at which the well refills but the approximate yield in the’

dry season must be determined as that is often a decisive factor.
THE ‘SANITARY SURVEY

The sanitary conditions prevailing in the immediate areas of possible

sources should be thoroughly investigated. This is most important_
because the methods of purification of water,under rural conditions,

are 1imited, and the process is_too_often neglected:_ Animal contamina-
tion of the water is very undesirable, and in some places may be danger-
ous, but the greatest hazard lies in poliution from human sources. It

.may be possible to find_a spring, or stream, coming ‘from a safe catch-

ment area situated uphill from human habitation, or it may be practi-

cable to render a.source safe by moving potential origins ¢f contamina-
tion or to protect the source by suitable intercepting drainage etc. -
Though_the water from a siream may be liable to pollution it is often

feasible to obtain wholesome water through wells and infiltration. _
channels sunk in sand and gravel layers near the stream. Wherever -

possible the water should be examined chemically and bacterioiogiééjly

-and results considered in the light of the sanitary survey.

SOURCE AND TREATMENT _
In-the final selection of a source the following priorities should be
adopted. , - ’

_ First=priority Consideration

Water which requires rio treatment to meet bacteriological, physical,

and chemical requirements and which can be delivered to the_consumer -
by .a gravity system should be given first consideration. This

would usually be limited to springs and protectéd drainage areas.

‘Such a system requires no treatment and no pumping and, therefore,
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is ideal from the po1nt of vjew of maintenance, which is thus
reduced to an absolute m1n1mqu _

Water which requ1res no tfegtnent to meet bacterio}ogical phygicéi;
and chemical reguirements but which must be pumped to consumers,

would be the second choice: \Well supplies would fall within this
category. .

Pumping can be an economical. a'a simple solution,; but it can also
be an expensive and complicated i ne, accordingftgf]ggalfgirggmg,
1

stances. It depends on the availability of gualified operators:

and on the local cost of fuel. Such factors vary widely from
country to country and even from one rural area to another of a

given country; they vary also with the types and efficiency of
operation:-and maintenance_ ?rogramsteve1oped for providing a1d to
municipalities from centrally located headquarters.

Th1rd-pr1ority Cons1derat1on

Water which requ1res s1mple treatment before it can meet bacterio-
logical, physical, or chemical requirements but which, 'can be deli-

" vered to_the consumer through a_gravity system sbould be given °
third-priority consideration. Simple treatment is considered to
be 1imited to: (1) storage which would provide plain sedimentation

and some reductjon’ in bacteria; (2) chlorination without the use
. of a mechanically operated chlorinator; (3). slow sand filtration;.
. or.a combination of “these. . .

- -

For rural areas this is rormally an inferior solution. It is usu-

ally more expensive than the above solutions and involves opera-
tional procedures which are most difficult to maintain in small
rural communities. In such places, when the chlorine stock runs

out, chlorination is abandoned_ in almost:every.instance; and, when
the slow_sand filter becomes clogged, a by- pdss is often considered

an easy arrangement. Sach is the history of treatment measures

-in mast rural areas where routine technical assistance 1s not pro-
vided by a responsible agency. ;

Fourth= priority Cons/deration

llater which requ1rés simple_treatment; as_ mentioned above.fgngfﬁf
vhich must be del4vered to the consumers by pumping would obviously

be the most expen51ve cho1ce to make,;

'DETERMINING THE RELATIVE COST OF A DEVEtOPMENT

The easiest method of deternining the relative cost of a development

s

is to: . . .
(ég Estimate the cost of the various components for a Given design:
(B) Calculate the time required for construction; -
(c) Determine the total labor cost from the price per hour;
(D) Sum items A and C. ,
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LESSON OBJECTIVE:
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WATER SUPPLY SOURCES
LESSON NO. 1 \

Describe the methods used to locate ahd record

S . - o
existing water supply sources with respect to

the comminity to be served.

INSTRUCTIONAE PROCEDURE

\

SUPPLEMENTAL MKT ERIRLS
RELATED READING ——
\

Topographic
Contouring

Topographic

Plane Tabie

Mapping

of a prominent topographic feature.

and assist students where necessary.

flund out exercise on topographic pontouring

Disciiss the use of the compass and the

inferpretatjon of topographic maps.

Outline what teatures are to be included and

how they are to be represented in a topo-

graphic sketch map.

Kssign students to groups of five. Have gach
group map a quarter mile area. Each map

shoild include the following features:

1) man-made structures

3) water supply sources

4) disposal systems

Demonstrate how to construct a more service-

able map, the plane table map.

\

Manual ‘of Fleld neology
p. 21-25. .

Any basic laboratory
manual of Physical Geols
Manual of Field Geolcgy
pe 36:50;

p. 6—15.



LESSON OBJECTIVE:
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WATER SUPFLY SOURCES

LESSON NO. 2

Dermunstrate how to identify and evaluate various

water supply sources.

TOPIC

iNSTRUCTIONAL PROCEDURE

SUPPtEMENTALMATEmALS/_

____RELATED READING

Reck and Soil
Type

'hysicar and
Chemical
rollutauts

IQegpggication of

rhysical
Pollutants

Water Supply
Sources

Outline the phy-ical characteristics and

digciss the hydrological properties of the

basic rock and soil types.

Assist students in identifying the basic rock

and soil types.

Have euch student identify rock and soil

types from a series of circulating samples.

. List the aéj/a; chemical and pﬁyéicai pollu=~

. pollutants.

Demonstrate how to identify turbidit" wlth
the measuring cup.

kssisi students in identifying physical
pollutants from a suite of water samples.
Water ssmples' chould reflect the various
pollutants: turbidiiy, colcr, odor, taste
and temperature.

1
'
'

Outllne the factors that influence the _

quality and qhuntity oi a given water supply

gigi,s&a discuss the éhérzi'ctéi-iéti'cs of the
\ ous watef supply sources.

IR ',:f,‘j,,, ‘,,,,,, i el L
Demoultrite evaluating these
f:eld. :

sources in the
sigm studentb to groups of five:

area”
|
i

———

Mggggl of ‘Individual

Water Supply Systems
p. 5~13.

Manual of Individual

Water Supply Systems
ps 13-20 N

WHO Monograph #42
Chapter 5.

WHO Monograph_ 542x
Annex 4 (p. 271- 275)
also p. 39-42. .

BEST COPY AVAILABLE |
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Lesson No. 2 .
{Continued) :

| . . S .
L Have each group evaluate each source in its

! area in terms of

1) location

3) quality as determined from any.
physical pollutants present and

possible sources of contamination:

Asserble groups to have each group report

;on the feasibility of the water supply
sources in its area.

et
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LESSON OBJECTIVE:
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WATER SUPPLY SOURCES

LESSON NO. 3
Discuss developments that will improve the
quality and yleld of the various water

supply sources.

INSTRUCTIONAL PROCEDURE

SUPPLEMENTAL MATERIALS 7

RELATED READING

:ater Point
2veloprients

Recall the need for water source developments

Demonstrate a method for determining the

relative cost of a source development from._

a 1list of its components and an estimate of

the labor cos-:

Supervise studgg&g ;gfggtimating the relative
cost of basic developments for

1) lakes and ponds

2) streams and rivers
3) cisterns

4) springs
Have each student describe and estimate the
relative cost of a developmeni for each of
the four sources listed sbove:

WHO Monograph #42

Chapter 5. _

Smell Water Supplies
t’25 .

VTH #21 81,2:71 11-13.

WHO Monograph #42.
Annex 7, p. 297-310.

Diagrams or charts of
theso types of
developments.
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SECTION 2

WATER TREATMENT .

OVERVIEN:

When the source of water supply is not entirely satisfactory treatment is
necessary to insure that the quality. of the water meets certain require-
ments. The trainees are instructed in the basic requirements of water

_treatment and receive detailed plans for the installation of two simple
yet effective treatment systems. , ,

.~
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SECTION 2

OBUECTIVE:
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WATER TREATMENT

Determine which of the potential water supply
sources are the most economically feasible in

terms of any treatment process requirements:

Define minimal standards of concentration for
each pollutant. ' ,
Identify the nature and extent of pollution

for each water supply source.

Determine which type of  treatment system
would most probably be necessary to reduce
the pollution level of each source to a
safe level. . ‘

Determine the cost of a treatment process or

processes for each source.

Select the most economical source(s) in terms
of capacity to serve appropriate numbers of

people; and treatment process requirements.

FUNCTIONAL SKILLS:

1.

2.

Describe the four methods used in treating

polluted water:

Identify the relative costs of different
types of treatment systems.

Know the effect various pollutants have on
different delivery systems.

know what pollutants make water esthetically
objectionable. |

Know what concentrations of chemical pollutants

and coliform bacteria constitute health hazards.

ldentify the factors that influence the future

populatinn trends of a given locale:

Recognize the relationship between number of

?atgr system users and treatment process capac-
ties.

wp
(e
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WATER TREATMENT (cont.)

TERMINAL PERFORMANCE TESTS:

1. Given the designs for various types of treat-

N

ient systems, calculate with reasonable accu-

racy the cost of each.

a. 1n what circumstances it can contrihute

to the destruction of a delivery Systes.

b. 1in what concentration it makes water
esthetically objectionable.

c. 1in what concentration it E6ﬁ§fitﬁté§ a
heath hazard. ’
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WATER SUPPLY SOURCES AND TREATMENT
WATER TREATMENT

SELF _PURIFICATION

Under favorable conditions, any polluted body of surface water--stream

or river; lake or _pond--will rid itself of a certain amount of its pol-
lution by means of natural processes. This self-purification cannot de
depended upon to bring about complete purification, but it may well im-
prove the water quality sufficigntly to ease the load on mechanical pu-
rification equipment. '

STREAMS AND RIVERS

|

When sewage is discharged into water, a succession of _changes in
water quality takes place, If the sewage is emptied into.a lake

in which curtents about the outfall are sluggish and shift their
direction with the wind, the changes occur_in close proximity to
each other and, as a result, the pattern of changes is not'crisply
distinguished. If, on the other hand, the water moves Steadily
away from the outfall, as in a stream; the successive changes occur
in different river reaches and establish a profile of poliution

which is well defined. However, in most streams, this pattern is
by no means static. It shifts longitudinally along the stream and -
is modified in intensity with changes in season and hygrggraphy:““

When a single large chavge of Sewage is poured into a clean stream,

the water becomes turbid,-sunlight is shut out of the depths,; and
green plants; which by photosynthesis remove carbon dioxide from the
water and release oxygen to it, die off., Depending on the stream

velocity; .the water soon_turns nearly black: 0Odorous sulfur compounds
are_formed and solids settle to the bottom, forming a sludge. 'The _

settled solids soon decompose, forming gases such as ammonia, carbon
dioxide; and methane or marsh gas. Scavenging organisms increase in
number until they match the food supply. Thé oxygen resources are °

drawn upon heavlly and, when overloaded, become exhausted. Life in
such waters is _confined to anaerobic bacteria (which exist when no
oxygen is available), larvae of certain insects such as_mosquitoes,

and a few worms._ _There are no fish; turtles are generaliy the only
foriis of higher 1ife present. This condition is known &s the zone

of degradation:

In a second zone, or zone of decomposition, more solids settle out; the
the water becomes somewhat_clearer; and sunlight penetrates_the sur-
face. Oxygen is absorbéd from the atmosphere at the air-water inter-

face permitting the establishment of aerobic {oxygen available} con-
ditions. _The aerobic bacteria continue the conversion of-organic __
matter into nitrates, sulfates, and carbonates. These, together with
the carbon_dioxide produced by decomposition as well as by bacteria:

and plant life, aré food Sourcés.- With sunlight now penetrating the

water, and with abundant food, algae beqin to flourish and form a
green scum over the surface.




In_the third zone, or zone of recovery, algae become more numerous and
self-purification proceeds more rapidly. Green plants utilizing car-
bon dioxide and oxygen will liberate in the say time more oxygen than.

is consumed, thus hastening the recovery of the stream. Simultaneously,
the fish_that require little oxygen such as catfish and carp, are also
found. As the dissolved oxygen increases, more types of fish appear. .

After recovery, in the zone of cleaner water; fish find thé stream high-
1y favorable, as the algae support various aquatic insects and other

organisms on which fish feed. The water is clear or turbid according
to concentration of algae; and may-have odor for the same reason.

Throughout the stages of recovery of self-purification, disease organisms
are greatly reduced in number because they lack proper food, and_experi-
ence unfavorable temperatures and pH values of water. However, the. . -—

water is sti11 dangerous since all disease organisms have not perished.
LAKES AND PONDS | A
Self-purification in lakes and ponds is brought about by the same pro-

cesses as in rivers and streams. However, currents are not_as strong .
and sedimentation plays a larger role, Large deposits of sludge, dead
algae, and other organic material build up on the bottom.. 1In deep

- lakes, self-purification is aided by seasonal "overturns." This is_
simply an exghange of bottom water for surface water which occurs in

the spring and fall, causéd by the difference in the temperature of

the water at the surface and bottom of dee: lakes.

BASIC STEPS IN TREATING WATER

COAGULATION
Turbidity in water consists of finely divided negatively charged col-

loidal materials which are kept in suspension by mutual repulsion..

Turbid water is difficult to clarify by filtration because these fine_
particles can cause rapid plugging or even pass through a filter. The

agglomeration.- of these colloids into settleable or filtrable aggregates
through -the action of certain chemicals is called coagulation. Iron

and aluminum salts are the most widely used coagulants in water treat-

ment plants.

SEDIMENTATION

Plain sedimentation is the natural settling of solids heavier than water
. without the addition of chemical coagulants. Solids heavier than water

are held in suspension while in moving water, but gradually settle to

the bottom as the water velocity is reduced. The time required to .
clarify water by sedimentation depends on the size of the suspended _ _
particles and their specific gravity. Large and heavy particles settle

in a few minutes once the water has become still; whereas very small
particles such as clay and silt may remain in suspension for several
days.

Plain sedimentation is not ordinarily used as a separate step.in water
treatment because the long period required for complete settling would
call for an impractical number of settling tanks. However, in emer-
gency situations, such as the necessity of taking water from a swift-

~~ K\:w.
|
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flowing stream which is heavily silt-laden after a rainstorm, special
sedirentation tanks may be set up as a first step. This initial re-

moval of turbidity reduces the load on the coagulation and filtration
steps o0i_the water treatment process, and the frequency of filter back-
washing is reduced. i

FILTRATION ~

‘Filtration consists of passing the water through some porous material
“to_remove the suspended impurities. Filtration is one of the oldest

and sifplest procedures’ known to man for revoving suspended matter
from water and other fludis.

The simplest form of water filter is tie sand filter. This filter
resembles a small reservoir, the bottom of which is a bed of filter

sand which in turn rests on a bed of well-graded aggregate with the .
largest size aggregate being at the bottom. An underdrain system of
tile or brick is provided under the gravel to collect the water from

the filter area:. The underdrain system consists of a header or main
conduit extending across. the filter bed. Means are provided for reg-

ulating the flow of water out of the filter through this header_and

also for controlling the rate of flow on to the filter. This allows .
the filter to be opcrated at controlled rates which should not exceed

3.0 gallons per minute per square foot of filter area. An average_

filter bed consists of atout 12 to 20 inches of gravel and 20 to 40
inches of sand. The depth of water over the sand bed varies from 3

to 5 feet= ' ,

DISINFECTION

In addition to coagulation, sedirentation, and filtration, water must

undergo an additional treatment step: disinfection. This is neces-
sary because no combination of the other three steps can be relied
upon to remove all disease-producing organisms, the pH and temperature

of the water; the presence of interferring substances; and the degree
of protection afforded organisms from the disinfecting solution by
materials in which they are imbedded. Therefore, various concentra-
tions of disinfectant are required depending upon the local environ-
mental conditions and the amount of particle removal effected.

It is employed in field water supply in the form of calcium hypochlor-
ite, a_standard item in the supply system (commercially_known as HTH
powder). When the calcium hypochlorite is dissolved, the chlorine
goes into solution and a calcium carbonate sludge settles out. The:
chlorine is present in_the solution as hvnochlorous acid or hypochlor-
ite ion deperiding on the pl, both of which are powerful oxidizing
substances:  _The chlorine available in either of these two forms

rapidly oxidizes the organic and inorganic matter including the bac-

Chlorine is the most commionly used chemical for disinfection of water.

teria in the water. JIn this reaction the chlerine is converted to
chloride and is no longer available as a disinfectant. The organic
matter as well as such material as iron and manganese consume the
chlorine. The use of chlorine makes it possible to_introduce an ac-
curately measured dosage to insure the destruction of disease-produc-
ing organisms as well as provide a readily measured residual to safe-

guard against recontamination.during further handling.
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Chlorine Dosage

Dosage {s the amount of chlorine added to water to satisfy the
chlorine demand as well as to provide a residual after a speci-
fied time. The amount required to disinfect water varies with
the organic content and pH value of the water, the temperature,
the time of contact, and the chlorine residual required, The

dosage is usually stated in terms of parts per million {(ppm).or

milligrams per liter {mg71), In water supply terminclogy, ppm
means the same thing as milligrams per liter or “mg/1":

thlorine Demand

The chlorine demand of water is the difference between the guantity
of chlorine applied in water treatment and the total available re-

sidual chlorine present at the ‘end of a specified contact period.
The chlorine demand is dependent upon the nature and the quantity

of chlorine-consuming agents present and the pH value and tempera-
ture of the water (high pH and Tow temperatures retard disinfection
by chlorination). For comparative purposes, it is imperative that
all test conditions be stated. The smallest amount_of residual _ _
chlorine considered to be significant s 0.1 ppm. _The relationship
of the demand to the length of the contact period is discussed be-
low. Some of the chlorine--consuming agents in the water are non-
pathogenic _{non-disease causing organisms) but this bears no re-

lationship to the fact that they contribute to the total chlorine -~ — . —-.- °

demand of the water: .
Residual Chlowine : L .

“As {ndicated above, residual chlorine is the amount_of unreacted .

chlorine remaining at a specified time after the chlorine compound
is added: €Chlorine in aqueocus solution is highly unstable. It~

may change quantitatively and qualitatively under numerous _condi-_
tions, including the presence of other elements or compounds. The
total residual chlorine in the water can be chemically divided into
the following types: : -
1. Total avajlable_fesidual chlorine. This is the sum of the
free available chlorine and the combined available chlorine.

2. Free available chlorine. Refers to hypochlorous acid-and_
hypochlorite ion present in the water. .These are the most _

effective disinfection forms of chlorine: The free available

chlorine is a rapid-acting type, important because it can be
relied upon to destroy bactaria relatively quickly, and_thus

is active during the period inmediately following chlorination.
The relative amount of each present im the water is dependent .
upon the pll value of the water. It is important to_remember

that when the pil is.raised-the quantity of- free  avaflable
chlorine required to kill the same number of micro-organisms_
increases. With decreasing temperature the same situation of
_increasing dosace to maintain the.same kill is encountered..

If the contact time is varied, then the dosage applied must
also be changed. For example; to shorten the contact tine -

the -dosage would have to be increased.

|
/.
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of ammonia or organic nitrogen that will react to form simple

3. Combined &vailable chlorine. This results fiom the presence

chioramines: Thus the term "combined available chlorine"
arises from the fact that the chlorine has ctombined with an-

other substance. Chloramines are a slower acting and less
active form of disinfectant. Therefore, a much higher concen-
tration than that of free available chlorine is needed to oro-

duce the same germ destroying effect: The specific chlora-

L mines present are also a function of pH.
\ . Disinfecting Time ; B

10 minutes after chlorine is added./ After the first 10 minutes -
of chlorination; disinfection continues but at a diminishing rate.

Chlorine demand in most water is 1%Fé1ﬁ'fa be largely satisfied

A standard period of 30 minutes c~ntact time_ is used to assure
that highly resistant or high di..se-producing organisms have
been applied. Given a sufficiently large chlorine_content, and_ if

- certain other conditions are met; even such special water purifi-
cation problems as the presence of amoebic cysts or schistosomes
o will be solved with.the 30-minute contact period.

DISINFECTION REMUIREMENTS FOR ENGINEER' OPERATED FIELD WATER TREATMENT
EQUIPMENT . i :
' As has besn previously discussed, the efficiency of the chemical dis-

infection process is dependent upon numerous factors which include
the tyge and concentration of micro-organisms, the pH and temperature
_of the water, presence of interferring substances and whether or not
the organisms are protected from the disinfection solution by being
, embedded in tissue cells, or clumps of tissue cells, or other material.
{ Therefore, various concentrations of disinfectants are required. Min-

imum concentrations of disinfectants are prescribed below.

Engineer operated mobile and portable water treatment units employ
coagulation and filtration as a part of the treatment process and are
capable of a high degree of removal of particulate material. When.
those units are employed, sufficient chlorine will be added to the .
water, preferably before coagulatjon so that the residual in ‘the finished
water after 30 minutes of contact will be at least as much as that indi-
cated by the following table. feee
S pH v 30 Minute Free Chlorine |\
TABLE 2: - Residuals inppm |
COAGULATION ' =~ e, -
RESIDUALS a £ 0.75 . .
‘t 0.75 AN
1.00. o \\
‘ 3:.00 \
i 5.00
5.00

—
DWW O~V
)

o | If adequate provisions are not made for accurate and frequent measure-
' ment of pH; 5.00 ppm must be used. P

-; ‘

o
cy

lute

\
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The following guidelines were used in developing the above table:

1. The water to be treated would be natural surface or* ground
water of average composition and not grossly or de]iberately

contaminated.
2. Water temperature would be above,the freezing point

- 3. The prescribed concentrations of free ch]orine should provide a

reasonable margin of safety for all bacteria and.viruses patho-

genic_to man. _Parasitic ova would have been removed in the cq-
.agulation and filtration steps of the treatment process.

SAMPLE DESIGNS FOR TREATMENT SYSTEMS

SAND FILTER
) Sand filtration does not make poliuted water safe for drinking.,,But
a properly buitt and kept sand filter will prepare water for boiling
or chlorination that will make it safe. Trickling sand filters if =~
built properly and‘c]eaned periodically, provide clear water that;
must be boiled or treated  with chlorine. .

The ?oiioniné tools and materials are r666ir683

Steel drum, 2 feet wide by 29 172 inches high

Sheet metal to make cover, 29 172 inches square,;
9.8 feet of wood, 2 x 4 inches

Sand, 7 cubic feet

' Grave] :

N Blocks and nails ) N

o

Pipe to_attach to water supply _
Optional...valveé and asphalt roofing compound to treat drui.

Surface water; from ponds; streams or open wells is very likely to be
contaminated with leaves and other organic matter. A trickling sand
filter can remove nost. of this organic material but will always allow
virus and other bacteria to pass through. For this reason it is al-

ways best to boil or chlorinate water after f11ter1ng

There are severa] sand fi]ters, but the trickling filter is,easiest to

set-up and understand. The trickling filter uses sand to strain the
organic matter from the water; although this does not always stop
small picces of organic matter or bacteria. But in.time, bioJogical
growth forms on the top six inches of sand; This slows down the flow
of water through the sand_but will_trap_ mére siall organic watter and,
at times, up to 95 percent of the bacteria. But if not oper ted cor-
rectly; the sand filter can actually add bacteria to the watér.

By removing most of the organic matter; the filter achieves the o1l ow-
1ng results. / ,

1. Removes larger_worm. eggs, cysts, and cercar1ae wh1 h are. the
hardest to kill with chlorin

2. Allows the use of smaller. ang f1xed doses of ch]or'ne for dis-
1nfecting, which results in drinkab]e water with less taste of

chlorine. | /
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3. Makes the water look cleaner

4. Reduces the amount of organic matter, including 11ving organ-_
{sms and their food, and the possibility of recontamination of

the water. _ Q
The unit shown in Fig.: 21shotild give about 1 quart of water a minute.
The drum_should be of heavy steel and can be coated with asphalt ma-
-terial so that it will last longer.. The 2 millimeter hole at the .
bottom regulates flow and must not be made larger {slightly less than
1713th of. an inch.) , ‘
It s {mportant to use clean, fine sand, but not too fine. The sand
-should be able to pass through a window screen and it is best to wash it.

The following points are very important in assuring that your sand filter

operates properly:

1. Keep a_continuous flow of water passing through the f1lter and do

not allow the sand to dry out, as this will destroy the microorgan-
isms_that form on the surface layer. The best way to insure a con-
tinuing flow is _to fix the water intake so that there {is always a

small overflow. Screen the intake'and provide a settling basin to
help keep pipes from becoming plugged, which would stop the flow

of water. This will also delay your having to clean_tﬁe filter.

2. Never allow the filter to run faster than 0.€¢ gallons of water a

minute per square foot, as it will prevent the growth of micro-
organisms in the sand and WSEH Fhéﬁ out thfpﬁgh;@ﬁgfdﬁtlét.’— -
3;RéﬁHﬁtﬁﬁtﬁjﬁdﬁﬁ&éﬁtﬁ?iﬁiﬁtﬁ@ﬁﬁLﬁ”
this will prevent the growth of green plant matter on the surface

but help the growth of microorganisms that aid the filtering action:
4. When the flow drops below daily needs; clean the filter: ‘This s _

done by scraping off and discarding the 172 inch of-sand and _lightly
raking or scratching the surface. After several cleanings, the sand

should be raised to its former height by adding clean sand. Before
doing this, scrape the old sand down to a clean level. Cleaning
should not be more often than every several weeks or even months.
WATER PURIFICATION PLANT .
- A crude water purification plant 1s-described which uses laundry bleach
as a source of chlorine. Although lacking the relfability of a modern

water system, this manual plant will provide safe drinking water. Many
factors_in this system depend upon operating experience. When starting
to use the system, it is best to have the assistance of an engineer ex-
perienced in water supplies. For constuuction details see section II,
c. ' - .

Operatiom

1. Mix concentrated bleach with water in the concentrate barrel
with all valves closed. :




MIXING TANK

// -‘
| \WATER SUPPLY
| . ) |
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2>\\g111thep1be-from the mixing barrel to the solution tank with

ater after having propped the float valve in a closed position.

3. Allow a trial amount of concentrate to flow into the mixing

barrel by opening Valve #2.

S ‘4. Use the measuring stick to see how much concentrate was used.

W
.

Close valve #2 and open valve #1 so that untreated water enters
the mixing barrel e

Close valve #1 and mix solution in the mixing barrel with a
- stick. : ?

[« 0
.

T . Tl
O .7. Remove the prop from the float valve of the-solution tank so
that it will operate properly.
8. Open wide the metering valve and valve #4 to clean the system.
. Allow 2 gallon to drain through the system.
3. Close down the metering ‘alve unt{l only a stream of drops
enters the funnel. !
" “(steps 2, 8 and 9. may be omitted after_the first charging of
the system, if the pipe mentioned in the second step is not

permitted to empty before recharging the mixing barrel).
10. Open valve #3. ‘

Trial and error must be used to learn how miuch concentrate should be

put in the concentrate barrel, the amount of concentrate to flow into

the mixing barrel and the amount of solution to allow past the funnel.
The result should be water with a noticeable chlorine taste in the
distribution barrel.

The flow into the funnel and the taste of the water in the distribution
barrel should be checked regularly to insure proper treatmcnt.

CHLORINATION FOR POLLUTED WATER

- ,,,\ P T - - - - e o e —— ot ,,,,,,‘,
Chlorination; when properly applied, is a simple way to_insure and pro-

tect the purity of water. These guidelines include tables to give a_
rough indication of the amounts of chlorine bearing chemicals needed.

The amount of chlorine specified will normally make reasonably safe.
water. Try to have your water treatment system inspected by an expert,
and the water itself periodically inspected. ' ¢ o
The surest way to_treat water for drinking is to boil {t--see "Boiler
for Potable Water". towever, under controlled conditions chlorination

is a safe method, and cften more convenient and practical than boiling.
Water properly treated has residual free chlorine which resists recon-
samination. The chlorine in water is not harmful_since water with a
harmful amount of chlorine in it is extremely distasteful. Proper
treatment of water with chlorine requires .some knowledge of the process
and its effects. ‘

. : _ 7{i
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When chiorine is added to water, it attacks and combines with any sus=

pended organic matter as well as some minerals such as iron. There is
always a certain'amount of dead organic matter in water, and almost
always live bacteria; virus, and perhaps other types of 1ife. Enough
chlorine must be added to oxidize all of the organic matter, dead or

alive, and to leave some excess uncombined or "free" chlorine.

Some organisms are more, esistant to chlorine than others: Two parti-

cularly resistant varieties are amebic cysts (which cause amebic dysen-

tary) and the cercariae\of schistosomes (which cause schistosomiasis).
These, among others, require much higher levels of residual free chol-

rine and longer contact periods than usual to be safe. Often special

techniques are used to combat these and other specific diseases. It
' always takes time for chlorine to work. Be sure that water is t.ior-

oughly mixed with an adequate dose of .the dissolved chemica, «1.d that
it stands for at least 30 minutes before consumption.

Sifice both combined and uncombined chiorine has an unpdizchc » taste,
it is best (and safest) to choose the clearest water available: A

settling tank, and-simple filtration can help reduce the amount of_
suspended matter; especially particles large enough to see. Filtra-
tion that can be depended upon to remove all! of the amebic cysts,
schistosomes, and other pathogen normally requires professionals to
set up_and operate._ NEVER depend an home-made filters alone to provide
potable water. However, a home-made slow sand filter is an excellent:

way to prepare water for chlorination.

Thus,; depending on your water, different amounts of chlorine are needed

for adequate protection. Measuring the amount of free chlorine after
the 30.minute holding period is the best way to control the process. A
simple chemical test using a special organic indicator (orthotolidine)
can be used. When this is not available; Table 3 may bc usec. ;

_ TABLE 3: TEST FOR PROPER CHLORINATION DOSAGE
hater Cond1 tion Initial Chlorine Dose in Parts Per Million (ppm)

__ No hard=to=k{1l | Hard-to-ki11 organisms
organisms suspected present or suspected
e e

Get expert advice; in an -
emergency boil and cool

Very clear; few 5 ppm water first, then use 5 _
minerals : ppm_to._help-prevent_recon-

tamination. If boiling is

impessible, use 10 ppm.

A coin 1n the bottom a Get expert advice; in an
f an 8 oz. glass of 10 ppm emergency boil and cool
the water looks hazy. »_ first._ If boiling {is im-




In the chart, parts per million or "ppn" means the ratio of:

In water supply terminology, ppm means exactly the same thing as
milligrams per liter or "mg/1" 7
The second chart,Table 4; gives the amount of chemical to_add to

1000 gallons of water_to get a solution of 1 ppm. Multiply the amount
of chemical shown in Table4d by the number of ppm recommended in Fig: 3

to get the amount of chemical you should add to 1000 gallons of water.
Usually it is convenient to make up a solution of S00 ppm strength _
which can_then_be further diluted to give the chlorine concentration
needed. The 500 ppm solution must be stored in a sealed container in

a cool dark place, and should be used as quickly as possible since it
does lose strength. Modern chlorination plants use bottled. chlorine

gas, but this can only be used with expensive machinery by trained

experts.

TABLE 4 CONVERSION OF PPM TO OUNCES PER 1,000 GAL:

— — Muantity to add to
Compound % by weight of _1000 _gallons of water
active material | to get a 1 ppm solution
|high Test {Calcium_hy- - | o
pochlorite) Ca(0OC1), 70% 175 ounce
|chlorinated 1ime 252 D i/2 ounce
Sodium hypochlorite 14% 1 ounce
(Naeﬁlg .
Sodium hypochlorite . 10% 1.3 ounces
* [Bleach - a solution of| usually o
Jchlorine in water. - 5,25% 2.6 ounces
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'WATER TREATMENT
LESSOR NO. 1
LESSON OBJECTIVE:  Describe and demonstrate how to estimate the

cost of the four methods used in treating water.

ToPic INSTRUCTIONAL PROCEDURE S T I RaIALS7.

Treatment . | Discuss the process of self-purification. Manual of Individual
Processes ' e Water Supply Systems

_ List and describe the four basic methods of | p. 64~83:. ==
water treatment: . | WHO Monograph Series #42
1) coagulation p. 171-193.

2) sedimentation . Small Water Supplies
3) fiitration pe 2647, "
4) disinfection.

‘Outline the essential components of sand
filtration and tvwo chlorination units.

Estimate the costs of construction, operation
and majintenancs for these units.
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WATER TREATMENT
LESSON NO. 2 R

LESSON OBJECTIVE:  Define the pollutants that must be eliminated;
(a) to provide esthetically pleasing and safe water; and,
(b) to proil;ong ‘the 1ife of the delivery -system;

SUPPLEMEN TAL MATERIALS /

o _ TOPIC INSTRUCTIONAL PﬂUCED]JRE RELATED READING
Pemise:lble List and describe poﬂutanta that are WHO Monégraph Series #4x
Levels of Chemical, 1) ssthetically objectionable pPs 46545 -

Physical and 2) health hazards
Bacteriological 3) contribute to the destruction of a o
Pollutants delivery system.

Establish permissible levels of concentration
for each of these cpolluta.nte.

reduce these pellutants .

From a list of pollutants; have each student
state the undes:lrable _property (ies) of each

and recall & method of ei:tmimitiozi (if
applicable).

Al

~3|
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X WATER TRIZATMENT
. LE3SON NO. 3
LESSON OBJECTIVE:  Define the criteria that must be applied in
' selecting the most economically feasible source.

' — T ————————— AT TS TR
___ToPIC  INSTRUCTIONAL PROCEDURE | SUPRLEMENTAL MATEP AL

Criteria of Wnter| Review the basic requirements of a water Small Water Supplies

-8upply Selection supply source. p. 814

- Outline the criteria to be used in the




SECTION 3 - .
PLANNING THE DISTRIBUTION SYSTEM . _ -
|
OVERVIEW: |
A water, distribution sy tem is a Iarge proaect requiring grggt expense in -

time_and capital. .The health of thé community will be affected by the
results of the project.| The planning of the project is necessarily of
great 1mportance. so as 'to ensure an economic. efficient. and safe result.

the communitg. the material and financial requirements. 1mpose upon the

plans he must prepare prior to the start of the project. This section
covers these basic: requiremen.s of the planning for a water distribution
system.

e

y
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| _SECTION 3: VATER DISTRIBUTION 775"
x. A BAINITC THE DI¥ % oY SYSTEMS

w

OBQSCTiVEE Develop a plan for a distribution system which .

will meet thé requirements of .the given community,

| C ' utilizing the existing and proposed facilities. ;
[ TASKS: 1: Assemble a 1ist of existing man-made facilities
! : and potential water sources.

St T it occurss and the capacity of the system required

\\ _ = 2, Determine average demand; peak demand and when _

to meet both the present and project~d requirements

| | of the community.
\ . 3.. List:the components and characteristics of the
A ; S proposed system. These include:
A -7 a: vater sou e
| . b. Pumping equipment -- type of pump
\ ¢. Capacity of distributing reservoir or starage
| . d. Location of distributing reservoir with relation
| to service connections. )
e: Source of energy used in the system - -

“f Pipe sizes Snd.pipeiléijﬁﬁzéffféﬁ

. . . e
! v _ 4. Choose the most economical as’ ~75r < '~al source

\ : from among éxisting and propt .= 7c.:ces, with the
i | ___FolTowing characteristics: 3
N a. Supplies required quantity
- o b: Requires no treatment or very simple treatment
\ . c. System easily installed -
' d. Located in'such a position that gravity can be
used as sgpply;energy;

| 5. Choose fost suitable site for the system faciiities.
Choice guided;by: . i

“Ta. Proximity, to and accessibility from residence
b. Safety from contamination

| ot

|
{N‘
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c. Safety from destruction
d.. Availability of room for future expansion

Estimate the expected cost of construction, operation

and maintenance of the whole/system .

.Identify the source of finance, _amount to be financed -

and'conditions related to the transaction:

FUNCTIONAL SKILLS:

1. Classify type of water Sources
. 2. Measure the yleld of different water sources.

3. Dray‘topographjg ‘map. Estimate distance and scale '
this on a sketched map.

3. Classif climatic types and_state construction
precautions; e.g.; Tropical: heavy rain, insect
pests; etc.

5. Recognize. _useful local materials vhich can be used
instead of a relatively expensive imported one, e.s.

) bamboo pipes. :

_ 9 ] o

6. Calculate proaected opulation.

7. €alculuce the capac;ty of a storage tangffromfdata

3 on population and vate of individual consumption.

8. State factors whicf determine and guide the selection
of pumping equipment. . |

9, Recogn!;e 741§jonsﬁwhich make a distribution !

i ——————peSErvoir a necessity: ]

10. Necide what traditions can be changed without mich
social discontent and woigi\must be contended with.

n. Prepare a chart projecting\expected costs of mater-
ials and labor, and estimate the required amount of -
money.

TERMINAL PERFORMANCE TESTS: | <

1. In a field exercise:

sources which exist in the area.

a. Classify and measure yield of various water

b. Describe, the rest of the existing facilities.



. /-
| PLANNING THE DISTRIBUTION SYSTEMS (cont.)
| ¢, Sketch the system on a labeled map of the area. -
d. Classify climatic types. ‘ B
P . ®. List a)! local materials which can be uses to

/ improve the system.
2. In a given coswunity:

a. Estimate the present, and proaect the future

population.
b. Eéié?ﬁiﬁé EVEFiéé daily demand; fﬁé BééE aéﬁéﬁa v
and wken it occurs. -. .

c. Ea1culate the capacity requiréd by the popula.ion. é -

3. From among many sources.in the area, choose the
best one to develop,; and justify.

4. Estimte the cost of establishing the proposed -
system; and prepare a_plan. for financing that would _ |
be feasible in a local village environment. !

{
-

-

"
.m‘-
o
»
~
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WATER DISTRIBUTION SYSTEMS ,
PLANNING THE DISTRIBUTION SYSTEM

DESIGN
One of the most difficult and baffling problems in the planning of a small

water-supply system for a rural community is the lack of criteria upon .

which a design can be based: The voluntéer needs answers to such iquestions
as: "What increase should he allowed for future population growth?"; "Should
provision be made for periods of peak demand?"; and "What about storage?"

Such technical questions have been thoroughly studied and standardized in
textbooks dealing with design of water supplies for urban communities.
However, for most rural, underdeveloped areas of the world, reliable design
guides have not yet been established. Furthermore, certain elements of
design are matters for local decision, depending on geographv, local economy,
custom, and other factors. !

The experience gathered from several rural water-supply programs has been

analyzed and is summarized below to serve only as a broad guide. It is_

realized that there are wide variations in water-supply practice through-

out the world and that every designer should not apply blindly the criteria

1isted here; instead, you should be able to make a critical analysis of the

conditions and problems of the area under study and should develcp applica-

ble criteria. In so doirig, you should contact the health administration of

the area concerned with a view to consulting the minimum standards for de-
sign and construction which this administration may.have issued through
its public health engineering division. '

There is, however, general agreement on the following fundamental -point;.

in the design of rural water-supply systems, primary consideration should
be given to the protection of the quality of the naturdl water selected,
since treatment should be considered only as the very last resort. This

requires the incorporation in the design of necessary sanitary safeguards,
beginning_ with the proper location of intake structures and pipes. Except,
in unusual circumstances, other engineering and structural elements should

be conceived arcand this need:
Before beginning the actual construction of a village water system; a well
defined plan needs to be drawn. The water system, when_completed, will be
the result of a large commitment from all the local people, both in finances
and labor. To be sure that the system is what they want and need, careful
planning is a requisite. In planning the water distribution system, there
are seven major categories to be defined.

1. Existing Facilities: What already exists? How good is it? Can

it be made part of the overall system?
2. Size and Nature of the Conmunity? How many people will be users?



Lo

peak demands? \

A
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»

Water Soufce: What type of source will provide the most economical
and satisfactory water for the system? :

"7””””7 o ”\L o = R I R R
. .Proposed System: -Location of facilities, pipes, outlets, etc.

[$2]

6. Site of Proposed Facilities: An outgrowth ofi the propéﬁed system,
What problems will there be ir obtaining the land needed for the
proposed facilities? : :

!

- _ .. S ) _ I _ L L
,FiﬁéﬁCiﬁﬁz, How will the materials be obtaindd? Will this project
E;be financed by government, cocoperatives, on}a cost basis;etc?

~ |
.

EXISTING FACILITIES ‘ i

From cata collected in Section 1, you have aiready quite fully aralyzed the
- types of sources available, and evaluated each as a potential water source

for a water system. How yoy need to concent-ate on matching the sources of
\\

water to the existing community. This is accomplished by:
1. Adding %o the topographical map ¢lready started, the distribution

of the users in the community. B \ :
_ \

- L S -
. 2. Considering local customs and traditions regarding water uses, and
! needs. : T ‘
| 3. From (2) above, chlculating system capacity requirements, and
i system proposals to satisfy those requirements. ‘
SIZE_AND NATURE OF THE COMMUNITY !

The proposed water system has to be built around the customs and traditi .

of the community it will be serving. For example; if the sccial patternsiof
the community are built around family s.ructures, the system should strivé

to provide sources of water t. families, and not to the community through
centrally located water distribution facilities.

!

~ 1In many developing countries there are some traditions which appear “primitive”
! .to western culture. For example, in most parts of Africa, imen swim upstream,

\ . 'and. women downsiream, Or men first; then women. In Moslem countries women

\ | 'do not appear in public unveiled. For an outsider, Peace Corvs are outsiders,
'to institute an acceptable new system in such areas, he has to study very.

‘carefully all such traditions and then modify.his system to suii the com-%| .

munity.. If he cannot adjust the system, he should *~y to get his point
'across by explaining tu the peopia (ur their representatives) why it is_
.important that he ’nterferes withitheir 1ife. 'Tor =xample: in the Moslem
‘community cited, the best plan would be to distritute water into hcuses

‘instead of establishirig pubiic welis. It must be evwp'asized that in order

to establish the most effective £*.1, a tuorough : udy of the community |
imust be done by the planner. Usually a discussion with the local authorities

iwill yield a good result. Remember, when help is imposed from abeve; it

reets with resentment and failure.
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1i describing the community, care should be taken to determine population,
both present and projected. . '

Population growth is determined by:
1. Future economic developments in the community.

‘2. The craracter and Tocation of the community in relation to other

population centers.

: 3. 7Tne presence or possible introduction of small industries into
and around the community (the installation of water scheme itself
will cause population growth.)

4 ccrimon acceptable estifate for future population growth in most rural_

sicie is a 50% increase in population over a ten year period, or _approxi-

n.tely 5% per year. This should be the minimum figure upon which the
rural water-supply design should be based. :
If this estimate appears too high for a particular situation, the system
should be designed for present population in a way as to allow for future
expansion.
Example on projecting population:
Original population o 100,000
Incraase over 10 year period 50% 50,000
orojected population in 10 years 150,000 A
Relationship between population and storage capacity:
The required capac?.y ¥~ a storage tark equals half the total daily
water raquirement. ' ’ o
,Total daiiy water requirement » average demand x ropulation + larger users.

(Lage users would_include publts centers, schools and factories. If
these are not in the community, chen the last term is left out)

Storage Capacity = 1/2[average demand x design population + large users]
SYSTEM CAPACITY |
The methods for evaluating each type as a potentfal water system source was
covered in Sectiocn 1. For each source you will have to determine its yield.
This is the waximum quantity of water that ca~ _be drawn frem a source 1n a
g, ren prriou of time. To calculate tha yfela for a source of water you:

1. Draw a measured quantity of water from t.ie source;

7. Time how long it takes ciie source to replenish the drawr quantity;

3. Divide the amount of water drawn by the time taken to refill.
¥181d is usually -tated in gallons per minute, Below are examples for
estimating yield fr -arious types of water sources.
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Fig. 24 Cistern Catchment Yield
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a. Cistern Catchment Yield S

To estimate your catchmen. area, the minimum yearly rainfall and the

amount of water required by the family during one “-war, must be esti-
mated. Sometimes, the government meteorological sgction =an give you
the mintmum rainfall expected. If they do not, you can estimate the

minimum rainfall at_two-thirds of the yearly average. Take the average
amount of water needed by the family for one day and waltiply it be
365 to learn how much is needed for one year. Then use the chart to
find_how much roofspace is noeded (Fig. 24 )... Suppose you have a
rainfall of 60 in.hes a vear and the faniily nceds 20 gallons a day,
then.:.

2/3 x 60 equals & .. ..imum rainfall of 40 inches a year

365 days x 20 gailons a de - ~ouals 7300 gallons a year

b. Yield of Small Streams

This is a rough but very rapid method of estimating water flow for
small streams. The number of streams that must be used and the flow
variations are important factori in determining the necessary facil-_

ities for utilizing the water. Kere is a way to survey a water supply

problem quickly by allowing you ¢ take rapid flow measurements.
.The squaticn for stream flow is --- § = K x A % V

@ = flow in gailons per minute (8.33 pounds = 1 gallon)

A = cross section of stream, perpendicular to flow; in square fest:

V = stream velocity, feet per minute:

K = a_corrected ccaversion factor since surface fiow is normally
slower than average flow. For normal stages use K = 6:4; for

flood stages use K = 6.7 to 7.1.

&
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- one foot from the bank..

Fig. 26 Cross Sectior of Stream

To #ind "A"... the stream will probably have different depths along

jts length so select a place where the depth .of the stream is aver-_

aqe...take a measuring stick and place it uprigiit in the water about

.note the.depth of water...move the stick

two feet from the bank in a line directly across the stream.,.note the

the depth...move the stick three feet from the bank, note the depth;
and continue moving it Jt one-foot lengths until you cross. the stream.

Draw a grid, like tlie one above, and mark the varying depths on it so
that a cross-section of the stream is shown. A scale of one inch. .

equals one foot is often used for such grids. By counting the grid
squares and fractijons of snuares, the area of the water can be esti-
mated. For example, the grid shown here has about 15 square fert of
water.

Te Find "V'...out 3 float in the stream and measure the distance of

travel in one winute {or cvaction cf a minute, if necessary.) The

width of the stream should be as constant as possible and free of
rapids, when measuring the velocity.

Example:

Cross section |: 16 scuaie feet: . .

Velocity of float = 20 feet traveled in 172 minute

Stream flow is normal
Q= F.4 x 15 x 20 feet 3800 gallons a minute
;5‘m1nuté

WATER SOURCE
Factors to be considered in the selection o° a vater source include the
following: .

a.. Purity of the source.
B 13 . S ) R -
b. Proximity of the sourrs to the community

¢. Alt!iide of source-above service connections
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d. Temperatire variations of water from *he source.

Guide to choosing a source:
9. First choice; a source that
= requires no treatment )
- uses gravity for distribution energy /

- requires minimum mainienance

is cheap to develop

e.q. springs
b. Second choice; that which

- require no treatment

but must be pumped out and into the -upi'ly 1ines.

e.g. wells.

c. Third choice that which
- requires simplc treatment
-uses gravity for distribution energy
- €.g. catchment cisterns. o

d. Fourth choice, that which
- rzquires simple treatment
- must be pumped
e.g. rivers
PROPOSED SYSTEM
" SELECTING SITES FOR THE SYSTEM'S FACILITIES

1. Source - must be near to the community (see above)

2. Punp station ~—should be above the nighest probable floow level.
' or be suitably protected against flood.

- - should be accessible at 11 times
should be large_enough to meet future expan;ion

should have suitable topography

should be well_protected from possible sabotage-e:g.
iy ei. sing it within an industrial type wiire fence

with a iccked gate.

3. Storage Tanks - shouid be centraily located

. possible, should be put on the highest ground in
the area.

S 83
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The most important consideratfons in selecting a pumn QrEs

i. The skill of the operators ard maintenance men available

2. The iritial cost of pump and driving equipment

3. The cost of operation ard maintenance

4. The capacity and 1ift required

5. Availzbility of power to operate the pump. .. ___ ____ ___

5. The sanitary features of the pumps available commercially.. . .

7. Type of source in which the pump is to be installed; including the

. depth of static water level from ground surface. _ _ _ :

8. reliability of equipment, and availability of spare parts:

Th~ following is a general guide to the selection of pumps for rural

water-supply systems: _

1. Structure of the pump
a. A1 movable parts above ground and easily accessible are easy
~ tc maintain, Suitable for areas with no skilled maintenance man. -
b. 1f skilled maintenarnce men are available; first choice should be

pumps with submerged cy1iqggr§.

2. Type of power available; Power-driven pumps must be of high effi-
c1ency»to reduce the cost of power. _

3. Decign of the pump: The pump design should be flexible enoug:. <o
be used in a wide range of sources. There are some pumps which
must operatr under the cosditions for which they were designed,.
e.g. deep-well turbine and centrifugal pumps.

4. Repairs: Tne selected pump must ba of a type for which rEPéi;;éﬂﬂ,;;f~'f/4/”;’/"ﬂ

€ - e

replacement parts are easily obtainable. . _ .
& -

N

sanitary Standards: The pump-and equipmeat must be constructed as
to prevent_centamination of water either at source or enroute to

. _—storige. Specific sanitary conditons o be considered: —t e —— —

environment from reaching the water-chamber o¥ the pump

5. Pump bead shouid be designed to prevint coatamination from ,
b. The base : -~1¢ be waterproof. o
c. The pump should not need priming {
informaticn requir:d when ordering or inquiring ab-ut a pump.
1. The inside diameter of “ole or casing in which the pump is to be
irstalled.

The desired output in gallons per mis.ute.

W

e



TABLE: 5 :

ADVARTAGES A DISAOVANTAGES OF VARIQUS TYPES OF PUWS

 POSITIVE DISPLACERET ELocy
Types hand motor,;- windfdr{ﬁ chafh o contir _w, deep-vel]
pumps Plunger type ~ ven; plunger type |  uous bucket | centrifugal | turbine jet
Usual well | 22-25 ft shallow | 20-25 ft shallon | Depends.on valve | 10:20 ft | 020 1o 15-20 ft below
pumping well; up to.. well; uj to being 11fted and ejector
depth ?ft) } 600 deep well 600 deep well type of power - f]J
Capacity | 315 10-25 820 Very wide !g[J‘wide 5125
Gallons/ range: 280 | range:
Hinute inlinited | 2 slyooo
Effictancy | Lowi canbe - | Gows can b fg- | Low God: | Good Lov: 0608
proved with proved with . | 50%-85% 65%-80%
double-acting dooble-acting | B I ,
"¢yl inders; ¢ylinders; L
N 25508 o
J’ __’__v_. pi
| Operation | Very Simple Simple Yery Siriple Simple tore difficult; | Simple; air Tocks
f t B needs attention | can cause trouble
| Maintenance | Stmpe, but val- | Same as hand Simple Simple, but | More difficult Simple; but
I ves and plunger | pump; mainten- | attention is| and constant; | attention {s
require atten- | ance of motors. mecessary | skilled atien- | mecesary
ton; more dif- | sometines diffi- , tion 1s neces-
ficuls vhen pump | cult fn rural ' §aty
¢inder 15 fn- | areas
i v |
Cost Low, but Mgher | Low, but higher | Reasonable Reasonabla Higher. espec- | Reasamable
when cylinder | when cylinder fs = - J 11y In deep
- {5 in the well in the wel i
~— — ” .
7,"“‘--1-_\; | _ | N
2 : 92,
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TABLE § (Cor ; ./ANTAGES AND DISADVANTAG

IS OF VARIOUS TYPES OF PUKPS

POSITIVE OISPLACEMENT

v

VELOCITY

Types of
pumps

hand pumgs,
plunger type

I motor, wind drl-

ven, plunger type

Power

chain oF contin- |

uous bucket

deep-tel
turbine

jit

Hand or aninal

C

Wind, motor

wind, mtor

Motor

A —

Hotor

Advantages

understood by
unskilled people;
Tow cost -

Low cost; sin-
ple; Tow speed

Sinple; easy to
operate and
mintain.

gffiaiont;

wide .ene
of capacity
and head

Good for snall-

diameter bore-
holes; ease of

boving pars on
surface; ease of
nperation

os-
advantages

Low efficlency; | o
.| imited use;

1imited use;

mintenance
mre difficult
when_cy!inder {s

“in the wel!

Low efficlency;

mintenance
sore difficult
when cylinder
{s 1n the well

Low efficlency;

linited use

Hoving parts

and packing

require

| attention

operation

Moving parts in
well; rather ex-
pensive; requi-
res good main-
tenance and op-

eratfon

Linfted applt-
cation; low effi-

parts require
attention

93
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4. The lowest water level expected during pumping.
R N N
5. The desired water pressure at ground level:
6. The type of power available (If electric, specify voltage. phase,

frequency. etc.)

) T ~L
7. The total deptn and nature of source.

PUMPS _AND PIPES
Generally, pump size determines appropriate pipe sizes, and vice versa.
Pumps. L |
— . . Ihe types most sommonly uszd in small community water svstems B
re: . .

1. Hand- oripower-operated reciprocating oumps ﬁifﬁ the cylinder
' above the grcund. _

2. Power-o erated centrifugal pumps with pump mechanism above
-ground;

with cylinder in the weli

4; beep-well turbine pumps driven either from the surface or from
- - a submersible electric motor.

5. Jet 6gﬁﬁs; powar-driven at surface.
B .'6; Hydrauiic rams
7. Mr-litt pump, operated by power-driven compressor on the

surface
Classification’ qf pumps (see Table § )

T Dispiaqement a) Begigrocating

: bg ‘Rotary : e
| c) Chain |
. | .
2. valocity a) Centrifugal \
o . b} Jet 7 :
. . !
3. AIRTY
R 4; Hya;‘iu'l'ié rams : '

Where various purps are used: . »
1. Reciprocating plunger - in wells "'i"y. The most commonly used
pump. S .
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7. Semi-rotary puros - for low 1ift - €.g. from wells and ciste
es QVéfhéad purss. ift - e.g. from wells and cistgrns
3 Raaé-aﬁa;suekét systes - in open dug wells. Either hand or wind
Jope 666Fétéd | §. Either hand or wind-
4. *Chain-biicket pimp - in open dug wells.
5. Chain-and-plug bucket:

6. Milticellular band pump: |

7. Centrifugal pump - - in déép W iis:
8. Jet pump - in deep Wéiié; C ;
9. Air iftfpgmps ~ in drilled wells and wells with

aﬂ % for pumping muddy water. - 1rregu]ar Sides"

10. 3 aulic Rams - in springs, streams and rivers.

g t
Examp]es of various pumps.

...,{ M

/

~e dare

) |

a - Suppl-:lgresjng! te.
B = Differznce in elevation ‘between -ram and supply-power head : -
q’ = Length of drive pipe | - 5 N
D = Difference in clevuion betwun ram :nd highest point to whlch water is to be sle-
vated——pumping heéad _ .
E ~ Total lzngth of suppiy pipe - - o e
F = Sund-plpc necessary in case of cxceeain;ly Ion; drive pipe
Under the prope & circumstances——a situation similar €. that shown, in whith the supply
of water is considerably ih_excess of the neecds, and i3 situated so that the ram can be locat-

€d well below the s/(apil;;thc hydraulic ram can be an excallent solutior. to a pUMping . 7
. ! I : L

prodlem. c
‘When writing_to_manufacturers about nnucxii. —5ize5. The information in items A, B, Cr D. - . .
and_E'is necessary, ‘With this the lacwry will ba iblq to r.commend the correct size, LT

& feaiibiliey; etc.

Flg. 27 Wvdrdulic Rav - 3

S A % BEsrcanmuﬁ
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28 Typical Installation of Jet Pusip

A : Waterbeingreturn:

_ edirom pump above

B - Water from well
Being sucked up into
throat (D} by highe
velocity dliihifié
<)

Fig. 29 Displacement Pump Operation

A = Down-stroke: Cylinder above plunger filli whilé valve at b

o opens. = -
8 = Upstroke: Cylinder

pump.opens, filling eylinder below pluugar.

__into the cylinder, _ ___

IomMmone»

.

As plunger rises, a vacuum is formed below. palling water

jetassembly
Water line from pump to noztle
Rising water

Centrif

Pressure.regulating valve

Diseharge pipe o

Height of water pushed by jee
Suction_ by centnfugal pump (about 4.5-6 m,

or 15.20 fr)

il
SN
1 _
»-
i
\|!
A
: e )
. t

_3
>3
wyt

fall of witér ahove plunger is expelied while, at the same time, valve.at bisé of

When the cylinder Is above ground, a foot valve is fecessary €6 avoid prining.

BEST CAFY AVAILABLE -

ERIC

Aruitoxt provided by Eic:
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ase of cylinder closes, and valve in plunger
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\,;“A;].:'l:lic'dpb§7%'inq permisvion from ;-i-,";. ;D & Emen, i. f. (l'ilj ;?irjflfz&" and sieam fitiers' guide, No 1,
____ Fis. 20 Elementary ., Single Acting Force Pump
In addition to the fGot and bucket valves of the lift pump. 3 hsad valve is provided.  ____ _____ ___ ’
___In operation, during the up-stroke, atmospheric pressurs forces water into the cylinder; during the
down-stroke, this water is transferred from the lower to the upper side of the piston,

F-g. 3

~ Centrifugal Pumps

¢ tor or intérnal combustion engine.

_ Beltdriven centrifugal pumps aré Eommon_but introduce belt maintenance, Necessary

in order to get the correct engine-pump.speed ratio. . ____._
ommen for opérationand maimenmrfhovh&brfoﬂog_éa.

The manufscturers recommendations
S —————
- <) .
Y __

.

ERIC

Aruitoxt provided by Eic:
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3. Choose a pipe size; so that velocity throug: it will be about 6
feet per second.

4. Estimate the pipe friction loss “head" (10 foot "head" represents
the pressure at the bottom of a 10 foot high column of water) for

both suction and discharge piping, using the following table.

[Pipe inside . L
diameter ™ozt 3t 4t 6 8" - 12" . 24"

F = approxi-_ 9 .
ate frictio D Z - - 5 S - S
T”” fto) oa 6 2 1.2 1/2

10Q ft:. pipe -

Friction Loss Head ‘= 100

_ Any bends, valves; constrictions, and enlargements (Such as pcssing
" through a_tank) add to friction. The equivalent pipe length of

such."fittings” in the pipe 1ine should_be added to the pipe length
used in the friction loss equation.

5. Obtain "Total Head" as follows:

Using @ straight edge connect the proper point on the "Total Head
(ft:)" line with the proper point of the "Discharge U.S. gallon/
minute” line. Reac motor horsepower and pump size (diameter of

discharge outlet), choosing the printed values just above the -

straight edge. :
Note that water horsepower is less than motor horsepower. This is be-
cause of friction losses in_the pump and motor. The romograph should

be used for rough estimate only. For-an exact determination give all
information on the flow and piping to the pump manufacturer. He has
the exact data on his pump for various applications. Pump specifica-

tions can be tricky especially if suction piping is long and the suc- .

tion 1ift is great. o
Example:
Desired - to pump 100 gallons/minute 50 feet high; no fittings

Pipe Size - 3" _(for 6 feet/second) =~
reference: Handbook entry “Velocity of Water in Pipes"”

Friction loss head - about 3 feet:
Total head -_53 feet.
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1f you plan to use human power for the pump, figure that a man can

generate about 0.1 H.P. for a reasonably lonq period and 0:4 H:P.
for short bursts. From this and the total head, you can predict
the flow you should design the hand pump for.

Pipes

Most commonly used pipes are made of:
Galvanized wrought-iron and cast iron
Asbestos - ] T
Transite (mixture of cement and asbestos fiber)

- — plgg';ic,,,—,:— T mmamoeem TS ,'TT,‘T",‘."" . r—— e
Bamboo stems and other_related tropical plants
. Wood-stave, made out of 1ight wood
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Measuring diameters:: The diameter of a pipe is determined by
measuring the inside diameter.

FINANCING THE PROJECT

The stock reply to questions ahout financing is that the country; state;.
province; or community concerned is_too poor to afford the cost of needed

improvements. Upon investigation, however, it often turhs out that public

money is being spent for projects which are of much less importance and
which cannot possibly give the same returns as those obtained when the

same amount of funds is invested in the construction of public water- _

supplies. _There is usually a way %o obtain long-range financing for rural
water-supply. programs if the individuals concerned with the problem will
look far enough for a good case to present to their ‘legislators or to
financial institutions. Lona-range pians have been effective in many .
countries throughout the world, both in the Western and Eastern Hemispheres.

Most of them are the result of the work of a few people who have succeeded
after painstaking efforts, in convincing the right government or bank of-
the importance of sanitation work. 7

In almost all successful programs, federal or central governments have —
shouldered the responsibility for financing the_construction of small rural
vater projects: In many cases this decision will have been made by the
time you begin. Because of the lack of credit on the part -of most rural

towns and villagés and the.absence of a system of financing public works
through direct loans from private banking institutions, the central govern-
ment must usually fill the role of provider of funds. In some places the
states or provinces co-operate. In many countries, the normal pattern is_
for the central government to lcan the necessary funds directly to.a Jocal

community at a low rate of interest or to make a partial grant, with the _
community and state jointly; supplying the remainder. Loans or grants are - -
made on the basis of projects presented through proper channels for approval 5?

by state or federal engineers: A sanitary engineering section in a central
health department would be qualified and might be available to provide this

technical service to rural communities. .
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1f you plan to use human power for the pump, figure that a man can

generate about 0.1 H.P. for a reasonably lonq period and 0:4 H:P.
for short bursts. From this and the total head, you can predict
the flow you should design the hand pump for.

Pipes

Most commonly used pipes are made of:
Galvanized wrought-iron and cast iron
Asbestos - ] T
Transite (mixture of cement and asbestos fiber)
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Measuring diameters:: The diameter of a pipe is determined by
measuring the inside diameter.
FINANCING THE PROJECT
The stock reply to questions ahout financing is that the country; state; .
province; or community concerned is_too poor to afford the cost of needed

improvements. Upon investigation, however, it often turhs out that public

money is being spent for projects which are of much less importance and
which cannot possibly qive the safe returfis as those obtained when the

same amount of funds is invested in the construction of public water- _

supplies. _There is usually a way %o obtain long-range financing for rural
water-supply- programs if the individuals concerned with the problem will
look far enough for a good case to present to their ‘legislators or to
financial institutions. Lona-range pians_have been effective in many .

countries throughout the world, both im the Western and Eastern Hemispheres.

Most of them are the result of the work of a few people who have succeeded
after painstaking efforts, in convincing the right government or bank of -
the importance of sanitation work.

°

In almost all successful programs, federal or central governments have —
shouldered the responsibility for financing the_construction of small rural
vater projects: In many cases this decision will have been made by the
time you begin. Because of the lack of credit on the part -of most rural

towns and villagés and the.absence of a system of financing public works _
through direct loans from private banking institutions, the central govern-

ment must usually fill the role of provider of funds. In some places the
states or provinces co-operate. In many countries, the normal pattern is_
for the central government to leoan the necessary funds directly to a local

community at a low rate of interest or to make a partial grant, with the _
community and state jointly, supplying the remainder. Loans or grants are

made on the basis of projects presented through proper channels for approval

by state or federal engineers: A sanitary engineering section in a central
health department would be qualified and might be available to provide this

technical service to rural communities. , :
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PLANNING THE DISTRIBUTION SYSTEMS
LESSON NO. 1
To determine exialiig frrilities which may

be useful as part of the planued systems

[

iNSTRUCTIONAL PROCEDURE

ADING.

SUPPLEMENTAL MATERIALS
| RELATEDRE

aater Sources

wnps ..

“1pes

isographic
Locations

Lecture on various types of possible water
sources arnd their chdaracteristics.

Sliow how to use tables in determining the

vieid ‘of a-source.
Demonstrate how to measure velocity of water.

Ask students the conditions under which a
pump is necessary to distribute water.

Briefly mention pumps used in large systems

(stress it is not the concern now).

Lecture on the characteristic featires ai

Ask students to name materials most commonly
used for pipes:

Add local materials omitted by the students;
Derionistrate how to measure pipe diameters:
Show general areas where the Peace Corps

will gos

S

I

103

P
-
et !

[ b,

Pictures of various
sources, Chart on
characteristics of source
Water sources, floats,
current meters, weirs.
tables on yield.

Indjvidual Water Supply
Systems, p. 24-52.

Models of pumps.
Photographs and/or
drawings of pumps..

th;tfgiving character-
istics of pumps.:
WHO Monograph Series #42,

Chapter %4.

Samples of pipes from
various materials, -
measuring &cales & gatges

World Map

Atlas of climatic regions
of the world, showing: -
relief, vegetsation,
searonal rainfall and.
temperature distributions.

i
|
|
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PLANNING THE DISTRIBUTION SYSTEM
Lesson No. 1 (Continued)

-

. Lecture on climate of each region.

Discuss in class possible hindrances to

construction work.

Group them on the board under causntives:

Local Materiuls | Lecture on trade-off values; e.g., quality

vs. expenses to achieve convenlence.

Discuss in class the materials which can be

adapted to suit an improved distribution
system. ’




LESSON OBJECTIVE:

¢

—9i-

PLANNING THE DISTRIBUTION SYSTEMS

LESSON NO. 2

To cheose the most suitable source for development

aid select a suitable site for the system facilities:

-~ - ®
TOoPIC

INSTRUCTIONAL PROCEDURE

SUPPLEMENTAL MATERIALS

. _RELATED READING

selecting Water:
source

lecting the
te

ERIC

Aruitoxt provided by Eic:

Discuss the possible combination of T
characters a source can have.

Let each student draw the characteristics of
the source he would choose first.

Discuss the feasibility of each proposal.

Formulate & guide to quick rhoices.

Discuss the fmportance of proper locatioris
of facility sites.

Draw a guide to site selectiotis

< .
QY
N

Section on Svurces,

| WHO Monograph Series #42
pp. 34-35.

Suggested Design Criteri:
for Waterworke -in
Recreational Areas; _
Sections 2+4 and 9-3.

Q)
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PLANMING THE DISTR1BUTION SYSTEMS

LESSON NO. 3 |

To select pumping equiprient most suited

for use in rursl areas.

[ SUPPLEMENTAL MATERIALS /

TOPIC NSTQUCﬂﬁﬂkLﬁéééaﬂégigggigii RELATED READING

Chisirticteiristies
of rumps

Ask students to recall characteristics of
pumps ;

Discuss with students what would be the best
guide criteria for choosing & pump. - .

‘
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Pumps and/or pump |
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/. PLANNING THE DISIRIBUTION SYSIEMS '
' LESSON NO. Z
SSON OBJECTIVE:  To a_éé'cribé the conmunity £5 be.served; ;
specifically, thé aspecis that affecl the plan. _ . o

L

iopic L INSTRUCTIONAL PROCEDURE | SUPR LB e oS

N

Y

.iéhibﬁ Lecture o tow to estinate: 'he population of - -
;.| @& community,

Shou hiow -to caleulate projected population | WHC Monograjhi Serie £41,
and relationship tetweon population and 1 p- 42-43.

demand ; s

-
-

wd

itions and Discuss the Importance of long established
‘1 Structure -~ } traditions. ' ‘g;

7 e ”7777‘17 ) .
Discuss what traditions are‘&fﬁel& £6 clash
with the plenned systiem und how to avoid
such a clash,

“wie Stardard ~ | Dircuss the connection between occupation and

'water demands. aE - .

. v /

Relate Lypé of “houses te distribution systems,

Compare availability of skilled labor in H; S
to undertieveloped countries,

Discuss how to select workers for the project.

S

fed |
Q)
I

e
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PLANNING THE DISTRIBUTION SYSTEMS
, LESSON NO. 5
> .

LESSON OBJECTIVE: [0 prepare a chart projecting expected costs of
material and labor; Estimate the required amov
money and how to raise the money. '

SRR 7 !,
~_TOPIC ’ . INSTRUCTIONAL PROCEDURE .
Cost ﬁiééiﬁié hov to estimate the cost of the
project.
Finmicing biscuss various methods,
- \\
\\
' | /
.
,’(.; _ _// b
/
-\
- o
-
\
: ,/.’
)
—— /.
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SECTION &

CHARACTERISTICS OF AN ADEQUATE SYSTEM - .

OVERVIEW:

There are many techn;ccn prob]ems and factors to be cons1dered in the o
design of a_distribution system. The layout of the system, the sizes of

the pipes, the loss of pressure; and many other factors must be considered
in the actual planning of the system.

This sectlon provides the trainee with an understandina of the character-
istics of an adequate system. Uith this understandina he will bte able to

plan the technical aspects of the pruject and avoid mistakes 1n\§<f con-

struction phase of the program:

5

Hio

BEST COPY AVAILABLE

-
-
-
-
-
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SECTION 4: CHARACTERISTICS OF AN ADEQUATE SYSTEM

OBJECTIVE:

TASKS: 1:

10.

Define and evolve a detailed plan for the con-
struction of the basic components in an adequate
systenm, '

Draw to scale_the plan and profileillustrating
the relative locations of the component parts
of the system. :

Prepare a detailed account of the characteristics

of the chusen source, and state how it is to be

developed:

Analyze data (collected in Section 1) and decide

what type of treatment processes are required.

Describe how water will be transferred from the

source to treatment plant or distribution reser-

voirs, and the sanitary precautions to be taken.

Describe the safety precautions to be taken

during- the construction and operation of the.

treatment plant; i.e.; to avoid recontamination
and protect personnel.

Determine the storage requirement for the system.
Based on the location of the tank, select the
material{s)-to be used in its construction.
Identify sanitary and servicing provisions to

be followed in constructing the storage tank.
fecide which system of distribution best suits
the community. ,

Determine the required pressures at service
connecticns and design the pipes and joints
for distributing:

S ZmieI % i sd mes cigwmin-mism meomzg 3me
i M - TUoed it
s e Leemet Ziaa

-

BEST COPY AVAILABLE
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CHARACTERISTICS OF AN ADEQUATE SYSTEM (cont)

FUNCTIONAL SKILLS:

1.

W

~ |
.

2.

3

Recall the essential components of an adequate

system.

Draw topographic, plan, and elevation maps. List
data which should be included on a topographic

map of -an adequate distribution system Measure

elevatior of points:
ldentify safe water:

Recall functions of component parts of a treat-
ment plant. Use high and low 1ift pumps. De-
scribe and evaluate the various treatment pro-
cesses described in Section 2.

Recall relationship between distribution systems
and various community patterns:. :
Calculate required head, headloss. Read from

tables the relationships between pipe sizes;

pipe joints; and headloss.
Recall relationship between different pumping

facilities and size of community.

Identify the relevant structural properties of

mqteriais;'
Identify properties of cdgting paints.
Recall safety standards to be maintained in the

construction and operation of a system.

For a given community layout, design a distri-

bution system which best_suits it, and draw to__
scale the plan and profile showing the locations

of the various component parts of the water dis-
tribution system; pipe lengths and size, and
valve locations along the line.

Given a number of water samples, identify those
defined as "safe".
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CHARACTERISTICS OF AN ADEQUATE SYSTEM (cont.)

4; Given_a source and treatment plant, and/or
distribution reservoir some distance apart,
1ist all sanitary precautions which should
be taken while transferring the water.

5. List all sanitary and personnel safety pro-
visions to be taken into consideration while
planning the construction and 6§é?3t16ﬁ of a

treatment plant.

6. Choose the appropriate materials for construc-

ting storage tanks,

a. underground

b. on the ground
c. above the ground

7. Determine the difference in height between a
given storage plant and service connection, and

- calculate the required head and headloss in the
: section.

8. From given tables, choose pipe sizes that will
deliver water with a specified residual pressure
at a service connection distance ( ) units away.
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WATER DISTRIBUTION SYSTEMS
CHARACTERISTICS OF AN ADEQUATE SYSTEM

SOURCE
. The source of water for the distribution system must meet the require-
ments that have been established for quantity and quality. The source

will meet the quant1ty requirement by simply being able to provide
enough water to meet the demand. If _no single source can satisfy _
this requirement, the construction of storage tanks and/or reservoirs

can be built to compensate for this. deficiency. The quality require- .
ments. for drinking water are generally established by local or national
health departments. (If none cxist, you should review the minimum

standards for dr1nk1ng water d1scussed in Section 2). If no satis- .
factory water sources exist; you should carefully consider the con-
struction of wells before choosing a source that would require exten-
sive treatment: Although the distribution of water from a central.
source by means of pipes_to each village house s a goal towards which
every commun1ty should strive, the construction of wells (if necessary)
viould be an 1ncomp1ete, but very satisfactory step toward that goal:

Once satisfactory water has been located; it is essential that care
be taken not to contaminate the water. during its_distribution.. To
insure_the preservation of potable water, the following protective
measures should be taken:

1. Wells and pump bases should be sealed so that surface water B

---js—unable to-enter the well; — — —

2. Water used to prime pumps must,not be polluted (when possib]e

use pumps that do not need priming).:

3. Only trained vorkers should be responsible for maintaining the
system once_it has been built. ({initially; care should be
taken to select workers who are healthy and free from communi -

cable diseases)-:

TREATMENT FACILITIES

in se]ecting a water source; tlie goa] is one needinq ho chemical treat-
ment (other than disinfection) prior to use. As stated earlier. 1f no

such source already exists; explore the_possibility of a_well construc-
tion program.* When an acceptable-but-less-than desirable source is
the only alternative, a treatment plant will need to be part of the
distribution system. The purpose of the plant will be to upgrade the
quality of water that does not meet drinking water standards. The

methods for evaluating water and selecting treatment processes is
discussed 1n Section 2.

¥ For further 1nformation refer to the Peace Corps training manual
on the Construction of Water Wells

[
[ Y
w

BEST GG Y AVAILABLE
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DISTRIBUTION RESERVOIR
in small distribution systems, whether the water is obtained by gravity

or by pumping, it is always desirable to provide a distribution reser-
— voir. -The-main_reasons_are: — — m— - e o
1. Hourly variations in the rate of consumption are more easily
satisfied (in small systems, such variations may be three
_ times the average hourly consumption and sometimes more);
2. Adequate pressure can be maintained throughout the distribution
" system; ; o - N
3. Adduction pipes between the source of supply and the reservoir
may be repaired without interruption of the village water ser-
vice, _ ] S .
4. Provisions may be made for fire protection. . . - -
5. Pumps can be operated uniformly throughout the day. {Such pumps
- _ may be much smaller than would be required otherwise).
6. The size of the adduction pipe between the supply source and
the reservoir can be made smaller than would be necessary if
_ the viPrage were fed directly from the water source. =
7. Fluctuations in peak periods of demand can be more easily. ob-
served and compensated for when all water is drawn from a.dis-
tribution reservoir. . \
"The first consideration when designing storage is the capacity which will
be provided: This to a great extent depends on the type of supply, and
is influenced by two main factors--the necessity of catering for peak de-
mand periods, and the provision of reserve to cover normal breakdown.or
maintenance interruptions. :

c : W a typical pattern -
of draw-off in a village is as follows--30% of the day's supply between °

7 a.m. and 8 a.m.; 30% between 5 p.m. and 6:30 p.m.; 35% during the _

‘other hours of daylight; and 5% between sunset and sunrise. Local.cus-

tome will produce local variations; for instance, in Moslem countries

Conditions vary in different parts of the world, but a typi

the demand during Ramadan will be high at about 3 am., and in other
parts of the world where Monday is the traditional "wash-day” the Monday
morning draw=off may be equivalent to the total supply of another day.

These considerations must be taken into account when assessing the ex-
tent and duration of peak draw-offs; this must then be balanced against

the rate and periods of water delivery. ;

When water is supplied by gravity from the source it 1s most economical

in cost, as well as most satisfactory from an operatiunal aspect, if a
constant flow is maintained throughout the ‘twenty -four hours. Obviously

in such a method of working a smaller delivery wain is needed than if__

larger quantities are required in shorter periods. When electricity is
used for pumping it is usually most economical to operate for about _
twenty hours a day, leaving the pumps idle daring the peak hours of elec-
tricity demand. With diesel- or gasoline=driven pumps, the cost of atten-
dance (generally continuous with such engines; but normally unnecessary_

with electric motors) becomes an important factor and one shift of eight

hours, or two totalling 16 hours, is a frequent method of operation.-

A
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1t is quite common to find schemes designed_to operate with a single
shift of 8 hours initially, increasing to 16 hours when the demand
rises later. More than 16 hours a day is not desirable with sich

engines; not only do labor costs increase but_the wear on machinery
working continuously throughuut the day and night becomes excessive
- -- ——and-the-life—of the-plant—is_correspondingly shortened. _

To determine the amount of storage that will be required to provide

uniform serice througliout the day, you must estimate three factors:

1. the hourly consumption throughout the day (measured in gallons
2. the proposed hours of pumping (as explained above; this is

. determined by the type of equipment available) }

3. the pumping capacity of the system (gallons per hour) .

GENERAL REQUIREMENTS FOR AN ADEQUATE SYSTEM

An_adenuate system 1s_one which will deliver the requirE¥ amount of potable,
palatable water to all outlets at a prescribed or satisfactory pressure.

MAPPING THE PROPOSED SYSTEM

A drawing or map and a profile of the distribution system should be
made showing the location of each component in relation 'to others (see
Section 1 on drawing topographic maps). Below are a number of ways

that the aistribution system layout can be illustrated.

T
DISTRIBUTION

~_ FIGURE 33 e N
LAYOUT OF A COMBINATION W/TER SYSTEM —_ N

gLk | ;




SYSTEM CAPACITY ﬁ \

Once these factors have been determined, the storage capacity can be

determined. The following guidelines should be considered in arriving .
at adequate storage capacity: .

— : 1. _As.a rule=of-thumb, the storage required should be approxi-
mately equal to a days consumption of water. ° - : =

2. Minimum capacity should be large éﬁéﬁéﬁ,i&,ﬁéﬁdié’ﬁbrﬁiﬁé,éﬁé

afternoon peaks. In no case should it be less than half a
day's supply.

3. If it is not possible to store a day's requirement, long rer-

iods of pumping should be adopted with no interruptions.

4. Where possible, ground storae is preferable.

In selecting pipes, the following suggestions should be followed:
1. The velocity of flow of water should not be more than 6 ft.

. per second in main pipes; and 3 ft. per second in feeder pipes.
2. Pipe sizes for mains must be at least 2 inches in diameter.

3. Using the nomograph attached, determine the pipe size which
will deliver water at a desired rate.

Pipe Flow Calculation I

This ‘chart helps determine the flow of water from several sizes

of pipe When you know the height of the water source:

The -nomograph applies to steel pipe. Fig. 34 should be used -~ -
_ to find the equivalent pipe length. The length of pipe run can_ SN
be paced off. One can crudely sight with their eyes and attempt

measuring the reservoir height. To make this measurement with
any iccurécy;requires some type of surveyor's instrument.

To use the nomograph, first find the number of pipe diameters .
thers are in the pipe lengths. This is accomplished by dividing

the pipe diameter in inches into 12 x pipe lengths in feet; or

divide the pipe diameter in centimeters into 100 x the pip2 -
length in meters: .

Then with the straight edge connect the pipe diameter on the d

scale in inches (1 inch = 2,54.cm) with the reservoir height in.
feet .on the h scale. Mark on the index scale where the straight _

edge crosses. Now connect this point on the index with the number
of pipe diameters in the pipe length as calculated and observe the®
reading on the Q scale. This will be the discharge in gallons per
minute.

7 e
~ B T
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Pump Size and Horsepower Requi rement

|
!
|

For- pre11m1nary sizing of a pump used to 11ft 1iquid to a known height
through—simp1e p1p1ng, follow these steps: .

e_the quantity of flow desired in gallons per ‘minute.
s.= 1 gallon.

2. Measure the hev
water enters ghe

jht of the 11ft reguired (from the point where the
g\pump suction piping to where it discharges )

117
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Example:
Assume a reservoir height of 30 feet, a pipe size of 1 172"

diameter and 100 feet in pipe length, what will the discharge
rate be? : )

First divide the length by the diameter each in inches

~ o i200
— Y5 =800

now convert 1.5 on the d scale with 30 feet—on -the h scale and

make a mark on the index scale. Connect this mark with 800 on’

%hg”g{g scale and read the flow as 60 gallons per minute on the
scaile.

Headloss Calculation

How to compensate for the headlosses .due to pipe fittings: Express

in terms of the equivalent to the length and size of pipe which

would produce an equivalent loss if, instead. of adding fittings;

additional pipe was added. Note in table below that headloss _

* due to pipe fittings can be neglected for relatively long pipes:

R TABLE 7
Allowance in equivalent length of pipe for friction

loss in valves and threaded fittings

Diariieter | 90° atd; | 45° std: | 90° aide| Coupling | Gate | Globe | Angle
of fitting oll ell tese |orstraight| valve valve valve
run
Inchoe et red Peet - Fok- Fodt_ nst Fes
X 1 e.6 1.5F o3 o2 8 4
] 2. 1.2 3 0.8 o4 15 8
% 2.5 1.8 4 ‘0.8 05 20 12
1 3 1.8 5 0.9 a8 25 15
1% ' %4 8 L2 | o8 ] 35 i8
14 5 3 7 L5 1.0 45 22
2. 7. 4 10 2 1.3 55 28
2% 8 5 12 2.8 1.6 65 34
3 10 6 15 3 2 | ® 40
3% 13 7 18 e 24 100 350
4 14 B 21 4 2.7 125 55
5 17 10 28 5 a3 140 70
8 20 13 30 [ 4 165 80
SRS SR 118
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RELATIONSHIP OF DISTRIBUTION SYSTEM TO COMMUNITY

ARRANGEMENT OF THE HETWORK
There are two main systeiis uf distributing water in a community:
Dead-end System
Tﬁiiiéﬁﬁg?gfg of _direct 1ines from_the mains to the outiet without
inter-connected lines {see Fig.35 )
Evaluation: 1. Easy to install _
2. Takes less material for pipes

- 3. Best for small, unplanned community layout
— 4, DNisadvantage: If water not used often may bireed
~—— bacterial at the stagnant end.

= o o ;ﬁ*fgﬁviéE L@E“*;

Fig. 35  Dead-End Systenm 3 ;
Loop Systen ‘
In this, the ends of al the*supply Tines are_connected so there: .
is continuous flow of water in the system while it 1s being drawn
from any point in the loop (see fig 3% )

Evaluvation 1. No stagnant_ water ~ S
2. Less vulnerable to breakdowns since valve arrange-
ments may be made to re-route the flow of water,
isolating small trouble areas.

3. Suitable for well-planned community.

lﬁEﬁEZZE??!?
| =3

Fig. 36 Loop System

.;:.‘ -
' [ ;x__{ - B

.
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Generally; in a large community; the 1oop system can be used
around main residential or business areas; and the dead-end

system for the rest of the systam

- The-network of pipes should be-arranged so large primary mains feed

sinaller secondary pipes. Branches or feeders carry water from mains
to service connections. Service pipes carry water from the branch to .
the building. : , _

HEADLOSS AND DISTRIBUTION SYSTEMS

-

HEAD

i . - Ll
In planning a distribution system it is desirable to draw water at _

a tap with a good pressure- nc: tco 'igh nor too low. Required head
1 is the height_(or depth) of water which is required to produce a given

pressure. Pressures.are expressed in pounds per square inch {psi) or
~in height units (ft.) X ’

CEonenn I S
- .. _ . jeWater Head  Water
P RSN R

Fig. 37  Head Measurement

Re'ation of Pressure and head: from the definition of head ard some
»draulic_factors, it can be shown that 2.31 ft;fof;ﬂ%ter exerts 1 psi_
#11_raise it 2.31 ft.

mn of water 100 ft

at its base or 1 psi exerted at base of water solumn

at its base:

?A?i ft. exert ‘1psft

19¢ ft. exert _1_ x 100 psi,= 43.3 psi
2 3' ‘

HEADLOSS .

This is the reduction of pressure in a pipe which may be due to friction
in biﬁé‘éﬁd,?ibé,fittiﬁéSs,ér,QEEQESL,§ﬁ§,§§ﬁ,bé,§XD!§SSQQ as a change
in head. Allowable headloss is the difference, in feet of water, be-
tween the tank elecation; and the elevation of service copnection, plus
the required head at the service connection. i.e. allowable headloss = -

Elev. tank - (elev: service connection + required head)
Exariple: Given elevation of tank = 750 ft. .
: ' elevation service conn, = 665 ft.
e ' required head (=20 psi) = 46:2 ft: ~
’ allowable headloss = 750 - (665 + 46.2) = 38.8 ft. of head.
Note: The required head recommended by U.N. survey must be at least
10 psi (13.1 ft) for small watér,supply,s¥stémsg, Fvgﬁwglﬁ1!, S
storied houses, minimum should be 70 psi (91.7 ft). 20 psi (46:2 ft) .
is a reasonable figure to work with.

c:

T e f " Lt L '~.».‘,;A;n'ra:—;’-t";*"'¢.<1*:iﬁ§
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1
e -

Actual headloss. 1s the "headloss:which actuaily occurs in pipe and
~Joints. It must not exceed the allowable headloss. The pipes and

Joints select ed must have a total head]oss less. than the al]owable

headloss.’

*
Ix

o0
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CHARACTERISTICS ‘OF AN ADEQUATE SYSTEM
LESSONNO: 1 =

_LESSON'OBJECTIVE:  To outline the genersl réquiréii‘e'ﬁté for a system

. B to be iﬂﬁiii‘ied as adequate.
s TOPIC:  NSTRUCTIONA PrROCEDURE -+ ® | SUPT
Definiti of an | Discuss in class and draw out a definmition | Sect]
Adequate System = | of "an adequate syatam"*
 Component Parts: Demonstrate how to drav the map and prafﬁ;e Map ¢
: of & system, _ Secti
Relative Locations| As an exercise lst each student draw the _ Drawi
) : profile from & sample maps -
(a - N
Source and Pumping Discuss the reguj.rgments for quality md ’ Sect!
. Facilities quantity of wutar at source.
Dlscips the relationship betwesn type of Sectl
source and type of pump to be used. Pump
; Drau safety provie:léns raqu:tred. ' '
(6) T P R
Treatment Plant Discuss the need i‘or water trea’tment. Sectd
fTreat
_ vmﬁ a treatment plant and ﬁata the 4
. relative location of treatmqnt stages. : o
Conpare safety requirements to that at (
T source. ’ -
(c) , "
Storeage Discuss ;the need for storage facilitiesf gx;d WHO »
. héw the storage capacity is relﬁted to the Chap}
size and ‘the cmmunity. :
Discuss theiyg.ggggsfgtgggé systems axxd the .
effect of location on them. ’
Ask stugigng.g 1’.97 gujcgiggwhat parttcui;eu' o
sttention be paid to maintaini‘ng the quility
. of the water. . )
[ 4

e

-
i
- W™ -
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CHARACTERISTICS UF AN ADEQUATE SYSTEM

CESSON NO. 2

\

To determine the relationship between the distribution

system and headloss in the system; and design & distribution

system cuited Lo o given community.

0

TOPIC

INSTRUCTIONAL PROCEDURE

T SUPPLEMENTAL MATERIALS /
RELATED READING

Betinitian of
kendloss

Relntionship |
' Eitween Headloss
3 the Dirtgibu-
n iipes -~

‘Relationship .

Botweern: the .
Community Layout
and_the Distribu-

tion System
t

system to. fit a given communi tyw

Define hend und headlonss

Doiionstrate how to mensure head;

' Show how to chlculate hcadloss.

Demonstrate the effect ol valves atd
threaded fittings.on the water flow inm &
pipe. '

Show how the Above 1oss muy be compensated
for in the plan:

Lecture on how to d8sign a distribut

L d / ‘

i
s

r

Waler in tank
Meacuring Scale.

Chart. of Headlogcs vs.

Pije sizs,

Teslen of

equivsletit pipe engthe

and valves and fitiings

Elevated wnter source;

Tong and short. pipes,

valves and jolnts.

&

LAl

o
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CONSTRUCTION TECHNJOGUES

OVERVIEM:

The preceding sections have covered the background knowledge that a

trainee must have to recognize and evaluate sources of water and to plan
the development of a distribution and treatment system. Regardless of

the planning, a system is only as good as its construction allows. This

section covers. the techniques needed by the volunteer to adequately con-
struct the system he has designed.

The emphasis of this instructibﬁai materia] 1s on_ doing.f The fraingéff
should learn by doing, for no amount of lecture can impart "how", it is

only through doing that the trainee will be able to understand when; for

examp]e. concrete is wet enough.

This section covers_construction with concrete, and specific projects for
building and installing the major components of a treatment and distri-

bution system.

3



UCTION TECHNIQUES
OBJECTIVE: Develop, purify and distribute water in a given
comunity. |

SECTION '5:

TASKS: 1. Develop the selected source to meet the requirements
specified in the design.
2. Build an intake site and install intake pumping
facilities.

3. Test the water so obtained for sanitary standards.

4. Build a treatment plant appropriate for treating
water from the above developed source.

5. Construct a storage tank with apredetermined capa-
city; apply protective coatings on tank and pipes

against heat, chemical corrosion and i{nsect pests.

6. Lay and connect pipes for the conveyance of water

from the distribution reservoirs (storage tank) to

the various Séf?ité connections.
FUNCTIONAL SKILLS:
. 1. Recall characteristics of various types of sources.
2. Dig, drill, and bore a well in such a way as to ob-

tain maximum yield from iti*

3. Mix concrete of a desired strength.

4. Build protective casing for a well, spring, or
pump base.*

. 5. Build a small pumphouse to specification.

6. Determine conditions which would require low or
high 11ft-pumps for intake of water.
7. Build a screen of wire or other materials of desired -

mesh around an intake terminal in a pond, lake,
stream, river or any other reservoir to keep out
silt, water life and vegetation, and the stress from
water flow.

8. Recagnize relevant treatment processes for water

from a given source: :

Construct or assemble the various treatment processes

WO

“This skill is optional, depending on the scope

of the particular training program:

oS’ 125
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CONSTRUCTION TECHNIQUES (Cont.)

10. Connect various treatment stages in their proper
. order. -

11. Rcad and follow an instruction manual.

| 12. Put together a prefabricated structure, using
N ; reinforced concrete, painting.or spraying the

needed parts, and welding; soldering or riveting

pipes together.

TERMINAL PERFORMANCE TESTS:
© 1. At a given location develop a water source from
‘ undergrround water which will meet the water de-
mand of the community.* -

’ 2: Given raw materials required to produce concrete,
mix concrete of a specified strength and show it

meets the specification.

3. For a given source, install an intake pump.

4. Given the plan and all materials, build a house
over a well (or pump). :

5. 1In a given distribution system, state where you
R - would use: :
a. Low 1ift pump

b. 'High 1ift pump

6. Design and build a model of an intake terminal

of a system if the source is:

e

| b. River or stream
‘c. Well or cistern

'
.
—
[
x
]
[=]
~

-]
[=]
3
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7. For a given source of water, carry out purity
tests and state what kind of treatment the water -
requires.

8. Construct separately the various component parts __

% ‘ _ of a treatment system and test the efficiency at the

{ the various treatment stages.

; 9: Given a model treatment plant in the laboratory,
assemble the various treatment units in order of

, : | performance (e.g., sedimentation-filtering).
#This skill lis optional, depending on the scope
of the particular training program.
i




. . 1.~ Given a package of all parts of a tank or pump
{or the respective models) with an accoupanying

instruction manual, assemble the parts and test

for proper fittings:

11. Given a storage tank and its gross weight, design
a foundation for its elevation to a given height
above the ground. ‘ ‘

12: Construct a tank of specific volume with rein-
forced concrete.

13: Given a storage tank and distribution pipes;
coat to protect them from:

a. Corrosion from ground and atmospheric chemicals
L. Cxcessive heat
c. Insect and other pests:

14. 1n a vorkshop, join several pipe lengths using

different methods at each joint; e.g. welding,

riveting,; etc:

Jomeed, |
Hoel
~F

0’\
e
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WATER DISTRIBUTION SYSTEMS

“ CONSTRUCTION TECHNIQUES

SCHEME

The following, sketch shows the major components of a distribution system
that must be planned and constructed. In total, this represents a com-

plete water distribution system, indicating the location of each component
relative to the others.
I o pump ] [storage & o g
Source pipe | PUW | pipe - _1°°0TA3% R |Pipe - =
= 2 House reatment Tﬂ&——' ‘E E
— - 7 o - we=
1) Developrent 1) Building house 1) Constructing tank 28
2) Intake 2) Installing pump . 2) Installing puri-
. ] fication systems
o _Fig. 38 Distribution System Layout
CONCRETE . - :

The material which is used at almost al) stages is concrete. For this mat-

ter; an extensive description of concrete in construction work will be in-

cluded for convenience.

Concrete is a strong, durable and inexpensive construction material when .
properly prepared. After concrete has set; there is _no simple non-destructive

tive test to evaluate how strong it is. Therefore, the entire responsibil-

ity for making concrete a strong material in accordance with specificaitons

rests with the supervisor on the job and the people who_prepare, measure

and mix the ingredients; place them in the forms, and watch over the con-
crete while it hardens.

The most important factor in making strong concrete is the amount of water.
Beginners are likely to have too much. ‘See the entry on a slump cone for .
further details. :

The proper proportion of all the materials, designed for the application,
is essential. The concrete calculator will help give the proper propor-

tions and amounts for your job.

_ Properly graded, clean; sharp aggregate and sand is required to make good

concrete. Hhen we glue two pieces of paper together, we spread _the glue

evenly and_in a thin layer, and press firmly to eleminate air holes: In_

concrete, the cement is the glue, and the sand and aggregate the material
being joined.
By properly graded we mean that there are not too many of any one_size grains

or pebbles. Viscalize this by thinking of a large pile of stone all 1 1/2

in diameter: There would be spaces between these stones where smaller peb-.
i to the gh_smaller stones to fill
the largest voids. Now the voids would be smaller yet, and even smaller peb-

bles would fit. We could add to the pile just enou

bles could fi11 these holes; and so forth Carried to an extreme, the pile
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would become nearly solid rock, and only a very small amount of cement would

be needed to stick it together. The resulting concrété would be very dense

and strong.

Sharp aggregate and sand is.desirable._ Smooth; rounded stones and_ sand can
make fairly good concrete, but sharp, fragmented particles work better be-
cause the cement as a glue can get a better grip on a rough stone with sharp
edges. '

1t is extremely important to have the aggregate and sand clean. Silt; clay;
bits of organic matter will ruin concrete if _there is very much present. A

very simple test for cleanliness makes use of a Clear wide-mouth jar. Fill

§hgfj§r7§bbg§7hg1f”fu1]7gfm;hg”f1ng;7m§terial,ava11éblé;,tﬁé,séﬁd and small
aggregate; and cover with water. Shake the mixture vigorously;, and then
allow it to stand for three hours. In almost every case there will be a

distinct line dividing the fine sand suitable for concrete and what. which
is_too fine. If the very fine material amounts to more than 10% of the
suitable material, then the concrete made from it will be weak: '

This means that other fine material should be sought, or the available ma-

terial should be washed to remove the material that is too fine. This can

be cone by putting the sand (and fine aggregate if necessary) in some con-
tainer such as a drum. Cover the aggregate with water, stir thoroughly,

and let stand for a minute, and pour off the liquid._ One or two such

treatments will remove most of the very fine material and organic matter.
Another point to consider in the selection of aggregate is its strength.

About the only simple test is to break some of the stones with a hammer.

. If the effort required to break the majority of aggregate stones is greater

* than the effort required to break a similar sized piece of concrete, then.

the aggregate will make strong concrete. _If_the_stone breaks easily, then
you can expect that the concrete made of these stones will only be as
strong as the stones themselves. '

In very dry climates several precautions must be taken._ _If the sand is per-
fectly dry, it packs into a smaller space. If you put- 20 buckets of bone
dry sand in a pile; stirred in two buckets of water you could carry away
about 27 buckets of damp sand. The chart does not take this extremely dry
sand_into account: If your sand is completely dry, add some water to it

or else do yui'r measurements by weight instead of volume. The surface of
the curing concrete should be kept damp:. This is because water evaporating
from the surface will remove some of the water needed to make a proper cure.
rover the concrete with building paper, burlap; straw; or anything that will

hold moisture and keep the direct sun and wind from the concrete surface.
Keep _the concrete moist by sprinkling as often as necessary; this may be
as often as three times per day. After the first week of curing; it is not

so necessary to keep the surface damp continuously.

Mixing the materials and getting them in place quickly, tamping and spading

to a dense mixture is impertant. This is covered on the entry on mixing.

Reinforcing concrete will allow much greater loads to be carried. Design

of reinforced concrete structures can become too complicated for a person

without special training, if they are large or must carry high loads.

\

; 129
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CONCRETE CALCULATOR

Use the alignment chart as follows. Make a 1ight pencil mark on the.
left-most scale representing the area of concrete needed. Make a_
similar mark on the slanted thickness scale. Draw a straight line
through these marks intersecting the third scale. This is the volume
of your concrete. If your project has a complex shape, add up the
volumes of all the parts before proceeding.

Now mark the total volume of concrete on_the third (volume) scale, and
the kind of Work on the fourth. (See definitions.) A 1line through
these two points will give the amount of fine aggregate needed. Con-

tinue ‘on a zig-zag course as shown in the KEY to calculate the coarse

aggregate, sacks of cement, and water.
it may be necessary to make s1ight adjustments to the mix, depending

upon the type of aggregate used. The final mixture should be wet
enough and workable enough to go into the forms fairly easily, requir-
ing 11ght spading or tamping to produce a dense mixture. Too much
moisture produces a weak cement. The figures in_the alignment chart

do not allow for waste which may run as high as 10%.

A11 materials can be measured in "buckets” instead of cubic feet. The
nomograph will stil1l give the correct proportions. -The total amount
of concrete produced, however, will depend upon the size of the bucket

used as the measure. Most buckets are rated by the number of gallons_

they can hold: _To convert to cubic feet, then, you must know-that one
cubic foot equals 7.5 gallons. A four gallon.bucket would hold 0.533
cubic feet. Incidentally, one cement sack holds exactly one cubic_
foot, so "buckets" can also be substituted for "sacks" on the chart.

Similarly, if your volumé of concrete needed is less than 15 cubic
feet, you can multiply this by some convenient factor (say 10) and

then divide the amounts of materials the chart says to use by the same

factor to get the actual amounts needed.

Proper_ mixing of ingredients 1s necessary to get the highest strength
concrete. lland mixed concrete made with these tools and directions

can be as strong as machine mixed concrete.

TOOLS AND MATERIALS

Galvanized sheet metal - 6' x 3'

Nails.

Saw, lammer-- -~ . R
Or concrete for making a mixing floor. (About 10 cubic feet of concrete

are needed for an 8' diameter mixing floor made 2" thick with 4! high

rin.) )
age 117 Foldout)

Lumber - 2 pieces 6' x 3' x 2"

(See lnsert for p

-~ »

O 130



Kind of wor

T Y A

Doy ﬂnllon,pmi' whieh It mmn nuij«iui - will, wiitiu'y; o

« - woak acid ond alkal acloNons, Evaiiplis waild bi i flat of a commercil daiy,

Fine Aggrgee
Coorns Aggrogae -
Coniton o Sond -

Gollons

W
ey

"M moon

¥t ol o for cancro o b wloright o sbeod o mokts wee

ond waather, Examplos: watenght bestmbnts, drivawepn; a ptle tenks; #idgi
tonks; atryetural booms ond columm

o pow* ot eonerta ot objoctod o woer, wonthu, ot wetwr.
Exanglus: Foundotion well, foaings, mosn concrae s, whers ot tihmass ond

abronion tesistonce an not importen,

+ Sondor rockscranings p o e e Inh in dmate, Shoudbn o Hi.

d, Ioum, eloy nd vagatsblo mato o th concrte will e itingh. Paleln
hould vory insia; nt ol finw o caori,

Pebl s o boke o iV el s Novhlnu s 6 7 i b,
uind hynSpllanmn 7 o

Dy-Iuals :Iinﬁrly doni bt ldiii & vy lmlg wahir o i hand,
Rvarago-Tualo way Inavas o iy water on tho honds,

¥ite drlpplng ol vove gilt o it o watir g i b

C o Thede g.m.dam.us Glo, {Thll IlOIJSolm Inporlel Gallon)

nmml From qunad by Jobn Bicklord from dato furmishad by e Partlond
Lanent Assacioticn of Chicage, linais, U,5.4,

(sie THITRICTIONG

KEY

CONCRETE CALCULATOR

/ ”'NO,'?E, use the numbg;' ,ogfsafc[cg gr‘
cement required; and the kind of
Hozk 0 locate $his polnt on the
reference dne. A Iine through :
48 potnt and the condition of NTTRE D%,
-and will give the am 1: m

ter needed, '

DRSGNED W JoR KRy _FOR
WAINTRERS o8 INTERNTIONAG TWNTENC

- & |
— o . R l -

- ; - | 0

[ - 15 el ! :
:,‘ ; S § g | 0

E-’ :—h :.. | "

Fo L& ] vLu
f - FES i+

L0 "t Tk

=0 r N T
[ F - » o

- & " "t
L S S oG-

[ v ¢ —E

i :50 154 ) 1
o £ - hE
¥ i -_ Tu
- o T hEe
5 SR R T Fo
T A Wk
i B T s s
R ! - % - o
(% . i u m
[ [ 5 L g s
: 1 e | L
N Ly 3 AL
- g )
~ 80 - 1§ B \ P
m ARGRRGATE ol \\ A 0
wmy - L | 1
‘ ORE i (L
JSRIGATE HERY 506 v NT
(0 F7) nwm 7 . $ 1
1901 i LwE

it

. VR

TR T T ING T _ielY - R



GALVANIZED 7
SHEET METAL

Fig. 40 CONCRETE MIXING

On _many self-help projects the amount of concrete needed may be small
or it may be difficult to obtain a mechanical mixer. Under these cir-

cumstances hand mixing of the concrete will be necessary and, if a.
few_precautions are taken, the quality of concrete can be made equiva-
lent to that from a mechanical mixer.

The first requirement is a watertight and clean base upon which the
mixing can be done. This can be a wood and metal mixing boat (Fig.40A)

or a simple round floor made of concrete (Fig.40B).

The ends of the wood and metal mixing boat are curved to make emptying

easier. The ratsed edge of the concrete mixing floor serves to pre-
vent loss Pf water form the concrete.. :

The procedure for mixing 15 similar to that for mechanical mixers
jn_that.the dry materials should be mixed first. As a minimum it is

recommended that the pile of stone, sand, and cemeat be turned com-
pletely once. It should be completely turned a2 second time while

the water is being added. Then it should be turned a third_ time,
Anything less than this will not adequately mix 211 materials. When
this last step is completed the mix can be placed as usual.

correctly placing the fresh concrete in the forms or shuttering is
important in making strong structures. The wet concrete mix should not

be handled roughly either in carrying to the shuttering or putting into
the SEUttétiﬁég,,lﬁ,éi;héf,CQSé,1S,1S,Yét¥;§§§Yi,th9!?h Joggling or. .
throwing, to separate the fine from the coarse material. We have said
before that the stiongest concrete comes when the various sizes of
aggregate and cement are well mixed together. - The concrete mix should

be firmly tamped into place with a thin (374") iron rod.
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Be sure to rinse concrete from the mixing boat and tools when finished
each day with the work. This will prevent rusting and caking of cem-

en: on them for smooth shiney tool and boat surfaces make mixing sur-
prisingly easier, and the tools will last much longer. Also try to _
kesp wet concrete off your skin, for the material is somewhat caustic.

When the shuttering is full the hard work is done, but the process is
not finished. The ‘shuttering must be removed and the concrete protected ,

until adequate strength is attained. The hardening action of cement be- ¢
gins almost immediately after the water is added, but the action may not |

be fully completed for several years.

Concrete reaches the strength used in the designing after 28 days and

is strong enough for light loading after 7 days. In most cases the

shuttering can be _removed from standing structures such as bridges or_ .

walls after 4 to 5 days. In small ground supported structures such as i

street drains it {s possible to remove the shuttering within 6 hours

of completion pravided this is done carefully. Special conditions,

usually specified on the plans, may require leaving the shuttering

in place for a much longer time.

'During the early stages of hardening or curing the cement in the con-

crete continues to need moisture:._ If there is insufficient water avail-
able the cement is unable to complete its job of gluiny the aggregate

together. Because of this, it is recommended that new comcrete be pro- -
tected from drying winds_and the sun; and that the surface of the new_
concrete be kept damp. For cement floors or oupen construction a cover-
ing of banana or palm leaves will be adequate; but these should be_
given a sprinkling of water at least once and perhaps twice each day
for a period of not less than one week.
TESTING THE STRENGTH OF CONCRETE l
The Siump Cone |
The following tools and materials are needed: -
L S _- Fig. 41
_ Heavy galvanized iron : »  The Slump Cone
~ Strap iron - 4'pieces 1/8" x 3" x 1% — 5] '
16 iron_rivets_ 178" diameter x. 174" long \L* ,I 7
tlooden Dowel 23" long, 5/8" diameter Z
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In making reinforced concrete, it is important to have just
enough water to make the concrete settle firmly into_the

shuttering (forms) and around the reinforcing when it is

_thoroughly tamped.

The easiest way 1s to look at the mix and at the way the workmen
place the wet concrete. 1f the mix appears soupy and tgé aggre-~
t the:

gate shows up clearly in the mix; then it is too wet.

same time it will be noticed that the workmen dump-the mix into
the shuttering and do very little tamping because, if they do
any amount of tamping, large amount of water will immediately

appear on the surface. .The workmen will soon:complain if the
mix is too dry.

A more accurate method of makinga decision on the proper amount
of water is to use the slump test: This test requires a small
cone made of fairly strong metal and open at both ends. Dimen-
sions of the cone and tamping rod .are shown in the sketch. Once
this simple equipment is available the slump tfst becomes very
easy. The steps to follow are listed below. :

hold-down clips at the bottom of the cone.

layer 25 times: = S
Fi11 the cone to 172 its height and tamp this layer 25 times.
Avoid tamping the first layer again:. I A
Fill the cone to 3/4 its height and tamp 25 times. Avoid
tamping the previous layers. - .. - o,
Complete filling of the cone and tamp this layer 25 times.
Step of; the.hold-down clips _and 1ift the cone vertically and

P- ¥ [ ] N =
. « . » .
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very carefully off the concrete.

A sag oo - N : Joarie be
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Have somecne F111 the cone to 178 of its height and tamp this
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Set the slump cone on a smooth clean surface and stand on the




Since this process will have taken only a few minutes the con-

- crete will still be very soft when the cone is removed and the

- top will fall to some extent whilg the sides bulge out. This -
is called the-shump. .Obviously, if the mix is too wet the

concrete will Jlose its shape completely and become just a soft
pile. A good mix; as far as the water-cement ratio is concernec
will slump about 3" to 4" when the cone form is removed? It is

. weTl to keep in mind that dirty or muddy water can cause as muct
trouble as aggregate with excessive fine materials. Use clean
settled water. . - : . :

[

CONSTRUCTION AT THE SOURCE

DEVELOPING THE SOURCE: ?

Sources which. require much development are ground water_sources: The

development of wells, is _covered extensively in the "well constructic
i manual®”. Constructions in spring development are similar -to-those fc

wells. . |

_ L L _ . : B
The quantity of water from a spring can very often be substantially

increased by digging out the area around the spring down to an im-
pervious layer to remove silt; decomposed rock, and other rock frag-_
ments and mineral matter (usually calcium carbonate) sometimes depOsi

by the emerging ground water. In_doing this; particular care should.
be taken; especially in fissured 1imestone areas, to avoid disturbing
. underground formations to the extent that the spring is deflected in

another direction or into other fissures:

Springs,_in general, and gravity springs in particular; are subject to

contamination in the area close to the point of _emergence. A thoroug
sanitary survey should be conducted before development work is initia

Such % survey should yield-information on the origin of the ground '

water, the nature of the water-bearing strata; the quality of the wat
its yield in various seasons of rainfall, the topography and vegetati

of the surrounding area, and the presence of possible sources of con-
tamination. To protect the spring; the collection structures should
be so located and built as to force surface water to pass through at

least 10 ft of soil before reaching the ground water., It is also _
customary to exclude all animals and habitations from a substantial

area (perhaps 100-300 ft), around the collection chamber; and to dig

a diversion ditch above and around this to intesrupt surface run-off
and divert it away from the ground-water collection zone. Springs -
emerging from solution channels in limestone formations:.should be .

. carefully investigated and observed; since under such conditions very
i little, if any, natural filtration takes place in the ground.

Such springs are 1ikely to yield.grossly polluted and turbid water so
after heavy rains, and should not be used as a source of domestic sup

ply without a thorough study, including frequent bacteriological ex~’
amination; and without the provision of corrective measures, such as:
filtration and/or disinfegtion. Other protective measures are discus
pelow. R o ‘ :

springs, especially those which can beé piped to the user by gravity;

often provide an economical and safe solution to the water-supply
problems of rural communities. . Fig.43 show typical methods of collec




- INTAKE STRUCTURE . ' |
The intake may consist of a submerged pipeline used with a submerged -.
crib or a.screened bellmouth at the open end. It should be placed '
_ well below the water surface since the water is coojer at a greater

... depth and, also, because of ice formation in cold climates; but it_

should. not be close to the river bottom; in order to avoid sediment .

and suspended matter moving along there. The intake should also be

located some distance from the shore and should be large_enough for

entrance velocities to be kept to a minimum, preferably less than

6 in. per second. - Fig.43. shows a simple intake structure for small
viater-supply systems from rivers or lakes.

Fig. 43 Small Intake Structure

,7 ,V P T — ,7 o p1- pm— e
{—Fr=pr—].  Crib Frame __
T TT|  (Wood or Metal)

y_ Concrete(stone)
— foundation

y }:& J::l” Z;f":"’n;mfi’g

| Reproduced from Hardenbergh, & A, 11933) Watee siipply and purification, . 32, by kind permasion of -
thizraauonal Textbooh Cor, Seranton. Pa,, USA .

Intakes from swall streams frequently require the construction of small

In this manner provision can be made for a sufficient

diversion dams. _In this manner ficient
depth of water at all times above the intake pipe; for the settling of

suspended matter; thereby reducing the turbidity of the water; and for

keeping floating leaves and other debris from.obstructing the intake

structures. Depending upon circumstances such as the depth of water
in the river, location, and degree of permanency of the structure, a
floating intake made of empty oil drums held in place by a suitable

frame and supporting a_flexible inlet hose may be used. Intakes should
always be designed. to function with a minimum of attendance. More . '

elaborate ‘designs are shown in Section 2. d

CONSTRUCTION AT THE PUMPING STATION . ‘ 7

/

the pump-hoiise will vary, depending on the type of pump used, the materials’
available and the capacity of the system. In general, the pump/base should
be built of concrete. : y

Precast concrete slabs iare suitable for floors and walls ofji cheap but

efficient pump-house. /

Corriigated irch (or asbestos) shests should be used for rogfs for larger

houses. For small houses, precast concrete slabs can alsg be used.

- - —- T - - - e
t . _ The _roof (at least part of it} should be removable so thiat a Crane Can be

used to haul out the pump in case of repairs. » ; o

The manufacturers usually supply a manual for installihg their pumps.

Such directions must be followed closely. 1f necessayy, an expert should
?

I
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be called to install the pumps, especially where electric power is used

to run the pump. :

STORAGE TANKS
Storage tanks can be built on high grounds in which case they are

teriied ground-level reservoirs, or they are elevated reservoirs.

- Ground-level reservoirs are usaully built of masonry, mass concrete,

available (see below)

‘or reinforced concrete, according to the materials and local skill

Fig. 8¢ Ground-Level Reservoirs
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A = Cross-section of reservoir- D = Typlesl valve acrangemant for ground.
B = Types of walls for resarvoles __.__ __ ;  level_reservoir with two compart-
C = Sketch. datsil_of minhole opening In  _ maents
e resarvoir cover - - An = Effluent
Bb = Supply
- Cc = Overflow
Dd = Drain
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Fig. 45 Typical Spring Collection-Chamber PUTAN

For Towns
, o PR ¢/ NN :
! /),z s A R
- pades
| G 7“ . ) €
B N 74— Concrete
vater T i T Structre
Out
- A = Ground level - ' H =Measuring rod, bottom of which is
B = Wi g formation : _ level with lower edge of w
C = Impe ‘ 1 = Outlet pipe to reservoir or town
D = Coltection ehamber. __ _ _____ ___ 3 = Fleor drainage -
E = Opsnings protected by a stone-and: K = Locked entrance door . . . _--
gravel_pack in order to excludesand L = Screened opéening through door for
_ and debris .. ventilation purposes . ____ ____
F = Collecting room <. M = Diveriian ditch for surface run-off.
G = Measuring weir Should be at least 15 m (49 ft) away
: from the collection structure
. Ao o - S
Fig. 46- Properly Protected Spring (I)
_ _ 7} __ B
‘ ,c&hefété/
B} Structure o . .
A 3 Protectiva drainage ditch to keep drainage water a safe distance from spring
B i Originalslope and ground line - el ' .
C -+ Screened outlet pipe : can discharge freely or be pipad to village or residence )
__ Springs can offer an economical and iafe seurce of water. _A thorough search should R
be made for signs of ground-water outcropping._Springs that can be piped to the user by AN
‘ gravity offer an excellant solution. ‘Rainfall variation may influence the yisld. so dry-
! - weather flow should be checked. -
_ P "
‘, Fig. 47 Properly Protected Spring (II)
N S 7T T e - ¥—Concrete(oy stone).
alls 7
/ -
~Rock
Slabs
:
A = Prataciive disinage diich to keep drainage water 3 safe distanica {rom. spring_
B = Screenad outlet pipe : to discharge {reely or be piped to village or residence ,
tif',;.;‘. e - : -
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in order to prevent leakage in the reservo1rs, the following should
be done:

1: Build concrete walls with as few joints as_ 56551Blé L
2. Copper _or polyethylene strips should be built in vertical joints

3. Paint_the whole _ inside_surface with a bitumen compound or with a
solution of sodium silicate (water glass).

4. Render interior surface with about 3/4 inch thickness of mortar
composed of water-proof cement and sand; after thoroughly rough-
ening the surface to be rendered to ensure a good key. :

Elevated reservoirs may be of reinforced concrete or of steel. Re-
inforced concrete is suftable when rany tanks of similar size are to

be built in a series of villages; so that the system is used over

and over again. The construction techniques involved are the same
as for ground-level storaqe, except that the elevating walls should

be built first.

Steel reservoirs are suitable for single reservoir plans. The tank
. can be ordered from_the manufacturers and comes complete with the
accompanying assembly manual which_ is easy to_follow. The tower

foundations are to be locally built of concrete.

sites or in areas where masonry rocks are scarce. In such cases, tﬁé

tank must be slightly elevated to allow painting of lower parts.
Elevated storage tanks have valves to stop overflowina. When a float
valve is used to control the level in the tank, the overflow should

never come into action if the valve is working properly. In the case
of a_“floating" tank it is. usual to_control the inflow through a

float valve and the. outlet joins the delivery pipe through a non-
return {see Fig.48 ). _A depth _gauge operated by a float and wire._
shows the amount of water witliin the tank, and is visible from the

outside. .
Fig. 48 EléVéEéa Storage Tank i
A - B
i — Flost valve — E — - m-pe =

Fleat veive = o ‘
—_— | — Oveelle, {amit 1} —r—y 1 Oveeliow
‘—"Q_. - vu_lm_-umn g - ™
. T sumps vaed) - - 7
Nen-tetom | o . - R - - _
volve ot l‘ﬁ- _Ynhnl velva ——6“ L \ athevt velve
. T T Pt N\

JAV

\
AV \(
7\

- - - Towaste | To waste

Grownd levet | | _ __ = N o N \

T NS e e —I “Valee <’ .\
Mown supply Pumping mein Oeiivery Wein to leen

IR
6uiiii always taken from 6 in. above tank floor; wash-out at extreme botrom of tank
A ~ Diagrammatic arrangement of pipes B = Oiig}f”""”ié arrangament of _pipes
when overhead tank acts as balancer when pumping direct to storage tank

{Moating €ank). /. Neot _soitable for - -
use with reciprogating pumps.
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When a fioat vaive is not used, there is no control on the depth of .

water except the intelligence of the cperator of the supply pump and
the overflow, and carelessness in adjusting the hours .of pumping to the

the draw-off can result in considerable waste, while the farther the
tank is from the pump-house the easier it is to overlook such waste.

The simple indicator shown below is one way of reducing this to the

minimam as, properly sited; it can be seen for a considerable distance.

~ However; the nearer the tank is to the pump-house the easier this
control becoiiies.
' A 0T

o ‘ - -
= wed guide reds |'7

Sack stopie 74

cessst wind -

s N ]

B e

N} - Pawmied bioek
"\~ l150d shee! matel
endicalor

710 Parnted bloek

= ] UJT movable sheet matel N
e vable 1 mete -
'\ rl - ;;;;.!QL‘JIMM“ Full
- - puidetods
~ indrceior opereted
by llee
™~ 1 tenenei :
- " =
D e C  Frdpidend o
—a Siding ivbe | © el
. - - P O X
- —_— —_— T 7 '\ o= vise
- Li —— - . Rigid operatingtod er

tube. Lower end fiaed S;\;;l marel pointed black

te llans.vppet ond to

indicaror )
A = Suitablé indicater. for top two to three from ,nbigrﬁﬁéi _point: it can be
feet of water in tank seen clearly a mile away. - M

[ éééiiaii aca; sho,,&@ii@i@@maﬁ and
tinze: It should_be_orientated 30 operation of lowar indicator
~ that it appears against the skyline S —
Fig: 49 wWater-Level Indicator For Elevated Storage Tanks
In the construction of storage facilities, the following provisions
should be made:

B = Appearance of indicator from a dis-

1. Hanhole covers mist be tiahtly fitting to prevent surface water.
_ from entering the reservoir . They should be locable.

2. Surface covers must be water-tight and light-proof to prevent

algae_growth. S : I
3. Ventilation must be included to let out air as water fills the

tank. These must be covered with fine-mesh wires (not less than
. 18-meshd. -~ _ - : S o
4. Inlet and outlet pipes; overflow and wash-out pipes should have

mesh at their open ends. The outlet pipe should be_6 in. above_

the bottom of the tank. If the tank has concrete floors, the floor

should slope towards the wash-out pipes to enhance cleaning. The

diagrams below illustrate the proper design for a concrete storage
tank.
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Fig. 53 Piping Installation
WATER PURIFICATION SYSTEM
ARt —
Water purification systems are usually incorporated in the storage
tanks. Where only disinfection (chlorination) is required, the

treatment tank can act as distributing reservoir. The cistern is
a typical storage-purifier combination. -

The cistern filter is a sand filter which keeps organic matter from 2
entering the cistern. The water may then be disinfected and stored

in the cistern. The diagrams below show the construction design -for ¥
such a filter.
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A catchment area always collects leaves, bird droppings, road dust,

insects, etc. A cistern filter removes as much of these as possible
before the water enters the cistern. ' :

The sind filter is usually built at ground level and the filtered ___

water runs into the cistern, which is mostly underground. The largest

. pieces, such as leaves, are caught in the splash plate. The splash
‘plate also serves to distribute the water over the surface of the _

filter; so that the water does not make holes in the sand. A piece

" ‘of window screen forms the splash plate.

Host filters are made too small to handle the normal rush of water

from rainstorms. This results in the filter always overflowing or a

channel being dug in the sand, which will ruin the filter. The filter

area should be not 1ess than one-tenth of the catchment area. A -

typical filter area would be 4 feet by 4 feet for a family-sized unit

with average rainfall intensity.

About every 6 months; the manhole cover to the filter must be removed
and the filter cleaned. Remove all matter from the splash plate and
scrape off and remove the top half-inch of sand. When the depth of

sand becomes only 12 inches; rebuild it with clean sand to the original

depth of 18 inches:

A simple way to discawd the first runoff from the roof, which is usually
mostly leaves and dirt; should be provided. " This will make your filter
last longer between cleanings. The easiest way s to have.a butterfly
valve (1ike a damper in a stovepipe) in the downspout.. After the
rain has washed the roof, the valve is turned to allow the runoff water

to enter the filter. A semi-automatic system {s shown in Fig. .

When building the filter, it is important to irsure easy cleaning and
to use properly-sized sand and gravel.  The filter is usually mounted
right on the cistern but can also be close to it. It must have a

screened overflow.
‘Water Purification Plant,

Tools and Materials . -

barrels, concrete tanks or 55-gallon drums _ :

eight inch funnel or sheet metal to make a funnel ~
smaller tanks, about 5 gallon or 20 liters in size; equipped
~___with float valves . :

4 shut-off valves _ L
1-throttle or needle valve (clamps may be used instead of the

__ valves, if hose is used)

some pipe or hose with fittings = S
hypochlorite of lime or sodium hypochlorite (laundry bleach)

N =t |

This plant can be used in small systems, using laundry bleach as
a source bfYCHlbriﬁé. : :

The water purifier should be made as in the drawing: The two

large barrels on top of the structure are for weakening the
bleach. The two smaller tanks on the shelf below are for holding

equal amounts of weakened bieach solution and of water; at a

{ii‘I:
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Fig. 55

CHLORINATION SYSTEM

MIXING TANK -
MEASURING STIER —~_ 4




. A3

constant pressuré. This makes a_constant flow of the solution

water, at the same speed, into the hoses leading_to the mixing

points. The mix is further_controlled by the valves and may be .
seen through the open funnel. If a throttle valve-is not avail-

ible, a shut=off valve may be used and a throttle action ob-

tained by this valve and valve #4 in series.

Placing the two barrels at a height 'of 10 feet causes a pressure
of only about five pounds a square inch. Thus the plumbing does

not have to be of high quality axcept for valve #1 and the float
valve of the water holdup tank, if the rain water supply is under
higher pressure. ' ’
Sometimes special chlorinators are required; in which_case when.

hypochlorinators are ordered, the following data should be furn-
ished to the manufacturers:

. If water {is pumped:

Sketch of -pumping installation

Number and type of pumps .
Manual or automatic operation. - - -
Pumping rate (liters/second or gallons/minute) and total.

B3 WA =
.

water pumped per day (cubic meters or gallons)
Electric current available (volts, phase, cycle)
Pressure on pump discharge (minimum and maximum)

Suction 1ift _ . o
Sizes of suction and discharge pipes .

. Other data (space available for installation; sizes 0

foot valves, check valves, etc.)

OO~
ors

For gravity system: )
1. Sketch of systém,'ihdicaiing source of water supply and
distances ' _
. Size of main __ o N R
Size of meter,if any, giving make and description .
_Pressyre at meter or point of installation (minimum an
maximum) __ . _ . / o
Rate of flow (minimum and maximum) - -
. Average daily flow (cubic meters or gallons per day)
Fire flow, if any (liters/second or gallons/minute
Allowable 10ss of pressure (m or ft) _ :

© Other data (space available for installation,.etc.)

£ 02 N
Y

W N
. e .

Boiler for Potable Water

sometimes it 1s easier to boil drinking water than to disinfect.
The following design can provide enough safe water_for a small

community with a distribution systeém; since it would require a
lot of fuel to boil enough water for the system. ' _
i

Pl
r.-‘%,‘
g




~group for an entire week,

S 7

Tools and Materials

55 Gallondrum
374" Pipe Nipple 2" long. Quantity of bricks for two
layers of bricks to support drum. . o o
bag of cement plus sand for mortar and base of fireplace.

large funnel and filter medium for filling.
metal plate to control draft in_front of firebox.
3/4" valve, preferably all metal such as a gate valve to

) ord el ol | — o |

withstand heat.

Y,

* Fig. 56 Boiler for Potable Water

fa
C

This drum for boiling of drinking water is intended for usé in

your residence to provide a convenient method for preparation
and storage of sterile water. -The fireplace is simple, oriented
so_that the prevailing wind or draft goes from front to back.of
the drum between the bricks. A chimney can be. provided but is.
not necessary. \ - : - .
The unit has_been tested im many Friend's workcamps in Mexico and
elsewhere. A 55 gallon drum would nojmally last a 20 person camp
roup for an entire week, and certainty would provide adequate safe
water supply for two or three individuals for a much longer time.
water must boil at least 15 minutes with steam escaping.around the

completely loosened filler \plug. Be sure that the water in the
pipe.nipple and valve reach boiling temperatures by purging about
two liters of -water out thruugp the valve while the drum is at a .

full boil. © .



CONSTRUCTION ON SUPPLY LINE

" Pipe trenches must slope uniformly to avoid pressure variations in the pipes.
Whenever a pipe has to pass over a gap in the trench; -structures should be
installed to support the pipes, especially at the jbints. Once laid; the

) _Be WL JYITTESe VU T

pipes should be coated, and accurately recorded. in the systems map.

Different joints are used for different.connections, The choice of a joint
depends on the number of branches desired at a point: Positions of joints

with many branches should be marked and protected as it is usually the main

source of troubie.

The diagrams attached illustrate the various joints used in distribution
- systems.. The supplier should provide simpla guides.for joining pipes. If

not available; a plumber's manual should be obtained._ This should not’
 prove necessary however, since this often involves only screwing parts

together. . ’ ‘ )

VALVES . . ’
] - )t

,Valves are used for specific purposes:

a. Gate valves - control the flow of water. ~Should be’placed in.
junctions so that sectional repairs can be carried out without
interruption of service: Should have manholes and be easily
accessible. T S

b. Check valves - allows oné directional’ flow only. Used between

pumps_and pipe_lines. R
Air-Valves - allows air to escape from high points in the pipelines
- pressure-reducing valves - to reduce water pressure in pipes of

any desired value.

[N o 3
. e

HETERS are riot essential in rural water supply Systems.

HYDRANTS - Where fire protection is provided, these should be designed
to provide connections for 2 1/2 inch diameter fire hoses . '

'SERVICE PIPE_-Connects street distribution pipe to the houses plumbing
system. Should be rigidly connected to the street pipe.

&
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CONSTRUCTION TECHNIQUES
N A
LESSON NO. 1

\

To build an intake site and \{mst@ii pumping facilities.
! , a ,

. 5

\

TOPIC

INSTRUCﬂONAtPRGGED B ‘

_ SUP%%E?ENIKEJWKIE!
RELATED READIN(

Intake Structures

PN

D931gning Intake
atructures

sump Selection
{

Conutructxon Work

Concrete in

testing Concrete’

b ‘eing a
hmp House

e

\
Disouss need for and effectiveness of,
various types of intake structuresq

Take field trip to an open source with a
visible intake structure

pivide ¢lass in small groups. Let each
design (and construct) a simple intake
structure.

Draw conclueions indicating when to use an
intake structure: :

Disouss in class what sort of: 1lift pump is
required.

Introduce concrete in construction work =
its structure.. ’

Demonstrate how to determine the amount of -
each ingrédiént.

of each ingredient using the chart.

glLet students determ }ne the required amount

Demonstrate the test for étréﬁgtn.
Diacuss in class the need.for reinforcing

concrete.

Test reinforced concrete and one not rein-
forced: . ]
Discuss when & pump. house 18 necessary.
to build a pump
students should

In the field demonstmate how

house. (If not possible; the

be given chance to work with a building crew).

250
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WHO Mbnograph Serie
Chapter 5.

Intake Structure.
Models of materials
in constructing an
structure..

section 3 on Punmp

Seiection.

Concrete bIocks.

Raw ingredients for
making concrete.

N}

~
§Iﬁmp ;féété;;

Concrete pipes-

g) reinforced
 b) not yeinforce

.strain-stress Testi

Machine."

o 7&,7» ) B :-
-|Building Materials.
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LESSON OBJECTIVE:

=136~

CONSTRUCTION TECHNIQUES
LESSON NO; 2

To test water obtained from a source for,

drinking vater standards. i

TOPIC

INSTR CﬂONALPRUCEDURE o

JSU\P\P#EMENIAL MATERIALS
RELATED READING

Jampies

fxercise on
dater Tests

Ask students to reculi the characteristics

of water that should bs tested.

In the laboratory (or in the field) demon~

strate how to use the various kits commonly
used in the field,.

Divide class into convenient groups and let '

Verify each result,

S

15i -

WHO Mbnograph #42,

ppe 46-54.

Portable water laborat
field kit.
tester.

Microfilte -



LESSON OBJECTIVE:
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CONSTRUCTION TECHNIQUES
LESSON NO. 3

To construct a treatment system appropriate for

- ‘ - SUPPLEMENTAL MATERIALS 7
. RELATED READING

hssembling
Tredtment Sys tems

Ask students to recall the functions of
coniponernt paArts

processes,;

Divide students in working groups:

Lct ench assemble a most complete purifica-
tion system. /

Test the efficiency of the constructed
treatment systems. '

-

Sand filters, chlorina=
tors, aerators, settle-

ment, basins; chemicals,
measuring vessels.

Section Lk on the
functions of componerit

parts of various .
treatment processes.

. il
GJ} \



LESSON OBJECTIVE:
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CONSTRUCTION TECHNIQUES.

LESSON NO. 4

/
H

'
[

'To install a storage tank and distribution ﬁiﬁéé

INSTRUCTIONAL PROCEDURE

SUPPLEMENTAL MATERI
RELATED READING-

Building &
Distribution

Pipe Laying

Take a field trip to storage sites.

Using model designs, let each student
assemble a distribution reservoir.
Stféés'tﬁé,iﬁ§6ftéhéé of outlet; inlet Ehﬂ
.overflow pipe screens,

In a field iﬁéﬁéétidﬁ,6f,i6§§i,§i§;§ﬁ§;"iét
ggg}jf;;;ggegig ;rg’ggj distribution line from
reservoir to a house.

As i‘iEi& exercise, take the whole class to
dig a trench and lay 50 ft. of pipe.

'

tenks. Central dist
bution system. '

Section l on storsg

Plans and model block
instruction maruals
on assemblage.

(or spray).

Short pipes of differ
ent diameters, pipe _
joints, welding tored

Rivetss
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OPERATION AMD MAINTENANCE

OVERVIEW:

A good water source; a well planned treatment and distribution. system -
and good construction practices do not ensure a safe and continuing. -
supply to consumers. If the system is not operated correctly, and if

it is not maintained, the system will soon be unsafe and may be un-
usable even if the water remains safe. The correct operation and main-

tenance of the system is of prime importance:

This section covers the operation and maintenance of a_distribution and

treatment system. It also covers the training of local workers to assist
and eventually operate and maintain the system. This training must be

of fective, or the system will deteriorate rapidly after the PCVs stay
has ended. _

o ot
191
-~

1

c
i
‘.
et T4
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SECTION 6: OPERATION AND MAINTENANCE

OBJECTIVE: Prepare an instruction manual for the operation

and maintenance necessary to keep the above
established system going._ This should act as_ ___

~ a reference for trained personnel, or as a training

manual for the unskilled. The manufacturer's
recommendations for_ the operation and maintenance

procedures must be simplified and/or translated.

as situation demands so as to be easily followed
by the operator or maintenance man (or trainee)

TASKS: 1. Write a guide to water inspection at the source

2. Devise laws safeguarding the source from trespassers

who can efther cause mechanical damage to machines
or contaminate water at source by indiscriminate

use of it, e.g., swimming or washing at an open-
reservoir. ' . :

3. urite down safety and sanitary precautions that
must be observed by the operator or maintena.ce
fen, e.d., where to store chemicals, or where to

wash their hands; etc: :

; ] ‘ ~ labeling all operating switches (in local language
if necessary); include a corresponding chart of.
: directions to be followed in starting and closing.

4. Draw large scale picture of the pump_or engine,

5. On the large=scale picture and the machine itself;
indicate with arrows where grease; oil; or fuel
is applied and how often this should be done.
6: For a new component, set the 1imit of repairs the
local operator can do, and write down to whom the

need for major repairs should be reported.

7. Draw a flow chart of the treatment plant; and
write down at each stage: '
a. The purification procedures to be carried ou~

and how, e.g.; at_chlorinator add 1 1/2 cup
HTH to a gallon of water and stir thoroughly,
. etc.

b. The cleaning of the parts, e.g., backwashing
the filter, etc. : \
. _ - _ N
8. Oraw large-scale maps of distribution system showing

the inspection valves, identifying marks:
9. Draw up a record-keeping chart which must be used

to record what repairs have been done and when; by
whom; etc.

[
(9 §
1
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OPERATION AND MAINTENANCE (cont.)

10.

12

13:

14.

15,

6.

7.

18,

19,

and pipes

Lay down ru1es regarding the 1nsta11at10n of new

service connections to ensure that there is no .

unchecked connection to the mains; such connections
can reduce the pressure in the mains.

Design a system of beiIding up a stock of spare
‘parts over the years from the very beginning.

These must be the parts which often need reguIar

replacements.

Design a rack for tools so. they can be -easily
reached when needed.

Devise fire drills which must be used to train the
operators and servicement so_they can ‘fight smalI
fires at the purip or engine house.

Build. an inventory of parts which can be used in
case of emergency.
Recommend tools according to the scope of the work

the operator or serviceman is capable of doing.

Set the 1imit of motor repair works that can be

done locally, and when to call for an experienced
repairman.

Simplify (or translate) the producer 's_motor repairs

and maintenance manual so it can be followed by the
serviceman. '

FUNCTIONAL SKILLS:

Decide what points of the source are to be inspected.

Recognize the risk of unrestricted public access to

source and pumphouse premises.

Recal) sanitary standards to be maintained during

the -operation and 'repair of water system.

Recognize harmful characteristics of chemicals.

fuels and oils used.

SimpIify or translate producer's operation and
maintenance instruct1ons
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OPERATION AND MAINTENANCE (cont.)

17.
18

Draw plans of machines.

Assess the capability of serviceman or operator
as regards to his job.

Recall the various treatment processes in the plant.
Draw maps of distribution systems.

Recognize corditions indicating that pipes, sources
or storage tanks need washing. -
Recall the relationship between the available head

and the required head at the service connection.

Recognize parts of equipment which most often need

replacement. ¢
Make simple designs for tool racks on walls.

Decide what extinguishing materials should be used

for fires of different origins; e.g.; electric

fires,. etc:

Recognize the vital parts of the system which must

have spares in the inventory to be used in case of
emergency. 7
Compare the operator's capability with the structure
of the engine, pump or motor he is to work on.
Recognize fault in the functioning of the motor.
Foliow and/or translate the producer's manual.on
operation and maintenance.

TERMINAL PERFORMANCE TESTS:

1.

Given an operating water source, 1ist the points _
that must be inspected during periodic maintenance
checks.

Write down laws which should be posted as public
notice prohibiting trespassing on the system pre-
mises.

List the precautions to be taken when cleaning the
source and pumping house. ,
Given an slectrically powered pump, draw its diagram
and indicate the power connection.

27 159
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OPERATION AND MAINTENANCE (cont.)

5. Given a iwtor and its diagram, identify the corres=
ponding parts labeled on the diagram.

6. From a detaiied report on the capability of two

operators, set the 1imit of repairs each can carry

out on a given pump and engine.

7. For a given treatment system, draw.a flow chart of

_the different stages.

8. Ina field exercise, follow the pipeline and draw
a _large-scale map of the system; showing the loca-
tions of all inspection valves.

9. Drav a chart for record keeping for the maintenance
of a ygiven system section. |

16. Hrite the steps to be foiidWéd in cieaning a suppiy
pipe and storage tank. .

service connections can be installed withoqt too

much reduction of pressure in the mains.

11. For a given avaiiabie head determine‘where new

12. In order of priority, 1ist the spare parts of a

given system which should be inventoried.
i3. Given a 115t of tools available at a pumping Station .
design a rack to hang the tools in an easily acces-
sible place. . ;
14. Design a drill for fighting:
a. An electrically caused fire
b. Gas fire
. ' 15. List the recommended minimum requirement of Spares
in emergercy operation.
16. For a given motor and serviceman, determine the
limit of repairs he can do.

maintenance.
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5
WATER SOURCE MAINTENANCE AND INSPECTION
QUALITY OF WATER AT SOURCE
After water has been purified, cleanliness of all handling facilities
is of utmost importance. A)1 stations and men who maintain them must

maintain the sanitary quality of the water.

WELFARE OF PERSONNEL:

Persons suffering from comunicable diseases must be_prevented from
coming into_contact with the water supply. .This includes grass-cutters
in_the premises of the pump-house, attendents who clean the filters.

and storage plants; etc. All personnel should be medically examined _
:?N]east once a year; preferably just before the annual cleaning opera-
on.

~ I A

PROTECTION OF FACILITIES

1. No unauthorized persons to enter pumping stations, treatment works,

_ etec. - .
2. Open reservoirs should be fenced and the gate locked wherever possi-
. ble. A guard should always be on duty to stop trespassers from
_ washing or swimming in_the reservoirs. . - c .
3. Ine*all drinking fountains in 'a proper place; and a place for work=
_ men to wash their hands. = . . . _
4. tatrines should be built in the vicinity, but at a safe distance .
~ from the source.. - . . L __
5. Pump-house must be locked whenever the attendant is cut of it.
6. Trespassers should be handed over to the local authorities for
punishment. .= _ A L
7. Ch$ﬁitéls and fuels must be stored at their designated places at
all _times. - - S o
8. Inspection of water quality and quantity at the source must be -
carried out regularly and recommendations made whenever applicable:
" INSPECTION REQUIREMENTS
1. Check all exposed joints for possible leaks. o
2. Check possible growth of micro-organisms (e.g. algae) in the system.
3. Metal surfaces which come into contact with purified water (e.g.
pipes) should be checked for possible emission of chemical solytions
_ into the system. oo - K
4, Accidental cross-connections of pipes often occur, and the inspector
must make sure there are no, such mistakes. .
5. Where applicable, pressure in the system must be maintained at the
desired level at all times:
OPERATION AND MAINTENANCE OF AUTOMATIC FACILITIES
Once a system has been installed, it is essential that maximum attention
be paid to its maintenance and smooth operation. Experience points out
; that it is not often possible to find men with necessary skills to

operate the system. Most often than not, such men have to be trained
from the scratch.

L

/ —

159
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§

PERSONNEL TRAINING

1.

_Select ‘possible employees for administrative and operative jobs

early during the construction period: During this time, the men
HSZE Sﬁkéﬁﬁéi‘tﬁﬁity tb learn how the system has been put together
and works.

Where many such projects are run; & perfod of training personnel
in key responsibilities is strongly recopmended. This should be

devoted to instilling into them the-conckpt -that the project is
tﬁ§1?§ and therefore must be ’t’réité’d as personal ﬁiﬁﬁﬁ?tya

.

may scrupulously observe. This {s especiaily important with re-

gard to pumping machinery.

Draw large scale picture of the equipment irn question and draw

arrows indicating where and what to do.

On the equipment tself, wherever possible, large labels should
show where to apply grease,; fuel, etc.

Supervision should ensure that procedures and schedules are fol-

EXAMPLE OF A SIMPLIFIED TECHNICAL PROCEDURE:

A flow chart of a treatment system is shown below:

SETTLEMENT TANK

[

FILTRATION I
. ;  spray water down

Let water and let water ~ [s10w_sand
stand_for ——— >~ filter
4 days flow down

Open side valve

. DISTRIBUTION I
o RESERVOIP. CHLORINATOR

TO SERVICE Gravity water tight| ~  [add 1-172 cup
«CONNECTIONS Flow cover ump _ (HTH to 1 gal.| - |
o of water and —_—

stir.

Fig. 58 Treatment System Flow Chart

18! 160
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RECORDING REPAIRS
Conmon causes to major system breakdowns:

Q

1. Operators unable to recognize signs which portend failures and

_  breakdowns. __ .
2. Qperators with no sk111 to pinpoint and repair minor breakdowns, . i

but try at random to tighten a nut or screw. This often results
in greater breakdowns.

Operators using equipment and materials under conditions for which
they were not designed. :

W

Record Chart - The illustration below can be modified to suit the

occasion: s
B TABLE 8 REPAIR RECORD CHART
o - o [Classification _ . —
Description of Breakdown inor | Major _ |Operator Consul tant_|
At Source ’ - | \
1. Cracked well-cover X — x . '
2: Decrease in well yleld I / x|
Pump N e e o
. 1.-58roken pqmpﬁﬁéif X X
. 4,° Cloggeu plugs _. % X
£. DBroken_cup leathers X _ X
B (washers) . , L R E—
6. .Faulty fuel and air . X - X -
filters and cooling
., fans . ol o
7. Faulty 1njectors in « ' X - X
. diesel engines e . _ .
Distribution System ,
A
8. teaky reservoirs - | x4 X ,
9. Leaky pipe joints and valves |*x —x - f
10. Broken inspection covers i — - = X - :
11;: Faulty.meters ] X e o
Purification system . el ‘
12. Faulty chemical dispenser x KR X 1

The above suggestions should be. expanded to su1t the sc0pe of the.system

and the capability of the operators _and maintenance men:> See Table 9

as an example for thé maintenance of a 6.1, Diesel 71.




TABLE 9

s Oparstion
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MAINTENANCE CHART OF A G.M. DIESEL 71.

Time intervel

100 | 200 | X0

Ha-pjjig-' Houn | |

Miles Miloo

iuio/ 4,000 | 9,000 {1

- \

,,;‘g.'q:;;. ol

! o

2. Oal Filter .

3 Glmt and Fa"q

| 5. He
~ 8. Hoeld oo
7. Row Water Asmp

Rodiakor

!

=l=

: Foal Tank

10. Fual Straines and Filter

11, Air Cloonwr

{12, dower Screwn

i 13. Air box Droime

' 14, Crénhcase Ventilation

15, Starting Motor

16. Bottery-Charging Gimerotors

17 Bottery

18. Tochometer Drive

19. Theonla Controls |

| 20. Tune-Up .

21, Power Toke-OF1 .. _ _ . _

) _{

x

[ 22, Reduction Geor (Single Engine | Unit)

23. Torqmatic Marine Gear

x|

K |

24, Poragon Moring Gear _ . . _

x

x| =

) 25. Torqmotic Converter®
® |.26.. Reduction Geor{Multip

) 4

»x L.

N
e

»

28. Turbocharger

{27 IQMMM&M"G .

¥. 0 .OOW Govarror _ _ _ _ .

30. Power Generotor

- 31, Traremission (Railcer) . :

32. Oll Filter (Ratlcor)

ERIC

Aruitoxt provided by Eic:

” KAl
@
|y
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RECORD KEEPING

The operation and maintenance of a distribution system require the
establishmgnt of system maps and records.

Reguirements of the Systems Map S

1. Large scale; no less than 1:10,000

2: Show all Streets and their names
3.

3. tLocations of mains and their sizes should be shown -
4. Valves (and hydrants) must be labelled and numbered appropriately.

5. Sources, reservoirs and pump-houses should be included in the
_ map.:__ e ol
6. A wall-size map of the whole system should be supplied for office
use. Copies of the map should be divided into sections and bound
2z . por easy handling in the field.

REGULATIONS FOR INSTALLING NEW SERVICE CONNECTIONS OR EXTENSIONS TO EXISTING
SYSTEM. Y L
1." New gonnections should be made only with the full acknowledgement of the

designer; who should know hether there will be enough pressure for that

branch. In this way the problem of maintaining adequate pressure in the

system can be eliminated: _ . -

2. Financial agreements (where applicable) should be reached before such a
connection is Amde.

3. The connectign must be made by a regular installer in the system.

4. 1In small water-supply schemes, these conmnections should be rigidly.

connected to the street pipe; and the addition included in the systems '

maps for up-to-date record. : ,
L R S

5. New pipes must be disinfected before inclusicn in the system.
6. Open ends should be covered during construction period. |

REGULATIONS FOR CLEANING THE DISTRIBUTIONS SYSTEM e

1. Dead-end branches must be completely flushed regularly.
2. Other systems should have a thorough cleaning at 'east once a y;fr.

3. During the general cleaning the systems should also be inspected for
possible deformities. ° . !

INVENTORYING FOR DPERATION IN EMERGENCIES. |

‘Building up a stock of spare parts, if started from the befinning/will

spread the expense of ‘their purchase over the first ten years. Minimum

requirement of spare parts stock;
’ .‘ - : ‘ . /

o R '
i



PARTS .

1: Ffor gasoline engines - sets of plugs, gaskets, gasiet:
pound, spare magneto, gasoline-feed pipe; air and o1l

carburetor float, spare washers for gasoline-feed pipt

- timing chain.

2. For diesel engines;- sets of {njectors, gaskets, gaske

pound, washers; filter elements,. fuel pipe, timing che

4. For pumps - cup washers, valve rubbers or leathers; b«
fasteners, grease nipples.
5. For mains and distribution systems - minimum of half-c

for each diametér, joints, tees and bends, odd valve,

and hydrant for each size.

FUEL

In-order to estimate the required quantity.to store, bheri
guide: ) .

small diesel engine consumes :06 gallons of diesel fuel pi
each horsepower. . .

small. gasoline engine consumes .08 gallons of gasoline pei
each horsepower; |, :

Liibricating o1 for engines += 1715 of fuel consumption.
STORAGE ' :
1. Protection against dangers of fire and theft.

2.  Underground tanks._recommended for large svstems. A hi

pump can be installed. ,
3. Fow small systems the fuel drums should be kept in fi

store; The drums should be kept almost horizontal, oi

at_a_convenient height above floor to allow measuring
~ stand below the tap on the end-of the drum. '
a. : Allowance should:be made for 2% l6ss of gasoline, 1%

fuel in the tropics: )

5. Accurate record of fuel consumption should be kept. '
6. *“No Smoking" signs should be posted and the fuié enfo
7. 1n case of electrically powered systems all personnel

and observe the safety regulations. No unqualified p
try to-wire or repair anything. on the system.

/

!-M
>
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CHEMICALS

1. Most commonly used chemicals are b]eaching powder and. high test.

hypochlorite (HTH)
2. Bleaching Powder - must be stored in dry, cool place. '

3. Minimum stock must be specified depending on the capacity of the
system

4. Persons who get into contact with these chemicals Shoiild wash them
off immediately.

TOO0LS
Where there is no skilled fitter or mechanic in charge, a minimum n

number of tonls should be kept in order to keep to a minimum repatrs
that might be attempted by the ine;perienced repairman. However, the

following shou]d be available:

1. Plug spanner, a pair of spanners to:fit ‘the fuel=pipe lines, hammer,

screw driver; and pliers for belt fixing. - .

2. 01l can, ogrease-gun, fuel and oil measures, watering-can and bucket,

head pan; chemical measures:
3. Shovels .
Tool Rack o \\'\7 ) T
1. Should be déSiﬁnéd and built on the ﬁalls; Sysféﬁﬁitié label- ;"*””“
‘ling of such tools should show at a glance which tool s missing.
2. Should be within easy reach from the F1o0F.
FIRE PROTECTION
Full protection should be provided against fire. Fire=fighting equip-

ment may consist of:

1. Buckets containing sand or Water DT ; .
2. Chemical extinguishers

3. Asbestos 5155?6?3;

Regulations |

1. Fire=drills should be organized to make sure the men can use

rules must be enforced for proper use of such buckets.

3. Where water stands in a bucket it must be renewed once a week

to prevent mosquitoes breedipg in the pump-house:

§§i

/
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TYPES OF FINANCIAL STAIEMENI

. FIRST AID KIT .

MAINTAINING CONSTANT INVENTORY //

Wi

{

|

t P

| 18- - Vo
‘ )

|

|

A first aid k thhould be in every pump-house or treatment house. The /

men should be/ trained on the proper use of each item in the box. It'

" must be pointed out that these are;for the immediate personnel; not .

relatives. If not checked, this could prove expensive for the water
management. W , ,

R R /‘l
1. whenever an]item is used it must be replaced immediately: ?{/

N

Spares mustibe kept . in locked cu boards or boxss with proper lab

. A 1st79f*g11 available spares"n the box must be included, a copy
of which should be filed: , / / \
AN S ,

.
\

DETAILED COST BREAKDBNN

A detailed cost'bkeakdown is caj culateﬂ for the tot:1 yearly production
of water. :

i
!
i

Water pumping elect;ﬂcity (or gther fuel)
Other prodpction expense .

' Depreciatipn ST D e /

Insurance ,

rest |/ __ : /

Interest
Allocated dm1n1 trative expen » /

Total production costs
 Distributign costs

Operating expense
Maintenance
Depreciatio
Insurance
Interest

_ / -
Stores expense

Total distribution costs

;ﬁer operating costs

customer acc unting and collecting : /
-Administrative and general ,

Total other operating costs

Tota] all costs




Total water revenue
Net acome to surplus

Administrative and general &xpense

Sales promotion expense ; .
Sales: general,; officers and exscutives
B —— Other general office salarfes

General office supplies and expense

Legal services

Insurance
ﬁiscellaneous general expense_

.Stores expense
Total
STATEMENT OF OPERATING EXPENSES

The fOIIOW1ng operat1nq expenses are tabulated for both monthly periods o
and the year to date.

Production expense

: ,Operatj on SUperyi sion — ——

City water pumping labor
- Miscellaneous station labor

City water pumping, electricity, and fuel

Station expenses. O
Maintenance of structures and improvements

Maintenance of city wells

Employees' welfare and expense p1ant
Treatment laber

Treatment supplies and expense.
Maintenance of structures and improvemen its

Maintenance of treatment equipment

.

 Total
bistribution expense

Operation supervision and engineering
Operation of 1ines
Services on custo mer premises

Street repairs, labor and material
Maintenance of mains

Maintenance of valves and equipment
Maintenance of services
Maintenance of meters

Employees' welfare and expense--district

- Total




Customers' accounts and collecting

Customers' tbﬁ%iiets;,ﬁétét”réédiﬁé
Customers' bil1ling and accounting
Total

PROFIT OR LOSS STATEMENT

The profit or loss statement features, in addition to the following items
figures on the number of customers_served by the utility, and the amount
of water pumped; sold, and lost, The number of customers for that month
is compared to the number for the same month in the previous year. The

amount of water purpcd. <11d and lost {s tabulated for that_month, for
the year to date, ard +.- the 12 previous months to date. The net pro-

fit or loss is dr> vp {or that month and the year to date:

.

Operating revenue' ;
Water sales

Water for city =
Interdepartmental sales--plant use

Total

Water taps
Service ckarges

Miscellaneous revenue
Total . verating revenue less charges for water for city
Net operating revenue

Operating expense

Production expense

Distribution expense =
. Customer collection and accounting

Administrative and general

_ Total

——

Depreciation

Total operating expense
Net operating profit

Other expense

Services to city
Labor and material--fire hydrants
Other services o city

Total

-y
o p)
(0 4]

©al
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LESSON OBJECTIVE:

Y -158-

OPERATION AND MAINTENANCE

LESSONNO. 1
To oulline rules that must be observed by operators
and maintenance men and devise laws safeguard

e T s UPPLEMENTAL MATER
INSTRUCTIONAL PROCEDURE . RELATED READING:

(7]

Rules for
efficient main-
tenance and opera-
tion of water
works facilities

Erotection of
facilities from
trespdssers

Discuss need for water incpection. Nearby water supply
o systen.

Tour nearby pumping stations; treatment and
storage facilities.

Diccuss in class how the stations you  Section on sanitary
toured meet these standards. standards of water

at the source;

Discuss in class the possible (and probable)

risks of unrestricted public access to

supply facilities. . T

o]

83k
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OPERATION AND MAINTENANCE

LESSON'NO. 2

LESSON OBJECTIVE:  To simplify operational and service imstructions

50 that efficient job be done by & relatively

©

inexperienced man,
~ Topic iNSTRUCTIONAL PROCEDURE SUPPLEMENTAL MATERIALS /

~ Need for simpli-
fying technical
instructionss,

How to simpiify
technical
instructions.

Exercise

L
Discuss in class the difficulty of finding
skilled labor in developing countries.

Lecture_on hov to simplify technical
materials,

. Demonstrate how to label instructional

procedures on a machine.

For exercise, give out a sample of

- manufacturers' instructions to-operation

of a pumps

Let students simplify it:

W\
1
“\

.
=3

Lone

WHO Monograph; Series #42
Clapter 9.

Copies of operators’

-manual for hand-pump_

installation if avail-
able (relevant substi-
tutes if necessary).



ZESSON OBJECTIVE: -
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OPERATION AND MAINTENANCE

LESSON NO. 3

UPPLEMENTAL MA “ERIAY
RELATED READING

W

INSTRUCT!ONAL PROCEDURE

Capability of

the operator;

Discuss in class how to determine the capa-
bility of an operator by serviceman. ‘ \
Ask students to draw up critéria for assess—

ing: the operators' cepability with respect
to the structure of the system. .

<
~¥
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OPERATION AND MAINTENRNCE
LESSON NO L

3

LESSON OBJECTIVE: To draw a detailed map of the distribution systems,
specifying regulations for installing new service

connections and c;eaning procedures.

— T SUPPLEMENTAL MATERIALS /

_TOPIC INSTRUCTIONAL PROCEDURE MEMENTAL MATER
Record Keeping Discuss in class the frustrations of "lost® | Water Supply for itaini
systems, Areas andg small

Communities, pp. 247 -5
{WHO Monograph Seriec
No. 42. Geneva 1959.)

Review section on residual pressure in
service connections,

Extension of Review the characteristics of dead-end sys- Amex 9, p. 316 iri
Disilribution tems. same book above.
Systems ~ e
Relate them to the importance of repular
o flushing of the systems. o o

¥

-

. BEST COPY AVALABLE

=t

; | EVL e
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OPERATION AND MAINTENANCE
: LESSON NO: 5
LESSON OBJECTIVE:  To design a system of building up an inventory

and emergency precautions,

a

— . PPLEN AATERIA
TOPIC INSTRUCTIONAL PROCEDURE | SUPRLEMENTAL MATERIL

Ttiventorying Discuss in class the advantages of long term

plunning in building up a stock of inventory.

Hrimu- Hequired Ask Students Lo name what parts of engines
utork of Spares require regular replacements,

Draw up Lhe minimum required stock of spares.

Exercise | “For exercise let students determine the Specify engine capac
minimum stocks for fuels (diesel or petrol) for each student; e.

to be recommended for small engines. 1 hp:; 10 hp;; etes

Jool fack Denonistrate how Lo design a good tool rack
siitable for use in small pump houses.
 Fire-fiphting _ --| _Iu the field demonstrate how to use various . ,
' fire extinguishers and conduct & fire- -
fighting drill.

First Aid Demoncstrate how to use first-aid kit.

: . m
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OPERATION AND MAINTENANCE
LESSON NO: 6
To prepars a procedure for systemmatic records

of financial transactions.

ToPIC

INSTRUCTIONAL PROCEDURE

SUPPLEMENTA

D

ar|’

MATERIALS /

EADING

- s

Financial Report

iE mansgement ;

’

Discuss in class the importance of proper
financial report as a vital part of good

s

ol
%
b
~F
o
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OVERVIEW: |

' The primary reason for construction of a disposal project is the improve-

ment of public health §tan§ards.Thereforethe trainee must learn %the
characteristics of an adequate system; how disease is carried from excreta

and how the excreta may pollute thé nearby water supply. To adequately

ensure the improvement of the health standards, the community must be

taught the importance of using the new facilities.

This section covers these general requirements of a disposal project.
The trainee will learn the important characteristics of an adequate sys-
tem. He will also learn to pecognize the human factors that must be con-

sidered to ensure the use of the facilities and therefore the effective-
ness of the project. .s

Y 175
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| OISPOSALAS¥SIEMS o
’* SCOPE OF DISPOSAL SYSTEM . '
EE53EtﬁiifrﬁfﬁﬁgiTﬁﬁﬁﬁﬁﬁlixiéi -
o OBJECTIVE: Identify ;beffgg;grg thatfmyg;fbg consjderég in .
5 T planning an economically feasihle village or
Lo rural disposal system. - o
TASKS: 1. Define an adequate sewage disposal system that
meets. the basic needs of a rural or village
= ,_/éf~——env1ronment.
\\ 2 Idéﬁtify the types of appropriate ‘sgnitary measures
\ that can .'sually improve existing rural or village
] . disposal systems..
— \ 3. Identify the situstions 1n which cesspools, seepage
R ! pits; and septic tanks are potential .sources of
contamination of_ the various water supply sources, -
\ 1rrigat10n systems, or the surface soil;
|
. | 4. Recognjzg,tbg,signjfjgangg,Of,gommgnj;y,a;;itgégs
) \ and habits about sanitation and personal hygiene
t o as they affect tha planning- and .construction of
Y -disposal facilities. .
) )
‘ 5 Identify the situations in which cesspools, seepage
pits, and septic tanks are inadequate or not feasi-
\ ble: T L : : :
) R b
;- FUNCTIONAL SKILLS: !

VT Li . sk eavironmental caﬁditions that are neces-
i %y fer tae transmission of disease from excreta.

\ 2. Identify the agents and avenues of transmission of

disease from excreta: .  ,

3. Identify the sanitary measures possible within the:

X scope of a rural or village disposai system that.
will block the transmission of disease from excreta.

4. Identify tie types of Wétér'éuppiy sources..

'5. List how far (vertical]y and horizonta]ly) faecwl
t borne diseases can be transmitted in a variety of

soil and rock—types.

0 _
;o 6. altgr,,prjvx,sngriqrg§°,§e‘1c0mpat1ble with_the - ~
o attitudes and practices of hygiene in a village _ _ .
. é' L _or_rural community without changing its fundamental )
) character1stics and efficiency. ‘

- ' | : . - ' ' .




“162-

" SCOPE_OF_DISPOSAL SYSTEM
Fﬁﬁ§EET§'TN‘H6§T‘EEﬁﬁHNTTIEs {cont.)

7. Ca]cplate the total amount of excreta per day per
community: . .

8. Recognize the benefits to be gerivea from a well-
planned and implemented village disposal system

9. List the factors that affect the extent of diges-
tion in a pit privy.

10. List the relative costs of Septic tanks, cesspools,
and seepage pits.

TERMINAL ﬁERFORMﬁNGE TESTS:

K 1. On a written ggamination. 1ist the channels of
: transmission of disease from excreta gng,ideggjfy
what sanitary measures can be employed to block

these channels.

2. Correctly identify the various types of water

‘ supply sources.
. o _ [ L

3. Given a variety of soil and rock types, correctly
1ist opposite each one how far faecal borne
disease can be carried fn 1t

4. Given an essay describ ng. the personaI hygiene
habits of several community members, design privy

exteriors that are cofipatible with their prac-

o LALLI TVIS MM

| -tices of personal hygfene.

Given the population jof a.community, ca1cu1ate

the total amount of xcreta per day for that
community.

— . " __ Ll

6. Gorrect]y recall_the probab]e ertent uf digestion

(8,42
.

in a pit privy, 14st the factors that affect this —

amount, and 1ist the extent of influence each one
. of .these factors has.

" 7. Correctly iist the relative costs of septic tanks,
cesspooIs and sewage pits. - ° B




_SCOPE OF DISPOSAL SYSTEM PROJECTS IN HOST COMMUNITIES

PUBtiC HEALTH fNPGRTANGE OF EXGREI’ 77 5PCSAL

The 1nadegfffﬁ/and 1nsan1tary disposal o¢ 1nfected himan faeces

the contamination of the ground and of wnter supply sources. It

attracts certain species of flies to lay their eggs; to breed; t
*the exposed material, and to carry infection. It also attracts :

animals and rodents and. other vermin which spread the faeces; an
times creates intolerable nuisances. .

. N 2
Poor_excreta disposal is often associated w1th the lack of adequ:
supplies ard of other sanitation facilities and with a low econor
or the rural ‘population. These conditions, all affect the healtl

being of: the pedee in a community.

- When proper d1sposa] systgms exist, it is known that the 1nc1den(

1arge group of diseases ds. reduced Th1s group of diseases 1nc1t

hookworm d sease, -ascariasis, b11har21as1s, and other simi]ar int
infections and parasitic¢_infestations. ~These diseases lay a hea\
infants, whose immunity is low and whose vigor is often not great

cope wwth an 1nfect1on after it becomes estab]ished

.Proper pract1ces of excreta d1sgosa1 car resu]t 1n 1ncrea§é f

d
healthier and strong people more effectively able to cope wit
ronmecat, and opportunities for ‘improved local 1iving conditior

-r\m\

1i
ht
ns.
HCwt DISEASE IS CARRIED FROM EXCRETA 3

e

Man is th° reservoir of rost of the diseases that destrcy or tnca

him. The faecal-borne infectious and infestations already mentic
the cause of tremendous losses in déath and debility. It is inte

to note_that all these diseases are controllable through good sar
eSpec1a11v through san1tary excreta disposal.

In the transmission_of these discases from the sick; or_from cam

disease, to the healthy, the chain of events, as shown in Fig.5q

lar to that for many communicable disecases. In order to transmil
the following factors are necessary: . : '
. #

1. causative agcnt'

reseryvoir or’ source gf71nfggtwon of the causitive égéht,
mode of escape from the reservoir;
mode of transmission from the reservoir to the potent*a]
mode of entry_into the new host;

sﬁsceptible host.

i & LN

..“Cﬂ;'
b=
H-“
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Stopping the Transmission of Faecal-borne Diseases
by Means of Sanitation ‘
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The absence of a s1ng1e one of these six conditions makes t

these six conditions mak he sptgéd,gf
diseasc impossible. As may be seen from thé diagram in Figi 59.\Vhere

are many ways in.which the causative agent of enteric disease reaches a
new host. In different\parts of the world, _different modes [of tr  ~ission -
may assume varizus degreas of timportance: 1in some areas; water; : .; and _
milk may be mast important;

in others, ¥1ies and other insedts; and: in still.
others, direct contact may assume @ major role.

e a major role. What is most probable is a
combination of all, and the sanitary worker must assume that this is\the
case and guard against all modes of trarsmission. 1 :

\

IHEACMARA~I£RJ$IJCS OF AN ADEQUATE SYSTEM 7 ; \

The, health objective of sanitary excreta disposal is to isollate faeces ko
that the 1nfedt1ous agents in them cannat. possibly get to ai new host: Rig:
2B shows the place where a sanitation officer might choose to erect a bar»
rier to break, the chain of disease transmission from excreta.

Any adeCIate d1sposa1 system must satise y the fo]]owing four conditions: \
' 1; lhe surface soil should not be contaminated. ! \
2. There should be no .contamination of ground water that may enter |
~ springs or wells. \
73. There should_be no contam1nat10n of surface water B \
4. Excreta should not oe accessible to f]ies or animals. |
In add1t1on it is h1gh1y desirable that y “ ‘ ‘
l',
1. there should be no handling of fresh excreta. or;* when th1s is
: indispensible; it should be kp~* to a strict minimum.
2. there should be freedom from r s or unsightiy conditions.
3% ne method used should be sim and inexpensive in construction '
and operation. \ '
PGSSﬂBtE SANITARY MEASURES IN RURAL Autﬂs .
\ '
It shou]d be noted that; in many countries; more than 80% of the popui . +ioh \
live in rura) areas and small communities and, as a general rule, have a f
low jncome. In most cases, all the elements or rural sanitation are absent \
and indiscriminate foulina of the_soil with humaa excrement is commen. ~S.ch
conditions are also fourd in rural areas near towns, and_ aggravate the ur- <L
ban' sanitation probleis.

°nt kc ‘ong as sar1ta'y privies are lacking in a commun1ty

PLral methods of excreta d1§po :al includ€ privy Systems and water-carried
sewanc systems. Y

l—

s1ge Sewage systems 1nc1ude cesspools;
seep-re pi's, and septic tanks.

The menace o€ i adequate excreta d*sposal is pre-

0f the privy systems, only-the pit privy and sanitary la-
r.nes noed he { jiisidered. ‘Yater- carr1ed

|

§

i
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THE PRIVY METHOD
The Pit Privy

Tha pit privy is used almost exciusively throughout the Western

hemisphere and Europe and is common in _parts of Africa and the.
Middle East: With a minimum of attention to location and construc-
tion, théré will be no so11 pollution and no surface-or ground-

water contamination. The excreta will not be accessible to fiies
if the ihole is kept covered; but, even when the hole is left open,

the fly problem will not be very great since flies are not attrac-

ted to dark holes and surfaces. A good super-structure helps to
keep the sun's rays and light from shining into the pit. There
is no handling of the material: Odors a:e negligible, and. faeces

are normally out of sight: The pit privy is simple in design and
easy to use, and does not require operatiur. Its life span will
vary from five to fifteen years, depending upun the.capacity of

the pit and the use and. abuse_to which it_is put. .Its chief &d-_
vantage is that it can be built cheaply, in any part of the worid,

by the family with little o~ no outside help and from locally

available materials. It has few disadvantages; and it can play
a major role in the prevention of filth-borne diseases:

Water Sealed Latrines

Mention may be made here of the water-sedl slab which gives its
name t~ a latrine cialled "Jater-seéal" or sometimes "pour flush"

latrine. The water-seal slab may be installed bver a pit (such

as that of a pit privy): Wit. oroper operation arfd maintenance,
the water seal will keep both f?iég,éﬁd odors away. For this
rezson it may be installed as a- patt of the dwelling, preferably
near the back of the house and with an outside entrance. The
water-seal slab is extensiveély used in South East Asia.

WATER-CARRTZD SEWAGE SYSTEMS

Exper;ivnce has shown that, when running water is-available; the water-

carried system of excreta coilection and disposal _1is must _satisfactcry
and convenient under both urban and rural conditions. It fulfills all

sanitary and aesthetic criteria. In particular; contaminaticn of the

5911 and of surface water is avoided; potentially dangerous wastes are

rendered inaccessible to flies, rodents; and domestic animals; and the

mechanical transmission of faecai-borne diseases to man is prevented.

Q)
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such areas ground water 1§ often tapped as a source of domestic water-

supply, there is an obvious need for proper location and construction
of the excreta disposal system, with a “ull understanding of the haz-
ards involved.

Various m2thods may be used in rural areas to dispose of 1iquid wastes.
They include the use of cesspools and seepage pits, and the septic- -
tank systems, which involve settling tanks with single or multiple com-

partmerts fallowed by subsurface irriqgation fields, filter trenches or
sand or trickling filters. Selection of methods will depend primarily
upon_the degree of sewage treatment to be provided, upon the location

of the system and cther local factors, and, finally, unon costs. Local,

factors which bear upon the selection and design of the disposal instal-

lation include the nature .of soil formations, the presence and levels

of ground water and the direction of flow, topography, the proximity of
sourc:s of water supply; the quantity of sewage, and the area available
for the disposal works.

‘The Cisspool

A cesspool is essentially a covered pit which receives raw sewage.
It may be of the water-tight or of the leaching type. In some
cases, especially in Europe, it is made water-tight and is_designed
to hold the Tiquid wastes which must be removed periodically, about
eveey §ix_months. The leaching cesspool, on the contrary, is dug

into pervious soils in order to allow. the liquid portion of the.
waste to seep off into the ground. The solids then accumulate ir.
the pit ard gradually seal .the pores of the ground.

Water-tight cesspuols are usually cesianed for a capacity of 15
gai. per person per month or 90 gel. per person when tiiey are
emptied every six months. Leachino cesspools have diamet?rs of
36 in. _or more, and are provided with an open-joint lining below

the inlet level (see Fig.s0): The top part of the 1ining; which

is within 2-3 ft. of ground level; shouid be impervious and laid__
with me-~tar. Covers with insnection manhioles are usud’ly provided.
After the pores of the ground beccme clogged and the it fills; an
outlet tee and an overflcw pipe lead the supernatant 1:cuid to a
seepige pit.

A cesspool shaald +e located downhill from s well; in any case, a

distance of 50 ft. will prevent bacterial pollution of the well.
To prevent ckemical pollution; too, the distance hetween o well
and a_cesspool_placed directly uphill from i% skould be no, less
than 150 ft. Cesspunls of the leaching type should be located
at least 20 ft. away from dwelliny foundations. Their construc-

tign is not permittcd by healtn authorities in denszly inhabited

communities where wells are rced as sources cf drinking-water
supply. )
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The Seepade Pit

The seepage oit rece‘ves the efflucnt from aqua privies, cesspools,

and septic .anks and allows i1t tc percolate away into. the ground:

It is sometimes u-ed for_ the disposal of laundry, bathroom, and
kitchen wastes. In the.latter case, 2 grease trap may be necessary
on the house sewer-line. The seepage pit may also be built at the
lower ends of scisurface disposal tile lines in order to catch the
septic-tank effluent which may have gone through without percola-
ting away.

&s_shown in Fig. 3; the Seepage bitftbﬁSiS§Sf@§?§127077§ round
hole in the ground dug deep envugh to penetrate 6 ft. or more
intc a porous layer of the carth. Diameters_of 39-100 in. and
depths of 7-16 ft. are commcn. The side walls ave lined with

bricks or stones laid withuut mortar below the level of the_inlet

pipe. The hole may be filled with.storas; in which case a _lining
is ot required. The seepage pit should be closed with a tight

cover which will prevent access to mosquitos and flies and to sur-

face water as well.

If the soil through which the pit has been dug s not sufficiently

porous; the effluent will slowly accusulate and will ultimately

overfiow. Even in porous soils such a situation is common; as
the pores of thie earth walls bccome choked by the a2posit of the
finely divided matter carri>d by the effluent and by the $0.:ds
built up by the life activities of zvogloeal organisms which _

thrive on the grains of the soi! in contact with_this effluent.

These phenomena; in fact; govern the life span of a seepage pit,.

which shguld normally last far several .y2ars (perhaps 6-10 years}
if the effluent is only slightly turbid as a result of efficient
primary treatment of the raw sewage. : o
When a seepage rit ceases to operate; a new one should be dug
several meters away. In order to increase fie 1ife span of the

disposal syster, it is possible to dig two or three seepage pits
and to connect them at the top. The distance between any two

pits should be at least three times thr diameter of the larger
pit.

The obvisus disadvantage of seepage pits is the danger of pollu-

tion ot ground water. For this reason they should te carefully

located: Seepage pits should preferably be located downhill and,

in any case, at least 50 ft. uway from drinking-vater sources
and wells. As in the case of cesspools; the construction of _

seepage pits is not usually permitted by health authorities in .
closely built conmunities where ground water is used for domestic
Derposes. '
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Fig. 60 Cesspool Linsd with Large Stones
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.e = ground Water

B = 7 ft. or fore to perv*ous so0i1

Cs= In1et Pipe

D = Outlet pipe to another cesspgol771b1§791pg7§grv.5

only when first cesspool is clogged and stops

- working
6-in. layer of coarse grave1 .
Inspection manhole, (29in. x 20in: )

Stones laid without mortar
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Ground Level

F1g. 81 Seﬂ-'qe Pit

varial 1 cepth of soil
Cement _Joints

= Open Jeints

Rock Fill; 6 ia: or more
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The septic tank is the most useful and satisfactory unit among all
water-carried- systems of disposal of excreta and other liquid wastes
from individual dwellings, small groups of houses, or institutions

“ocated in rural areas out of reach of sewer systems. It consists
¢f a covered settling tank into which the raw sewage is 1éd by the

tuilding sewer (See Fig. 62,63).The processes which take place inside - _

the septic tank constitute the "primary treatment" of the raw sewage; _ S
and those which occur in. the disposal_field form the "secondary treat-

ment". A1l liquid wastes, including those from bathrooms and kicchens,
may be sent to the septic tank without endanuyering its normal operation.

Fig. 62 T¥§j§§17ﬁ§USéhéid
Septic Tarx

Inlet
Cutlet
Baffle
Floating s~um

Studge_

Scum-clear space
Sludge-clear space;

Depth of water iﬁ'réhk
Clearance. =~ | -
Depth of penetration of batile
Distance of baffle to wall,
(8=12.4n.) - -
Top of baffle 1 in. below rorf
for_ventilation purpJses
Tank: covers, preferably r-
Ground . level; _less than !
above tank (if less, ra’¥

nien wowim
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winom

:
=
win

1

tank covers to ground sut
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Layout of Septic-Tank System

o |

’r-,,“'.

>
e
>\§

A = Pevate house or public Institution H = Dipes Ialg with tight Jointe
8 = Housé sewer _ @ #= Distriggfon box
J = Dron-Boxes Or terrecotia L's

C = Building sower
K = Absorption tile

O = Grease Interceptor on pipr line from kitchen
E = . L = Sespsge pit, wh quil
F oS Y M s Siops ol ground surface

G = Dosing chamber and siphon N = Topogrephic contour iliiii.

SOIL AND_GROUND-WATER POLLUTION

Kiigiing how soil and water are polluted by excreta provides useful infor-

mation concerning the design of disposal facilities; especially the:r
Tocation with respect to Sources.of-drinking--water supplies. After ex-
creta are deposited on the ground or in pits; the bacteria; unable te

move much by themselves; may be transportec horizontally and downward into
_the ground by leaching liquids or urine, or by rain water. Tha distance
of travel sf bacteria in this way varies with several factors, the most_
important o: which is the porosity of the soil. '-air horizontal travel

“through soil_in_this manner is usuclly less than.3 ft. and the downward
travel lezs tian 10 ft. in pits open to heavy rains, and not _more than _
2 ft. normally in porous soils. Tliere is relatively 1ittle migration of
chemicz1 and bacterial substances. Where the contamination does not enter

the ground water; therz is practically no danger of contaminating water
supplies. '

faaces is likeiy to be contaminated, unless it is carried further by sur-
tace water such as rein and irrigation water; blown away by the wind, or
picked up vy -he hair and feet of flies or other insects and animals.

On the surface of the ground, only the earth immediateiy surrounding the

Depenc “1g upen conditions.of humidity and temperature, pathogenic bacteria

and ov. of parasitic we-ms wilt survive varying lengths: of time in the
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ground. Pathogenic bacteria do not usua]ly find soil a suitable_ environ-
ment for their multiplictdtion, and will dié within a few days. On the

octher hand; hookworm eggs will survive as many as five months in sewage.

Hookworm_ disease is transmitted through contact of the skin, uysually bare
feet, witii soil containing hookworm larvae. Other parasitic diseases are

also transm1tted when fresh. faeces or sewage is used, during the growing
season, to fertilize ‘#u:8table crops which are eaten rawi

If ground water is_located near a source of infection. within the distances
mentioned above, it imdy become contaminated by harmful bacteria and by

putrid chemical substances originating in faecal decomposition.

From the point of view of sanitation, the 1nterest is in the maximum migre-

tions and the fact that the direction of migration 15 always that of the
flow of ground water. In_locating wells, it must_be remembered that the
water within the circle of influence of the well flows towards the well.

No—part—of_the-area of chemical or bacterial contamination may be within
reach of the circ]e of influence of the wel]

A = Top seii # = Watar-baaring formtion < = Diréctian of grourd-wxiar flow
Fig. 64 Movement of Poliution in Undergruound Wate:
LOCATION OF- LATRINES AND OTHER EXCRETA DISPOSAL FACILIVIES

There cah be no standard rule governing the distance that is necessary for
safety between the privy and a source of water supply. HLany factors, such a

as slope and level of ground water and soil-permeability, affect the removal
of bacteria in ground water. It is of the greatest importarggfcgfioggte L
the privy or cesspool downhill, or at least on some level piece of land, and

to avoid, if possible, placing i% directly uphill from a well. Where uphill
16Cétiéns cannot be avoided, a di. .tance of 50 ft. will prevent bacteriai

pollution of Weil Setting the privy off to either the right ¢.- the left

»
b
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would considerably lessen the possibility of contaminating the ground water

reaching the well. 1In sandy soil a privy may be located as close as 25 ft.
from a properly constructed household well if it is_impossible to place it
at a greater.distance. In the case of a higher-yieiding well, not less

than 50 ft. should separate the well from a latrine.

In homogeneous s0ils the chance of ground-water pollution is virtually nil

if the bottom of a latrine is more than 5 ft. above the ground-water tabl::
The same may be said if the bottom 0f a cesspool is more than 10 ft. at.ve

the level of the ground water. '

A careful investigation should be made before building pit privies, bored-
hele latrines; cesspools; and seepage pits.i- “-zas containing fissured

rocks or limestone formations, since pollut .» <iy be carried directly

through solution channels and without natursi 'ii:.ration to distant well

or other -source$ of drinking-water supplies

Regarding the location of latrines with respect to dwellings,; the distance
between the two is an important consideration in the. acceptability of the
sanitary facilities. The location of latrines, private or communal, at a -

considerable distance or away and uphill from dwellings, will often cause

local people to avoid their regular use and proper maintenarce: A latrine
will more likely be kept clean if it is close to the house or other building
which it serves.

Other considerations are as follows: .
(1) The site should ke dry, well drained, and above flood levei.

(2) The immediate surrounding of the latrine-i.e., an area 6.5 ft.

wide around the structure--should be cleared of all vegetation,

wastes, anag other debris. This recomnerdation may be ignored,.
however; in the initial stages of sanitary development of rural
areas where it is necessary, for example, in order to secure

acccptability of the latrine by the local population, to: avoid

disturbing the natural bush-type surroundings which were previ-

""" v

SLUNGE ACCUMULATION AND HE LIFE OF A PIT PRIVY

The life of 2 pit privy is directly proportional to the time required for
a pit to_fill. This time is determined by the rate of digestion in the
privy. The factors that influence the rate of digestion in a pit are:

(1) the efficiency of bacteriological decompo:ition: .
(2) the degree of abuse to which the pit is subjected [i.e. the stones,

]
“:‘.-;: a‘
0



The rate of accumulation of digestéd sludge and of partially digested

excreta_is not directly proportional to the amount of excreta added each
year. This phenomenon is illustrated graphically in Fig. 65. From this
graph it will _be noted that, after the digestion process has been well
established, the actual volume of material in a wet pit might be reduced -
;1 time to approximately 10% of the total waste (faeces and urine) de-

pesited:. This graph is very approximate, however, and may need to be sut
ciintially modified for different areas. '

In wet pits, assuming that the daily production of one quart of excrement

contains 3.5 oz: of dry solids and that digestion for one ycar under wet-
pit conditions will reduce this mass by 30%, a total of 0.7 oz. of dry_
<olids will remain. Further assuming an 80% moisture contenc in the di-

gested sludge, one arrives at the figure of 3:5 oz: of wet sludge after

one-year digestion period: - e —

Fig. 65 Sludge Accumulation in Pit Latrines
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& = Himan waste (liquid and salid) deposited in ¢t by & fembly of Ve (st the rete of one !ltre,
or quarl, per pers.n per day) [

B = Corresponding Amounia of Aolid wastes alone_{zpproximately)

¢ = Rate of accumulation of sludge, by volume, in dry pit

D = Rats of sccumulation of aladge; by volume, in wet plt

This amounts to 1.3 cu. ft. per person per v=ar. Thus, a fa.ily of five
would require sludge-storage space of 6.5 cu. ft. per year.

It is recomnended that for_the design of the effective capacitly of wet-pit
latrines a provision_of 1.3 cu. »t. pér person rar vear should be ailowed.

If cleansing materials s:ch as gras3, stones; med balis; coconut husks. or
similar solidé are used, it is recommended that this “7aure be increased by
50% to a total of 2.0 cu. ft. per person per year.

Digestion of solids is about 50% less vz2oid ani less complete in dry-pit
latrines t4am in wet-pit iatrines: In designing dry-pit latrines; a pro-

vision of 2 cu. ft. per person per yeéar is recommendeu, to be increased
. gtf;‘,“: ) .
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resulting economic loss. Therefore, between these two extremes a solution
should be found that will give the most in health protection and; at the
same time, will be within the economic possibilities of the people to con-_
“struct and maintain. Every sanitation worker should carefully consider this

“aspt:t of the problem, not only as it applies to privies, but alsp as it
relates to every other type of sanitary improvement. It is relatively easy

to decide on a privy campaign for a rural area from a health department
office situated far away in the state or provincial capital simply by
choosing a design that appears to be satisfactory because it has been uset

somewhere in the world. This is the kind of privy program which has re-

sulted in empty, abandoned, and unused installations in so many places:

COMMUNITY PARTICIPATION /

A program of.riral sanitation cannot be successful witnout the participation
of the local community. To be truly effective; environmental sanitation -

needs tue understanding, the support and the active partici.ition of the
people concerned: Mere technical improvement of the envirc:.m@nt without

public education in hygiene and sanitation, based on local customs; tradi-

tions; and beliefs, has again and again proved futile.

One measure of the success of a rural sanitation program * its power to
sustain itsé1¥ _and grow: In_order to achieve this succés:; it is necessary

o find ways of gaining popular support and cf overcomin. jopular objection. , s
_ both, health education of the public plays-a—major rc’:. In theformer - - /
instance. attention must be given to the structure and c:ganization of a . :

progran 1:.iich will fit into the local social and economic system, “More :
importent still is the desirability of bringing the pe:ple into_the program
as partne:s. _In the pursuit of the second objective, the assistance of a

competent health educator may be requirsd. It is very likely that; even

befor: iezcning the st. e of overcominc popular objection, you may have to

undertaks - he task of isturbing the a::-uld apathy and inerti. which grip

the peopic. ur axavi2, the fact thuc a community is without adequate -
excreta d,sp:sa! faci:.iies immedietdiy Suggests to a health worier the = /

need for providing latrines. However, the community may not be ready for,
or interested in, such facilities, or may even < .hostile to them. To. /
insist upon the immediate introduction of_latrines into a community under
such circumstarces is not 2 wise move. Always guard against doing things

to people and for people before you Kave fostered individual and local

initiative, respersinility, and self-reliance on a well-informed basis:

v

This k~a’th education stage can be tha most difficult hurdle to clear.
Cnce “t ‘s successfully passed; the program will move at a faster rate. _
"For example; in the rural areas of Several latin American countries vhere

cormunity-health programs hav: been going on for some time; privies are

const-ucted almost exclusively by the families; with the health department
" supplying the necescary guidance and the roncrete privy slab either at
cost or gratjs. Ii many places the demand for slabs is always greater

tian the supp1y{

Experience siows that the most important factor in getting the community ]

to participate is to bring members from all its segments into the prozram.
The people must; however, understand what the pi .gram is all bout. This ° .

*n
4
.-

"?s

-
L 1]




-176-- -

may be achieved by working 1.:. *h the village council, if one exists, and
if not, through a village commnittiee set up at the planning stage and com-

prising prominerit and respected lecaders of the community. Further progress
will come from the assimilation and use of scientific excreta disposal _

principles by 'the villagers themselves; and this'can be realized only i
they_take part in the survey, planning, and conduct of the program.. One _
shoyld expect that initial progress will be rather slow and that™it may be

necessary to plan the program in successive stages stretched over a period

- of time:

- -The practical-application of these principles is essential-for lasting
progress in rural sanitation. In addition, a specific local project or

activity in sanitation initiated in response to a local demand can serve

as a very practical basis for stimulating local ‘interest and participation

e in attacking other basic problems, and thus act -s - important spearhead K

for the promotion of community development.
) T ——
i v

Since one of the ultimadte objectives of a sanitatiop program in a community

is to get the family to solve its own excreta disposal problems (within

reason, of course); 1t!is important that each family unit participate in

some way in'its execution. Whatever the nature of the sanitation needs .

and related health problems; you can gain_the interest of people by a
sympathetic and practical approach to-their problems. People who come to

a health center or dispensary (mobile or stationary) seeking treatment of -

intestinal disorders are usually receptive to suggestions as to how to

avoid dysentery-and diarrhoea. Full advantage should be taken of such op-

porturities to help make the ‘péopie aware of the measures which can be ap-

- plied at home and in 3hé.t6ﬁm0ﬁity,tgfprevent these conditions. Practic::
- demonstrations and dis ion uction, ai

of visual media based 'on local situations-e.q., photographs, slides; pos-

ters, film strips; film exhibits; and others-may be particularly helpful.

cussions of latrine construction, aided by the use

& Once the family is willing to participate in the scheme and to learn a

new habit, you must be ready to offer a solu~i.n which: is acceptable and 3

as simple and economigal as possible._ When sanitation.and personal hygiene

beceme habits; the health ‘program will have made tremendous progress.

B A o R
The saniiition,wgrt cannot be considered completed, howeyer, after the
construc! L 7 or latrine:in fact, it |

You must remain continuously in touch with tho family to_stimulate:and

educate its membersi%to using and maintaining this facility, which cten

ior, of the first privy or latrine:in fact, it has just begun.

has been constructed after hard ar? t<me-consuming labor. T! 7
educational process involved requires the co-operation of th. oo
___staff, in your area. [Success has been achieve’ only when the - : i
accepted the privy as |a part of its way of life; and is willire - 5’ ‘
tain it; to vebuild it; and to move it to @ rni- 'ocation, as necessivy -/
demands, and even to become a disciyle in-teachi:ig the neighbors. o /

Mention has been made [of simple and economical solutions to the family's ;
excreta disposal problems; Finding rcasonable solutions-considered to be F
i ) ’ '
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- ona of the keys to achive .anily part1c1nat1on These are not always
~ to find. Undoubtedly tnere are places where nature; aided perhaps by

makes it very difficult, if not impossible, to dev1se s1mple and econ

facilities: In these situations, ingenuity and ability are taxed to

1imit. You must be resoyrceful in making use of available materials
in organizing the people of the community for the difficult tasks at
In some instances extra. technical-and financial assistance may be req
from the local government health department. The family cannot be ex

to perform difficult and compl1cated construction operations. You sh
strive to propose and design solutions that are within the means and

of the people to _operate; maintain;. andé;eplace This_ is true of a

family privy, a village well, a public wdter supply system, o+ large
and sewage- -treatment WOTKS . )
N

As to actual modes of. obtaining family part1c1pat1on, the bast _method
those in which _jin#tial work and expenses are shared. by the family and
healthauthor1t@ ; or other agencies. Family contribution either may
financial or ma

contribution byethe villagers, is highly desirable, it will be found

tageoys in the Erly stages of a program to secure the actual partici
of the people ir 4the Work, which is being executed for their own bene
Peonle are more Tikely to put into daily practice those learning expe

itake the farm of labor and materials. Although fina

in which self-initiative and self- -help are considerable, even if the

of the self-help is limited to the provision of manpower and .ocally
able material. :

" In anseffort to g1ve proper. importance to the construction of privi

_In_anceffort to give proper important S
. ==~ -. has been made in Latin America, with remarkable success, of simple g
between thr ‘health. deparcment and the. head of the fam® ly .- - Thé cont

understand1ng can ar1se " This impresses- on the fam11y the 1mportance

both parties attach to the privy as a vital element in househuld heal

The applicat1on of this techn1que ‘depends on a pat1ent and enthus1ast

over the need for a sanltavy privy and the benef1ts which can be deri
from its daily use. - .
Another technique used with success in sone countries in South-East A
emme e -CONST5ts _of "selling" the--program_to respected leaders of the -communi
and helping thei, first, to install their latrines. The possession o
san1tary latrine thus becomes associated with a pos1t|on of* prest1ge
the community. : ) :
ROLE OF HEAETH DEPARTMENT AND OTHER AGENCIES
J

. The health department (if one ex1sts) should be approached for assisti

in crganizing demonstratioi or pilot schemes of excreta disposal. Su
: demon,trations shou’d be carri*d out f1rst 1n health and welfate eeng

excreta d1sposal units in’ vaf1ousdslaggs_gﬁ__.ﬁt etion is a des1rable

-in a planned sanitation improvement and training, program:- _The health
partment should help to make ava11able to the pebple and their leader:

! R i
" \ |-
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jeafiets and manuals covering the design, construction, and operation of

excreta disposal facilitiés that fit the conditions encountered in the
areas concerned. ,

Wherever bad construction, poor ventilation and lighting, lack of washing_

facilities, insanitary toilets; or Similar deficiencies exist [in schools],
children will be absorbing wrong ideas and learning harmful habits which
may never be eradicated...Similarly, a well-built and well-kept latrine
may be far safer as well as of greater fundamental education value than a

porcelain and tile toilet which is allowed to become dirty and a nuisance.

will have little-if any-effect on children. It -is well known that children

learn by doing and through’ example; two facts which can be used to_advantage
in leading school children into the practice of a sdaritdary way of living.
It goes without saying that-you should lead. the way and give the proper ex-

ample to the people by living and working in sanitary surroundings:

Under certain circumstances, the role of-the health department should be.
increased scope and importance. Such situations would arise, for example,
in areas where crowding of houses or hard ground conditions make it neces-

sary to put in some kind of collective sanitation facility, deep-bored holes
inside houses, precast hand-flush installations.in houses; or other types of

excreta disposal systems which; because of physical circumstances, cannot be
erected by the families themselves. In these cases a_government, through

its health department, may need to set up and maintain an efficient organi-
zation to .carry out excreta disposal construction work: .Here also the ac-
tive participation and contribution of the local populations in the form
of labor; materials, and money are absolutely required for the Ultimate
success of the excreta disposal program. The pcople should never be led

to rely entirely on the health department for the provisjon, maintenance; or
renewel of their sanitary facilities. An alternative solution which may

sometimes be used involves the formation of canstruction co-operatives by
the people themselves under the sponsorship of the health department with
your support.

PUBLIC VERSUS PRIVATE LATRINES

public latrines, or "multiple unit" types,-are usually constructed in markets,

\ camps; schools; factoriés, slum districts, and similar localities: .They are

‘also useful in other places where large numbers of persons congregate oc-

qasiohally!7prgyerqW;hqgﬁpg[mgnéptraﬁd close attention i5 available to
ensure cleanliness and proper operation.

Except in unusual circumstances though, multiple units should never be sub-

stituted for_the individual family latrine, True; it is cheaper and less
troublesome to construct a few communal latrines in a_community than to
build a large number of individual latrines at the rate of one unit per -

family. In addition; a good solutign to each family's excreta disposal ;
problem is not always easy to find. For such reasons the construction of
the communal type of excreta disposal facility was accepted in the past,
even in urban communities: However; it was discovered after a few years'

use that these public latrines were employed by only a portion of the

/

193 ;



178- -

the orig1na] practice of defaecating anywhere It was then believed that

two reasons for this situation were inadequate design and the lack of

cleanlihéss Attempts were made to 1mprove these elemehts, but 1n most

failures:

It shou]d be pointed out that the community is generally made respons'lbt

for the maintenance of public units: Usually communal. administrations are
notoriously poor and ineffective at maintaining even the utilities that
offer great convenience, such as water werks and electric light systems,

let alone a communa‘,pr1vy which many do not consider essential in any case:
This does not mean. that the construction of public latrines should be dis-
regardec: but keep heir 1imitations in mind and remember that they will

not be. aatomat1ca11y and eff1C1ent./ mﬂntamed by the community: The

matter of ma1ntenanre as much. as, or morn than, the fami1y So long as

the effort (o ensure good maintenance must be made. it is deé1ded1y better

inspector.

Put1ic Tatrines; therefore; should be built only where absb1utéiy necessary
anc shou,d be drsigned to facilitate mainténance and constructéd for perma-

'c1c3; as far a. possible. They must be kept clean at all times; for, un-

‘ess cleaniines: 15 _observed; they. Wi?i not be used. Water and other ma-

HUMAN FACTORS

In all matters of excreta disposal, human factors are as important as tech-
nical features. People, especially inhabitants of rural areas, will not
usc a latrine of a type which they dislike, or which does not afford ade-

cuate privacy or, finally, which cannot be kept clean:

Reqard1nq the type of latrine which should be selected, the preliminary
sanitation and socio]og1cal survey will indicate the types of facilities;
if any, in use in the arca. The first step in design will therefore be

to try to 1mprove the existing system, retaining as many as possible of its
‘sociological’. features. Two exawples may be cited to illustrate this im-
portant point. Water-flush-type latrines with risers and seats, though best

from the sanitary standpeint, have not normally been found acceptable by
people who are used to defaccating in the bush in a squatting position. In
another instance, pnnp]e readily accepted pit privies which were built with-

in a thatch and bamboo enr]osure without .a roof, as they preferred to squat
in the open air. Evervwhere in the world peop]e,hageicerta1nitgpogs w1th
respect to the collection and disposal of human faeces. While it .is impos-
sible to study them all, you should pay much attention to them and should
avail vourself at all t1mcs of the assistance of experienced health educa-_

tons, social anthropolonists, or sociologists to discover the right approach
to the solution of the excrnta disposal problem of rural communities.

v
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The next important human factors to be considered are the matters of pri-

vacy and of separation of the facilities provided for men and for women.

Various systems have been designed to provide privacy; they are shown in
Fio.gs together with those for separating the sexes. It will be noted
that latrine doors should preferably open inwards: ‘

4 1at ‘ine; whether of the family or comiunal type, the design of which does

not allow easy cleaning will also not be acceptable to most people. In
tyis respect; smooth, hard-surface floors cf concrete, cement, brick, or

<i tar material® are best because it is easy to flush them with water.

A latrine which is designed for too large a number of people will proba-
bly_get dirty quickly and remain 50, with the result that late callers

Will prefer to go nd defaecate around the latrine building or in a neigh-
boring bush. A nne-hole latrine is adequate for a family of five or six
persons. For commrzl latrines in camps, markets, and similar places;

one hole should be provided for every 15 persons; and in_schools; one hole
for every 15 girls and one "ale plus a urinal for every 25 boys.

t

. ool ’@

A = These two iayouis ensuré complete scparation of the sexas.
8 « Seml-private Instatiation- - Snad-iype enfrance. Defaecation
passafo whén Iatrine floor 15 dirty,

mey taka placs in corridor
C = Preferred types, ensuring complete brlvaéy-
Fig. 66 Privy Designs Ensuring Privacy and Separation

of the Sexes
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SCOPE. OF DISPOSAL SYSTEMS
IN HOST COMMUNITIES
LESSON NO. 1 :

LESSON OBJECTIVE: Define the ¢! racteristics of an adequate sewage
disposal that meets the basic requirements of &
¥lllage or rural environment.
__TOPIC _ INSTRUCTIONAL PROCEDURE SUP’}EEL”;E”LFME" ggffg"tw
Disease Trans- Illustrate - Charts of Figuie Tal
mission 1) the environmental conditions
2) the agents and the avenues necessary
for the transmission of disease from p
excreta. B N
‘; . ”-73.’ :
S - - R - 74)‘
The Adeguate Cutline the characteristics of an adequate
System system.
‘eihods of Rural | List the rethods available to block the
- Sanitation avenues of disease transmission.
List which of the above is the most
economically practical.
Discuss the character of Rural Sanitation in
-1) the pit privy ) the Tropics (inclusive)
2) the vater s&al latrine
3) the cesspool
4) the seepage pit
5) the septic tank: o -
Organize students to estimate the relative
-— cost of these systems from the list cf
components.
e

I
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Aruitoxt provided by Eic:

LESSON OBJECTIVE:

-IB?-
SCOPE OF DISPOSAL SYSTEMS
IN HOST COMMUNITIES

LESSON NO. 2

Discuss the factors that must be considered in locating

sanitary facilities and the determination of the type

of facility to be implemented.

INSTRUCTICNAL PROCEDURE

T SUPPLEMENTAL MATERIALS

RELATED READING

The Moverment of
Pollution

privy Location

sigestion ot
Excreta

System
Requirenienits

Generai ¥ 7t6§s

Discuss ‘the movement (Jerticaligggigorlzohtal)

Qf”gaecﬁi borne dizeases and chemical pollu-
tions:

Kecall the distances sanitary systems must be
from water supply sources when located in
homogatieous soils, fissured limestone forma-
tiotis and sardy soils.

in the locatlon of excreta disposal facilltleq

tist the most probable weight (wet and dry)
of excreta produced per day per person

Recall the factors that influseiice this figure.

Outline the factérs that offect the extent of

digestIOn in a pit privy.

Llst the most ptébabie rate of uiudge build-

up in wet and dxy privies.

Discuss the factors that influence this flgure

various volumes.

Assemble studentc for an individual perfor-
risnce test in which they determine.
1) the number of facilities required
2) the variocus volumes of these
facilities (pit privies) for a
community whoce population and

population distribution is given.

"

" Qutline the peneral factors that nust be

considered in detérmlning the type of

facilities to be implemented.

197

Diagrams iiiustrating
the undergrounc movemer
of pollution. -

. Irticle XI, p. 10-1k

A Chart of Figiire B.



SCOPE (7 DISPOSAL VSUEMS.
IN E3ST COMMIN ZES

L 2SSON NO. 3

| LESSON OBJECTIVE:  Discuse the socialugical factcss that must be

- considered in ﬁiéﬁﬁiﬁg a rura. or villsge

¢ispos:x system.

' —— —— SUPPLEMENTAL MATERIAL
T INSTRLCT CNAL PROCE .URE ~ | SUPFLEMENTAL MATERIALS

'.

_cectal ‘ictors im

; Outline the socisl factors th:: zontribute WHO Monograpn Series #39
Civy Silection,

to the success of an excreta d.sposal p: 17-38.
progranm.

e L

STivy Ziterioss Demonsirate how to alter priv: exisriors

to be :ompatible w-th the attovudes and
practices;.of hygieae. .
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BESTGN FOR A VILLAGE ;

A san1tary survey and a descr1pt1on of the area where a disposal system

will be installed is necessary so the project will ensure the public

health. This section covers

progects of the pr1vy type:

situation.

,{ \

the decign and construction of disposal
The trcinees will learn to construct sev-

. eral types of privy and be able to make the proper select1on for a given
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THE PRIVY METHOD OF EXCRETA DISPOSAL i

OBJECTIVE:

TASKS:

le:

1.

12.

DESIGN-FOR A VILLAGE

extends the present system to provide minimum _ _
satisfactory service within the community's social
and economic 1imits of acceptability.

Establish criteria that proposed system must meet:
Define the capacity of the present system.

Sketch the location of any disposal facilities with

respect to any water supply sources; irrigation

systems, and focc supply areas.
Determine whether these facilities are potential

sources of contamination of any of the above.

chldisposal facility that is a potential
soirce af contamination, deterimine whether a feasible

means for arresting this situation is available:

Estimate population and define the community's
capacity requirements for a disposal system.
Determine whether the presenf system is adequate

i terms of the community requirements and the ,
design criteria established above.

1

Define the extent to which new installations are

necessary:

o , . oL L . $ .. - . o _._
Determine the attitude toward sanitation and the

practices of personal hygiene in the community.

Determine which types of installations are most

likely to be maintained by the community.

Determine where any new facilities should be located

so that:

a. They do not contaminate any of the existing
water supply sources. .

b. They are dry; well drained, and above flood
“level. . .

c. They are compatible with social attitudes in
the community.

Identify the types of pit privy systems that satisfy

the desian criteria.

41



-186-

15.

B //‘ . 16.

17,

FUNCTIONAL
L
2.

10.

1.

Determine what material and financial resources

are available.

Prepare a plan to acquire pubtic support toward ;
and finances for the system. i

Select the privy system that is most ?éé§iBlé.

Set up a prcqram to construct this pr1vy system.:
€arry outith1s prOgram.

SKILLS:

Bore a test hole with a hand-held auger. *
Determine how far_faecal borne dfsea?es can ‘be

carried in each of the strata or soils encountered

in the test hcle:
Conduct a survey to determine-the population of
the community.

petarmine the ﬁiétt1ces of hygiene in the cawmuniiy;

Ident1fy the components of var1ous types of pit
privies.

Dig a pit;“
Mix concrete

Construct structures w1th B?ick stone masonry, and

. rough cut’logs.

Train locaI persons 1n the masonry and carpentry

§ki11s needed to build the system:

Provide instruction:in the maintenance of the system.

TERNINAL PTRFORMANCE TESTS:

1.

Hith a hand-held auger, bore a hole; with horizontal

dimensions of from 4 to 12 inches to a depth of 24

feet_and determine how far faecal borne_diseases can

be carried in each of the strata or sofls encountered
in this test hole. _ o s

L Y
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THE PRIVY METHOD OF EXCRETA DISPQSAL =
DESIGN FOR_A VILLAGE

{cont:) Y

beferﬁihe the ﬁ65618f?66 of a aééfﬁﬁéfea Eéﬁﬁﬂﬁity;

pits; holes; and tanks

Determine theggract1ces of personal hygiene in d

cesignated community.

O “a written exan1nat1on ‘sketch three different

esigns for pit wr1v3es and list opposite each one
f these the matnriais needed for construction.

Given the designs and_materi.is needed to constrict

a pit privy; in a field exercise, construct this
privy.

1

/
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THE SANITARY SURVEY - .

%" In most rural areas, community sanitary surveys are usua1]y necessary tcogob

. tain first-hand.information concerning local sanitary conditions and neecs.

Such surveys, undertaken with the participation of local leaders of the
community, will be ¢of immense help in program planning and evaluation:

Such a survey should cover the followina factors.

. DESCRIPTION OF AREA

c

1. 1ocation, topOgraphy, ciimate, character; conmunicatiqns. maps.

2: oeology and” hydroloqy, with particular reference to nature of top
and underaround layer: of the soil; its porosity; presence and_
abundance of aqround water'(if, any), direction of flow, leve! of "

’ around-water table. its appearance and potabilitv. ‘estimation of
ytelds of springs, rivers, and so on;
3. popu]ation--number constitution by age-qrgpps and sex, density,
: arowth; . P :
S "4. industries and aqriculture. with particular reference to irriqation.
drainage, and soil fertilizing practices;

. ﬁL ‘ ‘ ;' ;

MEDIEAL AND SANITARY DATA R

1. oqeneral health of the population, with special ehphasis on “communi ="

cahle diseases and on intestinal infections;

2. vital statistics, mortality ahd morbidity data;

o
(98]

personnel, budpet, and activities of voluntary or other agencies in
the field of sanitation; . o .

’health and sanitary administration, with reference to organization, .

,,,,,,,

7 4. existing sanitary conditions ir the area, with reference to descrip-
v tion of private and public latrines, their distribution and use}

to wells, springs, and other systems of water supply (includine -

such information as number of persons served by piped water- -supplies,
and by wells; the cohsumption and uses of water; number of dwellings
with ‘private water supply, etc); to wastes colleetion, disposal,

and composting; to milk and food sanitation; to insects (flies, fleas,
lice, mosquitos); to health aspects and standards of housing, and to
school sanitation. “

5. _sociological and cultural patterns, with particuqai reference to
comnunity and family organization, leadership; customs, beliefs, and.

habits bearing on personal hygfene and community sanitation; ‘present
methods (if any) of health education of the public.

RESUURCES AVAILABLE

‘1. -general economic level of the popuiation, average income per workers
a r
7
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:\
. % -
2. co-operation expected from agricultural; sducational; and other.
. agencies or groups for training and health education of the public; -
: 3. housinc and vehicle transport for program, vehicle and equipment
. repair and maintenance fac111t1es. sources or power {electricity;
fuel}; ‘ .
4. loca! zonstruction materials and their costs;
5. 1local craftsier and wages;
6. potental resources for self-help;
e _ This 1vfovnatwon h:s an *mportgg;ﬁpg§[1ggfgnf;hgfproaect andmakes 1t
o possibie to make a reasonably accurate cost estimate. Such:a survey
, is_a useful educat‘onal tool and also serves =0 acquaint the PCV with
C s *he farmil‘es and with their customs, beltefs, interests, and attitudes.

“In short; it helps to prepare a "social map" of the community.
THE PIT PRIVY

‘DESCRIPTINN , \

The p‘, o%ivy consists of a hand- ddﬁ hole in the ground covered with

th
"1‘her a ,quatt1nq p1ate or a slab prov-ded with riser and seat. A

superstructure or ‘ouse is then built around it.

'ESIGN ANT FUNCTION OF ITS PARTS

- The. ‘unctign of the pit _is to isolate and store human excreta in
- . such a way that no harmful bacteria can be _carrjed there from to_

v

2 new host. The pit is wusually round or square for the individual
.éﬁ--y,wnsta11ation and rectangular for the public latrine; Its :
cimensions vdry from 36 in. to 48 in. in diameter .or square. Com-

- mon “igures for family latrines are 36 in. di ameter or 42 in,.
S scuare For public installations,; the pit will be 26 in. to a0 in.
' vide: its lergth will depend upon the number of Holes provided.

’hn _depth is usually-about 8 ft: but may vary from 6 ft. to 16_ft,
. In I»an, and g@isewhere, some pits. have been dug to a depth of 23-
- 76 7t in so’lg which are very stable :

-

L1n1nq of the P1t . -

1t is o‘ten necessary to. provhﬁh a p1t lining to prevernt the
. sades from cavnng in. This -s true especially in rainy sea-

sons where privies_are dug in fine-grained alluvial soils;

sandy soils, and similar forrations, or when they penetrate
deeply into around water. [ven in stable soil formations, it
is desivable to line the top 16-24 in, of the pit in order to
consolidate, it and,_toprevent it from caving in under the

-

wr1nht of the; floor and the superstructure:
e
atnr1als convonly used for “his purpose include bricks. stones,

concrete bTocis. laterite blocks, adobe materials, lumber -




-190-

fbugn:ﬁé@h”iggglfsp{ff cane, and bamboo: When the first five

materials mentioned above are used; they are laid with open
joints over mcst of the walls' height and with mortar near

the top of the walls, the reason being that with these materia’
the 1ining also serves tsefully as a base for the floor. Brick
linings should preferably be round, not square, as they then

develop arch action and are much stronger for the same wall
thickness. Wooden logs and bamboo should be used exclusively
to support the walls of the pit, not as a foundation for the

floor. Rough-hewn logs will of course, last longer than

L - ~ bamboo linings. If possible both logs and bamboo should be
tarred in order to-increase-their-useful:life. The use of
rbtiahd_termite-resistant woods is recommended wherever pos-

Where a lining is necessary; it is often given to the family
by the health department; along with the floor or sTab.

The Base , e

The base serves as a solid, impervious foundation upon which the
floor can rest. It also helps to prevent the movement of hookworm
larvae. Properly made of a hard, durable material, it helps to
prevent the entrance of burrowina rodents and of surface water into
the pit. Pit lining in most cases will serve as a base although

it may need to be strenathened at the ground .surface.

The foundation should be at least 4in. wide on top in order to_

provide a good surface for the floor to rest upon, and 6 in: or
more at the bottom in order to give a stable contact with. the
around. -"ts shape will be that which will fit the pit. The base .

should be hiah enough to raise the floor 6 in. above the level of
the surrounding ground, thus, with the mound; protectina the pit
from flooding. ' : .
The following materialssmay be used in the constriuction of the
* base: . . !
a. .plain or reinforced pre-cast concrete--same mix as Floors;
b. so0il cement=-5%-6% cement mixed with sandy clay soil and
tamped at optimum moisture content;

¢:. clay--tiaht clay, well tamped at optimumsmoisture content;
d. brick--mod-dried, burned, adobe, etc.

e. stone masonry;

f. rough-cut logs--hardwood; termite-resistant.

The Floor

The floor supports the user and covers the pit. It should be con-
; structed so as to fit tightly on the base, with a minimum of small _

cracks and openinas between the surfaces. _The _squat-type plate or
slab for pit privies is the most suitable for rural conditions in

e « rost parts of the world. However, in many countries a slab_provided

‘ with a riser and seat may be found to be more acceptable. This
aspect of slab design requires careful consideration. An eminent
- 7ealth educator and social anthropologist has stated that customary

posture in defaecating is perhaps the single most- important fact

s .  205.
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The floor or slab should normally extend to the superstructure
walls, as a peripheral earth strip might be soiled and become a

medfum_fcr hookworm infestation. It should be made of a durable

‘mpervious materfal with a hard surface which will facilitate

tleaning. Materials commonly oniployed include:

. reinforced concrete; = = =

reinforced concrete with brick filler;

. wood; - . I } , . L
built-up floor of small-diameter wooden poles with chinks

- ¥1{11ed-by-mud-or-sed}-cement-mixture.. * __ -

Qoo m

~ost practicable, most acceptasie, and creapest material for the

~rivy ficor. Wooden floors come-next in the-line of preference. :
_Built-up" floors; are less de-irable because they are difficult
*5 keep clean and, as they qet soiled (especially by children),

are likely to spread hookworm.

o

Latrine slabs or floors may be round, square, or rectangular:

*hen slabs are to be made or east at a central shop, {t_is _advan-
+ageous to adopt a standard shape and sfze in order to facilitate

"oroduction. The size of concrate slabs, which influences to a

cartain degree the cross-sectional area of the pit and the size
~f_the superstructure, is governed by their weight and by the

_difficu!ty of “ransportation (where this applies).

A1 factors considered, approp-iate dimensions for concrete slabs

may be 39 x 39 in. in over-all size. Such a slab will weigh
aoproximately 3C0 1b. 1f the average thickness is 2.5 in, Smaller
slabs, 3 x 3ft. have been built where it 1s easy to complete the

flocr at the site with a cement surface: Round slabs; 3 ft: in
diameter,; have also been used. Their advantage is that they may

Seé roiled to the latrine site instead of being transported. o
“he thickness of slabs also varies a great deal in practice. In
crder to reduce weight, the tendency, of course, has been to
reduce the.thickness to a minimum consistent with safety. 1In

and the reinforcement available. When these factors are satisfactory

~he_slab may be 2.5 fn. - 3in. thick on 1ts edges and 2 in. thick
at i1ts ceqter. A §lab ) yd. square will then weigh approximately

286 1b: The.surface of the.slab will slope towards the hole,;
which 1s an advantage in Asian countries where water is used for
anal cleansing. Wrere solid c'eansing materials are used; the
slab may be of uniform thickness throughout; but not less than

2.5 in. thick.

where 1t_1is not possible to cast concrete slabs in place and where
*he problem of transportation is serious, the possibility of cast-

‘ng the 'slab in four parts may be considered:

BEST COPY AVAILABLE
Ny 206



-192- -
With respect to the shape and size of squatting plates; the fol-

lowing are important considerations:

1. The opening should be large enough and shaped so as to minimize-

dE,béttéi;,bfé?éht;isbiljhg,bffthgfflggr:,”Agfggenjp? having an
effective 12ngth of about 15 in. preferably more; will satisfy

this requirement.

2. It should not be so large that small children may fall into

the pit. An opening having an effective width or diameter

of 7 in. or less will satisfy this requirement.

in communal installations, the numder of openings will depend on

¢, I1t-is good practice to provide
one hole for not more than 15 users, preferably one for each 10-12
— - persons ST e e e = — i T - o

it 1s often recommendedthat squatting plates should be providea
with slanting foot-rests to minimize the possibility of soiling
the floor. Foot-rests usually form an integral part of the squat-
ting plate and should be designed to be used by both adults and
children. When foot-rests are not properly built--for instance,

when they join the floor at a sharp angle or are excessively 1ong;:

Iy

etc.-~they make 1t difficult to clean and scrub the floor.

finother factor affecting the acceptance or rejection of a privy
by the users is the free distance from the opening to the back wall

of the latrine. When this distance is too small; the back of the

user will rest against the wall; which may not at all times be
very clean and free from ants or otherYnsects. Also, there is a
chance _that éitrété,m3¥,§o!1 the upper portion of the pit wall.’
Yet this distance should n :
a likelihood that the back part of the floor will be soiled. The
minimum distance between the rear edge of the opening and the
superstructure wall should be no less than 4 in. preferably 6 in.
and maximum of 7 in.

not be too large; otherwise there is _

The Mound
The function of the mound is to protect the pit and base from .

surface run-off which otherwise might enter_and destroy the pit.
It should be built vp to the level of the floor and be very well
tamped. It should extend 20 in. beyond the base on-all sides. In

exceptional cases in flood plains and tidal areas, the mound may
bgf@gi];fugf;gnsjqcrah]y above_the ground for protection against
tides and flood waters. It will normally be built with the earth
excavated from the pit or surrounding area, and may be consolidated

with a stone facfng to prevent it from being washed away by heavy

rains. In front of the entrance door; it may be_preferable to
supplement the mound with 2 masonry or brick-built step. This .
helps to keep the latrine floor clean . .

In the Phillippines; where the dwelling is often built above the L j
ground on piles, the latrine floor is also elevated; and a drop- )

pipe leads-the excréta downward to the covered pit below: This
is called the "antipole" system. . .

03 207 BEST COPY AvAILABLE
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The House or Superstructure

The house affords privacy and protects the user and the in tallation
from the weather. Fig. 67 shows various types of houses, and a

typical wooden house frame for use in rural areas: From the
sanitary viewpoint, the house is less important than the pit or

the floor. For this reason, when latrine programs are undertaken

on a campaign basis, the house is often left for the people to
erect in the manner which is most satisfactory to them with only

general advice being offered by you. Standardized superstructures .

are desirable; however; from many standpoints; among which economy
of construction and durability are most important.

A 6%6bé?iy Buiit superstructure §ﬁ6ui3 conform to certain rulés,

1. Size. It should preferably ?i'ﬁﬁé dimensions of the Floor —
or_slab_and should never be too large; lest people be tempted to

defaecate on any part of the floor at times when the area around

———— - -—the-opening—has-been—soiled by prévious users. The helgb%—e¥—4#uy -
roof over thn slab near the entrance door should be 6.5 ft. or

more.

2. Ventilation of superstruclure. It is desirable to provide
openings 4-6in. wide at the top o the house's wa]]s to facilitate

constant ventilation:

3. Lighting. Natural 1ight should be available wherever possible.

Yowever; the superstructure should provide sufficient shade over an
uncovered seat or hole in order not to attract flies.

4. Cleanliness. A superstructure which is left dirty and in a

constant state of disrepair will soon be abandoned and unused as

a latrine. It is therefore extremely important that the house bé
kept clean at_all times; both inside and outside; and that no
soultry or animals be housed in it. White or colored washings

of the superstructure should be gnqgurgggglrand the vegetation
immediately surrounding it should be trimmed. The roof should.
cover the house complately and have a large overhang,to protect

the mound and the walls from rain and roof drainage. One of the
duties of the health department staff,especially the sanitarians )
and health educators, is to provide constant advice to the family

recarding the cleanliness and the proper use of the latrine:

, Example Privy Shelters : ' 2
DrawingsfgffséVéral de°1qns are providegfgnwthgfnggt ‘page. The .
- structures shown have been found satisfactory in many parts of .
the world. )

" Tools and Materials needed for construction include:

A sheet of corrugated shent metal roofing. 4 ft. x 4 ft. or larger

Wooden posts 2in. x 2 1n:, 66 feet long_ _ _
3oards; 8 in. wide; 374 in. thick, 132 feet 10ng
Nails, handtools, paint (2 quarts)

208 y
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EXAMPLE PRIVY DESIGHNS

PIT PRIVY
This is the s1mp1est recommended 1atr1ne or pr1vy. having a_hand dug
hole, properly mounted slab and a shelter. This is the most wide-

spread and satisfactory type of latrine, when properly designed, built,
and located.

.

Tools and Materials | T [ —-

Materials for building the shelter

Handtools for digging the pit, concrete construction and bu11dina
the shelter.

Petails

—- . The pit is round or sguare. about 3.5 feet in diameter or for each

; 51de and usuaJ]y 3 3 to IO feet deep The p1t may have to be .
- ' - 1n—ha¥1d—301—1—-—a-t—157

so as to make a solid base for the slab and shelter. 19 ﬁﬁjn;hes
of *he top of the hole can be 1ined with mortar for this purpose.

The following table will help you to estimate the depth of hole
to make., The top part of the table is for a wet-pit privy; where
the lole penetrates the water table and the contents are usually

guite wet:
Table 10 ' PIT PRIVY CAPACITY FOR A FAMILY OF FIVE
- " Estimated volume and depth* for hole with 10fFt° area
it Years e
- . of. Personal Clkansing Material
.Type [Service .
. Water . Soiid
; , P — I . 5 a1
< g volume ft~ and dep h ft volume ft” and depth
e 4 26 2:6 40 4.0
WET 8 52 9.2 80 8.0 1
- L 37 9.7 150 5.0
. - 3 40 4.0 60 6.0
pRY [— B J214] 3.0 1720 B )
D 150 LY - - .

One and a half feet have been added to the depth since the pit is
considered ?ul] when material is that distant from *he slab.

The base serves as a so]id.fwaterproof support for the floor: if'
- also helps to prevent hooEworm larvae from entering. Properly
made of a hard, strong material, 1t helps stop the entrance of

I
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by 50% in cases where the types of personal cleansing materials normally
éﬁib]ﬁyéd might indicate that such an allowance {s necessary.

it is fur‘her reccmmended that, where practicable, wet-pits should have
a minimum depth of 10 ft. With regard to pit storage capacity, it is

desirable to desion for as long a pericd as possible, {.e., for 10-15 years,

However; ‘t 1s recognized that; from tFe s“andpoint of cost; or because of
difficult‘es in supporting pit walls ir unstable soil formations, i1t might

sometimes be impossible to attain this objective.
strongly recommenced that pits should

four years.

Wet Pit

Service lite

waler - - solid

TABLE 71
Volume & Depth
“or Rural Latrine
With Cross-Sec- = : E——
— < tional Area o°

|
|
: « yobre Gminimum)
1

~ Dry Pit e —

Service iife

9 Sq. Ft. (For
ramily of five)

4 yoare (minimum)

§ yoore

18 yaars (masimom) ™ 1Y ] - -

¢ Depth Given Is eflective bit depth; and 1-3 ft (3080 cm) sre usyally sdded 10 obtain over-
oll Copth of pht.
ja§ie71”sﬁ§g§"§ﬁ§7ﬁiiﬁﬁéjﬁﬁgﬁéﬁﬁ;aiHGHEi665 for household 15ifiﬁé§,?6?
families and gives varving periods of service 1ife based on wet-pit con-
ditions. Table II presents similar data for dry-pit conditions.
=

water in pits or holes, a pit privy with the largest possible volume is
best. From the economic standpoint, ika ceep pit, although higher in
initial cost; will prove to be a profitable investment.

Finally, one factor that also influences the Eiﬁﬁseséétidﬁéi,éiéé of the
pits although to a lesser extent, 1s the size of the floor that covers
it. The 51ze of the floor sl&b depends much on the type of material from

which 1t is built. This matter is discussed in a later section.
The selection of the type of installation best suited to local needs must

take into account the element of cost. Water-carried sewerage systems
with flush toilets are very expensive and far beyond the economic possibi

lities of most rural areas.

lities rural: . At the other extreme;, 1t is possible for
everyone. to relieve himself in the most primitive manner at no cost what-
soever; but this method 1s disastrous in terms of sickness and death and

i
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N




- 197~
>

g |
burrowing ¥odents and of surface wateF — F{5 68 varioss Pirts of — ——— — ——

into the pit. The pit 1ining in most a Sanitary Privv
cases will serve as a base although it o 3 Sanitary Privy
may need to be strengthed at the ground ~_ . .
surface. e~

A _concrete water-seal slab {s best and ,
is _economical but means added labor and _ |

construction. A concrete open-hole slab
is the next best, while a_wooden floor

S i | is adequate. A built-up floor of wood

B =]
o
|
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{
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n

and compacted soil is sometimes used
QQE,fS,diffme,t,té,kéég clean as it
y

I N A s
to spr‘ead el
. TASTS 7 F ST

cets soiled and is 1ike
- Fhookworm. .

The concrete should not be weaker than
1_part cement to 6 parts of aggregate
with a minimum of water. It-should
be reinforced with strips of bambod

>
AZA

about. 1 inch wide and with the weak-

N

NN\

N NN D

bamboo {in water overnight before use. - TSy
The slabs are cast upside down fnone pIol, T
operation. The footrests are shaped " G = Floor . F = Ventitation

Ey removing part of the wooden form O « Mound G = Root

St _as to make two separate indenta: _ ] S }
tiors {n.the wood. Sheet metal is placed around the form so that

the metal extencs above the wood to the thickness of the slab. Side oo
walls of the hole and foot-rests are made with a_slight slope so. as e
 to come out eas{ly. The forim for the open hole.i5 removed when the

concrete first sets. Slabs are removed from the forms in about 40
hours and ‘ghould be stored under water<for 10 days or more. :

L
!

Rounc $1abs can be rolled some distance when carrying is difficult.

The mound protects the pit and base from surface run-off which other-

wise might enter and destroy the pit. It should be built up to the
leve! of the floor and be very well tamped.. It should extend 20

‘nches beyond the base on all sides. In unusual cases, such as flood

plains and tidal areas; the mound may be built much higher than the _
cround as a protection against floorvand high tides. It will normally

be built with the earth removed in digging the pit and soil from the

surrounding area. A stone facing will help stop it from being washed
away by heavy rains. In_front of the entrance door, a masonry or

brick step can be built to help keep the floor clean.
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Fig. 71 Latrine for Vfllage Ise

LATRINE FOR VILLAGE USE

This Jow cost water seal 1atfiﬁg’
slab is a single concrete casting.
It requires very little space, is_.
sanitary, odorless,; easy to install
éhd,m&iﬁtéih,,éhd‘Céﬁfbé7QS§d to
produce nightsoil fertilizer

Tocls and Materials

Foo*t_plate form -_See Fig.___and

372" bolts 5" long for air vents -
fz*er form - made of wocd detailed on Fig.
Inner form - made of wood detailed or Fig.
Clay tc make water seal form '

Cement, sand; stone aggregate up to 1" maximum

Details . e
In vidlages where space 15 a premium and the soil can absorb the flushing

water, this latrine may be worth serious consideration. A 30" diameter

hole eight feet deep i§ covered with a slab. ' Most soils have sufficient

stabili:y to support the slab. Very loose or sandy soils may require some
type o 1ining. Any type of simple superstructure can be fitted over it
for privacy. If the nightsoil must be used for fertilizer; this method can
he used. After the first six months, a new hole {s dug, and the siab moved.

. M. first pit is covered with two feet of dirt. Six months later the night-

2211 in the first pit has been converted to essentially non-pathogenic fer-
itizer and_may be used with reasonable safety. Uo not use any nightsoil

fertilizer that has not been composted at least three months._ The slab is.

moved back to the first hole and the second covered with two feet of dirt.

The latrine can be cleaned with only 172 gallon of water. _When this is done,
there is no_odor nor any -flies and it stays quite clean. Thus it {is easy -
to use. Villagers must be urged to provide for a sufficient supply of water

to be brought and stored at the latrine in_a largs container_{eg. a 4 gallon
kerosene tin). A quart container should also be »rovided. Instructions_

should be_given in the proper methad of flushing the latrine. If this is

donc improperly a large quantity of water will be wasted. Two quarts of

water 22 sufficient to. clear the latrine if _the water is thrown with a

rair amount of force from the narrow end of the latrine.’
thstallation §s so simple that the untrained villager can do it easily.

The round one piece construction facilitates moving the slab by rolling it..
It is simple_ to make once the forms and methods are practiced. The materials
cost about $1 for a latrine. One trained villager can make three slabs

per day, using three forms. The wooden forms cost about $8 each.

A convex foot-plate form about 38" in diameter is made of wood; metal; or

concrete. It must be 1" higher in the center than at th~ edge. See Fig.

Fig.72 shows the steel ring and inner form in place.on the base. "The ring

is formed of two inch wide strap iron and fastened with a bolt_for easy
removal from the concrete slab. The collapsible wooden inner form is
detaiied in Figure73 .
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The inner form has_ three pieces o : —
Fig. shows the outline of the B — ~ 4
two side pieces of the form. ‘ )

These must be cut from wood

2 174" thick. The 18 178" sides A\
and 3 374" _sides stay nearly in N /-
contact. A wedge shaped piece N\ .

of wood shown in Fig:. holds. ;
corner G_of the sides one_{inch
apart: - Tne wedge fits along ~ :
the 9" sicde; The spring holds 3 .

the form closed tight against
the separation bars while the A s

wedge 1s inserted and the {n- /s
ner form olaced on the base. s/ ,
The dimersions showr for the * 1/ o y

inner form should only be
used as a gquide since some .

observecd. o -
Fig. 72 Inner Form of Latrine (Top View)

Two. inches of well mixed con-

créfte (cement 1, sand 2; stone.
chips 2) is placed in the ring
and ‘tampeZ will to compact it.

Next the wooden outer form {s
<8t up around the {inner liner. L
See Figs72 and 73. There should be a clearance of not less than 172" between

the inrmer liner and the wooden outer forms, A cement sand mixture (cemert 1,

sand_2) of plastic consistency is placed ir this inner space and compacted: :

A 3/8" bolt through the outer wood form and into the inner form provides an’

antisyphon vent and helps to hold the inner form in place. See Figs.
and . . :
After 48 hours the casting may be placed on blocks. The clay siphon and

wooden {nrer form removed, and & finish of cement plaster added to cover any

imperfections. When this {s set a final coat of pure cement {s put on. If
there is any defect in the seal 1t

. Fig. 73 l?ﬁef form and steerl rim in may easily be repaired by putting a
p ﬂcgioﬁbeSG- ‘11ttle cement slurry (cement and water
; " in creamy consistency) over the defect
N >3 -~ _ and adding at once cement plaster to
: = £111 the defect.
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Fig. 74 LATRINE BOWL MOLD

7a-A - B
.

SIDE VIEW

- - - e
* 18 & wooden wedge; used to hold form tight:

to remove form from concrete latrine, one

- - knocks out wedge, then removes separation

78-C TP VIEW ~ bars; " the bottom of the form then contracts:

I1f_the wood is not hard and smooth; a tim
outer coating may be hammered on .to wooden
form.

Width of mold.a A & B are 4-1/4 and 5-1/2 in.
respectively. The separation bars at A & 8

are 2-1/2 & 4 in: long respectively.

Finished bowl-seal form, ready for placing

I 4

- ' " on wooden base. The water-seal form has been
molded from clay, by hand; and placed on_

S top of the wooden bowl form. The size and con-

74-E  BOTTOM VIEW ) figuration of_the water-seal form must be
S ae" shaped carefully, as shown. This is aot
i é-*separqtjon bars If o difficult: ) o

[ S NSRS
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“{4. 75 * Concrete slab has been poured; part
if the exterior sectional mold has been placed

;% 1ts position.

B
?
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Fig. 77. Sectional view zfter pouring the

cement in bowl and trap.. Note the concave

ghape of the base plate:

- o A T - - - o ......-_....._.:.‘nﬁl
Fig. 79 Section of the casting after

removal of tha forms:

)
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Fig. 76 Rough extérior kncck-apart mold
made to fit around the <lay core with a

. clearance of 1/2 in. to 3/4 in.

Wooden constituents of above moid:
. 4" x 4" x 36' - 2 pleces
3" X

16" . - 2 pieces

16" - 2 pieces -
21" - T pieces

13" - 1 pieces

1" - 1 pieces

1" =1 piece

4" - 1 plece -

00 ™ YUY D R b
:f\z ‘l':

PR R RS
W

XX XX X NI X

3ii

Boits to - _ ~
form vent L
holes /o

Fig. 78 Transverse section of the
casting with forms in place.

_ N
o - :

Fig: 80 Compleced casting set up on
bricks where the wooden inner form.

is removed and_clay siphop lining dug
out: The final finish_of cement

plaster and neat cement polish is
applied.

e
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| Fig: 81 The completed casting from above
~ showing the dimensions.
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THATLAND WATER-SEAL PRIVY

. : | < L . ,
This concrete water-seal slab is most useful_for widescale 6&19&,6?69?5ﬁ§.

It is used to cover an ordinary pit privy. This method represents the |

collected exverience of a long established privy program in Thailand. The

general method should be applicable to other water-seal slab designs.
Tools and Materfals

Master molds - Can be purchased from Village Health and Sanitation Project,

"Ministry of Public Health, Department of Health, Bangkok, Thailand. This

alominum master mold weighs 24 pounds and costs $7.50 plus shipping charges.

* Concrete making materials
Wood for platform forms
Reinforcing rod and wire
© Clay. .
Crankcase oi7 .
Beeswax and kerosene (optional)
374" x 374" x 5" steel bars .

The basic method used for making these -
water-seal siabs is to cast the slab,
rewl, and water-seal trao using three
furmse '

1. A wooden form for shaping the
: slab: S _ .
2. A concrete bowl core for shap-

ing the inside of the bowl.

—

3:-. A concrete core for Shaping. 7 AT T ey N,

the inside of the water-seal o T STORERA T m =2
trap. Fig. 82 Sketch of Finished Privy

Since the three parts of the slab are all cast at one time, the finished privy
slab is quite strong. The water-seal trap is ;urved_backvun&er the bowl as

shown in Fig. 83 A ) o .
This makes flushing more d1fficultembut provents crosion f the back of the

pit on loose soil. The same general method could be used to make a forward
flushing trap, Fig. 83 B. : .

The forms used when.making a slab must stay in place till the concrote has
gained enough Strength to allow their removal: This is uszally 22 hours.
For this reason, many sets of forms are nccessary if a reasomable number
of slabs are to be cast every day. Herc 1s where the master molds are
needed. One {is used to cast the bowl core, and two are necded to cast

the trap core.

219  BEST COPY AVAILABLE
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Casting the Bowl Core

1. 04l the inside of the master bowl mold and insert a 374" x 3/4" *_é“

stee! bar into the bottom:

2. Add a _fairly loose mixture of cement and water, called neat cement, to
a depth of about 6". Then fill tc brim with .a 1:]1 cement sand mixture.
The 1:1 should be firm; not runny; and should_be_laid into_the loose
neat cement without stirring to insure a smooth finish on the 56W1 core.

3. After the bowl core has become firm enough,; scoop a depression into
the surface to install the two steel hooks made from the reinforcing _

rod. . They should be about 9" apart, and should not protrude above *he

surface of the concrete: See Fig.

4. Allow the concrete to setfat )
‘east 28 hours before removing -
the bowl core from the master Fig. 83A Backward
moit. The bow] core can be Flushing Trap

vsed to make another master

mole and vice versa.

Casting the Trap Core

Make the trap core usxng the pair

of master molds; which consist of
the trap master mold and the insert
mold., ¢

1. Add about 1" of 1:1 cement sand

- T mix to the oi1ed trap master

. mold and_put in some wire for.

reinforcing. Then fill it with Fig. 838 Forward Flushing Trap
1:1 almost to the brim.

2. Put the oiled insert mold iﬁtﬁ piaée ahd scrape off exéesé'

woocen block

TR
Bhio
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Depression in Bowl Core
- —~

Construction of the Wooden Slab: Form

1. Make a frame of 1 172" x 1 172"

wood with.an inside diameter of
80 cm x 80 cm. .A notch and sin-
gic nail on each corner works
weil. See Fig: gg

2. Make a wooden platform 90 cm x
90 cm out of 1" thick planks.
Gouge 172" deep footrests if
these are desired:. See the

outiine in Fig:

Fig. 84 Bowl Core Handles

casting the Slab -« .

{iith these thrée forms finished you are ready to cast the first water-sea!
slab.

1. Use a paint brush to coat the bowl core and the trap core with a layer
of wax about 178" thick. Prepare the wax by dissolving 1 kilogram of_

melted beeswax in 172 liter of kerosene. The wax coating will. last 5
or 6 castings adding 1¢ to the cost of each slab. Wax makes removing
. the cores much easier, but isp't absolutely necessary. .
.Place the bowl core on the wooden slab form and fill all cracks with
clay. , -

(%]

3. 0§l thé bowl, platfori and frame: "

Apply a 178" thick coat of pasty cement and water mixture to the bowl

i~

cere and platform. (Many Thai people prefer to spend 25¢ more for an
attractive polished slab. To do this; instead of using a mixture of
~enent and water; use a mix of § cement : 5 color : 1 granite chips.

After the forms are removed, polish with a carborundum stone and plenty
of water):

5. Cover the bow! core with a mixture of 1 cement : 2 sand, to total thick-

ness o< 172". Notice the smooth iip made on the cement 3/8" from the
top of the bowl core. This lip is your water-seal. Use fairly dry ce-

ment and allow it o set for 15 minutes before cutting this lip.

Place the trap core »i Lhe bowl core and seal tke crack with clay. Also
add a little clay on cach side of the form to prevent ceément from getting

~to he front 1ip:

o

Cover with 1 : 2 cement sand mixture to a thickness of 1/2". Do not ex-

~ |

ceed the 172" thickness beloiw the trap core or you will not be able to
remove this core.’

. 8. Fill the slab form with a mixture of ! cement : 2 sand : 3 clean arave)

or crushed rock alirost to the top. In preparing the concrete, first mix

cement and sand; then add AraveT and-water. -Use water conservatively:

The looser the mixturs, the weaker the concrete will-be.
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press in & pleces of 174" steel rod reinforcing.

F111 to top of frame and smooth. Allow at least 24 hours for setting.
Remove the frame by tapping 1ightly with hammer.

Turn the slab form over on a. wooden stand and use sim pié levers to

remove the bowl core. You must remove the bow1 ore before the trap
core.

Tap the trap core. gent1y,gnd slip 1t out. Add a little water and check
to see if your seal {s 3/8".

Keep the s]ab damp and covered for a minimum of 3 days and prefarany a
week to gafn strength.

. Fig. 86 Privy Slab Outline

.
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LESSON OBJECTIVE:

=208-
THE PRIVY METHOD OF EXC'ETA DISFOSAL
DESIGN FOR A VILLAGE

LESSON NO. 1

Outline the fuctors that miust be considered in

‘designing a village privy systems

TOPIC

SUPPLEMENTAL MATERIALS /
| RELATEDREADING

Sanitary Survey -

The Pit Privy

Sanitary Survey

\ Y

"Piscuss the function of the bagic components

‘three types of pit priviess

Outline the escential elements of this survey.

Demonstrate ostimating the volume of pits,
holes and tanks.

of a pit privy.

Illustrate the designs and components for

Discuss how to determine the adequacy of the
present systen.

Assemble students to conduct a survey of &
rurel area. This survey must
1) designate the population and its
distribution

2) determine the practice of hygiene in

this orea indicated from the present
typels) of facilities implemented
state where present fdcilities are

iniproperly located, poorly maintained

and nct used
estimate the health of the_ community
from records of comminicdable diseases,

intestinal infections (diseases caused |

3)
%)

by worms) and acute conjunctivitus in

infacts (inflammation of the mucus.

membrane around the eyeball) and cite
. the death and deblllty statistics.

5Y identify what type(s) of privies are

preseritly used (public or private;

distribution and use) and determine the

location of these facilities with respect
to water supply systems.

Dl

V.)\

o N ;3235;

WHO Monograph Series #39
p. 158-159.

WHO Motograph Series #39
p . t3-767

See Section 7
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THE_PRIVY METHUD (F_EXCRETA DISPOSAL

DESIGY FOR A VILLAGE
(Continued)

e e —

6) designate_the number of new installa-
tions héédéd and where they rhould be

7) define the averagn tncome of the

. community memhers o

8) estimats the cooparation available trom
rgencies or groups for training and

__ health education of the public

9) determine what ma.eriuls are available
1oca11y, their costs, whether potential
resources for éel_-Félﬁ are available
nnd 1f the nended craftsmen are avail-

10) "tute whnt type(s ) of priVICu would
br the most etonomically fensible.

Assemble students for éiscuscion of survey
findings.

;;(:u C

€55 224
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TR FYINY MEITHD OF ZXCHETZ DISPOSAL

DESIGH FOR A VILLAGE

LESSON NO. 2

£$5ON OBJECTIVE:  Set up and carry out a program to constrict
a privy system.

2

—— — [SUPPLEMENTAL MATERIALS/ |
TOPIC i INSTRUCTIONAL PROCEDURE RELATED READING

~

. lection of Assemble students to visit the present
~iyy System facilities to determine the type(s) of

facilities presently implemented.

Review the criteria to be used in the selec-

+ion of & village privy system:
. © | gelect the most feasible privy designms.

Disciuss how to prepare a plan toward the

finances for the system.

. -uction Outline the logical sequences of construction | For construction

‘nniques for the privy type selected. techniques see
o - S . ___ | section 1IC

Have students assemble the tools and materialg

for the construction of this privy types:

Set up & program (allocate construction tasks
to the students) for the construction of
a privy of the type selecteds

" Supervise students in the construction of .
this privy.

oo 225
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SECTION 9 - : .hmn"»__?_

WATER CARRIED SEWAGE SYSTEMS
CORSTRUCTION _AHD PATNTERANCE

OVERVIEW:

The construction of thz various water carried sewage systems is covered

in this section. The “rainees are insiructed in the testing of sites
for the water and scwage disposal and in the operation and maintenance
of those systams. Again the health stindards to be improved must.be

stressed so that the design and execution of the project will achieve

these rc-su] ts.

* BEST COPY AVAILABLE - 223'
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CONSTRUCTION AND FAINTENARCE |

OBJECTIVE: Construct &nd maintain cesspools, seepage pits,

and septic tanks.

-
-

TASKS: Determine absorption area requirements.
Locate site of construction.

W N
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Set up a maintenance program that identifies:

e

a. How often the system must be cleaned. .

The number of personnel needed to clean the
system.

(=4l

c: The equipment needed for maintenance.
FUNCTIONAL SKILLS: .
1. Identify the components of various types of septic

tanks, cesspools, and seepage.pits.

-2, 1dentify the logical sequence of operations involved

in building septic tanks, cesspools, and seepage pits. ;
3. Conduct percolation_tests. '
4. Draw a map of the proposed system and the location

of its components.
5. tdentify the maintenance requirements of various

types of water-carried sewage systems.
6. Identify the skills a person would need to maintain

various types of water-carried sewage systems.

TERMINAL PERFORMANCE TESTS:

1. Design, locate and construct a water-carried sewage
system that satisfies the requirements of Section
Village Privy Design Criteria:

2. Prepare a manual on the maintenance, of septic tanks,
cesspools, and seepage pits.
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LOCATION AND SELECTION OF WATER-CARRIED DISPOSAL FACILITIES

"~ SPECIFICATIONS
There are minimum distances-that different types of disposil fagi]!ties

* should be placed in relation to water sources and dwellings. These

distances will increase in direct proportion to the porosity of the

sofl: ... . ) ) e S o
———————%ABtE—%Z———B%S?ANEE‘ "FACTLITIE
Component Septic |Leaching Field Building Privy
Tank - | Seepage Pit Sewer .
and Cesspool
Bre _ o _
11 or suction line 50 so* @ so*
Water supply line {b) (b) ‘ (b) (b)
{pressure o | -
Property line . 10 10 e 30
{Dwelling. - 5 20 - . | 30
Surface water supplies 50% 50% 50%
or tributaries, in-
cluding open and
subsurface drains
Watercourses, including 10 25 . "o
streams, ponds, open_ : :
and subsurface- draJnsgggfmgmf (
Edge of Fi11 | 2

r —r e cm——es e L
Table I. Sanitary Fééiqitiés tocation Requirements

* 50 feet s a minimumlacceptable distance.

{a) 10 feet if constructed .of durable corrosion resistant material with

. watertight_ jgints!_or 50 feet if any other type of pipe {is used.

(b) Disposal facilities shouldebe:installed as far as possible from
water supply lines. Where sewer 1ines cross water _supply_lines;

both pipes should be constructed of durable corrosion resistant

boLn a_Be_Lons \

materials with watertight joints.. \
SUITABILITY OF THE SOIL

Along with the spec1f1c3t1ons mentioned above. the location and 1mp1e-
mentation of water-carried sewage depengsfonfgbefsnggojl1;yfof7;hg 7777777

-

s011 The first step 1n the design of. subsurface sewage disposal systems
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have an acceptable percolation rate*, without interference from ground
water or impervious strata below the level of the absorption system.

In general; twWo conditions must be met:
1. The percolation time should be within the range of those speci-
fied in Table. -
2. The maximum seasonal elevation of the ground water table should
Se at least 4-feet below the bottom of ‘the trench or seepage pit: .

Rock formations or other impervious strata should be at a depth

greater than 4-feet below the bottom of a cesspool or seepage
pit. _Unless these conditions can be satisfied, the site is .
unsuitable for a conventional subsurface sewage disposal system.

- TABLE 13. TION AREA FOR GIVEN PERCOLATION RATES

Percolation rate (time required Required_absorption area

for water to fall one inch, in in sq. ft. per_standard
inutes ; trench and seepage beds

1 or less ==-semmm==mccc-cs-omooosooiococcns 70 -~

? emceemecdececescemmcccenesesscocs- ieeccce- 85

3 :::::::::;;;-;--,-----------------------;; 100 —

4 mememcceeemems-mcee—ecesmsse-e-soocecseson 115 '\

57-------;2;:::::::::::::;;;----------; ..... 1256

10 ==-s=srccecarone-- ,-----------q-----;iii 165

15 S Ut P T 190 P

] e TP LEE L DL S L e 250

ps L Siiiiieesceeme—sccresce-c-esescmsese==- 300

50 ~—=meemm-cecceceee—cac-sc-ceesrrorocco-o- 330

*'A percolation test is-a test to determine the rate of flow of water

through the interstices or pores of a soil:

The soil should be considered unsuitable for seepage pits if the per- .
colation rate is over thirty and unsuitable for any subsurface disposal
system if this rate is over 60. :

. PEFCOLATION TESTS

Subsurface explorations are necessary to determine ‘subsurface formations
in a given area. An auger with an extension handle; is often used for

making the investigation. Wells and well drillers' logs can also be
used to obtain information_on grgqnﬁfggggr.and,subsurface_t6ﬁdft16h§!
_1n some areas, subsoil strata vary widely in short distances, and bor-
ings must be made at the site of the system. _If the subsoil appears
suitable, as judged by other characteristics described in section 2 __
below, percolation tests should be made at points and elevations selec-
ted as typical of the area in which the disposal field will be located.

and establish the design size of the subsurface disposal system. The
length of time requived for percolation tests will vary in different
types of soil. The safest method is to make tests in holes which have

The percolation tests help to determine the acceptability of the site
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been kept fil1ed with water for at least 4 hours, preferably overnight.
This 1s particularly desirable if the tests are to be made by an fnex-

perienced person, and in some soils {t is necessary even if the indi-
vidual has had considerable experience { as in soils which swell upon
wetting). Percolation rates should be figured on the basis of the _

test data obtained after the soil _has had opqortunity,to become wetted
or saturated and has had opportunity to swell for at least 24 hours.
Enough tests should be made in separatr holes to assure that the re-

‘sults are valid: -
The Procedure for a Percolation Test

its use 1s particularly recommended when knowledge of soil types

and structure is limited. -

A. Number and Tocation of tests:

R Six or more tests shall be made in separate test holes
spaced uniformly ofer thg_prbpbsed absorption field site.
B. Type of Test Hole

: ° : -
Dig or bore a hole, with horizontal dimensions of from:
4 to 12 inches and vertical sides to the depth of the
proposed absorption trench. In order to save time, labor,

and volume of water required per test; the holes can be
bored with a 4 inch auger.
C. Preparation-of Test Hole

Carefully scratch the bottom and sides of the hole with -

a knife blade or sharp-pointed instrument; in order to
remove any smeared sofl surfaces and to provide a naiural
s0i1 interface into which water may percolate. Remove

all loose material_from the hole: Add 2 inches of coarse
sand or fine gravel to protect the bottom from scouring
and sediment. :

D. Saturation and Swelling of the S611- - S

It is important to:distinguish between saturation and
swelling. Saturation means that the void spaces between

sofl particles are full of water. This can be accomplished
in a short period of time. Swelling is caused by {intru-

. sion of water into the individual soil particle. This is
3 slow process, =specially in clay-type soil; and is the
reason for requiring a prolonged soaking period.
In the conduct of the test, carefully fil1 the hole with
clear water to a minimum depth of 12 _inches over the_
gravel. In-most soifls, it is necessary to refill the _

. hole by supplying a surplus reservoir of water; possibly
- by_means of an automatic_ syphon, to keep water in the

ki hole.for at least 4 hovrs and preferably overniaht. -

162 230
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Determine the percolation rate 24 hours after water is

first added to the hole. Thkis procedure is to insure

that the soil is given ample opportunity 'td swell and to-
approach the condition 1% will be in during the wettest

‘season of the year. Thus;, the test will give comparable

results in the same soil; whether made in a dry or in a
wet season. In sandy $oils containing little or no clay,

the swelling procedure is not essential, and the test
may be made_as described under item E_3 after the water
from one fi11ing of the hole has completely seeped away.

i . .
~Percslation-rate measurement

With the exception of sandy sofils, percolation-rate

measurerents shall be made on the dex—£8llowing the
progedure described under {tem D above
1. 1f the water remains 1h the test hole after the

approximately 6 inches over the gravel. From
a fixed reference point; measure the drop in___
water level over a 30 minute period. This drop

overnight swelling period, adjust the“depth to -

is used to calcu'ate the percolation rate.

2. 1If no water rema‘ns in the hole after the over-

night swelling period,, add clear water to bring_

the depth of water in the hole to approximately®
6 inches over the gravel. From a fixed refer-

erice_point, measure the drop in water level at
approximately 30 minute intervals for 4 hours,

refilling 6 inches over_ the gravel as necessary.

The drop that occurs during the final 30 minute

period 18 used to calculate the percolation rate.
The drops during prior periods provide infor-

mation for possible modifications of the proceaure

to saft local circumstances.

3. 1In sandy soils (or other soils in which the first

6 inches of water seeps away in less than 30 min-
utes, after the overnight swelling period); the

time interval betweer measurements shall be taken
as 10 minutes and the test run_for one hour. The

drop that occurs during the final 10 minutes is

used to calculate the percolation rate.

,
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Fig. 87 Methods of making percolation tests . : .
Guide For Estimating Soil Absorption Potential
" A percolation test is the only known means for obtaining a quanti-
tative appraisal of soil absorption capacity. However, observation e
and evaluation of soil characteristics provide useful clues to the
relative capacity of a soil to absorb liguid. Most sujtable and .
unsuitable soils can be identified-without additjonal testing. .-
When determined and evaluated by trained or experienced soil sceen-
- tists or soil engtneers, sof) characteristics may permit further
¢ .categorizing of suitable sofls. This has been done for some areas
oF the country and described 4n the getls reports mentioned below. g
Sot1 Maps o o , -
The capacity of a soll to absorb and transmit water is an important ’ .
problem in agriculare, particularly in relation to irrigation, dr '
€ drainage; and other land management practices. Through studies in -

these fields, a variety of aids have been developed for judging

the_absorption of water: transmission properties of soils, which oo \\; 2
could be helpful in the sewage field. Considerable fnformation ' R
- has been accumulated by agricultural authorities on the relative ‘
absorption capacities of specific so1ls in many areas of the _ '
‘United States. Much of. this.information is included in Soil _Survey
Reports and Maps. published by-tha United States Department of

Agriculture in cooperation w!th the variows $tate agricultural
colleges. The gcneral suitability of specific sofls for effluent i
disposal may often be interpreted from these reports and maps. '
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Clues to Absorption Capacity ' |

Considerable information about relative absorption capacities

of soils may also be obtained by & close visual inspection of

the soil. The value of such an inspection depends upon _some

knowledge of the pertinent soil properties. The main prop-

erties -indicative of absorption capacity are soil texture,

structure, color, depth or thickness of permeable strata, and

swelling characteristics.
Texture

so{1 texture, the relative proportion of sand; silt; and clay,

is the most common clue to water ad>sorption capacity. The size

and ¢istribution of particies gove~n the size and distribution
of pcres which, in turn, govern the absorption capacity._ _The

larger the soil particles, the larger are the pores and the

faster 1s the rate of absorption.

Texture can best be judged by the feel. The lighter or sandier

soils have a gritty feel when rubbed between the thumb and fore- i

finger; silty type soils have a “"floury" feel and, when wetted,

have no cohesion: heavier, clay tyoe soils are dense and hard

when dry, a§& have a slick greasy feel when wetted..

The use of texture as. a clue to absorption qualities has its

1imitations; it is primarily reliable in the sandier soils. In

the heavier type soils, includiny sandy soils containing appreci-

able amounts of silt or clay;_ one must look for additional clues,

such as structure and soil color, as indicators of absorption
capacity. ’ .

or grouping

Soil structure is characterized by the aggregation or groupin
together of textural particles, forming secondary particles of

larger size. Such secondary particles then tend to govern the

size and distribution of pores and, in turn, the absorption prg-
perties. Structure can easily be recognized by the manner in,
which a clod or lump breaks apart. If a soil has structure, a

clod will break with very little force, along well defined cleav-
age planes; into uniformly sized and shaped units. If a sof1 has
no structure, a clod will require more force to break apart/and
will do so along irregular surfaces, with no uniformity in/size
and shape of particles. : ' /

' . ,

In general, there are ‘four fundamental structure types, pamed

according $o_the shape of the aggregate particles: platy, prism-
1ike, block-11ke, and spheroidal. A _soil without structure is

aenerally referred to as massive, Spheroidal structure_tends to_

provide the most favorable-absorption properties, and/platy struc-

ture, the least: Although other factors, such as sire and stabi-
1ity of aggregates to water, also influence the absorption capa-_
city, recognition of the type of structure is probably sufficient

for a general appraisal. . 7 i

S i
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Color

One_of the most 1556?iiﬁfl5?iéiiéii clues to water absorption is
sofl color. Most sofls contain seme iron compounds. This iron,

11ike fron in a tool or piece of machinery, if alternately exposed

to air_and to water; oxidizes and takes on a reddish-brown to yel-
low oxidized color, it indicates that there has been free aiter-
nate movement of &ir and water in and through the sofl. Such a

soil has desirable absorption chzracteristics. At the other ex-
treme are sofls of a dull gray or mottled coloring, indicating.
lack of oxidizing conditions or very restricted movement of air

and water. These soils have poor absorption characteristics.

Depth or Thickness of Permeable Strata

The gquantity of water that may bc absorbed is proportional to .
the thickness or volume of the absorbent stratum, when all other

conditions are alike. In a sofl having a foot or more of permea-
ble material above tight clay; absorption capacity is far greater
than that of the same kind of material lying within 3 inches of

tight clay. When examining soils or studying soil descriptions;

the depth and thickness; therefore; are important criteria of
absorption capacity. - ' .

Swelling Characteristics

Most, but not all, clays swell upon the addition of moisture.
There are many clays_{in the tropics, in particular) that do not
swell appreciably. Theve are also some soils in the United:States

which do not swell noticeably. On the other hand; some soils have

a very high percentage of swelling, and these in particular must

. be suspect. Relative swalling of different sqils i{s indicated by

relative shrinkase when dry, as shown by the numbers and sizes of
cracks_that form. Those shat shrink appreciably when dry are

soils that may give trouble in 2 tile field when they are wet:

Incormation obtatned through inspection or frFom soil maps and re-_

ports can be of particular value in preliminary appraisal of soils

fo~ sewage disposal. For Instance, in many cases; unsuitable soils
mav be. immeédiataly rules out nn_the basis of such information; in

other cases, sclestion of the bost of several sites may be made on
the basis of the iInspection. Ahsorption capacity information ob-
tained in_this manner is relative. For quantitative information
upon which to base specific dasign; we still must depend on some

direct measurersnt; such as a water absorption rate as measured
by a percolation test. :

THE SEPTIC TANK

When raw sewage enters the septic tark, it should quiscent for a.

period of one to three. days depending on the tank capacity. Dﬁiiﬁ?
this period the heavier gollds, including grease and fats, remain 1n

the tank and form the scum over the water surface, while the rest is

‘carried away by effluent into the final disposal system.
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The sol11ds which are retained in a septiz tank undergo anaerobic de-

compositior through the zctivity of bacterir aad fungi. The signifi-
cant_result of this proress is a considerabie reduction in the voiume
of sludge; which allows the tank to operate for periods of one to four _

years or mrre, depending on circumstances, before it needs to be cleaned,

This decomposition involves not only the sludge; but also the dissolved
and colloidal organic contents of the sewage.

In this manner the turbidity of the efflusnt 1s significantly reduced
so that {t may be more readily percolated into_the subsoil of the
ground. Thus, the most important function of a septic tank 1s to pro-

vide protection for the absorptioq ability of the subsoil
The three functions that take place in the tank, then, are:
Removal of So11ds -

Clogging of soil with tank offluent varies directiy with the amount
of sucpended solids 1n_the 11quid. As sewage from a building sewer

enters a septic tank, fts rate of flow is reduced so that larger

solids sink to the Bottom cr rise to the surface. These solids

are rotained in #he tank, and the clarified effluent 1S discharged.
Biological Treatrent 7
Sol1ds and 11quid in the tark are subjected to decomposition by.
bacterial and natural processes. Bacteria present are of a_ variety
clled anasrobic which thrive in the absence of free oxygen. This

decoroosition or trretment of sevage under anaerobic conditions. is
tormad "septic.” Beane the nime ef thn tank. Sewage which has been
subjected to _such treatmant causes less. clogging than untreated

~ sewage contéfning tic same emcunt of suspended solids. -
Sludgs and Scum Sterage |

Siudge 15 an cecumilation of solida at the bottom of the tank,

while scum 1s a partially submerged met of floating solids that .

mAv foim at the surfree of the fluid in the tank; Sludge; and

----- scum_to a lesser deoaran, wil] be digested and compacted . into a__
smailer vaiume, e gver, ro maltter how efficient the process is
a rezidual of iners snlid meterial wi11 remain. Space must be
provided fn_the trc" 45 stov~ thie residue during the {nterval be-
twasn cleanirgs; cliivinian, stidan and scum w111 eventually be
scoured from the t~ov 3! may olon the dfsposal ftgld;

DESIGN

{Titate the separa-

A8 iag ntr

The dasign af tha sophis *sab

_the secape solids and provide for periodic in-
spaction and occasional physieal ro-mval of accumulated sludge and
scum. :

o arte
tion and digosticn of 2r aeidue $21ids and
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The average daily flow of sewage depends on the average water consump-
tion in the area under consideration. In rural areas and small com-
munities the water ‘consumption per person is likely to be lower than in

municipalities. As a result; sewage flows of less than 26 US_gal. per
person per day may be expected in most rural areas of the world. How-

ever, experience indicates that such low figures cannot be used for the

design of small_septic tanks, which sould be provided with ample capac-
ity since such tanks are seldom-cleaned before trouble develops. It is

therefore important that their capacity be ample to permit reasonably

long periods of trouble-free service and to prevent frequent and pro-_
gressive damage to the effluent absorption systems due to discharge of

¢ _ sludge by the tanks. Fpr this reason the capacity of residential,-sin-

gle-chambered, septic tanks should not be less than 500 US gal. below
water-level. = :

-

The 1iquid capacities of the septic tarks described in Tables 14 and 15
are based on a sewage contribution of: :

25 US gal. per person daily in cmaps;
17 US gal. per person daily in day schools. -
TABLE 12 Ré@‘!t@d,!ﬁgiciﬂéiféi"fgéﬁ,f‘it Tanks '
o ~ Serving Individual Dwellings :

S Nomilnal Kacommandad dimansions
'ﬂgmbor ;;"“::yd ' p
of persons | caPscity ot F - Tl hauld | et
asrvad | tank (US galy wigth fangth A s
N in, [ n. " in.
4 500 ) 0 ¢ 0 4 ° s °
[] 800 3 (] 7 0 4 [} s [}
i 730 3 [} 7 [} 4 ] H (]
10 000 3 [ ] (] 4 [] 5 8
12 1100 ‘ [] s 3 ‘ ] s, 9
1 1300 4 0 10 ° 4 e s L
" 1300 4 [} 10 [ 4 . s ] \\

___* Liquid eapeclty based on bt of persona served in dwelling. The voluma based on

total depth Includes sir apace sbovs liguld level, : L . o
The capacities indicated in TAble 14 should in most countries provide_
sufficient sludge-storage space 7oi' a period of two yea i'%dii‘ more, and
an additional volume equal to the sewage flow for 24 h90r$§ :

TABLE 15 Required Capacities fo. Septic Tanks
———— _Serving Caaps and Day pals

Maximum numbse Mominat e S — |
of persons served —J!QHIN: ol e a— — % .
- rapac - - e Y . o
o T Wi (05 gel)|  width  {—tewath aue — i&i—— \
P w owm | nom e om o 5
© - 1006 i 0 I PR 8 o
) 120 2000 s o W s o s 3
120 100 ;3000 s 0 13 ¢ 50 & 3
10 240 4000 s 0 ' 0 8§ o0 LI
00 0 ! 3000 1 ¢ [ w0 s 0 s 4
; 20 w | o0 s o lm oo s o [ ¥
790 420 7000 8 2 0 5 e LA
! 20 @0 5000 LI 2 o s s T o

Nota £ Tanke with canacites in_axcass-of 000 palions should be deilnsd fei (he speeltic
requirements Involved ; howaver, In such ceses the neceailty 1or & more combiote tyPs of freets
mant shanld sagelyg connideration

‘ !
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The capacities shown in_Table 15 are based on a 24-hour flow of sewage

without allowance for sludge-storage space, since it {s expected that

septic_tanks_serving camps and schools will receive regular inspection

and maintenance, including more frequent cleaning than those for resi-
dences: -

In the case of public institutions, such as rural hotels and hospitals,
and_groups of houses,such as housing projects, the figures given in

Tables may not apply. It will “irst be necessary to secure

- advice of a competent engineer whose duty it will be_to determine _

the probable daily water consumption anc_sewage flow, both of which are

‘1ikely .to Se much higher than the figures cited above: Most recent

information indicates that:
1. For fiows between 500 gal. and 1500 gal. per day, the capacity

of the septic ‘tank should be equal to at least 1 1/2 days’
sewage flow. . '
. per day, the min-

2. For fiows between 1500 gal. and 10,000 gal
1125 gal. plus 75% of . .

imum effective tank capacity should be
the daily sewage flow, or:

) Y = 1125 + 0.75 Q, where

Vv is the net volume of the tank in gallons, and Q 1§ the daily
sewage flow; also in gallons. '

Tarks may be of elther single- or multi-compartment design. The single

~~moarsment tank is satisfactory for a wide range of conditions and 1s
simpler and less expensive to build and maintain._A two-compartment _

tank, with the first compartment equal_to one-half to two-thirds of the
total volume, provides an opportunity for removing more solids, which

may be valuable under tight soil conditions. The_ compartments may be
sections of one continuous shell separated by partitions, or separste
units connected in series. Each compartment should be vented and pro-
vided with inlet and outlet fittings and access facilities for inspec-

tion and cleantng.

Whether a tank is rectangular, round, or oval has 1{ttle effect on its

performance, provided it has the necessary capacity and other features.
Rectangular tanks are usually built wits thelength two to three times
the width. It is recommended, however; that the smallest horizontal:
dimension be at .least 2 feet and that the 1iquid depth be between 30

and 60 inches. These dimensions should be observed in_sinqle compart-

* ment tanks. About 12 inches (or about one-fou

— ——fs recuived above the flow 1ine to allow space for scum accumulation’
and free passage of gases for venting. ’ .

Tank performance is affected by the type and arrangement of the inlet

and outlot fittings. The inlet invert (flow 1ine) should be at least
1 inch--preferably 3 inches--higher than the~utiet {nvert to pravent
backwater and stranding of solids in the bouse sewer. Use either tees
or straight. pipe and baffles, arranged as_shown in fig. 8. Provide
a vertica! clearance of at least \an inch for venting purposes between

the tops of the fittings and the under side of the tank roof. Sub-

merged entry in a downward direction tends to confine entrance dis-_
turbance and helps mix the incoming sewage with the more biologically
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active sewage and sludge already in the tank. The inlet tee or baffle -

should extend to at least 6 inches below: the surface of the 1iquid, but

not deeper _than the outlet device. Depth of submergence of the outlet
tee or baffle is a critical factor in the performance of the system.

If too shallow, scum can pass out of the tank with the effluent. If

too deep, sludge can scour out. In 2i*ther case the particles of solids_
in the effluent can lead to early clogging of the soil in the absorption

area. The ideal depth for the outlet is at a point of balance between

the scum and sludge accumulations. This point has been found to be at

a depth be¥ow the flow line of about 35 to 40 percent of the total liqg-
uid depth. .

Siphons and dosing chambers -are not necessary in ordinary farm instal-
lations. They are useful, however, in large ‘installations where the
combination of sewage volume and tight soil conditions catls for more
than 500 linear feet of disposal tile in the absorption field. The

siphon and chamber serve to accumulate a near-continuous,small flow

of effluent and provide an_intermittent discharge of a larger volume
- to_the absorption field. This loads the field more uniformly and
allows some time for-rest and aeration between discharges. The fre-
quency and volume of the discharge are controlled by the sizes of:-the -
siphon and the chamber. - A 3- or 4-inch siphon {is.adequate. Capacity

of the dosing chamber (volume of single discharge) should be_about
two-thirds _the interior volume of the disposal tile. Installation
should be inaccordance with the manufacturer's instructions.

; Seal Joinls with asphaltsy
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Fig. 88 Longitudiial saction of single-compartment
) Concrete Septic Tank .
Construction Methads For Septic Tanks —

Two construction mathods for septic tanks have been developed by

the Agricultural Engineering Department of the South Dakota State

College Agricultural Expariment Station; Brookings, South Dakota.

The methods use readily available building materdals, One method
employs concrate si]o staves, and the tank s built in the form

of a vertical cylinder. The other vses standard concrete blocks
for a rectangular tank. ] i i
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Fig: 89 Concrete Silo Stave Tank
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SECTION THRU CENTER OF TANK

{

Concrete S{lo Stave Tank

The construction of both tanks issimple and sizes can be adjusted
to the needs of the femily. One step in the building process has
to be kept in mind as important. ‘Both silo staves and concrete

blocks are of relatively. porous concrete, therefore the danger of
ground water pollution is present unless careful waterproofing is
provided. ) ,
This tank is in the form of a vertical cyclinder, 6 feet in inside

diameter and 5 feet in depth, with a capacity below the outlet of

850 gallons (Fig: 89 ); It is suitable for a family of eight.
Materials:

3 2 6-1bch concrete silo staves
4 24-4nch-conc -

34 30-inch_concrete silo. staves e
sacks cemeat
cubic yard of. sand _

cubic yard of gravevn. . . ___
pieces of 172-inch round steel rod, 13 feet 8-inches long

) =t et O

-for hoops _ _ S N

3 pleces of 172-inch round steel rod, 10 feet 8-inches long
©_ __for hoops S ' .

__6 steel _silo lugs; 12 nuts. . .

120 feet (45 pounds) of 3/8-inch knobbed reinforcing rod

10 pounds or 1 gallon of waterproofing material
2 sewer tile tees; 4-inches in diameter



N =225-

Excavatio

The excavation should be 7 172 feet in diameter, with a depth of

about 7 feet;, depending on the depth at which the sewer from the

house will enter. Dig the sides vertical and level the floor be-
fore pouring concrete.

Floor :

The floor is poured in two courses: The first course; 4 inches
thick; is of concrete mixed 1 part cement; 2 1/2 parts sand; 3
1/2 parts gravel. The first course of the floor should cover

the_whole bottom of the-excavation. The <oncrete.should be.

base for placing the staves. Covering the floor withpaper or

a tarpaulin wil] make it easier to keep it clean while working
on the walls. The pouring of the second course is postponed
until_the walls are fully constructed, so that the second layer

ties floor and wall closely together:

Walls -

The walls: are made of concrete silo staves 2 172 inches thick,
10 inches wide, in lengths of 30, 24, and 6 inches.

First mark a circle of 3-foot radius on the floor to serve as a
guide in placing the staves. The staves are set with the inner

edge just touching this mark; with 24-inch and 30-inch staves _

alternating. When this first tier of staves has been completed,

a hoop is placed around the outside, 6 inches above the floor; .. . =

and tightened._ A tier of 30-inch staves is now_placed upon the
top of the 24-inch staves except where the inlet and outlet are

to be where 24-inch staves should be used. A second hoop is
placed 3 inches above the top of the 24-inch staves in the first
tier and tighten the second hoop. Fi11 in the remaining spaces

with 6-inch_staves, leaving openings 12 inches high for the in-

openings, and tighten.

RN SN S e

Inlet and Qutlet Fittings—— -
Cut forms to fit around-sewer tile tees and place 1n.position in
the openings. The outlet tee should be placed at the bottom of

the 12-inch opening left for it ;the fnlet tee 2 inches above the
bottom of the opening. Fil1 in the space around the tees with
a_rather dry mortar, tamping it carefully make a watertight

joint around the tee.

Plastering the walls
. Apply a 3/8-irch coat of plaster of 1 part cement, 3 parts sand,

and 174 part "Cem-mix" after thoroughly wetting the staves.
Smooth the plaster as much as possible.
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Finishing The Floor

good bond, and pour a finish course of 1 part of cement to 3
parts of sand mortar 1 inch thick. Smooth and level this care-_
fully, being sure to obtain a good joint with the plaster on the

Make sure the floor is perfectly clean, dampen it to obtain a

walls. Allow to cure for seven days or more.

Waterproofing

Apply two coats of a waterproofing material according to instruc-

tions on the package. Waterproofing is essential in order to

prevent seepage through the porous staves.

Cover

The cover is made of reinforced concrete slabs, 4 1/2 inches

+hizk and 8 inches wide, of varying lenaths as shown in Fig. 90.
Fig. 90 Cover slab for septic tank

{ | A DN

-
w s
-

[]

Mixture for slabs ' §e

Mix 1 part cement; 2 1/2 parts of sand; and-3 1
crushed s r to get a.good -
bond between the concrete and the reinforcing.ro

cement, ¢ /< 2 parts_of gravel..
or crushed stone to a smooth consistency in order ta

e and the reinfc .. Each_slab_is
reinforced with two 3/8-inch knobbed steel rods, spaced 1 inch
from the bottom and 2 _inches from the sides. The r ds should be
placed at both ends of the slab. .

These slabs may be made in.forms of 2=inch by 6-inch lumber; placed
on asphalt paper on any flat surface. _Keep the slalis moist and
allow to cure for at least three days before moving ‘them.
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This_tank is rectangular in shape, 7 feet 4 inches long, 2 feet

8 inches wide, and 4 feet 8 inches deep (inside measurements)

with a fluid capacity of 550 gallons (Fig.9] ).
Materials '
119 standard-concrete blocks (8 inches by 8 inches by 16 inches)

vt it 2 rpe e o Ao m e m it e 2 ‘.._,._...,.._A.Zﬁl.jiswsacks. Of Cement o i
1 172 cubic yards of sand _

3 3/4 cubic yards of gravel

90 ft. of 3/8-inch_reinforced rod
__2 34-inch sewer tile tees

110 pounds or 1 gallon of waterproofing material - ——

Excavation

wide, and about 6 feet 9 inches deep, depending on. the level at,

which the sewer will enter. Dig the sides vertical,; and level
the bottom before pouring. : .

Floor |
The floor is poured in the same way as for the silo stave tanke
Walls -
The walls are built of standard concreteé block 1aid up with mortar

-

zonsisting of 1 part cement, 3 parts sand, and 1/4 part 1ime or .
"Cem-mix;" The corners _should be kept square and plumb by use of
a straight edge or level, S

g
5
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To add strength to the walls; be sure the joints are staggered

between adjacent courses; and fill the cores of the blocks with

concrete (1:2:172: 4 mix). Cut openings in the block for inlet

and outlet fittings.

R 777\;}1—

Follow the instructions given for plastering and waterproofing

the silo stave tank. Both silo staves and concrete blocks are

of relatively porous concrete which will allow the passage of
liquids and contaminating material. Proper waterproofing is

essential to reduce the danger of ground water pollution.
Cover ' '

Make precast slabs 4 feet long, 12 fnches wide, and 4 172 inches

thick;.using two 3/8 inch reinforcing rods. Follow the instruc-

tions given for the silo stave taﬁii; Eight slabs will be re-

quired. -
Size of tanks

Both tanks may be made larger 1f required (see Table 16

helow). Add more staves to the silo stave tank to increase the
size, E larger excavaticn and lonear rods will be required.

The concrete block tank may be enlarged by using one more block

in each course at the ends, resulting in a width of 4 feet in-_
side, and a_capacity of 845 gallons. A tank this size would be

large enough for a family of eight, or a smaller family that has

-methods of construction would be the same, but more materials

51.§bs; etc., would be increased. : :

;iaﬁig,sh@uid,ﬁvi be made smaller than described. In-—thecaseof——

—_the-stave—tank; HittTe saving would result; whereas the 550 gal-

lon cohcrete block tank is 1ittle larger than the recommended
mi’ri‘liﬁiiiii\’(\if' 500 gall’o’ris. ) .
TABLE 16 \CAPACITIES, DIMENSIONS AND MATERIALS FOR SEPTIC, TANKS

Number Crpacity, ;Aiimm Lk-ld ,;:1.;:! :P_‘_g_n;u of il;;}i;q;lnf_ L B
eidimai____ Galloms  (laside)  Desth (tmside) 6" W w0’ Rod Reguleed .
850 6 0° 4 § 12, 14 34 3-138% 51008

8 oriless -

BUILT OF CONCRETE o '\ ... 10500 €10 4 & 13 15 37  3-13°87 3.12°4°
SILO STAVES 14--o\o.. 1220 . 7 8§ 4 5 14 18 40 3-13°8% 3-14'0°

Liguid Caparity longth with ]I:wl‘ T Tt i;;ii_ ~ Rlarhe

i;;i;@ ;ii;\.\;i; “Gallens _ ____ {Invide) (Imiide) Ik Unude) Bogursed

D S50 T4 2§ wor o Ho

" . BUILT. OF CONCRETE 6 e (] 74 S woe L 126
BLOCK , :

810 74" 0" W 9" e Bt

- 9% 74" 40" LI S i 152

19 \ 1150 8 8" 40" 4S5 54" 168 _

Nath A sorahat gitatis Quantng o 3i0d. cement. Gravel and waterBrouhng mirévial wil e tevgired T fanks
L e then e deniein etk :
Note: The foregoing material was digested from New Construction
Methods for Septic Tanks and Cisterns;—by T:.R:C: Rokehy,
Circular 99, March 1953, Agricultural Cngineering Ucpt.,

Agricultural Experiment\Station, South Dakota State College,

Brookings, South Dakota \ | : .
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/ BﬁEﬁﬂT}BN AND MAINTENANCE

A newlg built septic tank should be filled with water up to the outlet level

and then seeded with several_buckets of ripe sludge. Although most design

recommendations call for desludging about every two years; it 1s suggested.
that private installations be examined at least once a year and septic tanks

serving public institutions be examined every six months. The inspection
should be directed towards the determination of: o

(a) the distance from the bottom of scum to bottom of outlet* (scum
~_ clear space)
(b) the depth of accumulation of s]udge over tank bottom.

§iudge may be bailed out by means of a lonq hand]ed dipper-type bucket. or
pumped out by a specially equipped cesspoo:-emptying vehicle. It is impor-

tant to recall that the scum and sludge removed.from ordinary septic tanks
will normally contain some portion which ic still offansive and dangerous
to health. It is, therefore, wise to compost these materials before using

them as a crop fertilizer.
, THE DISPOSAL 6F EFFLUENT

. In rura] are 3 ahd sma1l communities, the choice of methods gvgj]ab]e

for treating and disposing of the effluent is usually limited to di-

lution; seepage pits, subsurface frrigation, filter trenches; sand _
filters, or trickling filters. Here the discussion will be confined

to subsurface irrigation systems and seepage pits. '

THE EFFLUENT SEWER -

. A The effliuent sewer conveys,the ‘effluent from the septic tank to the
— - absorpt1on‘6r disposal area and may be constructed of the same mater-

B

— ials and in the same manner _as the house sewer:. dJoints should _be:
. tight and root-proof. A .4-inch 11ne to a slope of 178 or 174 inch
per foct is recommerded.

‘.

The effluent is discharged to_the_soil through a system of open-
jointed or perforated disposal tile or pipelines laid in absorp-
tion trenches or beds having a total bottom arda as determined :

from table . Dividing this bottom area by the effective ab- -

sorption area in square feet per lineal foot, from table _ gives

o thg total length required, in feet. Lateral seepage 1is neg1ec-
° te

Proper design and careful workmanship are 1mportant to. successful

operation of the system. Arrangement of the 1ines varies with the
absorption area required and the topography of the available ter-

rain; ) ; O

* The scum-clear space should not be less than 3 in. and the tota]

depth of scum and siudoe .accumulations should not be more than
20 in. -

BEST COPY AVAILABLE

1
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TablejjAbsorption trench area and spacing
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Four-inch open-jointed agricultural tile or_perforated drain pipe "

is customarily used. Individual lines should not exceed 100 feet

in length and should be laid on a flat grade, never-sloping more
than 6 inches per 100 feet. A1l lines should-be about the same -
1 éﬁgth. : . . )
_Iﬁé,ﬁféférréaWdépgh,icrfggﬂgbéafﬁgjaﬁ,Eiéﬁcﬁ,(ai16@iﬁg for a gravel
bed) is from 24 to 30 inches. However; depths from 18 to 36 inches

may be used if it is recessary to clear high ground-water,; maintain

grade, allow for an extra deep gravel: bed; or to meet some other

special condition. If it is necessary to go deeper than 36 inches, .

. the deeper_portions should be confined to short stretches _totaling

only a small percentage of the field as_a whole. As previously _.

stated, the trench bottom should be at-least 4 feet above the high-

est seasonal ground-water level, the top of any rock formation; or:
impervious stratum. .

trench width should be from 18 to 24 inches, although:widths up to

36 inches may be used in the deeper trenches. Wider trenches call

for wider spacing between trenches; as indicated in table

- nimum

7 B\ Effective ' .~ clear
Trench width {inches) absorption distance
area - ' . between

o _ 1= - _trenches

Square feet |
per lineal
foot of

7 trench Feet
18mccmmmmemmmmme s == 1.5 6.0
fossisisismsemciemes 2.0 : 6.5
30-memmmmmccmeccmnan- 2.5 7:0
£ 1 J e p—— 3.0 7.5

The tile or pipe should be 1aid in a bed of clean gravel, crushed
or broken stone, or similar material.  The gravel bed should ex-

tend from at least.6 inches below the bottom of the line to at.
least 2 inches above the top. The bed material may range in size

from 172 to:2 1/2 inches. Cinders, broken shells, slag, and simi-

lar materials are not recommended because they are usually too.
#ine and may cause clogging. About 178 to 174 inch joint: space
should be allowed- between sections 1f agricultural tile is used.
The upper half of this joint space should be: covered with tar pa-

per or s‘milar-material to keep out finé material from above. A

.cover of untreated building paper,’straw, hay, pine needles, or_

similar*pervious mat@rial should be placed ‘over the bed material .

to keep out particles of the earth backfill. Impervious material
should not be used for this covering as 1t would interfere with
the action of the trench;-

. _ -
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Fig. 93 Serial distribution system arrangement for sloping ground.
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If it is necessary to locate a disposal 1ine within reach of _
the roots_of_trees or shrubs; deepen_the gravel bed in_the affec-

ted area by about 12 to 18 inches, keeping the line itself level.

This_provides extra space between the moist trench_bottom and
the line and mav keep the roots from entering the line.

Exercise care during construction to preserve the natural absorp-

tive quality of the soil. Protect the trench from silt and de- _

bris while opens Avoid unnecessary walking in the trench. Place

gravel or stone carefully and tamp backfill 1ightly with a hand_
tamper. Do _not machine-tamp_ and do not use a hydraulic backf111

Overfill the trench about 4 to 6 inches to allow for settling.

Closed or Continuous Syster f

not exceed 6 1nches in any direction w1th1n the area of the

absorption field; the disposzl lines may be arranged in a closed

or continuous. system as shown in figuregp . In this system,

open-jointed tile or perforated pipe is .used throughout the

field. .It i{s laid on a flat grade and the entire trench length

is counted in the effect1ve/absorpt10n area. Because of the flat
grade and interconnecting lines, the effluent will distribute

satisfactorily without a distribution box.
Serfat Distribution Systm{

Ser1a1 distribution of eff1uent is recommended for practicaIIy

all situations where soil conditions permit subsurface absorp-

tion and where the slope of the _ground surface exceeds 6 inches
in any direction within the confines of the absorption fje]d

Excessively steep-slopes that are. subject to erosion should be
avoided. 1In the serial distribution system, the individual _
trenches of the absorption field are arranged so that each trench

is forced to pond to the full depth of the gravel fill before the
effluent flows 1nto the succeedina trench. (See Fig. 93 )

Advantages of th1s system are: (Ii It minimizes the 1mportance

of variable. absngtioh rates in different parts of the field by

forcing each trench to absorb effluent until its ultimate capac-
ity is utilized; ({2) it causes each trench in the system to_be
used to full capacity before failure occurs; 2nd (3) it elimi-

71str1but1on box and the runs of tight-jointed

nates the cost. of
pipe from the box to

the absorption trenches.
The following design|and construction features should be observed
at1on ‘of this system:

1. ,,Ind1v1dua] trenc’ hot oms. and d1sposa1 1ines should be level,
following contours td*min1mize variation 1n trench depth.

2. A minimum of 12 inches of earth sh0u1d cover the gravel fill

in the trenches.|

e
&
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3. A minimum of ‘6 feet of undisturbed earth should be allowed

between adjacent trenches; and between the septic tank and

the nearest trench. 2

{ . 4, Overflow lines should connect the trenches in such a manner
that a trench will be filled with effluent to the depth of

the gravel before the effluent flows to the next lower trench.

This mgy be done as shown in figure by having the. invert

of Eﬁé%dﬁé??léw line at the top of the gravel fill:

5. The overflow Tines should be 4-inch diameter tight-jointed
sewers, connecting directly to the distribution lines.in the
trenches. The trench for an overflow line,; at the point ____

where it leaves an absorption trench, should be dug no deeper

than the top of the gravel fi1l in the absorption trench;

6. The outiet {overflow) from a given absorption trench should

be as far as practical from the inlet to that trench in order

to prevent short-circuiting of the effluent.

7. The invert of the first overflow 1ine should be at least 4

inches lower than the invert of the septic tank outlet.

8. A1l other features should match those for subsurface absorp-

tion fields generally:
Distribution Box

Experience has shown that distribution boxes and similar devices

celdom achieve the uniform distribution of effluent that is ex-

pected. of them. Effluent distribution by the continuous or ser-
ial distribution systems gives as good results or better; and
generally at less cost. '
1% a distribution box is used; the following essential design
features should be observed:
- 1. A1l cutlets must be set at exactly the same level-about 4
/o to 5 inches above the bottom is recommended, This gives
o  space for carryover sludge to accumulate and\be detected by

j pa late anc\be
/ inspection. It also serves in_ lieu of a baffle to_prevent

/ ' short-circuiting and thus aid in obtaining equal distribu-

i ‘ tion of the effluent.

2. A separate outlet is needed for each line of tile;

1 outiets should be separated by at least a full pipe diameter.
[ 3. The iniet should be about 2 inches higher than the outlets:
4. A watertight, removable cover should be provided for aééééé;\\\i

to "work” and "rest” certain lines alternately or in rotation,

If & box i§ to serve an absorption Field in which it is desired \\\\\\\

because of tight soil conditions or other reason; facilities ) L




should be provided in the box for opening and closing the cor-
responding outlets, Also, if there is prospect of future need

for more lines from the box, additional outlets may be provided
at the time of construction and fitted with plugs that can be
readily removed when the need deve1ops. More than one box

may be used if the ground slope warrants.

F1g.94 {llustrates a distribution box such as used on farms in
the U.S.

Fig. 94 Typical Bistribution Box

RemovaB/c cover E be\
reasonably woler tight
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" LESSON OBJECTIVE:

-236-
WATER=CARRIED SEWAGE SYSTEMS

CONSTRUCTION AND MATNTENANCE

LESSON NO: =

Outline the factors that must be considered

in designing a water-carried sewage systems.

INSTRUCTIONAL PROCEDURE

SUPPLEMENTAL MATERIALS
— RELATED READING

The rércolation
Test

Selection of
Disposal System

(mtline the factors that must be considered
in the location of water-carried sewage
systems. '

Demonstrate digging a test hole with a hand
held auger; :
Supervise students in digging test holes for

a percolation test;

Coridict a percolation test:

Review. the factors that must be considered

in determining the type of facility to be
implemented.
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LESSON OBJECTIVE:

=237-
WATER-CARRIED SEWAGE SYSTEMS

CONSTRUCTION AND MAINTENANCE
LESSON NO. 2

Set up and carry out a program to construct

" & water-carried sewage system.

TOPIC

INSTRUCTIONAL PROCEDURE

SUPPLEMENTAL MATERIALS

The Components of
#ater—Carried
Disposal Systems

£, . wan Selection

~v

_ Construction
Techniques

Discuss the functions of the fundemental
components of the seepage pit, cesspool

and septic tank
Illustrate the -nd components for
these systemr
Outline the :@ of
for these sy

construction

students 1u_select the most.
locations of these ayeteme ir a

Assemble
feasible
rural or

viiiuge community.

Outline construction methods for septic tanks.

Set up a program (sllocate construction tasks

to the students) for the construction of a
septic tank.

Supervise students in the construction of
this septic tank.

Diagrams of these
systems

WHO Monograph Series #39u )

Chapter 3.

ugggai of §g2ti Tan k
Practice; p. 9-38;

Constructing a Concrete
Septic Tank (Technical
Digest Survey) '

. owe
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WATER-CARRIED SEWAGE SYSTEMS
CONSTRUCTION AND MAINTENANCE
LESSON NO. -3

LESSON OBJECTIVE:  Define the need for and the methods of establishing

a mainténuhce program for this system.

TOPIC e INSTRUCTIONAL PROCEDURE SUPPLEMENT ',;E“AADT,SQ'ALS
Rules. for Discuss the need for septic tank inspection.

Etfic1eut Operntio’
wid Maintenance of] Recall how often inspection should be
Septic Tank carried out and what it should establish.
systems S
Discuss how to aintain a septic tank.
Visit a site where a septic tank is being

desiudged.
The Need for Discuss the difficuity of finding skilled WHO Monograph Series .=
Simplifying labor in developing countries. Chapter 9
lechnical Mater- e -
tals Outline how to simplify instructional
materials,

T
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APPENDIX A

The chart converts pounds and olicces to k11ograms and grams _ of vice versa.

For weights greater than ten pounds, or more accurate results, the tables

or conversion equations must be used.

Notice that there are sixteen divisions for each pound on the chart to

represent ounces. There are only 100 divisions in the first kilogram,

and each division represents ten grams. The chart is accurate to about
plus or minus twenty grams. \

EQUATIONS
1 oz. = 28.35 g.
1 1b. = 0.4536 _kg.
1g. = 0.03527 oz.
1 kg. = 2:205 1b:
KIiLOGNAMS INTO POUNDS
. {1 kg. = 2.204631b.)
qujﬂilili“ilili 7 K
o0
0 | n | 2200 4.41 6.61 8.82 13.02 13.23 15.43; 17.64| 19.84
10 | 22.05) 24.25| 26.46] 28.68 30.86, 33. 07 35.27] 37.48! 30.68f 41.89
20 | 44.00 46.30, 48.50| 50.71 52. 91! 55.121 57.32| 60.53| 61.73| 63.93
30 | 66.14] 64.34| 70.35 72.75|.74.08 77.16/ 79.37| 81.57| 83.78, 85.08
<« | 8A.19] 90. :mI 92.50! 04.80] -97.00; -99.21| 101.41; 103.62/105.82.108.03
50 uo.ggngfpuu 116,85, 119.05{ 121.25{ 123.46, 125.68/127.87/130.07 ;
60 |132.28 134,48 136.69] 138.80] 141,10, 143.30] 145.51| 147.71(149.911152. 12 :
70 | 154,32, 136.53] 158.73| 160.94! 163.14 ms as lgz 55 uo 761171.96.174. 17 _,
80 ivu:sz.ussmovsmzmmw °°l 801104.01.106.21 :
90 |198.42 20062 zozsszosoazovu aﬁzis iuwoulazo ._
Pomlns nno KILOORAMS .
{1 1b. = 0:45369 Jg.)
wo | o j s Iijbriij IR
0 0.8 z‘ 1.361 lml 2.268| 2.722 3:175] 3.629| 4.082
10 | 4 5.443 5.507| 6.350| 6.804| 7.257| 7.711} 8.165 8.618
20 o n.52nl o.07 oltm 432, 10888/ 11:240] 11.793] 12.247)12. 2701li3.154
30 | 13,608, 14.061| 14.515! 14.969] 15.422] 15.876) 16.329| 16.783,17. z:nln .600
40 {18 ml 18.597] 10 051} 19. ﬁO-tl m 918 20.412| 20.865; 21.310 21.772122.228
50 |C2.080, 23137 23:587) 24.040] 24.404] 24.048| 25. 401 25. 855 26. 308,26.762
60 |27.216] 27.069| 28,123 28.576 °9 ! 20.484| 20.037| 30.391 30.844,31.298
70 {31.751) 32.208 12 w‘ 33.112] 33.506 34.019| 34.473| 34.927,3 ml 15.834
80 |30.287) 36.741) 37.195) 37.648, 38, 102; 38. 565/ 39.000] 39.463.39. 916/40.370
90 |40.823] 41.277 u 7ao| 42,184 42 mlc:l 001] 43.545; 43.998 4. l«..tm

ERIC
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APPENDIX B
This foldout chart is useful for quick conversion from meters and cent!-

meters to feet and inches or vice-versa. _For distances greater than three

meters; or more accurate results; the tables or conversions equations must
be used.
The chart (page ) has metric division of one centimeter to three meters,

and English graduations in inches and feet to ten feet. It {s accurate to

about plus or minus one centimeter. Folding out the chart makes a handy

reference when studying other drawings in the Handbook. .

For more accurate results the tables below
An_example may help explain how to use this type of table. Suppose you_

wish to find how many inches are equal to 66 cm. On the cm. to in. table.
look down the leftmost column to 60 cm., and then right to the column

headed 6 cm. This gives the result, 25.984 inches.

INCHES INTQ OENTIMETERS

B {1 in. = 2.530977 cm.)

inches| ' ® i : |'s il3'7§|1ll;
1 ] I R (R S D
0 i em | 2.84 B5.08 7.62 1C.16] 12.70] 15.24 17.78] 20.32| 22.86
10 | 25.40 27.04| 30.48 33.02) 35.58 38.10 40.64| 43.18( 45.72) 48.26
20 | 50.80| 53.34 53.88; ©8.42! 60.06| 63.50| 68.04| 68.88) 71.12' 173.68
30 |.76.20; 78.74| 81.28' 83.82 §6.35, 88.00 91.44' 93.98: 96.52 99.08
4 | 101,80 104.14] 106.68! 100.22| 111.76; 114.30| 116.84! 119.38 121.92/124.48
5 |127.00; 120.64| 132.08) 134.621 137. 16 130.70,; 142.24) 144.78147. 32)149. 86
60 | 152.40; 154.84| 157.48 160.02(-162.56! 165 1C: 187.64, 170. 18 172.72/175.26
70 |177.80! 180.34' 182.88| 185.42; 187.96] 100.50; 193.04! 195.58'198. 12|200.66
80 |203.20| 205.74; 208.28' 210.82) 213.36; 215.90; 218.44 220.98 223, 52,226.08
90 |228.60; 231.14 233.68; 236.22) 28.76] 241.30, 243.84) 248.38,248.92,251.46

CENTIMETERS INTO INCHES
(Léﬁi; = 0.3937 in.}
e | 8 | 1 2 ERRE 8 ] e 7 N 9
I A R R I "

0 | inches | 0.3504] 0.787) 1.181| 1:875| 1.060i 2.362) 2.756| 3.150 3.543
10 | 3.037 4.331| 4.724| 5.118| 8.512) 5.906/ 6.208| 6.683| 7.087 7.480
20 | _7.874| -8.268| 8:661) 9.055 9.448] 9.843]10.236)10.630(11.024 11.417
30 | 11:811] 12208 12.508| 12:992( 13.388] 13.780| 14.173] 14.5687/14.961/15.354
20 | 15:748|16.142| 16.535] 16.929| 17.323 17.717) 18.110; 18.504/18.898/19. 291
50 |10.6as| 20.079i 20.472] 20.866) 21.260] 21.654| 22.047 22.441|22.83523.228
80 |23.822 24.016 2¢.400; 24.803| 25.197| 28.501| 25.984| 26, 378126.772,27. 165
70 | 27.850] 27.083| 28.346; 28.740| 2. 134| 29.528; 20.921| 30.815/30.709,31. 102
80 | 31.496{ 31.980 sz.ml 32,877 33071 32. 20| 33:858| 34.252(34.646/35.039
90 | 35.433| 35.827| 36.220| 36.614| 37.008, 37.402| 37.765| 38.189,38.583)38.676




EQUATIONS

1 inche= 2:54 cm;

1 foot = 397.48 cm.
= 0.3048 m.
1 yard = 91.44 cm.
. =0.9144 m.
1 mile = 1.6. km:
1 cm. = 0.3937 in.
1 m:" = 39.37 in:
. = 3.28 ft. _
1 km. = 0.62137 mile
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Since 1961 when the Peace Corps was crented ‘more than 80;000 U.S. citizens,hngg,seggg ;
as Voluriteers in developing conﬁtrten, nvtm and_ uorking among the people of the Third
World as colleagies and co-workers. Today 6000 PCVs are involved in programs aeslgned

to help strengthen local capacity to address such fundamental concerns as food

production; water supply, energy development; nutrition and health education and
reforestation. .

Peace Corps overseas offices:
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- Tegucigalpa Bangkok &
B .
COLOMBIA. IVORY_COAST NIGER _ _ : , J0Go._ _. - -
Carrera 9 1/80-26 BP 1127 BP 10537 BP 3194
Bogota Abid jan Niamey .Lome -
COSTK RICK JAMAICA OHEN - _t s IONGK
Apartado Postal 9 Musgrove Avenue P,',O' Box 966 y PP 147
1266 " Kingston 10 Muscat : Nuku’Alofa’
San Jos& :
) %*&N{-%—REP—U—BL—I—GWKW'”Vﬁ: REPUBL T( ¢ KENYA N ( TUNISIA -
«  Apartado Postal _ P.O. Box 30518 c¢/o_American Embassy 8, Ave. Louis ,
oolaral N-irobi Port Moresby ; _Bratille -
Santo Domingo ! Tunis
: EASTERN CARRIBBEAN KOREA PARAGUAY .
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