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Foreword

The successiul developmant of a ruml waler supply syslem requires continuous com-
municalion behween local projoct directors and their anginoering conauliants. Howewer,
project direciors and their staffe are often unfamiliar with detalla of syslem deslgn, local
and state regulations, and other technical aspects of water projoct development. This
baok has been writlen to meet the noed for thiz information In the lleld and to enable
project diroctors and thelr engindaring consultanls 1o work logother more aflectively 1o
provide economically feasible and hyglenically acceplablo waler supply sysiems for
rural paople. it should prove holplul both 1o enginpoting consultants in designing an
adequats wiier supply system in & specific localion and 1o project direcions In evaluating
thesa designe &nd refating them 1o overall project neads.

Since rural water systems are ofen funded in whole or in part by governmant agencios,
It is important that govermment officials—iederal, state, and local—have an undersiand-
Ing ol some of the technical problems of water system development. This book ls also
iniénded as an inlormation sourcs for hese officials, particularly health suthodties,

Water sysioms in rural arcac sharn, i principle, the gonenl lestures of large whan
sysiems. However, nural sysiems must B the neads of the rurl populsiions served, Oflen
theso populations are small, scafiened over laipe areas, and low in incoms. Chapler One
lpoks ot the overall problem of rural waler sysiem planming and developmonl, ghing
parficular atfention to the concopt of the cluster-well system as & primary allernative 1o
the traditional central sysiem which, with its one waler source and ireaimend facillty, may
not be leaaible in many rural anas.

The waber source for rural areas will ususiy be underground squifers rather than surlace
sources. Sites for refatively deep wells must therefore be located end wolls constructed
using the best avaifable lechnology (which is nol necessarily the most expensive). Pump-
ing and siorage facilities can be smaller than those in urban areas because they will
handie loas volume. Distribution lineés, when served by multiple wells, need not bo 8
exfonsive as in the urban-type ceniral system and will therefore be less costly. Treatment
facilition, while usually necessary ko some degree, noed not bo 2s complex as those in
matropolitan areas because ground waler usually requircs less treatment than surface



sources. Chaplers Two through Five examing the essentials of waler system deelop-
ment: wall-sile selection and well construction, requirements for pumping tacilifies, water
treatment, and storage and distribution systems.

Cost estimates must consider both The users' w-income budgets and the inlilal quality
of the syslem’s constrction. A compromise musi be made between the original con-
siruction cosls and the polential longevity of the system, In terms of operafion and
mainienance. Chapter Six presents cost analyses and comparisons. for oblaining a waler
supply from both ground water and surface waler sources and for the treaiment neces-
gary for each. Local conditions will datermine whether thi use ol surace water or
ground walker is the mone economically advaniageous.

The final chapler provides general guidelines necessary for adequate wall and waler
system maintengnce, giving special attention to trouble shooting commanly used jet and
stibmersible pump sysiems.

The authors wish o thank Stanley Zimmenman, Executlve Directar, Mational Demonstra-
tion Water Froject, for his cooperation, aid, and understanding during the preparation of
this book. They are alao graleful 1o the following people for thelr valuable assistance
during the writing of the manuscript: Judith A. Gegal, U.8. Office of Economic Oppor-
tunity, Washington, D.C.; Edwin L. Hockman and William Long, U.S, Enviranmental Pro-
tection Agency, Washinglon, D.C.; Gene Mattern, US. Public Heallh Service, Wash-
ington, D.C; Thomas P. Ahrens, LS, Bureau of Reclamation, Denver; William H.
Walker, llinols State Water Survey, Urbana; John M. Heckard, Dames & Moore, Cin-
cinnali; Truman W. Bennett, Pentron Indusiries, Inc., Columbus, Ohio; Joseph H. Van-
Deventer and the staffl of Demonsiration Water Project, Inc., Roanoke, Virginia; Thomas
C. Bamwell, Jr, Hylend L Davis and the staff of Beaufort-Jasper Comprehensive
Health Senvices, Ing, Sculh Caroling; Foscos Thombury and the sieff of Guyandolie
Waler and Sewsr Development Association, Logan, West Virginia; Mehvin L. Paimer,
Departmend of Agricultural Engineering, Ohéo State University, Columbaess, Ohio; Steven
M. Goldsiein, Syslem Sciences, Inc., Bethesda, Maryland; Maryon W, Ruckelman, David
J. Smith, Leslay J. Powell, and Susan Hacker of the NWWA Research Facility and the
remainder of is support staff. The authors wish 1o meke a special mention of grafitede
to Shirley True for her editorial work on this book and 1o James True for his contributions
as both the designer and production manisger.

The Commission on Rural Water has available a comprebansive library on well-construc-
fion technology and other malerials on rural water and waste disposal syetems develop-
meant. Contact the Informetion Clearinghouse, Mational Demonstration Water Project, 221
Morth LaSale Street, Sulte 2026, Chicago, lllinols B0B01 (area code 312/348-18632),
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Sources of Water

Water System Planning and Development

The seprage Amorican oies BBy D sewenty-Tve pallons of wader exch diy in purdly
hocsehold pursisly. He drickcs & dracly oo B WD oF utos B 35 3 basic ingredent in
other birversgos such A3 16 o coflee. He vasd B 10 wash his body. much of his cicth-
ing. his cishos, Mg o, AN sven his 000 Mary of his loods sre cocked in waler, Me
uses wiler ko sorub hig B00rs and cometimes his furniture. He gives it to thirsty pots,
sprinkles it on polied plants, and speeys it on dry lawnis. He may even swim in wated If ho
haz & backysrd pool.® Lile & nol possible withoul some water, and #l Is nol vory
pleasant without o greal deal of It.

Amedcans ore forunate In that a plentiful supply of wabir is available in most parts of
he country. It lalls ko tho eanh &3 precipiation — riln or snow. Some of It collects on
the carth's surlsce 10 lorm lakes, rivers, ond other srisce waler. The rest seeps down-

“Wiaher i pled i ot Motk Modeby o houtes Dl Geve SO pluflre. 8 That The probdems of sl
Uy Bl eamiSwabl Japolal we stenmiely reluied O whblteale sysems, see Sieeen Mo Goduiein
and Walter J, Mobiig, Jr. Wiklowsls Freaiment Sywfemmd for Ml Commonibes, Washingaan, OC, Com-
mission on Fiesl 'Walsr, 1873,



Fig. 1, The waler cpcie. Sousce: L J, b, DeWhies,
Geotoroigy, hew Yok, ot Wiey s Som.
VEEE, b 1B

posits of sand, gravel and clay (sandsione, conglomarate, and shale, for example); and
{3} “hard rock™ formations of granite end other orystaline matersals (basall, Emesione,
dolomite, and marble, lor example), In both consolidaled and unconsolidated sand and
gravel formations, the space between Individual padicles ls flled with water, while In
“hard rock” formations, water is located in Inlerconnected |oins. cracks. or solution
channeds. The waler fable s & more-or-less continuous surface below which the rocks
are salurated with waler. Depending on the aréa, waler table depth can wvary from
a few feet to hundreds of fesl. I Wends 1o loliow the contours of the land, sloping down-
ward from hilly areas to low pointe. Any device lof tapping ground water must thus
penirals bebow the water abis.



Waler Supply and
Waler Facilities

Although surface water and ground water combined provide an ample general supply
of water, specific supplies for housshold use will not usually ba adequate without proper
watar tacilities.® The term “edeqguste.'” when applled to waler supply, means more than
gimply & quanily of waler sullicient to meal the housahold needs mentioned earfier; the
qualily of the water iz also imporiant. it should be pwe, i.e., free from bacterial or min-
aral contamination which maks & unzafe or unpleasant to drimk. In addition, the water
eupply should be convenient — localed in close enough proximity to the user thal he
can ke full advaniage of it withoul greal hardship and axpense,

Whila thara = ganeral sgreement that minimum standsrdes for sdequacy in a water gupply
are that it be ample and pure, there i Mone controversy aboul convanlence. There afe no
standards regarding how much trouble a hotsehold should be asked to endune in order
1o securne water, or how much it may faidy be asked to pay. Of course, convenience and
health are intemrelated because an inconveniant wetar supply is likely 1o be uilized less,
thues beading to heatth problama. At the very laast, & convenient water supply would seem
o be one located on the household sbe, i nol aclually piped into the house.

Today, slandards of adequacy in & waler supply cannot often be mel withoul waler
facd@ities. The term facility implies a man-made denvice for apping a waler source and/or
purifying the waler {a well, a reservoir, a freatment plant). b pionser days, such facilities
ware often unnaceésary —a family could dip its waler direclly from a noarky stream
or apring. Today nalther surface nor ground water can be 80 readily or eafely secured,
Mot everyone lives near surface water, and ground water does not usually rise o the
surface naturally, An ample and convenient supply for all ks not avallable without human
Intervention,

Even if available in quantity, the quality of nearly all surlace and ground water iz highly
suspact following years of dumping mw or poorly treated sewage as well a5 countless
cther contaminanis into streams and underground, Purification of nearly all suriace
water and to some edanl goound water i necessary. Adeguate water facilities
have become a prereguisite for an adequate walar supphy.

Water facilities in use in the United States may be classilied in a number of ways:

1. By number of households served. Water supplies may be individual (serving ona
hoaesehobd) or commanity (sending sewveral howssholds &t least and usually & subsiantial
number). The terms public and sometimes mundcipal are sleo often wsed ag nearly
Eynonymoug with community. Roughly 75 per cent of the Amercan people are sensed
by community water facilites, Neary all tha indhicdusl water plants and many of the
community tacilifies ara found n rural anees.

*Rainwalar can ba eappsd direcily and used &% & wiler source, 0l courss. bul Shis is only dona o A
minod degrad 0 thes United Simles, Also, “saling waber," surlacs or aull, 5 a
posgible Bulune waler scerca, il Wcheology has nol yal been abls o comet it dor
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Well Construction

The proper selection of the well sile i based on the ground waler bguiser 1o be devel-
opbd, depth 1o the water-bearing formation, and the lithologic chamcler of the lomalions
1o bo penarated in order 1o resch the water-bearing lormadion, (Mhar ctons which must
b considerad include: freedom from Rooding; the relation to existing or polential sownces
of coniamination; and, in many cetes where aguifers are oxiensive, convenlence, The
bost supply of waler available in the area which will meat the quantiiastive and qualltative
nids of the eyvsiem should be developed. However, under some ciroumstances, B supply
ol lowar, though acceptable quality may ba utilized becausa it s loss expenalve to treat

County ond stale health depariments should be contacied for [ocal regulations concem-
Ing wall lacation and minimum state and |ocal waler qualily standards should ba mel.

Minimurm horizontal protection distances betwaen the well and common sources of poliu-
ton should nol be less than those specified by the respective stalo healih depariment or
equivilnt, Table B 5 an exarmple of ypical minimum distances. These proteciive mini-

Tabls 4. Minimum Distances Between Well and Sources of Pollistion.” (loe1)

Source of Pollution Drtran Well Dutlied Well
Froparty Ling &0 n
kngroperly Absndomed Well or Sink Hole - 200
Seopage P 400 200
Despral Fald of Bed #00 200
Industrial Lagoon - t
Watter-Hight Sewes Lines 50 10
Other Bewsr Lines 100 5
Courlesy CAW = ——

*Distancos speclied should ba incressed, # neckssary, Vo meal the minimum equirements of he slals
#nid county healih suihoritien,

Thwmum sale dislance fom 8 wosls pond should be specled acoording o madurs of The wasls,
genlogiinl surlsce end subsurface condilions, end the recommendaiione of ®he sloke and local healih
thod .



Kinda ol Pumps

Well Pump Systems

There aro many fypes, kinds. and sizes of pumps available for waber Fyslems todey.
Somg pumps ang designed only o remove wiler from a source. Some Brd designed 16
remove the wader and force it through the fest of the wabsr sysiem. Others are designed
o do only special jobs such as boosling pressune of supplying a special oufiel

The variely of pumps available iz a greal benall 10 those planning & waber Eysiem,
However, pumps must be selecled carefully 5o thal the comrect pump & chosen fof the
specific water-system application, (For additional genaral information on pumps, thelr
aperation, and maintenance, see 66,1

A shallow-wull pomp B one thal can dmw waber from & maximum depth of about
tenly-two leel N Gopénds on atmospheric presdurd 10 force water into the vecoum
that the pump dévelops within the suction pips. Shalicw-well pumps are algo used o
pump wated bom tanks and other siorages. (See Figure 25)

A doep-well pump i§ used 10 oblain water from any depth, depending on pump dosign,
These pumps Iifl Of push the water up by using pisions, impeders, of jets. (Soe also
Figure 25.)

A positive-disglecemant pump is one thal delivers water at & pulsating rate rogard|éss
of the pressure or distance it must overcaoma, it may be either of shallow-well or deop-

werl design.

The selection of a pump should be based on the lollowing general factors: [61)

{1) Quality of the walor-—lron and kon bacterda Caute more problems and expenso with
submoisible pumps than other types. Band and sodimen] are abtrashe and will damsgo
pumps; solec! a rolatively resistant pump, Melhane Qi causes vapor lock and requires
Eposial pump fonturos,



Water-Treatment Facilities

The objective of any waler-treatment facility is 1o provide waler of bacteriological, chem-
ical, and pivysical quality which ks both palatable and acceptable 0 the consumer and
o slale and local health authorities. All waler from nalural sources containg Impurities.
Some of those impuwities adversely afiect the usolulness and sultabllity of waler, whilo
olhers miry impoove Bs palatability,

Bocause puns waler is such a good solvenl, il picks up impurities easily, Mast imgurities
gre plcked up naturally, bul some ereé added olther sccldentaliy or imentionally by man.
Water may be cleansed or pollubed as ft flows over, or fiers through, sod or ofher
subsurfaca material; It may pick up or [ose bacteria; it may dissolve of lose chamicals,
minarals, and sodiment.

The baliel that llowing or soll-fitered waler has purified itself iz falze, and [eads o
unjustified conchusions aboul water salety, Cloar water is nol necessarity safe waler.

To delerming whether or not a specific water sysiem IS acceptabls for its inlended ses:
(1) Determine the quality nesdsd for each use;

{2) Test the water for bactarialogical quality;

(3) Analyze for chemical quality; and

(4) Treat the waler il needed. If perodic conlamination is suspected, a schodule of
sampling should bé mainiained.

Soma ol the plocedurss, piocesses, and aquipmanl thal may be used fo do thees aaks
are desciibed horedn, [For turiher information on waler reaiment, see 55, 61, and &7 to
Ty
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Pumping, Storage and
Distribution Systems

The overall objective of pumping and storage facilities is to provide a sufficient and
continucus supply of waler at adeguale pressura that will safisfy all domestic and
redated needs under all conditions of demand. To mee! thiz objective, the design of the
pumping and storage facilities must be propery integrated 1o oblain effective senvice
with the most economical design from the standpoint of inilial and fulure investment and
operaling cosls. Pumping can be provided in various ways, such as lowdift and highlift
pumgping slalions, boosier stations, or combinations thereoi. Storage can be provided by
alevated tanks, ground-storage tanks, pressure tanks, or combinations thereof. [55]

Location of Stations and Tanks

Pumping stations and tanks should be located on level sites except where hillside
installations can be proven to be advantageous. if the location ig on filled ground o a
hillside, special precautions should be taken to sssure adequate struchural stability, A
report, 1o the exten] applicable, should be submitied providing assurance that suitable,
well-compacied M malerial ks provided and that the underying original sod ks adequate
o support the weight of the fill, plus the weight of the struciure without damaging
satflement. For hillside consiruclion, the focotings should be supporied on odiginal zoill
and a berm of af |east ten feet should be provided from the bottom of the footing to the
edge of the skope.

The site should be free from flooding or excessive surface-wash conditions. Establish-
manl of elevations of struciures with respect 1o flood levels |s specified under the
applicable headings herein, Adequale grading aroand the structures should be provided
fo diverl and olherwise conirol surlece water, Ditches of adequale capacity 1o divert &nd
carry off storm-waker runoff should be provided for facilities on & hiflside,

Design of Pump House and Amangement of Equipment

Dasign of the pump howse should be that which will assure mainlenance of the sanitary
gquality of the waler passing through the station, and which will facilitale a sanitary and



Cost Analyses and Cost Comparisons

A cost analysis follows &3 a guide for comparing the Inital cost of a surlace waler
supply with the cost of wedl instaliaiona. All cost date should be adjusted for addiional
inflaBonary incréases since the shudy was compisled. The data should alzo be modied
sccording o vadations in local costs,

iCasl ol Reservoir

Use of this material will give an estimate of lolal project cost for a reservoir project in the
ranfe of storage capacity from 100 to 100,000 acre-feet, This ks Intended only as an
instrumant for establishing orders of magnitude as & basis for comparisons, and will not
lake the place of the delalled estimates prepared by engineers for & specific site. (6]

The siudy was based on cosi data collected from consulting engineers. pevate and
municipal waler uthities, and state and foderal agoncies for reservoirs construciad in
Hinoks since 1945, All cosl figures were brought 10 the 1964 cost level by maans of the
Handy-Whitman index. [14]

Froject cost, a8 used hers, is theé som of construction cosl, engineering and legal
senvices, contingencies, and kand ool The lerm construction cosl includes land clearing,
dam and spillway construction, and mlocafions, Enpincering and legal senicos have
been added &8 a fxed porcontage, 15 per cont of construction cosl, Conlingencies wono
sdded as 10 per cont of the construction cost. The amount of land required for a project
was defermined lo be 50 per cenl greater than the achual normal pool surface anoa
derived from a relationship of lsks surface arca versus siofage capacity. The resonoir
prosect cost is estimatind by the loliowing oquation: [6]

P,=CyC+CyL K

Where: P, = Total project cos! in dollars Gy = 1.25, & combined constant accouni-
ing for engineering and legal services (15
por cent of C) plus conlingencies (10 per
cont of C)



Water System Maintenance

Well and purmp maintenance is of vital imporance to the longevity of the waler sysiem.
The fcllowing is a bried survey of the salient facions of well and water sysiem malnie-
nance. ”

Pumgping Records

After & well has boen drilled and permanent pumpling equipment installed, it becomes
an integral part of 8 planned waler syslem, The oparator of mainlenance personnol of
the water supply ayatem ulilizing wells and pumps should fully acquaint themsalves with
the structural datails of the well or wells, casing akzes, types of scréen, screen alevalions
and othar pertinent data, and pariicularly with the record of the pumping lest prior 1o
the acoaplance of tha installathon trom the wall contracior. [24]

This record should include statsc waler lavel, gallons per minule pumped and pumping
levels. A complste pump recond indicating the type of pump instailed, sizes and dimen-
sione of eomponont parts, amound o lengths of pump column, air line lengths, and a
periormants curve of the pump bow! unil should be made available to the opraior of
rintenancs poreonnel, After such data ane obtainad from the well contracior or the pump
installer, the compleled well and pump insisliation can be pul inlo service,

Thess data are hghly important, as they provide a basls for comparison with the daily
pumplng records, A marked discrepancy batween the original test dats and current
pumping records would Indicate problama. This discrepancy may become progressively
wortse il a diagnosis of the condition is not made and corrective measures taken immedi-
alely. Waler company personnel should have a comprehensive knowledge of tha basic
operation of the wates syslem. An awareness ol the sarly signs of malfunclion will aliow
walar company pérsonnél 1o record data of intorosl fo the well contracior of Conaulting
enginser rebponsible for The mainlenance of tho waler sysiem.

*Comprefanitivg covaiags ol This lopss s plarmed by the CAW for fulure publioetion.
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