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3 DESIGN iUTD OP,ERATION OF DRAINAGE PUMPL'TG PLANTS 

SUMMARY 


• In a study of 17 representative drainage pumping plu;ltS in the upper 
Mississipf>i Valley, extending over !t period of 6 years, daily records 
of open,ltion were obtained to determine the alllotmts of pumping, 
static lifts, and costs of. pumping, and tests were made to determine 
the pump disdlal'ges and plant efficiencies. 'fhe discllssi.on of costs 
has already been published (11).3 AddHionatdata were collected and 
analyzed to bring the publication up to date and to widen its applica
tion to smaller plantB of farm size. 

A dminage pumping plant is an integral 'part of a draina~e system. 
It should be (\('signed along with other drainage works, which nett!']Y 
always include. open drains and le,'ees !lnd frequently tile dmins. 
A dl'llinage pumplIlg plllnt should be designed to pump the estimated 
maximum l'unolt' !'llte !I,t the maximum lift. In the upper Mississippi 
Valley, minimum Ii Hs range from 0 to 9 feet und lIluxilllum lifts range 
from 12 to 25 feet. The average lift during the low-water season for a 
period of yeal's should be the basis for designil'lg a low-lift pumping 
unit in a llIultiple-unit plant. Data that are ess('ntial for design may 
often be se('ul'l~d from the Corps of Engineers, United States .Army, 
the Gl'ological Survey, the "Teather B\Il'euu, and the Soil ('onseI','ution 
f~ervice, and other agl'ncies to determine I'ivCl' stages, flow of streams, 
rllnotl' to be expected from the area, reqtdred drainage l'oeilicient, lInel 
estimated runoff to be pumped. 

• 
The annual 1't1ll0ff to be pUlllped should be determined in ol'der to 

estimate the annual plant Iador and cost of pumping, The estimated 
nYel'age runoff pumped from districts that were affected by bllckwater 
fl'OI11 dams rangcd from 16 to 3;) inches per yeul' and from districts not 
affected greatly by backwater from 12 to 16 inches. The !lnuual runoff 
pumped from clistI'iets thut obtained some gra~'ity drainage and were 
not atl'ceted by baekwater from dams was estuullted to be from 5 to 
15 inches. 

The distribution of n:noff aecording to static lift should be deter
mined in order that the plant can be designed for maximum efficiency 
at the lioft at which the greatest amount or pumping mllst be done and 
that one or more units ~'ltll opemte etliciently at any 1ift. 

The required capacity for a drlrinage pumping plant in the upper 
:Mississippi ''Talley, at ll1nximum lift. in terms of average. totall'unofi 
pumpl'Cl per y~ar and :l co('ffici~nt "a!'yin~ with size of drainage area 
and degree of protectIOn pl'onded tor tile lands, may be computed 
(p. :~5) as 

('=.33 (0+,0231') 

A forlllulafor general app1i('ation (p. 85) is 

C=l(l [0+ ([{!Xi')] 

I)ropeller pumps are especial1y efficient against hends less than 10 
feet and mixed-flow pumps are "N'y efficient against heads l'llnging 
sOme\\'IHtt higher, when'as for heads greater than about 14 feet prop
erly (\t'signecl ('ellll'i fuga 1pUl1lpS ollia i n ('qua I pflieiel1cies. Centrifugal, 
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pumps have a gl'eater capacity near the-maximum lift than the other 
types of the same rated sizes. Some plants operating against consider
able ranges in lifts have installed propeller (,!' mixed-flow pumps 101' 

efficient pumping at low and medium lifts and centrifugal pumps for •efficiency at lugh lifts. -Well-designed dl'uinage pumps have etliciencies 
slightly above SO percent neal' the maximum lift, and operating at two 
speeds can maintain an eflidency of -70 percent or greater against total 
heads ranging from 7 to 2;) feet. 

The speed of all three types of PUI11I"lS sllOuld be varied according 
to the lifts or heads pumped aga i nst, to obtain best a veruge etliciencies. 
At low and mediulll lifts the speed should be reciuC'pd, in some cases 
by as Illuch as 25 pcn:ent, -from the 1110st etlil'ient speed for high-lift 
pumping. Oil engines Iwunlly ('an be. Yal'ied in speed by adjustment 
of the govel'llOI'S sutlicielltly to permit propel' PUlllp-speed adjust
ment. In eleetl'ic plalltl-i, two synchronous motors of dW'crent speeds 
niOl1l1ted 011 the Same shaft pJ'ovid(' an exC'ellont method of speed ad
justment. 1VI1(,I'e pumps ar(' belted or chain connected to :induction 
motors, the most pl'IIC't\('al nwans of Yllrying the pump speed is by 
changing pulleys On the motor shaft. 

A unit IUl\'ing eapa('ity :;111all enoug-h to pUIliP at til{' minimum rate 
of runon' with reasonable eflieiellcy should be provided in order to hold 
the watcr in the suction bay at optimum stage fOl' drainage of the 
lands in the district without too-frequent starting and stopping of 
the ~)lllnrS.. . . 

", elded and l'l\'eted sheet steel IS usually the most convel1lent Illld 
economical material for the ('onstl'll!~tion of suC'tion and discharge 
pipes. The friction head 10Bt in those pipes in the plants studied, as 
detel'lnined from tests, !'angell from 1.9 feet to 4.3 feet at. 10 feet per 
second velocity. To reduce enb'ance losses and permit the suction • 
bay to be pumped low without the pump losillg its prime, the end of 
the suetion pipe should be pxpnnded to ha\'e from 2 to 4 times the area 
at the pump flange. Discharge pipes usually should be expanded 2 
to 6 inelleS larger than th~ plll.llp flange, the tmnsition being made by a 
short expa.nding section. The Ra\'ing in cost of pumping as a result 
of reduced il'hot-ion head i:; ('onsidel'llbly greater ill electric than in 
oil-l'1l!,dne plants becauRc the expenditure::; for eledl'ic energy exeeed 
those 'for fuel and lubricating oils, Disehal'g'e pipes should be rein
IOt'('e(l, if llel'cssar)" to pI'e\'ent eollapse when ullcl(lr a high vac-uum. 

The dischal'g'e pipe should go o\'et' the ll'\'ee 01' as near the levee top 
as posRible without exceeding the pmcticlLi suction limit of 28 feet 
above the lo\\'('st Htagl' of watPl' in the di:::;ehal'ge bay. The end of the 
dischar~e pipe should be below tho absolut~ mini~num stage of the dis
C'harge Oily, so that the plIlllp l'nn be reachly prllned and so that the 
discharge pi pe will ad as a si phon to rt'c1uce the head on the pumps. 
The end of the pipe usually should be belled to reduce the head lost 
at exit. The horizontal seC'tioll of pipe at the top of the levee should 
be short to r('duc(> the amOllnt of a i l' tha t will be trapped. 

Choice of kind of PO\\'(,I' for a pumping plant should be based on the 
total cost of pumping, including- lixed {'harges, and on othel' advan
tages. EleC'tric plants arc ('heapcI' in first cost, whereas oil engines 
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cost less to operate (11). The economy of an oil enginc depends upon 
its successful operation for a ]Ollr.('/ perIOd of years; therefore, experi
mentltl types should be avoide(. l\Iultiple-cylindei' horizontal oil 
engines are subject to mOl'e vibration than those with vertical cylin
ders, but single-cylinder horizont.al semi-Diesel engines up to 150 
horsepowel' have been satisfactory in operating drainage pumps. 

Founclations should rest 011 piling designed to SllPPOI't the 'fulllo:td. 
Heinfol'cNl ('Ollcrete 'roulldations are rCt'ollll1lenliell for direct-con

'.netted unit;.;. so that pUlllP Itllcl engine will not settle out of line. A 
sub;.;tantial lire-resistant building of brick or othel' permanent con
siTllt'tionis desimb1e for hll'ge plants. A concrete suction bay is 
llsnally tlesil'able for upper Mississippi Valley pumping 'plants, to 
pl.'CTent lllltiC'I'lllilling of the buildillg. An etl'ec:tin~ SC'l'een should be 
provided to I{('(~p tmsh out of (lte pumps and pipes. 

The numbcr of tal'lH pumping' plants has increased since the war. 
'fhe instalbtion of rural electl'iclines and farm nwtlmnization 'has 
l'!leola'aged this den'lopment. .A. small pumping plant can be used to 
dmin Silla I I al'llas whil'h ('annot othm'wise be di'ained, Attempt has 
usually beell made to dc<.'reasc. the initial cost of snch plants Imd secm:e 
ltutonllltie opcmtioll 01' to redu('c to It minimum t:h~' neNl 'fOl' nttend
aHec while the plant is op(>l'ating. Light, low-li'ft. pl'opeller-type 
sllbnH:'rged pUIllJlS ha.ve oft(~n been used and priming eqnipment elimi
nated. Foundations have been lightened, buildings simplified, and 
the least costly equipment provided. In many cases, annual operating 
costs have been low and the small amount of pumping required an
nually would not justify a large additional sum to secure improved 
plant eflicienc,Y. On the othel' hand it is important for a small as well 
as!l ltu'gcr plant to operate when necessary to save CI'OpS from flooding. 
The dependability of equipment is thus 'an important consideration. 
Essential features Such as a sel'et'n for trash should be provided, ltl1d 
need fot' reSNTe equipment should be eons ide red. Several examples 
of smllll f:ll.'11l plant>; arc diseussed in the text. 

Constrnction contl'llcts for a pumping plant ordinarily should be 
let in t\\'o parts, olle ('ontmet for the buildings, foundations. alld ac
COSSOI'Y struetuI'es, and the other contract for the pumping and acces
SOI',V C'quipment. 

CompetC'nt and tI'ust:wol'thy operatoL's should be employe(1tol' pump
ing plants to obtain cflitit'llt operation and nyoid l'lLpicl deteL·joration 
of equipment. Pumps and pipC's should be hpt free of trash. The 
scrC'C'ns should be cll'aned I'egllhu'ly. TIll' seal glands should be cleaned 
f'n'qllently, to pr(>\'ent ail'hom gl,tting into the pump and avoid 
rapid wpal.' or thC' paeking on the shaH. Pump speeds should be 
adjust'C'd ll('('ol'ding to tlw lifts to obtain C'('onomieal opeL'at:ions, al
though aft(>r IWtlYY mins it may be (\esir:lble to pump the. watm' out 
of the district ns rapidly as possiblC'. Ht'('ol'(];; of opPI'atioll ant\. ex
pencil turf'S and o('('asiOlml tC'st s of tlip f'q u i pill ('II t- a 1'(' es!wn t ia Il'nl' 
pl'O[ler opC'l'lLtion of th(, pUlHping plant. Tlw,Y often lead to lllrge 
sa\'in~r:;. ('al'f'ful l'e(,Ol'ds illdi('at~' til(' lIl():,t ('I1i('iPII! lInits -1'01' doing 
thl' lllnj(H' part of tIl(' J>unlping and the needfoL' rppaiL'ing equipment 
Or illlpt'()\'ing spl'ed I'tlgulatiOll. 
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INTRODUCTION 

The natiolU11 importance of drainage in conserving and utilizing 
our agricultuml lands is l'cceivinF5 increasing recognition. Conser •

.', vation means using land ill aCcor(lance 'with its capability and treat
ing it in accordance witlt its llced:;. According to 80il Cons(~r\"ation 
Service preliminary estimates, fal'mers are clllti\,ating about (iO mil
lion aores that should not be cultivated bllt shollld be rel:it'ed 'for 
~uch uses as gmzing an~l [OrCS!l·Y., ~Iost of thi:; la!lc1 is en;>ding amI' 
lS too steep fOL' sliceessful culh\'ahon. ~\s these 1IllSllSeS of lalld are 
beillft cOL'l'ectt~d lal'trl\ additional arcas of lund will Iwed to be drained 
and ~u1ti\'ated as ~ell as (\c'\,cloped by ('Ienring and il'L'igation. As 
population increases there will be all incl'easing l\eed for draining 
good hmd. 

The drainage of lands is pnrtie'ulal'1y impol'l:int in the ('ol\servation 
progmlll be{':lllse dl'ainNl lands al'p wmally flat and 11ot. subjcl't to 
serious eL'osion. Thus, good conSCI'\'a f ion nwans a gl.'cah~t' uti I iza
tion of Jlat nOllerodible lands anlL shi ff:ing of I'OW erops sueh as corn, 
cotton, and soybeans to such lands. ::-;fl'('Pl'L' lands Hllbjel't to seI'iolts 
erosion can be llsed lessintcnsivelv as othcr lands am available. This 
is sOIlll'tillll'H done On a farm basis ltnd sometimes it needs to be d~ne 
fo), I:ll'gO a rOllS. 

The progl'am of soil c'ons('n'alion disl:l'idsis l'neolll':lg'ing pt'oper 
methods of land <il'ainagc. Tht'st, llisll'iets o:ften rUl'lIish technieal 
assistance· in ('ol1lH'diol\ with lalld drainage by groups alld individuals. 
Such dl':linage is oHC'11 :l('C'omplishe(l L'y use of pumps. Tcehnieal 
s(~l'\'ic('s, whl'l'e availahl(" inclltde a l1del'lnination of the ('apability of 
the I and, whcthC'1' .i t is prod Itet ive l'nollgh to bc worth , b'a i IIi ng', 'a nd •assistall(,p. on design and C:Ol1stl'uetion of dl'ains and other c1minage 
facilities sllt'h as pumping plunts. A plan is worked Oltt' with farlllers 
for installation o:f all praetiC'('s m'C'(,sSHL'Y to ('OIlSl'I'Ve the fel,tility of 
the soiL (1). 

In ('onllcdion with the const'l'\'atioll pl'ogl':lll1 of soil ('onsl'l'\'alion 
diBtrids it, is likely that the nct~d fOI' dl'ainage plllllping' will il1('I'cas('. 
Pumping w.ill b(' l\(·t·ded 10 S(,(,III't' Pl'()[>l'l' lltilizlltion of f'1l(> flat: lands. 
::;111:111 fal·m-sizt· pumps al'e be('ollling incrl'asingly inl})ortant in 0111' 

Jand-dl'ainageellil'l'pl'ist's. '1'11('), arc no more eomplieatcd than tra('tor
drawn Jaml (>qllipllll'nt. Another tl'end is toward lal'~l'l' pnmping 
plants that hu\'e :lg'l'eat(>l' eapaeity pCI' lI('re and tlH'\'{~fore Iwlp fo ll\'oicl 
('1'OP I()ss(';; by sl'vuring dl'ainagl' llndt'l' conditions of high minfall. 
This trl'lld and tIl(> IH'l'd fol' st'('ul'ing' mOI'(' (·t\icicnt plants will result 
in l'nlill'ging or I'('plating many plants. 

IIowewl', bpfol'(> a nt'''' d\'ainag'l' ]lunlping' plant is lnshdled tIlt' 
feasibility of tIll' pI'ojpd should Ill' (\l'Il'I'milll'd. 'I'll(' plan!: is OIl(> part 
of a C(lIlll)h'x and l:ionlc\\,ha t eost Ir(l('\'(' loptn(>n t. Su('h ]lrojects.lHmall'y 
ill\'olve Il'\'(>('s, dl'ainage S.,rSf(·IIIS, land dc-al'ing' and (\('\'Clo}Jlll('n!:, fal'nl 
d l'a ins. and olh('l':fa1'll1-l'Onsen'aI ion stl'lIC:i'Ul'PS and pI'ad il't's. ella IIges 
!11 crop prices and ad\'('l'S(' P('O no Il1 it' (,oll(~itions ,a !I'c·l'.t, dl'a i nag~'-pulllp
tng IH'O]('cts probably 1Il01'(' than of hpI' kilHIs of cll'a lllage JH'OJ(>t't s be
elluse of high operating ('haL'gNl. Pllmpillg and 01'11('1' ('osi's should 
be compnl'ed "'i!h inl'olllc frolH lalld dmined to dctel"lllillC the jllstifil'u
lion of the project. • 
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DESIGN AND OPERATION OF DRAINAGE PUMPING PLANTS 7 

• 
A detailed investigation of the desigll and operating characteristics 

of pumpjllg plants in the uppet' Mississippi Valley was made from 1925 
to 1930, The investigations showed that the amount of water pumped 
allntULlly from some drll,innge districts was more than double that from 
other all-pumping districts of like size in the same locality, because 
of differences in seepage from the streams bordering the distrIcts, The 
amount of seepage was found to be related to the ayerage- static lift, 
to the pOl'Osity of subsoil stabt, and to the extent that dl'lllllage ditches 
cut into those strata, The data collected showed a correlation of 
plant capacity at maximum lift with ayemge annual tunount of pump
ing, Mu('h operating 'and cost data gathered in that study were 
published (11), ..( 

• 

This blllh'tin supel'sedes Technical Bulletin No, a90, Dt'sign and 
Opemtion of Dminage Pumping Plants in the Uppel~ Mississippi Val
h~y, Ueeolllmpndlltions for the design of drainage pumping plants 
of all sizes and located throughout the United States and t'he design 
of farm pumping plants are induded in this publicatioll, Agr.1cul ;, 

tum! prices hnve ilupl'oved materially sinc(' the odgihal investigation 
was made, Consequently, ~Teater I'etm'ns from the land IUlve encour
aged dminage by pumping and by other means, At the present writ
ing, prospects :for a high demluld for food and good prices nppear 
favorable, Although dr.-tinage pumping costs have increased, they 
have not risen as 1I111ch as farm income from drained lands, It ap
pears, thel'ofore, that drainage pumping installations that would have 
been ll11econolllieal when the ol'iginal publication was issued would 
lIOW be lIttraetive to fal'lnel's and i11"esto1's. 

According to the United States Cell::5US of 19-10 (1.0, there were 
4,oUj.On;) HcreR in organized dminage enterprises ol?erating pumps 
in tIll' United States, These pumps had a. total (;,~paclty of 20,716,0~5 
gallons pH minllte (g. p, 111,), st'I've<1 by pOWN' units totaling 102,11)6 
hOL':;epow('r, InHl.J-O thl' rated horsepower capacity of plants included 
51,0 percent: ell'C'll'ic motors. ~5,!) p('reent internal ('ombllstioll engines, 
:t 1 pel'('ent steam engines. and 1;3.4 percent plants having two types 
ot.' other kinds of pOwer, TIlP use of steam deereased from 17,376 
hOl'sepowl't.' in l!):W to ;1.1HO hOl'sepower in 10-W, The all-electric 
plants inCI'('lIRed from ;:W,.J-'~ hol';;ppo\\"('l' in 1!)~O to (j+,O;I;~ horsepower 
111 1f/;~O and then decl.'('nsl'<l to 5S,!) I j hOL'sepower in 19+0. The capacity 
of pl:lIIts h:nying all internal ('ombustion en.!!ines incI'easpcl from 3,016 
h()r~epowel' in lU~(i to:l :l.1lfi horsepower in 19aO and 2G,464 horsepower 
ill tn·IO, The ea pita I ill\'es(pcl ill (Ira inage enteq)l'isl's opemting pump
ing plnnb:; was $l~;).\o:\.~j(i to .January 1. If/-W. Fal'll1 pllmping plants 
sl'l'ying printlely owned tl';ldS of less than 500 acres are not included 
i II thN;(~ figUl,t,S, 

CO~I)ITIONS FOR PUMPING 

Indidc1l1:t1 £nl'l11el':; alld thos(~ in groups organized for drainage 
will pl'obably make inen'lU;ing \lSI' of smull pUlllping plants to drain 
al'('[IS that ('an not LX' dmilled I'('nelily by gravity dl'uins, Pumps are 
lISl'(\ for special conditions. su('h as the ('on! 1'01 of watel' table for mllck 

• 
lands and foL' lands 01' Cl'OpS in humid arens whel'(, irrigation during 
dr'oughts is essl·nlia\. Pllmpillg for dl.'ainagl· in il'l'igatecl areas will 
no doubt incn'use \)('(':1118(' of tht' spceial pl'ohlellls l'llC'olllllel'ed in sHch 
II l'l'ill) , '1'11(' b('Uel' cq II i pllll'1l t and l'ketric.: I i lieS 1I0W ava i1ablc cncoul'
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ag~ the insbtllation of small pumping plants to serve individual 
farms. 

Land which is below or nearly level with nearby oceans, lakes) 
rivers, and streams affords opportunities fot· successflll drainage by 
pumping. Land may be so flat or irreglllar in general topography 
that low areas may be chained more economically by pumping thall 
by the construction of long, deep outlet drains. In irdgated !treas, 
pumping may be ll('('c1ec1 to lower the grollnd-water table thut has 
risen to dangel'OlIs le\'('ls from overilTigation and se('page hom canll.ls 
Imc1 lllt('mls. SlI('h plllllpS may collect water from w('1\s in water
bearing stratn or from dN'P open 01' closed drains (9). Pumping may 
be the only practical kind of drninllge for mallY areas. For other 
Hreas thel'e nwy be a clioiec of pUlIlpillg or of accepting 1111 impaired 
drainage outkl" dnring pad of the year because of high stages of the 
outlet wat('t' levels. 

Till', b(~ft(~111 !:t"~()li ItiOllg the 111 i1I0is Ri vcr below Peol'ltl Ilnd !llon~ 
the :MI!:;SISSI ppt IHYet' betwcen l~ock Island, 111., alld the 1I10li~h of 
the HI i1I0is ni \'el' OI'igilla lIy were subject to overflow by river floods so 
frequently that farming them WtlS ul1pt'ofitable or impossible, The 
construction of dams for Ilavigation and for pOWl'r has u!!gm,vateci 
the conditions in sOllie sections. To protect the lands ag:linst high 
water, 11I01'e than GO dminage (listric-ts have bl'l'n organized IInt!cl' 
Sta te lIt'll inage I.. ws. 'l'hesl' (lisb'ids ha Vl' built Ip\'c('s to keep out: the. 
floods, alld have illstalled dite\l li,Ystl'I1IS and pumpillg plants to drain 
the lall~ls. ,The ('xtent of pumping 'f(;)\' dl'ainage iil that regioll is 
showlI III flr-ure 1, and the nw)ol' dC::;lgn elements of the pumping 
plants are gl\'en in the appendix (tabll' {)'). 

Thl'se drainage distl'i('t:; usually ('xtplHI fl'om the l'iwl'bank to bltdfs 
which dse abl'upfly to heights of from fiO to 200 feet above the l'iwr 
Je\'el. Tlw)' usually extl'lld :lIon!! th(' ~lissilisippi 01' the Illinois be
tween tributaries thaI are too largl' to b(' divcrted 01' pumped economi
cally. )(o:;t distl'iets are 2 to cb l1Ii1<:>s in width a1l(1 4 to 8 miles in 
h·ngth. 1fost of the lands in pumping distl'ietfi nre so low in relation 
to l'i"e1' stages thut all dminage wnter must be pumped. Some dis
1'rict::; pUlllp only part of tlw rllnoll', !tnd c1tl1'ing part of the time obtain 
gr:\\'ity drainage llu'ough sluiees. 

Lo\\'-lift lll'nilla,!!(' plIlllpinj! plllnts are also used for land drainage 
alollj! the )lississippi HiveI' in Arkansas; along the OllIE Coafit in 
LOllisiantt tlnd TpxHli;in Flol'ida; in the Pa('inc Xol'lhwl'stj and in 
California. D1'Ilinage pumping is used in most of theil'L'igatt'd HlatN;. 
lUuch of tllP dl'llinllge pIIlllpingfl'ol11 il'rij!lIted lands is 1'1'0111 wells, and 
l'equil'(,s ~l j!1.'('ni('l' lift thall fol.' tilt' plants ('onsidel'l'd in this pllblieil
tioll. Tht'I'(' IIrc HIlII!ltb(>J' of sllutilpl' farm pumping plant:; in li'lol'icla. 
Mic'higall, Ohio, ('nlifol'nia, amI alollg the. .UlantiC' Coastal plains. 

RELATION OF l)e~IPLXG PLANT TO GENERAL PLAN OF DRAINAGE 

Lnnclfi that l'Nlltil'(, 1t pl\lllping plant for d1'llinllgl' lIlways I'l'quil'(, 
uuditional drainage wOI'kli Stich as I('\'ees,int('riol' dit<'hes, fl'pquently 
tile dl'l\ins, Hnd sonlPtilllPS ehannl'ls to din'I'! hill stn'IIIlIS. _'''\1 of 
these. \\'ol'i~s shoul<l 1)(' plannf'(\ by tl\(, d(>signing (>lIgiIH'('r ill OI'dt'I' 10 
obtain an ad('(llIatp o\:,d l'l'OllOlllit'lll plan oj' dl'llinllgl' 1'01' the district. 
The divl'1'l;iol\ of' hill Stl'('I1I11S is, gl'lll't'ally Hlh'isablc e\'('n at cOllsicier

• 

• 

• 
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IOWA 

II.I-INOIS 

• 

MISSOURI 

• 1"IOl'R~: 1.-P\ll\lpln~ (ll'l1ll1llg(' (ii!';tl"ictl'; 011 til(> lllillois mY('r hC'low 'j'poria find on 
l.'lll' ~lIS!';isslppl HiY('I' h{'(w('t'll S:P'IlIlIlIl, III" and St. LOllis. ~Io" 1!J30, {Dis
trictli Ilil'Utiticd by key llIullill'l'S mwd III lnbll' U, p, 77,} 
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able expense in order to reduce tlle costs of pumping r.nd of maintain
ing the drainage ditches. Where the lands lie well !tbove low-water 
stt\ges of the outlet, gravity drainage sometimes CRn be obtained. 
'''here gmvity drainage could be obtained only for occasionul short •intel'vals it m!ly be more economical to pump all the drai11ltge than 
to installtt sluiceway or similur structure. 

LOCATION OF PUMPING PLANTS 

The location of the pUlllpjug plJlllt is cletcrminedlul'gely by the 
topogrllphy of thcllrea and the ditch system. It is desil'!lble to inst:tll 
nIl the pUlIlping equipment lit one location .if possible to SeCl!re lowest 
construction !lnd 1I111111tellIlI1Ce costs. Often, however, the costs and 
effectivelless of installing two ot' lnot'e pUIllPing plllnts should be 
considel'l'din' (ll'del' to flecomplish equivalent reslllts, ~rhe location of 
l)ln.nts shollld he based 011 the following cOllsideraUolls: ]jjll'ect Oil' 

construction of d l't\ ins; practiellbility of smull autOillatic electric 
plitnts to r11't1.ln isolated II l'eas: pl'oxill1 ity of roads, l'nill'oads, wuter
'''II.)'S fol' l:J'anspol'tation of fuel and lub0l'l living quarters IOl' ]abo1'; 
proximity of electric power lines; construction pl'oblems uncI foundtl
tion conefH ions, 

'When an old pumping plant is being replaced it is usually impracti
cable to change the IOl.!atlOn of the plant. 'When other conditions do 
not conh'ol, tlle. best locntioll may be determined by pumping lifts, 
suction bity stornge, ul\d foundation conditions, 

FOUNDATION CO!'/DlTIONS-SOIL BORINGS 

Good foundation soils nre not only desirnble to lllnumize COll •stnlctioll costs but as It safety fact-or during flood conditions. Some 
plants have been destroyed by levee breaks at the pumping pl!lut dur
lllg floods, 

The existence of quicksand or other unstnble material Ilt the site may 
greatly inel'ease constl'llction costs and atl'('ct design, Adequate in
iOl'llIntioll on fOllndation conditions should be secured by lI1eans of 
l:ioil borings. 

STOIIAGE AT SUCHON BAY 

It is desil'able to pl'o\"ide large st'ol'age Ileal' the pumping plant. 
Storlwe in the SlIt't ion bay is advanta"eous for several reasons. '''here 
a sllb~antial lllllOlUlt of storuge is :rvailable, l'eduction iiI size of the 
pumping' plnnt nmy be permissible. "!'hell the runon' exceeds the 
plant ctlpueit y the water Im'els in the ditches will not rise so rapidly 
or so high llbore optimum stn~:('. The fluctuations of the sudio;l 
bay al'e reduced in amollnt, thel'eby providing It more constant lift. 
The ",at!!!' in the bay need not be pumped so low in order to provide 
convcnientintel'vals betw(~elJ operation of th{~ pumps. Pumping the 
watcr 10w ill the suetion bay in('l'eaSl'S the static lift and tends to suck 
air into the pUlllpS. whic'h uetrl'ases their ellideney, When a pumping 
district has a lal'ge amount of stornge (l.\'lIilable 1I Silla]) pump .is not 
as essentinlfor pumping during pel'iocls of smalll'unotf. A large sto)·
age IJInk('s it possibll' to reducc night operations :llId conscqncntiy mny 
result in decreased labor costs. In cases where. advllJl1:1geous ratCi:i • 

'".,; 
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for electric power ure available through "off peak" pumping a large 
storage is a (iistillct advantage. It permits sto'rnge of wllter duriIig 
duy hOllrs t~l\d enubles a reduction in penalties £01' peak-honr pumping,. 

In districts where the topogmphy permits, it is often desirable to 
leave low sloughs, lakes, 01' ponds unreclaimed in order to provide 
storage. 

The open-ditch system is nearly ulwa-ys designed with It higher 
capacity than the pumping plant (p. 85). The excess capacity of the 
ditch system provides valnnble storage during periods of heavy min
fall und enubles water to flow more rllPidly to the punWblg plant. 

D.~SIGN OF OPEN DITCHES IN UPPER MISSISSIPPI VALLEY 

• 

Tho design of open ditches is an essential feature in Ildeqtlltte plan
ning fOl" dminHge pumping systems. Ditch systems must conduct 
thewatcl' il'(1ll1 tho helds to Ihe pUlJ.lping plant and must aIso provide 
Jot' storage of excess wuter dlll'ing' heavy floods, Tho runoff capacity 
pl'o\Tidecl by open ditches is detel'lnincd on the basis of experience in 
tlw tlr('a in which the pltlnts are located, R\lIloif curves for udequatp 
dl'ainage, often l'efel'l'ed to as "dl'llinage coeftieient," are given in figure 
2 for ~tatcsin the IIppel' Mis:;is:;ippi Valley, These curves were based 
Oil field llWaSU1'ellll'nts 11Ild ObSel'\'al'ions (12). They have been used 
sll~'l'eBsfull;)' by the Soil Conservation S('l'vice in designing ditches for 
mOl'e than a decade and have provi(.1cd It basis for adequate drainage 
systellls. Gencl'Hlly the "C" curve has been used for most drninllge 
syst('ms, These CUl'ves nre applkable in the formuill. for estimating 
InaximUll1 rUl1oll', ~iven on page 35, However, in areas other than 
the upper :Mississippi Valley appropI:i:.tely similar curves for the 
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locality should bo used. Intol'lnat.ion 011 cu),ves similal' to these CIUl 
usually bo secured through soi I COllHet','ation districts. 

DETERMINATION OF STATIC LIFTS • 
All available data relating to the stages of the tlisrhal'ge and suction 

buys should be studied to detel'lnine the maximulll, minimuIIl, and 
avol'llgo static Ii fts of the pumps. Tlm pump manufaetm'C\' needs 
these data in ol'der to supply equipment. that will opel'llte elliciently 
at nil lifts and be adequate in capacity at the maximum lift. The im
portance of the variatIOns in lift has not always been l'cl'ognized. li'ol' 
example, olle plant was desi~ned 'for a head of 1'7 feet but no pl'ovision 
was made for etlicient 10w-ltft pumping although the avel'llge lift wa.:; 
only 5 feet. Whl'n new impel1et'S were installNl in the pumps and the 
speed decreased, the saving ill plectric power obtailHld was estimated 
to nvemg~ $2,000 pel' year. 

The elevlltion of In.nd to bl', c1mtned, the slope and operating levels 
of wllter in the inh'I·.iol' ditches, and the elevl~tions of tile outlets 
determine the operating levels of the suction bay. ]~o)' this reason 
the static lifts usually c!tn be determined best after the ditch system 
1uts been designed. The maximum stage in the suction bay usually 
occurs when the pumps are unable to ('ontrol the wllter, I\.nd low areas 
of land Ill'\} f1oodefl. The minimulll stage occurs when th(nlitt'hes IU'e 
pumped n'I'y low in order to extend 1'\)(' time Ilntil the pUlllpS ",.ill 11eed 
to be started again. In many cases it is desimble to hold the suction 
bay at It low stage in the spt'ing in order to lower the wl~ter table h\ 
the ground. The desirable maximum opemting level, or optimum 
stage at the suction bay, orc1inal'ily, is the level that will give dminage •to the lowest. important areas of cu1ti.\,I~ted land. 'I'he optimllm 
stnge may vary with season of yeal' and with weather conditions. This 
stage wi II orc! inn I'i ly be ·l to 7 feet lower in eleva !iOll tlhal1 the eleva
tion of impol'ttlnt areas of land "('(]Ilil'illg drainage. 

~1'\Xli\lV~! LIFT 

'l'he maximulll lift should be taken liS the difference between the 
maximum stnge of tll(' discharge bay and the optimum stage of the 
suction bay. Themaximulll lift must be determined accurately, 
becHuse if estimated too low the capu('ity of the plant; is likely to be 
inadeqnate dur.illg floolls. The maxi mil III lift may usually be deter
mined from rn:.xlmu1l1 l'eeol'ded flood stages at nearby gages. 

:'l'he ~~nnual.pu~)lication of t~)e Unite~l ~tates 'Veathe~' Bureau "1?a.i1y 
RIYI~.r ~tnGes, .gl\·e::l the maXll11UIn, 111111111111111, and daIly gage heIghts 
for the dyer gages of the pl'ineipal riYers of the United States. Infor
mation l'elati ng to maximum (mel minimum flood heights for stations 
along the Illinois and upper ,Mississippi Rivers are given in tabl~ 1. 
The maximum stage of the discharge bay along :t river covered by 
records may rl'aclily be detcrlllined by plotting It profile of floocl 
stages I~l()ng the river 01' by interpolation of ilooel elevations between 
gaging stations. 

Btwnm gages aI'£' also nmilltained' by the United States Geological 
SUl'vcy, the Corps of Engineers, United States Army, and by other • 
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rrABLE !;-Illgh-waler slage., and other dala relating to river paging staUons l . 
Elevation I I Bx.treme stases from gage Distance Drninllge

Le~rth zero of gllge nretl Flood
of ~n~c rell Ings 

Station 
record nbo\·1). n~o~theof abo\'c stage I 

mean sea river gage IIIgh· . Yenr Lowest Year10\'01 est 

Square

Illinois River: l}"tarl Fett Mflu milt! Fut Ftel Fetl


Morris, IIl ••• _ ••__••••_ 41 H8.50 203.3 7.599 13 21.6 1943 0.9 1099
Peorl", I1L••• ____•••• 7·1 428.39 162.3 13.672 18 28.6 1943 5.3 1099 
Ilavllnu, III ••. "'_" _. 52 424.28 119.9 17,691 14 27.3 1U43 4.2 1001 
Deurdstown, I1L.... "' 66 410.89 88.6 23,587 14 29.7 1943. 6.7 1001 

1Ilisslssl~1l1 River: 
Dn uqnc, lown ••• _._. 77 584.94 81,978 18 21.7 1880 -2.8 1033 
Da\'cnport, Iowa ••. _, 86 5-12.00 I:~:g 88,403 15 10.4 1892 -1.8 103.1 
Mus(~ltlne, lowu.•_••• tl8 530.97 1, ·119. 2 99,501 15 10.~ 102'J -1.8 1890 
Keokuk, Tawil•.•••••_ 78 4ii. ·13 1;328.2 118, W:\ 12 20.85 1UH -4.3 1934 
Bulner' 111 ........__•• 46 458.2'J 1,2S0.9 135.132 ).\ 2:1.0 1944 -a.4 1936 

tllllll )Ill, ~(o......... 74 4·19.07 1,213.9 137,303 13 2"2.6 1944 -2.7 19:j3
Grufton, III ........._. f06 403.72 1,182. 0 171,492 18 29.0 1943 -1.1 10.17
St. Loul,;, ~Io...._•••_ 88 379.80 1,144.0 694,269 :!O 39.1 1944 -6.1 1940

----"',_.-...... -'" 
1 .From dall~' rlnr stug('s, t\ S. WCIItIll'r llnre'lu, for year 1945. 

Federal and State agencies. The stages of the discharge bay for a 
plant located on a triblltary channel may be 11igher than for one 
located on the main river. Static lifts for 15 districts studied are 
shown in table 6, page 23. 

• 
Figures 3 and 4: show the hydrogmphs for selected stations on the 

Illinois Hiver for 1927 and 1943, and on the Mississippi River for 1929 
uud 1943. The floods during those years are believed to represent 
maximum conditions thnt purnping plants along those rivers should 
be designed to meet, both as to height and dut'ation of flood. Increas
in~ the maximum design lift. unnecessarily increases the power re
qmred to drive the pumps and due to pump characteristics tends to 
decrease the plant efficiency at lower lifts. The maximum lift for 
plant design sometimes may be decreased to the extent of the rise of 
the suction bay which necessarily occurs during floods. It is usually 
impracticable to prevent flooding of some low-lying areas by the worst 
floods. 

Study of operating conditions during flood periods (pp. 30-34) 
shows the importance of designing a plant to pump its full capacity at 
the ma:\.;mum lift. Full-capacity pumping, as the figures show, fre ,1 

quently must be begun several days before the maximum river stage 
occurs and be continued until the flood crest has passed. A consider
able pet·jod of inundation might cause greater crop losses in a single 
year than the entire cost of ail adequate pumping plant. 

MINI:>!UM LIFT 

• 
For design purposes the minimum lift should be assumed to be the 

difference between minimum stage of discharge bay and optimum stage 
of suction bay, based on mean monthly figures and not the minimum 
possible lift. Illinois and upper Mississippi Rivers remain near mini
mum stnge for longer periods than at any other stage. 'l'herefore, it 
is important to have at least one pumping unit that will operate effi
ciently neal' the minimum lift. 
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I • .... f•. \ ••', • 

10 '. ." V) ..,.' \....~ i.... .;..\ /'"J\ . 

5 M ........d~..... ...:-1 ... ......::~~.J_o~ "'-'t: ••-.:::-+--,+-..
........~"k-.!'... ..:i'l.,.,., .. -.,~-+---1 
o I ~"" V - - -r-' -""'" '''''''''\01 \ •••••••".#••••,. 0'\ ••···~· ....\ .........K"... l 


• ~ 10.. :' 
~ " i 

5~""i."" 

25r---..,...--_.----r---~--_,----~--_.----r---..,...--____--~--~ 

201----4_--_I_-,~r-~~~---4----+_--_I_---4----+---4_---+--__l 
HANNIBAL.fv... \ t.. /\ / .....

15r----r-,~~--r-~~~~~~~~~-+----+_---r--_4~--+_--_1
'\.J1·'iV··.... .......... .\.~ \.!/ ~\.. ....\;\ 


10 J 
5 V 0'449.07 1••1 M. S. L .............-......__...1-._,-....,.J '-./ ......... ...r'- 
o~___L___L____L___~__~____~___L____L____L__~____~~-J 

40,----,-----,----,---,,-----,----,----,----,----,------,----,----, 

351----_I_--_+----r---~_,~!\~\--~+_--_+----+_--_I_---4----+_--_1t", rI\ \ ;'........ 
ST. LOUIS 

• FIGURE 4.-Dails stages of Mississinni RiY('r between Dubuque and St. Louis, 
1020 and 1043. 

http:0'449.07
http:0�542.00
http:0'584.94


---------------- - ----

16 'l'ECHNICj\L BULLETIN 10981 U. S. DEPT. OF AGRICULTURE 
',;, 

'i'~\U"tr 2.-J.(inimum -mean mOl/tllll1 stllgf} 1 recorded during period 19i1-i5 

II,LINOIS UJ,VER 
,,"-

I' 
~ N(}o Dc· 

station March April May lune July vern.. oom·IM·I Feb· 

( 

Au· j~~ IOcto: 
uary ruary gust· . her her her her 

loiorrls, m_____________• 
~-

6.0 5.3 5.9 0.3 5.9 5.9 5.3 ~.I 5.0 5.1 5.1 4.9Pearl". 111.____________•__ 10.7 11.0 11.0 11.0 11.4 11.6 11. r. 11.5 11.6 11.5 11.7 11.2HavunR. IIL _____________ 5.9 5.9 7.8 9.3 8.0 8.4 6.4 5.7 5.8 6.0 6.2 6.0Beardst!)wll,I1L _________ 8.7 8.9 9.1 9.6 9.4 9.0 9.3 9.1 8.7 9.1 9.4 9.4 
..-

MISSISSI Pl'f HIVE R 

Dubuquo. 10wlI.________ fl. 9 6.4 8.1 10.~1~~'1\0.3 7.51 6.5 7.6 7.4 7.5 7.4
DevenpQrt, IOWI1 •• ______ 3.2 3.4 5.1l 7. :! I 7.2 , 7.8 4.2 3.1 4.6 4.1 4.2 3.7 
l\luscutine, 10Wfl ........ __ Io .. 5.2 1\0 7.1 8. 6· 8.S 9.:! 5.8 4.8 5.9 5.0 5.8 5.7Keokuk, Iowa. ____••____ 1 .).9 4.1 0. 6 ItO a.1 2.2 2.7 2.5 2.6 2.0B1IiJlct' llL_...._________ :1.0 3.8 10.9 11. o 11.1 11U II. 2 11.2 11.3 1i.3 11.3 10.3

Imnl III. ~Io___..____ 3.9 4.2 10.2 d. 5 11.3 • 11.6 10.2 10. I 11.5 9.7 \0.1 O. SOraft'!n. III ______ •______ 14.7 14,6 15.0 15. 4 .15.0 15 4 15.0 14.9 15.0 14.9 14.9 14.8Ilt. Louis, ~I()._..__••____ .5 2.5 4.6 15. 6 9.7 • 6.8 -.1 6.4 3.0 3.3115.0 1.3 
_e__• ,..... -- .......-.~-


I WCIlther Dureau gllgc rrlldlngs. Sl'<l tllble 3 for rlevlltlons of zeros of gBgt'S. 


_.. 
'-~~---.....""--

In muny jnstunces the minimum elevation of the discharge bay is 
above the minimum river stage. This is the cuse when the bay IS 11 

considernble distance (rom the river OL' whero obstructions intervene. 
The adval1tnges of enlarging and deepening sllch an outlet channel 
to secure a lower average lift should be considered. Averuge low
water stnges such as those given in table; 2 may be lIsed for estimating 
minimum lifts. 1;'01' instance, us 9.1 and 8:7 feet fOl' August and 
September are the average minimum stages for Beardstown, it is de
sirable to use elevations corresponding to a stage of I) feet in com
puting the minimum lift for plants in that vicinity. The minimum 
stages of the Mississippi HiveI' OCCUlTing in December, January, and 
February should be disn'garded beclluse they occur at It season when 
very little pumping is necessary, ~[any navigation dums lul"ve been 
constructed along the Mississippi and Illinois Rivers. If the pump
ing ph~nt discharges into It pool formed by 11 dam the minimum lift 
for design purposes would ordinarily be bused on pO,?l stages. Simi
larly, back water from dams may afrect stages of trIbutary streams. 
The Corps of Engineers of the United States Army is responsible for 
operation of navigation dams in the upph Mississippi Vttlley and 
would be the source of information relating to pool stages. 

A VERAGE LIFT 

The average lift for lise in designing It drainage pumping plltllt may 
be determined from the avem/?e monthly lifts weighted according to 
the amounts of runoff pumped III the respective months. 

'1'he avemge stages, annual and monthly, of the ~fississippi River 
and the Illinois River at the principal cities in the region 'where 
drainage pumping is ('ommon an' giypn in table 3. The average stages 
[Ire highest along the Illinois in March, April, and :May Ilnd along the 
'Mississippi in April, May, find .Tllne. :Mllxim1l111 river stages occur 
somewhat lat('r 011 tll(~. Mississippi becallse its watershed area lies 
farther north. From this t'able till' average elevations of the discharge 

• 


• 


•

bay can be estimated along these rivers. Consideration should be 
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• 

given to any other aVllilable data reh,ting to water elevations at tb.e 

particular location of the proposed pumping plant. , , 


The average monthly lifts can be estimated from the average eleva

tion of water in the suction bay anc1< the avemge monthly elevations 

~' 


in the disclull'ge bay. The avet:age amollnt of pumping done monthly 

TABLE 3.-Average of mean mOllthly stage.s 1 recorded during period 1941-45 
rLr.I~OIS HIVE Il 

--_..;--- -r<>·· ..., ___ W--. t______.o_ ••-

J }'-b ! I i \ Scpo O·t No· Dc- \
Station an· ru~r: Murch APrll1 ~Iuy June July ;I:~t tcrn· b~ o· \·crn. t'Cm. "n.\ 

unry , b her r bcr her nur. 

-----1------ "r------------------
~lorrls,llL._._. 5.9 7.0 7.6' 7.9 8.7 C). 6 5.7 Q,6' 5.5 6.0 6.2 5.8 0.5 
l'<'Oria, 111.__._•• 12.0 13.1: 1:1.3; 1a.9! 15.5' 13.4, I1.S 1, S 11.9,12.:1! 12.3 11.5 12.7 
lluvlllln.I1L ••••, 1\.2, 9.91 10.9i 12.7'13.8; 12.1, 7.9 fl.o: oq S.I' 8.iI8.1 0.5 
Defirdstown.I11.",l 10.2111.81 ll.S! 13.7: 15.1,13.7,10.3 ' 0.5 ~.J '110.5,10.9 to. I 11.4 
_____-:._...:..;_...:..1__, __ 1 I 1 

'I'

1,,_.....:..._.....:..._.....:...1_""':"'_-'-_ 
~llSSISSll'l,'1 HI\'ER 

DubIHlue,low8.-.: 7.5: 7.2' 9.5112.8T~~TI~~;!;O~~ !";;-r;;r;; 8.617.71 9.6
D!lVellj'ort.IQ\\'B.. 4.5 4.4 7.0: 9.9, 8.5 lO.i! 7.5 5,,1' 6.0' 5.8 o. i' 4.6! 6.0 
~lusl'Btlm.. (UWIl. 6.1 6.t; 9.:! 11.6 10.2 1~.51 9.2 6.6 7.4 [ , i.3 7 ') 6 OJ, 8.4 
Kt'Okuk,lo\\'Il••••• ~.O ~.8 n.li 10.1 9.2 11.4( i.1 4.2- ·1.4 4.7 4:5 3:i I 0.8
Quln9', 111._••••_ 8.3 8.4, II.!: I~.:! i;!.O J.I.~! 1~.2 11.4 1l.4 11.5 11.6 ll.O 11.5 .s,I 
IInlllllhl1I, ~IO---'IS.6; 9.1 I ll." I.t / H.I 14. / f 1_.0 to. 5 10.5, 10.8 to.S 10.2 I ll.3 
Orurtotl,lll•••_. 15.1 ' 10.L 15.6117.3 li.S 118.4115.6 15,1 15.2! 15.3 15.4 15.1: 11;.9 
St. Loui.<!. Mo••_.. 4.~ ~~~_~1.6 i 22.2 25.3 16. 7 i.5 SA I 9.7 8. 5 4.7 I 12.51 I 

1 ,,",-ather Bureau gage readings. Sce table I (or elevations oC zeros o( ~ages. 

• should be estimated as explained under "Distribution of Runoff," 
page :25. The annual an-rage lift determined according to the amounts 
of pumping done in different months will be more nearly correct than 
if taken as th(} difference between the annual ll\'erage sblges of the 
suction lUld disch:H'g:l~ bays because more pumping is done when the 
ri \'er is high than whell .it is low. 

The avemge lift l1I:l)' also be determined by comparison of simi1:tr 
districts. Opeml'ion data fOl' plants during the study (1925-30) nrc 
shown in table 10 and include the average lift weighted according to 
the Hlllount of pumping. 

DETERMINATlON OF RUNOFF TO BE PUMPED 

The l'unotl' fl'om a pUlIlping district often illl'ludes, in addition to 
thl' sudace flow, II large amount OT seepage from nearby hill lands 
and from borderinf{ !'.in'I'S or ('reeks. 
Th~ l'atl' of sUl'faccrulloff depend::; on the amonnt, intensity, and 

distribution of min fall antI other precipitation, storage, the size and 
shilpe of wHterslwd, the gJ'()llnd slopl's, the vl'f{Nal l'OVl'r, and the 
('\lal'actl'l' of soil. Thl' rate of seepal!e frOlH hill lands is often an im
portant factor in pUlllpinf{ I'l'qllil'1'1l1Cnts and its amount depends upon 
th€' local colltlitions. The ratl' of seepage from adjH(·ent bOllies of 
watel' dl'IWnds espel'ial\~' upon the ditl'l'rence in elevation of the water 
insido and outside the dl'aina~e dish'iet, the extent of water-bearing 

• 
gravel and sand lHldl'l' the district, and the len:;.rth and location of 
driLins tOllchinf{ till' watel··bl'flring strata. B<'cHllse of the Illrf{e uum
bl'l' of. infllle1ldn!! i'net(H's, the a1110111lts and r:ttes of runoll' to be 
Pllll11W(\ ('an b('st f)~ I'stimatecl from compariH()nS with similar districts 

SU9S39· ~"" <)0--3 

http:8.617.71
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• 
frOIll which the runoff has been menSlll'f!(l .A 11tt1"r(~:liil0unt of sueh 
datu j~ a\'ailabl~ for tl?e c1istl'icot.s in t,h~'1 uPPt;'.?' ~'JssAi;sippi Yul~.ey
{if, 10) und WIn be dlSCll$Sl'!d 11i the followul:g pageso Opernhon 
data for the plants studied luoe sUJllmllri~ed hi tn,l)le .tOo Considernbl~ 
data nrc II vnibble ulso for distri<:ts ill LOllisianll (l~, 8). 

For the design of It drainnge J)1l1l1 pil)gplnllt car'efllllistinmtes should 
be made oi (1) the average yr.ndy runoff, (~) the Beasonal clistl°ibu
lion of that l"llllofr, (3) the maximum duily lo\l1)01r, and Cot) theminiO 
mum daily ml1o/io The .ready r\ll1ofr must be known in order to 
~stimate tfll" antHIII I ('o;,;t of pUHln:n1! and determine the feasibility of 
the 11l0ojecto The se,lsonal distribution of the .'ullofr as well as the 
lifts must be kllOWll in onle ..o to design an eflieient pumping plant. 
The maximum daily nlllolf dN.ermilles what shall be the total cllpncity 
of the plilllt, lind the minimum runofr is important in determining the 
siz\~ of the smallest pumping unito 

IU.XF,\LL CII.-\HTS 

Annual and daily rainfall data an' ,Ottluabl(' in the <lp:;i~n of (1I-ain
ag(' plImpi.ng plantso Figure 5 1'100111 the 1!l·~1 Yearbook of ~\g.oicultllre 
(101) shows thp a"el"a~(' tllllluall)lO('eipitationo 'rile aw,.oage lHol'cipitn
tion in· the upper ~Ii:;si:;sippi \Talley in the appl'oxilllatl' location of 
the drainage pumping plants. is about a:) ille-hes p('r )'t'aro The annual 
rainfall is one of the fadors in estimating annual pUIIIJling requiredo 

• 
The :H-hour tOHinfall to be expected on("e in ;:, years as determined 

by Yamell (f(}) is shown in fi!!ures (j and io The dai", rainfall is one 
of the factors to be considereclin checking the m:tximiull duily pump
ing requitoementso The differell('es in daily minfall to be expected is 
the ("hief reason that pumping plants along the Gulf Coast .oequire a 
lIIuddargel' capacity than those in the upper Mississippi Valleyo 

• FIOna: tio-TwPlHy·[our·!lolir rainfall In iJ(' f'X[)('cot('d 011('\' In [) ycarso 

,) , 

(DlIlH for l'udtie COtUit IIrl'rt tuOe gil'('1\ in ligIllO(! 70) 

http:plImpi.ng


20 TECHNICAL BULL.ETIN i008, U, S, DEPT, OF AGRICULTURE 

EVAI'OU,\TION A~D TIt.\~SPIHATION 

Tho evaporation nnd transpiration often amount to It large p1'o
pOL'tion of tho rainfall. In pllmpin~ distriets tbl..' land is flat or •
undulating and the W!ltel' table is. often neal' the sul'face, In some 
ptunpin~ districts low areas are occasionally flooded, Considel'llble 
1l1'ea!) of open water may O('(.'UI' in sloughs, mtll'shes, Ilnd borrow pi.ts, 
Undel' these condi tions in PU111 ped at'eas the eVil pomtion und transpira
tion losses are so ~I'eat that often the pumpin~ is only It small portion 
of the annllal l'Uiilfall. Often this is til(' ('use p\'en tholll!h slI('h an 
arell is enclosed by levees and the seepage and ground-watet' flow is 
toward thl' PIlIl1Jl(·.1 Ill'eIL I'athel'thnn :tway fl'lllli thl' tll'etl, 

Xot mll~:h call be done in a 
pl'UC'tical way to afl'ec:t the 
(\vapomtioll and tl'llnspil'lItion 
from pumping: distr'iets, How
eYer, II know I~'dg:e of the 
amounts ilwoh'ed aids in Illl

t1erstancling: the amounts of 
pumping l'equi!'l'd fO!' val'ious 
pel'iods of tilll(', Table·1 shows 
t!w a~'cl'age monthly evap<?l'II
(H)lI from oppn-water surface 
ml'aHlIl'{~cl hom eva poration 
l~Hns opel'atC'cl by the United 
~tates W"l'ath('l' BUl'eau for 
se\'1' I'a I st'a tions, 

E\'aporation and transpira •t ion depend on the crops 
grown and sudace treatment, 
Thl' Flol'ida E\'el'glndes ex
IWl'iment station made n study 
of amOllnts of watp!.' evapo
\'ated and h'anHpil'edby cer
tain pinlltS gl'o\\'in~ in tanks 
of peat soil. Tabll 5, quoted1 

from the report of T..I, A, .Jones 
and others (4), relating to the 
Florida EYl'l'glnc1C's, shows the 
results of these studies, The 
amounts of transpiration und 
C'vaporation with living plants 
varied but wel.'e· a 1Hrge pro
portion of the eYllporation 
from It free-water surface, 
The evaporation and tran
spiration from the tank on 
which It mulch of cane trash 
was maintained was substan

~~Gmt~" 7.-·-TI\"t'IH~ ·(our-hour raI1l1':l11" in tia II" less than from othertlw l'neillt:,. ('O:l;;t district lu Ul' l'Xlll'cted 

01lCe III 5 yell rS. tan lis, 
 • 
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'l'.~BU: 4.-..,lt'('raye 1II01llll1y evaporation 11'0111 oPCII:,caICI" 81/I"(a('(' for pel'ioll 
19.~S-.p 1 

,-- I , ! ISep-"-'-1 ~~. ~:'I 'I'otal 
Station Jan:! Feb·. ~llIrcb April :lIar: June July A~"", telll' Octo· ...em- Cl!1lI' lor 

.f' 

IInr~ rullr~ I 1 I I ' list I l"'r I ber ! ber her 1~:t ____ - __._'__,_!_/_:_______ 
Belle (Hude, Pin i 3.~O ·I.?I' S.S2 0.79 G.91 Il.U7 l 6.19 1 6.2; 1 5.48 t 4.70 3.1\3 :1.08 62.56 
:lloorcHo\·cn.FIII 12.93 3. HI 5.16 0.1);1 6.20 i 5.13 4.68 \ ~.~ j ·1,;,0 ·1.2S :1.00 2.SIl 53.62 
,\mes,l.own..... .' ••__ ' ____ 1'..._., 4.M 5.10 Itl.bO 8. 13 1i,It;!, S.Il; a.Ii:1 ._.-.: --_. 40,70
lO\\,ll ('\1)', lo\\'n ••_' ____ •••___.4.M ~.15 6.3217.72 6.32 ~.g( :1.13 _______••• 38.2; 
HllYS, Rlm!!__•• _. ._' ._.; 7.2S S. 52 12. 14 14.19 13.87 llO.liS U. (>5 __••-- ____ • i3.52 
St. Lou!s,)I()... ,," ... \t2.1l1l: 3~ 4.22! 5.S7, !i.7n 5,62,4.07: 2.70 1.49 '1.14 '__• ___ 
('oillmbill. :llu " .... .... .____ l.I.59 tli.3U 'U.f,o '8.42 "7.01 1,,74 ":I.S2 _________._•• 
LlII('l)ln,~~hr_ ......... _••. : ___ • -1,6i ,'.59 7.&7, B.r.n s.lJ5, 6.25 i :I.il _______ ·14.1i3 
l.thB(':\IN.\' .•• _••• , ,, __,.1 ......__ 4.07 4.91\5.82 '1'~1.4.0212.3tl.___•___ 26.12 
l>lcknson,N,' i I 

tl:lk •••••.•••• ·............1 -'- 4.13 4.92 5,11 7.24 7.H 4,60 .._ •______ 33.23 
Ohio "tut~ rill· I I 
v"rsit~.. OhiO... ..... __•. . ••",'3.47 4.15 4.02. 5.41 ~. 7S . 3.41 2.3.~, __••.•_______.. 

~I<'«(rorrl. On'!! --. .47 1.20 I 2.~~1 3.51 15.79; 6.:.>(\' 8.51 •. 0<; 4.00; UlIl:.• US I .48 43.42 
BeaulIlont. 'I·C1,••, z. 26 12.-12 1 3.31 ....321 4.%; 5.IH j 5.71 S.2S t 4.4i I a.so 12.64 2.18 -----

I )"nHII Wt'lItlwr IIUO'III1 StaUlons. Sec C'lilllhto(ogic:lJ dllta, 

1 'for 1 ),ctlr 

I ~'or 3 Y~Ilr.<. 

, For·\ Yft\T!\. 


'J\~hU: 5,-·-,I/'('I'(1ue ('t'Ilporalioll (/111/. tr(lI/,~pi/"(llj()1/ [1'0111 1111/".'1 of ,~()il (ll/ri t'('ue((/. 
lill/l (1111/ [1'11111 O/J(!II IICIIL oflL'!lI£'r (/1 J::n'/'ylu.(/(W H.z.·/IN;IIIt'1I1 ~/(lli(lil. nelle 
Walll" I"[a., l!1d.I-.\.t 

------ '....._.._--_.---
~1()lIth

• 111<'htt III~,ie.! Inch-. Illrht. Inch.. 
Janunr:y ,< _ .. ~~""" .. ~ '" ~ ... ~~ _ .......... " •• ~ ..... _ ... ,. ... + 1.24 :UIU 1.56' 0,46 3.5.1 
F('brunry ...... 1. 2S a.40 2.2S hi 4.13 

~Inrch. J j.\ 4.r,9 3,04 .69 5. H 

April 2.91 0.19 4,00 .67 6;59 

~Iay ...• 3. ~jj S. Ii> 3. ~l ,G7 7.:10
..1',
Jun~ . " _"._ __" .• i ..'llI 4.:10 1.75 n.30 
July..• _ /l.IIS SIS 4.il 1.55 6.71 
AU~llSt li,7S .. H 4.7\ 1.:17 fl. !!II 
,!!t'ptNulx\r .. [, ·ri 6,2'2 '* :{.~ 1. 27 5~ 48 
()~wl•.·r .•. n. OS ~. 95 :1 (,~ .92 5.2fl 
"ilWmO!·r.. .• " ·1.:19 3.76 2. flO .l>S :1.00 
l)c~ml)<.'r .•. rl.Os 3-09 1*;0 ;2 3.26 _.. _--"" ._-_._------

Year. 40.02 11. Zl &i.-l3 

RL'NOFF FRO)l \V,\TERSIIEDS 

The Soil ('ollsel'\'ntion SC'ITiec, ha:; puhli:lhed data relat.ing to l'unoff 
from smaller water8lwlis. Data applieable to the seetion of the country 
in which the plant is to bc· installed Illa~' often be obtained from 
this Sl::'t'Yice on l'f.'qnesr. SI1('h data are helpful in estimating annual 
amounts of pumping. -'.\llowllnces ne(>d to be made for dUferences in 
soils, topogTllphy. and SN'llag(', 

• 
'.fh(> Geological SlIlTey of the D('pal'tment of the Interior was main

taining 3,810 gaging stations in July H)·H>, including those in Hawaii. 
)fl'aSUl'ements of the flow of Rtrellms and contents of the lakes and 
1'l'servoil'S had been made by the Geologit'al Hlll'Vey and cooperating 
organizlLtions at abont }O,!)()() gaging station:; aF; of that datc. Data 
for millly of the strcllms covcr runoff from mnjor rh'er basins and 

http:4.91\5.82
http:5,62,4.07
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would not be ilpplicable to runoff hom pumping districts. However, 
surfllce-water-sllpplypapers nrc published annually by the Geological 
Survey. 'J:hey f01'1ll It valuable SOlll'tl' of infol'lnation for determining 
runoff whi!i'e cOlllplll'tlble watersheds Can be selected. 

AXNUAL RU~OFF PUlll'ED 

'fhe, bt'st way of detel'lI1ining the t1vera~c anllual 1'I11l0lf Immped 
from distl.'iets wlH'rc no l'e('ol'lis lu'e a"ailable is by compurison 'with 
districts tllat han' similHl.' conditions of topogmphy, soil, drnina~e. 
and stal:ie lift. The estimated a\'l't'agl~ annual rllttofffol' <:ertain dis
h'iets .in tIll' UppCt' :Mississippi Vall(~y, are shown in table (\, togethet· 
with thlH;tatie lifts und till' anlollnis that bnekwnte\'s from power and 
l1nvigatiou dam~ ha n' illl'reased tlte.lll in imlllll Ii fts. 

These data IU'l' ('stilllilteR based on daily re('ol'(ls of ope1'lltion before 
10:n, ~in('e tll(lll ('Ol1Stl'lll'lioll of navigation <1ams has ('hanged 
ope1'atin~ ('olldit iOlls of :;()Il1l' IHllnr)ing distl'iets II1H[('t'iall.v, "'hl'1'(' 

nay,igatioll <lams l'ai:;c'lIl(' :\\'('I'ag(' stll~(' of the disehal'ge bay the stati(' 
lift and till' HnlOlint of pUl1\ping will bl' lal'~{'r b('c'ausl' of <:IlIlngl'd 
cOJlditiom;. 'fll(' ('xtl'llt to whil'h minimull\ t'1\'Cl' sta~l~S were l'aised by 
baekwall'I'fl'olll <IIlIlIS was de\l'I'lIlilled -from ril'ofiles of low wate'r 
befol'c alld :trlpI'llll' dams W~'I'(' installed in the 1'I\'(,I'S. 

'fhp dh;irids hn'°l' b~'l'll gl.'olll\p(1 in table {; a('l'(H'ding to the nmount 
that'- baekwatl'I.' fl'om ttall1~ illl'l'eased the 1'1111011' to bl' pumped. Dis
tricots hll\'in~ an IlWI'Ilj!l' 1lllllllUl 1'lIl1.otf at 20 in('hes 01' greatet', obvi
ously, W(lI'(' malt'I'i:t1ly a 11'(I(,j ell by ba('kwatl'l'o 'rhis repl'eSl'nts an .in
l'r(laSl' of at Ipasl (j (0 H inelll'S ill Hllnllal runotl' dill' to s{'ppage. The 
Crane Cl't'l'k disll'kt has bl'C'1l i lIel II <Ied in t hl' sanw grollp bl'cause lts 
l'ullofJ' hilS also 1Jl'~'1\ im'l'NISl,d gl'l'atly owing to the dam, ~rhe eleva
tion of a lal'gC' Pl'opol,tion of the distl'iet hi l'l'latin~ly high, and if It 
WCl'(" not fOl' till' dam. thi!; district <:0111<1 obtain gr:l\oity drainage IL 

large pal't of t hc' till\(' allll wOIII<1 pUIIlP pJ'()bahly H In('!ws less depth 
thulIllOW is I\l't'l'RSary. The land in the Valll\Y City dish:ict, on the 
?thet, halld,is so low it ('ollid obtain ,oery little gravity drainage e,'en 
If not: ati'P!'tp<i by bu('kwllfer, and l'xistel1('e of the dam probably does 
not in('l'l'al:i(' 111(' a "l'l'agl' 1'1111011' to be pumped by more than 2 or 3 inches 
It year. 

The estimated aVI~ra!!l' al1l1uall'unoff of districts of group 1, the dis
tdcts (hat pu III p a ('olisiderable amount of seepagl! from the Illinois 
Rh'er, rlll\~l'dt\()rn 1(\ to a5 inC'hes in dppth OV('l' the. watershed IIrea. 
The South Beul'(lstowlI, ('mill' Creek, and Coal ('L'eek districts an' 
ilbon' the danl at La (imnge, Ill. Only the IIppel.' p:lI-t of th(~ Eldred 
diHtrkt is a 11'('\'1 ('d by baekwa tel', blli the rllnoff pUlIlped is 20 inches 
pel' y(,IlI', TIH' lifts al'e not affeeted by baekwater because the pumping 
plant is below til(' dam. 

The In-l'l'a!!£' l'lIlloll' pumped 1Tom the Illinois River districts of 
group·~ (tnblp U) val'led only froml'l to l() ineill's, ~\ppal'ently there 
'''us little Seepa~(' into tIIl'HC' distriets and the l'II110tf was little afi'ected 
by baekwater fl'OIll dams eX('l'pt that no gl'avity drainage could be 
obtained, Althol1~h the dams inel'l'll:;cd the low-waleI' stages at these 
districts from 5 to !) f('l't. part of this incl'pase W:IS withollt (·fred 
be('llllse the lo\\'~watl'I' Sh\~£'8 of the Illinois Rivel' prior to thp time 
that the. dams wel'p pllt in, wel'e, ill some euses, below the normal stages 

• 

• 

• 
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TABU: 6,-Estlllwted allltUat ,.,mo" to be pllml1cd, statio lifts, alia backwater 9 

<). 

e{ft'cill fO" tll/I/clll tiisl,.ictll 

GROtH' l,-lI.LI~OIS RIVER DISTRIC1'S PUMPINO CONSlDERAllLE S~EPAOE 

Static UltA\'cnl~o llack.runolfKay No,! District WBtOI'! I Ipumpeddepth I A11!\!'ennUIII~le :llllx, . :llIlIhnuOl cl!cct J
:1,;

,mUIII monthly 
_____:__...;*::.--_____ I,___'_·___l.___. __I___~ 

l,iCht& Pul 
2"2........_.. _...._..... .. south Ile'mlslown .. ___• __ 3fi t 14 Ptd 24 'I! Ptd 9 10 

lS............_ Coni Cn~'k,_ •••••______._. 12 2'~ 8 10 

35............_ }:JdrctL ..................1 ~{I 7 IS I '11 

10....._••.••••• Cmllo CCl'l!k ............ 16 11 21 7 10
."-',' """-' ..._-

OHOUl' 2, IIJIJ1~OlS H1VJo:R D1S'l'lllC'I'S I'U:lll'lNO 1.1'I·'l'L~; S~;ln'AOE 
".......'_'e.-,.., 
 ~- ....."~ ',,", 

\
"-''''-'~"'-''> .~-" 

28.............. \Tlllley Clly '''__' __''_' HI 11 !!() 6 ft
6...".......... Bllnller Slk'chll._........ 15 23
12 8 9 
30, .••".... ,.'1 ~(X)tt Count)'.. ,••• ____••• 14 12 2"l 7 6 
27............., Mc(1\'~ ('n~,k. • ......... 14 to ~'O 4 5 
~" .._••••__...lln~t~~~•• ,_••._......... 14 11 18 4 V 


" ...-.----.~--~,....."..~ 
ORO!!p a, MISSIS!lll'l'l. RIVER I)IS'l'RI("I'S plT~lprNO CONSIDEHAIlU: S~;~:I'AOE 

OHOl'!'~, ~IISS1SS11'!'I lUVJo:R DISTHlC'I'S i'lT~IPINO Ll'r'l'I.E SE~;PAOE 
, .. ,,< ,-~,.. ~,--.~ ~. 

12 16 o 
15 171 oq_.__..._----'---_...!...--. 

o HOlTI' 5 DlS'I'Hlc"rs HAVING so~n; OHAVI'I'Y DHAI1\"AO('; 
,. -, ,. , .. ... ._--" 

~9......._._._i o 
. _··_-..····1.. FII~:=·==-•••••••..-·-·~·r__•• ~1 :I 1:1 I t e'~ ~IBU \'1I1~ terro••_ 12 

1 I,-- ~-' -
I }'or Itll'lItl11(~IIIOII III. n~ure 1 1I11t1 tnhle II, 
I The (\~ure lor Coal ('re~k tlistrll'lis thlllwcroge for 16 YI'Urs; the. (\~urcs lor South lIeanl~town, Oreell 

lin)', 1I111111l'r $pel'IlIl, 1I11nw\,II, IIl1d Imil,," Onn'C diytrit,ts were dl'l,'rmll1etl from Inllg ret~lrds of power 
used IlIld "'('Ortis 01 pUlI\llln~ for shorter periods: till' estimates for the other districts then were hused III~cly 
all comp>lrl~n~ 0/ IImoullts 01 pUlllping rct'Onll'd Itr thol'<~ .Jlstricts with t1111llmOUI1LS by the·dlstrlcts Just 
IIlllllt'd (Iahle 10\, 

I 1Il'l~ht thllt mll1ltlll1l11 rlwr slIIges hll\'l\ 1.'<'11 rnll'(tI hy dallls. 
, .\Ioug uPIMlr pnrl of .listrict ollly. IIl1ckwtltcr Incn'IL<;t's S\.~'Ptl~I', hut !IOI's not IItT"ct lilt, 

of the suction bay. Thc distl'ids 01' group 2 have tight soils which 1'0

dncll spcpnge to a minimum, and the records indicate that backwater 
(I'om dams may be of little importance if the suhoils are sulliciently 
titrht. 

(troup 3 comprises f'wo districts on the Mississippi affected by back· 
water from thl' KC'okuk Dam. The dam holds thC' wulcl' at almost COIl

stant elevation at the Grecn Bay district, whero the minimum lift is 
10 fcet and thc maximlllll13f('cL 

Geou]) 4 COIllIJl'ises two Mississippi RiYer districts not affected by 
backwater :from dams, but which obtain no gravity drainage. The 
runoff from these districts varies from 12 t{) 15 inches, which is con

• 
sidered typieal for districts in this territory that ha,~e to pump all 
rnuofl' but llltO which there is little scepage . 

Grollt) 5 ('ompl'iscs two distl'i('ts ha\'in~ somc gravity drainage which 
pumpc( avemgc runoff dcpths of 5 to 7 lIlchcs. 
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'fhe dala indicate that the l'unotr from districts not aU'oded gt'eutly 
by backwater from dams, out which pumped alll'Ullofl',l'IIngNI from 
12 to 16 inches; whereas the districts that Were afl'eded by seepage 
fJlunped It'om 16 to 35 inch('s, 'I'll(' difference in amount of' seepage nt •
equal lifts is till'gly th(' result of dill'en'nces in pOl'o:;ity or subsoils lind 
the extent to which th(' drllinage ditches cut into the !)cl'YiollS Stl'lltll, 

'l'hel'lltio of plllnped l'UIlO!l' to I'ainfall illcI'eases wit I Ihe slatic lift, 
dlleplll't!y to (rl'eat(~I' sel'pag(', anll pat,tly to the lI!\tul'al occurrence of 
hi .. h 1\\'('1'11"0 ~in',' singes in Ihe Yl'al'S of hll'<T(.' l)\'ecipitntion nnd con
sequ('nt high 1'01 tio of 8U l'l'nl'l' I'ullofl' 10 I'l~ nfa II. Figu I'e 8 shows 
ho\\' this ratio of annllal pumped 1'1I110Jl' to annual rain fall im'I'l'IlHl'd 
with till' sm I it, lift rOl' I hos(' di;;II.'ids fol' whieh adNtlt:lil' I'N'ol'ds wen' 
nva i !able, TIlt' II i1I'(>I'el\('l':> i 11 Ilw po;;it ion of till' ('\11'\,('::; tlollbtle:;s nl'e 
Inl'gl'ly tlw l'(':'illll' of difl'('l'('I\['(':; ill alllOllllts of lil'('lmge, 

Thc.Hl'ndl'I'son C'lllll\(Y (lili!l'i('\ had Un'I'\' Itig-h I'fdio of l'UllOfl' 1:0 
"ld n fall alt hO\1gh its tl\'(:rag(' I if! I'a ngt'ti 0:11'" fl'CHII [) 10 Hfpc!. II i::; 
ldmo!:ll: l'nlil't'ly lllldt'dnin by wall'r-bl'al'ing sand HII'ala whieh Ilrc 
tapPl'd by the drainage dilehl'::; tlnd fOl'm \11(' botton) of n lake of about 
20 a<:I'(~:; ut lht' IHIlllping plant. The l'atio of l'h'l'l' fnmtage to al'ea 
pl'otl'cl('d also is high, .\bout haH thl' t-iollth Beal't1i:;(own distl'ic:t ('011

~ists of low lain' lll'ds that :U'l' undel'laill by sand simla and hadly 
seepNl dUl'ing l'in'l' t1ood~, MlIt'h of till' l'('nlllindl'I' of this disll'ict is 
equally low bnt has light snbsoil. Tlw Eldred and till' Indian Grave 
disu,jets 1l1'e high wilh 1'l'Spt>(:t to tilt· t·jV('I' and ('ontain ('Olll'SCl' soils 
thnn the South Bt'Ill'll;;{o\\'ll, Pl'()imuly half of l'adl Bhow::; seepage 
ami the remaindeL' of eat'll dis/riet iH 100 hi~h to be so aifPl't(,(1. 

The, flllw-\: slope of tl1(l Bay I:·;jand <iistl'l('t ('I\I'W is bl'li('vecl due to 
theillct that half til(' Hl'Nt (\I'aill('(1 is hill land whil'h is not atft'ett'd •
by sf'('pnge, and the l'l'll1ilillt!Pl' is ",indlal' in ('hal'adt'I' and situation 
lo thl' lnditm Ul'U\'t' di:;tl'it'l, ~\JlPl'oxilllatl'ly olle-lil'lh of the ('oul 

13°1 I
120r--' 

~1l0!-"'·-'-·- ~.-.., ,. - ...-. ---r.-----.-;.---i----4 
~ ~ ,.. . 
~ lOOn 

~ 
::: 90~ ",e 

.e 
.$ So
~ 
-!! 70

:::: 
g 60·~·'·,.·· 
t
"- . . 
Q 50--~-· - ,---~.-,,-, t 

16 18 

l-'HlI'm; SrOhS('I'\'P(/ I't'lalimili h('lwP('n Ih(~ ratio of 11111111)('<1 I'UIIUf! III rainfall •
Ilud thl,.' "tIltil.: lift (01' <,:Cl'taill (il'uinuge (listl'h:IS, 



• 


• 


• 


DESIGN AND OPERATION OF DRAINAGE PUMPING PLA.J.~TS 25 

Creek district may be classed as seeped, but the remllinder lu~" tight 
subsoil. The othe'l' fi\'(~ dish'iets represented in figure 8 have less t1UlIl 

10 percent of their' al'cas badly Ilffeeted by seepage, The greater por
tions of the emne Creek, 'MCGL'C Creek, Htu,twell, and Scott County 
districts IIrc high in relation to river stages, The Valley City distl'ict, 
like the Dallnel' Special dish'ict which is not shown ill figure 8, has 
extemlivc low-lyin l ' lain' beds out the drainage ditches are Itu'gely in 
bilt OL' ('lay soil alllfseepage is not great. 

The, Coal Crpek lind the South Beardstown data are the best avail
able for the lise of districts t hnt dl'nin low lake beds, The average 
l'uno!!' from till' Coal Creek distl'id 101' Hi years WItS about 70 peL'cent 
o( the rainfall, at 1111 average lift of about 12 feet. The South Beards
town plant oPC'l'IItt'::; agaillst unusually high lifts, alld It large part of 
the district is cOlllpo:lell of a low lake bed underlain by sand strata, 
conditions that 11I'e condncive to hu'gc seepage, The a rerage depth 
of rlIHotl' lllllllped by the South B(,lIl'(lstown plunt ill the (l yellrs, 1925
:~1I, wns 7 pCI'('ent w'eafl\1' than the minfnllj and the ilvemgc lift was 
1;) h'et. TIH.' ('st irnnt('(l tlnlHllt! 1'I11lotf is 35 hl('hes, at till average lift 
or 1".1: fN't (tauk (j), '.I'll(' nmount of :,!rn 'lity elm inage from tha 
Ehlt'ed distl'i<'t is so small (11) thnt it docs not materially affect the 
:iC('Ul'tIcy of t11(\ ('111,\,(, ::;hown ill I1gUl'll ti, 

The i'unotf to b(' pnnllwc1 from a distrkt that will obtain som~ 
(rrl\\'ity dl'Hinn!!(> ('lUI lJ('st be estimated from re('ords of similur dis
tl'iets, ~cf)mjhh~l:i ng the ('ffe(:ts 0 f ditrel'enc('s in lifts and in pOl'osity of 
subsoils, Estimates ('an be made also from re('01'(18 of low-lift districts 
SUd1 ns Indian (han' or Bay Island, deducting the probable runoff 
durin 1r months when ITI'avit\; dl'llina!!e is eXIJeeted, e o· ~ ~, 

DISTrtlBrTION OF RL'NOFF Pnl PED 

The pl'im'ipal radors thnt Cause Sl'flSOlHll variations in amount of 
runoff nre (1) variation::; in amount of rainfall. (2) \'Ill'iations in seep
lLJ~l' dill' to fhlt't Ilation of l'h'l'l' stn;!,!C', (:~) tl'anspiration by plant's, (4) 
("'np()l'atioll, alld U)) dl'gl'l'(' of stlllll'ation of Ih(, ground, The com
bi1lN1 t'tf('('j of tlll'Hl' fnt'lOl'S upon (h(, a\'PI'agl' monthly runotf pumped 
bY!l llulllbpl' of lyph'nl distl'i('ts and the aVl'I'agp monthly rainfall and 
static' lift is showlI in figm'l's n, 10, ;~llclll. 'rhe l'unof!' usually varied 
lll0l'l\ !leal'iy with tilt' !Induatiom; in lift than with [he \'al'iations in 
rainfall, U(;t\t Lw('allHt' the H('('IHl:,!(' in('I'eaS('s as the lift incl'eases Ilnd 
bp{'u UHl' !!PIll'I"tll r t hI' I'll no 11' from IhC' (listl'iet and [hat fl'OIlI the water
sll('(l of HIP I'in'l:nrp inllm'IH'C'd h\' the salllC' wpathC'l' ('ondition!>, 

Plallts that pUIllP lUI'!!l' quantitirs of ::;pppng('. SII('h (:8 the South 
Upa I.'(\::;town. Hl'lHlpl';;oll County. and Coa I ('I'Pt'1\:. wh ieh opel'lltp agaillst 
lift:> of (j to.... i\'l't d uri Il~ low stage", of the l'i Y~I> usua11.r plllJlp more 
or less ('ontllluoll:';\Y clul'lng thl' til'\' lllolllhs, Ill(' llIT-sl'aSOn l'lInoff 
wall eompnl'ntin'lismall 1'1:0111 (h(\ ;)tltl'l' distl'ie(s sh(}\\'n .in fi/!lIl'es ti, 
l(), nnd 11. 

HlIllUf[ dh;tl'ibution '[01' a proposed plant will be similar to th:lt of 
!lpnrlly plunts on t hI' Ham!;' riycr; but in making t'olllpa rison;:; the eifC'cts 
of dit!'t'rt'Ill'p,,; in ,,;tatk lifff', i.l\ soils. :lnd in plans of (ll'llinllge should 
Hot be tlisn'!!III'llNl, The diift'l'ence in static lifts will be fairlv uni
lorm thl'ouillont Ihe,yC'ar, It ('all be C'~ii1l1nted by comparing 11fts for 
til(' l'xisting and tlw proposed plants through a pel'iod of sereral days, 

S(l!l!53!l ;)1)---·1 
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I:f'~he rUl)oiT distribution nt nn existin~ electdc pumping pllmt is 
not ~~nOWl!, that can be determined with fall' !lCC1~l'UCy' from tho POWCl'
consumption records. '1'111,) pOWOl' consumptIon III Inlowatt-hoUl's pel' .' 
acre-foot pumped for vurious lifts can be determined from tests made, 
01' cun be approximate!l by using the pump mumrfuctul'er's rating 
cm'ves Ilnclll1nking suitable a110wunce for reduction in pump eflkicncy 
on account o£ age nnd condiHon of equipment. POWel' consmnption 
in indicated hot'SepOWcl'-houl's pel' acre-foot by It number of plant.s 
is given in table 10. Ifl'om the power consumption and avorage lift 

ILLINOIS RIVER SEEPED DISTRICTS 

I~ I~I~ I~I~I~I~I~I&I~ I~I~I I~I ~I~I~I ~I ~I~I ~I~ ~I ~ ~I 
SOUTH BEARDSTOWN COAL CREEI< 

(j~yoar rCGQrd l[j'y"or reeor'd 

Avl1r"lle ;;,1:.11<: lift Avc('<lt\c static lift 

5 15 
:c, 'tl 0 - -" " -. 

~ - I5  5 - - ~ "'. - -
i0;> o I 

Aver'age rainfull and r\Jno( f Average rainfall and runoff 
5 51---"1-- - I- t-

4 

'"~ "I) 

3 

2~ •I~ I~rr II ~ t t ~~ o o 
Hn,nfull 0 R\Jnoff • I{llinfall 0 Runoff • 

CRANE CREEI< ELDRED 
• 5 '."ear record G-,),('o('" r~cc ....d 

A\'~r~.1se shire 1r(1 

0 " - -" 
5 - " - - .. 


1-1-
" 


o 
Av~r.)"c ..!.'~~~ ilnd r'un<Jrr AVl'ro!',e "ninfall and ,'unorr 

6 1'- 6 

--f-.,_· .. ,,,,,·1,5f- -f-f-- 5,~+-4-4=~-Hf-I'-4·~ 

'", "',- ---f-I- 4-

- f- --- -S 3Ir 
~ 

~ 
1 ~i-

I 

o 
lit~ illl; l InI 

FIGUlU:l D,-Average operating ('ollllitions fOt' tYllieal districts on the Illinois • 
Hi rcr llllllllliug much seepage, 
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• 
for .each month, and the power consumption pel' acre-foot pumped 
at. that lift, the [,mount that was pumped each month can be calcul!lted. 

MAXIMUM DAILY R.UNOFF Pu:-.[PED 

'l'he first flrninage pumping plants along the Illinois and upper 
Mississippi were almost invul'illbly ofinndequate capacity. The plants 
built since about 1910. havo been larger, with capacihes llSUillly of 
one-fou.ILh- to one-hnH-inch-rmlOff depth pel' 24 hours. At least half 

ILLINOIS RIVER NON-SEEPED DISTRICTS 

:: ..; 
Cl. '" ;:, "I~~:I~ '"~I \1 ~Ill§ '5~I ~ ~\\. ~ ~"'l;~')')'«c!I)<::) ~ ~ 

SCOTT COUNiY 
~ 

3·year record 
Average !.I1atic Average 51 at ir. 11ft 

!--:-	 ,, 
, (

15 	 15 ~L - --=.-
'\. 10 - - 
'lI 	

I • I 	It1: 5 
o 	

--I 1 1 1 
AVerage rainfall and runoff Avera!le rainfall and runoff 

5~=F4F~~=F=F~~~ 5- ... "....1--- 1-

~ 31-l-1--H 	 - 'S 
~ 2 	 • 

4 

I 

o ~aI t I .. 1i 
Runoff • Rainfall 0 Runoff • 

MCGEE CREEK . 	 HARTW.ELL 
3'y"~r record 2-year reco"d 

Average static lift Average 5 tatic lift 

15 
10 

-I.. 	 I i' -~ ~ -~. t 10tt" 5 

o 	 1 
- . 

1 I I I 1 t1: 5 I -1 IAverage rainfall and runoff 1 Io 
6 :---	 Average rainfall and runoff 

5 	 5 

l- f- ,.- f-f-

I• • 
2 f-

I 	 I 
Ir\:"o ~ 	 o ~ I ~ 

• ]"IOUltE lO.-A\'tH"llge operating eondiUoni'l fot· trIlieal llish'lets 011 the Illinois 
Hh-er pUlllping little seepage. 
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of those studied were inadequate to hold down the water properly in 
the suction bay and prevent heavy crop losses during the worst stoi·ms. 
However, an economic limit to size of plantis reached when additional • 
capacity costs more than the damage to be preveuted. Proper deter
mination of the maximum l'Ilte of runoff to be pumped is the most 
important problem in designing a plant. 

A plant must be large enough to provide adequate drainage, yet 
unnecessary capacity may be uneconomical because the first cost of a 
plant depends on its size. Also the cost of electric power usually de
pends on the rated capacity of electric motors installed. 

MISSISSIPPI RIVER DISTRICTS 

HENDERSON COUNTY 
4- )lear record 

5;1-~1--1--1--

Rainfall [) Runoff. 

NONSEPPED 
INDIAN GRAVE 

5 -)lear record 

Average static lift 

10 
'\... 
oJ •I. 

~ 
0 

5 

• • I I II II • • I I II • 
Average rainfall and runoff 

6 

5 

4
!t) 
<u 

"I:: 3 I-- I- 
<) 

~ 2 I--

BAY ISLAND 
6·year record 

Average static lift 

10 r- :- 

• 
ofJ ,I I 

I 
Tf I II I II 

. tItir 
Average rainfall and runoff 

I--r- -. 

6f- I--I--+-f

5 

•4 


3 I-- 1--1--


I- 

0 
~~~ t ~ 


Rainfall 0 Runoff. 


GRAVITY DRAINAGE 
FABIUS 

4-year record 

O~La~~~~UULL-LLL~~~ 

Average rainfall and runoff 
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Table 7 (rives the design factors originally used in designing the 
pumping pinnts covcretlin this investigation, the design factors rec
ommended -for those p1ants as It result of this study, and the actual 
plant capacities at the recommended maximum lifts, us determined 
from rating curves prepared from tests of the plants. 

To determine the propel' capacity of pumping plants for economical 
drainage in this region, t'lll'c:ful study was made of the pumping records 
obtained from the 15 plants listed in table 7. Yal'ious methods of 
comparing these data fol' c!Llculating economicitl plant t'llpacities were 
ex!unined, hut because the capacity of It dminage pump decreases as 
the lift increases it- was conclndpd I-hat enpatity at maximum lift is 
the most satisfadury basis 101' design. Comparisoll of these plants _ 

1.'.\1l1,1~ 7.-DeNifJI~ (lIetOl'8 fa/' t!lJlical, /lilli/ping tlntilltl!IC lliMricts 

Dletrict Actual 
24-hour 
capacity 

. at maxi·
Mllxl· 'I'otal A\'cm~e IMaxi· 1Ilnxl·

I mum ; mum lilt
~or).; Name "_.r~)lllolllllr )wlld on . annllal mulU ! ftlcomstntic(lUlll(lS ' rullolf 2 . 2·I·hour mendedrunolf I ; runoU 3 lift 

--I----------.I-]-,,-Ch-"- Fe!l- "-:;:-l'~ 
Feel IIIche8 

2'1 South llenrdstown. __ ••••••••_.. 0.:18 ~i I :l~ O.~(j 24 0.44 
S2 I OreNl nny••••••••••••••__._.... . an , _6 .l" , ,01 la .48 

51 ! llendcr~oll County_.•••••••••••_ .20 I 15 .. 2i .~1I 1:1 .26 

IS ; COllI Crt~~k___ .. __•__ •••• _•••••_.. .26 I 18 , 24 .48 
 22 .23 

3" • ~;ldre(L __ ._.___._............... .. 52 I 14 : ~~I • H 18 .24 

to; Cmue Crl'ek._•••••••••_••___•• '.~.:~ I "4 . 16 .43 21 .22 

28 . Vnlle)' City ---.-••••••••_•••__• v 1 21 i Hi .42 20 .26

4:, Bay ISlllnd••• _._ ••••_•••••.•••_ .!~ 15: 15 .33 17 .12 


G 1IlInnr'r RI>CClnl.••••••••_•••_••_. ,,1/ :;O.q. ,,' 15 .42 23 .31 

30 Scott County ••••_••••_._._.. . as J.l, 38 22 .30 

2i ;\It'Oee Cr~ok •.••_•••.•.•••__ .~o 16 14 .37 20 
 .34 

3:\ . Hllrtwoll••__••••••••_••_•••••_.. .55 21 14 .:is 18 .44 

57 ; lnclinn (I rave _••_._._••••••__• .2i 17 12 . 3~ 16 .21 

50 Fablus•••_•••••____••••___• __.__ .:14 16 7 .:12 13 .TT 


12 .15
._~J~[n~~~~~:~~==.===_".l~..__ 17 5 .34 

I For 1']!'ntlfiClltion In figures 1 nnd 12 nnd tllble. O. 

'See. table O. 

j Compu\r(\ ns ('=".:13 ((1+.02:) rl. set' pnge 35. 


wus grcatly simplificd bCt'unse thc drainage areas were similar in 
topogmphy, crops, weather, l'i\'e1' fluetuatic)lIs, and generally in size. 

Based on the experiences of thc dminage districts, the frequency of 
river floods, and the damage to crops I'esulting from lack of drainage 
it was eoneluded that a (lrainage pumping plant located in the upper 
Mississippi Valley should be a.ble to prevent Jloodilll! of large areas 
foe peeiocls longcl' than 2 01' 3 days dUl'ing flood conditions as severe 
as thosc that oc('ul'l'P<1 in HEW. 1027,01' 1 92fl. Thc l'equired capacities 
for the different plnllts werc :found to vary considerably because of 
lnl'(Ye di t[el'ences in the amounts of seepllge. The rate o:f seepage at 
any time is not dCtl'l'11l i l1ahle, but it appears thaI: the rcquired clI.pacity 
of n. plant is rclated to the rnnoi£ to be pumped annually. Both the 
l'Ntuil'ed eapaeity and allnual rUlloff pumped are inlegrittions, tor 
ditft'rcllt periods, of the effects of the same factol's-rainfalL topog
raphy; vegetation, temperature, river stages, and nature of soil and 
Rttbsoi I. 

In figure 1:2 t1w aetual plant cllpacity at maximum lift. has been 
platted' against the f\vcmge annual runon' to be pump::;.d, 1', for each 
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Fl(lUR~; 12.-AduIII UIHI 1'j'('OIIIIII(>II(\ei! plallt ~'alJ:l('itit~s af maximum Hits fll\' 
drainage l)l11nping plants in upPet' Mississippi Valley. (Numbers i<1elltify dltta 
in tables 7 aud 0,) 	 • 

plant. Those plant capacities wel'e determined from rating curves 
prepared f1'ol11 \.!'sts of the pumps, and the amounts of !'unotf are 
those shown itt tahle 7. Infig\lL'es l;~ to 20 are shown the daily records 
of rainfall, runoff pumped, and btqges of the sllction and discharge 
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FIGUUE lS.-Pulllping during Homl periods, South 13eun!stown pluut, 1926 to • 
June 1927. 
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• 
bays during flood peI:iods of ,14 of the plants. Those records and. the 
records of the FabIUS pladt indicate th!lt, at maximum lift, increased 
capacity would generally be necessary for maintaining proper duin
age in t.he respective districts. For 1950 conditions increased capacity 
is considered desirable (p. 35). 

The plants represented by the statistics given in figures 13 to 15 
lowered the suction buys nenrly to the optimum stal?es within several 
clttys evel1 during extreme floods. ,Yith seriously lIludequllte plants 
the suction bay stages remained 4- to 6 feet above the optimum for 
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I GR!:EN BAY 

I f 
I 
I 
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I I J 
; 1.1 I III 
I III I ~II 

• 	
.... l....Y 
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1926 

I<'[(Il'lll-.! H.--PUllIlliHg t\urillg' 1100d llpr\oils. South Bl'anlsto\\'11 lllllllt, Helltember 
lO:!j to In:!\), Illlli Orl'l'1l Buy plaut. 

Mar. MaV July 
1929 

• 	 [~JGCRE 15.-PullIpiug rlllrinlt floorl (l('riO(iS byUnnlwl' Sllet:iul, Scott County, 
McGee Creek, !lnll. Hartwell 1I1IIn.1:5. 
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peri?ds of 2 weeks <?l' longer). l1lt1lOU~+. I'l1~pi.ng l~t fl~ll cllpncity. w.n~ 
contmuous. Floodmg' of Uteen Blly dlSil'lct m ~eptember W~G • 
(fig. 14) was dU:1 to It brenk in the levee, and flooding of :McGee Creek 
district in Ma1'l'h 1020 (fig. 15) was ctlused by lack of fuel iot: 3 duys. 
The height and rapidity of the rises in the suction blly of Yalley City 
plnnt (fig. 18) when flood conditions were not particularly severe, 
mdicllte that the capacity of that plant was inadequate. 
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• 
Estimates were mude of thel'equired capacities ut the maximum lifts 

~nd these huve been plotted in fignre 12. 

FORMULA FOR MAXI~lUM PL-\NT CAP,\CITY 

A formula for computing the L'cquircd capacity of drainage pump
ing plants in the Uppet' Mississippi Vulley was developed. The l'CC

OllllnendNl plant ('ap:tciti~s are consitiembly less thun the maximum 
l'UIlOtl' to be expected. "'''hen the runoff (rom I'ainfall exceeds the 
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FIOUItE 20,-PulIIlliug durinJ..: lIood Llel'iolls 1J,\' plaut haring iUlldl'<jlUlte CIIIlIll'it)', 
Jllliinu Ul'aH' Hurl :\Jall\'lIi~t(,I'I'l' }llant~, 

capacity of tho l)lunping plant, the ('xceSS runoff goes into storage, 
This st()l'age inl' lHlps gl'oulld-\\,aler stol'llge l'ausl·d by a rise in lhe •~l'oUl1(l-\\,ILt(!l: table, ditch ::;tol'age, and s,urface stol'l!ge in sloughs t~nd 
lOW areas, Stomge may OC('\ll' at loc-atlOns away from the pumping 
plant and not be rl'f1eded in II lal'ge or rapid rise of the suction bay. 
Evaporation and tl'llllspil'ution losse;; of watl'r Iwlp to dry up It drain
age district, eSlwcially (lul'ing the growing season and are then im
portant fae-tors to cOll:;itler (p, :W). 

('I'OP losses result wl\en the pumping plant c-apacit.y is inadequ,ate 
due to f100dilw of low arem; or to heqlient rises in the ground-watet' 
table. It is e(~)nolllknl to provide a l"I'W'I' plllnping car>acity to pro
ted land 01' crops of high nllne, Silll'e the i1H'esl'.igations wel'e com
pleted, la nd and crop prie('s have increased. Under' present concli
tions it is lwlieved that the ('apaeities of pumping plants should be in
creased about 25 per('ent abo\'e the en.paeities gelll'l'ally ('onsidered ade
quat(' i.n 19!30. This is due to the need for better proteetiol1 from 
frequent chmage to crops. 

The pumping capac-ity lneludes runoff from gnlYity plus seepage 
which ocelll'S in pumping dh.,!l'icts. RoweVl'r, dlle to stol'age which 
exists in It distl'i('l:, I-Il(> I)Ulllpillg plalll pumps only It fraction of the 
maximum daily runoff. 

These rclatioll,;hips lIlay be express('d as follows: 

rrnlvity )'f' It' fl" - t:"1' + seepacrej,l llXll11ll111 P an CapaC'lty=coe lCH!llt ( l':tlllage 'I I iff(• 1'1IIIoff r 11 0 • 
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• 
The formula JOt' maximum plant capacity may thus be modified 

in gelleL'lll terms as :follows: 

(1)
in whieh 

C'-., plant {'apaC'ity at llIa:xil1lull1 lift. in inc]ws runoff pel' 2c~ homs, 
X1"""pumpillg-di::;tl'kt c'ol'lIkil'lIt. n ratio l)(>tween dl'ainage coeflit:iclIt 

froll1 land in a pumping di::;tl'ict and drainagl' roeflkil'lll or similar 
Innd l'et.'piving- gr.'a,·ity dminagl" ,,'hl'n' land and crop YlIlues are 
high this ('ol'ilil'i('ut llIay aPPl'oarh unity if.it i::; dt'sired to give ulliand 
till' 8illne dl'gl'('l' of protection as it would L'N'ein~ for gl':lyity chains, 
For small al'l'as.nlleh HR afl'\\, hUlldrl'd acres, it would lIppl'oach. unitr 
(>x(,l'pt 1'01' st'omge, Ho\\'(\\'el', <!til' to tl\(l stol'aw' fa('lol', as c1iscuss('(l 
above, this ratio may ordinarily h(> r.'('du('('(1. Pori he )Iis:;issippi ml
I(>y plants sfudil,!1 dlll'ing .Ul~.) to Wal, the CO('fIil'i('1l1 Xl was fOllnd to 
b(~ about O,:W, HOWP\'l'I', dUl' to illel'cased lan(1 and (,I'OP yalues it is 
1'l'('oll1l1l(~ndl'd that it b(> ill('I'l.'nlil'd to o,aa 1'01' ID50 ('olillilions. 

G=dmilUlfrl' (,(ll'flki('Il.t 01' dl'aillage. lll.o(.lultlst'OI' land haYing: frl'a\'
it,)' dl~aillag(' (,xl)J'(',,~ed in illdl('s 1>(''' ~.~ houl'fi. This wouldoe the 
cap:teity '1'Ol' whi('h op<'11 d ..nins wOllld be dl'siglll'd. For llPPPl' ~Iissis
sippi condition::> thili would m,;ually b(' from thl'('c-qutlrt('t's to 1 inch 
ill ~·b \tOUl'S (fig, ~. (' t'lIl"'(». 
X~/ I' i~, a ('1'1\1 whit'h gin's tl1(' Sl'l'pagp How to b(' pumped fot' maxi

mU1I1 l'Ul\ol1' ('OIHlitioll;{ ('Xpl'eiiSl'<1in illl'hes ])('1' ~4 hOlll'S, MaximulIl 
s<,ppng(' \\'nsfOlllHl to bl' 1'l'latl'(] to an'I'ag(' allnnalrllnof1' to be (llllllpcd. 

• 
[(2 is a ('Ol'f1i<-il'l\t (I'at io) to ('OIlYC'I't allllllall'ullofl' to maximulII seep

ag(' in inl'hes IWI' ~·l hotll'S, TlIi" ('odtk;('nt would be about 0,023 for 
('()lIditioIlS in tlH' llPP(,l' )[h;:;isgippi Ynll(')" 

l' ig nT('l'agl' anllllnl I'llnoll' to bl' pumped, For the investigation this 
was .found to "al'r as follows: {) to 1:2 inelles pel' year for difitrkts hav
ing {'ulisidpl':thle gl'avity drainHgC'; 13 to Hi illi:h('i> pl'I' year :1'01' nOll
s(>l'ppd l1istricts pumping all l'llllofl'j and IG to 35 inches pel' year for 
11(>a\'[ly s('l'pl'<1 (li;;t rid:;, 

'I'll(> ol'lginal inn'stigatiol\s Hi> lllodifiNl by latl'l' ('xPl'ri(,llCl' would 
indicntl' tIlP fOI'mula. for lII:txil11UIl1 plant ('apa('ily for upper )lissis
:::ippi Vallp'y pUlllping plnllt~ to bl' ai> follows: . 

e;;.., ,d.] (0, .n,:,] (.) (2) 

\\'IIPI"(, (' '1lIl1Xillllllll plant t'apaeity in illeh('s PPl' .2,1: hOl\l's; 
(::... dl'ldlHlfre t'o(>lIi(,I('I\[ 1'01' l'illli1l1r g-ra\'h,\' clmillafr(' :;Y;-;(l'ms (fig, ~, 
(' t'UI'\'P); J''-''HnIlUall'lIl\ofl' to 1>(' 1)[11111)('11 ill illt'h(';{. 

TlIi:; i'ol'llluia WHl' al'l'i\'p{\ al by (,Illpil'i('al IIIt'ihml:: a1\(l js bp1i('\'(\(l 
to 1'l'1)!'PH(>lIt a ['('I at ionsh ip i11 \\'hil'h ob;;pl'Yl'<l <1n ta ;;('PIll to bp l'l~a
;;ollabl,\' Wf.'Ill'('lull'll. Iti;; a I'ational appl'o:te\t to bl'l'akillg' the l'un01l' 
into two parts. frl'a\'it,\' {lo\\, and l'Pppagp. C(ll'f1il'il'llts IIwy be al'rived 
:It fot' othl'l' tll'pas if :HlIlil'iPlli data !In' andlablp, 

Tnblt, j' gin'S tIl(' 1'(,;;1111", of applyi::g tltis f'OI'nlllla (0 dish'iets stud
il'd.llIHl tlll'H' n'!'ult", a 1'(' plo(lpd ill figlll'l' l~, 

• 
Fol' utlwl'lo('a!ions !'OI'llltlla ( 1) Ilw)'lw llsed to i\(h'Hntafr(', .A study

ot thp o[ll'l'llting {lata (tvniltlhl(>in this hull('tin and in 1'('I'(>I'(>I1('e ('itpd 
:::hnllid !\plp d('(pI'mi11(' ynl'ious fnl'iol's nlH1 ('()(>f1i('il'nts..\ stnd,\' of tll(' 
rainfall. data. p,W). l'lI11oll' 1'1'011\ wutl'l'silt'l\" datH, p\'apol'lllion :t1H1 
trallspil'ntiOll data (p.:W), d;\la 011 top{)~I'aph,\' alld ;-;(oragp .\\-ailahl(' 
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and on soils and crops should be made to detel'lnine pumping require
ments of the pumping plant. U('('o11l111Plldation fOt· tIl(' :facioI' (} 
(drainage Nwflit'iNlt 01' I'lillolf 1'01' tlmilll'd land!;) may be !;('t'ul'cd frOlll • 
the Soil Consen'ation S(>I"'iec Oil L'l'([IIl'st. 

Pl.;\;\T C\1'\ CITY FOil LorrslAx-\ ,\;\'D TEXAS 

A t'ollsid('I'abl(l III'l'n of ('oastnl mlll'sh in Louisiana and Tl'xas has 
been cl('Yelop('t\ by dl'ldn:tge pumping, Eady il1\'estigat ions of tIll' 
dl'ninag(' pumping plants in :;olltl1('L'Il Louisiana WCI'C made by Charles 
,Yo Okey, dminHg'(' ('l1gill('el.'. Fnitl'(\ Stnll'S Depal'tnH'J1t of Aj!I'i('lIl
tlll'e (8). g;\alllinatiolls wel'(, nlilcle of all drainage ]lllmping dlslrids 
in southet'n LOl1isiana dul'ing th(' lwriod 1V11-15. Table 11 show!; the 
openltillg ('ondHiom; dlll'ing this p('t'iod for!) pumping' distl'i('ts, 

'1'h(, pUIllPing and l't'Sl'I"'Oit' ('upal'il,\' Was de\(>I'IlIi1ll'd 1'01' :25 dl'ain
nge distTit'ls and thl'l'll' ('aplIt'iti(>s \\'l'I'P s\lmnllll'iz('d in u bllll(·tin by 
Okl'y (8). TIll' Pllmping ('upal'ity or tlH' dislrids 11ll'1I I'Hngl'(l 1'1'0111 
o.oa i neh('s PPI' :H- hO\IL's to :2.;;;) i Ilt'h(.'s (>('1' :2.~ hOlll'S, HpsPl'\'oi I.' en pHt'i I-y
rang('d frolH (US inl'h \)(')' :2·1- hOlil's to :2,:20 inl'l\t's IWI' :!.~ hOIIl'S. Th(' 
combined enpal'ity of t 1(' IHlmpin~ plant and I'('S('I'\'oil' I'Hngt'll from 
1.:21.> to a.·I;; inelll's Pt't':2-I hOlll'S, .\n analysi:l of til(' t'OIl1billl'(\ ~·I-ho\ll' 
pumping and l'l's(,I'Yoil' ('apa<'itil's of the ~5 di:::t1'il'ts ('0"(>1'('(\ showed 
that: ~ l1istJ·it,tshad frolH 1.0() to lAO illl'lH'sj i) distl'icts had 1'1'0111 1.50 
to I.DO in('hes; 11 distl'ids fl'ol1l :2,00 to :2.4() int'h('s; ;") di::;lriC'ls fl'om 
2,f)O to :2.nn int'hes; n I1d ~ distl'iels from :UlO to :{'·lfJ im'hes P('I' 2·1 hom's, 
It- should bl' noted that thl' data g-i"Pl1 in figul'e (j in(lieHte that rains 
ill l'X('('SS of Ginl'lll's ill :!·l hours ilia), Ill' t'X[H_'l'tp(\ Ollt'l' in 5 years, • 

The inn'sti~~ations of AIlc1(,l'son nIH1 )1001\,:1 "\\'esl('I'n GIIIf Hl'gioll, • 
Soil ('onsl'I.'\'alioll :-It'I'\'ke. )'e\'pnll'(\ that many of the OI'iginal )lump
ing plnllts hadng It c'!ljJal'it,Y of about1.5 illl'hes pel' M hOlil'S Ot' less 
Wl'L'p found to be )Ilndl'<[natl', .\s a I'('snlt of till' l'xuminatioll by Ander
son nnd~[()()I'(, n )'UIIO!l' eapaeity of :~ indws 1)('1' :H hOlll's. ine\uding 
pumping eilpal'ity and l'(,~l'l'\'oh' capacity. j,.; \lO\\, 1'('l'OIllIlH'IH\ed, ~Iol'-
age iSl'(HH\lUII'd as thnt arailahll' ill al'e:l~ b('\ow t.lll' l'll'\'alion 01' the 
ItlW('st {'ulti\'utpclland. It in(']udl's storn!!£' :t\'llilnb\e on nlill'sh lands. 
in bOl"l'O\\' pit,.;, and :-.IOll!.dl' Ditch ,.;tol'a~(. i::-; ottpn so small it can be 
lll'gll'(,tl'd . .b'OI' l'x:lllIpll'. if n 1,(,,.l'I'\'oiL' stOl'Hgl' ill a plllllpillg distl'j('t 
is 1 illdl pet' M hotlt'S the pumping plaJlt shol11d bp t\t'sigrll'dfol' not 
les;;; lhHll :2 illdl~'s IWI' :2.~ houl's, Till' ('ombined ('apaeilY figul'(' of :3 
inches pH ~·1 hOUI's apt> Iips to la nd Ils('(l pri neipa II r fo)' ~)"owi ng slIga )'
erllH' . .A g-t'pat(')' eapaeit,\' may be addsnbll' fo\' sjl('einl Ot' tl'll(.'k (')'OPS 
01' WIWI'l' \lwal PI'O]ll'I'ty l'N(llirps 1l('llp\' (ll'ol('t'tion. TIIl'I'('('oI1lI1lPllded 
cOlllbilll'd IHllllping nud 1'('sl'I'\'oil' eapal'itil's m:l," be I'NIII('('<1 to ~ int'\ws 
pel'~.J,llOUI'" if tltl' prj,wipal ('1'0(1 io-l'it,(\ or pas(I1I'l'. '1'1\('sl' I'aip); apply 
to till' ttl'PH :dong th(' Gulf Co:t:;t ofLoliisianu and '!'('XHS ROllth of a lilll' 
from XnklH'z••\Ii:-:-... to Sn!(,\lito('hp:-. La.. thC'1I !'Oughly p:l1'nllt'l to t.he 
Gulf CQast to YH'lol"i:I, T(·x, XOI'th of this lint' and in ~\.I'kansas the 
total pnl1lping cllpaeity and stora~e capll('ities may bl' 1'(>(1\1('('([ by ill 
Pl'I'Cl'llt to iA ir\{'Il(':- IWI' il hOlll':-;IOl' lund \I,;(,d pl'il1('ip:dl," -rOI' rotloll 
IlIHllO J.(i ilwlJ(';' P('I':2-I- h()l\l'~ fol' !'i('\, 01' pnsll1l'(' 1:111<1, TIll':'l'I'l'('OIH--

m(,lldntifJlI" arl' bn;;l'd Oil dl'aiuHgl' of flat Ht'paS Il'~s than a,ooo aC1'eS. • 

• A:'\lltlt8u,\. T, C',. anti ~l!lllill. H, J:o, l'1I\lublhll!'lI Ht'JlOl-t, :t!H7. 
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In thl' ('xaminlltions of Andel'soli and )(oOl'e it was found that muny 

• of the (wiginal plallts failed £1'0111 lack of pumping capacity, Many 
of the slIC'c(>ssful districts originally stal'tN\ out with smnller capacity 
but 1111\'e illl'I'N1SNl th('lll. Ht'Y('1I typic'al drainage pumping installa
tions fOl' l!Hi l'OlH1itiOllS al'l' <ll\St'I,jbl'd in the i'ol\owing pfll'llgraphs: 

1. Pumping plant t'om;i:-;ting of two pUlllpS l'I1ted lIt aH,OOO gallons 
pet: l1Iill\lll' C'a('II, w.ilII'C'1lI0\'{' :U; inl'ill's pel' ~,~ hOIlI':{ fl'om a HiOO-acre 
wutt'rshl'll. III the dish·iet t.hel'e al'e 5iS U(,I'(,8 of woodland and nUlI'sh 
of w1l1('h :1~() lI('I'('S may b(' considl'L'etl stornge area. Stol'age in over
flow al"l'U is <-,lightly less thall 3,5 inehes and total capacity approxi
matl'l r (i.ojlll'hes. 

~. j)lanl ('()lllaiIlS two pumps I'lltcd nt 3S,OOO g. p. m. euch, which 
(ll'uin tl. ~,a()(l-acrp ul'C'a. PUlllPing ('apa(,jly i;.; 1.7 illehcs I)(,I':H ho\1.l's. 
Of. tJli~ al'{'l\ 1.-100 H(,I'es III'C' hi woodland and man;l1, of whkh 8:20 Hcres 
rnay h(' ('onsi(\t'I'ptl ;.;lol'ag-e arpa. Htol":lg(' 1I1l101llltS to +.a inches per ~4 
11Olll'~, total capaeily aPIH"oxilllalcl,\' (i illc-hl's PCl' :2.~ houl's. . 
. a, On(' ptlll~ P I'll t\d at ~Hl,OOO go. p. Ill. (h·:~j ~IS 1,000 IIp'~H. The p,u~np
mg- ('apllelty 1t{:2.1 lllt'hl'S 1>('1' :!,~ houl's. lhc storage 18 110t sufhClent 
to gh (' adequate dminngc. It is plallll('<l to in(,l'easc the area to 
1.:200 !len's and add anotht'I' pump with 40,000 g. p, m. capacity. 'l'his 
would gi\'c n mIl' of 1'('1110\';11 of ;L;j;") inches [IN' 2·1 hOl1l.'s • 

•1. A pltU1t ('ol1(lIinill~ two pUlllpH rated at -W,DOO g' p. m. each and 
on(' ati:!.lHlO go. p. Ill. gl\'CS a ratl' of 1'('llloya1 of 3,~~ pel' 2,1 hours £l'OlU 
a 2,GQO-llcn' watC'I'slll'd. Storage (,tlpaeity iH beJien{\ to amount to 

• 
1.5 in('hl'H. Thc· OI,jg-inal plant POI' this (li8(:l'i('t hilS a milch smulier 
capacity bllt, \\'IIS cnlal'ged ill a('('OI"(\lIl1ee with pumping expedencc. 

5. A plnnt j'hat has two pllmps I'ated at 50,000 g. p. m. each clln 
l'(,IllO\'C 1.~ int'\t('s pel' :!·L hOlH's fl'Olll ,L,.100-aere watershed. )[ost of 
th<.> lal\el is in pas(:\I1'(' and hay erops. ~\. considerable. aCl'cage is still 
in w()od:{ Hill! R\\"alllp whid1 Hd as a, stOl'Hge area. Truck crops n1'e 
f!l"o\\'1l ollly 01\ lIw higher hilHI ill the. area.. 

G. ~\. pumping plant 01' t\\'o puntpS having It combined cnpacity of 
50,000 g. p. Ill, \'an relllove g,:J, illeheH from a watel'shcd area ot' 812 
tH'r('<-" "'Iwn this plant was l'xHlllinC'cl by Okey (8), it had a capacity 
of 2.1;'; illl'lws IWI' ~+ hOlll'S in I!lli. 'I'll(' l'csl'I'\'oil' capaeity was then 
(lA() i\1('h pl'I' :,1·1 holll't{. This capaeity waS found to Jx: inadequate al\d 
th(' JHlmp1l\g plallt was s\lbsequently illerensed to the present figure of 
a.:~ ill('ill's IWI' 2·b houl's. 

7, .\ pUlllpillg plant of two pumps having a combined capncity of 
G5,()()O g. p. III, ('fl11 I·('mo\'('. 3.4 1I1('hes fL'om n wa(:(,I'8hed areH of 1,015 
a('r('s, This c1istl'ict was also ('XHlllilled b\' Ok('y in 1!)17 \\'11('.11 the 
ol·jginal plant had a eapneil,,' ofU)1 il1dll'~ 1)(>1' ":!:~ lwul's. The rescr
\'oil' ('apneit,\' WaS Own l'Utpti at O.H7 inch pCI' 2,1· hOlll's. This pump
ing ('npat'i!y .wa,; found to be inadl'(plate al1d lat(11' in('l'casec1 to 3.4 
i I\elle;; IWI' :H hour:;. 

PL\NT C\P\CITY rOH F'LQHlI).\ 

FOl' 0pPIH1ikh (\I'a inag!.' () f Ill(' E\'C'rglalll't{ 111(' l'ngi nl'l'ri ng boa I'd of 
r('\'it'w VJ) den·loped t\l1d 1'(>('OI1III]['n(\p<1 tile' following formula: 

• Q fi5/+n,G 
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in whieh Q=rul\otr in cubic feet pet' second I)er square mile of dl'llin
age urea, and ill =druilluge aren in ~ql1nee mi es. 

This fOl'niul1l waF; lIsee[ by L, A, J 011(>:" Lj) in preparing p1an8 for 
wate!' cOllti'ol of' ol'gank soils of tIll' 1'C'gioll, The forll1lllil provides 
I-im'h runofr depth pel' :U hOllrs :from Hi squnre miles, three-fourths
inch il'om 4:3 :iqIlHI'P mile;;. Hnd one-half-inch from 3~~ sqllllre miles. 
As in other al'ellS this fOl'mula is based on the assumption (hat the 
Il1ml will Ill' o\'el'flowetl for :-;hol't Ill'l'iods 01' tinll' following ('xt'essive 
l'aill'filll. It is not intl'lHll'cl to pI'<witle ('olllpletl' f\oolll'ont!'o\. 

B. S, Clayton, dl'ainngl' l'ngilll'el', Soil· ('onsl'l'\'ation Se1'\'1('(',in 
conducting long-tillle ill\'('st iglltiolls of cOlHlitiom; in the' Florida E\'(~r
glades found that 11lall,)' oi' tIl(' I\OI't!tel'll En'I'!!;lades pumping distl'jcts 
E('l~\'e from 5 to la se('lions of land. )lost (if t1)(I:;e PlllllPi'ng plants 
were designeel to I'CIllO\'P 1-in('h I'll Jlofl' pel' ~4 1I0UI'S, ~lllCh of this 
lHnd is used to gl'ow :-iugUl'l'UI1e. Exp(,l'i(,Ill'(' 0\'('1' a 20-year period 
indienlcs that the l-in('h 1'lIte i~ gl~nl'l'illly ample for grQwing sllgar
CHile on the organic soil of th(} arpa, 

It was found. how('\'~'I" thilt tl'u{'k ('I'OPS :iutl\~I'l'<l losses where the 
('I~PII('ity wus only 1-inl'h pel' :24 'hollrs, As it result of Clayton's 
investigations th(' following l'ut('S 111'(' l'l'l'Olllllll,'lIdl'(l fOl' Illnd used 
(01' growing ll,tIl'k crops in organic soils: 8,0 inches for 1 section of 
laud 01' Jes~, 2,0 inches for:2 to 3 :;c<:tiolls of lam), 1.4 ill('hes fOl' 4 to 9 
sedions of Inlld, and 1.0 inch fot' 10 to l6 8e('\ioll8 of land. 

Thcse rates nppl'OXimatl' those giwl1 by thl' !'U110n' formu1a quoted 
nbo\'e. A long lHlmping l'e('ol'c1 at the E\'e!'f!Iat)es exp('t'iment station, 
Belll' (llndt,. Fla,. indil'atP(\ that a l'ullol\' of 3 inchcs pel' 24 houl's was 
re(luired to Pl'o\('ct ('I'OPSOl1 a1'(1II S of 1 square mile ol'less, 

In I'CCl'nt Yl'UI'S n t'ollsid('I'ubl(' number of pumping plnnts havo been 
installcd to sel've land 118('(\ 1'01' growing pastul'C grass for ('attIe, 
These pumping plants IIslwlly dl'llill fl'om 2 to 4: sections of land, A 
1'1IJ1ofl' o.f fl'otn .1 to ~ .inl'hl'R per ~4 hOl\l's was ('ommonly provided for 
these grazing area:; and appeared to he a(\NllIatc, 

The minimum rale of I'llll0 fl' is influem'et! by the elcvation, size, nnd 
slope of ditehes ll'ading to the pllmpin~ plant or Ill(' available stol'll~e 
in lakl's 01' sloughs neal' tIll' plant. All analysis of th('i';e factors should 
be mude to detel'luine the minimum size of pllmp needed. 

SELECTIO;\f OF PDIPS 

Centrifu!!!d, mixed flow, and axial flow 01' pl'ol)('l1er pump::; arc 
commonl\' llH'd for (lI'ainllge IHllllpill~, III douhlt'-sudioll ('l'lltl'ifll~al 
plllllpS (£i/!, ~l) the liquid enll'l':; both sidl'S of til(' imppllel' at its 
hub it ndflowH l'udia lIy to the peri phC'ry. In singll'-su('tIOll cent rifllgal 
pUlllpS the liquid cnt(>l's only one si(l(' of the ill1pelll'I', In ('entl'ifuglll 
pum[''l tIll' dis('hal'ge JlI'l';:slln~ is de\'elopcd prIncipally by the cen
trifugal Jo('('es. In mixed-flow pUllIpS the disehal'ge PI'l'sslIl'e is de
veloped partly by centrifugal fOI'('l' and pHrtly by the Ii ft of' thc vanes. 
This type of pump hilS It single-slldioll impeller, the discharge is in 

• 


• 


• 




DESIGN AJ.~D OPERATION OF DRAL.~AGE PUMPING PLANTS 39 

axial tlnd radial directions and the casing is usulllly of the volute type, 

• 
111 the propeller type 01' axial-flow pump the pressure is c1('veloped by 
the, lift of the blades, The discharge is in nn axinl direction, This 
type is often ('ailed n screw pnmp, 

C('ntrifugal pumps may be designed for eflicient pumping against 
total heads exceeding appt'oximlltely 12 feet. Mixed-flow pumps can 
opel'(lh~ eIHiiently at heads from 6 to 26 feet. l'he IIxial-flow or pro
peller-type pump is ordinarily limited to pumping against heads less 

. ,than 10 feet. . 
The advantages of using more than one type of pump should be 

considered in proposed installations, sneh as It centrifugal pump £01' 

'i 

Centrifugal Pump Ml~ed Flow Pump Propeller Pump 
Double Suction 

F1(lUIt~: :!1,-Skl'tt'i1 of PUIUP" llSt'tl lUi' <1l'Uintlge, [Col\I'tesy of B~'drnullc 
III.;titlltl', New YOI'I;: ('ity.] 

• 	 use at higher headB, and a propeller or mixed-flow pump, for efficient 
pumping at low Ilnd mediull1lifts, In sOllie plants it may be desirable 
to install one or more pumps that are especially efficient, to do most 
of the pumping, 

The propeller pump and the mixed-flow pump operate at higher 
speeds for similar conditions than the centrifugal pump, This is an 
advantnge, particularly for electrically driven units, because high
speed motors cost Il'l':R than low-speed motors and a high-sI)eed pump 
can be dil"t~ctly connected to a chellpet' motor, 

PUMP EFFICIENCIES 

lTsually, drainage pumps may be furnish('d with the maximum 
ellk-ieney something o\,er HO percent. A well-designed pump should 
have an' efliciency auove 10 percent over a wide range of operating lifts, 

Important pump installations are usually supplied by a manufac
turer based on specifieations pl'epar('d by 'the purchaser, The pur
chnser specifies the requirements at maximum and other operating 
Hft"" Generally, the nJanufactureL' supplies a set of characteristic 
cm'Yes to the purehaser similar to those shown on pages 43 and 44, 
Suc'h Clll""eS sho,w pump capacity l'C'lated to head, speed, efliciency, and 
brake-horsl.'power requirem('nts, ~Iost manufadurers base such curves 

• 
on factory tests of the pump furnished 01' 0:11 the measurements of it 
geometrically similar pump, 
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Pump etliciency i!;l computed by the following forU1uln: 
_ g.p.'ln. X H,e-·- ...... _..... _._

lJIlPX3U60 

where 
e=pump efficiency 

g.p.m.. =gallons pel' minute 

. lIt =total heMI on [lump 

BliP =bmke hOl'!3epower input into pnmp shaft 


TOTAL IIE·\O 

The total head 011 the pump i~ equal to tile total energy in the water 
nt the discharge flange minus the totall'nel'gy at the snction flange of 
the pUlllp. It is expressed by thcforl1lula 

in which il, is the net total head, in feet of wa[l'I', 
llll is the dischtu'ge pressure head, in feet of watet', measured llear 

the discharge flallge of the PUlllP, It is positive if the pipe is umler 
pressure, and negative if uuder \'al'llUll1, at the point of measmement. 

Vd is the ttVerage velocity, in feet per second, in the pipe at the 
point where H,t iR measured; . 

d1 is the elevation of the gage mensuL'ing TIll in feet above some 
l'efel'ence plane. It is positi \'e 01' negative depending upon whethet, 
the crage is !lLov~ or bl'low the reference plane. 

If. is the suctIon pressure head, measured near the suction flange 
of the p\lmp. It is neady ttlways neglltive, since the suction pipe is 
uSllitlly lmder vacuum. 

VII is the nvemge velocity in the pipe at the point where H. is 
measured. 

d2 is the ele\'ation of the gage measuring I1s above the same referellce 
plane. Trom wll ich il! is llleaslll'ed. 

g is the acceleration clue to gravity, used herein as 32.16 feet per 
second per second. 

The expressions ~l and ~l are the velocity heads in the (lischal'g(~
.y .g 

an~ suction pipe~, respectively. , ., I ., 
'1 he total helle!.lS equal to the static hft plus all losses III sudlOn and 

discharge pi l)(.'8. 

SPECIFIC SPEED AND l\L\XIl\IUl\1. SUCTION LIFT 

The specific speed r. of an impellet, is a valuable index of the type of 
pump and is important in determining the maximum suction lift. The 
specifie speed of an impeller is the revoilltion pel' minute to which a 
geometrically similar illlpelll'I' wOIlI<lrlln if it ,,'er(' of slIch size as to 
di!:lcharge 1 gallon pet' llIinllte against 1-foot. head. Centrifugal PUIlIPS 

• See note of nckno\\,I"'\MIIi.>nt. II, 2. 

• 


• 


• 
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are genemlly designed for specific speeds ranging fl'OIl1 1,500 to 6,000 
for double-suction pumps. Mixed-flow and axial-flow pumps are 
genernlly designed for specific slleeds from 4,000 to 20,000. 

• 'rhe formula for specific spee( is as follows: 

N.= ·io. 1). m. X r. p. m. 
-.-~ .. - lI,3ft ._

~Whel'e N.=specifi(' speed, g. p. Ill. is gallons pel' minute, 1'. p. m. is 
revolutions per minute, lIt is total head for a single stllge pump which 
iH lI!:;ed in drllinltge plants. . 

Excessive speed with too high It suction lift often results in serious 

SPECIFIC SPEED, N _ RPM-..!6Pii 
5 - H~ 
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SPECIFIC SPEED. Ns FOR DOUBLE-SUCTION PUMPS 

Hi'I. 

• 
li',(wlt~; ~~.·-ny(h·au1i(· III!<titute Ullilel' limits of !<peeifil' !<lll'ells 1'01' single·f;tage 

11UIlIJlS lllllllllillJ,( (']('al' WHl\'l' lit ilc'a Ic'wl ;It Sr,° I". £01' centrifugal 11ll1ll1lS. 
lC'Ulll·t\'"y uf llydl'!lulic lllStitutl'. New Yurl, City.] 
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trouble from vibmtion noise, pitting, and Cllvitation. A pump with It 
low specific speed will operate safeLy with tl greater suction lift than 
one of a higher speed. If the sllction lift is :ra,irl.)' high (over 15 feet) 
it .is especially necessary to give purticulm' consideration to the pump 
(1esign. Usually this requires a slower speed and a larger and more • 
expe-nsive plllnp. If the suction lift is low or the specihc speed mlly 
be increased, it srnaller and cheaper pump may be used. 

TheH\'clraulic Institute, of ",11ic'h leadin~ pump rnanufactnrm's are 
members; hils adopted standards (3) which covel'· upper limits of spe
cific speed 'with respect to capacity, speed, head, and snction lift. These 
elUTes are shown III figures 22 and 23. In mllny clrailUlge pumping 
plants the suction lift is high when pumping at low stages. Some im
pellet's have been severely pitted by Cltvitation. l'his was no doubt in
fluPl1cecl by the high specific spel'(l for the sllction lift. It is impor
fant for plant designPl's to kl'ep the sUl-fion lift liS low as possible and 
in all eases !l"oid exceeding lilllits shO\\'ll ill figlLres:22 anc123. 

CE;XTHIFUGAL PUMPS 

The double-sllction volute centrifugal pump waS used n.1most ex
dusively in drainage plants ill the upper :Misslssippi Valley fol' about 
20 years Pl'iOl' ttl ID28, Single-sudion centrifugal pumps were used 
in many elu'liel' plants, but few have been used ]'n recent years. 

Considcl'abh' cle,'elopment of centrifugltl pumps has taken place 
Sill('(' H)Hl. Anincl'ease of nlll10st 20 percent in efficiency has been ob-

I 00 ~-?;.. -:-1'N. .. +~++++ , 
1;:H-1-'.. +T'k. "'i'~I-"~ h--~ 

--......~.~ ..~':~ .~.,.--.. --- ~- • 

0 0 0 0 0 0 0 o 
0 8 0 0 0 0 0 0 o 
0 0 0 0 0 0 0 0 o,-:.t Ili iii a:> m 0 Ili o - '" 

RPMV"GPMSPECIFIC SPEED. Ns ~ 
H-!' 

Front/<! 2:1.--Hrdr:llllie Institute uPlll'r lilllitR o[ !'lw('ilie speeds for sill~le-stage 
]1tllllJl" 1111111 pi 11~ [·JpH I' wa t(l!: n t RPIl 1('"pl II t Ki" F. fOl' sill~I('-;:Il('1 iOB mix('d-llow 

!lIla :txiuI-J1ow 11lIIIlLl;;. lColirtesy of H~'dralilic .llh;titllte, New York City.] • 
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tabled by improved design. The efficiencies of 01d low-speed, steam

• 
eh'iven pumps in. the Bay Island and Henderson County phmts were 
approxunntely as great at low and medium lifts as the efliciencies of 
recent higher speed pumps. Such low-speed pumps would not be 
economical now because diflicult to adapt to electric or oil-£lngine op
eration and more costly because of grenter weight. At the present 
time, eftkie1I('ies of 80 to 85 percent arc gUHranteed and obtained on 
centrifugal pUlllpS at heads above 18 feet. Typical characteristic 

clUTes are shown in figure 24. The Francis-type impeller, with curved 
valles, is particularly eUkient for clminage pumping. 

Centrifug!tl pumps have a long life and are dependable. They 
usually have It greater capacity than the same size screw 01' mixed-flow 
pUlllpS~ especially against the higher hrnrl<;< 

AXIAL FLOW OR PROPELLER PUMP 

The axial flow or propl'lIer pump is especially adapted for low-head 
})UllI ping (pI. I, B). This type is a Iso called a screw pump. The 
impeller has several blades, somewhat similar to those of It ship pro
peller, set on the shaft at angles determined according to the head and 
speed. The direction of flow through till' pump does not chitnge as in 
a centrifugal pump. A spiral motion of the water L'csults from the 
SCl'ew action, but is correctcd by diffllsion vanes. The type has been 
in use extensively in Louisiana and Florida for many years bnt has 
been used less in the upper Mi;;sissippi Valley which is due no doubt to 
the high maximum heads in the lattel' area. 

The propeller pump operates at high eHiciencies against heads less 
than 10 feet, Ilnd against fluctuating heads more emciently than does 
the centrifugal pump because it retains nearly maximum efficiency 
through a greater range of head (fig. 25). One of its disadvanblges 
is tha.t the discharge falls rapidly at heads abo\'e 15 feet. For this 

• reason its use is somewhat limited in the upper Mississippi Val1ey. 
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?, 

This type pump can be built so the flow cun be I'evEll'sed if it is wanted 
£01' both it'l'igation lind dminage, This is quite Illludvantuge ror some 
loe'ations, sllch as Flol'ida, where supplemental irrigation is desirable 
and in organic soils, One manufacturer provides a trash cutter which 
pel'mits the rellloval of (!'ash from the blades. without opening the 
pump, 

An interesting development of the propeller-type pump hus been 
its nllll1UfactUl'c out of a wel(\(1(l steel pipe wilh a. IH'()pellel' similnl' 
to a boat propeller attached to It shaft lind wel(h~(· inside the pipe 
c!Ising (fig, 26), This type of pump has bel'n mude at some locnl 
maelune ships, A consiclel'llble numbeL' have been sold to farmers for 
drainage of small tmds less than :200 ac'!'t's, The advn~ntage or this 
type of pump is its low COl:it. The disad\'antage is that liltle is known 
about the pedol'mance charncteristies llnd C'tliciency of indivi(hw.1 
PUIllPS, Some havc been built with SUdl light o\ltside casings thut 
smull bloeks of wood passing the ::5Cl'een h;I\'c broken thL'ough the 
casing, In othel' ('uses the annual cost of pumping with such units 
wal:i BO low that a higher eflicienc), would not have too much effect on 
t1l1nullI savings, 

~hXED·FLOW Pl';\IPS 

The mixed-flow pump also is particularly adapted ro\' drainage 
Pllmping (pI. 1, C), It has IIIl open vane, screw-type impellel~, which 
(,()1l1bines the St'rew and ('ent rifuga I princi pIes ill bui Iding up the pres
sure head as shown in figure:21. It operates efficiently against some
what higlwl' heads than thc true 5(,I'('W pump, 1Yith one ehange in 
l:JPP(,(\ thl' Hadwellmixell-flow pUIlIP opprated atj'O- to SO-percent 
(,f1kil'I1(,\' at all hcaclsfrolll (il:, 
to :W f(:et. and the clischaq~e 
did not C\C'cL'(\1ISe excessively at 
the highcr heads (fig, ~j'), 
The Olwn-type impeller of the 
111 ixetl-f\o\\' PU11l pfaci I i hLtes 
till' passage of trash, 

VEHTIC,\L SL'll;\IEHCED Pl';\[I'S 

~ubnl(>l'ged single-sll(,tion 

pUlllpS have b(len used in ::5011lC 

lal'l,c dmina!!e plants, Ho\\,

en'~.. their chiC't' nppli('ation 

hal' been in smllllet, plants for 


FlGem: ~El'-';";lIhllll'rgel1 PUIllP <1ischlll'!-[illg lhl' (iraina!!e of indi"idltal al!t\\'" hiJ..:h Wll«~l', [('Olll'tl'K~' or J<'ood
fal'llls 01' siilallt,l' areal' (figs, :\Ial'ilinl'l'Y ('''I'll., I'I'pl'lei'S PUmp Divi
~H allli :W), Usually the mo ShIll, LuK A n;.:l'll'" , ('alif.] 
tor OL' elwine to (l!'i,,'c the [>1'0

(>(,11('1' iSOlllOullted at the hl'ad of thc unit. Suth pumps may be 
('quipped with allY type of impellel' dri,'en by a \'ertical shaft. The 
llIanufacturC', desi!!n, anel eflieiellt'ies of such units ,'HI'Y gl'('atlv, One 
nlh'antage is that II small. building will satil:ifal'lol'ily I;olll:ie tilt. motor 
a.nd swit('hboHL'd (pI. ~,.J), A IIotlll' I' advantage is the (,Iilllillation of 
pL'imlllg l·qnipllll'nt, which make::> them etipcciallytillitable for llllto
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matic operati~n. This 1s It very important lI<h":ll1tage for the tann or 
smaller pUll11)!ng plant. ~Ially small plants would not be economical 
if theyt:equired constant attendance. ". 

The greatest disadvantage of vertical t)1)eS is the inaccessibility of 
the pump for cleaning. When this type is installed. provision should 
be made to clean tho pumps by (1) closing the sliction bay, preferably 

FIOUIIE 21:l.-Sublllcrgeu pumping <li~harg(' below low witter. [Conrt.esy of Food 
)Iuchinery COl·p., P('erl~'s;,; l'Ulllll Dh·i;;ioll. Los Angclcs, Calif.] 

by gate valves, und dmining the pump pit with a small auxiliary • 
pump; (~) hoisting the nnit abo\'~ the "water level, which is practicable 
with small pumps; or (a) in the case of large units, forcing water 
from the pump liS from a pneumatic caisson and putting a mun down 
insick The dillkulty in cleaning this type of pmnp makes it espe
cially desirable to provide an efl"ectin~ screen. 

SPEED .r\DJt;ST.MENT 

Against high heads pumps of the types described are most etlicient 
whell operatl;d at high speeds. Agall1st lower heads it is necessary 
to operate at lom.'L' speeds to m'aillta in high efliciencies. The alllount 
of speed adj ustmellt pJ'O\'ided should be according to the amount of 
Y'II'iiltion between. llIaximum and minimum lifts and the chamcter
1StieS of the pump to b~ used. The speed range must sometimes be 
~5 perc'ent of the Illaximull1 speed. Prospe(·tive purchasers usually 
Call obtllin from the pump llHlllufactUl'el' characteristic curves for 
use in determining tl\(' different speeds of opel'lltion. 

Jfjgures 24 IWCC 27 sho',\' typieal examples of the speed adjustment 
of centrifugal and mixNI-f1ow pumps. Each of tho!'le units is direct
connected and obtains 2 speeds by means of 2 synchronous .motors 
mounted OIl the same shaft (pI. 2, B). Belt-conneeted units could 
obtain speNl changes only by changing pulleys. The Hunt pump 
(fig. 2·1) ol)('mtes at ~25 and 25j l"e\'olutions per minllte. At the 
lower sp('cd its el1iejPIH'\' is below j() pl'l'eent of all heads l('s8 than • 
II pproximately 1-1 feet, llilci for heads from 171/z to 21 feet either speed 
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gives elliciencies in exeess of 70 pet'cent. A 200-l'cvo)utioll-pel'-minute 

• 
I;HllllP speed l)l'obab)y would hll\'e,g-iY£'1l 70-Pl'I'CCl1t ~lIkieney,at hcads 
ttom 10 to 17% feet, llnd substLtuted for the. 22:'>-l'evo)utlOl1s-per
minute speed would have enabled the plant to operate at 70-percent 
ellich~I1('Y Ot' bettel' at all hellds from 10 to 25 feet, The speed lldjust
ment of the Ihl'twell pump (fig, 27) is better, At 240 revolutions 
pel' minute the unit has an ellicien('Y 
of 70 to HO percent between 6%- and 
O-'root l1l'llds, and above SO-pel'cent 
etiicie!wy between 0- Ilnd H-foot 
he:Hh;. :\t :327 re\'olntions pel' min
ute its ('l\ieielley is 70 to SO percent 
(tt heads uetwt'l'l\ Il and I;) feet, nnd 
num'!! SO lWl'tell1: at heads bet ween 
15 Hlld 26 feet. 

'fHAX$;\USSION EQUlP:\IENT 

Dit,('(:t-conllected plllllp.i ng units :;\ l : 
are llHH,:h prefel'l'ed to belt- 01' gellr- ·';":::::~~:~Z::J~14'.7<"'11-----
l'O11l1eC tl'<.\ units be~'ause powel' ';:, ~'~ 
losses in transmission are elillli- I>,', ('~.
naled, the purchase and mail1te- i" 'j ., 

nance of tmllsmissioll, equip,ment I~'i \,!: 
are SH ved, ltnd less floor spaee IS oc- ::', ?(It'upit'd by each unit, Low-speed ',';~

• 
 11lduttioll and synchronous mutol'S :-:. ,~~i 

that clln be (fire(·t-C'onnctted to f::1 f~\ 

pumps arc available at somewhat ~ !:; 

higltpl' ~ost !lUlI,1 highel' speed mo- I I '::, 
101'$ whIch l'equIl'e belts or geal's to I ';::
ddve the pumps (pIs. 2, B nnd 3, .f:,: 
U), . ,,:,~,:,~

Leather or chain belts were the 
ell rlic's!; transmission equ i pmelll' : ::_',\ ,~: :!f'~":~'~::~'> ::, ~<'i 
with elpctri('ally dl'i\Ten drainage I l 
pumps lpls. 3 and 4). Hope belts 
and V-shaped belts are better where 
the distance between engine and 

.1·'IGIIt~: ;::0, - ~\lhlll(,l'gea \'prti('ul
pump is short. Adequate spe~'(l (l\IIII[) (lir('('t·('oune('tl'(i to Yt'l'tielll 
ndjustment of sl1eh units ean be 1I11ltUl' reiltlllg Oil Vl1lllg, 
obta.ined usually by tlll'ee sizeR of 
pulleys for the 11I0tOl' shaft. It Itas been the gt'neml expel'ience that, 
bN;ausu of labOI: invol\'(~d, Plll1('ys are 1Iot t1ul11 lrpd frequently enongh 
to oblaill tl· satisfactory !l\'('l'ag(' pump ellicie7tt'Y, This points out 
another praetil.'al ad\'antagp 0 (d il'('et-collnec((·d Ull its, At the Hart
well plllut, however, It spct'ial ('hain hoist enabled one 1I1an. to change 
th(' pulleysoll the t11l'l.'c o1'i!!ill:d ullits in less than all hour, The si1l1
plidty of tlth; dp\'ice, together with ('ompete1lt engineering supervi
sIon, obtained snthd'tlctOI')' l5peed adjustment:.

• Hedllction !!Pill'S Itn \'(1 IJlIl'1l lIsed in a f(·\\" electric installations 
tPl. ·1, B). Although they l,ia\'{~ f100L' space, 8ueh gears al'e l'xpensiye, 
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and there is no satisfactory Ulethod of changing the spccd ratio of 
lal'O'e redllction gcars. 

V'ertical oil-engine units should uSHlllly be direct-connected to the 
pump,. where both engine Hnd pll1l1p opemte between :WO Ilnd 300 
revolutions per minute. :Most oil engines can be equipped with a 
govel'l\or that will pel'mit a sullicient ranh.re in the speed of the pump, 
.tlorizontal oil ~'ngmes vibl'llte so much that a belt con1lection 1:0 the 
pump genel'lllly Sl~PlllS desimble to decrease the possibility of burning 
out engine and pump bearings. 

Direct connection of pumps to engines waS used in mllny of the 
eady stealll plants, This was possible bectluse. those engines and 
pumps operated at approximlltely the same speeds, Ilnd good speed 
adjustment could be obtained by changing the gO\'cl'llor, 

A clutch eonllection is sometimes of ad\'anta~e in 1\1\ oil-engine unit 
(pI. 4, 0) to pet'mit the ellgine to get warmeCl up before the load is 
tln'own onto it, FOI' high-speed Diesel engines II twin-disc reduction 
"elH' and It chain "('Ill' to furthel' l'l·dllee the spped llIay be used, One 
itnit of this typer.has opcmted satisTuct.ot'i1y fOl' 8 yetll'S whel'e the 
diesel engine operated at about 1,500 I'. p. Ill. and the pump at about 
180 r, p, m, Accul'llte aligllment in Ilt'c'ordance with the manufllc
tUl'el"s directions is essential IOI' gootlrcsults. 

SIZE A~I> NUMBER OF PUMPS 

Diseharge openings of dminage pUllIpS in the upper Mississippi 
Valley L'angeft'om 18 to GO im'hes ill dinmeter, but for reasons of cost 
it is \ISUfl lIy ([l'si I'Ilble to make select iOll ft'om till' stoe\c siz('s of ~4, 30, 
au, 42. and 48 inehe:'. C('l1tTifugnl pumps may diirel' somewhat in 
cllpacity 'hom propel\('l' lind mixed-flow pUl11pS of the SlIlIIe size, 
Thl'l'efore, it l11H'y bt' 1\('('(>SS:lI',)' in estimating costs to ('ompal'e a 36
inch c(>lItl'ifugal with a 4~-illt'h })l'opell('1' or mixed-flow pump, as 
those sizl'H of(l'1l111l\'e ('ompal'ablt' {'apatities lit the maximnm lift. Of 
24 pumps inHtalled in 3 y('tll'S. 1\l~S-30. 11 were ;36-il1eh pumps. 'rhis 
;.;irol' is of ('onn'nient weight to handh· in constrl1('tion and larg(· ('lIough 
to pass most (I'llsh through till' im)ll·II('I'. )[al\ufal'turel's build lllany 
of thnt ::;ize and for that remlOlI it may be somewhat more econ01l1i('a1 
in Ii l'!'it eost. 

L:u'ge pUl11pS an. desirable for dl'ainage pumping beeause lur'W'r' 
pieC('H of wood lind mOl'll dpbris can pass tlU'<Hlgh the pump without 
('Io~f[ing the illlpl1llel's. On till' oth(>I' hand, it is desir'nble to 1\a\,(1 at 
ll>aHt olle unit of ('apaeity small enollgh that the 'water in the ditches 
can be contl'olh~(l without too freq\lent starting and stopping of the 
lUl'gC'r pumps.

It is an ac1vantagC' to have hro OL' more units in It plant, so that a 
breakdown of one will not stop all pumping. This is espl'C'ially tl'lle 
:for it distl'ict that is t'ntil'ely dep('lIth'nt on the plant for drainage, A 
distriet thut obtains Irravitv drainarrt' a lal'''e l)tllt of the ~Tear ('an placet"l t' ~ t"'- .7 
more c1epenc1en('p upon a SlIlf[lt' IInit. as 11)(' ppriod of opt'J'ation is not 
long and thE.' 1l1nl'lrint'ry (':tn bp kept in good repair by work during 
low-watl'I'Rtnges. 

As It gPIll'I':tl 1'\llp. (-11(' most PC'onol1lical sirop of pump will discharge 
the W!Lter at a velocity of S to 10 feet pel' second against the maximum 
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heud. Lower velocities are desirable if the plant operates at such a 

• 
high rtlll1tlltl plant ractor 0 that high pump efficiency is of great im
portance. If the unit operates Ilt such a low plant factor that pump 
olliciency is less il11portant thun first cost, it may be economical to 
install pumps from which velocities will be us much as 12 to 13 feet 
pel' SN!oncl, even though tho eflieicncy of It pum}) sufl'ers when such 
high velocities arc u8N1. Many of the pump lUI( pipe losses vnry us 
the ~qUtll'U of the vt\lo<:ity. 

The c'apll('ity cl()sil'able fol' the smullest pump in a plant depends 
upon the minimum I'ate at which watel' flows to the l)lant. 11Iid the 
alllount of' this flow that (,1U1 be stored nellL'by, If not milch storage 
is available It sllIall pUIlIP limy be necessury to hold the wuter low 
enough by continuous pumping to druin properly low IlrellS possibly 
2 01' a III ites distant. 

EXPlwiCllce has shown that in the upper Mississippi Valley the 
]n rgeL' dl'.'lillage pum ping plauts should hnv(l one unit that can pump 
with reasollllblo efliciency as little as one-third the total capllclty of 
the plallt, if there is but little water-sto~'l\ge capacity outside the 
d.minage ditches. Three units of equal size ('ould be installed, 01' 
two units with one having about hnlf the capacity of the other. If 
sllflieielli: stOl'agc capa<:ity in lakes and sloughs is Ilvllilllble, two uuits 
of equid size might be used ill the plant.. 

SEAL GLANDS 

• 
'1'0 pI'event ail' from getting into the pump along the shaft, effec

tive seal (,lands are c1l~sil'llble for all drainage pumps except those 
sublllergp(l, Seal glands opemtcd with WaleI' from the discharge pipe 
IU'O satisfactory only ,yhen the discharge-bay elevation is sufficient to 
kpcp the discharge pipe under pressure, At low-river stages the dis
chaL'ge pipe of virtually every plant is under vacuum and no wat.er is 
fOl'eed through the glands, For water-senl glands the water should 
lll' supplied und€'!' PI'c:,slll'e from the cooling system in 1m oil-en§CYine 
plant, ot' "from an Iluxiliary pUlllP and tank III an electric plant. eal 
glands that use oil, instead of water, from It reservoir holdin cy It l)int 
to iL quart of oil !llso may be used, .A disadvantage of using oil glands 
is the f,'equeney with whi('h they have to be filled, Furthermore, the 
paeking around the pump shaft must: be kept very tight. 'ro assure 
this, special packing matC'l'ia1should be used. 

PRll\IINC EQUIPMENT 

'Vet-vacuum und dl'y-\,nCUlllll pumps are most frequently used for 
priming, although severlll plants use ejector pumps opemtcd by steam, 
wuter, OL' ail', 'Vet-vacuum pumps are i:otary pumps, which nre not 
injured if water (rl~tsinto them, 'fhey at'e also easily installed 
(pI. 5, A), ~light:ly more thnn half the priming pumps installed in 
dminage plants in the upper Mississippi VaHey ttl'e of this class. A 
Wl'l-'·{lVllUlll system isusulllly cheaper than It dry-vacuum system using 
nn ail' tank. 

• • The 11111111111 plnnt fnrtor Is the l'idto of the 111110unt of pumping netually (lone 
to Uw HIll/lUnt tlta t till.' \llnnt might Itun' lloup in UIP YPIIl', lIIPtHmrt'll fOl' cH('h unit 
hy till' llulIlllcl' of hOlll'S ol){'I'nll't! :tllll tltp I':tll-II power of till' ('llgillC 0\' lIlotOI'. 



50 TECH...~ICAL BULLETlN 1008, U. S. DEPT. OF AGRICULTURE 

Dry-vacuum pumps are usually air compressors arranged to draw 
air frol11 the drainage pump and discharge it at atmospheric pressure. 
Ordinarily, the cleurance between piston and cy1inder head of a c1ry-
VUCUUI11 pump is so small that the head muy be cracked if water is 
drawn into the pump. To avoid this trouble, the pipe to the priming 
pump sometimes is .looped 34 feet or more above the suction-bay lent 
This may not prevent damage, howevel', if an unskilled opemtot' starts 
the draiiHlge pump without closillg the 7nlve in the prlJning suction 
line. A mote satisfactory arrangement is to insert in the priming line 
a tank that will tmp out any water that may get into that pipe
(pI. 5, B). 

Stemn ejectors are used for priming the drainage p.nmps in virtnn11y 
all steam-Ol}('t'ated plants because they nre com'ement and reliable. 
'When the sh'nll1 pl'essure is almost high enough to stnrt the engine the 
ejector can Le started and the pumps primed. ,Yater-ejector pUllIpS 
have few moy.ing pluts and llone that weal' rapidly. However, they. 
have not been used as frequently as clry- and wet-vacuum pumps. A 
sil11p1e ",ntet'-ejector system consists of a smull centrifugal pump forc
ing water through a jet at high pressure. -

Priming pumps in electric plants are driven by smull electric motors. 
The recellt tend('ncy 11m; beell to use <1i l'eet-col111ected priming units 
instead or the cheaper high-speed motors and belt 01' chahl connection. 
In oil-engine plants usually It smull gasoline or ke~'osene engine is used, 
belt-connected to a wet-varuum pump. Snch ellgmes are hard to start 
iiI cold weather and llIust be replaced every few yeurs. 'I'ho priming 
equipment mllst be rcliaLle, becanse all drainage pumps except those 
Sublllcl'ged 1lI11st- be primed b('fol'c starting. The pL'iming pump should 
be large enough to prime the largest unit in the plant in 8 to 12 
minutes. 

DESIGN OF SUCTION AND DISCHARGE PIPES 

The design of suction and dischnrge pipes is lal'gely governed by 
empirical rules. Head losses vary gt'etttly and cannot be ('stimated 
nearly so flccul'ately as those in 10llg s(Taight pipes. Bends' should be 
avoided as llludL as possible to minimize the losses. Pipes should be 
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FHlUltE H2.-Loss of bead in sllction Hntl (list:\lIlrge pipes where tlh;cbllrge pipe 
was not expanded. 

somewhat larger than the pump connections so that friction losses 
may be reduced to an economicd point, and the changes in size should 
be gmdual. 

• 

A considentble part of the energy used by a drainage pumping phmt 
is required for overcoming entmnce, friction, and exit losses in the 
sllction and discharge pipes. '1'here10re, those pipes should be de
signed so that those losses will be held to the practical minimum. 
Howeyer, because the fixed charges of plant depreciation and interest 
on investment generally constitute so large It part of the total.cpst 
of pumping (11) it would not be economical to pay as much for hi~h 
efliciency ill !~ plant that would operate each year the equivalent of 1 
or ~ weeks as U\ a plant to operate 3 or 4 months. 

Entrance losses may be kept low by tapering the suction pipe or 
progressively expanding the entmnce end. Friction losses in the dis
charge pipe mlly be reduced by using lar~e-size pipe, connected to the 
pllntp flange by Il short" expalHling sectlOn. Velocity-head losses at 
exit may be reduced by enlarging the end of the discharge pipe by a 
taper or bell section. 

HYDRAULIC LOSSES AXD PIPE SIZES 

Losses of head in typical ri vcted-steel suction and discharge pipes of 
several pumping units are giyen in figures 31 and 32, and the descrip
tions oJ those pipes are giyen in table 8. The head losses were com
puted by deductillg the static lifts from measured total hellcls on the 
pumps. Ther incl ude the losses due to any trash and other obstruc
tions in the plpes, to air entering the discharge pipe 1"here it is under 
mClllun and to eddies where pipe sizes cllange. as well as the entrance: 
friction. and exit losses. Tests were selected where the pipes were ap
purently free from obstructions or excessive amounts of ail' entering. 
Theoretically most of these hydraulic losses should increase as the 
square of the Yelocity, but the losses measured for the Hunt and Eldred 
units apparently val'ied almost itS the first power. 

• The He11l1ersoll County pipes WP1'e expllllcled more than any of the 
other units shown, and the loss in head was least (table 8). The suc
tion pipes were expanded in the ratio of 4.4: 1, between pump flange 
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~'AULE 8.-DeiW";/JtiOI/8 of rirctcll-.~teC'l 811c-tiOJl IIlIIL di.~chllrg(' pipcs for which 
l()s.~cil of hCIl/lare shomlt in /igUI'C8 Sl IIIHl 32 

Plants with \\·I'I;.dC' J }'lanl5 with dlsrha~~ •sl~ned 1I111es 1I1111' noi ('XlIunlll'd 

--- -"---"'-'-Item 

Pumpinl; u III t_____________________________• _num hl'r. 

Suction PIlll's:~.. 
Crosss~(~Uon lit ontmnec_______•••__ .Sf/llilre (Cl't•• 
Cross section lit p~:l1Il1 !1l\n~\' .... _. . ...•• do__•• 

Discharge pipes:
,:Flrst Sl'CUon IOllltth ••••. _.......___________ ~..(cet,.
DluInotef___ ..____ ..... "'. • •••___••_____ • \Dehl·s.. 
Sl'Cnnd section. length ••__ •. __• __•••_._ •••• rN·t._ 
Dhullote~_ • _____________••___ • • ........_•. lnchl'S •• 
Cross section at pump lIun~l'_' ..•__....51Il1l1rl) (,'('t.
Cros.q section nll'utl. ___...... _............du..__ 

Valvo. ___•••••_••____ .•...•. _... . ........ ____ 

Head loss III pipes with \'l'loclty at 1I11111pllange 10 fel'! 
t:er secon<l_____ .... ___ ........._____ .. .. ~ .... ~ ~__........._____ ~rplll__ 


. -~-"" 
H~ndl'rson . ennUiIluat Eldred i('ounty ('rc('k: 

11I1ll12 

49.0 15.9 <I) (') 
11.2 7.1 8.5 7.4 

24 10 1·10 III 
41h;'1 36-l2 au 3n

215.0 _____ ... ______ ....~ .._____ ... _...128.8 
51 i~i -----'--7~t -·------Ti12. B 

26.3 9.0 i.l 7.1 
None (') Nono (.) 

1.9 2.0 3.3 4.3 

I Indct~rmlnnte: S\'O p. 52. l Onto m!\'(' nt {lUlIlP; nnp gate lit end of 111\11'. 
J Not detcrmillNi: S('\l. p~ 52~ i Flnp !(nu' al ~nd Iof pi{l~. 

and entrance end, and the discharge pipes in the ratio of 2.1: 1. The 
loss in he!~d was appl'oximatply U) feet nt a veloeity of 10 feet per 

, ' 
second. The loss of 'head in the] Innt pipes was 2.6 feet at the same 
velocity. The slllallPl' size of the c1ischnrg-e causNl some of the dill'cr
ence, and the Hap gate on the end of the pipe probably increased the 
losses somewl'at. 

The Eldt·ccl SlIction pipe was not expanded but was curved down
ward [mel cut 011' obliquely so the effective entrance a.rea was inde
terminate. The unit eould plll11p the wate!' down in the suction bay • 
so low that the bottom edge of the pipe could be seen, which is believed 
to indicate that the l'ffectiYe l'ntl'tllltl' area ·was increased by cutting the 
pipe obliqu~lly. The fact that the cl.ischarge pipe was not larger than 
the pump tonnection partly aC('OllJlts for the high loss of approxi
mately3.3 feet at a velocity of 10 feet pCI' second. The entrance area 
of the Cmne C'l'Ppk suction pipe was not determined becallse the end 
of tho pipe was intlcc('ssiblc and the construction plans could not be 
obtained. From the approximate dim('nsions of HIP pipe at low SUC'
tion-bay stages it was believed that the expansion ratio did not exceed 
1.5: 1. The disthal'gl' pipe of this unit was oi' the Sallie size through
out itS the pump connection. The loss in head was approximately 4.:~ 
feet at!t velocity of 10 feet l)el' second, the largest for any of the plants 
studied. 

Loss of hend .in snction and discharge pipes may be estimated from 
figure 33. Analysis of the total hl'ad on the pump is given on 
page 40. The loss in diseharge pipes was determined from the Scobey 
formula, (10), with 1l.=0.51 npplieable to pipe three-sixteenths to
seven-sixteenths inch thick, having- all seamS held by l'iyets with pro
jecting 'heads, and pipes approximately 15 years old conducting nOll

aggressive ·waters. Losses in welded pipe would be somewhat less 
at 15 years of :l.ge hut would equal those shown at!t greater age, depend
ing on the roughness of the pipe i11te1'ior. 

Expanding ~ll(> suetioll pipe pel'mits lowering of the suction bay by 
pumping without the pump losing its l)1'i1l1e. 'l'his uSlmlly is of • 

http:1l.=0.51
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• 
~reatel'impod.ancethan the l'e<i IIction in entrance loss, beclIuse a high
elltl'fillce yeiocity requirl's consid('I'llble depth of water o\'er the elld 
of the pipe to prevent the pump losing its pr.ime, Therefore, explUld
ing til(> pipe permits use of a 1110l'e shallow suction bay, Deep fonndn-, 
tions are COHOy, so it is usually e('onomical to expand the suction 
pipes. considel'ably, By l'xpandillg the su('tion pip~' so that the en
trance \'elocity will not (>xtced 3 feet pel' second at nOI';nal flow, the 
water ordinllL'ily can be dl'awn down :t1lllost to the edge of the pipe 
without ('tlnsillg tr'ollble from ait, getti.ng into the pipe, 

'O~OOOI I I 
,~oooil-l-1------4 

• 
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~ 

~---+-~~----~z~ 
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" 

Loss in head hosed on Scohey s 
H=Ks~ with Ks =O,51

• 
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Velocity (feet per second) 

E·'Hi(·II~: :~:\,·Y\'lodt,\' head, lliseh:l1'l,;(', 1I1It! fl'ielion-heall loss in riveteu steel pipes, 

http:getti.ng


54 TECHNICAL BULLETIN 1008, U. S. DEPT. OF AGlUCllUfURE 

Linrited obSl.'l'vution illdiellll.'s that II sloping pipe cut off ill It plane 
Itlmosl' hol'izollhtl will dl'a\\' the watl'l' 10w('I' Ihull It Vl'ltieal. pipe or 
tIl(' sallte liize that .is ('ut hOl'izOlltlllly., It IIppl'lIrs that cuttillg the 
pipl' ouliqlwly ill(,I'eases (lil' l'tl'pt'tivc ('ntl'Hncc 1I1'('a s(~lIlewl~at.. 

The l'lItt'anee loss to a Pl'olwl'ly constructcd sul'tlon pIpe IS COlU

pal'atiycly Slllall. It may lJe asslIlIlcd Uli 0,5 ~: if the edges uI'e not 

belled or rOll!lded. l~xpl'l'i.lIH'llts (If) haY(~ ;ho\\'!l that the loss at 
elltl'lll1('l' to It ('ulve!'t is Ill'gligible for It gmdually l'OllllclNI ('lItl'lllH.'ej 
lWII(,(~ it aplll'Hl';'; that bellillg the l'IHl of tlw ~U<'tiOll pipl' should I'('lillee 
the loss to nbOllt O,l to 0,;) ~I'oot, eSllt'eial1y whell the pipe is greatly 
expu 11(1\'(] as is llH' lIsua I Ill'lt!'t iee. 

Thl' \'plo('i[y head, wldeh should not bl' ('0Ilfu8e<1 wilh the elltl'ancc 
\,2

loss, is .),' rr Yulll(,s of thl' Yl'lo('itv hl'ad al'(' showlI ill figul'C aa, Part .. 

of th(' ~,7.i(l('it,\' h('ud, Illay lip 1'('('O\'l'I'P(1 b)' pxpalldill" thl' discharge 
pip!;'. Th!;' fl'it'tioll 10:-:;'; in II \\,l'II-t1l'sig-lIl'd slI('lion t"lpipl' ('xpalldl,d 
gl'll<1ulllly throughout its I('ngth to an ('11[1':111('(' Hl'l'a ~ (0'(' tillll's that 
ilt (he ]>unq) flUllgl', nS indi('atl'd in [('sts of 1I11111('I'OIlS dminage plants, 
js Hot liln'l \' to l'X('l'('d (),~ 01' 0,:\ foot. 

TI1(' disc.hlll',!!l' pipl's of lIIost dminagl' IHIIIlps al'(, ~ to (i ine\l('s 
lUI'gl'I' thull thl' (llllllp-,flallg(' ('Olllll'('lion. "Il\' (lI'Opl'l' amoullt of cx
pallsioll \'ul'ip;.;. bl'l':luSP thl' sa\'illg ill allllllal ('(1st obtailled from 
in('I'('ased plant l'llieil'lI(',\' is IH'OI)()J'[ionnl to (ill' amOUllt' 01' plllllping. 
Tlw l'(,Ollollli('al alllOllllt of l'xp:llIsioll (':Ill Ill' dl'tl'l'lllilll'd by ('olllparillg 
fil's{ ('1l!itS or lli/rel'Pllt Sil.l' pipt's with tlH' ('apit:lliZNl ;,;:\\'illgH dill' to 
in('J'('ttSl'cll'flicil'nl'il's, Thl' ('('()n()llli~'al a II lOll lit of ('xpansioll is gl'('ah'l' 
with ('ledl'j(, POW(,I' thall with oil (lng-int's !Jl'('alls(' with til\' l'onl1l'l' 
impl'owd l'1li('if'lll'ips 1'('slIlt ill lal'g-l'I' sa\'illgs illeos! ol! OlWl'lItioll, 'fhe 
11ll'l'l'aSp in sizl' or pipl' should b(' at'l'olllpli;.;hcd by a Ilnifol'llllv t'x
panding s('('[ion at th,ll pUIllP flallgl', it is SII/1.g'('s,'((:d t hat this st'(~tion 
1>e Ilot Ipss t hall 10 I\'l'! lOll,!! ]>l'I' (j ill('Il(';'; ill('I'('ns('in dialll('t('I'. 

TI'OIl bIt, ill kl'l'pill!! tll(' dis('ilal',!!p pip('s full of \\'at(,I' has b('c11 cx
I)('l'i('lw(·d (It' ,,('\'pt'al plalll~ \\'h('l'(' thl' piPl'S \\'('1'(' allllns! Il,\'('1 fol' ('011

sidl'l,'nblp Il'ngth;.; at [Ill' fop of til(' 1('\'('(,. Thi:.; pl'obably was c:tUS('(l by 
!Lil' IH'l'llIHl.dalillg so I'HUidly that til(' wa!pl' ('()uld 1101- fOl'('C it, out. At 
oIll' plant n \'lU'UllIll IlllIlI!) dl'i\'pn hy It l:;-h()I'~l'pO\\,l'I' 1I10Ull' waH O]Jet' 
at('(1 :W to ;ill l)l'n'l'nl of till' limp to k('('p till' c.liH('hal'ge pipes I'unning 
:full. 'No slIeil dil1kulty was l':'lwl'it'lH'pd \\'11l'1'l' the di~('hal'''e pipes 
(':UlI(' to l\ I'OU1HI('d point al' th(' top 01' till' kn'p, It is believl'lrusllally 
ul1m'('PSlitll'j' to ha.n.~ the 1('\'('1 s('('[ion at the top of the .levee more than 
4· to H iet,t IOllg. 

OJ'{Linlll'il,\' (h(' bottom of the' (list'hal'l~l' pip(' aI' its hid1('sf point IIl'ar 
t.~l(' lop of' tlH' It,\,I'(' shonld 1)(' slig-hf l,r lIb(J\'(' the l'x,ll'('fNI maximulII 
1'I\'CI' sta.£!e, so (hat t1](' 1(,\'(,(, will 1I0t llP ('IHI:1I1g-PI'('(1 by sl'{'pagl' 1I101lU: 
til(' ollf.si([p o[ tilt' pipl', 110\\,('\'('1', t hI' top of t Ill' pip£' should 1I0t b'c 
mOl'(' than :!S f('('t. t hl' ]lmct i('n I Ii II Ii t of suet i(JI) lift, 111>0\'(' flit' min imum 
elp\'u(ioll of' till' dhwhHI'g\' bay, FIIIl'sS tIll' pllmp is slIiJl1H'I'gl'd till' elld 
of' Ow diht'hnl',!.!'p pipl' shollid Iw sullIlIPI'gl'd at nil {illl('S, to avoill difli
('nlty ill pl'imin,!! t h(' PIlIllP, "'11('1\ Ill(' (,lid of (ht' pip(' is out of wat('l\ 
loss () f !lw si pholl pfl'pc,t £!I'(l1I (h' I'pli lW\'::; th(' (1)('I'a ti II£! l'f1it-iPIH'V of [he 
un it. At'Olllld It d iSl'ha I'W' pi ill' pas:;i II!,! t hl'ough It Ip\'('(' b(·lo~" l11:1xi
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mum flood stnge, concrete collars should be constructed to reduce possi
bility of seepage along the pipe. 

The, pipe may be laid upon the surface of the levee, and should be 
supported at intervals by ConCl"ete piers. There is no advantage in 
ro,'eting the pipes ",'tll earth. Each CUl"ve in the pipe should have a 
mdills not Jess than 3 ot··l times the diameter of the pipe, according to 
tlw li1ltited data Ilmilable Otl this subjt'ct. 

The end of a discha l'ge pipe OfU'1l is belled to reduce the exist loss 
by re("O\"eri ng veloeity Ill'ud. 1\. gratLlIn 1 expansion tQ dOllbl(' the CI"OSS

sec·tional area of the discharge pipe in a distance of 10 to :Wfeet efreds 
l'ol1shlemble n~dll(,tions in head loss. Howe\,et\ a flap gate ntta('hecl to 
tltp pml of till' pipe ('lIUSPS loss inlH'nd bN'i\u::e it tlisllIl'bs the flow and 
in('t"('llsPS till' ('xit ,'ploci!),. 1l11lpss it is liftl'd Ollt. 01' 1Il(' way. 'YIll're 
('abies ha,'p bN'l1 pl'Oddt\d to lift lip the gate, ctll'(::less opet'ators have 
frequently negleded to lise tl1l'm. 

MATEHL\LS FOIt SL'CTl()~ AXD DISCHARGE PIPES 

HiV(,ted or weldt'd plate metal fl'om one-'folll'th to se,'c'll-sixteenths 
inch thi('k usually has bN'l\ llsP(l 1'01' both tIl(> :;udioll amI the dischilrge 
pi pc::; bceullse C'UI.TCS and C'xpunding seetions, ('uultt rC'ac1i Iy and econOl11
ieally be ll1allllfal'tttt·ec! fl'Ol11 it. The pipes should be airtight, becanse 
nil' h'aks I'('duce the> plllllP di:iehnl'gl' by inel'l'tlsillg lbl' total head on the 
pump lllid by O(,l'upYlng spaee thnt would otill'l'\yise be tlsl'd by the 
water. ~\. few platp"metnillipps Ull<!(,J' "lll'uum han' collapsed because 
the'.)' W(>l'(' not lwol)(>rly bl'llC'('t1. and oth(,l' pipe's did not app('ar safe 
beCHlIsl' of nlll(' 1 pulsatir,g distol'tioll (1tll'ing opl'l'at ion of the' ]Jumps. 
Sueh "bJ'('llthing" was e:-lpp('i:l1ly prollollneed neal' thc' top of the le,"ee 
in disd1aI'gt' ]liIWS 111\(1<'1' high '·l!t'U\llll. Stith obsl'I'\'ations I('tld to the 
belief thatpipl'S Hllde'l' a:{ nlUl'h "aelllll1l as:W ill('h('s or mertlll'y Hholllcl 
bc' brll(,l'd by nngl!' il'OlIS I'iw(t'(] 01' wpldp(1 HI'Ollilli Uw ollt:-;i(ip of pipes 
nlOl'C' thnn ;W 111<"1I(,S ill dinllll'll'l' IUlll of plate nlNal one-fOllrth inch 
thi('l\:. 0)' mo)'(' t'hall iH illdlc's in din nwtc' I.' and of platc metal three
ci!.!hths in('h thid" 

·Wl'ldc'd. pi pC' l'O~t~ l(':-;s 11ta n riwtNl:-;tee\ pi pe ,and has becil generally 
USl'd in l'l'(,l'lIt Yl'U rs. Ei t hpr ki nd is ;-'.\ tisfnl'tol.'.r if properly made. 
('nJ'('ful inslw('tion should bt, J1ltull' aftel' the pipC's are in plate, to be 
,,\tl'l' all joints al'(' ail·tight. and tlw pipe should be ('oated both inside 
and ollt>'iHh' with a dUJ'ahl(' paillt. 

('a:-;t iroll has bN'1l lIsl'd to a Iilllitpd ('xtent fot' dischargc pipes I'Ull
nin!.! throtl!.!h th(' Il'\"ee::. but itis le:-:; ('asily handled and fitted than 
stN;} pipC'.. COt't'ugatetl and light ntetal pip~ has bp('n used for numer
OllS small plants. 

Hei llfOlTl'd ('on('ret(' has bePlI UHl'd in n fl>\\" i J1sta 1\('('8 for th(' suction 
pipps and for s\ui('('wilYs thl'ough tht' I(',,(,ps. Thp pnlrnn('c ends of 
tho::l' pi[l('s u::ually W('I'P ('ut in '·('l·tic-al planps whit-It nl'('('HHitates deep 
sudion bays to PI'(""l'nt til(' pump from taking air bdOl'l' the wilter is 
lowl'l'l,t\ >'iuflil'il'lltly ill Ihl' su('(ion bay. In a f('\\" of [IJ(lSl' plants hoo(ls 
WPl'C placed 0\'(>1' the l'l1tl'IlIH'PS to obtain 10\\"('1' WH(PI' Ipn'ls. Trash 
\\"(\d!!in!! in ::11('11 II Slll't ion lIaV ('a llnot 1)(' )'('IIl(),"('d ('asi Iy. Concrete 
eonstruc·t iOll for ~Il('t iOIl pi pl':- is !lot u;:;lIally l'('('0l11111('JHlcd. 
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VALVES OR GATES IN THE DISCHARGE LINE 

Some type of vulve 01' gate must usually be installed in the discharge • 
. line of It' pumping plant to facilitate priming u11(l to prevent back 
flow when the pump is stopped. A gate vulve placed nt tJle pump 
flange or It f1up gate at the end .of the pipe is used most frequently. 

Typical conditions of priming during high-river stnges are illus
b'ated in figure 34-. 1:£ there is no effective gate or valve ill the dis-

To vacuum pump ~ 
" 

G 

FJ(wn~ 34.-~l'ypicnl conditiOllS tlUl'ing tlle priming of (h-aillage pump. 

cluU'ge line opel'lltion of the \'aCIlUIII pUlllp will raise the water in the 
dischaq~e pipe from B to (' and at the l;aJne tillle raise the water in 
the suctIOn pipe nil equnl distance from E to D. Then water from the 
discharge bay 'will ('01l1111(']1C'" to flow down thl'ough the pump, and 
often wIll ('a lise a (,(,lItrifugal PUIIlP to revolve buekwurd. "Then this 
occurs itmay be c1if1ieult 01' illlpossible to funy prime the pump before 
starting. If a eentl'ifugal pUIIlP is not completely primed before 
starting, air is lik(\l,)' to bl' trtlppednl'ounc1 the impellet' shaft, ",hieh 
reduces the pnmp diseharge. On the other hand. a reasonably tight 
flap gate at.1 will keep the outside water from being dra wn over the 
hump at L' dlll'ing priming. If there is an airtight valve at F, by 
closing it and the vuh'eat 0- the pump ean be primed more rapidly. 

The propellt'l' pump anel the lmixed-f1ow pllmp can be sbu'ted before 
they are completely primed without danger of tmpping air in (he 
i>ll1np. Therefore, with these types backward flow of water C!li~ be 
avoided without allY gate or valve in the discharge pipe if it runs over 
tile top of the )eY(~e. How('ver, It flap gate is always helpful in pre
venting sudden loads. A gate v:\1\'(\ at the c1ischat'ge flange of the 
pump is used with some types of oil engines and with synchronous 
and squinel-('ag(' motors beelluse it pern1its the load to be built up 
~rndual1y. ~pe('ial buttt'l'fly-type check valves were used in a few of 
tlle curlier upper Mississippi HiveI' plants. lJ.'his type folds up into a 

• 


compartment when the pump starts ll11c1 offers little resistance to 1\ow, 
and closes tHltomatieally when the flow of water reverses. It can be 
placed in the disehal'gt' line whet'e most easily accessible for cleaning •and l'epail'S. Owing to its cost, the use of such a valve has b~en lim
ite(l to a f('.\\' plants. 
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• 
A flap. gate is cheaper than It gate valve, and is satisfactory if the 

starting torque of the motor or engine is sufficient to pump against the 
maximum load. The flap gate is automatic, while a hnnd-operated 
gate whoI' isft-eqllt'ntly diflil'ult to open l'I.nd close. A. flap gate is 
easily fouled with lo~rs Ot' trash~ and difficult to elean at high river 
stages when llIost nepded.; it is ea:;ily bl'okl'll by boats, aml difHcult 
to repair uel'!luse ulltler water. In 19:W nt the Bay Island plant the 
disdulI'ge-bay level rose until water flowed backward through the 
dh;ehal'ge pipe bl'elluse till' flap gate was out of onlct, when it was 
ncceSSllt'y to stop the pUlllp. The flo\\' was stopped by !t dam of boards, 
t'luwas, and sand bnf.,'S built in the piPl' at it manhole. rrhcrefore, 
where thc l'iwl' slage IIlny get high enough to cam;e bncldlow into the 
clistri('t amI no gut<' "II h'e' is to be USl,<1, it mny he (lesi I'able that a 
manhole be pluted in:;;ide till' lev('e nenr the top point. Otherwise, it 
may bN'ollle IIl'('eSSal'Y to eut .illto the pipe with 11I.1 aeet:ylene. cutting 
lOI'(,h ill :UI ('mel'gNIC'Y, 

Gat.: \'alves :;l1lalll't, than 86 itl('hes, may be opened and dosed by hand 
(pl.~, 8). but hand OIJli\'atiol\ of lal'gl' Y!lln's is so dilli<-ult allli slow 
that itis ('onsidl'I'NI d('simule to (,quip ;Hi-ilwh alld IHl'gel' valves with 
lll('('hallie:tl-olWI'atill!! t!('\'h'(>s, A nlllllbel' of sueh deviees are COll1

me\'eia Ily It va i1abl('. 'EIl'ch'iea1 ell'vie('s al'e used most: in electl'ic plants, 
amI plIPlIlI1nli(' llerict's (pI. (j, (') UL'C fl'equently ('onvellient ill oil
l'ngin(' plnnl:;;, lw('alls(' ;:;\1('11 plants ol'llinlll'i1,r ilwllldl' HII ail'('ornpt'essol' 
and ui \' tlUlk:; fol' shuli ng til(> (·ngi 11t', A meehan i<'a lIy operated valve 
should bt' eqllipPl'd fOl' hand opl'l"lltion in ('1ll('l'gen('ies, 

• SELECTION OF POWER EQlllPMENT 

Tn the liPPI'\' Mississippi Valley, drall1agl' pumps are driven by 
(·1t,('tt'i(' IllotOI'S, intf'I'nal-l'olllilustion oil l'ngin(';:;, Ot' steam engines, 
Howe\'pl', no si(>alll plant;:; have been jnstalll'd in recent years for 
draining farlll lands, pt'in('ipnlly bet'ause of high investment costs 
and the lat'ge 1'11l'1 Im;;,('::> invo1vNl in :f1'l'ClIll'nt starting and shutting 
down of tIlt' plnnt. COllditiolls dUl'ing and sinc'e the period of this 
jnYl'stiglltion lUl\'e favol'ed the s('le(,tion of eledrie O\' oil-engine eqllip~ 
nll'nl [01' newim;tallations to sueh a deg\'l'l' that a dist'ussion of steam 
equipment is .lIot induded in thi~ I'(>POt't 'VhN'e and when a cheap 
supply of natllL'al Ot' tll'tifkial ga:;; is :lvlli1abl(', int(,l'nal-combustion 
ga:;; ~lllgil\l'S lIIay be N'ollol1lkal. but none has yet been used for drain
age pumping in thl' lIppel'~[ississipr>i Valley. 

Tlw. faetol'" atl't,(-ting choi('(' of powe\' type fol' drainage pumping 
in the upper Missis:;;jppi 'Talley ha\'(' been dis~'lIss('d in another pub
lil'ation (IL, pp, [)(j-/Jn, In 11:);30, 1)Ull1ping with oil engines costs 
SOIllt'wllnt l('ss thall pumping with ('Il'l'tl'il' powe\', ex(:ept :f0l: small 
annual pumping, but ('I('etrie power wns gl'lll'l'llll.r mOl'e convenient 
:lnd (lpjll'\l(labll' and phnt opecntioll was simp1cl'. Tn tt district'having 
201' a::,(>p:n'utl' plants the smallel' ()II('S might b(' automatic in operation 
anll hell!.:e l'('qUil'l' only one opel'atol' iJ eleetric power is used; or the 
smtlllel' plntlts llIight b(' Olwl'atl'(J IJj' nearby fal'met's (7) and main
tained by flH' opC'I'ntol' of tlt(' main plant. An oil-engine plant, how
en'l', should not be trusted lo an inexperienced operator, 
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The required capacity of the engine or motor mny be determined by 
the formula 

Bllp:;...;,. O.OO!l:!.52Gll,Q 
epet 

in which, 

BflP=brake hors~powet' l't'quil'ed 
HI =total. head 011 PUIlIP, in feet 
Q '"'" <lisehnt'gl' ill gil lions pl'!' III inute 
ep =eflil.'i('ll('Y of pump 
el =I.'IIiCil·Jl('Y of POWl'1' tmlU;lllissioll between I.'ngine and pump. 

1fhen the POWl'l' l'equil'l'Il\C'l\t has bN.'Il t\C'tl'l'lI1inN\, some ndjust
ment ill the speed and c:tp:t('ity of the pump usually is necessal'Y to 
fit the load to :t POW('l' unit of ('ommel'cial sizl.'. Pump ch:tl'llctl.'ristic 
curves Ilnd a Pl'op()sl.'d prime 1ll0\'('l' shoul(1 btl ('()nsilh~t'('(l Jot': Load 
at the sllllt-()Il' point, the still'ling load. and load at total hl.'ads below 
the IlIllxinlum. The unit should bt, desigl1l'd to opemte satisfactorily 
undt'l' all opemti ng ('olldi (ions. 

EI.EG'I'IIIC EQLII'''n~NT 

A compnny selling ell'(:tl'ie. po \\'('1.' Iwarly always In:ovides the line 
and tralls(OI'IlI('I'S \'01' {\I'llrl'l'llIg Ill(' POW('I' to the dl'allwg'C' plant at 
the voltnge IIPN]ed. The drainage ~listrid usually must furnish the 
accessory eqllipll1('nt ilwlulling switc'hbolll'd. ;;tarting ~'quiJlIill'nt, 
motors to <h'i"e Ill'('(';;SOl'Y equipllwnt, and tl'nnsfol'lflt'I'S 1'01' I'('(\ueing 
the voltage JOt' dri\'ing the at'l'eSSOI',Y motol'S and fol' lighting. 

EFn;CT 01' POWEll II,\TES O\' PtAN'!' DESIGN 

The. h'l'lilS 1I1Hh'I' whi('h tlIe' (JOWl'I' will ll(.'plll'ehnsl'd are often 
jmportn.nt .ill (h·te'I'mining the l'tol1ol1lil'al l\l'sign of an electriC' plant. 
TIll' ('ost of ]lO"'l'1' ot'[('11 indut\es both a primary charge, based on the 
capul'ity of ]lUlI1ping motors, to eompensatl' the selling company 
fot' its capital ilwl.'stment, and a current ('hurge, based upon the 
amount of enel'gy lvetl, to pay for generating and distl'ibuting the 
POWl'l'. In sonw casps no primary ehlll'ge is madl', but the current 
charge is cQmparatively high for the first Tl'W thous:ll1l1 kilow!ltt
hours used paell month and gradually (lpn'('ases with increasl' in 
ql1nntity us('d. ~lan.r contl'nets pel'lnit motOl'S that are not b~ing 
used to be seall'd ott und the pl'imnt'Y cha l'ge to be redllcl'(l PI'OpoltlOn
ally II is Oftl'11 I'Pqull'ec1 that the units be kept s('aled off :for a year 
or long-pr bei'or(' the I'edu(,l'd l'atl' bl't'olll('s ('/I'edi\'('. 'rhis :frequently 
can be dOlle without dctrinH'nt to the d I'a inagI.'. 

Where reduced ,'ntps mny bc obtainl'd by sealing off motors, the 
plant ~hould ('ontain tln'l'e or foUl' unit::; of ('qual size l'anll'l' than one 
or two lInger OIll's.'Yhl'n thr('e or IHOl'e units are used, one ('an be 
seal('d off fol' a ye:u' nlll('h 1ll0l'C :f1'('(luC'ntly than ",11('n only two units 
of equul sizl' !ll'C' uSNL II i;.; fUl't:hl'I' clt'sil'ilhll' to have all units equally 
ellidl'nt, so that any onl' ('!til be Sl'a led oil' without decreasing the aver
nge plant l'flkil'IH'Y. To :tyoi<1 (\('il'I'iol'atioll of tnotOl'S through long 
idll'lll'ss. it is IIs11ull\- (il'sirabll' to Sl'al off the motol'S altl'I'naf:l'lv mthel' 
than have the same one 1Il1w:led for several years. 'Vherc se:~ling off 
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of units is not contemplated, it may be economical to install a less 
expcllsiye ilnd ('OIlSN}lIl'nUy Jess ellicient unit for pumping at hiO'h 
heads only, sirl('e the maximum plant capacity is needed only nt higit
l'h,et, stages and for but a· smllll pllrt of the ti me. 

~VhCl'e the pl'imal'Y chlll'rrc is the great!!L' purt of the power cost, 
plant eflieiency h; of 1(188 illll~Jl'taIH'l' than ",h(,I'(' the. only ('hat'go isfo!: 
CIIJ"l'(lnt at IL hi"hl'e !'ate pel' kilowatt-holll', The gJ'eal('!' the chl\l"Yo 
pt'l' kilowatt-I1(~Il" the gl'l'al('L' till' im'l'stnll'nt is jll:-tifiPd I'()I' incl'cl~
lIlg the plant pflil'iPll('Y, A eat(' basl'd only on (,lIl'I't'lIt' llst'd makes 
gl:ltyity dl'ltillngt) especially dc:.;imble if it (,lin be obtained (ltu'iug pllL't 
of Cflch yenr, 

A IIlI:ge primllry chuI'go innenses the impoI.'tallce or installing 
Jl10tOI'S no 1l1l'gN' limn I'equil'ed, ~[otOI'S sOlllt'times have be(,11 over
loaded from 10 to l() p~~l'<:ellt at the ll1llXilllUll.1 lift, Illld fans hurt, u('en 
uSNl to ('001 lh(' molol'S ill o1'd(' I' not to in('rl'us(' tho pl'imlu''y eh!ll.'ge. 
Stith pl'act:iec shoultlnot be c'ont(,lIlplat('d, hOWCYN', without (Iw 1Il1l11\l
Jlldul'('I"s Ild\'i{'(, as to th(' ('n'p('t of suth o\'l'doads on tlt(' nlotol', Pd
mIll'\, ('h!ll'~\'s bll)-:pd 011 Il('tnal \llllxinllllll dPllHIIHl I'athe\' than on the 
I'utell hOI'~l'p()\\,(,I' or tilt' motors would rl'dm'(~ the incentive :for a 
distl'i<:t to uuy i\ludl'qttall' t'f[lIiPIIIl'Ilt. 

INlllCTIO\' ~IOTOltS 

The wound-rofOI' illdud ion motol' wm; lIsf'Cl almost excl\lsively in 
111l'. ('I(,(,tl'i(' dl'aillHf-,.rl' plllnt.s on til(' llPPl'I' Mi:-..'sisippi Rivel' \)\'i.ol' to 
W:!\i, TIH.' widl':-,pI,(,tl(1 L1SC' of {his tYPl' was ((11(' to its dl'IWll( ability, 
it::; high-starting {(II'qm', lind til{' fad lhat (Il(' stal'(ing ('UI'l'lI! does not 
J!I'\':Ltly t'x(,I'l'lI (Itt' OIll'I'ating l'UITNIt. MUll," po\\,('\, ('olllpllnies insist 
that this (,qll' Ill' lIsl'cl inst('ad of sqllil'l'l'I-eugC' motors because 0-1' the 
bl't('l' stn 1'1 iug ('hamt'teristics, 
, Altl~()lIgh {ltl'I't' 111'(' 1-("'('1':.11 ~ncl'thodslof changing the SllJced 0lf, all 
IIldU\'IIOIl 11 lOt 01', till' t,"P(' IS 1}1 ll'\,('I1[ Y 1\. ('ollstnnr-Spl'('{. mac lllle, 

III lWH!'I" all till' ('al'li!'\' plN'tl'll' plant:.; l'hallgl'tl of {ltl' pump ;;pl'ed 
11'('1'(, lIllll1e by ehnrwilw JlulIl'Y::; on till' 1l10tOl' ~haf!'. OH('ll (hi;; is the 
\lim;! (\('olloni'i('al lll~(h:;;d tlw()l'(,tically, in spite of the fad that belt 
('()Ilnpl'lioll l'l,llll(\'S tll(' pllil'il'lll'j' of the unit by :1 (0 G1)('\.'C('I11: aH COIl1-
pal'Plt witll din'('( eOllLH'l'lioll. TIll' gn'ut d.illiellify with IJelt-con
1Il'l'lpll ullittl hns 1>('('\1 that opcl'nt!)I's would not ('hange the pulleys, 
IllHI. b," l'lIl)lIing \ II(' IHllllpS at bighslW('dtl at low llnd lIwliiutn lifts) 
would wllste 10 to :W pl'ITcnl of tlt(' ('UI'I'l'nr. The mo(ol' sp('c(l can 
lit' l'l'!!ulatl'd In' illtl'odul'in rr rcsistall(,l' illto th(' 1'0(01' ('il'('uj(', but ce1'
tnill tl'S[8 sho\':l'd It ('ost fOI'~Ii'irillg II c~S-in('h pump with jlll induction 
motor at 1'l'dll('Nl spl't'd abollt $H gr('atel' lWI' l~-h()uI' l'tllI thall r01' 
pUlllping till' lianH' quantit,· of WHtpl' with a duplkalc pmnp dl'iYcn at 
tltc ::;alll(' sp(,l'd by a synchrollous llIotor, TIll' induet ion motol' was 
less l'f1kil'nt prilll'ipally be('uuse of heat ]08S(,S in the gl'ids when the 
spcl'<I was I'l'du(,l'd, 

Til(' squiI.T('I-t'ngc' ll1otol'is thl' cl1l'apl'st type or clectdc motor, Its 
op('rating dWI'Hc'!l'I'istic:; :tl'l' similnl' to (hos(' of tilt, wOllll(l-I'o(or 
motor, b'ut it hft::: n. low-stal,ting (OI'I(Ill', FOl' this 1'('lIS01l POW('!' ('0111
pHilip:; ([0 l10t pt'I'mit i( (01)(' ll"l'd ill IIIUll,\' I!)('a( ions, bp(':lllRt' in stal't
11l~ it l'Pqnin'" ,.\1('11 a lul'gt> ('un'IlI at low'jlo\l'!'I' I'adol' that the opcm
liolt of mltt'l' nlOlOI'H 011 the $:llllC linc llmy be atl:ectcd, 
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SYNCIIHONOUS }IOTOnS 

The synch1'onous motol' has sl'vl'ral Ild\'tlnhlges alld sOl11e llisad
Yantll(res fOl' dl'!linng(~ pnmpill,r in ('olllpal'iROn with tlw wound-I'otOl' 
induction moto)', Tlw synchl'~IlOU"i moto)' is 51 ightly 1II()l'O cllil'icnt; 
it hils II. I:ll'gel' nit' gnp, so dOL'S not I'('quil't· Hlll'lt ('Xllvt :ditll.'IlH'1l1 of 
the sh:dt j tlil~ pOWl'I' fa<:tol' en n be kept lit !OO pel'ecni: Ol' vaded at wi II. 
.A. disadvantage of thl' Rynl'hl'OIHHlR nlOto!.' hilS l)('el1 its low shu'ring 
and pull-in tOI'qU(', but no\\' 100 pel'('en( 01' IP'('UtCl' stal'tillg IIIHl pull-in 
tOl'q11C' ('1111 be ottn i ned byi m[n'o\'cnwnts, Tilt'st', ilow(','pe, add to the 
cost of tIw lllotOl', :-;itH'(~ ln~H S('V('I'II I dl'llinllg(1 pumping plllnts ill thc 
upper Mississippi Valley hllve insinlll'd :-;Ynl'hI'Ollous lIIotors, Sonw 
installlltions include I\\'o Hynt'hl'onolls IllOf.tH''i of. ditl'el'('Ili: SIH't'ds 
1I101llltcd on the samt' shlt!'l, so 111(1 s[H'Nl of til(' pUlllp ('1111 be ('hallgt'd 
without ('hanging pIli I('.)'s, (TslIlIll.r both lllotOl'H have h(,t'll or the 
Sllmo hOI'St'po\\'l'l' I'uli IIg alt. hougil Ileu rly nIways :L t5llt:lllcL' moto!' 
could b(' uHed .fot' the' 10\\,('1: HIW(·tl 

Two sYllehl'olloUS uuit:; 011 Iill' salllt' shaft: lU'C'· fl'(>(llll'II!ly 1I101't' ('('0

l1o.mka 1 than It WOllllll-I'O( 01' 1I1ofoJ' with bt'lt (o\J'in' n lid II\(' pullpvs 
nOt'dNI fot' spl'NI adj ust 1II('nl. III olle l'xamp Il' till' ('ost 0 ri\\'o Hyil
ehl'OllOtlS 11l0(OI'H of ~~j and ~j, 1'1','olutiollS Ill'l' Ildllllll' alld :.W() alld 
250 hOI'S('po\\'el' wilh a('('(';';s()J',Y P<IItiPIIl('lIt was abollt 81,:iOO 1l101'l' thall 
tho cost or 1\ ('oIllIJal'abl(' illdllt'fioll J1lotOl.' allll Ill,lt tll''''P, Thl' l'fIi
cil'llt'y of til(' s,rl\(' H'OllllllS tlllit jll'obabl,\' W(lllid a\'l'I'Hgl.' 1'1'0111 iI to 10 
pN'('('nt higlH'I', partly IlN'flUS(' til(' pltllpys ortPII al'p 1I0t ('hallgl'<1 whplI 
nC('l'Sal'\' :fot' (>('olloll1i('lt\ pumping. Tht' HII.\'illgS 1)), (,\,('11 fi-pelwllt 
illl'l'l'IlH~ in olwI'at.illg l'fIil'll'IW,\' tllld t11(' sa\'illg ill hOllsillg Hpat:p 1111(1 
:in mninh'IUlIH'l' (']wI'g('S of b(·\ts usnalh' would jllsti I'\' Ilw ('xll'a ('ost 
of the· dit'l'd-l'olllU'(,(t'd twin S),Ill'hl'OIlOlIH ullit 1'01' UHl" O,'l' I' lO-pcl'l!Cllt 
plant JtI('tOl', 

On(> inlportnn! 11\1\':wtnge of lli(' H,YIl('hI'OllOIlR molm' is that ils powel' 
:fa<'lol' .is ordillHrily unit,\', bul ('all bt' \'Ilrip(i wh(,11 HOllie :Hoh'anlage will 
l'l'Hlllt to till' pO\\,l'I'-di~tl'ihlllion systt'Ill, IIOWl"'(lIo, no pl'i('(' ('OI)(,I'S

SiOl1R 1'01' til(' ll>i\' of sYII('hl'OllOll>i 1I1OtOl'S hanl bp{,11 made in POW(Il: l.'at('R 
ill thl' Irppl'l' )Ii:.;:.;is>iippi Valll',)', but u:many It powel' :fat'lol' below 80 
pcn,cul is lJt'Il:t1izl'd, 

ACCESSOItY EQUlP)!EN'l' 

One of the 111D:'t pxppl1si,'p itl'IllS of al'('(lssOI'y PquiplIll'nt illUIl ph'('!J'ie 
})Iant js tbe swi!chboHI'll wiOl. ill nddition to tltI' 1I\11l1l'I'ons swileileil. 
the \'n dOllS watt -hour nH'! ('I'S, o,'e I:lond 1'(' Ipas('s. an 1I1ll' lt'!'S, n nd sla rt ing 
and sYllehl'onizing IlH,'l'1tunisl\1 Ill'(,OI'l1ing to till' size of Ihl' plant: alld 
clt:t1'ad('I' of Nluipnwllt inst:dl('d, Other H('('('HSOI'iC::; l1l'l'dpd in an 
e1cdrk plnn! illdudl' lighling Nluipl11('nl lind ):;lI1all 11I0tOl'~ to dl'i\'c 
pl'imi ilg plllll ps 11 nil wat~'I' 1HIIII pR, "Tn (('I'fo\' liOlllt'stie liSP of the 
plant opel'Ht<)L' and fot' watl'L'-~cal g1:Lnds of tho pumps usually is ob
tained from tIt,in'l\ well):;, 

OIlA:,CI:\E EQl:II')[E:\T 

The ultimat(,(,l'OIlOIll,r of oil pngil1Ps (\('1)('1)(1:.; Iwimnrily upon g('lting 
l'elinhle l'ngillPs at I'l'H>iOIlHblp ('osl. ",IIil'h ,,-ill opl'l'alt' with low [uel 
cOsts and will last long without ('xcessiyc repairs, Similal' care should 
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• 
be eX('l't'is~d conccrning the ncc~ssory equipment. Oil engines should 
be compared with electric motol's on the bttsis of totnl cost of pumping, 
illt'luding the fixed ('hlll'g~s of depreciation amI interest on investment. 

'1'0 il1SUl'e that repair parts 1l1l(l expert sel'vice will be obbtinllble 
when llC'eded, It lli~tl'i('t should bill' tIll' pl'odlld of a tnlll1U:lactUl'N' ,\·ith 
II good finHlwilll standing Hnd one who has bC'l'l1 \',Inking oil engin~s for 
a [ll'l'iol! of yeul'S, 111011(' cxt'eptional instlll1{'e a district spent more 
ill oY('l'hHuling its l'ngillC' 01' a type that lItHl nol been 111tllllrfactmcd for 
SOllll' y('al'S than It Ill'W l'UgilW: would 11!l\'C cost. 

Olle ad \'antngl' of Illi od e',)gine is that Ihe spe~d can nearly always 
be ('hll ngl'll sllllit'icntly by il g(~\'l'l'IlOt' to opt'l'lde II c11'ainage pump 
eJlil'il'nt Iy nt both low nnd higoh Iwalls. • \nothel' adnlnlagl' h, that most 
oil engint's HI'P I'all'ti loopl'I'bl(' at about thl' saml' sp('eds as (ll'ainage 
plllllpS, whil'1I pt'I'mits din'l't lonnl'l,tioll and the a\'oidance. of belt or 
elwiu .IoS!:ll'S. 

'1'11(,1'(' is lit tip l'hoif'l' Iwt \\'(1('11 dh.'sl'l and s(,lI1idi('s('l PllgilH's i'or clrain
uge ]l1lJ1)ping. Thl' llil'S('l enl!ill(, has slightly lo\\'el'l'uel-oil cOllsump
tion Pl'I·I.)J'nkl' hOI.'ill'P0\\,l'I'-II(;IIl' (han til;; S('lilidiespl. It is also easiet' 
to start bl'('allSP it dot,S not l'('quil'e a heated bulb. The recent trend 
has b('l'l1 towa nl tbl' die:wl type although it is usun lly slightly higher 
i 1\ fi l'si ('ost. 

• 
Oill'l1g-inNl with \'l,rticul ('ylilHlel's (pI. u, B) vibl'llte less, und their 

eyli.lHll'l' walls weal' Il'SS mpillly than those ·with horizontul cylinders 
(pl. ti, ('). Ex('('ssi\'(' vibration may .result in damage 01' highcr depre
ciation 'foL' l'lIgilll" pump, Ot' builtHn!!s, and is ('specially objectionable 
lOt' drainage plants be(,fluse so frequently foundation conc1iiions are 
pOOt'. 

~I()st of tlll' few mnltiple-C'ylindcL' horizontal oil engines that have 
b(l('ll installed ill dl'ainng(l plants haye !'('ndel'P(\ unsatisfactory service. 
TI\(' lbJlil'lllty 01' hC'ping the bead ngs in a linement on poor foundations 
with t IH\ l'X('('ssi\'l' \'illl'ation no douht: ha~ 1)(>(11\ th(' principnl cause of 
those I'lliitu'('s. 'rIll' l'Xlwril'IH'l' of tho$(' plants inc1ieates tlmt single
('\'lindC'l' bl'lt-l'onlll'('tl'd horizontal oil enailH'::; '1'I'On) [i0 to 150 lrorse
I;OWl'l' may Ill' ~lltisl'ad(lI'Y wlwlt 1\)01'(, Pl'ollolllit'al than othPl' types, but 
fOI.'l'ngilll's (If mOl'l'llIan 100 hOI'Sl'llln\'PI' it is safl'r to use the lIlu1tiple
l'ylilllll'l' \'l'l'tical type. 

" 

ACC~:SSORY EQUIP;\IE:-\T 

,\n :llh'qlla tl.' :mpply of ('ooling \\':\ tel' is l1e('(lC'clfol' oi1engines, Cool
illf.! "ystt'IllS :11'(' (Iln::;sifit·(] as "op('n" when the \\'alel' (Jnl'e run through 
t11(' (,1Il!inl'S is \\'u~tNL and as ,'(' losed" whell the watt'r is ci rculated 
t1u'ollgh t h(' 1'Ilgi ill'S lime nnel' ti nll' and l'oole(\ l)lIt ween ti I1Ies in tanks 
of ('old watl'l' ()l' l'adiatol'S. The OP('11 systl'm I'('quirps a l:u'ge supply of 
l'll'lil' wnt('l' (I't'(' fl'om im(llll'iti('s, whieh is seldollla\'nilable at 11 cll'ldn
H,!!;l' }lUlllpillg plant. COl1sequC'ntly. a t'losl'd systl'111 should neadv 
always he in::;talled. This s.r~tC'm l'('quil'(,s IhC' ('Ollstant acldition of 

• 

sll1all ql1llntitips of,watel' to replal'e t'llllt wllieh enlpOl'ntes. 


Appal'Htus to [ll'(,l'ipitnte im[lll!'ilil's in the cooling water :u:e not 
('ollll1lol1h- inst:tllNl. bllt it is 1'('('()ll1m(,IHIl'd (hatfutul'(' installations 
inelmll' e'quipn1l'llt lUI' doing this [\ nd :lur lilt(,l'ing the. water. Anti 
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l'USt compo~lllds should be considerecl for use. In several plants the 
lise of untreated water for cooliIlO" has caused deposits of scale in 
the cylinder head ttnd cooling jH~et. Seale causes exceSBlve wall 
temperatmos, which may break down effective lubrication of the 
pistons Hnd cy1inder liners and calise excessi ve Weill', distortion, 01' 

cracking of th('se parts. St'ttle is mmally responsible for the cracking 
of cylinder heads; o"l'l'heating of till' pistons may cauSe inel'c'ased 
friction lind ineomplete ('olllbllst:ion of fuel anel loss of powel.' of as 
mllch as 25 JHm:ent:. Seale aceul11ulating ill pipe lines makes it 
llecessary to UH'reaSe the power ne('ded to circulate the water and 
decreases the c,ff('('tivC'l\('s:; of the cooling device. EffectiYe wnter
so-ftcning and filtel"ing' nppamtus can be purchased ready to connect 
to the cooling line:;. 

If the PlllllPing- plant is ('lose enough to a railroad siding, con
siderable sllving can be elfe('ted by pi pin!? thefnel oil from buik cars 
into the stol'ug-e tanks instead o:f haulIng it in trucks or barge'S. 
Because fuel oi I is cheapet' if bought in carload lots, it is desirable 
to l)l'ovide sulli('ient stoL'age spac'e to pet'mit purchasing an adc1itiOllttl 
('arloac1 bef(H'e the CllL'rent supply is exhausted. At several pltlnts 
two tanks, each of about s,oon gallons C'a}lH('ity, have beon used alld 
found ecollOtni(,lIl ill fil'st cost nlHl of ndN{lIate size for convenient 
plant opemtioll. 

FUEL OIL 

All the dl'ainage plants stlHlit'd btlL"IH~cl the lighteL' fuel oils, which 
cost \"l~r'y little mOl'e than those henyiel' than approximately 3~O 
Baulllc. -Wit'h the hNty.)' oils, use of a lighter oil in starting and 
stopping the engines genel'tllly is adYtllltageons. This obtains more 
complete combustion, ,,'11iel1 prevents carbon deposits on piston lind 
cylinder heads and avoids formation of sulfurous-acid gas that may 
corrode the cylindet,s and yalves. Howeyer, if two grades of oil lire 
used, the fil'st ('ost ot' the plant is increased by the amount necessary 
to provide sepamte stol"llge and piping for the. two oils. It is doubtful 
whl'thl'L' this ad(lltional ill"e:;[lIlpnt is justifiable for drainage pump
ing be('t\lIse the plant fal'l<m.; tll'e:;o low. 

DESIGN OF' BUlLIHNG AND ACCESSORY STRUCTURES 

FOU;\DATIONS 

Good JoulHlalion ('onditions are of PL'1I1Jal')' illlj)oL'itlllCein selecting 
the location for a pumping plant. The llatul'ul location is neur the 
lowest point ill till' district. Thisfl'eqU(~ntly is a soft swamp not 
suitable :1:01' :foundatiOIl::;. Under such ('oJl(litions it may be necessary 
to locate the plant on tl neal'b.\T ridge, and extend the main dminage 
ditch to it. Th(' plnnt should be IOl'ate<.l on the inside of the le\'eo, 
and as close to it as practicable so that the discharge pipes will not bc 
unneCl'SSll1·.ily long-, but not so ('lose that the sudioll bay will weaken 
the le,'el\ Inadequate foundations hnye frequently caused pumping 
units to get out of line and building wnlls to CL'ack. 

.Most rHlIlJpinl!: dl'rtinage districts in the upper :Mississippi Valley 
nre underlaill by qUll-k:mlld tit depths of 3 to 15 feet. '1'he pumping 

• 

• 


• 
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plant should be located where excavation of ql1ieJ;:sltlld in construct

• in rr the suction btLY will be avoided as Jar as possible. 
Piling should be \lsed under the machinery foundations. '1'he 

building wal1s, and the suction b:ty should be designed to support 
the full load that will rest on the piles. If the plant is to contain 
oil engines, the piling should be sunk-ient to withstand much vibl'ation. 

Considl'1'able difliculty has been expt'l'iencecl with the pump or 
engi ne of direct-connected units settl i ng' out of liue. This has re
sulted in bUl'J1ed-out twal'ings, loss of l'flieil'n('y, expensive repairs, \lnd 
in some instances loss of USe of the pUlIlpin(r unit for long p(n'iods. A 
continuous ('onCl'l'te foundation bpneath both pump and engine 01' 
moto!', reinro),ced with light stet'l I-b('alll~ and diagonal 5\('(11 rods 
as shown in tigul'e a5, would avoid sUl'h dillieullies. It is believed 
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that had thiH l'Ollstt'u('ti(Jn been followed, much of the tt'ollble c:tused 
by UllitR H(,ttlill~ out of line would h:l\'e been avoided. Although this 
('ollHtl'lIdion i~'solllewhllt 1ll01'e em;t1y than plain concl'ete, the extra 
expense is believed to be j usl ilied. 

Bt:l LDlNG SUPERSTRUCTURE 

The pumping-plant: building should be strong enough to withstand 
stOl'ms, adequate ill sizl' to house the equipment, resistant to fire, war111 
enough to pl.'(',·cnt fI'Cl'zing, pel'manent, and pleasing in appeal'llllce. 

• 
The al'l'an~eml'nt of l'ngit1l'H, pumps, and pl'in('ipal ac('cssol'ies in a 
'well-plan'lPll oil-l'ngitw plant sOllwwhal' mOI'(' eOlllpl('tely equipped 
than th(' nn'\'ngl' is shO\\'ll ill rigtll'C aG. An nl'l'llngcll1l'llt N'ollomical 
of flool' :ipllCe 18 illustrated ill I1gul'e 37. The belt conncction fncili
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FIGUUE 3G.-Plnn of Ynlll'Y City pumping plant, compl·ising 2 selllidiesel engines .: 
direct-connccted to centrifugal llUUlpS nud acccsi:iory equipment. 
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• 
1"101'lm a7.--Dii;Chllr!w Dille Crolll ('('Illrifugal pUlllP belt-driven by hurizontal oil 

"nginl' .in l\k(:Cl! CrcI.'k plaut is ('Ilrricd Iin.'1' the C'llgine to l'C'(lucc 11001' Ill'en 
r('quil'l'(1. 

is desimble, FOI' Stll'll plants a steel-frame building with stucco or 
~h('et-metal walls is well suited (pI. I, B). FOI' economy in first cost, 
walls of concl'ele blo('k 0[' hollo", tile can be used (pl. 7,0). Frame 
('om;tl'uctioll or g;alvanized steel on wooel frames is not recommended 
bct'lttlse of til(' fii'c hazard. If It pumping p1ant burns, no pumping is 
IIsun Ily possible for sen'ml week", or months, until the equipment is 
()Y('rhauled and l'epail'ed, DUl'ing that time lack of drainage may 
('nllse crop losses many times gl'cater than the sa,ving :from lise of a 
wooden bui lding. • , . 

In It few instances pumping plants have been able to continue opera
tion Wht'11 breaks in creek-diversion levees have let water stand against 
the pumphollse walls above the flool: level. because the building was 
wutcrtig;ht. Such opemtion reduced the amount of flooding and crop 
damage in the district and prevented damage to t1}e pumping ma
ehinei:'Y and accessol'Y equipment tlHtt would have resulted from flood
ing of the plant. Wa,tertight construction can be obtained by 
extending concrete foundation wa I1s above the floor level and making 
provision to sen I the openings in the \\'a11s with boarels anel canvas or 
z,;andbags (pI. i. B), The teHelene}" of the building to float when 
watt'r :;tall(\S high outside must be considered in designing the plant 
fol' sllch a condition. 

SUCTION BAY-

Tht' usual type of slIction bay con:-;ist;o; of a, cone rete retaining wan on 
the sut'tion side of the building, cast integrally with wing walls and a• 
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tates this nrmngement. The relatively shurp bends'in the discharge 

• pipe Ilre Jess objectionable in an oi I-engine umt than in Illl electl'ic unit 
beclluse fuel oil costs less than electricity per bruke horsepower-hour. 

Where the building does not extend over the suctioll bay, brick is 
often an econQmicnl matel'ial (pI. 7 . .t1). Where a wall is to be sup
ported 011 girders over the suction buy, a lighter type of construction 
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heavy concrete float' (fig, 38), The wing walls are usually 1 to 2 feet 
thick lIlId the floot, usually abollt 2 feet thick. The side walls are 
nsually supported on piling, This type of construction, although 
sometimes exp(\nsive, has bet"n found to be effedive in preventing 
undermining of t\}(, bllilding, and it" is reeolllll1l'nded for a\Ternge con
ditions in the lipper' Mississippi Val1ey~ where the snction bay extends 
down into quicksltnd, 

The suction pipe::; ::;lope down throllgh tllP back ret/tining wall of 
the snction bay, 01: pass hor'izontally tlu'ough the building wall nnd 
tum down vertic-ally into tht' bay, At the MeGee Or'eek plant the 
clea\'ance allow('{l uefwCl'n the end pipes and the wing walls was too 
smull, which reslllted j 11 ,'or't-iees fOl'm i ng in the slIction bay even when 
the water was Itt: a hi/.!11 ::;tage. 

Between the slletion pipl\ and till' ba\' walls and also mulet, the end 
of the suction pipe tlwre should be Rullkient clelll'ance for the water 
to flow into the pipe Ilnifor'lllly frolll all silles. The elearnnce between 
the snction pipe alld the flool' should bp at least one-half, and prefer
ably two-thll'ds, .the dianwter of the entl'anC'e opening of the slIC'tion 
pipe. A minimul1l ('ll'Hrnnee of ~ rel't ::;houi<1 be allowed under' till' 
pipe ~n order' thnt tra:,;h. b()nl'(~s. and logs that beeOllle wedFed u.nd(.,t' 
the. pipe ean be 1'('1I10\'e([ r'l'ltdrly, Bptween the bottom ('Clgl' of the 
suction pipe and th(' Siell' wa.lls of the ba)' the clearance shollld btl at 
least equal to the (>ntra()('c (/ianwtel' of the pipe. B(>fw('('11 thl' ba('k 
wall and the SlICtiOIl pipes 11 elearnllcl' of one-half to three-fourths the 

FI(l!'ltf: 3R.-I·}I(,l'lition of \\,pl!·!lpsil!lw<l lIulll(lim~ lIuit iu HlIl'tWl'1l !,Iant: Heill 
ron:t'll sudiuu 11/1(1 t!i';('\lIIl'!W ha~'s; Iior:i:o:ulltal puti'lluel' opening' to illl"iilll'd 
suet\ou pip,,; (ill:'('itn rg(' nilli' IIns;;i 111-( 0\'('1" tOil of h'nt', with loug-radius l>clllls; 
cral> fo1' lifting tlap gu tf' Ollt of tlow fl'OIll ville. 

entrance dhuneter seems ac1eqllatl'. The spacing of suction pipes nt 
the entrance ends shonkl be, on ('enters. not less than four or five times 
the diameter of the pipes at the pUlIIp !Ianges. In designing suction 
bays it is well to keep the velocity of wat('l' clown at all points to lesS 
tha11 B feet per s(>concl during opemtion at full capacity and optimum 
stnge of the suction bay. 

A safe type of construction used at a number of plants is shown in 
plate 8, Lt. Open s~eel caissons wen' first sunk to below bay-floo!.· 
level where the corners of the bay would be, and between as deemed 
desirable. Round piles were e1l-i\'en ill the hottom of the caissons, and 
the steel shplls Hllpc1 with concrete. Sheet piling- around the site pre
ventpd cRving durillg ('x("avation b('twe(,11 th(' pIcr'S and during ("011

structioll or the walls. which are Rupported on rOlllld piles. Stl'e! 
braces were placed between the piers as excavation proceeded. This 

• 


• 
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construction permi~ :;;etting the pumps on steel girders directly over 

'J 

• 
the bay, but mny cost more than other types. 

At small plnnts whel'e there is no dllllbrer of undermining the build
ing, the ('Oll(l'ete floor of ·the suction bay mlly be omitted. At some 
plants the !,Iudion bay is the elld of the drainage ditch protected by 
plank>: and 'yoodell piling (pI. 8, B). Steel shel't piling is mo~'e per
JIInlH'nt, Suell It buy should be plaeed u short distance from the 
bui.ltling lo lessen the possibility of the building being undermined. 
'Where )O;1I('h ('onstl'llction is safe, it ('ffects U cOllsidel'llble saving in tlle 
cost of the plant. 

DISCHARGE BAY 

• 

Concrete discharge bays have been uuilt at gome plants to protect 
the outside of the levee from erosion, but usually no serious erosIon 
hus occlllTed. whem no such bay was constructed. A concrete. struc
ture protects the pipes illld flap gate from damage by bOilts, and 
lIHehol's the flap gate. The flap (rate usually is light enough, how
e.\'cr, to swing free 011 the end of the pipe if that is braced WIth angle 
iron Hnd supported on a few piles, At thp. Mauvaisterre plant, ero
sion at the discharge was not great after the plant had l'£en operating 
fOL' 4 years (pI. G, A), althollgh the \'('loc1l:y of dischurge had been 
10 to 1:2 fpct per sc('ond and the ](·yee was \'el'y sandy. '.fhat erosion 
('ollid han' b('('n largely pr(~\'entNl by 1\ few lOllS of riprap at the end 
of the pipe, This would have ('ost less than extending the pipe 5 to 
10 {eetfu rtherfrom till.' h.' \'('1.'. Thl' gl'ayity-slu ice outlet structure 
was 1Il1dcrminpd. Thi03. should have been prevented by It cut-oft' wall, 
sheet piling, or ripl'llp . 

GRAVITY SLUICEWAYS 

If suflicient ~rl'avity drainage can be obtained so that construction 
of :1 sluiecway through the levee will be economical, the structure 
should be located a few hundrNl feet from the pumping plant. There 
is al wayssorne danger that preSsure of the river water will open a 
('hnnnel alollg' the sluiceway, and the vibl'l1tion of pumping is likely 
to loosen the '('!trlh about nny pipe 01' strlletllre through the levee neal' 
til(' plaut. III 80mI.' districts the sluiC'pway has extended ul1d~' the 
pUIIIP houlie. Thl' Gregory plant n('llr Kpokllk. Iowa, was constructed 
in thi!-l way and was desh'oyed by It levl'p bl'('Ilk in 1922. Part of the 
Indian (il'a\'e plant was similarly destroyed about 1\)20. S~epage 
alollg tl1l' ~luice\\'ay probably caused thefie !lnd other levee faIlures. 
Had the sluiC'ewtlys been some dishll1C'(, :tway, the plants probably 
would not have been destroyed by tIll' rush of water. Serious leaks 
developed along It similar sluieeway at the Bay Island plant !lIld the 
slukewuy was closed off. 

A runoff tnpacity of 0.25 inch pel' 2-1: hours over the watershed area 
i::; believed adequate £01' a graVIty sluiC'eway built to supplement a 
ptlluping plant. 'When the runotl' is greater" the river would probably 
be high pnough to nece:;:;itatp pU11Iping. An' average \"plocity of Gto 8 
fpet thl'Ough'the slujceway is sngg('sted for dpsign: .The difference in 

• 
watp!.' lev('1 bptween pntrance and discharge bays nec'essary to produce 
Stwit n·loeities wOIl1cl bl' brlween 1 and 2 {N'r. The top llW(>\'t of the 
outer pnd of till.' culvert should prdpl'ably be thaI: much below the 
maximum allowable stage in the suction bay to insure that the maxi
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mum capacity .is Ilvllilable. The bottom of th€J sluiceway should be 
not lower than the bottom of the ditches nellr the slniceway~ to avoid 
excessive silting in the. sluiceway. 'rhese conditions mil}' require that • 
the culvet't be Il shallow and wide box, or be made of'se\'eml :;mall . 
pipes rntlll'r than one ofhu'ger diameter. The entrallce end of the 
sluiceway should be rounded to incrpaSe the CUPIl<'it~' (1'i'). 

An iron 01' :;tcl'l g(lte should be constmcted. on the disehal'ge side 
of the. sluiceway. and should be opemted by II S('l'l'\\' 01' geat' fl'om It 

handle set above high \\'lltet', '1'0 peew'llt sl'ep:lge,along I:h(, sluit'l'way, 
com'rete ('Ollil'l'S should be constructed about 10 feet apart and about 
12 by 18 inches in size around the sluiceway box Ot' pipe. Heavy eon
cl'(~te sluiceways should be set 011 piling if tIll' foundation is POOl', 
Substantiltl head walls should be pro\Titied at both sucHon and dis
churge sides to prevent eL'osion of the levee. To pl'e"pnt undermining 
of a conerete outlet steueture, Bueh as occurred at the Mallvais/N'l'e 
plant (pl. 6,11), a ('ut-01r wnlI, BlH'l't pilin~, or l'ipmp :;houltl be used. 
Here erosion oC'('llrl,t'(l e\'l'll thotl~h th(' a \'('rage velocity through the 
culvert did not exc('ed <1 to {) fe('t pel' s('{'ond. 

TRASH SCHEEXS 

One or morc good :;('I'een::; Rhonl<1 be pl'O\'idt'd for e:teh pumping 
plant to pre\'ent t!'ash from !!('ttin~ into th(' pumps, 'l'lu$e may be 
of small iron 1'o(ls thl'('l'-eighths to one-hnlf Inch in diameter or of 
recblllgnlal' bars nsually abrillt ol1e-:fourth by l'~~ inches, The spacing 
between bars ranges fl'OIll about 17'2 to 4: inell('s, althongh 1%- to 2-1nch 
spacing is most (,Oll1ll1on, TIl(' area of the ::;creen opening at average 
(Jperatlllg' stagl'S should be from ~ to :3 times the combined area of th(' • 
suctiol\-l)ipe.o·p('nings. If this :11'(':1 is too sl11all, tht' water will head 
up unnecessarily, th(' ;.;tatie lift will he in('L'('a;,('d, and the pumps will 
lose tl1l'ir priming at a hi~heL' sta!!(' of the suetion bay. '1'11(' screens 
ate cOllveni~lltly I'lade in s('C'tions 2 f('et wide and supported by small 
channels 01' I-lwams, 

The most con \'('nient location for the tl'ash sel'een is across the 
front of the suction bn~' (pI. T. B). If th(' bay (loes not have a. concrete 
floor, the seret'tl SIlOIIld be st't on piling', .At a few plants two SCreens 
have been u::;ed, Onl' :1('I'O:;S the ('lltl'atH'e of the suction bay al1<l tIl(' 
oth(,l'.some diRtmH'l' 11[> lilt' l11ain eliI'd\. .'I'he sel'l't'ns l1e('(l slIb:;f:antial 
SUPP,orts (pl. S, 0), Sloping the SCI'l'l'n faeilitates eleaning trash and 
debrls. 

FARM PUMPING PLANTS 

Small drainng(' pumping plallis an' dt'sirahll' IInelPI' many C'ondi
tions. A high ·fa l'lll illl'OIlll' has I'ncolll'agl'tl dl':l i Ilagl' by a II ml'a ns, 
illcluc1in!! liSt' of pump,,_ ~\.n ilH'I'pasing' nlll11l!t'I' or slllall plants have 
been imitalll'll by landowl1l'I'S silH'£' l!),tj, Val'tn-drainage }lumping 
plants Oft(,l1 pel'mit th(' d rai na!!p of i:;ola ted In'pas mOL'echea ply than 
use of a tile line 01.' opl'n dUeh, Pump;:; sonwtimes SPtUl'C adt'qnate 
drainage fOl.'lan<1 that is too 101\' for gL'HYily drainage. Small plants 
can often be used to advantage in laL'ge gravity drainage syst('Il1S or 
to drain low areas in l:lI'gl'L' 'pumping distL'iets. They ean ofll'n be • 
used in conj unction with i 1'I'igati 011 systems to provide for adequate 
water control at all seasons. 
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)Iany of these smaH drainage pumping plllllts Imve been hlstul1ed 
to drain fields l'Ill1ging from 20 to 1<\0 :tcres, 'Videspread installation 
of t'ural power lines has encoUl'agl'd this dcyclopment becanse electric 
operations of small plants has se\'cl'al adqUltagcs. One ad\'antage is 
that automatic operation is simplificd. where elcctric power is avail
able. Often the'He plantH al'(' Iimit"l'd ill nlaximulIl :;:;izl' by the voltage 
availllbl(, nt the fal'm,A. voltage. of 2:20 singh~ phase peL'mits opem
tion ot 5- to 7-hol'sepOWCL' motors in sc\'cml lIl'CaS. )lany sm,all plants 
tHe opcl'atNl by small g"tlsolinc ot' Dicscl en~illlls ot' by :rarll1 trllctors. 
The mphl l1'll'l'!HlnizatlOn of farllls has lil;:cwisc encollraged :farm
pumping illstnllntions: 

Sut'h illsta llation8 hil\'e bC(ll1 chal'lll'terizt'(l by efl'od:s to save on first 
cost of the plallt. Economy in fil'st cost has 'be~'n sccurcd by use of 
incxpensin' 1)J'OJl(IIIl'l'-typl' pUlllpS (P, ·l3), by sil1lpll' buildings, inex
Pl'IlSh'c f()UlHlatiotl~ nnd a minilllulH of u\,('p:-;sory p(Juipment. Smnll 
pum p;; alHL llloton; l'('qui rl~ only a .1 i~ht foundation. Often,!\' small 
(.·Ollt'!'Ne "footing win pl'Qvide JOI' an adt'qllate -foundation on dt,y 
gl'(JUIlll. In some ('a;;es sH'e) I-beallls ha \'(' tlf'l'n la it! a(,I'O:;S ditches 
on whkh to pest the equipmcnt. COLTu~atell it'on buildin6rs with 
wood fl'H me;; have been used for hou;;i ng equiptnent. Pit-type plants 
lin \'e a Iso bl'Pll uSl'd to ad \'l111 tage. 

By sPttillg the discharge piJl~' abovc hi~h water, as shown .in figure 
~H. \ll'illling (ICjl1iPllll'llt i;; elinlinutcd. USt' of automatic equipment is 
simpli!i('d, and thc first ('ost of th(' plant is In>pt down. Howeyer, by 
:'l,tting thl.' di:;l'h:u'ge pipe ul.'low low Wall'!'. a::; shown in Jiglll'e 20. the 
tot a [hi.·ad 011 tlt(1 pump is l'l'dut'ed an(l till' pUIllP discharge IS incl'ellseli. 
Ad. VH ntH!!l'S () f both lllN hods of pum p d is('ha q:~p l1('l'(l to be' considered 
on tlw b:isi;; of the spccific pertol'lnanec of th~ pumping unit. 

Onl:' or the most illlpOl'tnllt ('ol1sidl'l'ationH in building such plants 
1~ to det'idc witl't\tel' to pL'oyide the leust ('xpt'nHi\'(. l'(\Itipmeut and thus 
tl1kp at1<litiollllll'isks on bn'akdownH awl intl'l'1'Uption in Sl'lTicc, The 
kind llnd yallle or crops ~1'()\\,l1, tIlt' 1Il'ell of land (\ood('d 01' damaged 
11\' high-wlItP\' table in east' or failul'e of thc pUlllPing p1a11t, and the 
[l()ssibility of »rol\l\>1 l'('pnil' Ol' l'epiat'Pl11ent of (ltl' pump and equip
lHPllt should be ('ollsillel'N1. ~Il\all nnit::; ('an bp l'l'plaC'ed by other 
(>lfp('th'p equipmcnt lllOl'e I'l'ildily in an 1'111l'I.'gPI1('Y t hUll lllrgl' pumping 
<'«tIi pment. 11 PlH:e, 1I risk oftcn sePlllS well j uHti fied ill installi ng small 
plants. 

Fnt'l1\ pumping plants require It highl'l' rUllo/I" ('oefHeient than lal'ger 
drainage plants be('uuse storage is not ll~llaH.r Hmilable to the same 
t1(·!!l'('C a::l in llll'!!(' Jlul1lpil\g llish'il·ts, Ttis im}lol'lant to build nn 
lI(/(.<[uate dl'ain to gl't the \nltel' to t1H' plant ('api<ll,r (,IlOllgh for satis
fHetnr), \lUllIP operatiol1, r,;ultlly all 0IWIl (11':lil1 :Hljoining Ihe plant 
;::hould bc' dJ'p[Jl'tled alld widl'IlNI to IH'O\'idt· {('IIIpora I'Y storage of 

EXA~rpLES OF S~ru.L PUSTS 

S('Wl'lll of t]w following plants han' instllJl('<llight pl'ope1Jcl'-type 
ptllnp~ to ;;:\\'(1 on !il'st cost. The tLi~('hnl'g(' of man,)' sl1('h units drops 
111lttl'riallv ",lWll t1w lift in('j'l'lIs('s Jl'Olll ;} to 5 j'Pl't. Pal'Ucu1ar care 
is L'eqnirl'~L in ndn1>tin~ st1eh plllllJlS to low~lift illstallat ion:;. 

1. A light dl'ainngc plllllp, opl'l'ni('l\ by a gnso]illP (,J1giJll'. is SllOWll 
ill plate I, A. Thi::l unit is lOt'atc(l ln the Flol'ida E\'cL'glades and 
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pumps from the dl"llinage ditch on the right to the outlet to the left. 
.A. V-belt ~mlley mounted 011 the head. Grins the pump slmft. The 
propeller IS set. under watel~ and no priming is required. .A. sel'een 
attached to the suction prevents trash from entering. The engine is •
set 011 skids alld could easily be moved. 

2. Plate V, A shows a revel'sible pump with a prope1lel'-typc blade. 
naving It capacity of 6,000 to 8,000 g. p. m. By turlling onc of two 
concentric cylinders, whit'h f01'1I1 the pllll1p barrel, UlO°, the flow .is 
I'cversed while the pump shaft continues to opN'ah.\ in the same direc
tion. This unit is located in the Flol'ida Everglades and is used for 

FIGCRE aO.-l~le\·Htion 	 of \\'('I(.(l('siglll'll farm Illlllipillg plaut, Ul'Jlll'al La Peer 
Soil (:ollscn'u!iOIl Dh;tl'ict, Miell. 

water control in the organic soils. After heavy rains it is used for 
drainage; when the waiel' table needs to be higher it serves for an 
irrigation unit. The static lift seldom exceeds 4 feet. 

)) 3. Figure 3V shows the ('l'OSS section by-out of a well-designed 
pumping plant fOl' dminage of 4G :lCl'l'S of muck land. The pump •is a vertical propeller-type rated at 1,270 g. p. 111. at V-foot total head 
when opemhng at 1,iG() 1'. p. 111. Thl' plant has It I'ulloff capacity of 
1.W inches Pet' :H hOlll'S frotH a· 5ti-ucl'e wuten;hed. 'fhe pump is 
driven by It 5-hol'sepowCl' rcpulsionindllction motor llIounted on the 
head and eOllnect(>d direetly to the pUIIlP shaft. A view of the plant 
is shown in plate 0, 8. The Central La Pecr ~oil Conservation Dis
trict furnished plans for this plant to the owner. Keith H. Beau
champ, drainage engineer, Soil COllservatioll Service, designed the 
plant. 
. 4. Plate V, Ois a view of nn electL'ic-dl'iven plallt draining 155 acres, 

located in Lucas County, Ohio. The 7*-hol'sepower motor is con
nected by three V-belts to the Yel'tical submcrgNl impeller-type pump. 
'rhe pump c,lpacity was estimatcd fol' design purposes at 2,GOO g. p. m. 
at a low lwad, equiYal('nt to a l'ulloff capacity of O,8D inch pel' 24: hours. 
An apPl'oxirnate mting was lllHllewhcn the watel' in the sllction bay 
was at low stage and the pump disch:u'.!!c was estimated to be only half 
the designed capal'ity, Howe\'cr, as the slIttioll bay rises it is prob
able that the :2,600 g. p. m. capacity is reached, indicating a great 
variation in capaeity with a RlllaU ditfl'rpl1c(I in head. The pump dis
charged into a cOllcl'ete-linl'Cl flume which l'an into the outlet drain 
(pI. V, C). Xo advantage is tal.en of the yaCllum which wou1d be 
created by It cliselulI'ge> pipe c1ischal'ging below the water surface in 
the. outlet channel. However, no yaClinm pump 01' vacuulll-breakil1O' 
dC"ice is required anll ulitomati(" operation of t'he plant is simplifie(1. •Automatic oper:~tion i!:i secured by means of a Jlollt-controlled switch. 
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The soil, a silty clay, is drRined by tile lines spaced at 50-foot 
intervills. A mile of open di1ch serves as outlet for the tile lines. 

The cost of the plant, which was completed in 19,18, was $4:75 for 
pump house, foundation, und outlet flume. The owner did consider
able work on the plant. The cost of the pump and motor WItS $394:. 
The 7~'2-hol'sepower motor is a 220-volt single phase. The 12-inch 
pump is a light-submergt::d propeUer-type (p. 45). 

5. Plute lOA shows a smaller plant containing an 8-inch propeller
type pump (p. 45) located in 'l'llscolll. County, :Mich.' The pump is 
belt-connected to It gasoline pngine. The frame shed and pump rest 
on I-beams across the ditch. This plant drains 120 I1cres. 

G. Plate 10, B shows the top of a pump pit set underground which 
dntins 11 low area of 25 acres through It tile located in Fulton County, 
Ohio. Before th is ollllllke bed was pu mped out it was wet; and about 
f.i acres could not be farmec1. The pit contains a 2-inch SUInp pump, 
driven by a 2-hol'sppower motor. The eost of this pump and motor 
'was about $:300. The CO$t of concrete blod\: Slllnp pump was 11bout 
8100 cash expenditure. This does not inl'lu(\p the work of the owner 
who did most of the building. Dudng the ll-month period, January 
to NO\'t'mbel' l!l-lS, the plant used l,uT:3 kilowatt-hours and the power 
cost was $5a.70. 

7. Plate 10, 0 shows an 8-ineh locally manllfactul'ec1 propeller-type 
pump cll'awll by a 5-hol'sepower single-phase ("ledrie motor. An auto
matic float operates the motor 5wit('h. The pump cost $1'75 and the 
motor $175. The unit is supported on the concrete blockhmtd-wall 
oyer ",111('h the water is pumped to drain the farm lying upstream. 
This unit drains 1:20 Heres. 

CONSTRPCTroN OF THE PC:MPING PLANT 

Compptitive bidding rOl' eonst:I'\l('tion of large pumping plants and 
pUl'chnsc lind in:;tnllation of equipment is desirable in order to assure 
reasollable ('osts. Cnre must be takpn that State drainage laws are 
complied with in advertising for bids and letting contracts. 

Usually It dish'it,/: ean secure better prices by dividing the pumping
plant eonstruction into at least two contracts. one inclllding such work 
as foundations, snction nnd discharge bays, and building, and the 
other including pUl'ehnse and installation of the machinery and the 
suction and discharge pipes. The first can usually be done cheapest 
by some loCal experienced contraei:or familiar with the foundation 
conditions along the river and haying his construction equipment close 
at hand. The second contract should bring competition from manu
facturers and dealers in machinery, many of whom will not take 
contracts involving foundation and similar work. 

A cofferdam of wood 01' steel piling is usually required in the con
struction of a concrete suction bay. If quicksand is enconntered the 
cofferdam may fill in as quickly as dewaterccl. One method of avoid
ing this c1ifliculty is to excavate the sand about· 1 'foot deeper than 
the bottom of the floor without dewatering the cofferdam, and then 
lay under water a false concrete floor about 1 foot thick. The con
crete should be laid on canvas so tIm!: the cpment will not be. washed 
out so rendily. If the uncleriloor is nearly watertight, the cofferdam 
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can be emptied without diflicult,y and the suction-bn.y floor constructed. 
Tho \mdeL'floor should not be considered /l pad of the suction-bay 
floor because ll. thin concrete slab laid under "'Ilter mny have little 
sf \·ellgth. The uplift pressurc on the undedtoor 'I"hen the suction bay 
is dewntered should be estimated. Provision should be made to pro
tect the sh'uctul'C agninst sueh upwllrd pl'essmes by mellns of weight
ing or brucing the floor. TI1(' bl'uc'ing for a cotfcnlum should be 
clll:eful1v planned, us inad('qllufe bmcing frequently cuuses caving thnt 
llecessitiltes expPllsiw reconstrllction. After the suction bay.has heen 
completNl, the SlIt'l'l piling at the :ft'ont of the bay should, if possible, 
be driyell down flush with the floor to help prevent. undeL'l1uning of 
the bay lind the uuilding. 

.A:ftct' the slletion bay lUIS been completed, construction or the other 
ioulldatiolls ('llli bt~ dOIll' \\'i~h <'on~r>al'ati\'(~ ('use bel'llllSe tl1(.I,)' do not,go 
ncarly so del~iJ. ('OIli:iI'I'UCUOIl Ill' Ihe SlIlll'l'sft'llctllL'e lind l11stullntlOn 
of the NluipllIent are not pUl'ticula1'1y (liJlicnlt. 

TESTS OF Plli\IPI~G PLANTS 

Acceptnnce tests ::;hould bLI IlHHle of nil dl'ainagl' plllllping equip
mont to detl'nni Illl whet ht' 1' it llIel't'l the glla 1':111 h'es 0 f {,11l>11e( Iy a IItI 
ellieiency. Pumps ulld engi nes 0 !'Ie11 elm bp tested most llcollolllicn lIy 
in the factOL'y, .in the pl'llSenee of a repl'Psentutive of the district, and 
accepted before they arc shipped to the plant. However, field tests 
generally are necessary for larger pumps becanse some mnmliachlrel's 
Ilrc not equipped to test them. Beetluse the equipment required to 
test oil engines is heavy lmcl expensive to ship, it may be economical 
to have the distl'iet's ('l1gincer test the oil-erJO'ine equipment for 24 
to 48 hours at the factory, to determine the oil~onsumptiolL per brake 
horsepower-hour nnd whetheL' the engine will opel'tltc satisfactorily at 
full load. New ell'(,tric motoL'S usually ClLn be accepted without special 
tests because tl1('il' eJliciel1t'ies ol'dinarHy do not vary more than 2 
percent from those gnamnteec1. 

The acceptance te.st::; should deterllline also whether the primin~ 
equipment will prime the pumps in fhe time specified, which shoul(l 
be within 10 minutes but never more than 15 minutes. The joints of 
the suctioll and dischaL'ge pipes should be inspected to be sure they 
are airtight; some I'('wolidng of welded Held joints tnlly: be necessnry. 
Before acceptance. therc shonld be It thorollrO"h nnd detaIled inspection 
of all the machinery to c1etrct flaws, nne· all accessory equipment 
should be operated to be sure that it performs satisfactorily. 

After the plnnt has been accept~d and put into operation, occasional 
tests are desirable to dete.rmine whether the plant emcieney can be 
improved by changing operating conditions, by, for instance, ad
justin~ speeds a.nd by repairing or ~h'ing better enre to the equipment. 
OccaslOnal tests of the plant are tile best means of determining that 
the plant is operating at prot)er eflicieney. In one case It test revealed 
a pumping unit was operntLllff at low efficiency. Further checlrinO' 
lor causes revealed a. large bloclr of wood in the pump impeller which 
had not been detected by the plltnt opel'l\tor because it created no 
notiel'uble noise or vibl'ation. A:fter the block was l'emm'ed the 
pump operated near its desIgned efficiency. The methods and equip
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ment recommended for testing pumping plants 111\\,(,\ been described 

• 
elsewhere (11). This information may also be secm'eel on request 
from the Soil Conservation Service. 

OPERATION OF THE PUMPING PLANT 

Great care should be used to sl'lect. competent and trustworthy op
erators :£01' dminngc pumping plants. The. rapid detel'iorntion of 
Bevel'lll plll1ltS tllll be tl'llted to IInpl'Opl'I' opCl'lItiun r('snlting from the 
1'IHploymenl of inellieient opel'lltors.Keeping the plnnt cielUl reduces 
the fire hnzard and, in addition, impl'ovC's itsappNu'ul1ce. 

Even thongh there is tl well-tnltintaine(l tl'tlsh screen, sticks and 
tmsh often lodge in the PUllI\)S 01' pipes, This dect'eases the plant 
elliciency Ilml mlly endanger t \(' ('quipment. Alt;hough wood blocl{s 
oft('n Cilll be, helll'.J immedin(l'ly aftcl' they get. into n. pump, it is not. 
always possible to detcl'l1lil1P \\'IIl'tht'I' tlw pump is ('lean except by 
OI)('lllllg ·it. The distl'i('\ ollil'ials shoultl S('P that thl' opot'ator in
spe('ts the pumps at fl'equpnl: illtl'n'nls lind kl'l'P8 them lind the pipes 
e\l'fln, 

The tmsh SCl'cen should be kept fl'pe from trash to prevent water 
heatling np unllecesslll'ily. The paeking on the pumps should be 
renewed IIbout once n. year, und 8hould be lwpt tight enough that 
leakage of nil' into the pumps wi11 not be large, yet not so tiO'lit as to 
(~IlUS(\ exeessive wetll' of the pump shaft. Ail' in the pipes reduces the 
vncuum Ilnd increases the he~\d against which the pU1l1P operates. 

• 
Centl'i fugal pumps should not be operntec1 empty if Ilny of the 

parts dl'pelld upon wuterfol' lubrication, 'When they nre primed, 
they should ue compMl'ly filled with water, fol' !lny air in the casing 
may be po('ketl.'d al'ouI1l1 the shaft: lind reduce the discharge. Screw 
pumps !lnd mixed-flow pumps ('an ue pl'illled satisfaC'tol'ily after they 
are started. 

Tlw seal ~lalld8 of pumps fl'equently becol11G clogged with silt or 
gl'('t)se and iH!I'mit lIluC'h nit' to get into tIll' pump. This causes a de
C"l'l'ase ill dischlll'g(' and eflkiem:y tU1<l I'upid wearing of the packing 
and shnft. Pl'illlillg i!S mOl'e diJlieu1t when the seals al'e neglected. 
Thn O[)(,I'HI:Ol' should \tnti(lt'stnnd the. pUl'pose of the seal glands and be 
imlllstl'ioUH ('II<Jugh to kt'l'p tlH'lll wol'1dng pl'opel'1y. 

It fl'eqUl'lllly happl'ns thut wenl', tlt'l'i(:\('lIt, 0\' other cause greatly 
l't'tltH'l'H titl' dlil·ielll'Y of tl. pump. O('eIlSiOllal tests will show ",lIen 
the efliciclwy is Ilbnol'1lml1y low. Then inspedion can be made to 
detel'm:ue the dU1I'Het(!l' or repairs 11('ecled, as, ror illstam'e, the I'e
lH'wnl 01 the impell('l's. '1'hl~ Il1()Ht eflident nnit or nnits in a plant 
should be used for II:'; ll1u('h of tIll' pumping as possible. 

• 

In plants that have ('()nsid('I'aiJl(~ nll'ia t ion in statie lift, the speed 
of pump should be en l'efully l'egult*'d to oiJtn in n high pln.nt. efliciency. 
The impOl'tmH)e of this has bN'n shown on page\ 46. The management 
of It clistdet should determinl' the most ellie-ient speeds of operation, 
by testing the plant or :from the cha,ructl,'l'istic cur~Tes and see that the 
pumps :1\'P run at the mORt e('0I10tnlcnlspl'eds. Some operators who 
11re paid by till' month (10 their work in the least possible time and C011-
Scquelllly o\'('l'sp('l'd the pumps at low and llWl'age I ifts. 'When there is 
dangel' of JI"n<1ing ('I'OPS, the pumps sh()ultl bc speeded up to obtain 
quick l'ellloni of the water. .Also, for an electric plant operating 
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under 1Ul off-peak ngreement it may be a,dvisable to speed up the 
pumps to finish the pumping during the off-peak hours. If 0l)erating 
at slow speed illcrenses the cost of labor, the extm cost shoulc be COll- • 

siclcrecl in determining the economical speed. In s01l1e illsttuH.'es con
tinuous slow pumping to keep the wuter low in the ditches nuty improve 
the drainage of some parts of the district. 

OperatiOlll'eCords are valuable COllrt evidence to determine the need 
for 01' the amount of pumping, whell special assessments are being 
levied 01' dul'ing law suits, as well as ill supervising the operation of 
the plant. Daily records should include at least the following items: 
(1) Dischal'fre-bllV cy:we l'eadinn's, twice claibr 01' w!ten ·Imllll)s areI:"> .J I:> 1:">"" .1 . 

started 01' stopped; (:n suction-ba.y gage readings at the same time; 
(3) time of starting and stoppi ng pLlm ps; (±) speed of pumps; (5) 
kilow:ttt-holll' meter readings, in eledl'ic pIn nts; and (G) miufal1. 
The amount of :fuel on hand should be .l'('pol'ted monthly or semi
monthlyfor oil-eJlgine and steam plants. Repairs to plant and equip
ment and supplil's 1'('('eiYNl ~uld expenses illclll'l.'ed also shollld be noted 
011 the opemtot"s claily sheets unless [l sepllmteprocedure is preferable 
for checking expenditures. 

Adequate operation records, accnrate cost records, and occasional 
tests are absollltely necessary for propel' sllpl'n'ision and economical 
operation o~ the pllml?ing plallt. Such data often enable large savings 
to be made III operatlllg costs. 

• 
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APPENDIX 

The pumping equipment available for land drainage on the Illinois 
River and'on the Mississippi River between Dubuque and St. Louis, •in 1930, is shown in table 9. The locations have been shown in figure 1. 

The ctlpacities and types of pumps and power equipment of many of 
the plants were considerably di fferent from prnctices recommended 
at the present time, even wheL'e the machinery was the most economical 
obtltinable 11l1Qel' conditions existing when it was installed. The data 
presented in the table will be helpful, however, to allY engineer in 
milking a study of pumping plants in the area. 

With but thL'ee exceptions, all the pumping units of each district 
were located ill one plant. In the Hillview distriet, the 5,000-gnllon 
unit Imd the 22,000-gallon unit were each in a separate plant to drain 
isolated areas of lowland. In the Savanna-York dish·ict. the 1,500
gallon unit was located separately to serve a slllall IHea not economi
cally drained to the main plant. III the Muscatin-Louisa district 
No. 13, two 16,000- and 36,OOO-g'allon units installed in 1920 were in 
one plant draining the lower part. while the other three units were 
located in another plant which could more economically dmin the 
upper part of the district. 

'l'able 10 (11) shows average annual operations of drainage pumping 
plants in the upper Mississippi Valley. Data were for 19;10 and prior 
years. The quantity of water pumped varied considerably in accord
ance with conditions previously discussed. The !LVe1'llge ovel'-:lll 
efficiency for most plants ranged from 40 to 55 percent. The Scott 

County shearn plant while pumping during lligh-water periocli:; mnill

. tained an ovcr-:lllefficiency ot 63 percent. For any plant the over-all 
 •
~.'. efficiency varies as the static lift, being higher as the static lift increases. 

This is because hydraulic pipe lORses an' a higher proportion of the 
total head when It pump opemtes at :tlow lift. 

T:tble 11 (8) shows costs and conditions of operations in Louisiana 
pumping districts. The average rainfall of southern LouiRiana is 
about 60 inches. 'With a few exceptions the annual rainfall measured 
at the districts shown in the table was well below the average for the 
area. Pumping dropped off materially in yeurs of low rainfall. The 
abnormally low rainfall recorded in. most years should be considered 
in makingme of these records. 

TABLE O.-Drai1lage p'llnpillg plants in the uPlJer Mi88is8ippi Va.lley, 19.'J0 

Engine or motor Pump 
Wllter.I----.----;--I--,---,--llhmotr

Key Dmlnage district shed n~~nll B ..~nll Size ('np d~p(h
NO.1 

urea Typo ~B~g llatlll~ ~[i'~g t~~~ , (~~r 6~·;,r~'. 
mated)

--1-------- ---1-----------------
Horse· Gal. perILLINOIS RIVER IllSTaleTS ...J..cn's }Teur power Year Inche. mill. inche.,

1___ HeDllcpln_______________ _ 4 100 i{DlCSeL______ 1924 Ifill 1910 24 . 15,000 }
50 J915 18 0,000 O.2i 

• • F.lccttlc·-----llgT~ i52___ East .Peorln_____________ _ 1,550 ,_____do_______ 1910 1910 18 9,000 }
50 1010 0,000 .51: 

3_ Pekln·l,nMllrsh__________ 3. fII0 !____ .IIQ_______ :g~~ IIlO 1910 26 
15 

•75 Hl25 20 m:~ I} .34 
1,1)Q() 1-----' (J________ IIlJg4_ Rocky ~'Orll.. __________ • . I I J914 100 JOJ.! 18 l(l.ooo }

100 lUlU 26 li,ooo .89, 

I ~'or Identltlrntlon o( dl&trlds shown In fig. I. 

• All nrc centrl(II~Bl pumps Q,copt 6 indicated screw pumps (S) nud 8 IDdlcn(edlIll~o<l·llqw pumps (III),

I rl~nt cnp"cltr calcuh\(cd frqll\ esljrnntcfl cap"elties u( pumps, 




----------

• 


• 
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TABLE 9.-Dralwwe flll111pi1lfl plants In t1le "pper JU8Bis8/Plli Valley, l080-Con. 

Engine Or motor PUmjl 

Runo11 
Key .Drainage district sbed dwtb

W!lt~r' 	 ! 
CRllRe.

NO.1 	 1legan 1lc~1\1l SIlO per 24arca 	 I y Typo o[lI'r. Ratiug O[ler· 8ud hours I(,'lit!.uUng ullng typo' IIIlIted) 

ILI,LlIOIS Im'KIt DIHTILICTS- Hor.e· Gul.per
continued Yrar POII.'f.T l'ear 111chea min. Inche3

ACrt'A rElerlrlc..••••• 1015 300 IUOII 48 52, (XIO6.__• Sllrlll~ 1,uko .._-.....-..-_...- Z.!,500 t·~·'lo._••••• llIlS 	 :l11O I\JOIl 48 52,O()0 .276 
J)le~\·L••____ J926 I~~) 1009 2~ 13,00()6____ 250 10\(\

101(\ 75 1916 20 10,500 .366 
7••__ gllSl 1.1 vcrpool••__• __ ••__ !l,:t50 .....do_____ IW lit.!:! :m IS,()(IO 

BUllller Special....._____ 1l,7(j() gleclric._••__ { lUlU 36 3t1,250 

••• tIIt.!:l 	 .47\oZ\ 75 1023 20 11,750 , 
B__•• 1.1\·(·rl'ool••__ •••____.. __ :1.700 Scml· Dlt~s,,1 . _ 1\J22 135 192'.! 20 0,009 . 

102'J 13.~ 1922 20 9,()(X)
{_...dO..._•••• 1027 2'lO lO2'J0•••• 'rhOlllJISll1l LllkQ ___•••••• 6,:150 	 30 '".'2,000 

..36 
10... Kl'rtOIl \'1I1l~r· .....__... 1,740 .....(\0........ JU~'il 75 lU20 20 10,009 

~;J,'<!trlt'•••••. lll:m 200 W2'.1 ao 2'.1,00(1, } 
.305

1 I ••• I ~n(·(\}·. ... .... "' ... ..,.~ _......... __ ,." 	 2()() mlO 36M 29.1100
{ IIJ:I\I12 ••• l,tlll~l'l1h~r• __ ............. 1l8.IHO __•__do ••••• __ • 1030 125. 19:10 :10 2O,IXlO 400
la ••• II'l'st ~lIl11lnll7.l\S. "'" !\l:!O IIXI 111;10 24 17,(100 }
l~... SVIl lltlrn _............................ 2, (X).~ _____ tlo...__••• 	 W:?i t~) H~H) 20 10,0110 264__ 


UX) 1914 24 12.00()

192\) UIO 1914 24 12,009 


lli••_ Kcll~r I,nku . __....___ •• 1.200 .••_.llo........ lOIS 75 1018 20 10,00() 


t.1••• Ul~ l,nk(' .--..... --....-.... ~ .. 4,:100 _....tlo........ tIUl4 	 200 


.9721918 1110 11118 24 12009 
~17••• !,OS[ ('/t'~" - ---.. __...... .-.. 2,2iiO •••••<10........ 1021 	 IIX) J021 30 19: 1100 1 .446 

IIJ(I 1914 20 12,500
18... ('<lIll ('n·l'k .. , .......... _-........... 7,525 19(.1 	 I(J(I W(.I 20 12, rlOO 264
.-•••<10....···-1 tol4 

I(J() 	 }WI·I JilI4 20 12,500
\O"'j ('rnll!' ('n·t'''____ ......... 6,'ZIO 8trllm...___•• 1912 	 !!flO WI2 a6 :m, (100 ,25
20.__ Dil! j'rnlrlc_ ....__ ••___ ••. 2. ~>(~) Electric...... 1020 	 IIJ() 1014 30 18,009 ,43 
21-.._' H~nrdst()wn nrnllln~l' 800 ...._do___••••• { 1020 125 1020 24111 1Ii,()(X) 

1.524.8. ()(Xl
100 lOIS 211 12,000

111111 Silultnry. 	 l\l2O 75 1029 20M } 
{ WI8 ____ .do_.__•___ WIS I51) 1018 :10 16;0092'l_~_ South Ih~nr<lstowll ..___ •• 8,:l5l) .3821918 I51) 1018 30 IO,~ }11118 11\0 lUI8 ao 10, (ZI ___ 	 ..__ .do__•_____Vnll"r ••••_..__• __ .._... :1,200 lOin lOll 	 IIlI6 24 12,0110 .100 ____ .do________2.1 .. 

4 
• 
1 l\ll'fl'(loSin 'I~uke.._.._.. ___...... 5.()0() { W2I1 	 200 lOW all 32,()()(J .488 

('Ollll HUll __...._________ 	 I\I'.!'J 100 lUll 2·' 11,009 }
2,';... I, liS7 gleetric _••.• lUao .50 I\rJO 20M 10,009 2C7 
20__ • Llttli; Cn,,'k _. __ ..______ • ~ IJ(XI e'tclllll ........ lUI I \1(1 lUll 24 15,009 .716-, I~1'I\lI·DI~sel. 19Z1 SO 19Z1 24 12,(J(XJ. }

[SH.IlIJI. ....... llHb 225 llll.~ :lfJ ;n,009
SI'IIII·\)il!s(,1 • 1'.::2t. Jri) 192ti SO 22.009 ' 27.._ ~Ic(leu ('reek__._••_.____ 1", >" 'l' ...<10_._____ 1926 1m 1026 :10 22,009 401

\ __ ._<10..______ 1026 150 1U~'(j 30 2Z,OOO•__ .do..__ •___ 192ti Ifi) 1!I2U 31l 22,009 f 
28___ \'ntl,·y ('Ity__ • ____._...._ 7,1(;(1 ,_ ••••do_..._.__ { 1922 Ir,) 1922 36 25,000 2651Il22 100 1922 2·1 10,750 }
2'J... ,", \ ,MUll \·nistl.·rn·..... __ ..... _.. ___ .. _ ., ISO! ))11'5('1.. ______ 1926 120 1\I~'6 30 2O,C,00 .152. 	 :rtelllll lOla ,120 !{lIS 45 45,009...----.all._. Scolt (·(Hlllt-r..__ • ____• __ 12,51K) !....tio....._.. 11113 155 lUI!! 24 llI,009 } .352 

Sl'IIII·Dll·SI·!.. 1928 IW 1028 30 22,(J(XJ 
{ lOW 4tMl IIH2 45 45,(100:11.._ llig SWUll_______..__.... 15, 700 EI~ctrlc. _.__ 	 11)(7 IflO 1917 30 21,009 267 

W27 liAl UH!! 24 13,009 }....do_______• 
____ 110.______ lUI·' 125 1014 SO 20,000

lOB 125 11114 30 20.009••••do..__• __• lO'.!'J 2(10 1920 361\f• 	IIIi\vill\v...__._.___ 41,IlOO 

81.\·1\111 ........ 1020 810 \1/20 (i() 100,(100 


:12__ 18,51K) 	 .500 
m,'clri~ ____ • ___ .do_______• 192:1 50 19Z1 J5 .S,009

1\123 150 lUZI :10 22,000 I
150 lOIS 30 22.5(10{ 1\11533___ IliIrtwcll..___• ___ mcctrlc. _____ WIS 	 1511 lUIS SO 22.5()O._ 12,900 I\JJ5 If~) 1015 30 22.500 }

IU~'II 45R . 1\12\1 48M 1;7. (XX) 
Stram..._____ { 1\110 af>O l\JlO 48 SS·.()()()34____ , K~nch (Fnlrb.lDks) ...... IS.:U)() 	 .6431\127. 225 1010 :16 :1O.00() }

{ ml·SI·'"._____ l!l21 2!iO 1921 36 37~ 500!j'S"'i Eldred...____________.... O. aot) ~ ~tP:illl ....... __ ....... { lUll 11)0 lUll 36 37.009 .522 
I 11)20 l~l() 1011 24 17.IlOO, DII'SI'\.. .• ____ 	 }

a.l... : Spunkrr___••__.......... 1,12i: :l'llli.lllt'sl'l ., 	 III:?:l IS 8. ()()(J .377
filll!!):?:1 
48 52, ()(IOIOlO ',()() { IOlO3' '~ll'OQU 17 5/)(J 1{:>lennL.... I 

,--. i • U \ ........--..... \,. I :;eml.nIesl)l .• 1 	 :JI.; 30,009 aM
102.'i I 300 {g~ }36 35,009 

13 dJstrJc1-S d,~llnrd b~ I pUJIlplng plllJli. 
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TABLE D.-Drainage p/I1npillg plOl/tll i1l the Ilpper Alillsillsippi Vallel/, 1930-Con. 

EngIne or motor Pump 
RunoffWRh'r •K~'y Drainage district sh~,1 	 Capac- dellih

No.' 	 Degan Degannrl'fl 	 Sizo Ity (wr!H
Type Oll('r' Rating oper· nOli 	 bours J(cstl· 

1l1!1tc.1\
ntlllg ntlng type' 

~-,--- ----- ---
)IISSISHIPpr KIVEll /lor.,e· Ga/.(,a

llIHTlnt'TS }'tar l)oll'cr }'"rur fllthr•• 111;" .. fll(hr.~A en's38__ • Cllrroll Coullty rfo. 1.._. 3,600 {Sernl.DleseL 	 l!f.>:! la5 102:1 :10 ~'O. (~lO } ,4iOnlrs<'L.._~•• 1928 SO 1928 ~'O II.('I(WI{II)\S 7f> IIIlS :10 18.lllX) I 
39___ SnVIUlOIlb. York..______ 	 1018 is 1I11S :10 18,{)(1I.):I. f~)() Electric ••_.. [ ,UO-l1927 15 IU~'7 12 :t,lIOn

1027 15 1027 8 1.1'1(1I.1
-10.__ Moredosln.______ lnO 102·\ 2-1 15,O(lll I8.500 Scrnl·Dh~sci .• { HI'!-I .:t01l
-I1_•• j Drury. ___________•__•• \024 200 II~!·\ :1(, :l4.o(X) I7,00() Stemll. ,_,,, 1008 2.'iO IIX18 110 jO.(X)() .5:10
~2... l'lIll'lI 1'.'0.1.____•__ 

•• { lllOll 500 11)011 110 115. (N)()43.__ TIllY lshl!lu ...._______ }'62,OO() ( •.•do •••• __ 	 } .2:1411100 lion IIl1.)9 110 115,O()() 
W1IlsoIIllO .•. IIJ:1O :10 1015 12 :I.54lO 

~..~ Kclthsburg •• ____ 1015 50 IUla 18 S.O()(l 	 .\\(}II, BO(\ ~~'n\\.~~!~':~, ~ 	 20 f1O~') 55 W20 {I,O()(l 
lOW ·100 1010 

" do".... ,o IOUl 400 III1Il 54 85,0()()
rh•IIIII •••••••• 	 54 $5,Om 

~~--- Muscntlnu·Loulsn No. 13. M,In) 	 ••.• lIo........ 10111 1(,0 1010 all :11l. (MM) .2-10 
"le~'Ir1c. __ ._. 19~~1 2110 1U20 :10 :111, (JOO 
_•••do.....__ • 1020 HlO 1l)~)O 24 1I1,IN)() 


Lou!sn.Dcs Moines No•.1. 10, In) St~nUl .... _.. __ ...
46.__ ClllOO :1\5 1\1011 r,o r.I, f*l\l 
1 10()9 :n,'i I!MlU W r'I.500 .421 

47___ {. do.. ••••• 1911 aw 1011 54 SO,OINI
Des Moines Coun ty No. 7_ 3O,7(X) ," do....... 1 1011 :150 1011 54 S(),OOO .415Imeetrl,' ---" 1028 SO.IXIO·IOI) 1011 54 

48... DcsMoltwSCOllllty No.8. rdJOO 8Iellll1....... If ml 24 15.00012.'i lUll 
75 HilI 18 8.4(1) } .207 
75 I\lUi 20 11.0001.9.__ fIendcrson Co,!nty rfo. 3. 	 l{ 10111 
75 19111 20 II, (JOO .N7 '"'' I·· .,',........ ,"W 	 } 

•
1917 75 1017 18 O,IMIOf>lL. ffcnderson COllnty No. I. :1110 lIlIa ·18 r.5.(l(~1
61 ••• Henderson ('onntyNo.2. }'2'2,400 I,ll .rlc --.. {lg~ 350 1013 48 55,000 } • 2f>O 
62_.. j (lre~n Duy_._______ •• _... 	 :JOO HIl8 42 47. Ii()()H,OOO -., .do ...... {lgl~ 	 } .300:IOIJ 1018 42 47.500 
1\3.._

1 
Nlota____ •••__ ••--_._---. . I I{ 1I117 35 1917 10 3,21101,30:1 :....do....___ 1 101' .2511a5 1017 10 3,200It' I 

100 2O.0(lI.)54.._ Pes Molnes·Mlsslsslppl.._ 5,[.00 I 8,·ml·l)h·5('l -:{ m~ 10~'IJ :10 .48212.'i 1U20 3!1 3(1.0(lI.) ~ Ilunt._____...__ •____ 250 lO28 30 3,'i.O(lI.I511... 15,8·10 	 1-:1,'elrle... '{jg~ .2562.'>0 11/28 :10 111 41, [,00 
~r;o 1028 :10 a.'i,(lI.lI.lI,lm.\ Lnkc ••• , _______ 	 ~ { 102856.._ Itl,640 .._..clo••.•_•• i 	1028 2..'>0 )028 ao ~( 41. OI~I .355 

, 1028 2.'iO 1928 an 35,0(lI.1 167__ Indian Ornvc __________ 21,0()() .....do.__•___ • { 1018 21MI lOIS all 3fi,OOO 
IIUB -\00 { 1915 :Iii :ltl.O(lI.I 	 .273 

1018 :Ill :I(l,(lI.lI.J }
58___ Union Township ..___ 3.700 	 Seml·Dlese1.. 1923 IW 192:1 30 2'2.!K)() .3151 

~·ubllls......._.._________ UlcS\)I..._____ { 	1017 21'1(1 1917 42 47\ [)()()
1017 2.'iO 1017 42 ~7. 5()() } .33860... 	 14.oo0 

60.__ Murlon County _______•• 0, ·170 	 Electric••__• { 1015 100 1015 30 2O.0()() 
1915 100 1015 30 21). 0(lI.1 } .328 

6L.. South Qnhlcy_.._______• 10,·105. .....do....___ { 19\7 ~~lO 1917 :l{\ :1-l.0(lI.) 1 .3471017 ~'O() HU7 :16 a~,O(lI.I
62___ .South nt'·er .._________ 250 1011 all11,200 Stollln.._._ { WII 	 :l2,!K)() I 303 
1l3__ • Ul "orlund •••______ ("'IllI.DleseL. 1D21 12/i 1!l~1 30 ~~I,(lI.lI.l } 

10It 2f!l 1011 :1(1 :12,000 
6,·100 I)1i'$('I••_ • __ 	 3:1110:10 120 11121 30 20,000 

64._. 	 Ellsherry~__ •___•___•••__ 2.'i.0(j(j Stllum,..____ { 1IJ15 :l!XI 11115 48 50,000 
HlIS :1110 1015 -18 /.6, (0) } .238 

flIi... Rllndy ('reek.....__..__• 1.125 Sl·IllI·DlcseL. 10Z1 as 1112:1 18 S,(NX) . :~7700..., Tlr~'·nlilr.....__• _____.. ___••do_____•1,800 1020 50 1\120 2·1 10,000 2O,'i
67___ EllHl Side Lcvee !\nu 


Snnltllrr

Cnho In plllllt. • ___ 2,1iS8 DleseL..____ { I{~IO 00 19:10 31l 8 20, om } .7811 

{ 1030 2·\0 1\);10 M S w,mo It 
1030 !lO lIIao 308 20,OIX) 

South plnot.___•__ ...._do_______ • wao 240 ! 19:103:1,280 	 MS W,O()() I .3101{);10 240 I lOao 54 S I[~I. o(H) I
10:10 20\0 1000 54 S 5O,OIlt) 

I For Idontltlcnt!on ot llistrict... shown In fig. I. • 
1.\l1llrccenlrlfugnl pumps except 6 hHliCUlCU scrllW pumps (8) nnd!! indicated mlxod·flow pumps (l\f).
11'lunt cnpllclLv L'IlkulllLNI (rom estlmnted cnpacltJos ot PUllipS. 
I 2 districts drnlned by I (lumping phmt. 



• • • 
'l'AIIU: lQ.-Af'{'r(lg!? (1111111/11 0[}('rati0118 Of draillage lJl1l1lpillg pla:lts 

Years 01 nlCOrd I Water pumped Hated I A \.cr·1 Av r·• -----..~ .. ~. A\·cr. Current ~c e 
Num· Haln· age borse- coal or Tnput to Output 01 Power used per o\·er. age

Pll1nt Power type Ii':, r , Hun-
I

Q i power 'I motor orImowr pr II load ~ Pcrlod lall off !}fin· stat c hours luel 0 I engine engine acre-loot a. .on 
~ _______________________ ~~~d· __ dePthl~~~ opemted used I _._,.,_.~ i--~-- cf~~rlmotors o 
Z 

In,/icaitd I. nr,ake ! Indka1tdllJrDkt I
harM!"' horlfe..: hOrlft... horse- :..

Acre· polrtf- t :>o,rer... : 1J01(tr'" pOICer- Pu- Per-
Inchea lInch" fea Pat hOllra liOun }Iou,. hall,. cent unt t;j

Banner speCiaL-"'1 E1eetric_______ __ 1925...______• __••_. 1 27, Gl i 8.98 5,01'1 10.38 !8().100 106,000 143, 3&J. 128,700, 2S. 3 25.4 50 71 

Z 

Coal Cr~(k __..____ ..•_._do........... 1014-21; 1923-30..._.... 16 35. II ,23.'J4 15,010 12.14 624,-2"26 403,289 621.27:1 I5.';9.7551 41.41 37.3 40 00 oOn"n Bny....____.•__ ••do__________ 192L. ""--" ........ 1 3S, 31 121.6.1 ~1,272 10.67 019.410 578, \lI)(J nil, 2'.'0 714, :uJ 30.7 2>l. 3 48 115 'tI
IJartweIL..________...do________ 1!l29-aO ____ , •. _.... 2 35.8() 13.75 14,778 IJ. 6.'i 530,06.'i 3~5,S25 463.750 428,300 31.4 2'J.0 51 81 t'llIullt __•____.. _____do..______• Allr. 1$, lU28, through 2. iO 37.17 10.29 21,498 8.53 743.480 450,580 01:!. 281 561. ~ 2>l. 5 26.1 41 75 ::0 
loao. :..

Indian Onl\'1! __... _••.•do•.•________ 192.,>-2811/1(11930.___... 5 34.23 13.1S 23,000 4. 74 1 711,530 1549'36~ J 721, 964 1 6IH.324 31.3\ 28.8 21 93 >-3 
Lima .Luke . _.____ ._ ...do__________ 1929-30________ •__...._ 2 34.10 20.56 36,834 9.83 I. :1I3. 705 880,095 I. 18(). 205 I, 07'J, 985 320 29.2 42 82 oSouth Beardstown ..._._do_________ 1925-30.....______ ... __ 6 37.85 40.48 28.16.'i 15.35 1.01l,792 815,863 1,0'J4,OiO 970,775 38.8 34.7 54 96 
.11cndcrsoll Goum),••____dQ._____ JIIl1J;J:' 1928, tbrough ~_~ 30.95 .!!:!!!.. ~~, 1. 078, 322 1.446,04411.302.305 25.0 ~~ 62 Z 

Totalorn\·cmge••••_____________.....__ ..__ ....___ •• ~3J 35.60~ ~_ 25, 272 ~ 870.800 581J, ~I 7S4.a~ .2:2,}~.~ _~_ ~~ o 
"'1 

Bny IsInnd ...______ Stenm__________ 1925-30...._______ ._. 6--"38:0t' 18. ~1 "7iS9s-- 7:I7 2,140~9S2 --3~JIS.4 '1, 93:t:453\ 702~3i7 2~-:5 -21:6- -40-----; t;j
Crone Creek._..... _____do_______ Feb. 10.192';, through 5.8\1 39.53 20.38 10,577 12.44 432,199 834.6 333,974 297,457 31.0 28.1 54 69 ::0 

1930. 
llcllllcrson Cpunty. ___.do ___• Mllr. I, IW6-May 13, 2.~'!l 39.67 3.5,64 00,533 5.00 :!.275,4Of 3,448.4 1,105,l1S 972,509 10.6 14.0 49 4:1 :: 

~1928. -,-~--------- ------------ 
'J'ot~1 or 1I\'cmgc ._._..._______••••_........_.________•• 14.09 39. as 24.74 52,002 7.01 1,616,195 2, 407.1 1.124,515 900,761 21. 6 19.1 45 ! 01 >! 
o 

:Eldn'd ........... Stllnd·br SWum. 1925-30.__•______ - 0 ''''' ~_ .._.. 3.25- 2,5;) 10.M' -- 127. 578 -~;g.O "'01.'225 -74,'077-= lji.;- '-'2U~a 40 I"" 69 t'l 

McOeeC'reek..... _____ do....____... 1928-30_______ 3 •______ .05 852 6.19 37,230 118.1 33,760 28.697 :i9.0 33.7 21 77 
St'Ott COUllty ...... ___._do________.._ 1929-30_________._ 2 .______ 272 2,831 15.24 143,600 237.1 9'J,305 82,110 33.0 29.0 63 57 "d 

C1---- -,--il !?Total orn\'cmgc.. ________________ ..___ ..___________ 11 ...____ 2.21 2,Of>8 1213 102,801 2.51.1 72,763 61,928 35.2 29.9 47. 69 .... 
'tI=-====== =--==!== ....Eldred.. _.__ ....__ DirseL.______ •__ 1925-30_____________ 6 38.30 20.00 16.200 8.35 563,082 29.058 561,978 409.005 34.7 2.5.3 331 TJ 

JIIcGec('n·ck".... Semi·Diesel _____ 1921l-30...__________ 3 35.71 13.22 17,298 9.63 631,167 45,900 798.000 59\1,180 ~.2 34.6 2'J 95 Z 
Scott County. __________do._________ 1929-30.._________ 2 31.57 1l.09 I1,5.13 13.05' 472,935 34.370 580,7115 435.610 60.3 3i.7 37 92 ---- ----1--',. 

o 
"dTotal or B\'Cmgc_. ___.._________ __________________ II 35.19 1.'i.07 15.019 10.21 555,728 36, 4TJ &17,224 481,585 43.1 32.1 33 87 
~ Fabi\ls~------------ Dic.<eL________ 1925-28 ______________ 4 3D. 71 10.24 12,715 4.83 ~ ,23,546 383,550 268,-123 30.2 21.1 221' 84 ZMau\·lllsterre.__________do_________ Apr. 10,1927, througb 273 41.29 7.43 4,444 6..10 133,595 7, m 150,887 113,148 34.0 25.5 25 85 

1929. . ~ 
Vnller City________ Semi·DieseL____ .Feb. IS-Dec. 31, 192.';, 3.87 34.4S 13. &I 8,140 11.07 249,568 16, S13 287, i64 224,452 35.4 27.6 43 00 

and 192&-30. ------------ ----1------
Totnlorn\,emgc'. _____________..____________• _____..___ .... 6.60 37.88 10.54 6.292 9.31 191.582 12,293 219.326 168.800 34.9 26.8 371 8!! 

""-l 
I Kilowatt·hours 01 electric current, tons of COlli, or galiolls 01 luel ou. c:o 
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'rABLE H.-Cosls and co1Uiitions of operation of drainage pumping pla1lts in LouisianIJpumpillg dill/riets ~ 
Cost ~ - Num- ~--l Number of .tlmes 

Num· N ber of II Long. ; plunt was run t'OIl' 
ber of • um· 24· ours est 1 tllluously more aA"cr· Acre· Per ncre:(oot da~'s hpr o( hour at (Ulil period tban (ollowlng 

age (~ct.?( H~.. of waterlifted 011 ti,!I~S. dnys caJl:~('- of con· )lIlmbcr o( daysUllin· I 	
~ 

District ArCB Year Hl1n'l~tTCC- "liter PUlrs .1 (oot whlcb hOllers IlI'r lt~ 1 thm-	 ~ (1111 olf tlve lifted }'uel Lubor all~ 	 Total I'er i . I plant were y('ur pcr Ion.S t-""'t-TI"""'"1C--·--'1r- (l
lift 1 (oot 	 inCl' acre I oper- jjrcd at (nil fire· op'-ro· 1 I 

d~r; Tottll Fuel uled up capac· i up : tion 1 2 3 I 4 6 10 ~ 
I ItY 1 i 	 CDI 	

C1Acre. ----;;:;;:;. Illches -;;e-;------ --l--  - --'-'- ·---'----1----[-;;::;-,-1-'-'-
~ 

Smitbport I'litntutioll. 	 1m J 1911 fi7.f.2 3:J.:l5 5.2 9,400 $1)07 $:151 $150 $I,lflS $180 1$0,12.5 ,$(l.Oill 1151103; a:tO 7.7. 2.U 8 I 10 0 0 I 0 
1i47 ' IIH2 ['Z.ZI 40.80 5.5 12,.100 705 342 170 1,:107 2'02!.IOS .M61 108 7i 1 49.51 12.9) 4.3 112 .) I 3 1 0 I' 0 
647 1913 OO.tJ! 37,77 5.811,840 780 215 :151.03°11.00 .OS7 .000 86 t>S' 34.2112.01 a.s 10131100 0 ~ 

WUlswood Plllntutioll_ 2,400 'IOO'J 4:1.:12 16.3:1 5.0 16,3:10 936 GOO 2:10 1.7f,o .n . lOS .057 45 39 20.0 II' 7.al 2.5 	 3 1 10 0 0; 0 ...2,400 1010 4:1.08 11.58 5.0 11,580 016 500 180 1'~'\l6I.n41 .1121 .O5!1 451 41 .8.4. 4.9 .750101.000' 0
2.I~lO 1911 52.32 2:1.42 5.0 25,290 1,267 7[.1 :100 2,3:!(] .S!!, .002, .OW 69 (Jl 10.2 7,6l 3.5 511.1 0 0 0 	 o 

o2.r~lO '1912 48.22 34.42 5.0j:j7,~'OO 2,676 If.) 514 3,055 1.52; .100' .072 81 iJ3 35.0' 8.9.4.0 .I. O i 4 11 11 0 0 
2,1;00 IUla 51.52 27.08 5.0 :10.180 I 2,412 848 457 3,il7 1.43' .123 .OSO os I 00 17.5 7.0 2.0 1 6 j 2 I 0 0 0 0 ~ 
2,100 J914 42.25 15.0,) 5,0 10,:)~'O 1,210 426 46·' 2,100 .811 .1~'9: .074 41 :19 9.7 0.0 2.2 1211: 0 0 0 0 
2,100 1915 5.0[,34.24 5.037,100 3,030 1M 92'24,703 1.801,127' .082 03 49 24 .• 5 12.0 4.77!8'j:l:31 2 0 0 ~ 
2.500 '1912 70,['2 28.~'8 2.1 12,4~'O 1,098 ft40 2-14 1.!lS2 .70 .It~l· .088 114' 77 41.8 \0.514.012 1I!7 ., 1 1 

No. 	1.1'0ydms. 2,5(lO 191:1 1l!l,45 :18.82 4.5 an,5S0 2,:1l·j 1,2m :H7 3,022 1.57 107 .00:) 155 131 46.5 8.5 U.5 4.3\2. I I 0 
2.r~X] 1914 47.70 Iii. 46 5.2 18.3~'O 7·13 764 408 I. IllS .77 I ,10.5 .•0·11 n 71 17.8 6.0 2,0 2, I 0 0 0 0 t;j 

Hccl!lInutioll district 	 rn 
I: 

2,500 '1915 36.14 111.21 5.2 1.,572 755 582 180 1,517 'Oil' ,OS6 j .01:! 02 00 22.8 6.8 1,77 5 0 0 0 0 !l 	 l".l 
"d 

Lafourcho dmill,,~e 1,880 19\:1 47.:17 31.00 5.1 24.910 l,5zc, 5ft4 116 2.206 1.18 .OS9.\ ,om 210 198 40.0 I 4.8 5.0 5 4' 2\1 0 0 !'3
district No. 0, sub· 1,880 1914 45.70 25.83 5.:1 21,3·10 8il 517 00 1.453 .77 I .OfJS .• 041 li8 159 35,3. 5.3 4.8 8 512 1 0 0 
district No.1. 1,880 '191528.4121.045.418,7451.100 3.11 2.5 1,510:.80:.0S1 ,O1l2. 92 75139.0 9.4 3.il11 7:1 000 

Lafourche drain/ll:e 2,250 1913 52. O. 20.84 2.0 ll,270 1130 :106 331 1,567 .70 .140.,OS2 ; 90 00 15.5 .1.1 .75 0 0 0 0 0 0 ~ 
district No. 12, sub· 2,2.'j(] 1914 58.05 2:1.40 3.5 14.870 1,140 233 191 1,567 .70 .100; .077 j' 78 71 IS.71 (t;i 1.1l0 13 0 010 0 0 
district No.3. 2,250 '191[, 3a.07 11.6\ 4.2 9.087 1,115 112 21iS 1,492 .66 .164 , .. 123 41 30 13.5 6.!: 1.42 2 0 0 I0 0 0 >. 

o 
Oucydon dralnngtl 6,r.oo 'lUI2 41.71 37.26 3.6 75,200 2,640I,2'.!5 705 4,&10 .72 .062 .035 196 185 ~O.O 4..1 4.0 6 3 2 I 0 0 ::0 


district, suhdistricts 7,500 ! WI3 ii.61 65.86 5.0 164,000 6,013 1,321 f>31 7,1I6.'i 1.06 ,041 i .031' 214 In 0:1.0 7,4 19.54 ,13 5 2 1 1 1 

No:;.laudZ. 
 6,500 • 1914 59.78 31l. 86 5.1 109,350 ___________.. ____.. 5, 175 .79..on :____ ...1 166 102 28.0 4.1 5.2 j 7 1 1 1 0 0 g

6, r.oo '1915 49. ii 24.21 5.2 OS,644 1,833 1,180 867 3,880 .00 I _ 050 i .027' 78 77 19.4 0.0 2.79 6 2 0 0 0 0
I l ) 	 i t"' 

"3
New Orlonns Lake 6,040 10 1914 50.00 20.40 4.5 46,7ft(} 113,932 ____________ 5,0[,0 ------1 .121 ! .084 3GS 3OS' 16.0 1.2 .0 10 0 0 0 0 0 c::

Short- Land Co. 0,643 "IUI5 36.80 20.3.1 5.2 61,496 11 3,003 912 34 4,540 1 .05i .0741.059 172 1 .._..• ' 21.7 2.151312 0 0 Ot 0 ::::: 
I:!'.l 

1cfferson drainuge dis· 5,noo "1913 49.60 28.42 5.1 59,970 2,5651' 0021 480 3,iS7 I .75! .002 i .04:1 121 II 110 :"'9.0 I 4.9 2.5 ~ I I I! 010 Olj 0 
trictNo.3. 5,()00"1914 48.16 26.454.7 51,f>30 2,274595261 3.130 .6il.,OUlI.OH 104 9718.3 1' 4.5,2.051·01000 

5,000 "IUI5 44.61 18.18 5.1 as,578! 1,600 700 3'.0 2,6;.0 .53' .olm .042 01 59 15.9 5.0! 1.83· lOt 0' 0 0 I 0 

http:5.0[,34.24
http:34.2112.01
http:151.03�11.00


•
• 

LafourChe. dnilnnge I S35j" 1915 130•as I :11),25 ,

dlslrkt.~o. 12, sub· 1 I a61 ~157) 75)100!~~~~ I 
1:lltlrch 1911, to .Febnlllry 1912,lucJwl\'e. 
t :lfareh to Dc""mber,lndush'c. 
• June to J)~l'ClUher, llIelllsl\'c, 
• Jllnlll1ry to :lln~' and October to De!>llllber. inclusl\'e. 
·:llar.9)0 Dec. 31. 

I Jllnuary to S'~lJIclllber. inclusl\'e. 

, Mar. 17 to Dec. 31. Area 5,500 to Aug, 2:1,.1912, then inL'I"Cl1..<ed to 6,500., 
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1U f-=t 1.0 rrIO (r1 
• Area Increased to 7.500 in July; deereased to 6,500 Dee..3I,1913. '=' 
• .'1.= 6,liOO ncrcs t)"e•.I, Iffll):',5OOacrcs after DL'C. I,IilI5. t'!J 
II .'1. "crago for yenr, electric pinnt. UJ 
11 Eketric power. 0-II jo'cbruarYlo December, jncJusJVEl. 2!IIl11nr. 12 to Dec.31. 

l< lanuar)' to SePtelDber,incluslve. 
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