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INTRODUCTION 

A. detailed in'Vestigation of the design and op'erating character
istics of pumping plants in the upper Mississippi Valley was made in 
1925 to 1930. The investigation developed that the amount of water 
pumped annually frOID some drainage districts was more than double 
that from other all-pumping districts of like size in the btLme locality, 
bemJ,use of differences in seepage .from the streams bordering the 

average static lift, to the porosity of subsoil strata, and to the extent 
that drainage ditches cut into those strata. The data collected show 
a correlation of plant capacity at m~xim.l,llll lift with ~verage annual 

districts. The amount of seepage was found to be related to the 

~o-ar-\ 



2 TECHNICAL :BULLETIN 390, U.S. DEPT. OF AGRICULTURE 

amount of pumping which has been expressed ill a formula, with 
constants determined for the upper Mississippi Valley and sugges
tions as to the modification for application in other regions. Much 
operating and cost data gathered in that study have already been 
pubmned (4.).1 
.. In 1930 there were 3,642,495 fl,cres in organized drainage enter
prises served by pumps in t11'0 United States which had a total capacity 
of 17,854,824 gallons per minute (5). The capacity of the engines 
and motors driving the pumps was 99,747 horsepower, of which 64.2 
percent was electric, 9.8 percent steam, 13.2 percent internal combus
tion, and 12.8 percent combinations of these kinds of power. The cost 
of the drainage works of these enterprises was, up to December 31, 
1929, $109,823,504. 

To assist enginee~s in designing and operating more efficient low
lift drainage pumping plants this bulletin has been prepared, pre
senting (1) the elements to be considered in the design of such plants, 
(2) data for use ill determining these elements in the upper Mississippi 
Valley, (3) a discussion of the selection ann design of drainage pump
ing equipment, and (4) suggestions for the construction and operation 
of pumping plants. 

The facts presented may be used for improving the operating effi
ciency of existing plants and for designing and constructing plants to 
replace existing equipment when it is worn out and cannot be operated 
economically. The low prices of agricultural products during the past 
few years do not encourage further reclamation by drainage pumping 
at this time. However, some existing districts may find it essential 
to install pumping plants to protect parts of the enterprise that could 
not otherwise be adequately drained, and thereby enable those areas 
to contribute their proper share to the expenses of those enterprises. 

Acknowledgment is made of the cooperation rendered by the com
missioners, engineers, attorneys, and plant operators of the several 
districts in obtaining the records of plant operation. Important 
ditta for this report were furnished by the following engineering 
finns: Bushnell & Bushnell, of Quincy, Ill.; Caldwell Engineering 
Co., of Jacksonville·, Ill.; Central States Engineering Co., of Mus
catine, Iowa; Goodell & Millard, of Beardstown, lli.; Harmon 
Engineering Co., of Peoria, Ill.; McCann Engineering Co., of 
Quincy, lli.; and Randolph-Perkins Engin.eering Co., of Chicago, TIL 
No Jess important to the success and accuracy of the study have 
been the cost data supplied by the electric, oil, coal, and machinery 
companies. 

CONDITIONS NECESSITATING PUMPING 

The bottom lands along Illinois River below Peoria and along 
Mississippi River between Rock Island, Ill., and the mouth of the 
lllinois have been largely subject to overflow by river floods so fre
quently that farming them was unprofitable or impossible. The con
struction of dams for navigation arid for power has aggravated the 
conditions in some sections. To protect the lands against high 
water, more than threescore drainage districts have been organized 
under State dr,ainage laws, built levees to keep out the floods, and 
installed ditch. systems and pumping plants to drain the lands. The 
extent of pumping for drainage in that region is shown in figure 1, 

1 Italic numbers in parentheses refer to Literature Oited, p. 56. 
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I' 

'IOWA 

ILLINOIS 

~Dcksonville 

MISSOURI 

10 10 '0 

]'):GURE 1.-Pumping drainage districts on TIlinols River below Peoria and on Mississippi River betwoon 
Savanna, Dl, IUld St, Louis, Mo" 1930. (Districts identltled by key numbers used in tebla i, p.57.) 
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. ,and the major design elements of the pumping plants are given in the 
," appendix (table 7). 

Those drainage districts usuaUy extend from the river bank: to 
)' 

bluffs which rise abruptly to heights of from 50 to 200 feet Itbove the[:' 
rivur level. They usually extend along the Mississippi or the Illinois 
between tributaries which are too large to be diverted or pumped 
economically. Most districts are 2 to' 4 miles in width and 4 to 8 
miles in length. A.bout two thirds of the area in the pumping districts 
is so low. in relation to river stages that all drainage water must be . 
pumped. The other third is at such elevations as to require pumping 
only part of the run-ofi, and during part of the time obtainE! gravity 
drainage through sluices. 

RELATION OF PUMPING PLANT TO ~ENERAL PLAN OF DRAINAGE 

Lands that require a pumping plant for drainage always require 
additional drainage works such as levees, interi~r ditches, frequently 
tile drains, and sometimes channels to divert hill streams. A.ll of 
these works should be coordinated by the designing engineer in order 
to obtain an adequate and economical plan of drainage for the district. 
The diversion of hill streams is generally advisable even at considera
ble expense in order to reduce the costs of pumping and of maintaining 
the drainage ditches. Where the lands lie well above low-river 
stages, gravity drainage sometimes can be obtained by means of a 
sluiceway through the lev,ee. On the other hand, where gravity 
drainage could be obtained only ror occasional short intervals it may 
be more economical to pump all the drainage than to install the 
sluiceway. 

LOCATION OF PUMPING PLANTS 

The location of the pumping plant is determined largely by the 
topography of the district. It is desirable to install all the pumping 
equipment at one location if possible to secure lowest construction and 
maintenance costs. When this is impractical, electric power is more 
convenient than other types of power to operate small plants. Sep
arate pumping plants are usually less economical for draming isolated 
areas than deep ditches even though such ditches are costly to main
tain. Sometimes it is really impractical to drain all parts of a district 
to one plant, but division of an area to c;.'eate a separate district is 
generally inadvisable. It increases the overhead e}..1>enses, some of 
which are almost as great for a small district as for a large one. 

If some choice of location is possible, then the proximity to towns, 
good roads, railroads, or a navigable w[l,terway may be the controlling 
factor. Such advantages are especially important for a steam- or an 
oil-engine plant, to decrease the costs of hauling fuel to the plant and 
to attrapt more skilled operators to work at the flant. Similarly, 
proximity to a power line is a factor in the location 0 an electric plant, 
although the cost of extending a power line is not usually sufficient to 
justify a large increase in the cost of the ditch system. When an old 
pumping plant is being replaced it is usually impracticable to change 
materially the location of the plant. When other conditions do not 
control, the best location may be determined by the pumping lifts 
and foundation conditions. 
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DETERMINATION OF STATIC LIFTS 

Determination of the maximum, minimum, and average static liftsis a most important part of the design of a drainage pumping plant.The pump manufacturer needs these data in order to supply equipment that will operate efficiently through the controlling range in liftsand be adequate in capacity at the maximum lift. The importance
~.. of the variations in lift has not always been recognized. For example,one plant was designed for a head of 17 feet but no provision was madefor efficient low-lift pumping although. the average lift has been only5 feet. When new impellers Were .installed in the pumps and thespeed decreased, s\, saving in electric power WflS obtained estimated toaverage $2,000 per year.

The maximum} minimum, and.l1verage lifts depend on the ~pera~ngstages of both the suction and the discharge bays. The elevation ofland to be drained, the slope and operating levels of water in theinterior ditches, and the elevatioils of tile outlets determinj~ theoperating levels of the suction bay. For this reason the static lift."3usually can be determined best ,after the ditch system has beendesigned.
The maximum stage in the suction bay usually occurs when thepumps are unable to control the water and low areas of land areflooded. The minimum stage occurs when the ditches are pumpedvery low in order to extend the time until the pumps will need to bestarted again. In many cases it is desirable to hold the suction bayat a low stage in the spring in order to lower the water table in theground. The desirable maximum operating level, or optimum stageof the suction bay, ordinarily is the level that will ¢ve drainage tothe lowest important areas of cultivated land. The optimum stagemay vary with season of year and with weather conditions. Theordinary fluctuations in operating level may depend largely on theamount of storage in the ditch system. Large storage in sloughs orlakes at normal operating levels of the suction bay is advantageousfor several reasons. A run-off that temporarily exceeds the plantcapacity will not raise the water in the bay and the ditches so muchabove the "optimum" stage (the stage at which it is desired to holdwater in the suction bay), which results in better drainage for th8lendsof the district. Also, the water in the bay need not be pumped somuch below the optimum stage to provide a convenient intervalbetween pumpings.

Pumping the water low in the suction bay increases the static liftand tends to suck air into the pump, which decreases its efficiency.When a district has large storage a very small pump is not so essentialfor pumping during periods of small run-off. In some cases it maybe desirable to leave some low sloughs or lakes unreclaimed, in orderto provide storage capacity. 
MAXIMUM LIFT 

The maximum lift should be taken as the difference between themaximum stage of the discharge bay and the optimum stage of thesuction bay. The maximum lift must be determined accurately,because if estimated too low the capacity of the plant may be inadequate during floods. The maximum lift may be determined frommaximum recorded flood stages at nearby gages. Figures 2 and 3 



MemlJh1!J datum£I.v~';an in 'ee,. t ~ §
Grafton C5 

0·410.99 I \ 
\ 
\ 

Hordi" I 1\ I I I 
21"r' e$11 \.rl 1 1\\\ 

I(omosvilfe 0·409./0 \ \

31'1 milej 0-409.13 

P4~.?~I;~:~:~~~7~--~--~--~--~~~~ 

c '" 

~ 
dr/aile ell 
:: 51.6mile5 
l.:I Nac/~s I 

·c L:'~J::::~ n.J• ., I I \ \1 \1 \\ 
~ I. (;i.~ -C] \ ,
~ Lo Gronae Lor.k O~418.23 \ \' e 77.5 mile. 0-4IB.23 \' \ l\ 
~ BearLJ n.Lj \ \ l\~ 
"" BS.8m;;" I . I '!O\:!:~I I .I. I ~\ ~\:;I -Braw"ina 0-433.35 ',~. ~~\t {~~ 
§ §;;g _ 97.2mi/..I I 0 ~f"', <J~""'\ <;!! j ~ "??JI~ 
~g. ~ ~~i?~ ~ Balh 0"433.46 I \- ~ >-. .... ,1 to 
c.. til 111.7 miles r :;0 \ ~ 
~ ::;> I I i,1 ~ \ \ 
~ ~ Havana t?"431.93 ~ f'l .~. 
e:. cr 119.9mJles t ,. \ \!
i? I I ,1 ;;\\ \1 
o = ::"iveraool 0-440.30 ?l\- i \1\ 
- ~ 128.0 mj/~s - \ n 
5 I I '2\ I 
I:S Co"p~ras Creek Lock 0·427.75 \ 

;; 136( miT !°rz'r I \ \i~ 
!(i' Kineslan Mines 0~439.73 1\\ 
!!l _ 145.6 miles J I \ ~; 
c' ~ .t I 1.\ \ 
~ Pekm Oc430.57 ' 

~ IszrT.I\ \ \' 
~)>l.. Peoria. Lower Waoon Bridae \\O'~35.SZ \ 

III '::! m'" ,. I , ~ Peorlo. Upper Woaon BrldQe +--H'. 
~ 166.0 miles I , 

. ~"Lj ,,. '" " .,,~~ \ I I 
TSI.9miles I I I I IT IocJ" O. L2.99 I 1\ 
!symiler I 1111 Ii 

Henry O.435.6~ I 

~~ 19o(m1T °T4l7~ 


HimneDin .0-442.60 
?07.6ml/c3 ~\ 


l'epJe I \11 

-.z,3:"S·miJe$ II t .. \ \\\ 

,j
Peru 0 .. 440.';.,... 

.4ml/es
La Solie O~444.13 

221.5 mJ~e5 l 

mIDJll.o.::mIDV JIO 'Jd:i[([ 'S'.o. '068 Nl\.L(['1'I1la: 'IVOINHO:U 

,,,' '''.: f':",., , ,,-,',0.;:, '"~~£t .""'(~ .~ 

http:O~444.13
http:O'~35.SZ
http:Oc430.57
http:0~439.73
http:0�427.75
http:0-440.30
http:t?"431.93
http:0"433.46
http:0-433.35
http:0-4IB.23
http:O~418.23
http:0-409.13
http:0�410.99


, " 

;" leel - Memph/$ da'un1 
~ !!! 1Il 

co' o 

::! 
•Ham'bura. III. 

~ 
OJ "'\Icl:l::J~M] lil-) ~o'" 
~ .. 
S 
c e 
§.,. 
e s 
S IS,f,,-m,"s, I , , , , " -"- -,-'J.c e C011fcm. Mo._ J\. 

16pmi{es 1 I -1 l'-l--l-'l\"""" ~ 
i G~eoory~ Mo. 179.6 miles . \ 

'\.'. 
a. Warsaw, I".. O~479.i;

1116-:3miles T r.,.:;::'" 
Ctl= 

~.,-".. ~ ;:; g ~ d' 
. f § ~ 8 ~ !!l ~ 

~g. !U..,"i_mllesJ. 

e.~ 
s:: !2g!
i;...
_0 

~~. 
't:l • 
-;:: 
~!' 
<"
!!l 
g' 

I 
J:I 

t; 
C 27(.2 miles I ~ 
go r uS ofinJ Iowa • ~ 
J:J
; .~Z.~4.3.mHes ~ 

., 292.3 miles ?; x 
J:I 8 iii.,. 

XI I ~ 
Rock Is/ond Itt. m~ ~ 
Moline. Ittr 315.3 miles ,0, 

g LL...dau-e. 1=01. _ 1, ... 
t< -i,., 

'" !» 3'y.2m,eS r1 -\! 
I-Alba;,.. III. 343.1 miles \ 

"" 'fn -53.1
::!Ir 347.5 mt/es \ \ 

~Lallll \~~ 
367.0 mile. ~%.1\ 

! 8eJue. L" l \ l\~ 
s3l3mr~ I I I I I' I I -, ,- --\r-l---~
Q~Dubuaue. /0"" 0-522.5 I ~ f\ 

409--:8 m7iii~ - r 

L XIfl'IVA IdcIISSISSIW U:lIcIcIfi NI SJ.NVIcI BNIcINfld :lIBVNIVH<I 



8 TECHNICAL BULLETIN 390, U.S. DEPT. OF AGRICULTURE 

show profiles of maximum and minimum stages of the Illinois and 
Mississippi Rivers. Those are valuable for estimating maximum 
and minimum river stages at points between the gaging stations. 
The stages of the discharge bay for a plant located on a tributary 
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FIGURE 4.-Dally Stages of illinois River, 1927. 

ch,1l.nnel may be higher than for one located on the main river. Static 
lifts for 15 districts studied are shown in table 4, page 13. 

Figures 4 and 5 show the hydro graphs for selected stations on the 
Illinois River for 1927 and on the Mississippi River for 1929. The 
floods du.ring those years are believed to represent maximum condi
tions that pumping plants alon~ those rivers should be designed to 

http:0=421.25
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meet, both as to height and as to duration of flood. More extremeconditions probably would require increase in plant capacity as wellas in lift. Increasmg the lift unnecessarily increases the power required to drive the pumps and, what is more important, tends to 
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decrease the plant efficiency at lower lifts. The maxW.lUm lift forplant design can be decreased to some extent where the river fallsvery rapidly after reaching a crest. It is usually impracticable toprevent flooding of some low-lying areas by the worst floods. 



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

10 TECHNICAL BULLETIN 390, U.S. DEPT. OF AGRICULTURE 

Study of operating conditions during flood periods (pp. 20 to 24) 
shows the importance of designing a plant to p.ump its full capacity 
at the maximum lift. Full-capacity pumping, as the figure shows, fre
quently must be begun several days before the maximum river stage 
occurs and be continued until the flood crest has passed. A con
siderable period of inundation might cause greater crop losses in a 
single year than the entire cost of an adequate pumping plant. 

MINIMUM LIFT 

The minimum lift should be assumed to be difference between the 
minimum stage of discharge bay and the optimum stage of suction 
bay. Illinois and upper Mississippi Rivers remain near minimum 
stage for longer periods than at any other stage. Therefore it is 
important to have at least one pumping unit that will operate effi
ciently near the minimum lift. 

In many instances the minimum elevation of the discharge bay is 
above the minimum river ste.~e because the bay is considerably dis
tant from the river or obstructIOns intervene. The absolute mimmum 
stage of the discharge bay occurs so infrequently that it is not neces
sary that the unit be designed to pump with highest efficiency against 
the extreme low lift. Average low-water stages such as given in 
table 1 are probably better for estimating minimum lifts. For 
instance, as 8.9 and 8.7 feet for August and September are the average 
minimum stages k-r Beardstown, it is desirable to use elevations 
corresponding to a stage of 9 feet in computing the minimum lift for 
plants in that vicinity. The minimum stages of the Mississippi 
occurring in December, January, and February should be disregarded 
because they occur at a season when very little pumping is necessary. 
Figures 2 and 3 also can be used in estimating minimum lifts for 
pumping plants along the upper Mississippi aIld Illinois Rivers. 

TABLE I.-Average minimum stages 1 (feet) of Illinois and Mississippi Rivers, 
1925 to 1930 

ILLINOIS RIVER 

-
Station Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

Peoria, TIL________________ 13.6 14.2 15.6 16.0 14.0 12.5 11.7 10.8 10.9 12.0 11.9 13.2Beardstown, IlL ___________ 10.9 12.2 13.6 14.8 13.0 11.5 10.3 8.9 8.7 1 10.7Pearl, TIL __________________ 10.51 10.
8.4 9.8 10.3 12.1 10.3 8.8 7.4 6.1 6.1 8.0 7.5 7.8 

I 

MISS!SSIPPI RIVER 

-Dubuque, Iowa____________ 3.9 4.1 5.0 8.2 5.6 4.7 3.8 2.4 3.1 4.1 3.4 2.2
Davenport, Iowa ___________ 3.5 3.6 3.6 6.7 4.5 3.5 2.7 1.7 2.3 3.1 2.6 1.2Keokuk,Iowa______________ -.5 .3 3.2 6.9 4.2 3.0 1.9 .8 1.2 2.4 1.9 -.9 
~ulncy, TIL_________ •_____ 2.2 3.5 5.2 8.3 5.8 4.5 3.4 2.1 2.5 3.7 3.6 .9annlbal, Mo______________ 2.8 4.2 5.5 8.6 6.2 4.7 3.6 2.2 2.7 3.8 3.9 1.3 
St. Louis, Mo______________ 4.5 5.7 9.9 1.5.4 13.1 12.5 8.8 5.7 4.8 6.3 6.2 3.3 

I Weather Bureau gage readings. See IIgs. 2 and 3 for elevations, Memphis datum, of zeros of gages. 

AVERAGE LIFT 

The average lift for use in designing a drainage :pumping plant roo,y 
be determined from the average monthly lifts welghted according to 
the amounts of r:..n-off pumped in the respective months. 
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The. av:erage stag~s, .annu~l. a~d monthly, of the Mi~sissippi and 
the TIlinOlS at the prmmpal cltlesm the region where dramage pump
ing is commons,re given in table 2. The average stages are highest 
along the Illinois in March, April, and May and along the Mississippi 
in April, May, and June. Maximum river stagas occur somewhat 
later on the Mississippi because its drainage area lies fartber north. 
From this table the average elevations of the discharge hay can be 
approximated, b;V interpolating between the stages shown according 
to water slopes mdicated in figures 2 and 3. Consideration should 
be ~ven, of course, to any other available data relatin~ to water ele... 
vatlOns at the particular location of the proposed pumpmg plant. 

TABLE 2.-Average stages l (feet) of Illinois and Mississippi Ri~ers 
ILLINOIS RIVER 

~ ~ Period ofb /2 .. ,Q ,Q 

Station 2 ... S .g" S S § record (Ini ~ g .s elusive
,Q 13 » :>-" ~ I'l " (l 0 '" " § years)~ ~ " ;:s" -<"" ~ .:; ~ -<" 31"" 0 Z A" -<--_. -- - - - - - - -

Peoria, TIL __________ 12.3 13.5 15.4 15.8 14.1 12.9 11.5 10.5 10.4 10.8 10.9 11.7 12.5 1900 to 1930
Beardstown, TIL __ •__ 10.9 11.9 13.5 14.6 13.0 11.9 10.5 9.8 9.5 10.0 9.7 10.4 11.3 '1900 to 1930 
Pearl, m_____________ 8.1 9.1 11.2 13.4 11.2 10.0 8.2 7.0 7.4 7.2 7.9 9.0 e900 to lOOl7.01 1917tol930 

MISSISSIPPI RIVER 

Dav~rt, Iowa_____ 4.2 4.9 5.7 7.9 7.8 6.9 5.4 3.3 3.2 3.7 3.4 2.~ 4.9 1872 to 1930Keo ,Iowa________ 2.9 4.0 6.3 8.7 8.6 7.8 5.9 3.6 3.3 3.6 3.3 2.2 5.0 '1868 to 1930Quincy, TIL _________ 3.6 4.7 7.1 10.5 9.0 8.5 6.0 4.3 4.2 4.6 4.1 2.9 5.8 1911 to 1930Hannibal, Mo________ 3.7 5.2 7.6 10.8 9.5 9.3 7.1 4.8 4.4 4.7 4.3 3.2 6.2 '1905 to 1930St. Louis, Mo________ 6.9 9.1 13.9 18.6 18.4 19.5 17.3 11.2 9.0 8.3 7.8 5.9 12.2 '1861 to 1930 
1 

1 Weather Bu.·eau gage readings. See figs. 2 Bnd 3 for elevations of zeros of gages (Memphis datum) • 
• Records incomplote for 1905 to 19i.5. 

3 Except when river was frozen. 


The average monthly lifts can be estimated from the average eleva
tion of water in the suction bay and the average monthly elevations 
in the discharge bay. The average amount of pumping done monthly 
should be estimated as explained under Distribution of Run-off, 
page 16. The annual average lift determined according to the 
amounts of pumping done in different months will be more nearly 
correct than if taken as the difference between the annual average 
stages of the suction and discharge bays because more pumping is 
done when the river is high than when it is low. 

DETERMINATION OF RUN·OFF 

The run-off from a pumping district often' includes, in addition to 
the sudace flow, a large amount of seepage from nearby hill lands and 
from bordering rivers or creeks. . 

The rate of surface run-off depends on the distribution of rainfall, 
other climatological conditions, the size and shape of watershed, the 
ground slopes, the v:egetal cover, and the character of soil. The 
rate of seepage from hill lands is affected by the same conditions but 
especially by soil and subsoil characteristics. Thai'ate of seepage 
from adj!l-cent bodies of ~at~r depends e~pecially upon the. diiference 
m elevation of the wu.ter lUslde tJ.nd outSIde the dramage district, the 



! 
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extent of water-bearing gravel and sand tmder the district, and the 
length and location of drains touching the water-bearing strata. 
Because of the large nurnber of influencing factors, the amounts and 
rates of run-off to be pumped can best be estimated from comparisons 
with similar districts from which the run-off has been measured. A 
large amount of such data are available for the districts in the upper 
Mississippi Valley (4, 6) and will be discussed in the following pages. 
Considerable data are available also for districts in Louisiana (1, 2). 

For the design of a drainage pumping plant careful estimates should 
be made of (1) the average yearly run-off ,(2) the distribution of that 
run-off, (3) the maximum daily run-off, and (4) the minimum daily 
run-off.. The yearly run-off must be known in order to est~ate the 
annual cost of pumping and determine the feasibility of the project. 
The seasonal distribution of the run-off as well as the lifts must be 
lmown in order to design an efficient pumping plant. Themaximum 
daily run-off determines the total capacity of the plant, and the 
minimum run-off is important in determining the size of the smallest 
pumping unit. 

RAINFALL IN THE UPPER MISSISSIPPI V ALLEY 

The normal annual rainfall at 14 stations on Illinois and upper 
Mississippi Rivers, as determined by the Weather Bureau varies from 
32.14 inches at Davenport, Iowa, to 37.44 inches at St. Louis, Mo., 
and the normal monthly precipitation from 1.03 to 4.95 inches, as 
shown in table 3. 

TABLE 3.-Normal monthly and annual precipitation (inches) along llli·n.oiIJ and 
Mississippi Rivers 1 

ILLINOIS RIVER 

An-Station ~~n. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. nual 

---------------- '-------
~ ". Peoria, TIL___________ 1.78 2.01 2.73 3.38 4.06 3.77 3.58 3.12 4.03 2.29 2.37 1. 77 34.89

Havana, TIL_________ 2.03 1.71 2.85 3.21 3.70 3.82 3.82 2.97 3.97 2.09 2.06 1.87 34.10 
Beardstown, TIL_____ 1.63 1. 52 3.15 3.32 4. 21 3.56 3.00 3.59 3.92 2.57 1.89 1.65 34.01
Pearl, IlL___________ 1. 03 1.04 3.47 4.25 3.35 3.19 2.20 3.25 4.95 3.93 2.25 1.75 34.00Grafton, TIL _________ 2.22 1. 97 3.39 3.77 3.94 3.80 3.23 3.50 3.7512.79 2.39 2.43 37.18 

I 

MISSISSIPPI RIVER 

Dubuque, Iowa__ 1.38 2.03 2.85 4.22 4.31 3.94 3.24 4.01 2,48 1.70 1. 44 32.90 
Davenport, Iowa. ___ 1.42 1.58 2.31 2.69 3.94 4.11 3.33 3.49 3.58 2.39 1. 82 1.48 32.14 
Muscatine,Iowa__.__ 1. 84 1. 92 2.60 3.28 4.42 4.43 3.71 4. 14 3.60 2. (;5 2..30 1.06 36.85 
Burlington, Iowa. __ 1. 76 1.81 2.51 3; 10 4.53 4.29 3.41 3.73 3.92 2.28 1.86 1.60 34.80 
Keokuk,Iowa_______ 1.56 1. 55 2.38 2.99 3.93 4.13 3.41 3.20 3.84 2.26 1.94 1.45 32.64
Quincy, Dl ______..__ 1.68 1. 57 2.35 3.10 4.22 4,11 3.47 3.13 4.68 1.96 1.87 1.51 33.65
Hannibal, Mo _______ 1. 72 1.86 2.60 3.19 4.35 3.90 3,09 3.34 3.97 2.39 2.00 1.64 34. O! 
Louisiana, Mo_______ 2.02 2.35 2.90 3.38 4.56 3.95 3.12 3.73 3.95 2.63 2.28 1.69 36,56 
st. Louis, Mo________ 2.34 2.56 3,38 3.81 4.34 3.82 2.98 2.99 3.46 2.72 2.83 2.21 37.44 

•__.ll. 30 

Average for 14 statlons______________ 1. 74 1.77 2.76 3.31 4.13 3.94 3.31 3.39 3.97 2.53 2.12 1.74 34.71 
I 

I U.S. Weather Bureau records. 

The maximum 24-hour rainfalls that have been recorded at those 
stations range from 4.80 inches at Keokuk to 7.02 inches at St. Louis. 
The maximum rainfalls have occurred during the growing season whet: 
evaporation and transpiration are large and the ground is likely to 
absorb a large portion of a heavy rainfall. Rains exceeding 5 inches 

http:3.7512.79
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in 24 hours have not beenrecordid at any of the stations during 
October to April, inclusive. A total rainfall of 15.56 inches recorded 
at the Scott County plant from August 30 to September 9, 1926~ 
started one of the highest and most prolonged floods lmown on Illinois 
River. Recorded precipitations were 5.18 inches on September 4 
.and5.95 inches on September 8. 

ANNUAL RUN-OFF 

The best way of determining the average annual run-off from 
districts where no records are available is by comparison with districts 
whose topographical, soil, drainage, and static lift conditions are 
simill).r. The estimated average annual run-off for certain districts 
in.the upper Mississippi Valley, with the static lifts and the amounts 
that backwater from power and navigation dams have iLcreased the 
minimum lifts, are shown in table 4. 

TABLE 4.-Estimated annual run-off to be pumped, static lifts, and backwater 
effects for typical districts 

GROUP I.-ILLINOIS RIVER PISTRICTS PUMPING CONSIDERAB~E SEEPAGE 

Static liftAvera!(c Backnm~ff I-----~----~------IKey NO;I District waterdepth A Maxi- Minimum . effect apumped 2 ~~Se mum monthly 

-----1----------1---------------
Inches Feet Feet Feet Feet22_______________ South Beardstown _______________ _ 35 14 24 9 10 

24 12 22 8 1018 _____________ Coal Creek _______________________ _ 
35____,,__________ Eldred___________________________ 20 7 18 1 '1119 ______________ Crane Creek ______________________ 16 11 21 7 10 

GROUP 2. ILLINOIS RIVER DISTRICTS PUMPING LITTLE SEEPAGE 

28 _______________ Valley CIty_____________________ _ 
16 11 20 6 66______________ Banner Special ___________________ _ 15 12 23 8 930_______________ Scott County_____________________ 14 12 22 7 627 _______________ McGee Creek _____________________ 14 10 20 4 533___ ______ __ ____ HartweIL________________________ _ 14 11 18 4 9 

I 

GROUP 3. :MISSISSIPPI RIVER DISTRICTS PUMPING CONSIDERABLE SEEPAGE 

52 ______________1 Green Bay________________________ /
fL______________ Henderson County _______________ 32/ 13/27 13 

, 
GROUP 4. MISSISSIPPI RIVER DISTRICTS PUMPING LITTLE SEEPAGE 

43_______________ 1 Ba:; .T.Sland___________________--__ / o57_______________ Indian Grave _____________________ _ l,'i / 17112 16 o 

GROUP 5. DISTRICTS HAVING SOME GRAVITY DRAINAGE 

;9_______________1 Fabius___: ________________________ 1 o29___ ______ ____ __ Mauvaisterre ____________________ _ 6~I ~I 
1 For identification in figures 1 and 10 and table 7. 
, The !lgure for Ooal Creek district is the average for 16 years; the figures for South Beardstown Green. 

Bay. Banner Special. Hartwell, nnd Indian Grave districts were determined from long records 01 power
used lind records of pum.ping lor shorter periods; the estimates for the other districts then were based largely 
on comparisons of amounts of pumping recorded by those districts with .the amounts by the districts Just 
Damed (4. p. 81). 

• Height that minimum river stages have been raised by dams. 
, Along upper part 01 district only. 13ackwatur increases seepsl?e. but does not alIect lilt. 
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The .average annual lifts were 'estimated from records of lift pub
lished elsewhere (.~: p. 81), long-time records of river stages, the dis
tribution·of run-off and the optimum suction-bay stages. The .maxi
mum lifts were determined from river-stsge records and optimum 
suction-bay stages. The minimum lifts represent the least monthly 
average recorded with the suction bd.y at optimum stage. The 
amount that the minimum river stages were raised by backwater 
from dams was determined from profiles of low water before and after 
the dams were installed in the rivers. 

The districts have been grouped according to the amount that back
water from dams increased the run-off to be pumped. Districts 
having an average annual run-off of 20 inches or greater evidently 
wem .materially Sl,ffected by backwater. This represents an increase 
of at least 6 to 8 inches in annual run-off due to the dams. . 

The Crane Creek district has been included in the same group 
because its run-off has also been increased greatly due to the dam. 
A large proportion of the district is relatively high, and if it were 
not for the dam, this district could obtain gravity drainage a large 
part of the time and would pump probably 8 inches less depth than 
now is necessary. The Valley CIty district, on the other hand, is so 
low it could obtain very little gravity drainage even if not affected by 
backwater, and existence of the dam probably does not increase the 
average run-off to be pumped by more than 2 or 3 inches per year. 

The estimated average annual run-off of districts of group 1, the 
districts that pump a considerable amount of seepage from Dlinois 
River, ranged from. 16 to 35 inches depth over the watershed area. 
The South Beardstown, Crane Creek, and Coal Creek districts are 
above the dam at La Grange, m. Only the upper part of the Eldred 
district is affected by backwater, but the run-off pumped is 20 inches 
per year. The lifts are not affe.cted by backwater because the pump
ing plant is below the dam. 

The avemge run-off pumped from the Dlinois River districts of 
group 2, (table 4) varied only from 14 to 16 inches. Apparent.ly there 
was little seepage into these districts and the run-off was little affected 
by backwater from dams except that no gravity drainage could be 
obtained. .Although the dams increased the low-water stages at 
these districts from 5 to 9 feet, part of this increase was without effect 
because the low-water stages of the TIlinois prior to the time that the 
dams were put in, were, in some cases, below the normal stages of 
the suction bay. The districts of group 2 have tight soils which re
duce seepage to a minimum, and the records indicate that backwater 
from dams may be of little importance if the subsoils are sufficiently 
tight. 

Group 3 comprises two districts on the Mississippi affected by back
water from the Keokuk dam. The dam holds the water at almost 
constant elevation at the Green Bay district, where the minimum 
lift is 10 feet and the maximum 13 feet. . 

Group 4 comprises two Mississippi River districts not affected by 
backwater from dams, but which obtain no gravity drainage. The 
run-off from these districts varies from 12 to 15 inches, which is con
sidered typical for districts in this territory that have to pump all 
run-off but into which there is little seepage. 

Group 5 comprises two districts having some gravity drainag~ 
which pumped f\.verage run-off depths of 5 to 7 inches. . 

http:Apparent.ly
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These data indicate that the run-off from districts not affected 
greatly by backwater 'from dams ranged from 12 to 16 inches, whereat; 
the districts that were affected by seepage pumped from 16 to 35 
inches. The difference in amount of seepage at equal lifts is largely 
the result of differences in porosity of subsoils and the extent to which 
the drainage ditches cut into the porous strata. 

The rauoof pumped run.-ofi' to rainfall increases with the static 
lift, due partly to greater seepage, and partly to the natural occurrence 
of high average river stages in the years of large precipitation and 
consequent high ratio of surface run-off to rainfall. ~ure () shows 
how this ratio ·of pum.ped run-off to rainfall increased With the static 
lift for those districts for which adequate records were available. 
The differences in the position of the curves doubtless are largely the 
result of diffe:rences in amounts of seepage. 

The Henderson County district had a very high ratio of run-off to 
rainfall although its average lift ranged only from 5 to 8 feet. It is 
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FIGURE 6_-0bserved relation between the ratio of pumped run-olI to rainfall and the static lift for certain 
drainage districts. 

almost entirely underlain by water-bearing sand strata\;.illch are 
tapped by the drainage ditches and form the bottom of a lake of 
about 20 acres at the llumping plant. The ratio of river frontage to 
area protected also is high. About half the South Beardstown dis
trict consists of low lake beds that are underlain by sand strata and 
badly seeped. during river floods. Much of th.e remainder of this 
district is low but has tight subsoiL The Eldred and the Indian 
Grave districts are high with respect to the river and contain coarser 
soils than the South Beardstown. Probably half of each shows 
seepage and the remainder of each district is too high to be so affected. 
The flatter slope of the Bay Island di~t-rict curve is believed due to 
the fact that half the area drained is hill land which is not affected 
bv seepage, and the remainder is similar in character and situation . 
to the Indian Grave district. Approximately one fifth of the Ooal ' 
Creek district may be classed as seeped, but tlle remainder has tight 
subsoil. The other five districts represented ill figure 6 have less 
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.than 10 percent of their areas badly affected by seepage. The . 
greater portions of the Crane Creek, McGee Creek, Hartwell,and 
Scott County district!} are high in relation to river stages. The 
Valley City district, like the Banner Special district which is not 
shown in that figure, has extensive low-lying lake beds but the drain
age ditches are largely iu silt or clay soil and seepage is not great. 

TheOoal Creek and the South Beardstown data are tnebest 
available for districts that drain low lake beds. The average run-off 
from the Coal Creek district for 16 years was about 70 percent of 
the rainfall, at an average lift of about 12 feet. The South Beards
town plant operates against unusually high lifts, and a large part of 
the district is composed of a low lake bed underlain by sand strata, 
conditions that are conducive to large seepage. The average depth 
of run-off pumped by the South Beardstown plant in the 6 years, 
1925 to 1930, was 7 percent greater than the rainfall, and the aver
age lift was 15 feet. The estimated annual run-off is 35 inches, at 
an average lift of 14 feet (table 4). The amount of gravity drainage 
from the Eldred district is so small (4) that it does not materially affect 
the accuracy of the curve shown in .figure 6. 

The run-off to be pumped from a district that will obtain some 
gravity draina~e can best be estimated from records of similar dis
tricts, considenng the effects of dilferences in lifts and in porosity of 
subsoils. Estimates can be made also from records of low-lift dis
tricts such as Indian Grave or Bay Island, deducting the probable 
run-off during months when gravity drainage is expected. 

DISTRmUTloN OF RUN-OFF 

The principal factors that cause seasonal variations in amount of 
run-off are (1) variations in amount of rainfall, (2) variations in 
seepage due to fluctuation of river stage, (3) transpiration by plants, 
(4) evaporation, and (5) degree of saturation of the ground. The 
combined effect of these factors upon the average monthly run-off 
pu::nped by a nunlber of typical districts is shown in figures 7 to 9 
with the average monthly rainfall and static lift. The run-off usually 
varied more nearly with the fluctuations in lift than with the varia
tions in rainfall, both. because the seepage increases as the lift in
creases and because [~enerally the run-off from the district and that 
from the watershed 0:1 the river are influenced by the same weather 
conditions. 

Plants that pump large quantities of seepage, such as the South 
Beardstown, Henderson County, and Coal Creek which operate 
against lifts of 6 to 8 feet during low sta~es of the river, usually pump 
more or less continuously during the dry months. The dry-season 
run-off was comparatively small from the other districts shown in 
figures 7 to 9. 

Rlm-off distribution for a proposed plant will be similar to that of 
nearby plants on the same nver, though in making comparisons the 
effects of differences in static lifts, in soils, and in plans of drainage 
should not be disregarded. The difference in static lifts will be 
fairly uniform throuf:lhout the year. It can be estimated by com
paring lifts for the eXISting and the proposed plant,; through a period 
of several days. 
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1£ the run-ofl' distribution at an existing electric pumping plant is' 
not known, that can be determined with fair accuracy from the 
power-consumption records. The power consumption in kilowatt
hours per acre-foot pumped for various lifts can be determined from 
tests made, or can be approximated from the pump manufacturer's 
rating curves with suitable allowance for reductIOn in pump efficiency 

ILLINOIS RIVER SEEPED DIS1'RICTS 

1~I~l~J~~I~ltl~I&I~ I~_~ ~I~I~I~I~I~I~IS~I~I~ ~I 
SOUTH BEARDSTOWN COAL CREEK 

6-year record 16-yeat' record 

Average static lift Average static lift 
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Average rainfall and run-off Average I"ainfall and run·off 

5 5 

4 A 

:3 :3 

2 

II~Dj 

II~ 0 
Rainfall 0 Run-off I Rainfall 0 Run·off I 

CRANE CREEK ELDRED 
5-year record G-year record 

Average static lift Average static lift 
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B'IGUBE 7.-A,veragB operating condItioDB for typical districts on DIlnoiB River tlumping much _page. 

on account of age and condition of equipment. Power consumption 
in indicated horsepower-hours per acre-foot by a number of plants 
has been published (4, p. 81). From the power consumption and 
average lift for each month, and the power consumption per acre-foot 
pumped at that lift, the amount that was pumped each month can 
be calculated. 

2643·-33-~ 
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MAXIMUM DAILY RUN-OFF 

The first drainage pumping plants along the lllinois and upper 
Mississip~i 'Yere almost invariably of nJ.adeq~ate caP!1<?ity. The 
plants built smce about 1910 have been larger, Wlth capaCItIes usually 

;- of one fourth to one half inch run-off depth per 24 hours. A few 
plants apparently have unnecessarily large capacity, but about nalf 

lLLlNOIS RIV~R' NON-SEEPED DISTRICTS 

s ..; ~ u 
<II"'~~ ct~.§ ~:! ~ ~I~ 11~J.\/ !lll~lo, ~u 111 ~ ~ ~ ':) ,,"" 'S ') ~ ") 0 ~ ~ ~~~~~~~~~a1/ ~I ~"'~11/ ~ ~ ~ 

VALLEY CITY SCOTT COUNTY 
3-year record 3-year record 

Average s{'atlc lift Averas" static lift 
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MCGEE CREEK HARTWELL 
3-year record 2-year record 

Average static lift Average static. lift 
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FlOUBE S.-Average operating conditions for typical districts on Illinois River pumping little see page. 

of those studied were inadequate to hold down the water properly in 
the suction bay and prevent heavy crop losses during the worst 
storms. However] an economic limit to size of plant is reached when 
provision of additIOnal capacity costs more than the damage to be 
prevented.. Proper determination of the maximum rate of run-off 
to be pumped is the most important problem in designing a plant. 



A proposed plant must b~Jarge enough to provicl~ adequate drainage, 
yet unnecessary capacity is a ~~ste of money because the first cost 
of a plant is almost proportional to its size. 

T.abls 5 gives the design factors actually used in designing the 
pumping plants covered in this investigation, the design factors 

MISSISSIPPI RIVER DISiRICTS-

HENDERSON COUNTY BAY iSLAND
4-year record 6·year record 

Average static lift Average static lift 
10 
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NONSEPPED GRAVITY DRAINAGE 
INDIAN GRAVE FABIUS

5 -year record 4-year record 
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FIGURE 9.-Average operating conditions for typical pumping districts on Mississippi River. 

recommended for those plants as a result of the study presented in 
the succeeding pages, and the actual plant capacities at the recom
mended maximum lifts as determined from rating curves prepared 
from tests of the plants. 
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TABLE 5.-Designfactors for certain pumping draina.ge districts 

District Actual design factors Rccommended dEISign factors' Actual 

----,~----------I----.----II----.----.---l ~homcapacity 

Key no. 1 Nnm.e ~~ Total Average ~~ ~~.~~t 
24-hour head on annual 2~-hom static recom
run-{)fi pumps 	 run-{)fI' run-{)fI 3 lift mended

I 
----1---------1-------------------

Inches Feet Inche. Inches Fed Incha22__________ South Beardstown_________ _ o.as 27 35 0.43 24 0.4.452__________ Green Bay__________________ .36 26 32 .41 13 .4851._________ Henderson Cotlnty_________ _ .26 15 27 .38 13 .2618__________ Coal Creek. ________________ _ .26 Ig 24 .36 22 .2335__________ Eldred________________...__ _ .52 14 20 .34 18 .2419__________ Cruue Creek _______________ _ .26 24 16 .32 21 .2228__________ Valley Clty________________ _ .26 21 13 .32 20 .2643__________ Bay Island_________________ _ .23 15 15 '.26 Ii .126___________ Danner SpeciaL ____________ _ . 37 20 15 .31 23. .3130 ___ ..._____ Scott Coudy______________ _ .35 22 14 .30 22 .3027__________ McGee Cr2ek ______________ _ .40 16 14 .30 20 .3433__________ HartweIL__________________ _ .55 21 14 .30 18 .4457._________ Indian Grave______________ . .27 17 12 .29 16 .21 
.34 16 7 .26 13 .27 

29__________ Mauvaisterre___ ---------- __I .15 17 5 .25 12 .15 

59__ . _______ Fabius_____________________ _ 

1 For identification in figures 1 and 10 and table 7 . 
• See table 4. 

, Computed as 0= 1.00 (0.22+0.006 r). 

4 Computed as 0=0.85 (0.22+0.006 r), because of large area drained. 


To determine the proper capacity of pumping plants for economical 
drainage in this region, careful study was made of the pumping records 
obtained from the 15 plants listed in table 4. Various methods of 
comparing these data for calculating economical plant capacities were 
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FIGU'':>& 1O.-Actual and recommended plant capacities at maximum lifts for drainage pumping piants in 

upper Mississippi Valiey. (Numbers Identify data in tables 4 and 5.) 

examined, but because the capacity of a drainage pump decreases as 
the lift increases it was concluded that capacity at maximum lift is 
the most satisfactory basis for design. Comparison of these plants 
was greatly simplified by reason of the drainage areus being similar in 
topography, crops, weather, river fluctuations, and generally in size. 
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After investigating the experiences of the drainage districts, the 
probable frequency of river floods, aItd the damage to crops resulting 
from lack of drainage it was concluded that for average agricultural 
lands in the upper Mississippi Valley a drainage pumping plant should 
be able to prevent flooding of large areas for periods longer than 3 or 
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FIGURE H.-Pumping during flood periods by plant having adequate capacity. South Beardstown plant, 
1926 to June 1927. 

4 days during flood conditions as severe as those that occurred in 
1926, 1927, or 1929. The required capacities fer the different plants 
were found to vary considerably because of large differences in the 
amounts of seepage. The rate of seepage at any time is not deter
minable, but it appears that the required capacity of a plant is related 
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FIGURE 12.-Pumping during flood periods by plant having adequate capacity. South Beardstown plant, 
September 1927 to 1929, and Green Bay plant. 

to the total run-off to be pumped annually. Both plant capacity and 
annual run-off pumped. are integrations, for different periods, of the 
effects of the same factors-rainfall, topography, vegetatIon tempera
ture, river stages, and nature of soil and subsoil. 

In figure 10 the actual plant capacity at maximum lift, G,bas been 
platted against the average annual run-off to be pumped, T, for each 
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'Plant. Those plant capacities were detennined from rating curves 

prepared from tests of the pumps, and the amounts of run-off are 

those_ shown in table 4. In figures 11 to 18 are shown the daily 
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FIGURE la.-pumping during flood periods by plant having adequate capacity. Banner Special, SCOtt 

County, McGee Creek, and Hartwell plants. 

records of rainfall, run-off pumped, and stages of the suction and
Thosedischarge bays dm-mg flood periods, for 14 of the plants. 

records and the reclords of the Fabius plant indicate that, at maxi-
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plnnt. 

mum lift, 4 of the 15 plants studied had capacity just about equal to 

that necessary for rnamtaining proper drainage ill the respective dis

tricts, that 3 plants had capaClty greater than necessary, and that the 

other 8 plants were not adequate. 
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The adequate plants lowered the suction bays nearly to the optimum 
stages within a few days even during extrenm floods. With the inade
quate plants, however, the suction bay stages remained 4 to 6 feet 
above the optimWID for periods of 2 weeks or longer, although pumping 
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FIGURE IS.-Pumping during flood periods by plant havillg inadequate capacity. Coal Creek and Eldred 
plants. 

at full capacity was continuous. Flooding of Green Bay district in 
September 1926 (fig. 12) was due to a break in the levee, and flooding 
of McGee Oreek district in March 1929 (fig. 13) was caused by lack of 
fuel for 3 days. The height and rapidity of the rises in the suction 
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FIGURE l6.-Pumping during flood periods byplant having inadequate capacity. Crone Creek and Valley 
City plants. 

bay of Valley Oity plant (fig. 16), when flood conditions were not 
particularly severe, apparently indicates that the capacity of that 
plant was slightly inadequate. 

For the eight plants of inadequate capacity, estimates were made 
of the required capacities at the mn...wnum lifts and these also have 
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been plotted in figure 10. For all except the Mauvaisterre and 
Henderson County plants (nos. 29 and 51, respectively) those esti
mates are actual quantities pumped during floods, but at low lifts 
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FIGURE 17.-Pumping during flood periods by plant having inadequate capacity. Bay Island plant. 

resulting from high suction-bay stages, when the water in the suction 
bays was being lowered so rapidly as to indicate adequate rates of 
pumping. The two plants named could not pump at any lift a 
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FIGURE lS.:"-Pumplng during flood periods by plant having inadequate capacity. Indian Grove and 
Mauvnlsterre plants. 

quantity that would be necessary at maximum lift, so the required 
maximum-lift capacities were estimated from consideration of the 
perfonnance of those plants and the evident requirements for similar 
plants. 



I>RAfNAGE PUMpING PLANTa IN 'UPPER MISSISSIPPI VALLEY 25 

FORMULAS FOR PLANT CAPACITY 

In order to determine a formula for computing the required capaci
ties of drainage pumping plants in the upper Mississippi Valley, a 
strai~ht line was drawn in figure 10 as nearly as possible through the 
4 pomts representing plants of adequ:1te but not excessive capacity 
and 7 of the points representing estimated requirements of inadequate 
plants. The Bay Island plant (no. 43 in fig. 10) drains a much larger 
area than any of the other plants, and its required capacity .in run-off 
depth is much less than that of the other pLants. 

The equation of the line of recommended capacities in figure 10 is 

0=0.22+0.006r (1) 

The equation seems to express the proper r~lation of plant capacity 
to total annual run-off pumped for all except the Bay Island plant, 
which drains 52,000 acres whereas most of the plants drain less than 
16,000 acres. That plant apparently had sufficient capacity when 
PU!llping about 0.26 inch of run-off per day at high stages of the suc
tion bay (fig. 17). The equation would apply reasonably well to the 
Bay Island plant if the factor 0.85 were introduced, which suggests 
that a general formula should include a coefficient related to the size 
of drainage area. The estimated requirement for the Indian Grave 
plant (no. 57) shows the next greatest depal'turefrom the line of recom
mended capacities. The formula would fit that plant, which drains 
21,000 acres, with a coefficient of about 0.95. Because. of these 
variations, formula 1 is recommended as applying to plants pumping 
from areas of 3,000 to 15,000 acres. 

It is also desirable to have a coefficient by which the capacity of 
plant can be varied according to the de~ree of protection required for 
the property in the district. It is beheved expedient, however, to 
use one coefficient for both size and adequacy, which would be the 
product of the two separate factors as determined by the designing 
engineer. Thus for drainage pumping plants in the upper Mississippi 
Valley the formula would be 

0=K1(0.22+0.006r) (2) 

in which Kl would be the size and adequacy coefficient. 
The maximum daily run-off logically comprises rlill-off from rain

fall upon the drainage area, just as for aU-gravity drainage systems, 
and seepage from the high water bordering the district. The value 
of 0.22 in equation 1 is slightly less than the 0.25-inch run-off depth 
generally accepted as the necessary capacity of all-gravity drainage 
systems in the region where these pumping studies were made. In 
figure 10 the line of equation 1 cuts the line of 0.25-inch daily run-off 
au 'f =5, which is the lower limit of the range of pumping studies and 
also the probable minimum annual run-off for which !l. pumping 
plant would be installed. Therefore, formula 2 might be modified to 
read 

0=K1[0.25 +0.006(r- 5)] (3) 

which would, with proper values of K 1,' fit all the plants studied in 
the upper Mississippi Valley. In general terms, this might be 
written 

(4) 

http:0=K1[0.25


TECHNICAl,. BULLETIN 390, U.S. DEPT. OF AGRICULTURE 

. in which 
C=plant capacity at maximum lift, in inches depth of run-off for 24 hours 

KI =size and adequacy coefficient, depending upon area ru:ained aud ade
quacy of drainage 

K 2=rainfaU-ran-off coefficient, equal to the run-off capacity for aU-gravity 
systems draining similar areas and topography 

Ka=seepage coefficient, indicated by the slope of the line of recommended 
capacities 

r=total annual run-off to be pumped, in inches depth over the drainage 
area 

a=number to be determined empirically for each particular region. 

Although a straight line seems to represflnt the relation of plant 
capa(·ity to total run-off pumped within the limIts of the data ob
tainau, it is not improbable that this r'elationship would frequently 
be a regular curve which could be expl'essed by formula 4 with some 
exponent other than unity, 01' a varying exponent, for one of the 
terms in the formula. 

APPLICATION OF FORMULAS 

To compute maximum daily run-·off for design of upper Mississippi 
Valley pumping plants it is recommended that formula 2 be used as 
foll{)ws: 

O=K1 (0.22 +0.006r), 

With K = 1.0 for agricultural districts growing corn and grain crops, 
ranging in area from 3,000 to 15,000 acres. This coefficient should 
be decreased with increase in drainage area, by about 15 percent for 
areas of 50,000 acres. Where more complete protection is required, 
as where valuable town property is involved, the coefficient should 
be increased from that determined for an equal area of farm lands. 

The average annual run-off, r, may range from 5 to 12 inches for 
districts obtaining considerable gra.vity drainage, from 12 to 16 
inches for nonseeped districts pumping all run-off, and from 16 to 
35 inches for heavily seeped districts. The amolmt of this run-off 
can best be estimated by comparing the drainage area under consid
eration with those described on pages 13 to 16 in rega,rd to soils and 
elevation with respect to river stages and then applying the conditions 
of static lift for the proposed installation (determined as explained on 
pages 5 to 11) to the appropriate curve in figure 6. 

Wb.en there is large storage capacity for run-off outside the drain
age ditches, a deduction may be made from the run-off coefficient 
determined by formula 2. The data presented in this report relate 
to districts in which there were not more than a few acres of storage 
available in lakes and. sloughs. As the total storage available must 
be utilized through a period of 2 weeks or more, it will not materially 
affect the required capacity of the plant unless it amounts to as 
much as half the maximum daily pumping capacity. 

The general application of formula 4in regions where the va~ues 
of the coefficients Kll K2 , K 3, and a are not indicated by exist~g 
pumping records will be attended with some uncertainty. It is 
believed, however, that with this formula, or the simpler formula 2 
applicable in the upper Mississippi Valley, more certain results can 
be obtained than by estimating plant capacity without some such 
guide. 
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It is believed that in using the formula 

0=K1[K2 +Ka(r-a)] 

Kl will notvary with respect to geogrllphic location of the drainage 
area. K z, K a, and a are believed to be regional coefficients, varying 
only with large differences in area, topography, drainage, farming; 
and climatic conditions. In any particular region the rainfal;l-run-off 
coefficient, K 2, would be taken as the capacity required for gravity 
drainage districts, determined from local records and experience or 
calculated by the rational method of computing run-off. The seepage 
coefficient, Ka, and a can be determined accurately only from exten
sive· pumping records in the region. It is believed that the values 
applicable in the upper Mississippi Valley may be used if the soils 
and pumping lifts are at all comparable. The amount of annual 
run-off to be pumped, r, may be estimated by a comparison of s~.:.ls, 
ground elevations, and static lifts with the same elements for the 
districts described on page 14 and graphed in figure 6 .. 

As an example of the application of formula 4, the required capac
it-y may be calculated for a pumping plant to drain about 10,000 
acres of river-bottom land, including some village property, in a" 	 region where the average annual rainfall is 45 inches but no drainage 
pumping records are available. A study of river stages and ground
surface ebvations indicates that the maAimum static lift will be about 
24 feet, tbe minimum monthly lift about 8 feet, and the average 
annual lift approximately 14 feet. No considerable storage will be 
available outside the drainage ditches. Seepage of the land and 
subsoil borings show that .about 20 percent of the area is underlain 
with sand strata that will be tapped by the ditches. . 

By comparison of these data with upper Mississippi Valleycondi
tions, the size and adequacy coefficient is estimated as 1.1 because of 
the village property to be protected. The value of Kz is takeu as 
0.35 inch, the daily nm-off capacity of gravity drainage systeill.s in 
the locality. The values of Ka and a in formula 3 are used. The 
seepage and soil conditions are similar to those of the- Ooal Oreek 
district (p. 15), therefore the curve for that district in :fi.gure 6 is 
ilsed to determine the relation of run-off to rainfall. For a static 
lift of 14 feet that curve shows the run-off to be pumped annually 
as 87 percent of the rainfall, which would be 39 inches depth over 

;

the proposed district. Substitution of these values in formula 4 • 

gives 
0= 1.10[0.35 +0.006(39- 5)J =0.61. 

Thus the capacity of plant is determined as 0.61 inch depth per 24 
hours on 10,000 acres, or approximately 115,000 gallons per minute. 
This capacity should be provided at 24-foot lift. 

MINIMUM RUN.OFF 

The minimum rate of run-off is influenced by the elevation, size, 
and slope of ditches leadinl':.( to the pumping plant or the available 
storage in lo,kes or sloughs near the plant. An analysis of these 

Iri 	 factors .should be made to determine the minimum size of pump 
needed. 

http:1.10[0.35
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SELECTION OF PUMPS 

Centrifugal, screw, and mixed-flow pumps are the types most suited 
for drainage pumping. Centrifugal pumps are best adapted for 
pumping against heads exceeding 12 feet; screw and mixed-flow pumps 
are more efficient at heads less than 10 feet. The advantages of using 
more than one type of pump should be considered in proposed instal
lations, a centrifugal pump for use at high heads and a screw or mixed 
flow pump for efficient pumping at low and medium lifts. In some 
plants it may be desirable to .install one or more pumps that are 
especially efficient, to do most of the pumping. 

The screw pump and the mixed-flow pump operate at higher speeds 
for similar conditions than the centrifugal pump. This is an ad
vantage, particularly for electrically driven units, because high-speed 
motors cost much less than low-speed motors and a high-speed pump 
can be direct-connected to a cheaper motor. 

CENTRIFUGAL PUMPS 

The double-s'lction volute centrifugal pump was used almost 
exclusively in draina,ge plants in the upper Mississippi Valley for 
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FIGURE 19.-Characteristic curves of typical modern centrifugal pump (field tests of 36-inch pump, Hunt 
plant). 

about 20 years prior to 1928. Single-suction centrifugal pumps were 
used in many earlier plants, but such arc used now only in very small 
sizes (pI. I,A). . 

Considerable development of centrifugal pumps has taken place 
since 1915. Characteristic curves are shown in figure 19. An 
increase of almost 20 percent in efficiency has been obtained by 
improved design. However, the efficiencies of old low-speed, steam
driven pumps in the Bay Island and Henderson County plants were 
approximately as great at low and medium lifts as the efficiencies of 
recent higher-speed pumps. Such low-speed pumps would not be 
economical now because difficult to adapt to electric or oil-engine 
operation and more costly because of greater weight. At the present 
time, efficiencies of 80 to 85 percent are guaranteed and obtained on 
centrifugal pumps at heads above 18 feet. The Francis-type impeller, 
with specially curved vanes, is particularly efficient for drainage 
pumping. 

;:',,',. 
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Centrifugal pumps have a long life and are dependable. They 
usually have a greater capacity than the same size screw or mixed-flow 
j>umps, especially against the higher heads. They often have 8. 
slight price advantage in comparison based on capacity rather than 
size. However, a small difference in first cost is less important than 
an appreciable difference in average operating efficiency. 

SCREW PUMpS 

The true screw pump is a patented type, and is especially adapted 
for low-head pumping (pI. 1, B). The impeller has many blades, 
somewhat similar to those of a ship propeller, set on the .shaft at angles 
determined according to the head and speed. The direction of flow 
through the pump does not change as in a centrifugal pump. A spiral 
motion of the water results from the screw action, but is corrected by 
diffusion vanes. The type has been in successful operation in 
Louisiana for many years but only since 1928 have such pumps been 

offered. in sizes required by the upper Mississippi Valley drainage 
plants at prices to compete with centrifugal pumps. 

The screw pump operates at high efficiencies against heads less than 
10 feet, and against fluctuating heads more efficiently than does the 
centrifugal pump because it retains nearly maximum efficiency 
th:rough a greater range of head (fig. 20). One of its disadvantages is 
that the dischal-ge falls rapidly at heads above 15 feet. For this 
reason its use is somewhat limited in the upper Mississippi Valley. 
The screwpump can be bull t so the flow can bereversed if it is wanted 
for both irrigatIOn and drainage. This is quite an advantage for some 
locations. A trash cutter permits the removal of trash from the blades 
without opening the pump. 

MlXED.FLOW PUMPS 

The mixed-flow pump also is particularly adapted for drainage 
pumping (pI. 1, C)'. It has an open vane, screw-type impeller which 
combines the screw and centrifugal principles in building up the 
pressure head. It operates efficiently against somewhat higher heads 
than the true screw pump. With one change in speed the Hartwell 
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mixed-flow pump operates at 70 to 80 percent efficiency at all heads 
from 6}!j to 26 feet, and the discharge does not decrease excessively at 
the higher heads (fig. 21). The open-type impeller of the .mi~ed-flow 
pump facilitates the passage of trash. 

VERTICAL TYPES 

Submerged single-suction pumps have been used in a few drainage 
plants. A simplified unit of this type has been developed recently, 
consisting of a submerged pump connected by a vertical shaft to a 
built-in vertical motor (fig. 22). Such pumps can be equipped with 
either the centrifugal or screw-type impellers. Their chief advantage 
is that a small building will satisfactorily house the motor and switch
board (pI. 2, A). Another advantage is the elimination of priming 
equipment, which makes them especially suitable for automatic 
operation. The greatest disadvantage of vertical types is the inac
cessibility of the pump for cleaning. When this type is installed, 
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FIGURE 21.-CharBC~tic curves from tests of 48-inch mlxed·lIow pump at Hartwell plant. 

provision should be made to clean the pumps by (1) closing the 
suction bay, preferably by gate valves, and draining the pump pit 
with a small auxiliary pump; (2) hoisting the unit above the water 
level, which is practicable with small pumps; or (3) in the csse of large 
units, forcing water from the pump as from a pneumatic caisson and 
putting a man down inside. 

SPEED ADJUSTMENT 

Against high heads, pumps of the types described are most efficiput 
when operated at high speeds. Against lower heads.it is necessary 
to operate at lower speeds to maintain high efficiencies. The amount 
of speed adjustment provided should be according to the amount of 
variation between maximum and minimum lifts and the charac
teristics of the pump to be used. The speed range must sometimes be 
25 percent of the ma.,Qrnum speed. Prospective purchasers usually 
can obtain from the pump manufacturer characteristic curves for use 
in determining the different speeds of operation. 

Figures 19 and 21 show typical examples of the speed adjustment of 
centrifugal and mixed-flow pumps. Each of those units is direct
connected and obtains 2 speeds by means of 2 synchronous 

http:heads.it
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motors mounted on the same shaft (pI. 2,B), but belkonnected units 
could obtain the speed changes by changing pulleys. The Hunt 
pump (fig. 19) operates at 225 and 257 revolutions per minute. At 
the lower speed its efficiency is below 70 percent of all heads less than 
ft}>proximately 14 feet, and for heads from 17Yz to 21 feet either speed 
gIves efficiencies in excess of 70 percent. A 200-revolution-per
minute motor probably would have~ven 70 percent efficiency at 
heads from 10 to 17Yz feet, and substituted for the 225-revolutlOns
per-minute motor would have enabled the plant to operate at 70 
percent efficiency or better at all heads from 10 feet to 25 feet. The 
speed adjustment of the Hartwell pump (fig. 22) is better. At 240 
revolutions per minute the unit has an efficiency of 70 to 80 percent 
between.6Yz- and 9-foot heads, and above 80 percent efficiency between 
9- and 14-foot heads. At 327 revolutions 
per minute its efficiency is 70 to 80 percent 
at heads between 11 and 15 feet, and above 
80 percent at heads between 15 and 26 feet. 

TRANSMISSION EQUIPMENT 

Direct-connected pumping units are much 
preferred to belt- or gear-connected units 
because power losses in transmission are 
eliminatea, the purchase and maintenance 
of transmission equipment are saved, and 
the floor space occupied byeachunit is much 
less. Low-speed induction and synchronous 
motors that can be direct-connected to 
p,!lmps are now available, at somewhat 
higher cost than higher-speed motors which :; 
require belts or gears to drive the pumps .~ 
(pIs. 2, B and 3, C). 

Leather or chain belts were the earliest 
transmission equipment with electrically 
driven drainage pumps (pis. 3 and4). Rope 
belts and V-shaped belts are better where 
the distance between engine and pump is 
short. Adequate speed adjustment of such 
units can be obtained usually by three sizes FIGURE 22.-Submerged vertical 
of pulleys for the motor shaft.' It has been ~~'r:r.direct-connected to vertical 

the general experience that, because of labor 
involved, pulleys are not changed frequently enough to obtain a satis
factory average pump efficiency .. This points out another practical 
advantage of direckonnected units. At the Hartwell, however, a 
special chain hoist enables one man to change the pulleys on the three 
original units in less than an hour. The simplicity of this device, 
together with competent engineering supervision, has obtained satis
factory speed adjustment. 

Reduction gears have been used in a few electric installations (pI. 
4, B). Although they save floor space, such gears are e:ll.-pensive and 
there is no satisfactory method of changing the speed ratio of iarge 
reduction gears. 

Vertical oil-engine units should usually be direct-connected to the 
pump, where both engine and pump operate between 200 and 300 
revolutions per minute. Most oil engines can be equipped with a 
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governor that will permit a sufficient range in the speed of the pump. 
Horizontal oil engines vibrate so much that a belt connection to the 
pump seems generally desirable to decrease the possibility of burning 
out engine and pump bearings. . 

Direct connection of pumps to engines was used in many of the 
early steam plants. This was possible because those engines and 
pumps operated at approximately the same speeds, and good speed 
adjustment could be obtained by changing the governor (pI 1, A). 

A clutch connection is of advantage in an "il-engine unit (pI. 4, 0) 
to permit the engine to. get warmed up before the load is thrown 
onto it. 

SIZE AND NUMBER OF PUMPS 

Drainage pumps in the upper Mississippi Valley range from 18 to 
60 inches in diameter of discharge opening, but for reasons of cost it 
is usually desirable to make selection from the stock sizes of 24, 30, 
36, 42, and 48 inches. Oentrifugal pumps may differ somewhat in 
capacity from screw and mixed-flow pumps of the same size. There
fore it may be necessary in estimating costs to compare a 36-inch 
centrifugal with a 42-inch screw or mh:ed-flow pump, as those sizes 
often have comparable capacities at the maximum lift. Of 24 pumps 
installed in the 3 years 1928 to 1930, 11 were 36-inch pumps. This 
size is of convenient weight to handle in construction, and large 
enough to pass most trash through the impeller. Manufacturers 
build many of that size and for that reason it may be somewhat more 
economical in first cost. 

Large pumps are desirable for drainage pumping because larger 
pieces of wood and more debris can pass through the pump without 
clog'ging the impellers. On the other hand, it is desirable to have at 
least one unit of capacity small enough that the water in the ditches 
can be controlled without too frequent starting and stopping of the 
pumps. 

It is an advantage to have two. or mor£) units in a plant so that a 
break-down of one will hot st.op all pumping. This is especially true 
for a district that is entirely dependent on the plant for drainage. A 
district that obtains gravity drainage a large part of the year can place 
more dependence upon a single unit, as the period of operation is not 
long and the machinery can be kept in good repair by work during 
low-water stages. 

As a general rule, the most economical size of pump will discharge 
the water at a velocity of 8 to 10 feet per second against the maximum 
head. Lower velocities are desirable if the plant operates at such a 
high annual plant factor 2 that high pump efficiency is of great im
portance. If the ltrut operates at such a low plant factor that pump 
efficiency is less important than first cost, it may be economical to 
install pumps from which velocities will be as much as 12 to 13 feet 
per second, even though the efficiency of a pump suffers when such 
high velocities are used. Many of the pump losses vary as the square 
of the velocitv. 

The capacIty desirable for the smallest pump in a plant depends 
upon the minimum rate at which water flows to the plant and the 

, The annun! plant lr,'lOr Is raUo or the amount or pumping actunlly done to tbe amount ~hat the plant
might have done In tbeyear, measured COf each unit by the number oC hOurll operated and the mted power
(lC ~e engine or motof. 
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aniount of this flow that can be stored nearby. If not much storage 
is available a small pump may be necessary to hold the water low 
enough by continuous pumping to drain properly low' areas possibly 
2 or 3 miles distant. 

Experience has shown that in the upper Mississippi Valley the 
larger drainage pumping plants should have one unit that can pump 
with reasonable efficiency as little as one third the total capacity 
of the plant, if there is but little water-storage capacity outside the 
drainage ditches. Three units of equal size could be installed, or 
two units with one having about half the capacity of the other. If 
sufficient storage capacity in lakes and sloughs is available, two units 
of equal size might be used in the plant. Plants draining 5,000 to 
10,000 acres should have one pump not exceeding 30-inch size, which 
would throw about 20,000 gallons per minute, unless there are large 
lakes or sloughs nearby. This capacity may be increased 5,000 gallons 
per minute for each acre of storage available at the minimum operating 
stage of the suction bay. In districts smaller than 5,000 acres the 
smallest pump may have half the total plant capacity, but not more 
than 20,000 gallons per minute. Distncts larger than 10,000 acres 
may increase the minimum pump size by 1 gallon per minute for 
each additiunal acre drained. It is believed that determination of 
minimum pump sizes on this basis will provide drainage for lands in 
outlying portions of the districts with minimum investment in the 
pumping plants. 

SEAL GLANDS 

To prevent air from getting into the pump along the shaft, effective 
seal glands are desirable for all drainage pumps except those sub
merged. Seal glands operated with water from the discharge pipe 
are satisfactory only when the discharge-bay elevation is sufficient 
to keep the discharge pipe under pressure. At low-river stages the 
discharge pipe of practically every plant is under vacuum and no 
water is forced through the glands. For water-seal glands the water 
should be supplied under pressure, from the cooling system in an oil
engine plant or from an auxiliary pump and tank in an electric plant. 
Seal glands that use oil instead of water, from a reservoir holding a 
pint to a quart of oil, are now commercially available. A disadvan
tage of using oil glands is the frequency with which they have to be 
filled. Furthermore, the packing around the pump shaft must be 
kept very tight, for which special material should be used. 

PRIMING EQmPMENT 

'Vet-vacuum and dry-vacuum pumps are most frequently used for 
Pliming, nlthough several plants use ejector pumps operated by steam, 
water, or air. Wet-vacuum pumps are rotary pumps, which are not 
injured if water gets into them and are easily installed (pI. 5; A). 
Slightly more than half the priming pumps installed in drainage plants 
in the upper Mississippi Valley are of this class. A wet-vacuum 
system is usually cheaper than a dry-vacuum system using an air tank. 

Dry-vacuum pumps are usually air compressors arranged to dra,v 
air from the drainage pump and discharge it at atmospheric pressure. 
Ordinarily the clearance between piston and cylinder head of a dry
vacuum pump is so small that the head may be cracked if water is 
drawn into the pump, To avoid this trouble, the pipe to the priming 
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pumphis~ometimes is looped 34 feet o~ more abokillye tdhe suction-bay lev;thel, 
but t may :(lot prevent damage if an uns e operator starts e 
drainage pump without closing the valve in the priming suction line. 
A more satisfactory arrangement is to insert in the priming line a 
tank that will trap out any water that may get into that pipe (pI. 5, B). 

Steam ejectol'!' are used for priming the drainage pumps in prac
tically all steam-operated plants because they are convenient and 
reliable. When the steam pressure is almost high enough to start the 
engine the ejector can be started and the pumps primed. Water.. 
ejector pumps have few moving parts and none that wear rapidly. 
However they have not been used as frequently as dry- and wet
vacuum pumps. A simple water-ejector system consists of a small 
centrifugal pump forcing water through a jet at high pressure. 

Priming pumps in electric plants are driven by small electric motors. 
The recent tendency has been to use direct-connected priming units, 
instead of the cheaper high-speed motors and belt or chain connection. 
In oil-engine plants usually a small gasoline or kerosene engine is 
used, belt-connected to a wet-vacuum pump. Such engines are hard 
to start in cold weather, and must be replaced each few years. The 
priming equipment must be very reliable, because all drainage pumps 
except those submerged must be primed before starting. The priming 
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 discharge pipes is largely governed by 
empirical rules. Head losses vary greatly and cannot be estimated 
nearly so accurately as those in long straight pipes. Bends should be 
avoided as much as possible to minimize the losses. Pipes should be 
somewhat larger than the pump connections so that friction losses 
are reduced to an economical point, and the changes in size should be 
gradual. 
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FIGURE 23.-TAlss of hend in typical wcll-dcslgncd suction and discharge pipes. 

A considerable part of the energy used by a drainage pumping 
plant is required for overcoming entrance, friction, and exit losses in 
the suction and discharge pipes. Therefore those pipes should be 
designed so that those losses will be held to the practical minimum. 
However, because the fixed charges of plant, depreciation and interest 
on investment generally constitute so large a part of tve tot~l <;lOst of 
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plimping (4) it would not be economical to pay as much for high 
efficiency in a plant that would operate each year the equivalent of 1 
or 2 weeks as in a plant to operate 3 or 4 months. 
. Entrance losses may be kept low by tapering the suction pipe or 
progressively expanding the entrance end. Friction losses in the 
discharge pipe may be reduced by using large-size pipe, connected to 
the pump flange by a short expanding section. Velocity-head losses 
at exit may be reduced by enlarging the end of the discharge pipe by 
a taper or bell section. 

HYDRAUUC LOSSES AND PIPE SIZES 

Losses or fiead in typical riveted-steel suction and discharge pipes of 
several pumping units are given in figures 23 and 24, and the de.scrip
tions of those pipes are given in table 6. The head losses were com
puted by deducting the static lifts from measured total heads on the 
pumps. They include the losses due to trash and other obstructions 
in the pipes, to air entering the discharge pipe where it was under 
vacuum, and to eddies where pipe sizes changed, as well as the en
trance, friction, and exit losses. Theoretically most of these hydraulic 
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FIGURE 24.-Loss or head In suction and discharge pipes where discharge pipe was not expsnded. 

losses should increase as the square of the velocity, but the losses 
measured for the Hunt and Eldred units apparently varied almost as 
the first power. 
TABLE 6.-Descriptions of riveted-steel suction and discharge pipes for which losses 

of head are shown in figures 23 and 24 

Plants with well-de Plants with dL'lCharge 
~igned pipes pipe not expanded 

Item 
Henderson CranoHunt EldredOounty Creek 

Pumping unit________________________________numbor__ land2 1 
Suction pipes: 

Cross section at entrance . _____________sqUJ\re reot__ 49.0 15.9 <I) <J>Cross section at pump fiange______________,,_do___ _ 11.2 7.1 8.5 7.4 
Discharge pipes: 

First section length __ •• __ ._. __ •• _____•__ •• _._.reet __ 24 10 140 04Diameter_______________________________ .__inches__ 48-54 31)-42 36 ·36Second section, length ____________________ .• __ reet__ 215.0 ______• _________ •______ _128.8 42 ______• _______c________ _Diameter__________________________________inches__ 54
Cross section at pump fiange__________square foot._ 12. 6 7.1 7.1 7.1Cross section at end__________•___________•__ do___ _ 26.3 9.6 7_1 7.1Valve___________________•______•__________________ _ 

None. (,> None. (') 
Head loss In pipes with velocity at pump fiBnge 10 feetper second ______________________________________ root__ 1.0 2.6 3.3 4.3 

t Indeterminate; S6\l p. 36. , Gate valva at pump; flap gate at end of pipe. 
J Not determined; sec p. 36. I Flap gate at end or pipe. 



St') . TECE:1.lIOAL BULLETIN 390, u.s. DEPT. OF AGRtCUL'i'UlUl 

.The Henderson County pipes were expanded more than any of theother units shown, and. the loss in head was least (table 6). Thesuction pipes were expanded in the ratio of 4.4 : 1, between pumpflange and entrance end, and the discharge pipes in the ratio of2.1: 1. The loss in head was approximately 1.9 feet at a velocity of10 feet per second. The loss of head in the Hunt pipes was 2.6 feetat the same velocity. The smaller size of the discharge caused someof the difference, and the flap gate on the end of the pipe probablyincreased the losses somewhat.
The Eldred suction pipe was not expanded but was curved downward and cut off obliquely so the effective entrance area was inde~rminate. The pump could pump the water down in the suctionbay so low that the bottom edge of the pipe could be seen, which isbelieved to indicate that the effective entrance area was increased bycutting the pipe obliquely. The fact that the discharge pipe was notlarger than the pump connection partly accounts for the high loss of" approximately 3.3 feet at a velocity of 10 feet per second. Theentrance area of the Crane Creek suction pipe was not determinedbecause -the end of the pipe was inaccessible and the construction planscould not be obtained. From the appearance of the pipe at low suction-bay stages it was believed that the expansion ratio did not exceed1.5 : 1. The discharge pipe of this unit was throughout of the samesize as the pump connection. The loss in head was approximately4.3 feet at a velocity of 10 feet per second, the largest for any of theplants studied.
Loss of head in suction and discharge pipes may be estimated fromfigure 25. The loss in discharge pipes was determined from theScobey formula (3), with K. = 0.51 applicable to pipe 1

3
6 to ;6 inchthick having all seams held by rivets with projecting heads, pipesapproximately 15 years old conducting nonaggressiye waters.Expanding the suction pipe permits the suction bay being pumpedlower without the pump losing its prime. This usually is of ~eaterimportance than the reduction in entrance loss, because a high entrance velocity requires considerable depth of water over the end ofthe pipe to prevent the pump losing its prime. Therefore, expandingthe pipe permits use of a more shallow suction bay. Deep foundationsare costly, so it i'! usually economical to expand the suction pipesconsiderably. By expanding the suction pipe so that the entrancevelocity will not exceed 3 feet per second at normal flow, the waterordinarily can be drawn down almost to the edge of the pipe withoutcausin~ trouble from air getting into the pipe.

Limiteu observation in.dicates that a sloping. pipe cut off in a planealmost horizontal will draw the water lower than a vertical pipeof the same size that is cut horizontally. It appears that cuttingthe pipe obliquely increases the effective entrance area somewhat.The entrance loss to a properly constructed suction pipe is compara
tively small. It may be assumed as 0.5 :: if the edges are not belled
or rounded. Experiments (7) have shown that the loss at entranceto a culvert is neJSligible for a gradually!oun4ed entrance; hence itappears that belling the end of the suctIOn pIpe should reduce theloss to about 0.1 to 0.3 foot, especially when the pipe is greatlyexpanded as is the usual practice, 
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The velocity head, which should not be ·confused with the ~ntrance 

loss, is r· Values of the velocity head are shown in figure 25. Part 

of the v~locity head may be recovered by expanding the discharge ., 
pipe. The friction loss in a well-designed suction pipe expanded 
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FIGURE 21;-Ylllocity head, discharge, and .frictlon·head Joss in riveted steel pipes. 

gradually throughout its length to an entrance area 2 to 4 times that 
at the :pump flange, as indicated in tests of numerous drainage plants, 
is not likely to exceed 0.2 or 0.3 foot. 

The discharge pipes of most drainage pumps are 2 to6 inches 
larger than the !lump-flange connection. The proper amount of 
expansion varies, because the saving in annual cost obtained from 
increased plant efficiency is proportional to the amount of pumping. 

http:1<.=0.51
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The'economical amount of expansion can be determined by comparing 
.first costs of different size plpeS with the capitalized savings, due to 
increased efficiencies. The economical amount of expansion is 
greater with electric power than with oil engines because with the 
former improved efficiencies result in larger savings in cost of opera
tion.The increase in size of pipe should be accomplished by a 
uniformly expanding section at the pump flange. It is sug~ested that 
,this section be not less than 10 feet long per 6 inches mcrease in 

" .. diameter. 
'Trouble in keeping the discharge pipes full of water has been expe

rienced at several plants where the pipes were almost level for con
siderable lengths at the top of the levee. This probably was caused 
by air accumulating so rapidly that the water could not force it out. 
At one plant a vacuum pump driven by a 15-horsepower motor was 
operated 20 to 50 percent of the time to keep the discharge pipes 
running full. No such difficulty was experienced where the discharge 
pipes came to a rounded point at the top of the levee. It·is believed 

,', 
usually minecessary to have the level section at the top of the levee 
more than 4 to.8 feet long. 

Ordinarily the bottom of the discharge pipe at its highest point 
near the top of the levee should be slJghtly above the expected maxi
mum river stage, so that the levee will not be endangered by seepage 
along the outside of the pipe. However, the top of the pipe should 
not be more than 28 feet, the practical limit of suction lift, above the 
minimum elevation of the discharge bay. The end of the discharge 
pipe should be submerged at all times, to avoid difficulty in priming 
the pump. When the end of the pipe is out of water, loss of the 
siphon effect greatly reduces the operating efficiency of the unit. 
Around a discharge pipe passing through a levee below maximum 
flood stage, 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 concrete piers. There is no advantage 
in covering the pipes with earth. Each curve in the pipe should have 
a radius not less than 3 or 4 times the diameter of the pipe, it appears 
from the meager data available relating to this subject. 

The end of a discharge pipe often is belled to reduce the exit loss 
by recovering velocity head. A gradual expansion to double the 
cross-sectional area of the discharge pipe in a distance of 10 to 20 
feet effects considerable reduction in head lost. However, a flap gate 
attached to the end of the pipe causes loss in head because it disturbs 
the flow and increases the exit velocity, unless it is lifted out of the 
way. Where cables have been provided to lift up the gate, careless 
operators have frequently neglected to use them. 

MATEmALS FOR SUCTION AND DISCHARGE PIPES 

7Riveted or welded plate metal from 7.l to 1 6 mch thick usually has 
been used for both the suction and the discharge pipes because curves 
and e~anding sections could readily be manufactured and it is 
econoIDlcal. The pipes should be airtight, because air leaks reduce 
the pump discharge by increasing the total head on the pump and by 
occupying space that would otherwise be used by the water. A few 
plate-metal pipes under vacuum have collapsed because they were 
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not properly braced, and other J.>ipes did not appear safe because of 
much pulsating distortion dunng operation of the pumps. Such 
"breathing" was especially pronounced near the top of the levee in 
discharge pipes under high vacuum. Such observations lead to the 
belief that pipes under as much vacuum as 20 inches of mercury should 
be braced by angle irons riveted or welded around the outside of pipes 
more than 36 inches in diameter and of plate metal U inch thick or 
more than 54 inche::; in diameter and of plate metal % inch thick. 

Welded pipes cost at the shop in 1930 10 to 15 :percent less than 
riveted .steel pipe, but there may be little difference m the cost to the 
district. Either kind is satisfactory if properly made. Careful 
inspection should be made after the pipes are m place, to be sure all 
joints are airtight, and the pipe should be coated both inside and 
outside with asphalt paint. 

Cast iron has been used to a limit-"!d extent for discharge pipes 
running through the levees, but it is less easily handled and fitted 
than steel pipe. 

To vacuum pumfJ--

G 

FIGURE 26.-TyJ:.icaI conditions during priming of drainnge pump. 

Reinforced concrete has been used at some plants for the suction 
pipes and for sluiceways through the levees. The entrance ends of 
those pipes usually were cut in vertical planes which necessitates 
deep suction bays to prevent the pump from taking air before the 
water is lowered sufficiently in the suction bay. A few of these plants 
.have placed hoods over the entrances to obtain lower water levels. 
Trash wedging in such It suction bay cannot be removed easily. 
Therefore concrete suction pipes are not recommended. 

VALVES OR GATES IN THE DISCHARGE LINE 

Some type of valve or gate must nearly always be installed in 
the diseharge line of a pumping plant to facilitate priming and to 
prevent flooding the district by back flow when the pump is stopped .. 
A gate valve placed at the pump flange or a flap gate at the end of the 
pipe is used most frequently. 

Typical conditions of priming during high river stages are illustrated 
in figure 26. If there is no effective gate or valve in the discharge line 
operation of the vacuum pump will raise the water in the discharge 
pipe from B to C and at the same time raise the water in the .suction 
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pipe an equal distance from E to D. Then water from the discharge 
bay will commence to flow down tluough the pump, and often will 
cause a centlifugal pump to revolve back-ward. When this occurs it 
may be difficult or impossible to fully prime the pump before starting, 
and if a centrifugal pump is not completely primed before starting 
air is likely to be trapped armmd the impeller shaft, which reduces 
the pump discharge. On the other hand, a reasonably tight flap gate 
at A will keep the outside water from being drawn over the hump at 
C during priming. If there is an airtight valve at F, by closing it and 
the valve at G tb~ pump can be primed more rapidly. 

The screw r ;> and the mi.~ed-flow pump can be started before 
completely primed without danger of trapping air in the pump. 
Therefore with these types backward flow of water can be avoided 
without any gate or valve in the discharge pipe if it runs over the top 
of the levee. However, a flap gate is .always helpful in preventing 
sudden loads. A gate valve at the discharge flange of the pump is 
used with some types of oil engines and with synchronous and squirrel
cage motors because it permits the load to be built up gradually. 
Special butterfly-type check valves were used in a few of the earlier 
upper Mississippi River plants. This type folds up into a compart
ment when the pump starts and offers practically no resistance to 
flow, and closes automatically when the flow of water reverses. It 
can be placed in the discharge line where most easily accessible for 
cleaning and repairs. 

A flap gate is cheaper than a 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 hand-operated 
gate valve is frequently difficult to open and close. A flap gate is 
easily fouled with logs or trash, and difficult to clean at high river 
stages when most needed; it is easily broken by boat"" and difficult 
tv repair because under water. In 1929 at the Bay Island plant the 
discharge-bay level rose untj} water flowed backward through the 
discharge pipe because the flap gate was out of order when it was nec
essary to stop the pump. The flow was stopped by a dam of boards, 
canvas, and sand bags built in the pipe at a manhole. Therefore, 
where the river stage may get high enough to cause back flow into the 
district and no gl1te valve is to be used, it is desirable that a manhole 
be piaced inside the levee near the top point. 

Gate valves smaller than 36-inch may be opened and closed by 
hand (pI. 2, B), but hand operation of large valves is so difficult and 
slow that it is considered desirable to equip 36-inch and larger valves 
with mechanical-operating devices. A number of such devices are 
commercially available. Electrical devices are mor.t used in electric 
plants, and pneumatic devices (pI. 6, C) are frcCJ.uently convenient 
in oil-engine plants because such plants ordinarily include an air 
compressor and air tanks for starting the engine. A mechanically 
operated valve should be equipped for hand operation in emergencies. 

SELECTION OF POWER EQUIPMENT 

In the upper Mississippi Valley, drainage pumps are driven by 
electric motors, internal-combustion oil engines, or steam engines. 
However, no steam plants have been installed in recent years for drain
ing farm lands, principally because of high investment costs and the 
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large fuel losses involved in frequent starting and shutting down of the 
plant. Conditions during and since tbeperiod of this investigation 
have favored the selection of electric or oil-engine equipment for new 
installations to such a degree that a discussion of steam equipment is 
not included in this report. Where and when a cheap supply of 
natural or artificial gas is available, internal-combustion gas engines 
may be economical, but none such has yet been used for drainage 
pumping in this section. 

Tlie factors affecting choice of power type for drainage pumpin~ in 
the upper Mississippi Valley have been discussed in another publica
tion (.~, pp. 96-97). In 1930, pumping with oil engines cost somewhat 
less than pumping with electric power, except at low plant factors, but 
electric power was generally more convenient and dependable and 
plant operation was simpler. A district having 2 or 3 separate plants 
might have the smaller ones automatic in operation and need to employ 
but one operator if electric power is used, or have the smaller plants 
operated by nearby farmers and maintained by the operator of the 
main plant. An oil-engine plant, however, should not be trusted to 
an inexperienced operator. 

The required capacity of the engine or motor may be determined by 
the formula 

p 0.0002526HQ 

in which, 
epe, 

P=brake horsepower required, 
H=total head on pump, in feet, 
Q=discharge in gallons per minute, 
e,,==efficiency of pump, 
ep=efficiency of power transmission between engine and pump. 

When the power requirement has been determined, some adjustment 
in the speed and capacity of the pump usually is necessary to fit the 
load to a power unit of commercial size. 

ELECTRIC EQmPMENT 

A company selling electric power nearly always provides the line 
and transformers for delivering the power to the drainage plant at the 
voltage needed. The drainage district usually must furnish the 
accessory eCJ.uipment including switchboard, starting equipment, 
motors to 'drive accessory equipment, and transformers for reducing 
the voltage for driving the accessory motors and for lighting. 

EFFECT OF POWER RATES ON PL.-L'<T DESIGN 

The terms under which the power will be purchased are often 
important in determining the economical design of an electric plant. 
The cost of power often includes both a primary charge, based on the 
capacity of pumping motors, to compensate the selling company for its 
capital investment, and a current charge, based upon the amount of 
energy used, to pay for generating and distributing the power. In 
some cases no primary charge is made, but the current charge. is com
paratively high for the first few thousand kilowatt-hours used each 
month and gradually decreases with increase in quantity used. 
Many contracts permit motors that are not beinB' used to be sealed 
off, and the primary charge to be reduced proportionally. It is often 
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required that the units be kept sealed off for a year or longer before 
the reduced rate becomes effective. This frequently can be done 
without detriment to the drainage. 

Where reduced :rates may be obtained by sealing off motors, the 
plant should contain 3 or 4 units of equal size rather than 1 or 2 
larger ones. When 3 or more units are used, 1 can be sealed off for a 
year much more frequently than when only 2 units of equal size are 
used. It is further desirable to have all units equally effiCIent, so that 
anyone can be sealed off without decreasint, the average plant 
efficiency. To avoid deterioration of motors through long idleness, it 
is usually desirable to seal off the motors alternately rather than have 
the same one unused for several years. Where sealing off of units is 
not contemplated, it usually is economical to install a less expensive 
and consequently less efficient unit for pumping at high heads only, 
since. the maxirr.,um plant capacity is needed only at high river stages 
and for but a small part of the time. 

Where the primary charge is the greater part of the power cost, 
plant efficiency is of less importance than where the only charge is for 
current at a higher rate per kilowatt-hour. The greater the charge per 
kilowatt-hour, the greater the investment is justified for increasing the 
plant efficiency. A rate based only on current used makes gravity 
drainage especially desirable if it can be obtained. 

A large primary charge increases the importance of installing motors 
no larger than required. Motors sometimes have been overloaded 
from 10 to 15 percent at the maximum lift, and fans used to cool the 
motors in order not to increase the primary charge. Such practice 
should not be contemplated, however, without the manufacturer's 
advice as to the effect of such overloads on the motor. Primary 
charges based on actual maximum demand rather than on the rated 
horsepower of the motors would reduce the temptation for a district 
to buy inadequate equipment. 

INDUCTION MOTORS 

The wound-rotor induction motor was used "almost exclusively in 
the electric drainage plants on the upper Mississippi River prior to 
1928. The widespread use of this type was due to Its dependability, 
its high-starting torque, and the fact that the starting current does not 
greatTy exceed the operating current. Many power cOIDganies insist 
that this type be used instead of squirrel-cage motors because of the 
better startmg characteristics. 

Although ,there are several methods of changing the speed of an 
induction motor, the type is inherently a constant-speed machine. 
Innearly all the earlier electric plants changes of the pump speed were 
made by changing pulleys on the motor shaft. Often this is the most 
economical method theoretically, in spite of the fact that belt con
nection reduces the efficiency of the unit by 3 to 5 percent as compared 
with direct connection. The great difficulty with belt-connected 
units has been that operators would not change the pulleys, and by 
running the pumps at high speeds at low and medium lifts would 
waste [0 to 25 percent of the current. The motor speed can be regu
lated by introducing resistance into the rotor circuit, but certain tests 
showed a cost for driving a 48-inch pump with an induction motor at 
reduced speed about $8 greater per 12-hour run than for pumping the 
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same quantity of water with a duplicate pump driven at the same 
speed by a synchronous motor. The induction motor was less effi
CIent principaIly because of heat losses in the grids when the speed 
was reduced. 

The squirrel-cage motor is the cheapest type of electric motor. 
Its operating characteristics are similar to those of the wound-rotor 
motor, but it has a low-starting torque. For this i"eason power com
panies do not permit it to be used in many locations, because in 
starting it requires such a large current at low-power factor that the 
operation of other motors on the same line may be affected. 

SYNCHRONOUS MOTORS 

The synchronous motor has several advantages and some disad
vantages for drainage pumping in comparison with the wound-rotor 
induction motor. The synchronous motor is slightly more efficient; 
it has a larger air gap, so does not require such exact alinement of the 
shaft; the power factor can be kept at 100 percent or varied at will. 
A disadvantage of the synchronous motor has been its low starting 
and pull-in torque, but now 100 percent or greater starting and pull-in 
torque can be obtained by improvements which, however, add to the 
cost of the motor. Since 1928 several drainage pumping plants in 
the upper Mississippi Valley have installed synchronous motors. In 
some installations of two synchronous motors of different speeds 
mounted on the same shaft, so the speed of the pump can be changed 
without changing pulleysJ both motors have been of the same rating 
although nearly always a smaller motor could be used for the lower 
speed. . 

Two synchronous units on the same shatt are frequently more 
economical than a wound-rotor motor with belt drive and the pulleys 
needed for speed adjustment. In 1930 the cost of two synchronous 
motors of 225 and 277 revolutions per minute and 200 and 250 horse
power with accessory equipment was about $1,500 more than the cost 
of a comparable induction motor and belt drive. The efficiency of the 
synchronous unit probably averages from 5 to 10 percent higher, 
partly because the pulleys often are not changed when necessary for 
economical pumping. The saving by even 5 percent increase in oper
ating efficiency and the saving in housing space and in maintenance 
charges of belts usually would justify the eA-tra cost of the direct
connected twin synchronous unit at as much as 10 percent plant 
factor. 

One important advantage of the synchronous motor is that its power 
factor is ordinarily unity, but can be varied when some advantage will 
result to the power-distribution system. However, no price conces
sions for the use of synchronous motors have been made in power 
rates in the upper Mississippi Valley, but usually a power factor below 
80 percent is penalized. 

ACCESSORY EQUIPMENT 

One of the most expensive items of accessory equipment in an elec
tricplant is the switchboard with, in addition to the numerous 
switches, the various watt-hour meters, overload releases, ammeters, 
and starting and synchronizing mechanism according to the size of the 
plant and character of equipment installed. Other accessories needed 
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in an electric plant include lighting equipment and small motors to 
drive priming pumps and water pumps. Water for domestic use of 
the plant operator and for water-seal glands of the pumps usually is 
obtained from driven wells. 

OIL-ENGINE EQUIPMENT 

The ultimate economy of oil engines depends primarily upon getting 
reliable engines at reasonable cost~ which will operate with low fuel 
costs and will last long without excessive repairs. Similar care should 
be exercised concerning the accessory equipment. Oil engines should 
be compared with electric motors on the basis of total cost of pumping, 
including the fixed charges of depreciation and interest on investment. 

To insure that repair parts and eA-pert service will be obtainable 
when needed, a district should buy the product of a manufacturer with 
a good financial standing and who has been making oil engines for a 
period of years. In one exceptional instance a district spent more in 
overhauling its engine of a type that had not been manufactured for 
some years than a new engine would have cost. 

One advantage of an oil engine is that the speed can nearly always 
be changed sufficiently by a governor to operate a drainage pump 
efficiently at both low and high heads. Another advantage is that 
most oil engines are rated to operate at about the same speeds as 
drainage pumps, which permits direct connection and the avoidance 
of belt or chain losses. 

DIESEL AND SEMlDIESEL ENGINES 

There is little choice between diesel and semidiesel engines for 
drainage pumping. The diesel engine has slightly lower fuel-oil 
consumption per brake horsepower-hour than the semidiesel, and 
is easier to start because it does not require a heated bulb. The recent 
trend has been toward the diesel type although it is usually slightly 
higher in first cost. 

Oil engines with vertical cylinders (pI. 6, B) vibrate less, and their 
cylinder walls wear less rapidly, than those with horizontal cylinders 
(pI. 6, 0). Excessive vibration may result in dama~e or higher depre
ciation for engine, pump, or buildings, and is espeCially objectionable 
for drainage plants because so frequently foundation conditions are 

pOM~st of the few mUltiple-cylinder horizontal oil engines that have 
been installed in drainage plants have rendered lIDsatisfactory service. 
The difficulty of keeping the bearings in alignment on poor foundations 
with the excessive vibration no doubt has been the principal cause of 
those failures. The experience of those plants indicates that single
cylinder belt connected horizontal oil engines from 50 to 150 horse
power may be used when more economical than other types, but for 
engines of more than 150 horsepower it is much safer to use the 
multiple-cylinder -vertical type. 

ACCESSORY EQUIPMENT 

An adequate supply of cooling water is needed for oil engines. 
Oooling systems are classified as CI open" when the water once run 
through the engines is wasted, and as "closed " when the water is 
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circulated through the engines time after time and cooled between times 
in tanks of cold water or radiators. The open system requires a large 
supply of clear water free from impurities, which is seldom available 
at a drainage pumping plant. Consequently, a closed system should 
nearly always be installed. This system requires the constant addi
tion of small quantities of water to replace that which evaporates. 
~ Apparatus to precipitate impurities in the cooling water are not 
commonly installed, but it is recommended that future installations 
include equipment for doing this and for filtering the water. In 
several plants the use of untreated water for cooling has caused 
deposits of scale in the cylinder head and cooling jacket. Scale 
causes excessive wall temperatures, which may break down effective 
lubrication of the pistons and cylinder liners and cause excessive 
wear, distortion, or cracking of these parts. Scale is usually respon
sible for the cracking of cylinder heads; overheatinlS of the pistons may 
cause incre~ed friction and incomplete combustIOn of fuel and loss 
of power of as much as 25 percent. Scale accumUlating in pipe lines 
increases the power necessary to circulate the water and decreases 
the effectiveness of the cooling device. Effective water softening and 
filtering apparatus can be purchased ready to connect to the cooling 
lines. '; 

If the pumping plant is close enough to a railroad siding, considerable 
saving can be effected by piping the fuel oil from tank cafS into the 
storage tanks instead of hauling it in trucks or barges. Because fuel 
oil is cheaper if bought in carload lots, it is desirable to provide suffi
cient storage space to permit purchasing an additional carload before 
the current supply is exhausted. At several plants two tanks, each 
of about 8,000 gallons capacity, have been used and found economical 
in first cost and of adequate size for convenient plant operation. 

FUEl, OIL 

All the drainage plants studied burned the lighter fuel oils, which 
cost very littl0 more than those heavier than approximately 32° 
Baume. With the heavy oils, use of a lighter oil in starting and stop
ping the engines generally is advantageous. This obtains more 
complete combustion, which prevents carbon deposits on piston and 
cylinder heads and avoids formation of sulphurous-acid gas that may 
corrode the cylinders and valves. However, if two grades of oil are 
used, the first cost of the plant is increased by the amount necessary 
to provide separate storage and piping for the two oils. It is doubtful 
whether this additional investment is justifiable for drainage pumping 
because the plant factors are so low. 

DESIGN OF BUILDING AND ACCESSORY STRUCTURES 

FOUNDATIONS 

Good foundation conditions are of primary importance in selecting 
the location for a pumping plant. The natural location is near the 
lowest point in the district, which frequently is a soft swamp entirely 
unsuited for the purpose. Under such conditions it may be necessary 
to locate the plant on a nearby ridge, and extend the main drainage 
ditch to it. The plant should be located on the inside of the levee, 
and as close to it as practicable so that the discharge pipes will not 
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be unnecessarily long, but not so close that the suction bay will 
weaken the levee. Inadequate foundations have frequently caused 
pumping units to get out of line and building walls to crack. 

Most pumping drainage districts in the upper Mississippi Valley 
are underlain by quicksand at depths of 3 to 15 feet. The pumping 
plant should be located where excavation of quicksand in constructing 
the suction bay will be avoided as far as possible. -

Piling should be used under the machinery foundations, the building 
walls, and the suction bay, and 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 sufficient to withstand much vibration. 

Considerable difficulty has been experienced with the pump or 
engine of direct-connected units settling out of line. This has 
resulted in burned-out bearings, loss of efficiency, expensive repairs, 
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FIGURE 27.-Suggested reinforced concrete roundation ror dJrect-:connected pumping unit. 

and in some instances loss of use of the pumping unit for long periods. 
A.continuous concrete foundation beneath both pump and engine or 
motor, reinforced with light steel I-beams and diagonal steel rods as 
shown in figure 27, would avoid such difficulties. It is believed that 
had this construction been followed, much of the trouble caused by 
units settling out of line would have been avoided. Although this 
construction is somewhat more costly than plain concrete, the extra 
expense is believed justified. 

BUILDING SUPERSTRUCTURE 

The pumping-plant building should be strong enough to withstand 
storms, adequate in size to house the equipment, resistant to fire, 
warm enough to prevent freez~, permanent, and pleasing in appear
ance. The arrangement of engmes, pumps, and principal accessories 
in a well-planned oil-engine plant somewhat more completely eq uipped 
than the average is shown in figure 28. An arrangement economical of 
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}i'IGUJl8 28.-Plan or Valier City pumpingplnnt, comprising 2 semidiesel engines d1rect-coUIleoted to 
centrifugal pumps lind I\CC6SSOry equipment. 
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floor space is illustrated in figure 29. The belt connection facilitates 
this arrangement. The relatively sharp bends in the dischargo pipe 
are less objectionable in an oil..;engine unit than in an electric unit 
because fuel oil costs less than electricity per brake horsepower-hour. 

Where the building does not extend over the suction bay, brick is 
·often an economical material (pI. 7, A). Where a wall is to be sup
ported on girders over the suction bay, a lighter type of construction 
is desirable. For such plants a steel-frnme building with 3tucco or 
'sheet-metal walls is well suited (pI. 7, B). For utmost economy in 
first cost, walls of concrete block or hollow tile can be used (pI. 7, 0). 
Frame construction or galvanized steel on wood frames is not recom
mended because of the fire hazard. If a pumping plant burns, 
usually no pumping is possible for several weeks or months. TIntil the 
equipment is overhauled and repaired. During that tinie lack of 
drainage may cause crop losses many times great~r than the saving 
from use of a wooden building. 

In a few instances pumping plants have been able to continue 
operation when breaks in creek-diversion levees have let water stand 
against the pump-house walls above the floor level, because the building 

SIOn to seal the openmgs ill the 

was watertight. Such opera
tion reduced the amount of 
flooding and crop damage in 
the district, and prevented 
damage to the pumping ma
chinery and accessory equip
ment that would have resulted 
from flooding of the plant. 
Watertight construction can be 

FIGURE 29.-Discharge pipe from centrifugal pump
belt·driven by horizontal oil engine in McGee 
Creek plant Is curried over the engine to reduce 
floor area required. 

obtained by extending concrete 
foundntl' on uTalis abo v e the 
fl I
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walls with boards and canvas or sandbags (pI. 7, B), The tendency 
of the building to float when water stands high outside must be 
considered in designing the plant for such a condition. 

SUCTION BAY 

rfhe usual type of suction bay consists of a concrete ret~g wall 
on the suction side of the building cast integrally with wing walls and 
a heay,v concrete floor (fig. 30). The wing walls are usually 1 to 2 
feet thick and the floor usually about 2 feet thick. The side walls 
are usually supported on piling. This type of construction, although 
sometimes expensive, has been found to be effective in preventing 
undermining of the building, and it is recommended for average con
ditions in the upper Mississippi Valley where the suction bay extends 
down into quicksand. 

The suction pines slope down through the back ret"aining wall of the 
suction bay, or pass horizontally through the building wall and turn 
down vertically into the bay. .At the McGee Creek plant the clear
ance allowed between the end pipes and the wing walls was too 'small, 
which resulted in vortices forming in the suction bay even when the 
water was at a high stage. 

Between the suction pipe and the bay walls and also under the end 
of the suction pipe there should be sufficient clearance for the water 
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to :flow into the pipe uniformly from all sides. The clearance between 
the suction pipe and the floor should be at least one hali, and prefer
ably two thirds, the diameter of the entrance opening of the suction 
pipe. A. minimum clearance of 2 feet should be allowed under the 
pipe in order that trash, boards, and logs that become wedged under 
the pipe can be removed readily. Between the bottom edge of the 
suction pipe and the side walls of the bay the clearance should at least 
eqsal the entrance diameter of th~ pipe. Between th<'l back walland 
the suction pipes 0. clearance of one half to three fourths the entrance 
diameter seems adequate. The spacing of suction pipes at the 
entrance ends should be, on centel's, not less than 4 or 5 times the 
diameter of the pipes at the pump flanges. In designing suction 
bays it is well to keep the velocity of water down at all points to less 
than 3 feet per second during operation at full capacity and optimum 
stage of the suction bay. 

A. safe type of construction used at a number of plants is shown in 
plate 8, A. Open steel caissons were first sunk to below bay-floor 
level where the corners of the bay would be, and between as deemed 
desirable. Round piles were driven in the bottoms of the caissons, 

FIGUlIE 30.-Elevation of weU-designed pt1mping unit in lIartwe11 plant. Reinforced suction and dis
charge bays; horizontal entrance opening to inclined suction pipe; discharge pipepas.~ing O\'cr top ofJevee. 
with long-radius bends; crab for lilting Ilap gate out o[ !low from pipe. 

and the ~teel shells filled with concrete. Sheet piling around the site 
prevented caving during excavation between the piers and during 
construction of the walls which are supported on round piles. Steel 
braces were placed between the piers as excavation proceeded. This 
construction permits setting the pumps on steel girders directly over 
the bay, but costs more than some other types, 

At small plants where there is no danger of undermining the build
ingl the concrete floor of the suction ba.y may be omitted. At svme 
plants the suction bay is the end of the drainage ditch protected by 
planks and wooden piling (pt 8, B). Steel sheet piling is more per
manent. Such a ba.y should be placed a little distance from the 
building, to lessen the possibility of the building being undermined. 
Where such construction is safe, it effects a considerable saying in the 
cost of the plant. 

DISCHARGE BAY 

Ooncrete discharge bays have been built at some plants to protect 
the outside of the levee from erosion, but usually no serious erosion 
has occurred where no bay WiiS constructed. .A concrete structure 
protects the pipes and flap gate from damage by boats, and anchors 
the flap gate. The flap gate usually is light enough, however, to 
sv.-ing free on the end of the pipe if that is braced with angle iron and 

2(;430--33--4 
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supported on a few piles. At the Mauvaisterre plant, erosion at thedischarge was not great after the plant had been operating for 4years (pI. 6, A), though the velocity of discharge had been 10 to 12feet per second and the leveewas verysandy. That erosion could havebeen largely prevented by a few tons of riprap at the end of the pipe,which would have cost less than extending the pipe 5 to 10 feetfarther from the levee. The undernllning of the gravity sluice outletstructure should have been prevented by a cut-off wall, sheet piling,or riprap. 
GRAVITY SLillCEWAYS 

If sufficient gravity drainage can be obtained so that constructionof a sluiceway through the levee will be economical, the structureshould be located a few hundred feet from the pumping plant. Thereis always some danger that pressure of the river water will open achannel along the sluiceway, and the vibration of pumping is likelyto loosen the earth about any pipe or structure through the levee nearthe plant. In some districts the sluiceway has extended under thepump house. The Gregory plant near Keokuk, Iowa, was constructed in this manner, and was destroyed by a levee break in 1922.Part of the Indian Grave plant was similarly destroyed about 1920.Seepage along the sluiceway probably caused both of the levee failures.If the sluiceways had been some distance away, the plants probablywould not have been destroyed by the rush of water. Serious leaksdeveloped along a similar sluiceway at the Bay Island plant and thesluiceway was closed off.
A run-ofi' capacity of 0.20 inch per 24 hours over the watershedarea js believed adequate for a gravity sluiceway built to supplementa pumping plant. 1Vhen the run-off is greater, the river would probably be high enough to necessitate pumping. An average velocityof 6 to 8 feet through the sluiceway is suggested for design. Thedifference in water level between entrance and discharge bays necessary to produce such velocities would be between 1 and 2 feet. Thetop invert of the outer end of the culvert should preferably be thatmuch below the ma..ximum allowable stage in the suction bay to insure that the ma..ximum capacity is available. The bottom of thesluiceway should be not lower than the bottom of the ditches nearthe sluiceway, to avoid 8..-x:cessive silting in the sluiceway. These conditions may require that the culvert be a shallow and wide box, orbe made of several small pipes rather than one of larger diameter.The entrance end of the sluiceway should be rounded to increase thecapacity (7).
An iron or steel gate should be constructed on the discharge sideof the sluiceway, and be operated by a screw or gear from a handleset above high water. To prevent seepage along the sluiceway concrete collars should be constructed about 10 feet apart and about 12by 12 inches in size around the sluiceway box or pipe. Heavy concrete sluiceways should be set on piling if the foundation is loor.Substantial head walls should be provided at both suction an discharge sides to prevent erosion of the levee. To prevent underminingof a concrete outlet structure, such as occurred at the Mauvaisterreplant (pI.. 6, A) although the average velocity through the culvertprobably did not exceed 4 to 5 feet per second, a cut-off wall, sheetpiling, or riprap should be used. 
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TRASH SCREENS 

One or more good screens should be provided for each pumping 
plant to prevent trash from getting into the pumps. These may be 
of small iron rods three eighths to one half inch in diameter or of 
rectangular bars usually about }.{ by l}f inches. The spacing between 
bars ranges from about l}f to 4 inches, although 1}f. to 2-inch spacing 
is most common. The area of the screen opening at average operat
ing stages should be from 2 to 3 times the combined area: of the 
suction-pipe openings. If it is too small, the water will head up 
unnecessarily, the static lift will be increased, and the pumps will lose 
their priming at a higher stage of the suction bay. The screens are 
conveniently made in sections 2 feet "Wide and supported by .small 
channels or I-beams. 

The most convenient location for the trash screen is across the 
front of the suction bay (pI. 7). If the bay does not have a concrete 
floor, the screen should be set on piling. At a few plants two screens 
have been used, one across the entrance of the suction bay and the 
other some distance up the main ditch. The screens need substantial 
supports (pI. 8, C). Sloping the screen facilitates cleaning it. 

CONSTRUCTION OF THE PUMPING PLANT 

Competitive bids for construction of pumping plants and purchase 
and installation of equipment is desirable in order to assure reasonable 
costs. Care must be taken that State drainage laws are complied 
with in advertising for bids and letting contracts. 

Usually a district can secure better prices by dividing the pumping
plant construction into at least two contracts, one including such 
work as foundations, suction and discharge bays, and building, and 
the other including purchase and installation of the machinery and 
the suction and dischar~e pipes. The first can usually be done cheap
est by some local expenenced contractor familiar with the foundation 
conditions along the river and having his construction equipment close 
at hand. The second contract should attract competition from manu
.facturers and dealers in machinery who will not take contracts 
involving foundation and similar work. 

A cofferdam of wood or steel piling is practically '11ways required 
in the construction of a concrete suction bay. If quicksand IS en
countered the cofferdam may fill in as quickly as dewatered. One 
method of avoiding this difficult:; has been to excavate the sand to 
about 1 foot deeper than the bottom of the floor without dewatering 
the cofferdam, and then lay under water a false concrete floor Itbout 
1 foot thick. The concrete should be laid on canvas so that the 
cement will not be was'bed out so readily. If the under floor is nearly 
watertight, the cofferdam can be emptied without difficulty and the 
suction-bay floor constructed.. The under floor should not be con
sidered a part of the suction-bay floor because a thin concrete slab 
laid under water may have little stren~th. The bracing for a coffer
dam should be caretully planned, as madequate bra.cing frequently 
causes caving that necessitates e}",]}ensive reconstruction. After the 

. suction bay ~as be~n complet~d, the sheet, pilin~ at the front of the 
bay should, if posslblc, be dnven down flush Wlth the floor to help 
prevent undermining of the bay and the building. 

II 
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After the suction bay has been completed, construction of the otherfoundations can be done with comparative ease because they do notgo nearly so deep. Oonstruction of the superstructure and installationof the equipment are not particularly difficult. 

TESTS OF PUMPING PLANTS 

Acceptance tests should be made of all drainage pumping equipmentto determine if it meets the guarantees of capacity and efficiency.Pumps and engines often can be tested most economically in the factory, in the presence of a representative of the district, and acceptedbefore they are shipped to the plant. However, field tests generallyare necessary for pumps larger than 36-inch, because few manufacturers are equipped to test them. Because the equipment requiredto test oil engines is heavy and expensive to ship, it is usually economical to have .the district's engineer test the oil-engine equipment for24 to 48 hours at the factory, to determine the oil consumption perbrake horsepower-hour and whether the engine will operate satisfactorily at full load: New electric motors usually can be acceptedwithout special tests, because their efficiencies ordinarily do not varymore than 2 percent from those guaranteed.
The acceptance tests should determine also whether the primingequipment will prime the pumps in the time specified, which shouldnot be more than 15 minutes. The joints of the suction alid dischargepipes should be inspected to be sure that they are airtight; considerablereworking of welded field joints may be necessary. Before acceptancethere should be a thorough and detailed inspection of all the machineryto detect flaws, and all accessory equipment should be operated to besure that it performs satisfactorily.
After the plant has been accepted and put into operation, occasionaltests are desirable to determine whether the plant efficiency can beimproved by changing operating conditions, such as by adjustingspeeds and by repairing or giving better care to the equipment. Themethods and equipment recommended for testing pumping plantshave been described elsewhere (4-). 

OPERATION OF THE PUMPING PLANT 

Great care should be used to select competent and trustworthyoperators for drainage pumpin~ plants. The rapid deterioration ofseveral plants can be traced to l1llproper operation resulting from theemployment of inefficient instead of efficient operators. Keeping theplant clean reduces the fire hazard as well as improves the appearance.Even though there is a well-maintained trp.sh screen, sticks andtrash often lodge in the pumps or pipes which decrease the plantefficiency and may endanger the equipment. Although sticks oftencan be heard immediately after they get into a pump, it is not alwayspossible to determine whether the pump is clean except by openingit. The district officials should see that the operator inspects thepumps at frequent intervals and keeps them and the pipes clean.The trash screen should be kept free from trash to prevent waterheading up unnecessarily. The packing on the pumps should be renewed about once a year, and be kept sufficiently tight that ler.kageof air into the pumps will not be large, yet not so tight as to cause 
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excessive wear of the pump shaft. .Air in the pipes reduces the vacuum 
and increases the head against which the pump operates. 

Centrifugal pumps should not be operated empty if any of the parts 
depend upon water for lubrication. In priming them, they should be 
completely filled with water, for any air in the casing may be pocketed 
around the shaft and reduce the discharge. Screw pumps and mixed
flow pumps can be primed satisfactorily after they are started. 

The seal glands of pumps frequently become clogged with silt or 
grease and permit much air to get into the punlP, which causes a 
decrease in discharge and efficiency and rapid wearing of the packing 
and shaft. Priming is more difficult when the seals are neglected. 
The operator should understand ,the purpose of the seal glands and be 
industrious enough to keep them working properly. 

It frequently happens that wear, accident, or other cause reduces 
the efficiency of a pump very greatly. Occasional tests v.'ill show 
when the efficiency is abnormally low, and then inspection can be 
made to determine the character of repairs needed, which may be 
renewal of the impellers. The most efficient unit or units in a plant 
should be used for as much of the pumping as possible. 

In plants that have considerable variation in static lift the speed 
of pump should be carefully regulated to obtain a high plant efficiency. 
The importance of this has been shown on page 30. The management 
of a district should determine the most efficient speeds of operation, 
by testing the plant or from the characteristic curves, and see that 
the pumps are run at the most economical speeds. :Many operators 
who are paid by the month want to get their work done in the least 
time possible, and consequently overspeed the pumps at low and aver
age lifts. When there is danger of flooding crops, the pumps should 
be speeded up to obtain quick removal of t,he water. Also, for an 
electric plant operating under an off-peak agreement it may be ad
visable to speed up the pumps to finish the pumping during the 
off-peak hours. If operating at slow speed increases the cost ot labor, 
the extra cost should be considered in determining the economical 
speed. In some instances continuous slow pumping to keep the water 
low in the ditches may improve the drainage of some purts of the 
dis\'rict. 

Operation records are valuable court evidence to determine the need 
for or the amount of pumping, when special assessments are being 
levied or durinlj!; law suits, .as well as in supervising the operation of 
the plant. Daily records should include at least the followir.g j .:ems: 
(1) Discharge-bay gage readings, twice daily or when pumps are 
started or stopped; (2) suction-bay gage readings at the same time; 
(3) tinle of starting and stopping pumps; (4) speed of pumps; (5) watt
hour meter readings, in electric plants; and (6) rainfall. The amount 
of fuel on hand should be reported monthly or semimonthly for oil
engine and steamplants. Repairs to plant and equipment and sup
plies received and e:Xllenses incurred also should be noted on the 
operator's daily sheets unless a separate procedure is preferable for 
checking e:x-penditures. 

Adequate operation records, accurate cost records, and occasional 
tests are absolutely necessary for proper" supervision an.d economical 
operation of the pumping plant. Such data often enable lar~e s~vings 
to be madain operating cost!'!. 
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I,SUMMARY AND CONCLUSIONS 

In a study of 17 representative drainage pumping plants in the 
upper Mississippi Valley, extending over a period of 6 years, daily 
records of operation were obtained to determine the amounts of 
pumping, static lifts, and costs of pumping, and tests were made to 
determine the pump discharges and plant efficiencies. In the fall of 
1930 a survey was made of all the pumping plants being operated by 
organized drainage districts in that section. The discussion of costs 
has already been published (4). 

A drainage pumping plant should be designed to pump the estimated 
maximum run-off rate at the maximum lift. In the upper Mississippi 
Valley, minimum lifts range from 0 to 9 feet, and maximum lifts 
range from 12 to 25 feet. The average lift during the low-water 
season for a period of years should be the basis for designing a low-lift 
pumping umt in a multiple-unit plant. 

The annual run-off to be pumped should be determined in order to 
estimate the annual plant factor and cost of pumping. The estimated 
~verage~-off pumpedfrom districts that were affected by backwater 
from dams ranged from 16 to 35 inches per year, and from districts 
not affected greatly by backwater ranged from 12 to 16 inches. 
The annual run-off from districts that obtained some gravity drainage 
and were not affected by backwater from dams \'{as estimated as 
from 5 to 15 ,inches. 

The distribution of run-off according to static lift should be deter- ~ 
mined in order that the plant can be designed for maximum efficiency 
at the lift at which the greatest amount of, pumping must be done, 
and that one or more units can operate efficiently at any lift. 

The required capacity for a drainage pumping plant in the upper 
Mississippi Valley, at ma::-.:imum lift, in terms of average total run-off 
pumped per year and a coefficient varying with size of drainage area 
and degree of protection provided for the lands, may be computed 
(p. 25) as 

O=K1(0.22+0.006r) 

A formula for general application (p. 25) is 
O==~[K2+K3(r-a)] 

Screw pumps are especially efficient against heads less than 10 feet 
and mixed-flow pumps are very efficient against heads ranging slightly .. 
higher, whereas for heads greater than about 14 feet properly d~signed " 

centrifugal pumps obtain equal 01' better efficiencies. Centrifugal 
pumps have a greater capacity near the maximum lift than the other 
types of the same rated sizes. Some plants operating against con
slderable ranges in lifts have installed both screw or mixed-flow pumps 
for efficiency pumping at low and medium lifts and centrifugal pumps 
for efficiency at high lifts. Well-designed drainage pump.s have 
efficiencies slightly above 80 percent near the maximum lift, and 
operating at two speeds can maintain an efficiency of 70 percent or 
greater against heads ranging from 7 to 25 feet. 

The speed of all three types of pumps should be varied according to 
the lifts or heads pumped against, to obtain best avera~e efficiencies. 
At low and medium lifts the speed should be reduced, ill some cases 
by as much as 25 percent, from the most efficient speed for high-lift 
pumping. Oil engmes usually can be varied in speed by adjustment 
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of the governors sufficiently to permit proper pump-speed adjustment. 
In electric plants, two synchronous motors of different speeds mounted 
on the same shaft appear to provide the best method of speed adjust
ment. Where pumps are belted or chain-connected to induction 
motors, the most practical means of varying the pump speed is by 
changing pulleys on the motor shaft. 

A unit having capacity small enough to pump at the minimum 
rate of run--off with reasonable efficiency should be provided, unless 
there is large water-storage capacity in the vicinity of the pumping 
plant, in order to hold the water in the suction bay at optimum stage 
for draina~e of the lands in the district without too-frequent starting 
and stoppmg of the pumps. 

Riveted and welded plate metal is usually the most convenient and 
economical material for the construction of suction and discharge 
pipes. The friction head lost in those pipes in the plants studied, 
as determined from tests, ranged from 1.9 feet to 4.3 feet at 10 feet 
per second velocity. To reduce entrance losses and permit the suction 
bay to be pumped low without the punlP losing its prime, the end of 
the suction pipe should be expanded to have from 2 to 4 times the 
area at the pump flange. Discharge pipes usually should be mq)anded 
2 to 6 inches larger than the pump flange, the transition being made 
by a short e).-panding section. The saving in cost of pumping as a. 
result of reduced friction head is considerably greater in electric than 
in oil-engine plants because the expenditures for electric energy exceed 
those for fuel and lubricating oils. Discharge pipes should be rein
forced, if necessary, to prevent collapse when under a high vacuum. 

The discharge pipe should go over the levee or tlS near the levee 
top as possible ,vithout exceeding the practical suction limit of 28 
feet above the lowest stage of water in the discharge bay. The end 
of the discharge pipe should be below the absolute minimum stage of 
the discharge bay, so that the pump can be readily primed and so 
that the discharge pipe will act as a siphon to reduce the head on the 
pumps. The end of the l)ipe usually should be belled to reduce the 
head lost at exit. The horizontal section of pipe at the top of the 
levee should be short to reduce the amount of air that will be trapped. 

Choice of kind of power for a pumping plant should be made accord
ing to the total cost of pumping, mc]uding fixed. charges. Electric 
plants are cheaper in first cost, whereas oil engines cost less to operate 
(4). The economy of an oil engine depends upon its successful opera
tion for a long period of years, therefore experimental types should 
be avoided. Multiple-cyhnder horizontal oil engines are subject to 
more vibration than those with vertical cylindere, but single-cylinder 
horizontal semidiesel engines up to 150 horsepower have been satis
factory in operating drainage pumps. 

Foundations should rest on piling designed to support the full load. 
Reinforced concrete foundations are recommended for direct-connected 
units, so that pump and engine will not settle out of line. A substan
tial fire-resistant building of brick or other permanent construction 
is desirable. A concrete suction bay is usually desirable for upper 
Mississippi Valley pumping plants, to prevent undermining of the 
building. An effective screen should be provided to keep trash out 
of the pumps and pipes. 

Construction contracts for a pumping plant ordinarily should be 
let in two parts, one contract for the buildings, foundations, and 
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accessory structures, and the other contract for the pumping and 
accessory equipment. 

Competent and trustworthy operators should be employed for 
pumping plants, to obtain efficient operation and avoid rapid deteri
oration of equipment. Pumps and pipes should be kept free of trash. 
The screens should be cleaned regularly. The seal glands should be 
cleaned frequently, to prevent air from getting into the pump and 
rapid wear of the packing on the shaft. Pump speeds should be ad
justed according to the lifts, to obtain economical operation, although 
after heavy rains it may be desirable to pump the water out of the 
district as rapidly as possible. Records of operation and expendi
tures and occasional tests of the c.quipment are essential for proper 
operation of the pumping plant, and often lead to lar~e savings. 
They indicate the most efficient units for doing the maJor part of 
the pumping, and the need for repairing equipment or improving 
speed regulation. 
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APPENDIX 

The pumping equipment available for land drainage on Illinois River and on 
the Mississippi between Dubuque and St. Louis, in 1930, is shown in table 7. 
The locations have been shown in figure 1. 

The capacities and types of pumps and power equipment of many of the plants 
are considerably different from practices recommended at the present time, even 
where the machinery was the most economical obtainable under conditions exist 
ing when it was installed. The data presented in the table will be helpful to any 
engineer desiring to make a detailed study of those pumping plants that are 
similar to one that he may haye to design. 

With but three exceptions, all the pumping units of each district are located in 
one plant. In the Hillview district, the 5,OOO-gallon unit and the 22,OOO-gallon 
unit arc each in a separate plant to drain isolated areas of low land. In the 
Sayanna-York district, the 1,500-gallon unit is located separately to serve a small 
area not economically drained to the main plant. In the Muscatine-Louisa 
district no. 13, the 16,000- and ::l6,OOO-gallon units installed in 1920 are in one 
plant draining the lower part while the other three units are located in another 
plant more economically to drain the upper part of the district. 

~ 
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TABLE 7.-Drainage pumping plants in the upper Mississippi lTalley, 1980 

I Engino or motor Pump
-----~--._---I--~--~-__1Run~ff 

Key! Water- depthI 
no) Drainnge district shed 	 Degan Degan Size C~f;c- per 24I Inrea Type oJ!Cr- Rating oper- and (csu- hours ' 

I nung ating type I mated) 

1 • I· IIloru· Gal. peri 1=015 RIVER lJISTIUCTS 	 Year power Year Inchcs min. Inchu 
1 H p' ; "1'1~ fDieseL____ • 1924 1 150 1910 24 15, COO } 0 27~ ---. enne In ___ ••_.... _. "- , !,E1ectric_____ 	 1924 50 1915 18 6,000 . 

1910 75 1910 IS 9,000 }2____ EastPeorio••••• " ..•_.... 1,550 . ____do____.• 1910 50 1010 15 6,000 .513{ 

Pekin.La'"farsll ' •.• , '". .1 3,600 d ' 1910 100 1910 26 13, 500 }3.___ ",. " ----- 0 ____•• \ 192,s 75 1925 20 10,000 .346 
. I . 1914 100 1914 18 10,000 } 

4_.__ UockyJ!ord....... __ ..... 1,600 I-----do-----. 1919 100 1919 26 17,000 .895 
l{.___do. ___ •. 1015 300 1909 ·18 52,000}

5.___ SpringLake._._ ........ __ 22,500 '). __ .do_____ • 1915 300 1909 48 52,000 .276 
,DiI'SCL.____ • 1926 120 1909 21 13,000 

• f 1916 250 1916 36 36. 250} .3666____ Banner Speclal._ •• "..... 6,760 Elect[1c_____ \ 1916 75 1916 20 10,500 

\7____. EastLiverrOOI. __ ......../3,350 1,.-.-dO-----) ~~~ 1~ ~g~ ~ ~N~}·471 

8••--' LiverpooL._____ •....___ 3,700. semldieseL! {~ m ~~~ I~ g:l:q.258 

9__ --' Thompson Lake .•• _. ___ ., 6,350 "r._._do._____ 1927 220 1922 30 22,000 .367 


10_J Kerton Vnlley __ •____ •._,) 1, 740:~1:~~::=::: l~~ 2~ l~ ~ i?::l f .305 

lL __ ! Lacey__ •___ ._._._........ 1 I ; 1030 200 1930 36l\f 29,6OO} 

12••• " Langellicr. __ ••__ ••••••.••. I'8,640 I".----do.---.-l 1930 125 1930 30 20,000 .409 

13... : WestMnntnnzns._. __ .... ! ':1930 100 1930 24 17,000 
14"'1 S~ norn. __ ._••_. ___ ..... ,1 2'Q05I·-·-·dO------: m~ 1~ tim ~ l~::l ~ .264 
]5•••. Dig Lake____ ••_____ ._.___ 4,300 ;.--.-do----·- 1 1920 100 1914 24 12, 000 .206 

! ; 1018 75 19t5 20 10,00016.__ , KeUeyLnke•••••_. __ .. __ •1 1,200 ..____do_____.: 1918 100 ]018 2.1 12,000 .972 
]7... LostCreck•••••••• ___ •••-' 2,260 ; ..___do______ ' 1921 100 1021 30 ]9,000 .446

I 1 : 19).1 100 IOU 20 12, 500 }
18... ('onl Creek. ____ •___ ••_____ 7,525 :.____do. __ ••• 11914 100 1914 20 12,500 .264' ~ 1914 100 1914 20 12, 500 
19.•• ('rone Creek ••• _______ ._..I 6,230 Steam._____ 1912 2:>0 1912 36 30,000 .255 
20, BIg Pra!ric.;.............. \ 2,~. Electric___... 1929 100 1914 ~O 18,000 ).434
21. .. Dcnrd~to" n Dramage 800 .•____do_____ .; 1D2'J 1!!.'i 1929 -,I M 15,000 1.524 

. nnd Sanitary. j I' ) 1929 75 1929 20 M, 8,000! I • 1918 l{lO 1918 26 12, 000 
'S th Ddt I • 350 I d I 1918 150 1915 30 16,00022"-.. ou ear s own_. ______ , '" t·----- 0------11918 150 1918 30 16,000 .382 
I " j' 1918 150 lUIS 30 16,000

23•• .' Vallcy__ ••• ____ ...........! 3,200 _____do____ ._" 1916 100 1916 ?4 12,000 .199 
:rvr d . L k r. 000 I d 1929 200 1929 .16 32,000}24... ,' ere OSUl a ·e .._....... v, ;----. 0.-----; 19~'9 100 1911 24 14,000 .488 

25._.; Coon Run....._•• ____•••• 1,9Si I E1ectric_._._ . 1930 50 1930 20 1\1 10,000 .267 
"" I Lit'l C eek 2, 000 . Steam •.• ___ • 1911 00 1911 24 15,000
oW"'", .. e r .- ....--.--.--- :,SemidieseL. 1923 SO 1923 24 12,000 

.716 
;: Steam.._____ 1915 225 1915 36 31,000 
jSemidiescL_ 1926 150 1926 30 22, 000 

27___ McOee Creek______ _ _ 10.700 11 ___ .do. __ ... 1926 150 1926 30 22, 000 .401 
.. _- "! ••_.do .. _••. 1926 150 ]926 30 22,000

it ....do.--- ••l. 1926 150 1920 30 22,000
f "II Cit 7 l"jQ 'd : 192'~ l50 1922 36 2.s,OOO .26528"'j va ey y--- ••______ .__ ,,, :----- o___ '.'p" lU22 100 1922 24 10.750 

29 ___ . l\Iau...alsterre_.__ •______ .. 7, ISO DieseL___ ..!1926 120 1926 30 20,600 .152 
·.8too1ll...... 1913 420 1913 45 45,000

30_ •• Scott Oounty _____________ 12,600 L ...t1o._ .... 1Ul3 155 1\)13 24 16,000 .352 
';SernidieseL_ J928 150 1928 30 22,000 

' IlliG 400 1012 45 45,000\31.__ Dig Swan_.____•_____ •___ • 15,700 IElectric. __ •. i, 1917 150 1917 30 21,000 .267/
h 1927 If>O 1912 24 13,000 

~....do. ___ .• 1914 125 19101 30 20,000
1I._ ••do. ____• 1914 125 1914 30 20,000 

32__., IIillvlew.____ •_____ •______ 18 500 '.1 ....do.. __ .. 1929 260 1929 36 M 4l, 000 .596 , I!Slearn----... 1920 810 1920 f>O 100,000
Blectric..... IIl23 50 1023 15 6,000 
_...do._ .... 1923 150 1923 30 22,000 

1 For identification oC districts shown in fig. 1. 
2 All are centrifugal pumps except 0 Indiootcd screw pumps (S) and S indicated mixed·llow pumps (M) • 
• Plant capnclty calculated froDl estimated capacities of pumps • 
• 3 dlstrlcts drained by 1 pumping Jllnnt. 
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TA1ILE 7.-Drainage pumping plant8 in the upper Mississippi Valley, 19SO-Con. 

Engine or motor Pump 

Run-offWater-Key depthDrainage district shed Capacno. Degan Degan Size rcr24area ItyType oper- Rating oper- and ours(estlating atlng type mated) 

33___ 

34__ 

35___ 

36___ 

31.__ 

ILLINOIS RIVER DISTRICTS
continued 

Hartwell _________________ 

Keach (Fairbanks) _______ 

Eldred____________________ 

Spankey_________________ 

Nutwood________________ • 

Acre. 

12, 000 

18,300 

9,300 

1,125 

li,5OO 

Year 

j""1915Electrlc_____ 1915 
1929 

Steam______ i~ 
{Diesel______ 1921 
Steam_______ 1911 
DieseL_____ 1929 
SemidieseL_ 1923 

{Steam______ • 1910 
SemidieseL_ 1925 

Horat
power 

150 
150 
150 
458 
350 
225 
250 
190 
120 

50 
500 
300 

Year 
1915 
1915 
1915 
1929 
1910 
1910 
1921 
1911 
1911 
1923 

{ 1910
1910 
19Z5 

Inche. 
30 
30 
30 
48M 
48 
36 
36 
36 
24 
18 
48 
36 
36 

Ga/:per
mIn. 
22,500 

I 
22,500 
22,500 
67,000 
55,000 
30,000 
37,500 
37,000 
Ii, 000 
8,000 

52,000 
30,000 }35,000 

Inchtll 

.554 

.543 

_522 

.377 

_354 

MISSlBSlPPI RIVER 

lIS___ 

39.__ 

40___ 

41.._42___ 
43___ 

44.._ 

45___ 

46___ 

47.._ 

48___ 

49___ 

00___ 
51___ 

52___ 

53___ 

54___ 

55___ 

DISTRICTS 

Carroll County no. L _____ 

Savannah·York:...._________ 

Meredosla________________ 
Drury__ •_______________.. 
Union no. 1_______________ 
Day Island______________ • 

Kelthsburg_______________ 

Muscatine-Louisa no. 13__ 

Louisa-Des Moines no. 4.. 

Des Moines County no. 7_ 

Des Moines County no. S_ 

Henderson County no. 3__ 

Henderson County no. L_ 
Henderson County no. 2__ 
Green Bay________________ 

Nlotn_____________________ 

Des MoineS·Mississlppi.. 
HuoL___.._______________ 

3,500 

3,600 

8,500 
7,000 

1'52,000 

1,800 

55,000 

16,000 

30,700 

6,000 

2,200 

}'22,400 

14,000 

1,303 

5,500 

15,840 

{____do_______ 1923Dlesel.._____ 

!~Electric_____ 1918 
192;
1m 

SemidleseL 1924 
1924Steam_______ 
1908 

• ____ do______ { 1909 
1909 

{Gasoline ____ 1930 

l~~::: 
1915 
1920 
1916 ____ do______ 
1916 ____do_____ ._ 1916

Electric_____ 1920 ____ do_______ 
1920 

Steam__.._.. { 1909 
1909{__ ..do_______ 1911 ____ do_______ 
1911

Electric. ____ 1928 
Steam._____ 1911 

1911 
1916 _____ do_______ 
1916 
1917 

Electrlc___ .. 1928 
1928 

_____ do______ • 1918 
1918 

_____do______ 1917 
1917 

Sem1dieseL_ 1929 
1920 

Electric_____ 1928 
1928 

135 
80 
75 
75 
15 
15 

100 
200 
250 
500 
500 
30 
50 
55 

400 
400 
150 
200 
100 
315 
315 
350 
350 
400 
125 

75 
75 
75 
75 

350 
350 
300 
300 
35 
35 

100 
125 
250 
250 

1923 
1928 
1918 
1918 
192; 
192; 
1924 
1m 
1908 
1909 
1909 
1915 
1915 
1920 
1916 
1916 
1916 
1920 
1920 
1909 
1909 
1911 
1911 
1911 
1911 
1911 
1916 
1916 
1917 
1913 
1913 
191B 
191B 
1917 
1917 
1929 
1929 
1928 
1928 

30 
20 
30 
30 
12 
8 

24 
36 
50 
60 
60 
12 
18 
20 
54 
54 
36 
36 
24 
50 
50 
54 
54 
54 
24 
18 
20 
20 
18 
48 
48 
42 
42 
10 
]0 
30 
36 
36 
36M 

20,000 
11,000 
18,000 
18,000 

3,500 
1,500 

15,000 
34,000 
70,000 

115,000115,000 I 
3,500 
8,000 
9,000 

85,000 
85,000 
36,000 
36,000 
16,000 
63,500 
f>3,500 ! 
80,000 \ 
80,000 I
80,000 
15,000 i 

11,00011,000 

8,400 !i 
9,000 

55,000 
55,000 ' 
47,500 ' 
47,500 ! 
3,200 
3,200 

20,000 
30,000 
35,000 
41,500 

.470 

.604 

.306 

.530 

.234 

.604 

.249 

.421 

.415 

•?J11 

.747 

260 

360 

259 

.482 

250 

56___ Lima Lake_______________ 16,640 _____do_____ ~_ 1928 
19'28 

250 
250 

1928 
1928 

36 
36M 

35,000 
41,000 .355 

67___ 

58_-_ 
59___ 

60___ 

61. __ 

Indian Grave.__________.. 

Union Township_________ 
Fabius________________ •___ 

Marlon Count.y_____ • _____ 

Soutb Qulncy__________ , __ 

21,000 

3,700 

14,000 

0,470 

10,405 

1928 
_____do_______ 1918 

1918 

SemidieseL _ 1923 

P""'-----!:;:;
Electric_____ 19l~ 

_____ do_______ m~ 

250 
200 
400 

100 
250 
250 
100 
100 
200 
200 

1928 
1918 

{ 1918 
1918 
1923 
1911 
1911 
1915 
1915 
1917 
1911 

36 
36 
36 
36 
30 
42 
42 
30 
30 
36 
36 

35,000 
36,000 
36,000 
36,000 
22,000 
47,500
4;,500 

!20,000 
20,000 
34,000 
34,000 

m 
5 

338 
.31 

.3 

.34 

28 

1 

, 2 districts drained hy 1 pumping plant. 
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TABLE 7.-Drainage pumping plants in the upper Mississippi Valley, 19SG-Con. 

Engine or motor Pump 
Wllter_I-------.---;---II-----.--....---IRun-otI 

Key Drainage district sbed " B B n Size Capac· dep~~no. 	 area egan ega ity per .... 
Type 	 oper- Rating oper· and (esti. bours 

sting sting type mated) 

--1---------1---1-----1---1------- ------
MISSISSIPPI RIVER DIS- Horae Gal. per 

TRICTs-continued Acrea Year power Year Inchu 
1911 250 1911 3662___ Soutb River._____________ 11,200 Steam_______ 1911{ 	 ~~ lln~:~250 1911 36 

SemidieseL_ 1921 125 1921 3663___ Riverland________________ 6,400 DieseL_____ !!l36 	 ~:~ .:m{ ]20 1921 36 
6L_ EUSberry_________________ 25,000 Steam_______ { i~i~ 300 1915 48 00,000 238 

300 1915 48 00,000 
65___ Sandy Creek_____________ 1,125 SemidieseL_ 1!lZ! 38 1923 18 8,000 .377
66___ BIevator__ ._______________ 1,800 _____ do______ 1920 1\120 24 10,000 .29550 
67___ East Side Levee and Sani

tary: 
1930 90 1930 36SCabokla planL_______ 2,688 DleseL_____ { 1930 	 2O,OOO} 789 

90 1930 36S 20,000 
1930 240 1930 MS 00,000 }240 1936 MS 

{ 
Soutb plant___________ 33, 280 _____ do.______ }i:l 	 00,000 .319 

240 1930 MS 00,000 
1936 240 1900 MS 00,000 
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