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SUMMARY

LY

In a study of 17 representative drainage pumping plants in the upper
Mississippi Valley, extending over a period of 6 yewrs, 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.  The discussion of costs
has alrendy been published (77).  Additional data were collected and
anaiyzed to bring the publication up to date and to widen its applica-
tion to smaller plants of furm size.

A drainage pumping plant is an integeal part of n drainnge system.
It should be designed nlong with other drainage works, which nearly
always include open drains und levees and frequently tile drains.
A drainage pumping plant should be designed to pump the estimated
maximum runoff rate at the maximum lift.  In the upper Mississippi
Vatley, minimum tifts range from 0 to 9 feet. and maximum lifts range
from 12 to 25 feet.  The average 1ift during the low-water season for a
period of years should be the basis for designing u low-lift pumping
unit in a4 multiple-unit plant. Data that ave essentinl for design may
often be secured from the Corps of Bngineers, United States Avmy,
the Geological Survey, the Weather Bureau, and the Soil Conservation
Serviee, and other agencies to determine river stages, flow of streams,
runolf to be expected from the area, required drainage coellicient, and
estimated runoft to be pumped.

The annual runoff to be pumped should be determined in order fo
estimate the annual plant factor and cost of pumping. The estimated
average ranoff pumped from districts that were affected by backwater
from dams ranged from 16 to 35 inches per year and from districts not
affected greatly by buckwater from 12 to 16 inches. The annual runoff
pumped from districts that obtained some gravity drainage and were
not affected by backwater from dams was estimated to be from 5 to
15 inches.

The distribution of ranoff according to static Jift 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 move units can operate efficiently at any hift.

The required capaeity for a druinage pumping plant in the upper
Mississippi Valley, af maximum lift, in terms of average total runoff
pumped per year and a cocficient varying with size of druinage area
and degree of protection provided for the lands, may be computed
{p-35) us

(=33 (G+.423 »)

A formula for general application (p. 35} is
C=K, |G+ (K, Xr)]

Propeller pumps are especinlly efficient against heads less than 10
feet and mixed-flow pumps are very efficient against heads ranging
somewhat higher, whereas for heads greater than about 14 fect prop-
erly desigmed centrifugal pumps oblain equal efliciencies.  Centrifugal

1 |iatie numbers in parenihoses rofer W Literature Cited, po 735,
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pumps have a greater capacity nesr the maximum 1ift than the other
types of the sume rated sizes. Some plunts operating against consider-
able ranges in lifts have installed propeller v mixed-flow pumps for
efficient pumping at low and medium lifts and centrifugal pumps for
efficiency ut high lifts, Well-designed drainage pumps have efficiencies
slightly above 80 percent near the maxtmum lift, and operating at two
speeds ean maintain an efliciency of 70 percent or greater against total
heads ranging from 7 to 25 feet.

The speed of all three types of pumps should be varied according
to the lifts or hewds pumped aguinst, to obtain best average efficiencies,
At low und medium lifts the speed should be reduced, in some cases
by as much as 25 pereent, from the most efficient speed for high-lift
pumping.  Oil engines uaually can be varied in speed by adjustment
of the governors sufliciently to permit proper pump-speed adjust-
ment. In electric plants, two synchronous motors of different speeds
mounted on the same shatt provide an excellent method of speed ad-
justment.  Where pumps are belied or chain connected to induction
motors, the most practical meuns of varying the pump speed is by
changing pulleys on the motor shaft.

A unit having capacity small enough to pumyp at the minimum rate
of runclf with reasonable efficiency shonld be provided in order to hold
the water in the suction bay at optinun stage for drainage of the
lands in the district without too-frequent starting and stopping of
the pumps,

Welded and riveted sheet steel is usually the most convenient and
sconomical 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 pump losing its prime, the end of
the suction pipe should be expanded to huve from 2 o 4 times the aren
at the pump flange.  Dischurge pipes usually should be expanded 2
to 6 inches larger than the pump flange, the transition being made by a
short expanding section. "The saving in cost of pumping as a result
of reduced friction head is considerably greater in electrie than in
oil-engine plants becuuse the expenditures for clectric energy exceed
those for tuel and lubricating oils.  Discharge pipes should be rein-
forced, if necessary, to prevent collapse when under a high vacuum.

The discharge pipe should gy over the levee or as near the levee top
as possible without exceeding the practical suction limit of 28 feet
nbove the lowest stage of water in the discharge bay, The end of the
discharge pipe should be below the ubsolute minimum stage of the dis-
charge bay, so that the pump ean 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 pipe usually should be belled to reduce the head lost
at exit. The horizontal section of pipe ut the top of the levee should
be short to reduce the amount of nir that will be trapped.

Choice of kind of power for a pumiping plant should be based on the
total cost of pumping, including fixed charges, and on other advan-
tages. Electriv plunts are cheaper in first cost, whereas oil engines
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cost less to operate (/7). The economy of an oil engine depends upon
its successtul operation for a long period of years; therefore, experi- -
mental types should be aveided. Multiple-cylinder lorizontal oil
engines are subject to more vibration than these with vertical eylin-
ders, but single-cylinder horizontal semi-Diesel engines up to 150
horsepower have been satisfactory in operating drainnge pumps,

Foundations should vest on piling designed to support the tull load.
Reinforeed econvrete toundations ave recommended for divect-con-
nected units. so that pump and engine will not scttle out of line. A
substantinl fire-resistant building of brick or other permanent con-
struction is destrable for large plants. A concrete suection bay is
usually desirable for upper Mississippi Valley pumping plants, to
prevent undernmning of the building.  An effective screen should be
provided to keep trush out of {he pumps and pipes,

The number of furm pumping plants has incrensed since the war.
The installation of vural electric lines and farm mechanization has
encouraged this development. A smalt pumiping plant can be used to
drain sl areas which cannot otherwise be drmined.  Attempt has
usually been made to decrease the initial cost of such plants and secure
automatic operation or fo reduce to a minimuim the need for attend-
ance while the plunt is operating.  Light, low-lift, propeliev-type
subnierged pumps have often been used and priming equipment elimi-
aated.  Foundations have been lightened, buildings simplified, and
the least costly equipment provided. In muany eases, annnal operating
vosts have been low and the small amount of pumping requived an-
nually would not justify a large additional sum fo secure Improved
plant efficiency. On the other hand it is important for a small as well
as 4 larger plant to operate when necessavy to save crops from flooding.
The dependability of cquipment is thus an important consideration.
Essentinl foatures such as a sereen for trash shonld be provided, and
need for veserve equipment should be considered. Several examples
of small favm plants ave discussed in the text,

Construction contracts for a pumping plant ordinarily should be
let in two parts, one contract for the buik‘ings, foundations, und ac-
cessory structures, and the other contract for the pumping nnd acces-
soIy equipment. '

Competent and trustworthy operators shouid be employed for pump-
ing plants to obtain eflicient operation and avoid rapid deterioration
of equipment. Pumps and pipes shonld be kepl free of trash. The
sereens should be eleaned regularly.  The seal glands should be cleaned
frequently, to prevent air from pretting into the pump and aveid
rapd wear of the packing en the shaft. Pump speeds should be
adjusted according fo the lifts to obtain cconomienl operations, al-
though atrer heavy rains it may be desirable to pump the water out
of the distriet as rapidiy as possible.  Records of operation and ex-
penditures and oceasional tests of the vquillmmni' are essential for
proper operatien of the pumping plant.  They often lead to large
savings.  Careful vecords indicate the most ellicient units for doing
the mujor part of the panping and the need for repuiring equipment
or mproving speed regulation,
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INTRODUCTION

The national Importance of drainage in conserving and ntilizing
our agricuftural lands is receiving increasing vecognition. Conser-
vation weans using land in accordance with its capability and treat-
ing it in acvordunce with its needs.  According to Soil Conservalion
Service preliminary estimates, farmers ave eultivating about 60 mil-

lion acres that should not be cultivated Lut should be vetired for

such uses as grazing and forestry.  Most of this Jand is eroding und
is too steep for successful cultivation. As these misuses of band are
being corrected large additional avens of land will need to be drained
and cultivated as well us developed by clearing and irvigation.  As
population increases there will be an increasing need for deaining
good land.

The druinage of lands is particularly Important in the conservation
program because drained latdds ave usually flat and not subject to
serious crosion. Thus, good conservation means a greafer utiliza-
tion of flat noncrodible lands md shifting of row crops such as corn,
cotton, and soybeans to such Tands,  Steeper lands subject to serious
crosion can be used less infensively s other lands are availabie.  This
is soanetinmes done on a Tarm basis and sometimes it needs to be done
for Lhugre areas,

The program of soil conservation distriets is encouraging proper
methods of Iand drainage.  These districts often furnish technieal
assistance in conneetion with land drninage by groups and individuals.
Such drainage is often accomplished by use of pumps, Technieal
serviees, where available, include a determination of the capability of
the land, whether it is productive encugh fo be worth -lraining, and
assistance on design and construetion of drains and other drainage
fucilities such as pumping plants. A plan is worked out with farmers
for installution of all practices necessary to conserve the fertility of
the goil ().

In connection with the conservation program of soil conservation
districts il is likely that the need tor drainage pumping will increase.
Pumping will be needed o sectire proper atilization of the flaf bands.
Smll farm-size pumps are becoming increasingly important in our
Innd-drainageenterprises. ‘They are no more complicated than tesctor-
deawn farm equipiment. Another trend is toward lavger pumping
plants that have a greater capncity per acre and therefore help to avaid
crop losses by securing dratnage under conditions of high rainfall,
This trend and the newd for seeuring more efticient plants will result
in enlarging or replacing nuuy plants.

However. before n new dieninage pumping plant s mstalled the
feasibility of the project should be determined,  The plant is one part
of a complex and somewhat costly developinent.  Such projects usuatly
involve levees, drainage systems, land elenring and developrient, farm
drains.and other furm-conservalion structures and praciices. Clhiangoes
in crop prices and adverse economic conditions affect deatuage-prmp-
ing projects probably more than other kinds of drainage projects be-
cause of high operating charges. Pumping and other costs should
be compared with income from land deained 1o determine the justifica-
tion of the project.
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A detailed investigation of the design and operating characteristies
of puinping plants in the upper Mississippi Valley wus made from 1925
to 1930. The investigations showed that the amount of water pumped
annually from somc drainage districts was more than deuble that from
other all-pumping districts of like size in the same locality, beenuse
of differences in seepage from the streams bordering the districts.  The
amount of seepage was found to be related to the average static lift,
to the porosity of subsoil stuta, nnd to the extent that drainage ditches
cut into those strata. The data collected showed n covrelation of
plant capacity at maximum Lift with average annual amount of pump-
ing. Much operating and cost dutu gatheved in that study were
pubdished {17).

This bulletin supersedes Techuical Bulletin No. 390, Design and
Operation of Drainage Pumping Plants in the Upper Mississippi Val-
ley. Recommmendations for the design of drainage pumping plants
of all sizes and lovated throughout the Unifed States and the design
of faem pumping plants are included in this publication.  Agricul-
tural prices have improved materially since the origihal investigation
was mnde.  Consequently, greater returns from the land have encour-
aged drainage by pumping and by other means. At the present writ-
ing, prospeets for a high demand for food and good prices appear
favorable. Although drainage pumping costs have increased, they
have not risen as mueh as farm income from drained lands. It ap-
pears, thevefore, that drainage pumping installations that would have
been uncconomical when the original publication was issued would
now be attractive to tarmers and investors.

According to the United States Census of 1940 (14), there were
4367095 neres in organized drainnge enterprises operating pumps
in the United States.  These pumps had a total cepaeity of 20,716,025
aailons per minute {g. p. m.}. served by power units totaling 102,106
horsepower.  In 1940 the rated horsepower capacity of plants included
57.6 percent eleclvic motors. 23.9 percent internal combustion engines,
3.1 percent steam engines, and 13.4 pereent plants having two types
or other kinds of power. The use of steam decreased from 17376
horsepower in 1920 to 3,180 horgepower in 1940. The all-electric
plants increased from 36,472 horsepower in 1920 to (41,003 horsepower
m 1930 and then decreased t0 38017 horsepower in 1940, The capacity
of plants having all internal combustion engines increased from 3,916
horsepower in 1920 to 13118 horsepower in 1930 and 26 464 horsepower
in 19K, The capitad invested in drrinage enterprises operating pump-
ing plants was $125.103.276 (o January 1L 1M, Farm pranping plants
serving privalely owned tenets of less than 500 neres ave not included
in these figures.

CONDITIONS FOR PUMPING

Individual farmers and those in groups organized for drainage
will probubly make incrensing use of small pumping plants to drain
areas that cannot be drained readily by gravity deains.  Pumps are
nsed for special conditions, such ag the control of water table for muck
Tands wnd for lands or crops in humid areas where irrigation during
droughts is essentinl,  Pumping fov drajuage in irrigaied areas will
no donbit inerease beeanse of the special problems encountered in such
arvas.  The belier equipment and electre lines now available ¢ncour-

DRI
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age the installation of small pumping plants to serve individual
farms,

Land which is below or nearly level with neurby oceans, Inkes,
rivers, and strenms affords opportunities for successtul drainage by
pumping. Land may be so flat or lvregular in general topography
that low areas may be drained more economicnlly by pumping than
by the consteuction of loug, deep outlet drnins. In irvigated areas,
pumping may be needed to lower the ground-water table that has
risen fo dangerons levels from overirvigation and seepage from canuls
and laterals. Buch pumps may collect water from wells in water-
bearing strata or from deep open or closed drains (9).  Pumping may
be the only practieal kind of drainuge for muny arveas. IPor other
areas there may be n chotee of pumping or of accepting an unpuired
drainage outiet during part of the year because of high stages of the
outlet water levels.

The bottom la: ds along the 1ilinois River below Peoria and along
the Mississippi River between Rock TIslund, 1., and the mouih of
the Hlinois .llfi ver originally were subject to overflow by river floods so
frequently that farming them was unprofitable or impossible, The
construction of dams for navigation and for power has aggravated
the conditions in some sections, To protect the lands apainst high
water, more than 60 drainage districts have been organized under
State drainage laws. These distriets have built levees to keep ont the
floods, and have installed ditel systems and pumping plants to dvain
the lands. The extent of pumping for drainage in that vegion is
shown in figure 1, and the mugor design clements of the pumping
plants ure given in the appendix (iable D).

These deainage districts vsnatly extend from the riverbank o blufls
which rise abruptly to heighls of from A0 fo 200 feel above the yiver
Jevel, They asually extend along the Mississippi or the Illinois be-
tween tributavies that arve foo large to be diverted ov puinped econonii-
eally. Most distriets nre 2 to 4 miles in width and 4 te 8 miles in
length.  Most of the lunds in pumping districts nre ss low in relafion
to river stnges (hat all drainage walter must be pumped. Some dis-
triets pumnp only part of the runefl, and during part of the tine obtain
gravity deainage through sluices.

Low-lift drainage pumping plants ave also used for land deainuge
alongr the Mississippt River in Avkansas; along the Gulf Coast in
Loumsiann and Texas; in Flovida: in the Pacilic Northwest; and in
Californin, Deainage pumping is used in most of the irvigated States,
Much of the drainage pumping from ierigated Linds is from wells, nad
requires 4 reafer it than for the plants considered in this publica-
tion. There wre o number of simuller farm pumping plants in Florida.
Michigan, Ohio, California, and uloug the Aflantic Coastal plains.

RELATION OF PUMPING PLANT TO GENERAL PLAN OF DRAINAGE

Lands that veyuire 2 pumping plant for drainage always requive
additional druinage works such as levees, interior ditches, frequently
tile draing, and someiimes channels to divert hill strewms. Al of
these worls should be planned by the designing engineer In order fo
obtain an wdequare and evonomical plau of drainage for the district.
The diversion of hill strewms is generadly advisable even at cousider-
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able expense in order to reduce the costs of pumping snd of maintain-
ing the drainnge ditches. Where the lands lie well nbove low-water
stuges of the outlet, gravity drainage sometimes can be obtained.
Where gravity drainage could be obtiined only for occasional short
intervals it may be more economical to pump all the drainage than
to install a sluiceway or similar structure.

LocaTtiox oF Pyusrine PLants

The location of the pumping plant is determined largely by the
topography of the nren and the diteh systems. Tt is desirable to install
all the pumping equipment at one locution if possible to secure lowest
construction and maintenance costs, Often, however, the costs and
effectiveness of installing two or more pumping piants should be
considered in order to accomplish equivalent results. The location of
plants should be based on the following considerations: Eifect on
construction of dreaing; practicability of small automatic electric
plants to drain isolated nreas: proximity of rouds, railroads, water-
ways for transportation of fuel and labor; living quarters for Jabor;
proximity of electrie power lines; construction problems and founda-
tion condifions.

When an old pumping plant is being replaced it is nsually impracti-
cable Lo change the location of the plant. When other conditions do
not control, the best location may be determined by pumping lifts,
suction bay storage, und foundation conditions.

Fouxpation ConpiTions—So1r Borines

Good foundation soils are not only desirable to minimize con-
struction costs but as a safety factor during flood conditions. Some
plants have been destroyed by levee breaks at the pumping plant dux-
iy floeds,

"I'he existence of quicksund or other unstable material at the site may
greatly increase construction costs and affect design. Adequate in-
formation on foundation conditions should be secured by weans of
soil borings.

SToracE AT SucTion Bay

It is desirable to provide large storage near the pumping plant.
Storage in the suction bay is advantageons for several reusons.  Where
a substantinl rmount of storage is available, reduetion in size of the
pumping plant may be |l)el'missible. When the runofl’ exceeds the
plant capacity the water levels in the ditehes will not rise so rapidly
or so high above optimum stage. The fluctuations of the suction
bay are veduced in minount, thereby providing a morve constant lift.
The water in the buy need not be pumped so low in order to provide
convenient interviuls between operation of the pumps. Pumping the
water low in the suetion bay increases the static 1ift and tends to suck
alrinto the pumps. which decreases their elticiency.  When a pumping
district has a large amount of stornge available'a small pump is not
as essentinl for pumping during periods of small vunoff. A large stor-
age makes it possible to reduce night operations and consequently may
result in decreased labor costs.  In eases where advaniageous rates
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for clectric power are availuble through “off peak” pumping u large
storuge 15 n distinct advantage, It permits storage of water duving

day hours and enables a reduction in penaliies for peak-hour pumping..

In districts where the topopraphy permits, it is often desirable to
leave low sloughs, Takes, or ponds unrecluimed in order to provide
storage,

The open-ditch system is nearly always designed with a higher

capacity than the pumping plant (p. 35).  The excess capacity of the .

diteh system provides valuable storsge during lperiods ot heavy rain-
fall and enubles water to flow more rupidly to the pumping plant.

Desicx oF Orex Drrcugs v Upper Mississiret VALLEY

The design of open ditches is an essential feature in adequate plan-
ning for drainuge pumping systems, Ditch systems must conduct
the water from the felds to 1hie punping plant and must also provide
for storage of excess water during heavy iloods. The runoff capacity
provided by open ditches is determined on the basis of experience in
the area tn which the plants are located.  Runoff curves for adequate
drainage, often referred to ns “drainage coefticient,” nre given in figure
2 for Mtates in the upper Mississippt Valley. These curves were based
on field measurements and observations (£2). They huve been used
successfully by the Boil Conservation Service in designing ditches for
more than a decade and have provided a basis for adequate drainage
systems.  Guneraily the “C” curve has been used for most dvainage
systems,  These curves are applivable in the formula for estimating
maximum runefl, given on page 35. IHowever, in areas other than
the npper Mississippi Valley appropriately similar curves for the
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loeality should be used.  Information on curves similur to these can
usually be secured through soil conservation districts.

DETERMINATION CF STATIC LIFTS

All pvnilable duta velating to the stuges of the discharge nnd suction
buys should be studiced to deternine the maximuni, minimum, and
average stutic lifts of the lpumps. The Kmmp manufacturer needs
these data in order to supply equipment that will operate efliciently
nt all lifts und be adequate in capacity at the maximum lift. The im-
portance of the varistions in lift has not nlways been recognized. For
example, one plant was designed for n head of LT feet but no provision
was made for eflivient low-11Et pumping nlthough the avernge lift was
only 5 feet. When new impellers were installed in the pumps and the
speed decreased, the saving in electric power obtained was estimated
to averngn $2,000 per year,

The elevation 0'} land to be drained, the slope and operating Jevels
of wuater in the interior ditches, and the elevations of tile outlets
determine the operating levels of the snction bay., For this reason
the static 1ifts usunlly can be determinedl best after the ditch system
has been destgned. The maximum stage in the suction by usually
occurs when the pumps are unable to control the water, and low areus
of Iand ave flooded.  The minimum stage oceurs when the-difches are
pumiped very low in order to extend the time until the pumps witi need
to be started sgain.  In many cases it is desirable to hold the suction
bay at o low stage in the spring in order to lower the water table in
the ground. The desirable maximum operating level, or optimum
stage at the suction bay, ovdinarily, is the level that will give drainage
to the lowest important nveas of cultivated lund. The optimum
stage may vary with season of year and with weather conditions. This
stuge will ordinarily be £ to 7 feet lower in elevation than the eleva-
tion of Impovtant arens of land requiving drainage.

Aaxiaes Lisr

The maximum 1ift should be tuken as the difference between the
maxinium stage of the dischurge buy and the optimum stage of the
suction bay. The maximwn lift muost be determined accurately,
becanse it estimated too low the capacity of the plant is likely to be
inadequate during floods, The maximum [ift may usually be deter-
mined from muximum recorded flood stuges at nearby gages,

‘The annual publication of the United States Weather Bureau “Duily
River Stages,” gives the maximum, minimum, and daily grge heirhts
for the river gages of the principal vivers of the United Stutes. Infor-
matien relafing fo maximum and minimum flood heights for stations
along the 1llinois and upper Mississippi Rivers are given in table 1.
The maximum stage of the discharge bay along o river covered by
records muy rveadily be detevmined by plotting o profile of flond
stapes wlong the river or by interpolation of flood elevations between
gaging stilions,

Stream wages are 2lso maintained by the United States Geological
Survey, the Corps of Lingineers, United States Army, and by other
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‘TanLe 1.—High-water slages and olher dala relating to river gaging stations!

j !
Elevniifon 1 Extreme stages frotn gaps
Longth of gige %ﬂﬁg&o Dminsge n‘njlngs
Etation of 2010 ubove ared Flood
record abova mouth of nbove stage Fieh i
MOUT Sen gage h- § .
iavel river esy §Yenr Loweat| Year
Square
Minols itiver: Yenry Feet Mites miles Feet Feet Feet
Morekey e eoee 41 478. 50 203.3 7,580 13} 2.6 |13 6.0 1000
Poyrin, 18 . - ri 4. 30 162.3 14,872 18 R0 3 5a 1000
Hovana, 1., . _, LES 44, 28 11%. 9 17,60 14| 273 | 148 421 1001
Benrdgtown, 1. ..., i) 419, 80 85.0 3, 58T 4] 27 | 1H3 0.7 180l
.\ilasimigpi Rliver:

Puboque, lown_. 7 594,04 | 1,540.0 81,978 18| A7 |1880 ) —2.8| I3
Davenrport, Iowa 85 542,00 | 1,470 40 18] 194 |1882] —1.8| 1033
Museating, fown. %3 530, 07 1,.419.2 o, 5l 15 19.5 1522 =LB| 180
Keokuk, Iown, 7l ERroe o A 120 MBS ) 14 —4.3 ¢ 1034
ulney, M., - 48 454, o i, 80,9 135, 142 4§ 3.9 1444 —iL4 1638
anmibul, Moo eeeran T .87 | LD 137, 303 137 LE IH4 | =27 i3
Crafton, ... ... &0 403, 72 1,182 4 178, 492 i8 2.0 1843 =11 1837
B, Louls, Mo vaeeen 33 386 | 1,140 y D AW 3L | 1HE; —6.1 1HG

! From dally river stoges, 17, 50 Wenther Buren, for yoar 145,

Federal and Stuate agencies. The stages of the discharge bay for &
plant locuted on a tributary channel may be higher than for one
located on the main viver, Static lifts for 15 districts studied are
shown in table 6, page 23,

Figures 3 nnd 4 show the hydrographs for selected stations on the
1llinois River for 1927 and 1943, and on the Mississippi River for 1929
and 1943, The floods during these years are believed to represent
maximum conditions that pumping plants along those rivers should
be designed to meet, both as to height and ducation of flood. TIncreas-
ing the maximum design lift unnecessarily inereases the power re-

uired to crive the pumps and due to pump characteristics tends to -

decrense the plant efliciency at lower lifts. The maximum lift for

plant design sometimes may be decreased to the extent of the rise of

thie suction bay which necessarily ccenrs during floods. It is usually

anliacticnbie to prevent flooding of some low-lying areas by the worst
oods.

Study of operating conditions during flood pericds {pp. 80-34)
shows the importance of designing a plant to pump its full capacity at
the maximum 1ift. Full-capacity pumping, as the figures show, fre-
quently must be begun several days before the maximum river stage
oecurs and be continued until the fioold crest has passed. A consider-
able period of inundation might cause grenter crop losses in a single
year than the entire cost of an adequrte pumping plant.

Minisus LiFT

For design purposes the minimum lift should be assumed to be the
difference between minimum stage of discharge bay and optimum stage
of suction bay, based on mean monthly firures and not the minimum
possible lift.  INinois and upper Mississippi Rivers remain near mini-
mum stage for longer periods than at any other stage. Therefore, it
is importunt to have at least one pumping unit that will operate effi-
ciently nenr the minimum Iift.
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In many instances the minimum elevation of the discharge bay is
above the minimum river stage. This is the case when the bay 15 a
considerable distance from the river or where obstructions intervene,
The advantages of enlarging and deepening such an outlet channel
to secure a lower average lift shonld be considered. Average low-
water stages such as those given in tuble 2 may be used for estimating
minimam lifts, For instance, as 9.1 and 8.7 feet for August and
September are the average minimum stages for Beardstown, it is de-
sirable to use elevations corresponding to a stage of 9 feet in com-
puting the minimum lift for plants in that vicinity. The minimum
stuges of the Mississippi River occurring in December, January, and
February should be disregnrded becnuse they occur at a season when
very little pumping is necessary., Many navigation dams have been
constructed along the Mississippi and Illinois Rivers. If the pump-
ing plunt discharges into a pool formed by a dam the minimum lift
for design purposes would ordinarily be based on pool stages. Simi-
larty, back water from dams may affect stages of tributary streams,
The Corps of Engineers of the UTnited States Army is responsible for
operation of navigation dams in the upper Mississippi Valley and
would be the sotrce of information relating to pool stages.

AvVERAGE LIiFT

The average 11ft for use in designing a drainage pumping plant may
be determined from the average monthly lifts weighted according to
the amounts of runoff pumped in the respective months,

The average stages, annval and monthly, of the Mississippi River
and the Ilinois River at the principal citics in the region where
drainage pumping is common ure given in table 3. The avernge stages
are higTwst along the Tllinois in March, April, and May and along the
Mississippi in April, May, and June. MMaximum viver stages occur
somewhat later on the Mississippi because its watershed area lies
Tarther north. From this talle the average elevations of the discharge
bay can be estimated along these rivers. Consideration should be
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given to any other available data relating to water elevations at the
particular location of the proposed pumping plant,

The average monthly lifts can be estimated from the uverage eleva-
tion of water in the suction bay and the average menthly elevations
in the dischaige bay. The average amount of pumping done monthly

TasLe 3~—Average of mean monthly stages ! recorded during period 184145
ILLINGIS HIVER

1 . 7
Ian. | Feb- ) m [T , Au- 3P gt No- | De- |y
Statlon. ury ruaryi Murch Aprl!i Moy | June! July gust ti.}i.a; bier ‘t‘]:-l: cﬁi}:- pus)
Morzls, IN_ ] 58 ) 7.0 i T8 7.9 I E.7 | 6.6 57 56 55 &8 6.2] &A% 8.5
Puoria, I R o S E N R S T B S R TS T < T R S NS T IO FOE IR E o I T a7
BEavana, £ .00 20 0.0 00 137 38 ikl 79 by 6% B! RTI 82 0.5
Beardstown, Hi. .} 0.2 1LY } L8 ELY 7 e i 3.7 M3 i 9.5 ! !J.Ji 0.5 | 6,81 10, 1.4
1 . ] i ]
MISSISBIPPE RIVER
R [
Dubunae, lown, . 7.5 7.2 l 0.5 I irg ? 1.3 ’ 3.9 F 10.5 I 8.1 f 9.2 ! 58| s8] 77! 98
Duvessport, lown.. &5 - 1.4 T80 RS LT TS KL &N AR| 5T 48 6. G
Musenilae, lown. G [N ] 0.3 a8 MI O 125; 0.2 G T.EL T T2 ﬁ.i.‘I 5.4
Hrokuk, lown. ..o L0 LY A6 I B2 1L 1 Al 42 4] L7 45| 31 AR
Quiney, 18 o 8.3 &4 1LY g aze wstelnnglnaatusite 1.0t L5
Hanntbal, Mo____} 8.6 94 1717 Ml . viepiea{ios!ws|ws!|we! 113
Qraftan, 8, .} 15,1 ¢ 151 .65 1T 1.8 184 BB IS 11182 1A 1154 ] 16,1 159
&1, Louts, Mo..... 4+2) T4} 1.8 ! 2.6 I 3.2 I 5.3 | 6.7 i .51 8.4 ! 07 85| 47 125
1

! Weather Burcee gage readings.  Sce table | for elevations of zeros of gages.

should be estimated as explained under “Distribution of Runoff,”
page 25. The annual average lift determined according to the amounts
of pumping done in different months will be more nearly correct than
if tuken as the difference between the annual average stages of the
suction and discharge bays because more pumping is done when the
viver is high than when it is low,

The avernge lift may also be determiined by comparison of similar
districts, Operation data for plunts during the study (1925-30) are
shown in table 10 and include the average hit weighted according to
the wimount of pumping.

DETERMINATION OF RUNOFF TO BE PUMPED

The runofl from a pumping district often includes, in addition to
the surface flow, a large amount of seepage from nearby hill lands
uned fram bordering rivers or ereeks.

The rate of surlace runoff depends on the amount, intensity, und
distribution of rainfall and other precipitation, storage, the size and
shape of watershed, the ground slopes, the vegetal cover, and the
vharacter of soil.  The rate of seepage from hill Lands is often an im-
portant factor in pumping requirements and its amount depends upon
the local conditions. The rate of seepuge from adjacent bodies of
water depends especiadly upon the ditference in elevation of the water
inside and outside the drainage district, the extent of water-bearing
gravel and sand under the district, and the length and loeation of
drains touehing the water-beaving sirata.  Because of the large num-
ber of influencing facrors, ihe amounts and rates of runoff to be
pumped can best be estimaded from comparisons with similar distriets

BU9SBY°- - TO——-3
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from which the runoff has been measured. A Jarge winount of such
datu is avuilable for the districts in the upper Mississippi Valley
{14, 1) and will be discussed in the following pages. Operation
data for the plants studied are swumarized in table 10. Considerable
datn are a\'ui\uble also for districts in Lonisiana (2, 8).

Forthe design of a drainage pumping plant careful estimates should
be made of (1) the average yenrly runofl, {2) he seasonal distribu-
tion of that runoff, (3) the maximum daily runefl, and (4) the mini-
mum caily runoff.  The yearly runoff must be known in order to
estimate the annunl cost of puw»ing and determine the feasibility of
the project. The seasonal distribution of the runeff as well as (he
lifts must be known in order to design un eflicient pumping plant.
The maximurn daily cunoff determines what shalt be the total capacity
of the plant, and the minimum runofl is important, in determining the
izt of the stuallest pumping unic,

Raineacn CitarTs

Annual and daily vainfall data nee vluable in the design of drain-
age pumping plants. Figure & from the 1941 Yearbook of Agriculture
(£.4) shows the average annoal precipitation.  The avernge precipita-
tion in-the upper Mississippi Valley in the xpproximate location of
the drainuge pumping plants, is about 35 inches per year, The annual
rainfall is one of the fuctors in estimating annual putiping required.

‘The 24-hour vainfall to be expected once in 5 years as determined
by Yarnell (76) is shown in ligures 6 and 7. The daily rainfall is one
of the fuctors to be considered in checking the muiximuam daily pump-
ing requirements. The differences in daily rainfull to be expected is
the chief reason that pumping plants along the Gulf Coust require a
much lurger capacity than those in the upper Mississippi Valley,

Ficyre t—"Twenly-lour-hour raintall to be expecied eiee iIn 5 yeis,
(D for Paeitie Coast aven are given in figure 7.)
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EvArORATION AND TRANSPIRATION

The evaporution and transpiration often awount to a lurge pro-
portion of the rainfull. In puuping districts the land is flat or
undulating and the water table is often near the surface. In some
pumping districts low arveas are oceasionally flooded. Considerable
areas of open water may oecur in sloughs, marshes, und borrow pits.
Under these conditions in pumped areas the evaporation and transpira-
tion losses are so great that often the pumping is only a small portion
of the annual rainfall.  Ofien this is the case even thongh such an
area is enclosed by levees and the seepage and ground-water flow is
townrd the pumipe |l wren rather than away from the avea,

Not nuh ean be done in a
practical way to aflect the
evaporation and transpiration
trom pumping districts. How-
ever, u knowledwe of the
amounts involved aids in un-
derstanding the amounts of
pumping required for vavious
periods of time, Tuble £shows
the average monthly evaporn-
tion frem open-water surfice
measured  from  evaporation
pans operated by the United
Htates Weather Buveau for
severnl stations,

Evaporation and transpira-
tion depend on the crops
arown nnd surfuce treatment.
The Florida Everglades ex-
periment station made a study
of amounts of water evapo-
rated snd transpired by cer-
tain plants erowing in tanks
of peat soil.  Tuble 3, quoted
from the veport of T A Jones
und others (4), relating to the
Florida Everglades, shows the
results of these studies. The
amounts of transpiration and
evaporation with living plants
varied but were a large pro-
portion of the evaporation
from a free-water surface.
The evaporation and tran-

I gpivation from the tank on

24hn - Syn L which a mulch of cune tragh

Fromt T oeTwents fourd dnfns 1 VAS maintxined wag substan-
3 e W o=y o HI1E H .

fl?([' Fl.'nleiﬂt: [‘fl::li‘l tl‘iisllrl‘i::;“i‘u Ihu {'Xi)l.':‘l!;ll ilil”}' less than from other

once i 5 yeurs. tanks,
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faBLE d—dveraye monthily evaporation from open:mﬂcr surface for period
1033-477

; T . q } P [
. . ! * Tatal
. s Sen- No- | Dre-
. Isn- |, Feb- " . . Aue-; ,[ Ceto-! .y for
Sentlon nary Fruney Merel April May EJl:lll. July usL lti‘_‘:"' bor \E:::- (;.:::;- perl-
e S
[) i P
FBullo Qlude, Fln |, 3,46 4.28; 5.52 199715481 3.08 | 62,50
apare Haven, Fln ! 22 23,711 5.0 455 1 L5G 2
AMeS, W00l o L Ll i feemas RN
fows City, fown L 6.32 4.9
tuy s, Kans.... e 1457 0Ny
1, Lonls, Mo . 5,62 ! 4,07 °
Colambin, My . AT XTI
Linepin, Nebro CE.N5 . RY5 S 4. 53
Tthars, N. Y P 407 .94 0402 2312
Bickinson, N |
Bk . L S <R NN LI A A T 5 Y R — 3.3
Ohio taie. Uhie | .
versity, Uhio | . e HRAT LIS P02 PR Ay | 478 D41 283 R
Medlord, Grox | A Wi LA IIRLETEC AN S5 | T8 49 ; Ll L8
Heaiment, Tet... .20 i o, 40 i L i i 4,05 ' St 571|528, 447 I A5 l R ) l A £
* . h

¥ Froan Wenther Punma Steilens, See Climotolopicd duta,
1 For ] yonr

I Forl years,

* For 4 yenrs.

Faniy Do lrerdge ecraporalion awd transpiration from tanks of soil and vegeta-
tan end from upen pan of waler ol Breorgiades Bepecimeal Station, fetle
Glade, Fla,, 1543-44

¢ Etanmdund

D suypareate b oSpwersss Bare =ofl | Cone trash "

Manih SO Yest  ITyeand) O STORS) (6 yearss E ?:g"; ?lgi;;;

Fnches - Toches Inches - fachea Fnchex

Jrnyary .M 304 1.8 3,46 3.
Februnry 1.8% 340 w28 57 4.13
Mareh | 1% 4.0 3. LG 5,74
Aprid) | Cle e an . . 20 B 18 4.6 N .59
MAF. L L eicio o eiiia o amaa 3. x5 315 M N T30
June o Ll L. o ee e me men P L o +.40 1.3% 8,30
Julv. L0 L oL o e . [O81: 5 14 1.31 155 0.7t
Aupst e - (184 4 +.71 1,07 6.0
Seplember o0 .0 0 L - L i, 92 445 { iy 5.48
Qetimr e e e e me e e [T 505 3 L2 53
NOvember oo .. L L . e e e 419 a5 2.0 . A 1, 80
Deovmlar . L L - (TN 30 156 Mk 32
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Buxorr Frost WATERSIIEDS

The Soil Conservation Service hus published data relating to runoff
from smuller wutersheds. Diata applicable to the section of the country
in which the plant is to be installed may often be obtained from
this Service on request, Such duta are helpful in estimating annual
amounts of pumping. Allowances need to \Je made for differences in
soils. topograply. and seepugre.

The Geological Survey of the Department of the Interior was main-
taining 5,810 gaging stations in July 1946, including these in Hawaii.
Meusurements of the flow of streams and contents of the lakes and
reservoirs had been made by the Geologienl Survey and cooperating
organizations ar about 10,000 maging stations as of that date. Data
for many of the strewms cover runoff from major viver basins and
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would not be applicable to runoff from pumping districts. However,
surface-water-supply pupers ave published annually by the Geological
Survey. They form a valuable sonvee of information for determining
runoff whete comparable watersheds can be selected.

AxNean Rusorr Puseen

The best way of determining the avernge annual ranoff pumped
from districts where no records are available is by comparison with
districts that have similar conditions of topography, soil, drainage,
and static 1ift.  The estimated average annual runoft for certain dis-
tricts in the upper Mississippi Valley, are shown in table 6, together
with the stutic lifts and the amounts that backwaters from power and
navigation damsg have increased the mininmum 1ifts,

Ihese datu are estimates based on daily records of operation before
1931, Binee thwen construction of navigation dams las chuanged
oporating conditions of some pumping districts murerially.  Where
navigation dams riise the avernge stuge of the dischurge bay the static
Lift s the amount of pumping will be lurger because of changed
conditions. The extent {o which minimum river stages were raised by
backwater from dums was determined from profiles of low water
befere and after the dams were installed i the rivers.

‘The disiriets have been groaped in table § according to the nmount
that backwater from dams increased the runoff fo be pumped. Dis-
tricts having an average annual vunoff at 20 inches or greater, obvi-
ously, were maierinlly affected by backwater. ‘I'his represents an in-
erease of at least G Lo 8 inches in annual runeff due to seepage. The
Crane Creele district has been inclided in the same group because 1ts
runoft has also been inereased greatly owing to the dam. The eleva-
tion of a large proportion of the district is relatively high, and if 1t
were not. for the dam. this district could obiain gravity drainage a
large part of the time and would pump probably 8 inches less depth
than now is necessary. The land in the Valley City district, on the
other hind, is so low it conld obtain very litble gravily deainage even
if not atfected by backwater, and existence of the dam probably does
not increase the avernge runotf to be pumped by more than 2 or 3 inches
i year.

‘I'his estimated average annual vunoff of districts of group 1, the dis-
tricts that pump a considerable amount of seepage from the Iinois
River, ranged from 16 to 35 inches in depth over the watershed area.
The South Beardstown, Crane Creek, and Coul Creek districts are
above the dam at Ln Grange, . Ouly the upper part of the Eldred
district is affected by backwater, but the runoff pumped is 20 inches
peryear. ‘The lifts ave not affected by backwater becanse the pumping
plant is below the dam.

The avernge runoff pwmped from the INlinois River districts of
group 2 (table 6) varied only from L+ to 16 inches.  Appurently there
was litUe seepagre into these distriets and the runoff was little affected
by backwater from dmns except that no gravity drainage could be
obtained. Although the dams increased the low-water stages at these
districts from 5 to 9 feel. part of this increase was without effect
beenuse the low-water stages of the Itlinois River prior to the time
that the dims were put in, were, in some cuses, below the normal stages
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‘Tapre G6.—Estimated annual runoff to be pumped, statio lifts, and backicater
cffeels for tppical digtricts
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of the suction bay. The districts of group 2 have tight soils which re-
(nce seepage to a minimum, ancd the records indicate that backwater
f rolm dums may be of little importance if the suksoils are sufficiently
tizht.

(iroup 3 comprises two districts on the Mississippi affected by back-
witter from the Keokuk Dam. The dam holds the water at ahmost con-
stant clevation at the Green Bay district, where the minimum lift is
10 feet and the maximnm 13 feet.

Group 4 comprises two Mississippi River districts not affected by
biackwater from dams, but which obtain no gravity deainage. The
runoff from these districts varies from 12 to 13 inches, which is con-
stdered typical for distriets in this territory that have to pump all
runoff but into which there is little seepugre.

Group 5 comprises two districts having some gravity drainage which
pumped average runoff depths of 5 lo T inches,
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The dala indieate that the runoff from districts not affected greatly
by backwater from dams, but which pumped all runoff, ranged from
12 to 16 inches; whereas the districts that were alfected by seepage
pum\)od from 16 to 85 inches. ‘Uhe difference in amount of seepage at
equal lifts is largly the vesult of ditferences in porosity of subsoils nnd
the extent to which the drainage ditehes cut into the pervicus strata.

"The ratio of pumped runoff to rainfall inereases with the statie lift,
due partly to greater seepage, amd partly to the natural occurrence of
high average river stuges in The years of large precipitation and con-
sequent higly mtio of surlace ruvoff to rainfall.  Figure § shows
how this ratio of annual pumped runoff to annual reintall inereased
with the staiic lift for those distrivts for which adequate records were
availuble, The differences in the position of the curves doubtless are
Iargely the vesull of differences in nmounts of seepage,

The Henerson County distriet had n veey high ratio of runoff to
mainfull althongh its nverage 1lift ruaged only from 3 (6 8 feel. Tt is
almost entively wuderlain by water-benving sand strala which are
tapped by the drainpge ditehes and torm the botiom of a lake of about
20 agres at the prmping plant, The ratio of viver fronlage to area
protected also is hixh.  Aboul halF the South Beardstown distriet con-
gists of low lake beds that are underlain by sawd steata and badly
seeped during river Hoods, Much of the remninder of this disteiet is
equally low but has tight subsoil. The Eldred ad the Indian Grave
disteicls are high with respett o the viver and contuin conrser soils
than the South Beavdstown.  Prebably half of ench shows seepage
and the remainder of cach disivied is too high to be so aftocted.

The flutter slope of the Bay Island district curve is believed due to

the fact thal half the wrea drained is Wil land whieh is not affected
by seepagee, and the remainder is similae i eharacter amd situstion
to the Indian Grave district,  Approxinudely one-lifth of the Coul

e

o
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Ratwe of rutaff fo rainfail (perceat)
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2 8 v o9 o
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Frgrwe 8- Ubserved colatlons between the mitio ol pumped runo® o raintutl
el the sratie lifv for eertain drainage disceives,
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Crecl district may be classed as seeped, but the remuinder hins tight
subsoil. The other live districts represented in figure 8 have less than
10 percent of their arens badly affected by seepage. The greater por-
tions of the Crane Creek, MceGee Creek, Hurtwell, and Scott County
districis ave high in relation to river stuges. 'The Valley City district,
like the Bunner Speeinl district which 1s not shown in figure 8, has
extensive low-lying luke beds but the deainage ditches are largely in
silt or clay soil and secpuage is not rréat,

The Coul Creek nmd the South Beardstown data are the best avail-
able Tor the use of districts that drain low luke beds. The avernge
runofl from the Coul Creek district for 16 years was about 70 percent
of the rainfall, at an avernge lift of ubout 12 feet. The South Beards-
town plant operates against unusually high lifts, and a lavrge part of
the district is composed of a Tow lake bed underlain by sand strata,
conditions that are conducive to large scepage. The average depth
of runoff pumped by the South Benrdstown plant in the 6 years, 1025~
My was T pereent greater than the rainfull, and the avernge lift was
15 feet, The estimnied nununl roneff is 33 inches, at an average lift
of 14 feet f{table G). The amount of geavity drainuge from the
Eldred distriet is so small (27) that it does not materially aifect the
accurney of the curve shown in figure 8.

The runoff te e pumped from a district that will obtain some
gravity desinnge enn best be estimated from records of similar dis-
tricts, considering the effects of differences in lifts and in porosity of
subseils, Istimmtes can be made adso from records of low-Tift districts
such ns Todian Grave or Bay Island, dedneting the probable runoff
during months when gravity drainage is expected.

Distitsrmioy or Rusorr Peareen

The principal factors that eauge seasonal varintions in amount of
runoft are (1) varintions in amount of rainfall, (2) variations in seep-
age due fo fuctuation of river stage, {3) transpiration by plants, ()
evaporation, mul (3) degree of saturation of the pround. The com-
bined effect of these Tactors upon the average monthiy runoff pumped
by wnumber of (vpieal disteiets aod the averaze monthly sainfudl and
stalie Jf is shown in ligures %, 10, and (1. ‘The runolf usually varied
more nearly with the fluctuations in 1t than sith the variations in
rabitfull, both becanse the seepage increases as the 1lift increases and
beennse generally the vonofl from the distriet and that from the water-
shed of the river are influenced by the same weather canditions,

Plants that pump larue spantities of seepage. such 23 the South
Beardstown, Henderson County. s Coal Creck, which operate against
lifts of 6 to s feet during low stages of the river. usually punmp more
or less continuousty during the tlrey months, The dry-season runoff
was comparatively small from the other districts shown in figures 9,
14U, amd 11,

Runoff distribution for a proposed plant will be shnilar to that of
nenrhy plants on 1he sume river ; but in making comparizons the effects
of differences in siafie Jifte, in soilv. and in plans of drainage should
not be disregarded.  The diffevence in seatie Lifts will be fairly uni-
form throughout the year, Tt can be estimuled by comparing lifis for
the existing and the proposed plants through a period of several days.

O8I Si——1
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Ii the runoff distribution at an existing electeic pumping plant is
not known, that can be determined with fiir acenracy from the power-
consumption records. The power consumi)tion in kilowatt-hows per
acre-foot pumped for vavious lifts cun be determined from tests made,
or can be approximate’] by using the pump manufuciurer’s vating
curves and making suitable rtlowance for reduction in pump efliciency
on account of age and condition of equipment. Power consmmption
in indicated hovsepower-iours per nere-foot by a namber of plants
is given in table 10, From the power consumption and average lift

ILLINOIS RIVER SEEPED DISTRICTS
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Fravny S—Average operuting condilions for typieal dlsiricts en the Uiinols
River painping much scepngy,
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for each month, and the power consumption per acre-foot pumped
at thnt 1ift, the amount that was pumped each month can be caleulated,

Maximom DaLy Runorr PuMreED

The first dvainage pumping plants along the 1llinois and upper
Mississippi were ulmostilwariubfy of inndequate capacity. The plants
built since about 1910 have been larger, with capacities wsually of
one-fouzih- to one-halt-inch-runoff depth per 24 hours. At least half

ILLINOIS RIVER NON-SEEPED DISTRICTS
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Froone 10—Average operating conditions for typienl disiriets on the Illinols
River puping little scepnyge,
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of those studied were inadequate to hold down the water properly in
the suction bay and prevent heavy crop losses during the worst storms.
However, an economic limit to size of plant is reached when additional
capacity costs more than the damage to be prevented. Propev deter-
mination ot the maximum rate of runoff to be pumped is the most
important problem in designing a plant,

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

MISSISSIPPE RIVER DISTRICTS

glalsle] nl gl o[l 5] g clal sl ol ol ¢l af ol %fwt 5]y
$18|3|8(81513] 5] 88188 NN ENNERENEE
SEEPED NONSEEPED
HENDERSON COUNTY BAY ISLAND
d-vyaar record Geyear record
Average static ft Avarage static lift
T 10 1 1—
Lo S R THANENE
3 s S | 1 010 0D
U

[w]
—
_F

o

I I I I I I Average ranfali and runoff
Avarage rainfsll and cunsfi

6 = 6

5 | 5
o ¢ | | ;,3:1 _
=S ,0p

o |

(i it e

Rainfall 0 Runoff B Reinfall O Runoff @
NONSEPPED GRAVITY DRAINAGE
INDIAN GRAVE FABIUS
S-year record A-year recard
Average static lift o Average static 1ift
b
) |
i0) s
)
3, IRERE SR NN
L' o 1 l I 1le I I I 1 . .il\.re.r"age rainfall and runoff
Average rainfall and runoff

6 &

5 = S

4 ) - g
v £
SO E{NI
~ F4 S - = = — 2 g N M- 1 l._. et I

i o O ) LA 1

d L [ I

Freore 11.—Average operating eonditions for typleal pumping districts on the
Mlssissipni River,




DESIGN AND OPERATION OF DRAINAGRE PUMPING PLANTS 29

Table 7 gives the design factors originally used in designing the
paimping plants coveved m this investigation, the design factors ree-
ommendc(ll for these plants as a result of this study, and the actual
plant eapacities at the recommended maximum lifts, as determined
from yuting curves prepared from tests of the planis,

To determine the proper capacity of pumping plants for economieal
drainago in this region, careful study was made of the pumping records
obtained from the 13 plants listed in table 7. Various methods of
comparing these data for ealeulating economieal plant capacities were
examined, but because the capacity of a drainage pump decreases as
the lift increases it was concluded that capacity ab maximum Lft is

the most satistactory basis for design.  Compavison of these plants

TABLE T.—Destyn factors for lppleal pumping drainage districls
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| For Foent!fiention In fpuves ¥ and 12 and tabled,
T8ee tnble g,
3 Computtod a8 (o= 43 ({F-F.023 r}, see page 35,

was grenlly simplified becnuse the drainage areas were similar in
topography, crops, weather, river fluctuations, and generally in size.

Based on the experiences of the drainage districts, the frequency of
river floods, und the damage to crops resulting from lack of drainage
it was concluded that a drainage pumnping plant located in the upper
Mississippi Valley shouléd be able to prevent flooding of large areas
for periods longer than 2 or 3 duys during flood eonditions as severe
as those that eceurred 1n 1926, 1927, ov 1929, The requirved capacities
for the different plants were found te vary considerably because of
large differences in the amounnts of seepage. The rate of seepage at
any time is not determinable, but it appears that the requived capacity
of a plant is velated to the runoff to be pumped annually. Both the
requirved eapacity wnd annual riveoft pumped ave integrations, for
different periods, of the effects of the same factors—rainfall. topog-
raphy, vegetation, temperature, river stages, and nature of soil and
snhsotl.

In fizure 12 the actual plant capacity af maximum lift has been
platted against the average annual runofl to be pumped, », for each
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plant. Those plant capacities were determined from rafing cnrves
prepared from irstz of the pumps, and the amounts of runoff are
those shown intable 7. Tn figures 13 to 20 nre shown the daily records
of rainfall, runell pumped, and stages of the suction and discharge
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bays during flood periods of 14 of the plants. Those records and the
records of the Fabius plaat indicate that, at maximum lift, increased
capacity would generally be necessary for maintaining proper drain-
age in the respective districts. For 1950 conditions increased capacity
is considered desirable (p. 35).

The plants represented by the statistics given in figures 13 to 15
lowered the suction bays nenrly to the optimum stages within several
days even during extreme floods. With seriously 1nadequate plants
the suction bay stnges remained 4 to 6 feet above the optimum for
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periods of 2 weeks or longer, althougt camping at full capacity was
continuous. Flooding of Green Bay district in September 1926
(fig. 14) was duz ton brenk in the lever, and {looding of McGee Creel
district in Murch 1929 (fig. 15) was caused by lack ot fuel for 3 days.
The height and rapidity of the rises in the suction bay of Valley City

lant (fg. 18) when flood conditions were not particularly severe,
indicate that the capacity of that plant was inadegunte.
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Estimutes were made of the requived capacities ut the maximum lifts
und these have been plotted in Hgure 12,

FormuLs For Maxiatuy Prant CarsciTy

A formula for computing the required cupacity of drainage pump-
ing plants in the npper Mississippt Valley wus developed. The rec-
ommended plant capacities are considerably Tess than the maxinum
runoff to be expected, When the runeff from ruinfall exceeds the
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capacity of the pumping plant, the excess runoff goes into storage.
This stornge inchules gromud-wader storage caused by a rise in the
rround-water table, ditch storage, and surface storage in sloughs and
ow areas. Storuge may ovcne at locations away from the pumping
plant and not be rellected in a lnrge or capid rise of the suction bay,
Evaporation aad trauspiration losses of water help to dry up » drain-
age district, espectally during the growing season and are then im-
po; tant factors to consider {u. 23},

Crop losses result when the pumping plant capacity is inadequate
due fo flooding of low areas or fo frequent rises in the ground-water
fable. Lt is cconomical to provide a Lurger prnping :1).1(.|ty to pro-
tect land or crops of high value. Since the inv estigntions were com-
pleted, land and erop prices have increased. Under present condi-
tions it is believed that the capacities of pumping plants should be in-
creased about 25 percent ubove the capacities generally considered ade-
quate in 1930, This is due to the need for better protection from
trequent damage to crops.

The pumping capacity includes runoft from gravity plus seepage
which occurs in pumnping disiriets. However due to storage which
exists In a district. the pumping plant pumps oniy a fraction of the
maximum daily runoff.

These relationships may be expressed as follows:

gravity

Maxinmum plant capneity==coeflicient { deainage

runoff

eepigre
48
runoff
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The formula for maximum plant capacity may thus be modified
in general tevms as follows:

=K\ G+ (K.Xr)] (1)
i which

("= plant capaeity at maximum i in inches runoff per 24 hours.

= pumping-district coeflicient. a ratio between drainuge coeflicient
from land in u pumping distriet and drainage coelficient of similar
land receiving gravity drainage. Where land and crop values are
higeh this coeflicient may approach unity if it is desired to give all land
the same degree of protection as it would receive for gravity drains,
For small aveas, such as a few hundred acres, it wonld approach unity
except for storage.  However, due to the storage factor, as discussed
above, this vatio may ordinarily be veduced.  For the Mississippi val-
ley planfts studied during 1925 to 1831, the coellicient &, was found to
be about 0.26. However, due to tnereased land and crop values it is
recommaended that 3 be inereased Lo U338 For 1950 conditions,

==drainage coeflicient or drainage modulus for land having geav-
ity drainage expressed in inches per 24 hours, “This would be the
capacity for which open dirgins would be designed.  For apper Missis-
sippt conditions this would usuadly be from three-guarters to 1 inch
in 2 hours {He. 2, C eurve),
Koo pisaterm which gives the seeprge {low to be pumped for maxi-
mu runofl conditions expressed in inches per 24 hours.  Maximum
seepage was found Lo be related to average annual runofl (o be pamped.

Koz acoeflicient geaiiod {o convert annual runoff to maximum seep-
age i inches per 24 hours. This coefficient would be ubout 6.023 for
conditions in the upper Mississippi Valley.

r i avernge nnnual runoft to be pumped.  For the investigation this
was [ound to vary as follows : 5 to 12 inches per veur for districts hay-
ing considerable gravity dezinage; 13 £6 16 inches per year for non-
seeped distriets pumping all ranoft; and 16 to 35 inches per year for
heavily seeped distvicts,

The original investigations as modified by Iater experience would
indicate the formnla for maximum phat capacity for upper Missis-
sippi Valley pumiping plants to be as follows: '

(2 330G 023 1) (2)

Where - maximam plant capacity in inches per 24 hours;
(= drainage coeflicient for similar gravicy drainage systems (fig. 2,
(" curve) ; recanengl ranatl Lo be prmped fo inchies.

This formuia was arrived af by empivical methods and is believed
to represent u relationship in which observed data seem to be rea-
sonubly well related.  Hois o eationad approaneh Lo breuking the runoft
it two parts, weavity flow il seepage. Coeflicients may be arvived
at for other areas ¥ sullicient data ave available,

Table 7 gives the results of applying thix formula to districts stud-
jed.and these results nre plotied in fignre 12,

For otherloeations formuam (1} may be used to advantage. A study
of the operating data available in this bulletin and in reference cited
should help deternine varions factors and coeflicient2. A study of the
rainfult data, po 1L runolt from watersheds data, evaporation and
transpiration date (p. 203, data on topography wind storage available
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and on soils and crops should be made to determine pumping require-
ments of the pmuping plant. Recommendation tor the factor &
(drainage coeflicient or runoft for deained Jands) may be secured from
the Soil Censervation Service on request,

Prant Capacrry ror Lovisiava axp Texas

A considerable area of coustal marsh in Louisiana and Texas has
beent developed by draliage pumping.  Farly investigations of the
drainage pumping plants in southern Louisiana were made by Charles
W. Okey, drainagre engineer, United States Department ol Agricul-
Lure (&Y. lxaminations were mude of 30 drainage pumping districts
in southern Lonisiuna during the peried [911-13. Tuble 11 shows the
operating conditions during this periad for & pumping districts.

The pumping and veservolr eapaeity was determined for 23 dimin-
are districts and these capaeliies were smnnmrized hioa bulletin by
Okey (8. The pumping capaeity of the districts then ranged from
.93 inches per 24 hours to 2.0 inchies per 24 hours. Reservoir capucity
ranged from 0258 inch S}er 2 hours to 220 inches pee 24 hours, The
combined capacity of the pumping plant and reservoir ranged from
1.29 to 345 inches per 24 hours. An analysis of the conbined 24-hour
pumping and reservoir capacities of the 25 districts covered showed
that: 2 districts had from LU0 to 149 inches: 5 distriets had from LY
to L9 inches: L1 districts from 2,00 to 249 inches: 3 districts from
2.50 10 2.99 inches: and 2 distrieis from 3.00 to 349 inches per 24 hows.
It should be npted that the data wiven in figure 6 indicate that raing
in excess of 6 inches in 24 hours may he expected onee in 3 years.

Tlie investigations of Anderson snd Moore, Western Gult Region.
Soil Conservation Service, revenled that many of the original pump-
ing plants baving a capacity of about 1.5 inches per 24 hours or less
were Tound 1o be inadequate, s 2 result of the examination by Ander-
son and Moore & runofl capacity of 3 inches per 24 hours, including
pumping capacity amd reservoir capacity, is now reconunended.  Stor-
pere s compaated as that availahle inareas beleswe the elevation of the
lowest codtivated Tand, Tt includes storage available on marsh lands,
in borrow phs, and slougch,  Diteh stornge is often so small it can be
neglected,  For exapiple, if & reservoir storage s pumping district
is 1 inch per 24 hours the puniping plant should be designed for not
less than 2 inches per 24 hours.  The combined eapaeity figire of 3
inches per 24 howrs applies te land used principally for growing sugar-
cane. A ferenter capaeity may be advisable for gpecial ov truel crops
or where lovsl property veriives better proteetion. The recommended
combined pumping and regervoir eaprieities may be reduewsd to 2 inches
per 24 hours H the prireipad crop is rice or pusture,  These raies apply
to the area along the Gulf Const of Lowisiuna and Texas sonth of a tine
from Natehez, Mis. 1o Natehitoches, Lac then ronghly parallel to the
Gull Coast to Viclorin, Tex, North of (his Tine and in Arviansas the
total pumping capaeity and storage capacities may be reducsd by 20
pereent o 2.F ehes por 2F hours for sl nsed prineipally for cotton
andl to LG inehes per 2 hours for vice or pasture Lol These recome-
mendations e baxed on desdnage of Hat avens less than 3,000 acves.

CANDE sy, T L aiud Moo 1 DL Unpoldislual Boport, 19047,
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Tn the examinations of Anderson and Moore it was found that many
of the original pluuls fuiled from luck of pumping enpacity. Many
of the successful distriets originally started out with smaller capacity
bat have increased them,  Seven typical drainage pumping installa-
tions for 1947 conditions are deseribed in the following paragraphs:

1. Pumping pluant consisting of two pumps raled at 38,008 gallons
per minule each. will remove 2.5 inches per 24 hours from a 1.600-acve
witlershed. 1o the distriet theve are 578 neres of woodbund and marsh
ol whiclh 350 acres may be considered siorage urea.  Storage in over-
flow area is slightly less than 3.5 inches and total capacity approxi-
mately 6.0 inehes.

2. Planl ¢oninins two pumps rated at 38,000 ¢, p. m. each, which
drain a 2300-nere aven. Pumiping enpaeity is L7 nches per 24 hours.
O this areea LAG0 aeres wire in woodland and mavsh, of which 8§20 acres
may be considered storage aren.  Storage nmounts to -1 inelies per 24
heues, total capacity approximaicly 6 inches pere 24 houys, .

3. One pump rated at 40,008 g pom, deains 1,000 aeres. The pump-
tuge capueity is 2 inches per 24 hours.  The stornge is nol suflicient
to give adequate drainnge, It 35 planved to increase the avea to
1260 aeres wind wdd another pump with 40,000 ¢ p. m. capaciby, This
wollil give a rate of vemoval of 3,53 inches per 24 homs,

4 A plant containing tweo pumps rated at 40000 g, p. a1, exch and
one ak 72000 @ p.om. gives o rate of vemoval of 34 per 24 hours from
a 2,500-scre watershed.  Storage capacity is believed o wmount to
L5 inches. The origrinnl plant for this districd has 2 much smaller
eapaeity but was enbergred 1n accordanee with pumping experience,

a0 A plant that bhas fwe pumps ralted at 530,800 g. p. m. each can
remove 1.2 inches per 21 hours from 4200-ncve watershed. Most of
the Tand ix in pasture and hay crops. A considerable acreage is still
in woods and swamp which aet as a storage avea. I'ruck crops are
grown only on the higher land in the arvea.

6. .\ punping plant of two pumips having » combined capacity of
HOLOL = P can remove 8.4 inches frow a witershed area of 812
acres, When Lhis plant was examined by Okey (8), it had a capacity
of 2,15 inches per 24 hours in 1317, The reservolr enpneity was then
-4t ineh per 24 hours. "This eapacity was found to be inndequate and
the pumping plant was subsequently increased o the preseut figure of
3.3 inches per 24 hours.

7. .\ pumping plunt of two pumips having a combined capacity of
65,000 g, p. o can remove 3.4 inches from a watershed aren of 1.015
aepes.  Lhis district was nlso examined by Okey in 1917 when the
originul plant had » capacity of 191 lnches per 24 hours.  The veser-
voir capaeity was then rated at 0.67 tneh per 24 hours.  This pump-
ing capacity was found to be inadegnate and later increased to 34
inches per 24 hours,

Praxt Caprairy For FLORIDA

For open-diteh drainage of the Brerglades the engineering board of
review () developed and reconmmended the following formnla:
69,1
L 0.6
Q M
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in which @=runoff in cubic feet per second per square mile of drain-
age aver, snd M =drainnge avea in square miles,

This formala was used by L. A, Jones 1.4) in prepuring plans for
water contiol of oranic soils of the region.  The formula provides
t-inch runoft depth per 24 hours from 16 square miles, three-fourths-
inch from 43 square miles, nad one-half-inch from 322 square miles,
As in othor areas (his formula ts based on the assumption that the
fnnd will be overfiowed Tor short periods of time following excessive
rainfall. It is not intended to provide complete Hood control,

B. 8. Clayton, drainage engineer, Soil Counservalion Serviee, in
conducting long-lime investigmtions of conditions in the Klorida Ever-
slades found that many of the northern Everglades pumping districts
serve from 3 to 13 sections of land,  Mest of these pumping plands
wore designed to remove I-inch runofl per 24 hours.  Much of this
land is used Lo grow sugarcane, Ixperience over a 20-year period
indicates that the L-inch rate is generally ample for growing sugur-
cune on the organic soit of the area.

1t was foundd, however, that truck crops suffered losses wherve the
cupacity was only l-inch per 24 hours. As a vesult of Clayton's
investigations the following rates are recommended for land used
for growing truck crops in orgunic soils: 3.0 inches for 1 section of
lastd or Jess, 2.0 inches for 2 to 3 sections of land, 1.4 inches for 4 to 9
sections of land, and 1.0 inch for 10 to 16 sections of iand,

These rates approximate those given by the runeft formula quoted
above. A long pumping veeord at the Everglades experiment station,
Belle Glade, Fla,, indieated that o runotf of 3 inches per 24 hours was
requirved to protect erops on areas of 1 square mile or less.

In recent years a considerable number of pumping plants have been
instalied fo serve lund used for growing pasture grass for eattle,
These pumping plants usually drain from 2 to 4 sections of lamd. A
vunoff of from 1 to 2 inches per 24 honrs was commonty provided for
these grazing areas and appeared to be adequate.

Minian m Resofrr Pesiren

The minimum rate of runolt is nflnenced by the elevation, size, and
slope ot ditches leading to the pumping plant or the available storaye
in Tulkes ov slougzhs near the plant.  An analysis of these factors should
be made to determine the minimum size of puinp needed.

SELECTION OF PUMPS

Centrifugal. mixed flow, and axial flow or propeller pumps are
commonly used for drainage pumping,  In double-suction eentrifugal
punips (Be. 213 the liguid enters both sides of the impeller at its
hub and flows radially to the periphery.  In single-suction centrifugal
pumps the liquid eaters only one side of the impeller.  Tn centrifugal
pumps the discharge pressuve is developed priveipally by the cen-
trifugal forees. In mixed-flow pomips the discharge pressure 15 de-
veloped partly by centrifugal foree and partly by the lift of the vanes.
This type of pump has a single-suction impeller, the discharge is in
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axial and radial directions and the easing is usually of the volute type.
Tu the propeller type or axial-flow pump the pressure is developed by
the lift of the blades. “The discharge is in an axial dirvection. This
type is often called a screw pump.

Centrifugal pumps may be designed for efticient pumping against
totul heads exceeding approximately 12 feet, Mixed-flow pumps ean
operafe efficiently at heads from € to 26 feet. The axial-flow or pro-
peller-type pump is ordinarily Jimited to pumping against heads less
than 10 feet.

The advantages of using move than one type of pump should be
considered in proposed installutions, such as a centrifugal pump for

Gentrifugal Pump Mined Flow Pump Propeller Pursp
Double Suction

IFraunk 21 —8ketel of pumps used wr deninage,  [Courtesy of Hydrenulle
Institute, New York City. |

use at higher heads, and a propeller 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 eflicient, to do most
of the pumping.

The propeller pump and the mixed-flow pump operate at higher
speeds for similar conditions than the centrifugal pump. This 1s an
advantage, particularly for electrically driven units, because high-
speed motors cost less than low-speed motors and a high-speed pump
can be directly connected to a cheuper motor.

Pumr EFFICIENCIES

Tsually, drainage pumps may be furnished with the maximum
efficiency something over 80 percent. A well-designed pump should
have an efficiency ntove-’fﬂ percent over a wide range of operating lifts,

Tmportant pump installations arve usually supplied by a manufac-
turer based on specifications prepared by the purchaser. The pur-
chaser specifies the requirements at maximum and other operating
lifts, Generally, the manufacturer supplies a set of characteristic
curves to the purchaser similar to those shown on pages 43 and 4.
Such curves show pump eapaeity related to head, speed. efliciency, and
brake-horsepower requirements. Most manufacturers base such curves
on factory tests of the pump furnished or on the measurements of a
reometrically similar pump,
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Punip efficiency is computed by the following formnula:
g o X Hy
BH P X 3960
whers
e =punmp elficiency
g.pan.=gallons per mnute
I, =toinl head on pump
BHP =brake horsepower iiput into pump shaft

TOTAL HEAD

The totnl head on the pump is equai to the total energy in the water
ab the dischavge flange minus the total energy at the suction flange of
the pump. It is expressed by the formula

BBt 54 )~ (T 5 +b)

3y

in which £/, i the net totad head, 1n feet of water,

Hy is the dischaige pressure head, in feet of water, mensured near
the discharge flange of the pump. [t is positive if the pipe is under
pressure, and negative i under vacuum, at the point of measurement.

V. is the average veloeity, in feet per second, in the pipe at the
point where £, is measured;; _

d, is the elevation of the gage measuring i, in feet above some
reference plane. It is positive ov negative depending upon whether
the gage is above or below the reference plane.

H, 1s the suction pressure head, measured near the suction flange
of the pump. Tt is nearly always negative, since the suction pipe s
psually nnder vacuum,

V. is the average velocity in the pipe at the point where H, is
mensured.

d. 1s the elevation of the gage measuring FI, above the sune veference
plane from which 4, is measured.

¢ is the acceleration due te gravity, used herein as 3216 feet per
second per second.

V.2 72

. 1
The expressions 5% and
29

3g e the veloeity heads in the discharge

and snction pipes, respectively. .
The total head is equal to the static litt plus all losses in suction and
dischavge pipes.

SPECIFIC SPEED AND MAXIMUM SUCTION LIFT

The specific speed # of an impeller is a valuable index of the type ot
pump and is important in determining the maxinun suction Hit. The
specific speed of an impeller is the revolufion per minute to which a
geometrieally shinilar iupeller would run if it were of such size us to
discharge 1 gallon per minute against 1-foot head. Cenbrifugal pumps

2 Qe nele of teknowlnigment, p 2,



http:helle!.lS

DESIGN AND OPERATION OF DRAINAGE PUMPING PLANTS 41

are genernlly designed for specific speeds ranging from 1,500 to 6,000
for double-suction pumps. Mixed-flow and axial-flow punps are
generally designed for specific speeds from 4,000 to 20,000,

The formula for specific spemi is as follows:

N,=+g.p.m. X r.p. m.
T Hps T

Where &, =specific speed, g. p. u. is gallons per minute, v. p. m, is
revolutions per minute, H, is fotal head for a single stnge pump which
is usedd in deainage plants, '

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

rewe N GPM

M
FOR SINGLE-SUGTION PUMPS WITH SHAFT THROUGH EYE OF IMPELLER

SPECIFIC SPEED, s =
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SPEGIFIG SPEED, N5 :—f{'¥— FOR DOUBLE-SUCTION PUMPS
Pgrne 22, Tiydeautic Institulo upper Hmits of speciie speeds Tor sinple-stage
mnups puwmping clear water of sea lovel it 85° B for conlrifugl pumps,
Foenriesy of tiydrawlic lestithle, New York City.]
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trouble from vibration noise, pitting, and eavitation. A pump with a
low specifie speed will operate sately with a greater suction lift than
oue of a higher speed. 1f the suction lift is fairly high (over 15 feet)
it is especially necessary to give parficulur consideration to the pump
(lesign. Usually this requires & slower speed and a larger and more
expensive pump. It the suction lite is low or the specific speed may
be Increased, 2 smaller and eheaper pump may be used.

The Hydraulie Institute, of which leading pump manutacturers are
members, has adopted standards (2} which cover upper limits of spe-
cific speed with respect to capacity, speed, head, and suction lite. "These
corves ate shown in figures 22 and 23, In muany drainage pamping
plunts the suction life is high when pumping at low stages. é‘jome im-
pellers have been severely pitled by eavitation. This was no doubt in-
Huenced by the high specific speed for the suction lift. It is impor.
tant for plant designers to keep the suction litt as low as possible and
in nl cases avoid exceeding limils shawn in figures 22 and 25,

CeExTriFucal Puares

The double-suction volute centrifugal pump was used almost ex-
clusively in drainnge plants in the upper Mississippi Valley for about
20 years prior tu 1023, Single-suction eentrifugal puinps were used
in many cavlier plants, but few have heen used in recent years,

Considerable development of centrifugal pumps has taken place
sinee 1913, An increase of alinost 20 percent in efficiency has been ob-
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tained by improved design. The efliciencies of old low-speed, stean-
driven pumps in the Bay Island and Henderson County plants were
approximately as great at low and medium lifts as the efliciencies of
recent higher speed pumps. Such low-speed pumps would not be
economical now because difticult to adapt to electric or oil-engine op-
erntion and more costly because of greanter weight. At the present
time, efliciencies of 80 to 85 pevcent are guaranteed and obtained on
centrifugal pumps at heads above 18 feet. Typical chavacteristic
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Fioour 24 —Characteristic curves of typleal modern cenfrifugal pummp (taken
from fleld tests of 3G-inch pump, Hunt plant),

curves aveshown in figuve 24, ‘The Francis-type impeller, with curved
vaues, is particularly efficient for drainage puinping.

Centrifugal pumps have a long life and wre dependable. They
usually have a greater capaeity than the same size screw or mixed-flow
pumps, especinlly ngainst the higher hens,

AxiaL Frow or PropELLER Punp

The axial flow or propeller pump is especially adapted for low-head
pumping (pl. 1, B). This type i3 also called a screw pump. The
impeller has several blades, somewhat similar to those of a ship pro-
peller, set on the shaft at angles determined nccording to the head and
speed.  The direction of flow through the pump does not change us in
a centrifugal pump, A spiral motion of the water results from the
serew action, but is covrected by diffusion vanes. The type has been
in use extensively in Louisiana and Florida for many years but has
been nsed less in the upper Mississippi Valley which is due no doubt to
the high maximum heads in the latter avea,

The propeller pump operates at high efliciencies against heads less
than 10 feet, and against fluctuating heads more efficiently than does
the centrifugal pump because it rvetains nearly maximum efficiency
throurh a greater vange of head (fig. 25). One of its disadvantages
is that the diseharvige falls rapidly at heads ahove 15 feet. Tor this
reason its use is somewhat limited in the upper Mississippi Valley.
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This type pump can be built so the fow ean be reversed if it is wanted
for both irvigation and drainage. ‘This is quite un advantage for some
locations, such as Floridu, where supplemental jrrigation is desirable
and in organic soils.  One manufacturer provides a trash cutter which
permits the removal of {rash from the blades without opening the
pump.

An interesting development of the propeller-tvpe pump has been
ity manufacture out of a welded steel pipe with a ropoll]er gimilar
to u bout propeller attached to a shaft and \\'eldu([)inside the pipe
casing (fig. 26). This type of pump has been made at some local
machine ships. A considerable number have been sold to farmers for
deainage of small tracts less than 200 acres. The advantage of this
type of pump is its low cost.  The disadvantage is that little is known
about the performance characteristics and efficiency of individusl
pumps.  Some have been built with such light outside casings that
small blecks of wood pussing the screen have broken through the
casing.  In other enses the nnnual cost of pumping with such units
wis g0 low that a higher efficiency would not have too much effect on
annual savings,

Mixen-Frow Prars

The mixed-llow pump also is particularly adapted for drainage
pnmping (pl. 1, €). Tt has an open vane. screw-type impeller, which
cumbines the serew and centrifugnl principles in building up the pres-
sure head as shown in figure 21, It operates efliciently against scine-
what higher heads thau the true screw pump.  With one change in
speed the Hartwell mixed-flow pump operated at 70- to §0-percent
elliciency at all heads from 615
to 26 feet, and the discharge
dicl not decrease excessively ut } | )
the bLigher hends (fg. 27), : S e
‘The apen-type inpetler of the
mixed-low pump facilitates
the passage of trash,

VERTICAL SUBMERCED PUans

Submerged single-suction
punips have been used in some
large drainage plunts. How-
pver. their ehiet application
hits been in smaller plints tor ' . )
the drminage of mdividual FFiarex 28._——-Hulmwrged pliamn (hsch_ur;‘_fmg
farins or smaller areas (figrs. nhove Iu:.:!n water. [.('Ul!‘l.‘.ll‘ti_\_' ul l_lut..ld

: . : o Alachinery Corp,, Peerless awup Divi-
28 and 283, Usually the mo- s, Los Angeles, Calif’)]

tor or engine to drive the pro-

peller is mounted at the head of the unit. Such pumps may be
equipped with any type of impeller driven by a vertical shaft. The
mantfactnre, design. and efliciencies of such units vary greatly, One
advantage is that a small building will sutisfactorily house the motor
wied switchboard (pl. 2.0}, Another advantage is the ¢limination of
priming equipment, which makes thent especially suitable for auto-
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matic operation. This is u very haportant advantage for the farm or
smaller pumping plant. Many small plants would not be economical
if they required constant attendance, :
The greatest disadvantage of vertical types is the inaccessibility of
the pump for cleaning. When this type is installed. provision should
be made to clean the pumps by (1) elosing the suction bay, preferably

W
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;
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Froyne 20 —Snbmerged pumping discharge below low water, [Courtesy of Food
Muchinery Corp., Peerless Puwp Division, Los Angeles, Culif.]

by gate valves, and draining the pump pit with a smalt auxiliary
pump; {2} hoisting the unit above the water level, which is practicable
with small pumps; or {3) in the case of large unifs, forcing water
from the pump as from a pneumatic caisson and putting a man down
inside. The difliculty in ¢leaning this type of punp makes it espe-
cially desirable to provide an effective screen.

SPEED ADJUSTMENT

Against high heads pumps of the types described are most efficient
when operated at high speeds.  Against lower heads it is necessary
to opetute at lower speeds to maintain high efticiencies. The amount
of speed adjustment provided should be according to the amount of
viritfion petween maximum and minimum lifts and the character-
istics of the pump to be used. ‘The speed range must sometimes be
25 percent of the maximum speed. Prospective purchasers usually
ean obtain from the pump manufacturer characteristic curves for
use in determining the different speeds of eperation.

Figures 24 and 27 show typical examples of the speed adjustinent
of centrifugal and mixed-flow pumps. Iach of those units s divect-
connected and obiains 2 speeds by means of 2 synchronous motors
mounted on the smwme shatft {(pl. 2, #), Belt-connected units eould
obtain speed changes only by changing pulleys. FThe Hunt pump
(fig. 24) operates at 225 and 257 revolutions per minute. At the
lower specd its efficieney is below 70 percent of all heads less than
appreximately 14 feet, and for heads from 1714 to 21 feet either speed
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gives cficiencies in excess of 70 percent. .\ 200-revolution-per-minute
pump speed probably would have given Tu-percent efficiency at heads
from 10 to 1724 feet, and substituted for the 225-revolutions-per-
minute speed would have ennbled the plant to operate at 70-percent
efficiency or better at wll heads from 10 to 25 feet. The speed adtjust-
ment of the Hartwell pump {fig. 37) is better. At 240 revolufions
per minute the unit has an efliciency
of 70 {o 80 percent between 614- nnd
9-toot hea(lls, and nbove 80-percent
efliciency between 9- and i4-foot
heads. .\t 327 vevolutions per min-
ute ats efficiency is 70 to 80 percent
ab heads between T and 13 feet, and
above 80 percent at heads belween
15 nnd 26 fect,

Traxsaussiox EQuirMeNT

Direct-connected pumping units
are much preferred to belt- or rear-
connecled  units  because  power
losses in transmission ave elimi-
nated, the purchase and mainte-
nunce of transmission equipment
are saved, and less floor spuce is ee-
cupied by each unit. Low-speed
induction and synchronous metors
that ¢un Dbe direct-connected to
pumps are availuble at somewhat
higher cost than higher speed mo-
tors which require belts or gears to
drive the pumps (pls. 2, B and 3,
).

Leather or chain belts were ithe
curliest  transmission  equipment
with clectrically driven drainage
pwaps (pls. 3 und 4}, Rope belrs
and V-shaped belts are Letter where
the distance between engine and

P e M — Sulinerged  vertienl

pump is Shm:t- Ad‘-‘ql}“m speed pip direcl-ronaccted to vertical
adjustinent of such units ean be wetur resting on piling,

obtuined usually by three sizes of
pulleys for the motor shaft. It has been the general experience that,
because of lnbor invelved, pullers ave not changed Nrequently encugh
to obtain a satisfactory avernge pump efficiency. This points out
auother practical advantage of direct-connected units. At the Hart-
well plant, however, 0 special chain hoist enabled one man (o ¢change
the pulleys on the three original units in less than an houwr. The sim-
plicity of this device, together with competeut engineering supervi-
sion. obtained satisfaetory speed adjustment.

Reduetion gemrs have been used in a fow electric installations
(pho 4, B). Aldthough they save floor space, such gears are expensive,
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and thers is no satisfactory method of changing the speed vatio of
large reduction gears,

ertical oil-enuine units should usually be direct-connected to the
pump, where buth engine wid pump operate between 200 and 300
ravoL:tions per minute. Most oil engines can be equipped with a
governor that will permit a suflicient runge in the speed 0} the pump,
Horizontal oil angines vibrate so much that a belt connection to the
pump generally seeims desirable to decrense the possibility of burning
out engine and pump bearings.

Direct connection of pumps to engines was used in many of the
early stemin plants, This was possible becanse those engines and
pumps operated at approximately the same speeds, und good speed
adjustment could be obtained by changing the governor.

A clutehs connection is sometimes of wdvantage in an oil-engine unit

pl. 4, €'} to permit the engine to get warmmed up before the load is
thrown onio it. For high-speed Diesel engines u twin-dise reduction
gear and a chain gear to further reduce the speed may be used. One
unit of this type has operated satisfuctorily for 8 yenrs where the
diesel enging operated at about 1,500 . p. un and the puinp at about
180 r. p. m.  Accurate aligument in accordance with the manufac-
turer's divections is essentinl for goud vesulis.

Size axp Nusmser of PuMps

Dischurge openings of drinuge pumps in the upper Mississippi
Valley range trom 18 to 60 inches in diameter, but for reasons of cost
it s usually desirable to make selection trom the stock sizes of 24, 30,
36, 42, and 48 inchies. Centrifugnl pumps may differ somewhat in
capacity from propeller and nuxed-flow pumps of the smmne size
Therefore, it muy be necessary in estimaling cosis o compare o 36-
inch contrifugnl with a 42-inch propeller or mixed-flow pump, as
those sizes often have comparable eapacitios at the maximunm lift, Of
24 pumps installed in 8 years, 1928-30, 11 were 36-inch pumps. This
size is of convenient weight to handle in construction und lavge enough
to pass most trash through the impeller.  Manufacturers build many
of that size and Tor that reason it may be somewhat move economical
in fivst cost.

Large pumps are desivable for drainsge pumping because larger
picces of wood and more debris ean pass through the pump without
cloggring the impeliers.  On the other hand, it is desivable to have at
least one unit of eapacity small enough that the water in the ditches
an be conteolled without teo frequent starting und stopping of the
lnreer pumps,

1t is an advantage to have two or more units in a plant so that &
brenkdown of one will not stop all pumping.  This is especinlly true
for a district that is enfirely dependent on the plant for drainage, A
district that obtains gravity drainage a larwe pavt of the year can place
more dependence upon a single unit, as the period of operation is not
long and the muchinery can be kept in good repair by work during
low-water stapes.

As a general rule. the most economical size of pump will discharge
the water at n velocity of 8 to 10 feet per second against the maximum
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head. Lower velocities sare desirable if the plant operates ub such a
high annuat plant factor ¢ that high pump efliciency is of great im-
portance. If the unit operntes at such a low plant factor that pump
elficiency is less important thun first cost, it may be economical to
install punps from which velocities will be as much as 12 to 13 feet
per second, even though the elliciency of a pump suffers when such
high veloeities are used.  Many of the pump and pipe losses vary as
the square of the velocity.

‘The capnreity destrable for the smallest pump in a plant depends
upon the minimum rate ut which water flows to the plant and the
amount of this flow that ean be stored nearby. If not much storsge
is nvailable & small pump may be necessary (o hold the water low
enough by continuous pumping to deain properly low avess possibly
2 or 8 wiles distant.

Expericnce has shown that in the upper Mississippi Valley the
Targer disiinuge pumping plants should have one unit that can pump
with reasonuble efficiency as little as onc-third the total capacity of
the plant, if there is but little water-storage eapacity outside the
drainage ditches. Three units of equal size could be instulled, or
twe units with one having nbout half the capucity of the other. If
suficient storage capacity in lakes and sloughs is available, two units
of equal size might be used in the plant.

Seal GLANDS

To prevent aiv from getting into the pump along the shaift, effec-
tive seal vlands are desirable for all drainage pumps except those
submm‘gvﬁ: Senl glands operated with water from the discharge pipe

avo satistuctory only when the discharge-bay elevation is sufficient to
keep the discharge pipe under pressure. At low-river stages the dis-
churge pipe of virtually every plant is under vacuum and no water is
forcod through the glands. For water-seal glands the water should
bee supplied under pressure from the cooling system in an oil-engine
plant, or from an nuxiliary pump and tank in an electric plant. Seal
glands that use oil, instead of water, from a reservoir holding a pint
to 2 quart of oil nlso may be used, A disadvantage of using oil glands
is the trequency with which they have to be filled. Furthermore, the
packing around the pump shaft must be kept very tight. To assure
ihis, special packing material should be used.

Priatine EQuIpMENT

Wet-vacuum and dry-vacuum pumps are most frequently used for
priming, although several plants use ejector pumps opernted by steam,
water, or air,  Wot-vacuum pumps arve rotary pwmps, which are not
injured if wuter gets into them. They are alsy easily installed
(pl. 5, ). Slight?y more than half the priming pumps Installed in
drainnge plants in the upper Mississippi Valley are of this class. A
wuL-_\'zmiul? system is usually cheaper than a dry-vacuum system using
an air tank,

*'Phe aunnul plant factor is the ratio of the amount of pumping netually done
ta the nmenne that the plant might heve done in the year, ineasured for eiteh unit
hy the number of Bowrs operated and the rated power of the engine or molker.
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Dry-vacuum pumps are nsually air compressors arranged to draw
air from the drainage pump and discharge it at atmospheric pressure.
Ordinarily, the clearance between piston and cylinder hend of dry-
vecuum pump is so small that the head muay be eracked if water Is
drawn into the pump. "Fo avoid this trouble; the pipe to the priming
pump sometimes 1s looped 34 feet or more above the suction-bay level.
This may not prevent damage, however, if an unskilled operator starts
the drainage pump without closing the valve in the priming suction
line. A more satisfactory nrrangement is to insert in the priming line
a tank that will trap out any water that may get into that pipe
(plL 5, B). .

Steain ejectors are used for priming the drainage pumps in virtually
all steanm-operated plants because they are eonvenient and relinbie,
When the steam pressure is almost high enough to start ihe engine the
ejector can Le started and the pumps primed. Water-cjector punips
have few moving parts and none that wear rapidly, However, the
have not been used as frequently as dry- and wet-vacaum pumps.
simple water-ejector system: consists of a small centrifugal pump fore-
ing 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 n small gasoline or kerosene engine is used,
belt-connected to a wet-vacunm pump. Such engines are iard to start
1 cold weather and must be replaced every fow years. The priming
equipment must be reliable, because all drainage pumps except those
submerged must be primed before stavting, The priming pump should
be large encugh 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
empirieal rules, Flead Josses vary greatly and cannot e estimated
nearly so accuritely as those in Jong straight pipes. Bends should be
avouded as nuch as possible to minimize the losses. Pipes should be
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Fiune 32.—Loss of head in suctlon el discharge pipes where discharge pipe
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somewhat larger than the pump connections so that friction losses
miy be reduced to an economiczl point, and the changes in size should
be gradual.

A consicerable 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 de-
signed so that those losses will be held to the practical mininmwmn.
Towever, because the fixed charges of plant depreciation and interest
on investment generally constitute so lurge a part of the total .cost
of pumping (/1) it would not be economical to pay us much for high
efliciency in a plant that would operate cach year the equivalent of 1-
or 2 weeks as in a plant to operitte 3 or 4 months.

Entrance losses may be lkept low by tapering the suction pipe or
progressively expanding the entrance end. Friction losses in the dis-
charge pipe may be reduced by using large-size pipe, connected to the
prmp flnnge by a short expanding section, Velocity-head losses at
exit may be reduced by enlarging the end of the discharge pipe by a
tuper or bell section,

Hyprauric Losses axp PipE S1zES

Losses of head in typical riveted-stecl suction and discharge pipes of
several pumping units are given in ligures 31 and 32, and the descrip- -
tions of those pipes are given in table 8. The head losses were com-
puted by deducting the static lifts from measured total heads on the
pumps.  They include the losses due to any trash and other obstruc-
tions in the pipes, to air entering the discharge pipe where it is under
vacumm and to eddies where pipe sizes change. as well as the entrance,
friction, and exit losses. Tests were selected where the pipes were ap-
parently free from obstructions or excessive amounts of ajv entering,
Theoretically most of these hydraulic lesses should increase as the
square of the velocity, but the losses mensured for the Hunt and Eldred .
units apparently vatied almost as the first power.

The Henderson County pipes were expanded more than any of the
other units shown, and the loss in head was least (table 8). The sue-
tion pipes were expanded in the ratio of 4.4; 1, between pump flange
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TavLy B—Dexcriptions of riveled-steel gurtion and diseharge pipes for which
{vsxes of head ave shown in figures 81 and 32

Mants with wollle- Pinnls wilh dlsebnrpe
slesd plpes oipe nod expanded
L

Hendvrson |
County

- » Crine
Huat Eldred Crock

Pumpinge unit, numbor. inmed 2 i
Bnetion pipes:
Cross seethon sl otntmnge St feot ., 40.9 [$}]

Cross secton st oty Hange R 1 S 1.2 . 85
Dlseharge plpes:
Blrut soci!ou. 101 TR | SN 24 10
Diametof . ... . o Inches. | 1554 k B
Buconrd svetlon, lengti . 123,87 -
Diutnoter 5§
Crosy seetion ot purp fange. oo stuare feek, o En
Crosgsectionntend .oam . . i .3 . i
B P . None Naono
Hoead loss fn piges with veloelly nt puoiag i
rer H [PPSRV (0L 3 LG A 3.3

Tl

! Indeterminnie; seo p 52, 1 Qnte valve st pumgy fap gato ut end of pipe,
2 Not determilned; see p, 52, 4 Flap pote ot omd of pipe,

and enfrance end, and the discharge pipes in the ratio of 2.1:1, ‘The
loss in head was approximately 1.9 feet at a velocity of 10 feet per
second. The loss of head in the IHunt pipes was 2.6 feet atb the sane
velocity, The smuller size of the dischiarge caused some of the diffes-
ence, and the flap gate on the end of the pipe probably increased the
losses somewhat,

The Eldred suction pipe was not expanded but was curved down.-
ward and cut off obliquely so the effective entrance aren was inde-
terminate.  The unit coull pump the water down in the suction bay
so low that the bottom edge of the pipe could be seen, which is believed
to indicute that the effective entrance avea was increased by cutting the
pipe obliquely. The fact that the discharge pipe was not larger than
the pump cenuection partly accounts for the high less of approxi-
mately 3.3 feot at n veloeity of 10 feet per second. The entrance area
of the Crane ('reck suction pipe was not defermined becnuse the end
of the pipe was inaccessible and the construetion plans conld not be
obtained. From the approximate dimensions of the pipe at low suc-
Lion-bay stages it was believed that the expansion ratio did not execeed
15:1  The discharge pipe of this unit was of the sane size through-
out as the pump connection.  The loss in head was approximately 1.2}
feet at a velocity of 10 feet per second, the largest for any of the plants
studied. )

Loss of head in suction and discharge pipes may be estimated from
figure 83. Analysis of the tolal head on the pump is given on
page 40.  The loss in discharge pipes was detesinined from the Scobey
formula (70}, with A,.=0.51 applicable to pipe three-sixteenths tor
seven-sixteenths inch thick, having all seams held by vivets with pro-
jecting beads, and pipes approximately 15 years old conducting non-
aggressive waters. Losses in welded pipe wonld be somewhat less
at 15 years of age but would equal those shown at a greater nge, depend-
ing on the roughness of the pipe interior.

Expanding the suction pipe perimits lowering of the suction bay by
pumping without the pump losing its prime. This usually is of
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reater importance than the reduction in enfrance loss, because o high-
entrance velocity requires considerable depth of water over the end
of the pipe to prevent the (pump losing its prime. Therefore, expand-
Ing the pipe permits nse of o more shallow suetion bay, Deep founda-,
tions are costly, so it is usnully cconomical to expand the suction
pipes considevubly. DBy expandiug the suction pipe so that the en-
trance velocity will not exceed 3 teet per second at norinal flow, the
water ordinarily ¢an be drawn down almost to the edge of the pipe
withont cansing trouble from air getting into the pipe.

100,000

7]

Head [feet]

Discharge (gaﬂan: por minutfe}

-

Loss im heod ffeef per Aundred feet]

)

dosx in heod bosed on Scobhey's formufo
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PreUoke 33, Veloeity head, diseharge, andl friction-hend loss in riveted steel pipes.
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Limited observation indicates that a sloping pipe cut off in a plane
almost horizontal will draw the water lower than a vertical pipe of
the same size that is cut horvizontally. Lt appears that cutting the
pipe obliquely increages the effective entrance avea somewhat.

The entrance loss to u properly coustl‘llct't‘{[zslzt*t'10:1 pipe is com-

paratively small. 1t may be assumed a5 0.5 - if the cdges are not

belled or rounded.  Experiments (17) have shown that the loss at
entrance to a culvert is negligible for o gradually rounded entrance;
henee it appears that betling the end of the suction pipe should reduce
the loss to ahout 0.1 to 0.3 foot. especinlly when the pipe is greatly
expunded ag is the usual practice.

The velovily head, which shotld not Le confused with the entrance
72

logs, is 5 Vatues of the velocity head are shown in fiwure 33, Part
of Lthe \'r(:hwil'y hed may be recovered by expaouding the discharge
pipe. The Triction Joss in o well-designed suetion pipe expancled
rreadually throughout its length (o an entranee area 2 to o timey that
at the pumip fange, ag indicated in fests of mnoerons drainage plants,
15 not likely o exceed 0.2 or 0.3 foot.

The discharge pipes of most drinage punps are 2 to G inches
Firger than the pump-llange connection, ’{‘hv roper smount of ex-
pangion varies, beenuse the saving in annuad cost obtained Trom
inereased plant eflicieney iz proportional to the amount of pumpiong.
The ceanomieal amount of expansion ean be deterntined by comparing
Grst ensts ol different stae pipes with the capilalized savings duae o
inereased elliviencies.  The cennomival amount of expansion is greater
with electric power than with oil engines because with the former
improved elliciencios resudt in lneger savings in cost of operation. The
increase in stre of pipe should be aceoniplished by a unilormly ex-
panding seetion at the pump fange. [ bs snggested that this section
{)0 nat fess than 10 feet long per G inches inerease in dimeter,

Trowble in keeping the discharge pipes full of water has been ex-
perieneed st several plants where the pipes were almost level for con-
siderable lengths ar the top of the levee.  This probably was caused by
air nevunlating so rapidly that the water could not foree it out. At
one plant a vacwm ping driven by a L3-horsepower motor was oper-
atec 20 to 50 preeent of the tiine (o keep the discharge pipes running
full. No such diffieulty was expertenced where the discharge pipes
ciume to w rounded point at the top of the levee. It is believed usually
unneeessary to have the level seetion at the top of the levee more than
4 to 8 feet long.

Ordinnrily the botiom of the discharge pipe at its highest point near
the top of thue levee should be slightly above the expected maxtnnnu
river stawe, so that The levee will not be endangered by seepage along
the outside of the pipe.  Howevoer, the top of the pipe shonld not Le
more an 28 feer, the practieal imit of suetion 1HE above the minimum
elevation of the discharge bay.,  Unless che ponygris submerged the end
of the discharge pipe should be submerged at all times, to avoid «difli-
culty in priming the pump. When the end oF ihe pipe is out of waler,
loss o f the siphon effect greatly reduces the operating eftiviency of the
unit.  Around o discharge pipe passing through a levee below maxi-
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mum flood stage, conerete collurs should be coustructed to reduce possi-
bility of seepage along the pipe.

The pipe may be lald upon the surface of the levee, and should be
supported at intervals by conerete piers. There is no advantage in
covering the pipes w'th carth.  Each curve in the pipe should have
raddius not less than 3 or - times the dizmeter of the pipe, aceording to
the limited data available on this subject.

‘The end of a discharge pipe often is belled to reduce the exist loss
by recovering veloeity head. A gradual expansion ta double the cross-
sectional aven of the discharge pipe in a distunce of 10 to 20 feet effects
considerable reductions in head logs. However, a flap gate attached to
the endd of the pipe causes loss in head beeause it disturbs the flow and
increnses the exit velocity, unless ic is 1ifted out of the way, Where
eables have been provided to 1ile up the gale, careless operators huve
frequently neglected to use them.

MarTERIALS For Sverios axp Discriarce Piees

Riveted or welded plate metal from one-fourth to seven-sixteenths
tneh thick usnally has been used for both the suction and the discharge
Pipes because curves and expanding sections, could readily and econom-
ically be manulactured from it. The pipes should be airtight, becanse
nir tealks reduce the pump discharge by inereasing the total head on the
pump antl by occupying space that wonld otherwise be used by the
water. .\ few plate-metal pipes under vacuum have collapsed because
they were not properly braced. and other pipey did not appear satfe
Lechuse of muel pulsating distortion during operation of the pumps.
Such “hreathing™ was especladly pronounced near the top of the levee
in dischinge pipes under high vacuum. Suel obsevvations lead to the
belief that pipes under as mueh vaenum as 20 inches of merctory should
be braced by angle irons riveted ar welded around the outside of pipes
more than 36 inches in diometer and of plete metul one-fourth inch
thick. or more than 3 inches in dinmeter and of plate metal three-
cirrhihy inch thick.

Welded pipe costs less (han viveted sicel pipe ad has been generally
ased inorecent years,  Eiiher Kind s sacistactory if properly made,
Caretul inspection should be made after the pipes are in place, to be
stee adl Joints ave aivtight, and rhe pipe 2honld be conted both inside
and outsicde with w durable print,

Cast iron has beent used ro o limited extent for discharge pipes run-
ning through the levees, but it is less casily handled and fitted than
steel pipe.  Corrugated amd light metal pipe has been used for numer-
ous small plants

Reintoreed conerete has been used in a Tew insianees for the suction
pipes and for slhuiceways 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 suetion bay,  Tia few of these plants hoods
were placed over the entrances to obtain lower water levels, Trash
wedging in such o sucetion bay cnnnot be removed easily,  Concrete
construetion for =netion pipes is not usually recommended.
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VALVES OR GATES IN vHE DiSCHARCE LINE

Seme type of valve or gate must usually be installed in the discharge
line of a pumpiag plant to fucilitate priming and to prevent back
flow when the pump is stopped. A gate vahe placed at the pump
flange or a flap gate at the end of the T pipe is used most frequently.
Typieal conditions of priming duving high-river stages are itlus-
trated in figure 34, If thoere is no effective ¢ gate or valve in the dis-

1 Te vacuum pump —==

G

N
o

Pierueg M Vypieal couditions during the priming of deninage pump.

charge line operation of the vacuum pump will raise the water in the
d!sch.uwe pipe from B to (" and at the sume time raise the water in
the suction pipe an equal distance from £ to . Then water from the
discharge bay will commence to flow down through the pump, and
often will cause a centrifugal pump to revolve backward, ~When this
occurs if may be difficult o "!I!![)()HH]I}IL to fully prime the pump before
stavting. I a centrifugal punp is not completely primed before
stzu'tmn', air is likely to be trapped around the impetler shaft, whieh
reduces the pamp diselrge,  On the other hand. a 1easombly tight
flap gate at .1 will keep the outside water from being deawn over the
hump at ¢ during priming. I there is an .n:twht valve at F, by
closing it and the v valveat ¢ the pump ean be pl'nned more rapidly.

The | propeller pump and the mixed-flow pump can be started before
they are completely primed without danger of trapping air in une
pump.  Therefore, with these types backward flow of water car be
avoided without any gute or valve in the discharge pipe if it runs over
the top of the levee. ® Howev er, a flap gate is ‘ll\mys helpful in pre-
venting sudden loads. A cale valve at the discharge flange of the
pump 1s used with some t\pus of oil engines and with s ‘nchroneus
and squirrel-cage motors because it peumts the load to be built up
eradually. Hpou.ll butterfly-type checls valves were used in a few of
the earlier upper Mississippi River plants, This type folds up inte a
compartment when the pump starts and offers little resistance to flow,
and closes automatically when the flow of water reverses. It can be
placed in the discharge line where most easily aceessible for cleaning
and repairs. Owing to its cost, the use of such a valve has been lim-
ited to a few plants.
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A flap gate is cheaper than a gate valve, and is satisfactory if the
starting torque of the motor or engine is sufticient to pump against the
maximum load. The flap gate is automatie, while a hanl-operated
gate valve is frequently diflicult to open and close. A flap gate is
enstly fouled with logs or trash, and difficult to clean at lngh viver
stagres when most needed; it is eusily broken by boats, and diflicelt
to repair becaunse winler water.  In 1929 at the Bay Lsland plant the
discharge-bay level rose until water flowed backward through the
discharge pipe because the flap gate was out of order when it was
necessary tostop the pump.  The flow was stopped by a dum of boards,
ranvas, and sand bags built in the pipe at a manhole. Therefore,
where the viver stige may get high enough to eause back(low into the
district and no gate valve is to be used. it may be desirable that a
manhole be placed inside the levee near the top point.  Otherwise, it
may beeome neeessary to cut into the pipe with an acetylene cutting
torcl in an emergency.

Gate valves smaller than 36 inches, may be opencd and closed by hand
{ph 2. BY. but hand operation of large valves is so difticult and slow
that it 15 consitdered desirable to equip 36-inch and larger valves with
mechanienl-operating devices. A nunber of such devices are com-
mereinlly available.  Electrical devices are used most in electrie plants,
aml puetmalic devices (pl. 6, ') ave frequently couvenient w oil-
engine phints. beeause sueh planes ordinacily inelnde anoair compressor
and alr tanks for starting the engine. A mechaniceally operated valve
should be equipped Tor hand opuration in emwrgencies.

SELECTION OF POWER EQUIPMENT

Tn the upper Mississippt Valley, dramage pumps arve driven by
electric motors, internal-comnstion ol engines. or stean engines.
However, no steam planis have been iostalled in recent years for
draining faurm lands, principally becnuse of high investment costs
andl the lavge fuel losses involved in frequent starting and shutting
down of the plant.  Counditions during and since the period of this
investigation have favoered the selection of electric or oil-engine equip-
mient for new instailations to sueh a degree that o discussion of steam
equipnient is not included in this veport Where and when a cheap
supply of natural ov artificinl gus is available. internal-combustion
s engines may be eeanomical. but none hay vet been used for druin-
age pumping in the upper Mississippt Valley.

The factors atlfeeting choice of power type for drainage pumping
in the upper Mississippi Valley have been diseussed in another pub-
lieation (£4, pp. 96-07). In 1836, pumping with oil engines costs
somewhat less than pumping with electrie power, except for small
annual pumping, but electric power was gencrally more convenient
and dependable and plant operation wassimpler.  Inadistrict having
2 or 3 separate plants the smaller ones might be automatic in operation
and henee vequire only one operator if electric power is used; or the
snudler plants might be operated by nearby farmers (7} and main-
tained by the operator of the main plant,  An oil-engine plant, how-
ever, should not be trusted to an inexperienced operator.
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The required capucity of the engine or motor may be determined by
the formuia
0.00025264 .Q
& pEe

BHP-
in which,
B P =brake horsepower required
Ly =total head on pump, m feet
@ =discharge in gullons per minute
¢p =cfficieney of pump
g =elliciency of puwer lransmission between engine and pump.

When the power requireneni has been determined, some adjust-
ment in the speed and capacity of the pump usually is neeessary to
fit the load to o power unmit of conunercinl size.  Pump characteristic
curves and a proposed prine mover should be considered for: Load
at the shut-off point, the starting load, and load at total heads below
the maximnm.  The unit shoull be designed {o operate satisfuctorily
winder all operating conditions.

LLECTRIC BQUIPMENT

A company selling electric power nearly always provides the line
and transforiwers tor delivering the power to the drainage plant ut-
the voitage needed. The drainnge district nsually must furnish the
accessory cauipment  including  switchboard, starting cequipment,
motors to drive aceessory equiganent, and fransformers for reducing
the voltage for driving the accessory motors and for lighting.

EFFECT OF POWER RATES ON PLANT DESIGN

The terms wnder which the power will be purchased are often
important in determining the economival desigm of an electric plant.
The cost of power often ineludes both a primary charge, based on the
capaeity of pumping motors, to compensuie the selling company
for ifs capital investment, and a eurvent charge, based upon the
amount of energy woed, Lo pay for generating and distnbating the
power. In some cases no primary charge is made, but the curvent
charge is comparatively high for the first few thousand kilowatt-
hours used ecach munl‘fi and gradually decreases with incrense in
quantity used. Many contracts pevmit motors that are not being
used (o be sealed off. and the primary charge to be reduced proportion-
atly It is often vequired that the units be kept sealed oft for a year
or lunger belore the reduced rate beeomes effective.  This frequently
can be done without detriment to the drainage,

TWhere veduced rates may be obtained by sexling off motors, the
plant should contnin theee or four units of equal size rather than one
or twa larger ones.  When three or more units are used, one can be
senled off for a year much more frequently than when only twe units
of equal size are used. Tt is Turther desirable o have all units equally
efticient. so that any one can be sealed off without decreasing the nver-
age plant efliciency.  To avoid delerioration of motors throngh long
idleness, it s usanlly desirable {0 seal off the nmotors alternately rather
than have the swne oue unused for several years. Where sealing oft
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of units is not contemplated, it may be economical to instull a less
expensive and consequently losa efficient nait for pumping at high
heads only, since the maximum plant capacity is needed onl) at high-
river stages and for but a small purt of the time.

Where (he primary charge is the greater part of the power cost,
plant elliciencey is of less nuportance then where the only charge is for
current at a higher rate per kilowatt-hour. The greater the charge
per kilowntt- houe, the creater the investment is _|u-«11fwti for increns-
mg the plant olht‘wnv\ A wate based only on current used mukes
g:‘n\'ll\’ drrinage especintly desivable 1f it can be obt.uned during part
of cnch year,

A large primary charge increases the importance of installing
moters no larger than :eqm}od Motors sometimes have been over-
loadedd Trom 10 to 15 percent at the maximun LB, and fans have been
used to cool the motors in order not to Incrense the primary charge.
Such pract ive showld not be contemplated, however, without the muin-
Faeturer’s adviee as to the effect of xuch overloads on the motor,  Pri-
ey chovges bised on neton] maxtmum demand eather than on the
rnted horsepewer of the motors would reduce the incentive for s
district to buy inmdeguate equipnient.

INDLCTION MOTORS

The wound-rotor induction molor was used almost exclusively in
(he electric drainage plants on the upper Missisippi River prior to
1925, The \\ul(“«pzv wl use of this Lype was die to its (1(‘|}L‘I1{\d])!h{‘}’,
its high-starting torque, and the Faet that the starting carent does nob
mmii\' excedd the operating current. Many power companies insist
that this type be used inste: wl of squireel-cage motors because of the
botter starting charaeleristics.

Adthough (here are seversi methods of changing the speed of an
induction motor, the type is inhicrently o {Ulhlln!-\}){‘(‘d machine,
In nearly all the carlicr cloelie plands changes of the pump speed
were made by ehanging pulleys on the motor ah wft. Often this is the
most economival method theovelically, in spite of the fact that belt
connection reduces the efliciency of the unit by & to 5 percent as com-
paved with diveet connection. The great difliculty with belt-con-
neeted units has been that operators would not chiange the pulleys,
and, by running (lu- puntps at high speeds at low and medivm lifts,
would waste 10 to 25 percent of the current.  The motor speed can
be regulated by intreducing resistanee into the rotor civeuit, but cer-
tnin tests showed & cost for drivi tng a 48-inch pump with an induction
motor ab redueed speed about o groater per 12-hour ran than fov
puinping the swowe quaniity of water with u duplicate pump driven at
the swme speed by a synchronous nwtor.  Fle induction molor was
less cfficient principaily becruse of heat logses in the grids when the
speed was reduced.

The squirrel-cage motor is the cheapest type of electric motor.  Tts
operating characieristics are similar to those of the wound-rofor
motor, but it has u low-starting torque. For this reason power com-
panies do not permit it to be wseed 1 many loeations, beeause in shurg-
ingr it requives ~ueh a larvge cavent al low-power faclor Lhat the opera-
Lion of other motors on the same Nne may be alfected.
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SYNCIRONOUS MOTORS

The synchronous motor has several advantages and some disad-
vantages for dinage pumping in comparison with the wound-rotor
indietion motor.  The synchronous motor is slightly mare efticient;
it has o buwer air pap, so dovs not reguire snely exact alivement of
the shaft; the power fuctor eun be kept at 100 pereent or vavied at will,
A disadvantage of the synchronous motor has been its low starting
and pull-in torque, but now LU percent or greater starting wud pull-in
torque can be obtained by improvements.  These, however, ndd to the
cost of the motor.  Sinee 1928 severn] drninage pumping plants in the
upper Mississippi Valloy have installed synchrenous motors,  Some
installations include two synehronous motors of different speeds
motinted on the same shaft, so the speed of the punp can be changed
without changing pulleys. Usually boih motors have been of the
sume horsepower rating although neavly always w smaller motor
could be used For the lower spevd,

Two synchronows units on the same shatt are frequently morve eco-
nomical thun a wound-rolor molor with belt drive and the pulteys
needed for speed adjustment.  Tnoone example the cost of two syn-
chronous motors of 225 and 277 revolutions per miinuie mud 200 and
250 horsepower with aceessory squipnent was abont $L500 more than
the cost of a conypurable induction motor aud belt drive, I'he efti-
cieney of the synchronous unit probubly wanhd uvernge from 5 to 10
pereent higher, partly beeanse the pulleys often sre not changed when
necesiry for economival pumping,  The savings by cven H-peveent
increase in operaling elliciency and the saving in housing space and
in maintenanee charges of belts usually would justify the extra cost
of the direct-conneeted twin synchronous unit for use over 10-percent
plant factor.

One tportant advantage of the synchronons motor is that its power
factor 1s ordinmily wnity, but ean be viried when some advantage will
result Lo the power-distribution system, Tlowever, no price conces-
sions Tor the nse of synehronons motors have been made in power reles
in the upper Mississippi Valley, bt nsually a power factor helow 80
pereent s penalized.

ACCESSORY EQUIPMENT

One of the most expensive items= of secessory equipment in an electrie
plant is the switehboard with, in adidition to the numerons switehos,
the various watt-houe meters, overload releases, anmnielers, and starting
and synchronizing mechanism according to the size of the plant and
charzeter of equipment ingtalled.  Other aceessories needed in an
electric plant include lighting equipment and swall motors to drive
priming pumps aml o weter pwmps. Water for domestic use of the
plant operator s for water-seal glands of the pumps usually is ob-
tuined from driven wells,

Ou-Excixe Eqguiisienr
The ultimate economy of oil engines depends primarily nupon gefting

relinble engines at reasonable cost, which will operate with low fuel
costs and will Just long without excessive repuirs,  Similue eare should
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be exercised concerning the accessory equipment.  Oil engines should
be compared with electrie moiors on the basis of total cost of pumping,
including the fixed charges of deprecintion and interest on investment.

To insure thut repair parts aid expert service will be obtainable
when needed, o distriet should buy the product of a manufacturer with
a good finnneial standing and one who has been sunking oil engines for
x period of yeaurs.  In one exceptional instance a district spent more
inoverhauling its engine of atype cthat had not been manufactured for
gonie years thun a new engine would have cost.

One advantage of an oil engine is that the speed can nearly always
be changed sulliviently by a gdvernor to operate a drainage pump
elliciently ni both Jow wnd higls heads.  Another advantage is that most
oil engines are raled 1o apernie nf about the same speeds s drainags
pumps, which permits divect connection and the uvoidance of belt or
chain losses.

DIESEL AND $EMIDIFSEL ENCINES

There is HilUe choite bet ween diesel and semidiesel engines for drain-
pge pumping.  ‘The diesel engrine has slightly lower Tuet-oil consump-
tion per brake horsepower-hour than the semidiesel. It is also easier
to start becanse it does not requirve a heated bulb. The recent trend
has been toward the diesel type aithough 1t is nsually slightly higher
in Aest cost.

1 engines with vertienl exlinders (pl. 6, B) vibrate less, and their
eviinder walls wear less cupidly than those with horizontal eylinders
{pl 6,07, Exvessive vibration may vesult in damage or higher depre-
¢intion for engine, pump, or huildings, and is especially objectionabla
for deainage plants because so frequently foundation condifions are
poor.

Most of the few muliiple-exlinder horizonial oil engines that have
been installed in deainage plants have rendered unsatistactory service.
The ifliculty of keeping the beavings in alinement on peor foundations
with fhe exvessive vibration no doubt has been the prineipal eause of
these failures. The experience of those plants indicates that single-
exlinder belt-conuected horizonial oil engines from 50 to 150 liorse-
power may be setisfretory when mare economical than other fypes, but
for engines of more than 150 horsepower it is safer Lo use the multiple-
evlinder vertical 1ype.

ACCESSORY EQUIPMENT

Anadequate supply af cooling water is needed for oil engines. Cool-
g systems are elassified as “open™ when the waier onee run through
the engines is wasted. and ag “cloxed™ when the water is eiveuluted
through the engines time after time aud cooled between tines in tanks
ofeold water or radindors. The apen system requires a large supply of
clewr water free from impurities, which is seldom available at a drain-
are pumping plant. Consequently, n closed system should nearly
always be instafled.  This system requives the constant addition of
small quantities of water to repluce that which evaporates.

Apparatus to precipitate impurities in the cooling water ave not
commonly installed. hur it is reemmmended that Tuture installations
include cguipment for doing this miud for filtering the water.  Anti-
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rust compounds should be considered for use. In several plants the
wse of untrented water for cooling has cnused deposits of scule in
the eylinder head and cooling jacket. Scale canses excesuive wall
temperatures, which may break down effective lubrication of the
pistons and cylinder liners and couse excessive wear, distortion, or
ctacking of these parts.  Scale is usually responsible for the eracking
of cylinder heads; overheating of (he pistons may cause increased
friction angd incomplete combustion of fuel and loss of power of us
much as 25 percent. Senle weeumulating in pipe lines mualkes it
necessary to increase the power needed to eireulate the water and
decreages the cffectiveness of the codoling device. Effective water-
softening and filtering apparatus can be purchased ready to connect
to the cooling lines.

It the pmnping plant is close enough to w railvoud siding, con-
siderable saving cun be eltected by piping the fuel oil from tank cars
inte the storage tunks instead of hanling it in trueks or barges.
Becanse fuel oil is cheaper it bought in carlouad lots, it is desirable
to provide sullivient storage sprace to permit purchasing an additional
t-ur]]oud betove the currvent supply is exhausted. Af several plunis
two tanks, each of about 8,000 gullons enpacity, have been used and
found economical v frst cost and of adequate size for convenient
plant opervation,

FUEL 0IL

All the drainage plants studied burned the lighter fuel oils, which
cost very little more than those heavier than approximately 32°
Baumé,  With the heavy oils, use of a lighter oil in starting and
stopping the engines generally is advantageous. This obtaing more
complete combustion, which prevents cavbon deposits on piston and
eylinder heads and avoids formation of sulfurous-acid gas that may
corvode the cylinders and valves, However, if two grades of oil are
used, the lirst cost of the plant is incrensed by the amount necessavy
to provide separate storage and piping tor the {wo oils. It is doubtful
whether this additionn] investiment s justifiable for drainage pumyp-
ing beeause the plant factors are so low.

DESICN OF BUILUVING AND ACCESSORY STRUCTURES

Fouxparioxs

Good foundation conditions are vt primary importance in selecting
the location tor a puuping plant, The natural location is near the
lowest point in the district. This frequently is a soft swamp naot
suituble for foundations.  Under such conditions it may be necessary
to loente the plant on a nearby ridge, and extend the main drainage
diteh to it.  The plant should be located on the inside of the levee,
and as close to it us practicable so that the discharge pipes will not be
unneeessarily long, but not se close that the suction bay will wenlken
the levee. Inadeyuate foundations have frequently eaused pumping
units to get out of line and building walls to cruck.
~ Most pumping drainage distriets in the upper Mississippl Valley
nre uaderlain by quicksand at depths of 3 to 15 feet. The pumping
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plant should be located where excavation of quicksand in coustruct-
ing the suction buy will be avoided as far as possible,
iling should be used under the machinery foundations, The
building walls, and the suction bay should be desighed to support
the full load that will vest on the piles, If the plant is to contain
oil engines, the piling should be sufficient to withstand muoch vibration,
Considerable difficulty has been expervienced with the pump or
angine of civect-connected units settling out of line. 'Fhis has re-
sulted in burned-out bearings, loss of efliciency, expensive repairs, and
in some instances loss of use of the pumping unit for long periods, A
continuous concrete foundation beneath Hoth pump :m(ll engine or
motor, reinforeed with light steel T-beams and diagonal steel vods
as shown in figure 38, would avoid such difliculties. It is believed
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that had this construction been Tollowed, much of the trouble eaused
by units settling ouf of line would have Leen avoided. Although this
construction is somewhat morve costly than plain concrete, the extra
expense i3 believed to be justified.

BriLping SUPERSTRUCTURE

The pumping-plant building sheuld be strong enough to withstand
storins, adlequate in size Lo house the equipment, resistunt to fire, wirm
enongh to prevent freezing, permanent, and plensing in appearance.
The arvangement of engines, pumps, and principal accessories in o
well-planned oil-engine plant somewhat more completely equipped
than the average is shown in figure 36, An areangement ceonomical
of flovr spuce Is iltustrated in figure 37, The belt connection facili-
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Freure 36.—Dllan of Valley City pumping plant, comprising 2 semidiesel englnes .
divect-connected to centrifugal puinps and accessory equipment,
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tates this arrangement, The relutively sharp bends‘in the discharge
pipe are less objectionable in an oil-engine umt than in an electric unit
Lecuuse fuel oil costs less than electricity per brake horsepower-hour.

Where the building does not extend over the suction bay, brick is
often an econamical material (pl. 7. 4). Where a wall is to be sup-
ported on girders over the suction bay, a lighter type of construction
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Fioree 37.~-Discharge pipe from contrifugal prunp hett-driven by horizontul oil

eigine in Mctive Creck plant is curried over the enginte to reduce floor aren
required,

is desirable. For such plants a steel-frame building with stucco or
sheet-metal walls is well suited (pl. 7, 8). For cconomy in first cost,
witlls of conerete block or hollow tile enn Le used (pl. 7, €). Frame
construction or galvanized steel on wood frames is not recommended
beeauge of the fre hazard. I a pumping plant burns, no pumping is
usually possible for several weeks or months, until the equipment is
overhauled andd repaired. During that time lack of drainage may
ciatse crop losses many times greater than the saving from use of a
wooden building. .

1n a few instances pumping plants have been able to continue opera-
tion when breaks in creek-diversion levees have let water stand against
the pumphouse walls above the floor level. because the building was
watertight. Such operation reduced the amount of flooding and crop
damage in the district and prevented damage to the pumping ma-
chinery aund accessory equipment that would have resulted from flood-
ing of the plant. Watertight construction can be obtained by
extending concrete foundation walls above the floor level and making
provision to seal the openings in the walls with boards and canvas or
sandbags (pl. 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.

Suctiox Bay-

The usual type of snetion bay consist= of o concrete retaining wall on
the suction side of the building, cast integrally with wing walls and a
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heavy voncrete floor (fig. 28). The wing walls are usually 1 to 2 feet
thick and the floor usually abont 2 feet thick. Fhe side walls are
usunlly supported on piling. This type of construction, although
sometimes expensive, hus bedn 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 pipes stope down through the back retaining wall of
the suction bay, or puss horizontally through the building wall and
turn down vertically into the bay. At the McGee Creek plant the
clearance 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 suflicient ¢learance for the water
to flow into the pipe nniformly from atl sides.  ‘T'he ¢learance between
the suction pipe and the floor shoutd be at least one-half, nud prefer-
ably two-thieds, the dimneter of the entrance opening of the suction
pipe. A minimum elearance of 2 feet should be gllowed under the
pipe in order that frash, boards, and logs that become wedged under
the pipe can be removed readily, Between the bottom e(f;‘_;' of the
suction pipe and the side walls of the bay the elewranee should be at
least equal to the entranee dinmeter of the pipe. Between the back
wall and the suction pipes a elearanee of one-half to three-fourths the
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Fravee 38.—Ktevation of woll-designed pumplnge unil in Haebwell plant: Rein-
foreed suclion and disviiarge bays: hocfzaontal enteowe opealog to inclined
suction pipe; diseharge i ppessime over o of levee, with long-radius bonds;
crnb for liffiug Hap gate onf of tow from pipe.

entrance diwmeter seems adequate. The spacing of suction pipes at
the entrance ends should be, on centers, not jess than four ov five times
the diameter of the pipes at the punmp flanges. In designing suction
bays it is well to keep the velocity of water down at all points to less
thau 3 feet per second during operation at full capacity and optimum
stage of the suction bay.

A safe type of vonstrnction used at a number of plants is shows in
plate 8, 4. Open steel caissons were first sunk fo below bay-floor
level wheve the corners of the bay would be, and between as deemed
desirable.  Round piles were driven in the bottom of the caissons, and
the steel shells fited with concrete.  Sheet piling avound the site pre-
vented caving during excavation between the piers and during con-
struetion of the walls. which are supported on round piles.  Steel
braces were placed between the piers us exeuvation proceeded. This
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construction permits setting the pumps on steel girders directly over
the bay, but may cost more than other types.

At small plants where there is no dunger of undermining the build-
ing, the concrete floor of the suction bay muy be omitted. At some
plants the suction bay is the end of the drainage ditch protecied by
planks and wooden piling (pl. 8, B). Steel shevt piling is more per-
nanent.  Such a bay should be placed n short distance from the
building to lessen the possibility of the building being undermined.
Where sueh construction is safe, it effvets a considerable saving in the
cost of the plant. .

Discuarce Bay

Conerete discharge bays have been built at some plants to protect
the outside of fhe levee from erosion, but usually no serious erosion
hus occurred where no such bay was constructed. A concrete struc-
ture protects the pipes and flap gate from damage by boats, and
anchors the flap gate. The flap gate usually is light enough, how-
ever, to swing free on the end of the pipe if tfmt is braced with angle
iron und supported on a few piles. At the Mauvaisterre plant, ero-
sion ut the discharge was not great after the plant had been operating
for 4 years (pl. 6, A), althongh the velocity of dischurge had been
10 to 12 feet per sccond and the levee was very sundy,  That erosion
couldl have been largely prevented by a few tons of viprap at the end
of the pipe. This would have cost less than extending tﬁe pipe b to
10 feet turther from the levee. The gravity-sluice outlet structure
was undermined.  This should have been prevented by a cut-off wall,
sheet piling, or riprap.

GRAVITY SLUICEWAYS

If suflicient gravity drainage ean be obtained so that construction
of n sluiceway through the levee will be economical, the structure
shonld be located a few hundred feet from the pumping plant. Theve
is always some danger that pressure of the rviver water will open a
channel along the sruicewny, and the vibration of pumping is likely
t loosen the enrth about any pipe or structure through the levee near
- the plant. In some districts the sluiceway has extended undar the
pump house.  The Gregory plant near Keokuk, Iowa, was constructed
in {his way and was destroyed by a levee break in 1922, Part of the
Indinn Grave plant was similarly destroyed about 1920. Seepage
along the sluicewny probably caused these and other levee failures.
Had the sluicoways been some distance away. the plants probably
would not have been destroyed by the rush of water. Serious Jeaks
developed nlong a similar stuiceway at the Bay Island plant and the
sluiveway was closed off.

A runoff capacity of 0.25 inch per 24 howrs over the watershed area
is believed adequate for a gravity sluiceway built to su )lﬁement a
pumping plant. When the runoff is greater, the river would probably
be hizh enough to neeessitate puniping.  An average velocity of 6 to 8
feet through the sluiceway is snggested for design. .The difference in
water level between entrance and discharre bays necessary to produce
«uch velocities wonldl be botween 1 and 2 feet. The top invert of the
outer end of the culvert should preferably be that much below the
maximun allowable stage in the suction bay to insure that the maxi-
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mum capucity is available, The bottom of the sluiceway should be
not tower than the bottom of the ditches near the sluiceway. to avoid
excessive silting in the stuiceway. These conditions muy require that
the culvert be a shailow and wide box, or be made of several small
pipes rather than one of lurger diameter. The entrance end of the
sluiceway shouald be rounded to inerease the capacity (173,

An iron or steel gute should be constructed on the discharge side
of the stuiceway. and should be operated by a serew or gear from a
handle set above high water.  ‘To prevent se¢page alony the sluiceway,
conerete collars should be constructed about 10 feet apart and sbout
13 by 18 inches in size around the sluiceway box ov pipe.  Ueavy con-
erete siuiceways should be set on piling if the foundution is poor,
Substantial head walls should be provided at both suction and dis-
chnrge sides to prevent evosion of the levee. To prevent nndermining
of a concrete outlet structure, such us cceurred at the Muvnisterre
P{Izmt (pl. 6, A}, w cut-off wall, sheet piling, or riprap should be used.

fere erosion ovcurred even though {he avernge velocity through the
culvert did not exceed 4 fo 5 Teet per sccond.

TRASH SCREENS

One or more good screens should be provided for each pumping
plant to prevent trash from getting into the pumps.  ‘These wuy be
of small iron vods three-cighths to one-half inch in dinmeter or of
rectangrular bars usually about one-fourth by 114 inches.  The spucing
between bars ranges from aboeut 134 to 4 inches, although 13- to 2-inch
spacing is most conunon,  The urca of the sereen opening at average
operating stages should be from 2 {o 3 limes the combined area of the
suction-pipe openings.  Uf this area 13 too small, the water will head
up unnecessarily, the statie it will be increased, and the pumps will
lose their priming at a higher stage of the suction bay. The screens
are conveniently made ju sections 2 feet wide and supported by small
chunnels or I-beams.

The most convenient. location for the trash screen is ncross the
front of the suction bay (pl. 7. 8).  Ifthe bay does not have o concrete
floor, the screen should be set on piling. At a fow plants iwo sercens
have been wsed, one nevoss the entrance of the suction bay and the
cther some distance up the main diteh.  The scrcens need substantia
supports {pl. §, ). éioping the sereen facilitates cleaning trush and
debris.

FARM PUMPING PLANTS

Small drainage pumping plants are desivable under many condi-
tions. A hitgh farm incone has enconraged drainage by all means,
meluding use of pumps. An increasing sumber of small plants have
been instulled by landowners since 1945, Farm-drainage pumping
plants often permit the deainage of isolaied areas more cheaply than
use of a file line or open ditch. Pumps sometimes secure adequate
drainage for land that is (oo Tow for gravity deainage.  Small plants
can often be wsed to advantage in lavge wravity drainage systems or
to drain low aveas in larger pumping districts, They can often be
used in conjunction with irrigation systems to provide for adequate
water control at ull seasons,
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Many of these small drainnge pumping plants have been installed
to drain fields runging from 20 to 160 acres.  Widespread installution
of rural power lines has encouraged this developmoent because electric
operations of sinall plants has severnl advantayres,  One advantage is
that automatic operation is simplified wheve clectrvic power is avail-
able. Often these plants are limited in maximum size by the voltage
nvailuble at the furm, A voltage of 220 single phase permits opera-
tion of 3- to 7-horsepower motors in several aveax.  Many small plants
are operated by small gusoline or Diesel engines ov by farm tractovs.
The rapid mwchanization of farms has likewise encournged farm-
pumping installtations:

Sueh installations liave been characterized by efforts to save on first
cost of the plint.  Eeconomy in first coat has been secured by use of
inexpensive propeller-type pumps (p. +13), by stmple buildings, inex-
pensive foundations und @ minimum of aecessory cquipment,  Small
pumps anmd motors vequive only a light foundation,  Qften, o small
conerete Tooting wili provide for an adequate foundation on dry
orownd,  In 2ome cases steel I-beans have been [aid neross ditehes
on which to rest the equipment. Corrugated iron buildings with
wood frames have been used for housing equipment.  Pit-type plants
have also been used to advantagee,

By setting the discharge pipe above high water, as shown in figure
28, priming cguipment s eliminated, use of sutomatic e({uipment is
simplilied, and the first cost of the plant is kept down.  However, by
setiing the discharge pipe below low water. as shown in ligure 29, the
total head on the pump is reduced and the pumyp discharge 15 increased.
Advantages of both methods of pump discharge need to be congidered
on the basis of the specifie performance of the pumping unit,

One of the most importunt considerntions in building sueh plants
1<t decide whether to provide the least expensive equipment and thus
take additional risks on breakdowns and interruption in serviece.  The
kind and value of crops grown, the area of Tand flooded or dumaged
Ly high-water tuble in case of fuilure of (he pumping plant, and the
possibility of prompt repair or rephicement of the pump and equip-
ment showld be considered. Small units ean be veplaced by other
effective equipment maore readily in an enwrgency (han large pumping
equipnment.  Henee, a risk often seemis well justified in installing small
plants,

Fuarm pumping plants requive  hizher runofl’ coelticient than larger
drainuge plants because storage js ot usitly availuble to the swne
degree s in Ivrge pumping disteices, Tt i important to build an
adequate drain fo get the water to the plant rapidly enough for satis-
Factory pump operation,  Usuadly an open drain adjoining the plant
should be deepened and widened to provide temporary storuge of
water,

ExaspLes oF Saranl Praxts

Severnl of the following planis have installed light propeller-type
punips to save on first cosl. The discharge of many sueh units drops
materinlly when the lift increases from 3 {o 3 feet.  Particular care
is required in adapting such pinps (o low-HTE installations.

L A light deainnge pump, operated by o gasoline engine, is shown
in plate 1, . This unit is located in the IFlorida Everglades and
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pumps from the drainage ditch on the right to the outlet to the left.
A V-belt pulley mounted on the head drives the pump shaft. The
propeller 1s set under water and no priming is required. A screon
attached to the suction prevents trash from entering. The engine is
set on skids and could eastly be moved.

2, Plate 9, 4 shows a reversible pump with o propeller-type blade.
having u capacity of 6,000 to 8000 g. p. m. By turning ona of two
concentric cylinders, which form the pump barrel, 180°, the flow is
reversed while the pump shaft continues to operate in the same direc-
tion. This unit is located in the Florida Everglades and is used for
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Figrre 30.—Elevation of well-designed furm puwping plaut, Cenoral Lo Peer
Soil Conservation District, Mick.

water confrol in the organic soils. After heavy rains it is used for
drainage; when the water table needs to be higher it serves for an
irrigation unit. The static 1ift seldom exceeds 4 foet.

3. Figure 89 shows the cross scction luy-out of a well-designed
pumping piant for drainage of 46 acres of muck land. The pump
is a vertieal propeller-type rated at 1,270 . p. m. at 9-foot total heand
when operating ut 1,760 r. p. . The plant hus a runoff capaeity of
1.16 inclies per 2t hours from a 38-acre watershed, The pump is
driven by a d-hotsepower repulsion induction motor mounted on the
head and connected direetly to the pump shatt, A view of the plant
is shown in plate 9, . The Central La Peer Soil Conservation Dis-
trict furnished plans for this plant to the owner. Keith H, Beau-
champ, drainage engineer, Soil Conservation Service, designed the
plant,

4. Plate 9, € isa view of an electrie-driven plant d raining 153 acres,
located in Lineas County, Ohio. The 7V -horsepower motor is con-
nected by three V-Delis to the vertical submerged impeller-type pump.
The pump capacity was estimated for design purposes ut 2,600 g. p. m,
at a low head, equivalent to » runoff capacify of 0.89 inch per 24 hours,
An approximate rating was made when thie water in the suction bay
was it low stage and the pump discharge was estimated to be only half
the designed capucity. However, as the suction bay rises it is prob-
able that the 2.600 g. p. m. capacity is reached, indicating a great
yariation in cupacity with a small Qiference in head. The pump dis-
¢harged into a concrete-lined flume which ran into the outlet drain
(pl- 9, C). No advantage is tahen of the vacmun which would be
created by a discharge pipe discharging below the wuter surface in
the outlet channel. However, no vacunm pwnp or vacuum-breaking
device is requived and automatic operation of the plant is simpliﬁc(ﬁ
Automutic operation is secured by means of a float-controlled switch.
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The soil, a silty cluny, is drained by tile lines spaced at 50-foot
intervals. A mile of open diteh serves as outlet for the tile lines.

The cost of the plant, which was completed in 1948, was $475 for
pump house, foundation, and outlet lume. The owner did consider-
able work on the plant. The cost of the pump and motor was $394,
The Tlt-horsepower motor is a 220-volt single phase. The 12-inch
pump 1s a light-submerged propeller-type (p. 45).

5. Plate 101 shews u smaller plant containing an 8-inch propaller-
type pump (p. 43) loeated in Tuscolw County, Mich.” The pump is
belt-connected to a gaseline engine, The frane shed and pump rest
on I-beums across the diteh. This plant drains 120 neves.

6. Plate 10, B shows the top of & pump pit set underground which
drains a low area of 25 acres through a tile located in Fulton County,
Ohio. Before this okl Iake bed was pumped out it was wet; and about
3 aeres conld not be farmed. ‘The pit contains a 2-inch sump pump,
driven by a 2-hovsepower motor. The cost of this pump and motor
was about $300. The cost of concrete block sump pump was about
S100 eash expenditure,  This does not include the work of the owner
whe did most of the building. During the 11-month period, January
to November 19048, the plant used 1,573 kilowatt-hours and the power
cost was B33.70.

7. Plate 10, ¢ shows an 8-inch locally manufactured propeller-type
pump drawn by a §-horsepower single-phase electric motor.  An auto-
matic flout operates the motor switch. The pump cost $175 and the
motor $173,  The unit is supported on the concrete block head-wall
over which the waler is pumped te deain the farm lying upstream.
This unit drains 120 neres.

CONSTRUCTION OF THE PUMPING PLANT

Competitive bidding for construction of large pumping plants and
purchase and installation of equipment is desiruble in ovder to assure
veasonable costs, Ciare must be taken that State drainage lnws are
complied with in advertising for bids and letting contracts.

Usually a district can securve 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 ]]_)m'(-huse and installation of the machinery and the
suction and discharge pipes. The first can usually be done cheapest
by some local experienced contractor tamiliny with the foundation
conditions along the river and having his construction equipment ¢lose
at hand, The second contrnet should bring eompetition from manu-
facturers and dealers in machinery, many of whom will not take
contricts involving foundation snd similar work.

A cofferdam of wood or steel piling 1s usually required in the con-
struction of a concrete snetion bay. It quicksand is encountered the
enfferdam may £l in as quickly as dewatered. One method of avoid-
ing this difficulty is to excavate the sand about 1 feot deeper than
the bottom of the fleor without dewutering the cofferdam, and then
lay under water a false concrete floor about 1 foot thick. The con-
crete should be laid on canvas so that the cement will not be washed
out so readily. If the underfloor is nearly watertight, the cofferdam
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can be emptied without difficulty and the suction-bay fleor constructed.
The underfloor should not be considered a part of the suction-buy
floor because a thin concrete slab luid under water may have little
strength.  The uplift pressure on the underfloor when the suction bay

. is dewntered should be estimated. Provision should be made o pro-

tect the structine agrinst such upward pressures by means of weight-
ing or bracing the floor. The bracing for a cofferdam should be
carefully planned, as inadequate bracing frequently causes caving that
necessitates expensive reconstruction. After the suection bay.has been
completed, the sheet piling at the tront of the bay should, it possible,
be driven down Hlush with the floor to help prevent undermining of
the bay and the building.

After the snction bay has been completed, construction of the other
foundations ean be done with comparative case because they do not gu
nearly so deep.  Constraction ol the siverstructure and installation
of the equipment are not purticudarly diffieult,

TESTS OF PUMPING PLANTS

Acceptunce tests should be made of all deainage pumping equip-
ment to determine whether it meets the guarantees of cupreity and
efficiency. Punps nnd engines olten can be tested most economically
in the factory, in the presence of a representative of the district, and
accepted before they are shipped to the plant. However, field tests
generally ave necessary for lueger pumps beenuse some manufacturers
are not equipped to test them. Because the equipment required te
test oil engines is heavy and expensive to ship, it may be cconomical
to have the distriet’s engineer test the oil-engine equipment for 24
to 48 hours at the factory, to determine the oil consumption per brake
horsepower-hour und whether the eugine will operate satisfnctorily at
full tond. New electric motors usually ean be accepted without special
tests because their efliciencies ordinarily do not vary morve than 2
pereent from those gua wnteed.

The acceptance tests should detevmine also whether the primin
equipment will prisie the pumps in the time specified, which shoulﬁ
be within 16 minutes but never more than 15 minutes. The joints of
the suction and discharge pipes should be mspected to be sure they
are nirtight; some reworking of welded field joints may be necessary.
Betore acceptance there should be n thorough and detailed inspection
of wli the muchinery to detect flaws, and all anccessory equipment
should be operuted o be sure that it performs satisfactorily,

After the plant has been nccepted and puat into operation, oceasional
tests are desirable to determine whether the plant efficiency can be
improved by changing operating cenditions, by, for instance, ud-
justing speeds and by vepairing or giving better care to the equipment.
Occastonal tests of the plant ave the best menns of determining that
the plant is operating at proper efliciency. Tn one case z test revealed
a pumping unit was operating at low efficiency. Further checking
for causes revealed a lavge block of wood in the pump impeller which
had not been detected by the plant operalor because it created no
noticeable noise or vibration. After the block was removed the
pump operated near its designed efliciency. The methods and equip-
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ment recommended for testing pumping plants have been deseribed
elsewhere (77). This information muy also be secured on request
from the Soil Conservation Seyvice.

OPERATION OF THE PUMPING PLANT

Grent care should be used to select competent and trustworthy op-
erntors for (hminnge pumping plants. The rapid deterioration of
several plants can be teaced to improper operaiion resulting from the
cmploymenl of ineflicient operators. Keeping the plunt ciean reduces
the fire huzard and, in addition, improves its appearance. :

Even theugh there is u well-maintained trash screen, sticks and
trash otten lodge in the pumps or pipes. This decreases the plunt
clticieney and may endanger tLo equipment.  Although wood blocks
often can be heard immediniely after they get into a pump, it is not
always possible to determine whether the pump is clean except by
opening -it. ‘The district officials shoull see that the operator in-
spects the pumps at frequent intervals and keeps them nnd the pipes
clean.,

The trash screen should be kept free from trash to prevent water
heading up unnecessarily. ‘The packing on fhe pumps should be
renewed ubout once a year, and shouid be kept tight enough that
leakuge of air into the pumps will not be large, yet not so tight as to
catse excessive wear of the pump shaft. Air m the pipes reduces the
vacuum and ineréases the head against which the pump operates.

Centrifugal pumps should not be opernted empty if any of the
puarts depend upon water for lubrication. When they are primed,
they should Le 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 Le primed satisfactorily after they
are started.

The seal wlands of pumps frequently become clogged with silk or
grease and permit much aiv to get into the pump. This cauvses o de-
crease in diselinrge and efliciency and rapid wearving of the packing
and shatt. DPriming is more Qilticult when the seals are neglected.
The eperator should understund the purpose of the seal glands and be
industrions enough 1o keep them working preperiy.

It freyuently happens that wear, aceident, or other cause greatly
reduees the eflicieney of a pump. Qceasional tests will show when
the eflicieney is abnormally low. Then inspection can be made to
determine the charneter of repairs needed, as, for instance, the re-
newnl oi the impellers. The mest ellicient 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 enveFully regulated to obtain a high plant efticiency.,
The importance of this has been shown on page 46, T'he management
of n district should determine the most efyicient speeds of operation,
by testing the plant or from the characteristic curves and see that the
pumps are run at the most economical speeds,  Some operators who
are paicl by the month do their work in the least possibie time and con-
sequently overspeed the pumps at low and avernge lifts. When there is
danger of fonding erops, the pumps should be speeded up to obtain
quick removal of the water. Also, for an electric plant operating
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under an off-peak agreement it may be advisable to speed up the
pumps to finish the pumping during the off-peak hours. l.[f operating
al slow speed increases the cost of Iabor, the extra cost shoulr} be con-
sidered in determining the cconomical speed.  In some iustances con-
tinuous slow pumping to keep the water low in the ditches inay improve
the drainage of some parts of the district.

Operation records are vajuable court evidence to determine the need
for or the amount of pumping, when special assessents arve being
levied or during law suits, as well as in supervising the operation of
the plant. Daily records should include at least the following items:
(L} Dischavge-bay gnge readings, twice daily or when pumps ure
started or stopped; {2) suction-bay gage readings at the same time;
(3) time of starting and stopping pumps; (4) speed of pumps; (5)
kilowatt-hour meter readings, in electric plants; and {6) rainfall,
The amount of fuel on hand should be reported monthly ov semi-
monthly for oil-engine and steam plants.  Repairs to plant and equip-
ment wmud supplies received and expenses incurred alse should be noted
on the operator’s daily shieets unless o separate proceduve is preferable
for checking expenditures.

Adequake operntion records, wcenrate cost records, and ccensional
tests are absolutely neecessavy for proper supervision and cconomical
operation of the pumping plant. Such data often enuble large savings
to be made in operating costs.
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APPENDIX

The pumping equipment available for lIand drainage on the Illinois
River and on t :inssissippi River between Dubuque and St. Louis,
in 1930, is shown in tauble 9. The locations have been shown in figure 1.

The capacities and types of pumps and power equipment of many of
the plants were considerably different from practices recommended
at the present time, even where the machinery was the most economical
obtainable under conditions existing when it was installed. The data
presented in the tuble will be heipful, however, to any engineer in
making a study of pumping plants in the area.

With but three exceptions, all the pumping units of each district
- were located in one piant, In the Hillview district, the 5,000-gallon
unit wnd the 22,000-gallon unit were each in a separate plant to drain
isolated areas of lowland. In the Suvanna-York district, the 1,500-
gallon unit was located separately to serve » small arep not economi-
cally druined to the main plant. In the Muscatin-Louisn district
No. 13, two 16,000- and 36,000-gallon units installed in 1920 were in
one plant draining the lower part while the other three units were
located in another plant which could move economically drwin the
upper part of the district.

T:lbﬁa 10 (11) shows average annual operations of drainage pumping
plants in the upper Mississippi Valley. Data were for 1930 and prior
years, The quantity of water pumped varied considerably in accord-
ance with conditions previously discussed. The avernge over-all
efficiency for most plants vanged from 40 to 55 percent. The Scott
County stream plant while pumping during high-water periods main-
~ tained an over-all efficiency of 83 percent. For any plant the over-all
efficiency varies as the static 1ift, being higher as the static 1ift increases.
This is becanse hydraulic pipe losses are a higher proportion of the
total hend when n pump operates nt n low 1ift,

Table 11 {8} shows costs and conditions of operations in Louisiana
pumping districts. The average rainfall of southern Louisiana is
about 60 inches. With a few exceptions the annual rainfall mensured
at the districts shown in the table was well below the average for the
area. Pwnping dropped off materially in years of tow rainfall. The
abnormally low rainfall recorded in most years should be considered
in making use of these records.

TAeLE 0.—Drainage pumping plants in the upper Mississippi Valley, 1930

Engine ar motor Pumpn

Water- '}:" T‘{;R
Drrainage district shed Begnn Bogan Siz? (‘rlmnc- :!-.‘Ir b1
| wrea areer- T il ni i
Tyre uting |"oH0%) aring | ype? (os{i- hours 2
mnated)

ILLINOIS RIVER IISTRIGTS . power G‘::fl:rf“
Hennepln 4,100 {Pllerli-t:_ -

Eaat Peoria 55 ‘ M s
Pekin-Ladlursh.. : : 1025 MG
Roeky Pord. mmeeee| 1,600 | s s 19000 |} -8
| ¥or ident{ieation of dlsirlets shown in fie. 1.

TAD are ceatrifizgal pumps exeopt & ingdicatod serew paings (3) amd 8 {ndieated mixed-flow pumps (M),
# Plant capacity caleulated from estjmated enpacitios of puinps, )




DESIG:N' AND OPERATION OF DRAINAGE PUMPING PLANTS

77

TABLE 9.—~Drelnuge pumping plants in the upper Mississippi Valley, 1930—Con,
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TasLe 0.—Drainage pumping plants in the upper Mississippi Valley, 1930—Con,

Eagine or motor Pamp
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TanLE 10.—~Average annual operations of drainage pumping plazts

Plunt

Power type

Years of record

Perlod
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depth
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1, 078, 322

Indicated
horse-
powers

|1 36, 044

Brake

horge- |
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25,272

870, B9

586, 126

784,360

712,107
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7, 457
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21.6
2.1

14.8

193¢
Mar. 1,
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1929-30.

2, 520
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1 Kilowatt-hours of clectric current, tons of coal, or gallons of fuel oil.

3:Fabius plant data omitted from average because costs are not representative.
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TanLE 11.—Costs and conditions of operation of drainage pumping planis in Louisiana pumping disiricts
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dls\rlct,l\:o, 12, sub-

Lafourche  drainage 835 {31915 3 30.38 ; 20,25
distriet No, 1. ’

y 36 5,,157’ 75[ 100; 25] ml .311 .Ow' .0141 41[ 40 15.9 ¢ 9.0] 1.0
i v i } I

1} March 1011, 19 February 1912, inclusive, ¥ Ared Incredsed to 7,500 in July; decreased to 6,500 Dec. 31,1913,
3 3arcl o December, inclusive, ¥ Arca 6,500 acres Do, A, 1615; 7,500 acres afwer Dee, 1, 19185,
1.June to December, inclusive, 18 A verage for year, electrie plant,

tJanuary to May and October to December, inclustve, 1 Electrie power,

3 Mar, 9 1o Dec. 31, 12 Fehruary 10 December, indusive.

¢ January to Septomber, inclusive; 1 Mar, 12 to Dec, 31.

T Mar. 17 to Dec. 31, Area 5,600 to Aug, 23, 1912, then increased to 6,500, . M January to September, inclustve.
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