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It Pays to Test
Your Irrigation Pumping Plant

Thomas W, Dora, Pasl E. Flschbach
Dean E. Elsenhauer, James . Gilley, LaVeorse E. Sietson !’

INTRODUCTION

A pumping plant performance lest can determing energy efMiclency of an
irrigation pumping plant and provide information on adjustments needed
10 improve energy efficiency, Performance of ai lrrigation pumping plant
shauld be evalunted by triined personnel using accuriie testing equipment.
This service can be performed by consulting engineers, by many well drilling

. companies, Matural Resources Districts, and Public Power Districis. Sex

your County Externion Agent for more informalion concerning these ser-
VicEi.,

A pumping plant 1ot should be performed regardiess of the age of your
system. Test all aew syslems o thal you can be avured that your unit meets
the contract wpecifications. Most systems should be at lemst equal 16 the Ne-
braska Performance Criteria for pumping plants (Table 1). The cumpo-
nents should be carefully selected, installed, adjusted and operated 10 ob-
tain these standard values.

For an exfating pumping plant a test can determineg:

1, If energy und money can be saved by adjusting, rebuilding, or replac-
fng the exlsting pump, drive sysicms, or power umit,

1 1f the well I being operated at too great o discharge rte for existing
pump and well conditions.

HENEFITS OF A PUMPING PLANT TEST

Information obtained during the test includes water jeveh while pump-
ing, pumping rate, discharge pressure, pump and engine ipeed, and energy
ute. Conditions vuch a3 pumping sand or air thould be noted. These data
are used to evablish the performance rating of your pumping plant st its
present discharge rale. Sinee you can also operate the unit al several other
discharge rates, you may learn more about the following items,

Pumping Rate—From the tesi you can determine iT the pumping rate i
satisfactory or i {1 is possible to expand yous irriguied acreage or if the
acreige thould be reduced, Knowledge of the pumping rate is also essential
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for caloulating the amount of water applied and for irmgation wiler
MmN gement.

Waler Levels—The test can help you delermine at which discharge mie
your pump shoold operate. I you are over-pumping your well and dre
pumping sand or mir, the test can help you determine & pricticul pumping
rate. In additon, the test can help you determine 1T lowering the pumip
bowls #s required for more efficlent pump opeestion,

Discharge Pressare—The lest will determine the pump pressure [ior
aperating your distribution system, The person performing the test will be
able to advise vou if thia is the design pressure of your digiribution sysiem.,

Pump and Engine Speed—The iesi will determine i the pump and puwer
unit are being operated ot the most efficient poini. These dats can also be
helpful in determining i the power unli ls overloaded or il the power unlt
and pump are operating ai (he wrong speeds. The villues can imdicate 1o you
if m-bell drive system has excessive slippage.

Energy Use—Knowledpe of your energy use for the work being nc-
complished will allow you to evaluale your lrrigntion costs. Coat is the
primary reason [or the performance resl.

EVALUATION OF YOUR PUMPING PLANT

Accurate (sl measorements are nesded to evaluate the performance of &
pumping plani. Data used ared

I, Measurements of 1ifl (witer level with pump operating), dikcharge
pressure, and discharge rate—used 1o delerming (he rale work (s being done
by 1he pumping pliand

2, The raie work ks done by the pumping plant, divided by the energy use
rate of the power unit, cstabilishes the pumping plant level of performance.

3. The mensured performance, evaluated agalnst the Mebraska Perfor-
maunee eriterin for pumping plants (Table 1), determings how i compares.

If components are carelully selécied and | Inrger poset unies wod puamgs
with migre thet one pump bowl ore used, | s possible to obtain a pumping
plant which will exceed the criteria.

A amall punping plont or reose sysiem nay be bess ellicient thun the
criterin. Wheneyver the published hend eapaciiy curves aie avallableé, the
purmnp tester should e the curve (o deferming the actual efTiciency thai gan
be expecied from ihe pump,

The following examples illustraie how data are used 1o obtain the pump-
ing plant performance ralkng.



Powernll . .....co00s0n0n0s 30 hp eleciric mtor

Pumjping rate 700 gallony per nunute (gpm)

Lin.... 73 feet (1) .

Prosstife .. ......ovocesnncses V0 pounds per in={psi}

Encrgy wie rale . ... . ....... 23 kilowsti-hours per hour (KW
hshy

2/ For an example using metric units see Appendix,
I. Determing water horvepower (wiyp) (rate energy s added 1o water)

whp = pumping rale (gpm) x total head (1)
3.960

Total head (f1) = Lifi {f) + (231 x Pressure [pai])
Total head (1) = 75 + (231 x 10) = 9.1 N

whp = 700 gpm x 981 Nt
1,960

= 17.1 hp

1. Determine pumping plant performance (water homepower divided by
raie ol energy Lse)

whp divided by AW.h/h = 17.3 whp
15 kw-h/h

= 0,692 whp-h/kwh
1, Determine the performance raling
i, Obinin Nebraska Performmnce criteria (rom Table 1,

whip /KW, h
- 0,883



b. Performance Rating = measured whph/A'W-h x 100

Netwmka Performance criteria

Perfotmance Kating = 0692 x 100
0883

= TE%

A, Determine excess energy wwe pee hour af operation
Excens energy use = 100 - Rating « Mensured Fuel Use

100
= |00-78 x kW-H = 53kW-h
100 ] h
Fuample 1
Field test data - mmwmm-MI
Power unit 125 hp diesel engine
Fu.-rugin.rm iassesnss HOO gpm
LY sl s intn s anbbainies M
PHESIR s o0 s 45 emmhins - 64 i
Energy userate ... ... 4.9 gallons per hour (gal/h)

I. [wiermine witer horsspower
Total head (1) = 100 + (231 x 65) = 250N
whp = 800 gpm x 250 1 = 30.3 whp

3,960

1. Determine pumping plamt performance
= 52030 whp
4.9 gal’h
= 0.3 whph/gal

1. Deiermine the performance rating
a. Performance criteria (Table 1) = 12.5 whp-h/gal
b, Rating = 103 x (00
|15
= K2V



4, Determine exoess énergr e per hour of operation
Excess enegrgy wig hr

= 1K) - B2 4.9 gallon/hr
o0

= 0.86 gallons diesel/h

CAUSES OF RELOW STANDARD PERFORMANCE

Any of the ihree major pumping plani componenis—pamp, drive, or
power ufill—can camie poor performance. In addition, mismaiching of
components, poor selection of components, changing water levels, or
chunging pressure on the irrigation system may emise reduced efficiency.

The Pump—A pump's impeller{s) is selected 1o dellver efficiently a parti-
cular rate of wiler 1o o certain elevation (including pressure head ) snd of &
specific speed. It |y possible 1o select impellers which are quite cfficient for a
wide rangs of conditions or 10 choose an impeller which & even more effi-
clent for only one specific set of comditions, In some cases this more
specifically selected himpeller will be ineflicient when conditions are altered.
The addition of pressurized discharge distribulion systems or the redesigh
from s high 1o low pressure discharge distribution system can cause pump
efMficiency 10 decrease. Have technically qualified individuals make the in-
itial impeller welection and help determing if your impellers are maiched 10

Pump impeller can be ouwl of adjusiment, Impellers out of adjustment
will reguire greater tham normil pump and engloe spestds 10 deliver a
apecificd amoum of water, Trained individuale and qualified pump
manufaciurer” representalives wre ahle 1o adjusi impeller clearances io ob-
lain optimum pump capacily and head. Ef.‘ II 760, How 1o Adjust Vertical
Turbine Pumps for Maxvimom Efficiency,’ provides information for ad-
Justing an impeller. Worn or corroded impellers cannoi be brought com-
pletely back 1o original capacity, head, or efficiency by adjustment, bud
inmetimes may be improved,

When sclecting & pump for & given installation, the desgner will choose s
pump that will operade efTicsently a1 some rotal onal ypeed . Usually this will
be the eleciric motor spesd of 1760 rpm. Pumps can operate with ogually
high efficiencles at other speeds s0 long as the designer has matched the
opetating charmeteristles of the pomp ot thet speed (o the conditions, The
ke of an sccurate tachomeier will enable the operation of the pump ol the
devign speod.
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For cemirifugal puingn, warping of the pump case o1 bending of the pump
shafl may cause increased fricrion of the roiating part. The wesar ring can
allow internal circulation of water in some insiances. Improperly designed
suction and discharge assemblies can cause reduced efficiency.|

The Power Unil—A power unit can require more fuel than normal if o s
nat loaded properly, if it lacks proper servicing, if it is not *‘tuned™ propes-
Iy, or Il ii containy worn component.

Internal combustion engines work most efficiently when operated be-
tween T5% and 100% of thelr continuous duty rated homepower and when
they are operated ul the correct speed. Technically qualified individuals can
advise you on the proper selection of drive ratios for new pumping plants so
that the engine will be correctly loaded and opeérate at the cofrect speed.
They can also advise you if an existing system has the correct drive ratio,

Proper mainienance of the power unlt is also necessary for efficien
operation of & pumping plam. A power unit should be serviced a1 regular
imtervaly and should be winterired for the of [ season. (n addithon, an engine
should receive 2 tune-up &3 required. For spark ignition sysems the twne-up
thould consiat of ygnition timing, spark plug and point replacement, and a
cleaning and adjustment of the carburctor. For diesels the entire fuel mjec-
than system may requie servicing. During the tune-up the air cheamer should
be serviced and valve clearnnce should be adjusted, A lune-up can result ina
subsiantlal reduction in fuel consumption.

Excessively warn engine valves and piston components may allow a com-
pression loss resulting in poor fuel economy, Compreaston tests can be rin
on the enging 1o determine which components require replacement or eed
to be rebulli. A worn engine will significanily affect the efficiency of a
pumping plani.

The eificlency ol electric motors seldom change daring use for & given
load. If the motor i underioaded, i will operate bews efficienily than it will
under proper load. If the motor is overloaded according to the service fac-
tor, effliciency may not be reduced, however, motor life will be shoriened.

The Deive—The drive ratho may nod be corfectly maiched between the
pump and engine for proper speeds. This cavses inefficent operation of the
pump, the engine, or both units. Drive misalignment will increase (riction
and reduce driveline life.

Technically qualified individuals with the manufacturers’ pump and
engine curvis cin select the correct drive rutho,

SUMMARY

Recent tests have shown that improved performance of the average
pumping plant in Nebraika can save 25% of irrigation fuel costs. The only



Wl 1. Mobdnthe pITASAmatet SN TaF pAmgg P, e
A -y iy W : e

—— ol - I
[ 12.5 gallai
[PFEST e :t I.‘= gadlam
Sasrnl g o . - e
Uetrictty Lt st LW

U g b me e Rt m s s Wi, S gl b S e g we s e cam——

-

E b e e e b e ey §empiasd G e ey gl s e pas FSem—
¥ i

U i S g i

T [T et Bopesitn Lire s mewre mes am crddbed bod m S8 fern G a sy
. B i BrRy el L | — i e e w g Ey mE—
Y T g i b e i BT - ¥ i e —
-

R W g aE U P s piTEmR )
B e e, e iy

AFPENDIN - NECENSARY TABLES, EQUATIONS AND
AN EXAMPLE CALCULATION USING METRIC UNITS

=gy

[ | o ol r S s
[re— 1w s [o—
e e LM [
IFrasp e [
Sptwrel g L L.&d
Werwsity 0 st e s
Y Am S imm s R B e Gmemy e B e m— o m—
"-I-llr-—“ L g m e e kS g— a0 b g o P e e
B = 7 pusmg PP

Vo i | Y Sy - i . iy
- - - T S — - -y ol B
i W g e mews ks TV s e | P W [ pa—
e
L T P ——
" —

Example; isgme o5 Example 1 English Umnits)
Ficld 1cu dats — Gated Pipe

Powerwmit ... ......... b S — - ] TR T
Pumping rate .. : d —— ] TR ]
Li . .. = Ty 2 225 metons fmi)
Pressase .. ..... 53 Te H‘Hilnpmﬂll Y 1]

Energy uie rale : 1 Fa ] I.ll-.'-mahmn e ey [k W R



I. Diermiine widter hifowarts fwk W) (rate energy b added to the water)
Total head im) = Lift (m) + (.102 x pressure [kPa])
Total hesd (m) = 229 = (J02x 68.9) = 299
kW = 442 u 299
102.4
= 129 LW

2, Determing pumping plani performance (water kilowaits divided
by rate of encrygy use)
whW < kW:h/h = 12.9 wk'W
25 kW-h
= (L3016 whkW:h/kW:h

1. Determine the performance rufing
{a) Obtain Nebrasks Performance criteria from  Table 1A.
whWih/EW:h = (LBG0
(b) Rating = messured wkWh/LW b
MNebraska Performance Criteria
= 0316
0, 6l
= 0.78

4, Delerming excesy eneryy wwe per hown of operation
Excess energy use = (1,00 - Rating) ¥ measured fuel use (1.00 - [78)
23 kW = 530 KWh

h h
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