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By MARVIN N. SHEARER AND C. R. HUMPHHYS 

Gradllate Research Assistant and Professor, respecticeiy, 
Department of Resource Development 

MICHIGAN IS MORE FORTUNATE than most states in having 
a good water supply. However, surface and ground water 
resources are not uniformly available throughout the state. 
Many farmers may feel their individual supply of water 
fails to meet irrigation needs, especially during periods of 
drought when irrigation requirements are greatest. They 
would like more water or would like to stretch their present 
supply to cover more needs. 

This publication tells you how to build a holding pond 
to stretch your water supply for irrigation. When operated 
in combination with a small low-capacity pump (a small 
pump - one with a capacity of 10 to 200 gallons per min­
ute) , a holding pond will provide a continuous flow of water 
when needed to irrigate your cropland. Included are figures 
on storage capacity for such a holding pond and for pump 
and holding pond capacity requirements and drought 
periods. 

Conservation and best use of available water is already 
of vital importance in many states. Full use of surface water 
supplies is essential to good farm management in Michigan. 
The facts in the following pages show how to get the most 
from your water supply. 

Facts to Knovv 
If you are concerned about an adequate surface water sup­
ply for irrigation or feel that large diameter wells of 6 to 
14 inches in diameter are too costly, then you should know 
the following basic facts: 

l. A holding pond may help YOIl stretch available water 
enough for all your irrigation needs. A continuous flow of 
3 to 4 gallons per minute provided by a small capacity 
pump and stored in a holding pond supplies sufficient water 
to irrigate one acre of cropland. 

2. You can even-out the 7J/111/ping load on small streams 
by using a small pump of low capacity over a long period 
of time. This will make more water available for irrigation, 
waste dilution, and municipal uses when it is needed most. 

3. Many irrigation tcells that farmers have had drilled 
are of a large diameter (6 to 14 inches). Pumps are turned 
on only when the irrigation system is operating. The result 
is a large capacity well and a large capacity pumping plant. 
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OVERFLOW PIPE MIN. 4" DIA . 

DRAINING INTO A DITCH OR 
NATURAL DRAINAGE WAY 

4 . Spccial lIwllagcmcnt of small diameter wells can pro­
vide sufficient water for irrigation of sizeable acreages. 

5. The small diameter wells, in many instances, can be 
used for domestic purposes in addition to providing water 
for irrigation. 

6. Small pump holding installations are often more eco­
nomical than "direct pumping" systems, depending upon 
the relative locations of the water sources and the field irri­
gated, the capacity of the irrigation system, and other 
factors . 

HOLDING POND 
Holding ponus are planned to fit specific situations. They 
may be built square or circular for economy. They can pro­
vide adequate storage for sprinkler irrigation systems with­
out being excessively large. 

Size, or capacity , depends on the crop requirement and 
acreage irrigated , but they should be at least 6 feet deep 
when full. 

A pond about 1175 feet square at the bottom with banks 
7)~ feet high stores 60 acre-inches of water. With a small 
pump capacity of 1.50 gallons per minute to feed , this size 
holding pond satisfies an irrigation requirement of 1..5 inches 
per week for a drought period of 3 weeks duration on 50 
acres of lanel. 
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INSTALL DRAINAG E OUTLET PIPE AT THE 
LEVEL OF WAT ER STORAG E DESIRED BY OWNER 

Water is stored in the holding pond until t ime to irrigate . 

CD A small diamete r well (2 - 4 inches in d iame ter! . A small low 
capacity jet or turb ine pump. 

eD Water supply from a su rfa ce source o r wate r suppl y f rom a g round 
water source . 

® Concrete pumping basin ; top feed preve nts si lta t ion . 
CD A small capacity cent ri fugal pump moves the water from a stream 

or lake to a holding pond . 
® A centr ifugal irrigation pump unit moves the water from the 

reservoir to the spr inkler system . (Select th is pump carefully to fit 
capacity and pressure requ irements.) 

® 3 foot horizontal to 1 foot vert ical. 
CD 2 foo t horizontal to 1 foot ve rt ical. 

Like an ever filled gra inery it is always full to meet future demands. 

, -- ' 

Pond bottom must be sealed if soil material is loose and permeable. Clay so il 
may be used effectively as a seal. (See Water Research Report No. 1 referred to below.! 

JIO\\ ' \ ITOLDI:\'C PO"'J) W()HK~ 
Storage water in the holding pond may come from a surface 
source ( lake or stream ) or a small well. A small capacity 
pump moves the wate r from e ither the surface source or 
th e wcll to the holding pond . \ Vate r is stored in the holding 
pond until time to irrigate. A centrifugal irrigation pump 
moves the wate r from the holding pond to the sprinkle r sys­
tem. As soon as wate r is taken from the pond , tIl e small 
pump starts operating to refill the pond . 

One of the big advantages of this arrangement is the 
freedom it gives th e farm er to operate his irrigation system 
without affecting the rate of withdrawal from the stream . 

The small pump holding pond combinat ion and the irri­
gation sys te m should both be d esigned to satisfy crop need s. 
They will therefo re pump the same quantity of wate r over 
a pe riod of time. Th e irrigation pump can , however, oper­
ate intermittently whi le the small capacity inHow pump 
will operate continuously unti l the holding pond is full . 

t · ~[<.,~ ",[,\(,LF PIT \SE ,\10'101{ 

The small pump call a lso be operated easi ly b y a standard 
single phase electric motor . An e lectric motor is recom­
mended because: 

1. It is an economical source of powe r. 
2 . It is adapted to continuous operation . 
.3 . It can easi ly be made to operate automaticall y w ith a 

Boat activated switch and so turn itself on whe n the water 
level d rops b elow th e des ired re fi ll level. 

Small pumps are also readil y available because of th eir 
common use fo r ordinary hous~hol d water supply systems. 
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STORAGE POND 

Plan storage and small pump capacities to fit your particu­
lar situation . If you have q uestions regardin g th e capacities 
you sh ould use , contact the Agricultural Engineering D e­
partment of Mich igan State l lnive rsity throu gh your County 
Extcnsion Agent . 

The pond should be a bui lt-up type using dikes rathe r 
tllan an excavated type unless it is located in cla\' soil which 
will hold wate r. The bottom of a built-up pon ~l sh ould be 
slightly below the origin al ground level with only enough 
mate rial removed to construc t th e dike . The dike shou ld be 
at least 7 ;~ feet high . (ScC' section on Pond Design .) 

IF th e d ike is constructed of sandy porous mate rial , spe­
cial sealing precaut ions must be taken to prevent leakage. 
On ly surface-constructed dik e ponds can h e satisfactorily 
scal ed . 1£ an excavated pond is sea led , a high g round water 
tab le occurring at the time the pond is empty may force the 
seal frorn the bottom and sid es, destroying its effecti veness 
and requiring considerah le repa ir work . 

For d e tai ls cOllce rning sealing methods and mate ri al for 
dikes and ponds, see \ Va ter Hesearch Rep ort No. 1, "Con­
troll ing Seepage in Holc1ing Ponds Constructed of Porous 
l\ fateria l," Departme nt of Resource Development, l\1 ichi­
gan State University . Copies may be consulted at th e office 
of yoIII' County Extension Director or obtained from the 
D epartment of Resource Development, ~li chigan State 
University. 
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Example of Storage 
The following example shows how storage is provided with 
a small pump delivering 3 gallons per minute for each acre 
irrigated during a drought period of three weeks duration 
with an irrigation requirement of H~ inches per week. (Fig­
ures are for each acre irrigated.) 
ACRE-INCHES 

1.2 1.2 acre inches are stored in the pond for each acre 
irrigated. (This amount should be stored and avail­
able from the pond in order to meet the water 
needs for a 1.5 inch application .of water per week 
for 3 continuous weeks. As soon as withdrawal com­
mences, the small pump starts to replace the water.) 

+ 1.1 + 1.1 acre-inches are added to the holding pond 
the first week for each acre irrigated. (This is added 
to the pond the first week by the small refill pump.) 

2.3 

-1.5 

.8 

+1.1 

1.9 
-1.5 

.4 

+1.1 

1.5 
-1.5 

0.0 

2.3 acre-inches. (2.3 inches is the total water avail­
able the first week. It includes the storage ( 1.2 
inches), plus the water pumped into the pond the 
first week (1.1 inches). 
-1.5 acre-inches are temoved from the holding 
pond the first week for each acre irrigated. (1.5 
inches is the weekly requirement for many irrigated 
crops in Michigan.) 

.8 acre-inches remains in the holding pond after 
the first week of operation for each acre irrigated. 
+ 1.1 acre-inches per irrigated acre are added to 
the holding pond the second week. 

1.9 acre-inches available the second week 
-1.5 acre-inches per irrigated acre are removed 
from the holding pond the second week. 

.4 acre-inches per irrigated acre remain in the hold­
ing pond after the second week. 
+ 1.1 acre·inches per irrigated acre are added the 
third week. 

1.5 acre-inches available the third week 
-1.5 acre-inches per irrigated acre are removed 
the third week. 

0.0 acre-inches remain after the third week. 
This example illustrates how adequate capacity is pro­

vided for a farm with diversified crops which do not need 
peak irrigation at the same time. If all the irrigated land 
is planted to a single crop, such as potatoes, the irrigation 
requirement could possibly be 2.0 inches per week. 

ADDED WATER NEEDS 
The additional water requirement can be met by either: 

1. Installing a pump of larger capacity 
2. Increasing the capacity of the holding pond 
3. A combination of the two. 

In the table (P. 9-10) approximate figures have been 
worked out for pump and pond capacities needed for vari­
ous irrigation and drought conditions. 
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DESIGN 
A built-up pond should be square or circular for maximum 
economy. Either shape offers maximum water storage with 
minimum dike construction. It should have the following 
general cross-section: 

The bottom of the pond should slope slightly (6 to 12 
inches) to the irrigation pumping site. 

When the pond is full, water should be at least 6 feet 
deep to minimize evaporation losses, plus another B~ feet 
for freeboard and evaporation allowance. A pond storing 
60 acre-inches is about 175 feet square at the bottom with 
banks 7}~ feet high. 

Determine pond dimensions for the capacity you need in 
accordance with the table given - that is, acres to be irri­
gated, application rate, etc. Then , add 6 inches to the depth 
to take care of evaporation losses and 12 inches for free­
board so that water will not spill over the dike and cause 
erosion. 

A built-up pond does not need a drain as it can be emptied 
quite easily with a siphon or pump. It actually need never 
be emptied except for periodic inspection, maintenance or 
for safety reasons. For instance, a farmer with small chil­
dren may want to drain the pond after the growing season 
to avoid the threat of an attractive nuisance. 

The following pipe sizes from the small pump to the 
holding pond are suggested. Pipes smaller than recom­
mended may result in excessive power costs. 

GaTI;;ns Per Minute Pumped Pipe Diameter 
~0~--------------~2~i~n-c~h-e-s------

30 to 125 3 inches 
90 to 250 4 inches 

Minimum Capacities 
The following examples illustrate some minimum pump 
capacities required to meet specific irrigation needs with 
various types of irrigation programs. The type of operation 
for which the system is designed has a direct effect upon 
the total cost of the sprinkler system. In other words, the 
design and operation of a sprinkler system can be either 
expensive or economical. 

For ContilIl/o l/ s Operation (24 hours per day, 7 days per 
week) 
The following minimum pump capacities are required to 

Weekly Irrigation - Pump Capacity 
Requirement {Inches} (gal./ min . / acre) 

1.5 4.0 
2.0 5.4 
2.5 6.7 
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meet specific irrigation requirements when pumping direct 
from stream or well is continl/ol/s. 

For Part Time Operation ( a specified number of hours) 
The fo llowing pump capacities are required for specific 

irrigation requirements when pumping is lIolI-contilIl/ous, 
that is , weekly pumping periods. This is also based on 
pumping direct from stream or well. (Note total inches 
requirement is the same.) 

Weekly 
Irrigation 

Requirement 
(inches) 

1.5 
2 .0 
2.5 

Hours Irrigation Pump is Operated 
per Week 

30 60 90 
(gallons per minute per acre) 

22 .2 11.2 7 .5 
30.4 15.2 10.1 
37.6 18.8 12.5 

Continl/ol/s opcJ'(Jtion requires a pump capacity of -1 gallons 
per minute to deliver l..S inches of water to one acre in 
one week. 

Part time operation requires a pump capacity of 22.2 gal­
lons per minute to deliver 1..5 inches of water to one 
acre in one week if the pump operates on ly 30 hours 
during the week. 
As noted, the gallons per minute required for part time 

operation are much greater than for continuol/s operation. 
Continuous operation may utilize a smaller capacity pump 
(with water stored in the holding pond). The small pump 
holding pond combination allows complete freedom in op­
erating the irrigation system without affecting rate of with­
dra wal from the stream or well. 

FOI' Solid Cot/crage (an entire field is covered by a single 
irrigation set up in the spring and taken down in the fall. 
All of the system is operated at once.) 
Sprinklers with .5 /.32 inch single nozzles operating at a 

pressure of .50 pounds per square inch and spaced 40' x 4() ' 
require 134 gallons per minute for each acre irrigated at one 
time. They apply water at a rate of 0.30 inches per hour. 

Sprinklers with 5 / 32 inch single nozzles operating at a 
pressure of .SO pou nds per square inch and spaced 60' x 60' 
require 60 gallons per minute for each acre irrigated at one 
time. They apply water at a rate of 0.14 inches per hour. 

Sprinklers with 3/.32 inch single nozzles operating at a 
pressure of 4.5 pounds per square inch and spaced 40' x 40' 
require 4.5 gallons per minute for each acre irrigated at one 
time. They apply water at a rate of 0.1 inches per hour. 
This sma]] nozzle requires clean teater. (Si lt from stream 
water may plug these small nozzles.) 
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PUMP CAPACITIES Pump and holding pond capacity requirements for various 
weekly irrigation requirements and drought periods. 

Irrigation 
Requirement 

lin ./weekl 

1.5 
1.5 
1.5 
1.5 

2.0 
2.0 
2.0 
2.0 

2.0 
2.0 
2.0 
2.0 

Holding Pond 
Drought Small Pump Storage 
Period Capacity Capacity 

(weeks) (gal. / min./acre) (acre in./acre) 

3 
4 
5 
6 

3 
4 
5 
6 

3 
4 
5 
6 

3 
3 
3 
3 

3 
3 
3 
3 

4 
4 
4 
4 

1.2 
1.6 
2.0 
2.4 

2.7 
3.6 
4.5 
5.4 

1.5 
2.0 
2.5 
3.0 

Bottom Size 
of Square 

Holding Pond* 

!feet! 

70 X 70 
82 X 82 
94 X 94 

105 X 105 

112 X 112 
131 X 131 
148 X 148 
164 X 164 

79 X 79 
94 X 94 

107 X 107 
119x119 

*For irrigating 10 acres. 

SOLID CO\ EH \CF \ '\ J) HOI Dl (, PO, J) 

Solid coverage systems are adapted to the "holding pond" 
concept if they have low appli cation rates (0.1 inches per 
hour ) or if only part of the sys tem is used at one time. 
(This will al so require smalle r and less expensive irrigation 
pumping plants and mainlines.) 

The examples illustrate the importance of spacing and 
nozzle size in the system design . The 0.1 inches-per-hour 
application rate provides adequ ate water for both irri ga­
tion and frost protection. 

Hours Successive Small Pump Capac- Capacity 
Pump Oper- Nights ity Gallons per Holding Pond 

alion per Protection Minute per Acre Acre Inches per 
night Required Irrigated Acre Irrigated 

10 any number 45 0 
10 2 3 or 4 1.8 
10 4 3 or 4 3.6 
10 6 3 or 4 5.4 
10 8 3 or 4 7.2 

The table indicates small pump and pond capacity re­
quirements for fros t protection with "solid systems" but can 
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EXAMPLE No. 1. An irrigation requirement of 1.5 inches per week 

for a drought period of 5 weeks duration requires a small pump 

capacity of 3 gallons per minute and a holding pond storage 

capacity of 2.0 acre -inches for each acre irrigated . Ten acres 

requires 30 gallons per minute pumping capacity and 20.0 ac re ­

inches storage capacity. The pond should be 94 feet square and 

7V2 feet deep. (Water required for irrigation would be 6 feet 

deep as the basic minimum. In addition , another 6 inches of 

water is needed for evaporation losses plus a 12 inch freeboard .) 

EXAMPLE No.2 . An irrigat ion requirement of 2.0 inches per 

week for a drought period of 5 weeks duration on ten acres of 

land requires a small pump capacity of 4 gallons per minute and 

a holding pond storage capacity of 25 acre-inches . The pond 

should be 107 feet square and 7V2 feet deep . (Water required 

for irrigation would be 6 feet deep plus an additional 6 inches 

of water for evaporation losses and a 12 inch freeboard .) 

also be used for irrigation. An applicati on ra te of 0 .1 inches 
per hour is roughly ten times as fas t as the crop takes water 
from th e soil based on a 24 hour period . An ap plication 
rate of 0.1 inches per hour is assumed in this table . 

SMALL STREAMS 
A small stream that can not w ithstand the impact of "su rge 
demands" of large capacity pumps can meet requi remen ts 
of small pumps . Through the procedure described in th is 
bulle tin , low capacity water sources can be effecti vely 
utili zed. 

Furthermore, a farmer who pumps periodically with a 
high capacity pump (surge withdrawal ) is openly invitin g 
criticism and possible legal action because of the resultant 
effect on irregular stream How . By usin g the small pump -
holding pond combination th e same fann er may be able to 
withdraw water slowl y from the small stream over a longer 
period of time without inciting res training action since he 
is leavin g the stream in a be tte r condition fo r other irriga­
ti.on withdrawals, fi sh life, and municipal and other uses. 

Coop erati\'(' extension work in a griculture and h o m e econom ics, ~ Ii chi gan 
Sta te U ni versi ty a nd the U .S . D e p a rtmc nt of Agricu lture coopera t in g. 
N. P . R a ls to n , Di rec tor, Coop era tivc Ex tcns ion Serv ice, ~ li chi ga ll State 
U ni ve rs ity , Eas t L a ns in g . Printeu and d is tr ibuted lI ndl'" Acts of Con gress, 
~!ay 8 a nd Jun e .30 , 1914. 

I P- I :6 2- 1 0~ !-SQ 
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