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Ie SUN~U\RY AND RECm·~EN[)ATIONS.

Water planning for the future traditionally has been ~oncerned with the
pro~lem of acquiring and developing additional supplies. Water supply
problems mC'y occur because of community growth, facility obsole~'-encell

and capacity constraints~ in addition to limitations caused hy competing
uses, ~ater quality problems, and the C05t of distribution and treatment.

Water conservation in water resource planning isa relatively new idea
at times other than those of drought. In 1978, the President's message
on national water policy proposed financial assistance for states to
incorporate water conservation into planning activities by providing
public education. information dissemination. and technical assistance.
The full details and, definitions of this program will be ava.ilable for

public com"ent in May, 1979 ..

Aside from the measures to be taken in a drought., a state postur~ toward
water conservation as a management tool has not yet been identified.

ll1eWatet Planning Board recognized the need to examine the potential
for includ1ngefficient water use in water resource planning in the
areas of irrigaticn, food processing, and domestic/municipal water use.
These thr'ee are~s of \'later con$umpt for. were se lec"ted fer study by t!1~

Depart:nents of Agriculture and H(?alth because of, the potential which
exists for changes in water use habits and existing rapport with the

clientele through a~ency interests or programs.. The methodology
consists primarily cf exa.rn'ining ,state-of-the-art water conservation
options for~ the'li applicability in H1nnesota as a part of the long range
w~ter resource management scheme.

The assumptions \'/h;c~. ar~ central to a proposal for some level of water
conservation progr~ in ~~1nnesota reflect the following goals:

1. Maintain water supplies for the future.

2u Protect the qua1ity of existing supplie5.

3. Reduce costs associated with energy demand.



4. Postpone deve • untapped water supplies.

In the three areas \'i'hich \'/ere

for progt exist:
ned in t!1i1. the following options

1. Irrigation opticn~ for conservation i~clude the use of state of
the art equipment, sprinkler or drip irrigation methods, flow
meters t soil moisture monitors, and schedulil1g technical
assistance.

2. Food processing plant options cO'nsist of the fol1o\'ling

elements: recycling and reuse, organizational support~ in-plant

water surveys, elimination of waste, plant cleanup operations,
dry conveyance of solid \'1aste~ minimization of fresh water use~

and less water intensive tran~port of products~

3. Conservation strategies to reduce domestic use are:
1nfor~mat1on/education, water saving devices, metering t pricing»
and leak monitoring and control .. '

Tne recornmendations for' the Wi3.t~~r Pl~:nrling Soard arc the following:

1.. Efficient water use in irrigntion pract;c~s and dcmestic
consumption should be encouraged through educational programs
and technical a5sistanc~ to local areas.

2. The State of :~irmesotJ should develop a technical assist~nc:c

program in anticipation of national water policy to qualify for

funding ...

3 .. Programs should be implernented at tht~ loc:!l level ..

Water has generally been consider~d a free resource of unlimited
availability. This attitude was not questioned in the past, but is one
which cannot be afforded Jt present (Consumer Reports. 197R). Water
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supply problems are not always due to alack of sufficient annual
supplyp but rather to non-uniform s{~asonal ,)vailabfl'ity and irregu1.:tr
regional distribution (Ruesink, 1978). Minnesota is considered a
"water-rich" state, but within its boundaries, areas of limited supply
exist and demand conflicts arise. In addition to drought, water supply
problem~ may occur because of community growth in population. area,

economics. facility obsolescence, capacity constraints t and inflexible
and long-range fiscal planning (Great Lakes Basin Commission» 1978).
Water supply is limited by competing uses t water quality problems, and
the cost of distribution and treutrnent (Sharpu~ 1978).

The questions, "What is water Conservation?" and "Why does it warrant so
much attention?" must be asked in light of the national interest it has

gained. The term applies to a myriad of water management activities.
Con~ervaticn general'1y ,~ean5 the protection of a resource from being
used completely. Efficiency refers to the production of a desired
effect without waste. With this difference in mind, a water
conservation program for Minnesota should be efficient use/anti-waste
rather than a purely conservation/anti-use campaign. Efficient water
use is a tool which must be employed in managing Minnesota's water
resources.

Trad1tionallYt water planning for the futur~ has been concerned chiefly
with the problem of acquiring and developing additional supplies. Water
conservation in water supply planning is a relatively new idea, usually
turned to only in times of shortage. In 1972~ when wastewater flow
reduction was included in the Clean Water Act, ?L 92-500, water
conservation bec~e a formal part of water management policy (Lattie &
Vossbrink~ 1977). In 1978, the Presidents's message on national water
policy proposed financial assistance for states to incorporate water
conservation into planning activities.. This goal can be accomplished
through concerted efforts directed at consumption assessment, r'e::;ource

impact identification, water use planning, implementation t and long-term
management. The purpose of these efforts is to insure a reliable water
supply and, if possible ll to increase the amount available for use
without jeopardiZing the long-term ,supply.



One. of the pl--ime requirements of conservation attempts is a change in

attitude. Adju5ted use rates demand new patterns of thinking, as well
as different technologies. In many respects it is easier to construct a ..
new mach"ioe than it is to change work hab1ts or views on resources.. In
spite of the difficulty m~t in changing these habits, an effective

individual states. ions naturally defined by environme~tal

characteristics must determine conservation needs and programs for
implc~entation.. Such ions may be defined by river basins~

watersheds. or political boundaries. Local, state. and federal
government agencies should provide cooperation and aid according need
and opportunity.

conservation differ dramatical1yf'rom state to
border·s.. Due to varied rG'9ional, character~t.itics~

, ulttmdte solutions for the nation orthere can no

Appropriate methods
state ~nd -..dthin

cons v i en 'Iogies ~'dth ne1t'i thoughtS ..

Minnesota is experiencing a number of the same water-related probiems
which are occurring nationwide.. Where water'" shortage is a problem.. ..
dt;r;I,~l1d has ou t-s ~.r"1pp;:;d $UPP ly" Sl10rtage does not imp1y that ',ala tel"" ,

reSOLlru~s at"'';;"; r~on -,"'cne\·/t':\b 1e" ~·Jater is one of the most r';ad i 1y renewed
r~SOt1rCQ~ U:~h)n 'Nh 1ch ~oci dt~O\~!'Hi$.. The hydro 1a c , l~ is

continuous; ground and surface reservoirs are perpetually replenished
(rechal'ged) by prec"ip'itation. If the volume of 'Hater withdrawn from any

lake, strewn, or aquifer exceeds that provided by recharge, the water
level will dr'op and shoy'taga rnay be rxperienced.

Three factors contr'ibu to iocal'tzed wate,... shortages.. Increasing
population pressure increases the demand of water from mun'icipal and

domestic supplies. High density population also increases the demand
for services usir1g ',linter and goods requiring, 'Hater for manufacturing and
processing.. Advancing technology and a rising standard of living are
increasing w~lter ava i1c1bility and encouraging increased' use for
agricultural, industrial, municipal t anddornestic concerns .. Finally,
natural precipitJ.tionis not o'11y ur.predictJble and erratic; it is qui

unevenly distributed across the nation. Average annual rainfall over
much of the ~astern quarter of the nation exceeds 50 inches per year ..
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In the western Great Plains, lO'to 20
some areas of the southvlest t less than 10
expected ..

and in

The assumptions which are cent'ta1 to a pt"oposal for some level of water
conservation progr~~ in Minnesota refl following goals:

1. To maintain water supplies for the future.

2. To protect the quality of existing supplies ..

3. To reduce costs associated \tlith energy demands ..

4.. To postpone developm,ent of untapped water- supplies.

III. IRRIGATION ..

Irrigation is, a broad term referring to the displacement of water from
its natural course for the purpose of enhancing plant groWth.
Nationwide, irrigation is the largest consumptive use of water, commonly

practiced to benefit agricultural productiof1~ wild rice and sod farming,
and golf course and cemetary greenery. Estimat1ngthe total watsr use

by agricultural ir'rigation is difficult because only a small number of·
irrigators actually measure volume flow with meters. More often~ wate~

use is estimated based on fuel consumption or pump and distribution
equipment capacity, estimated system effic"iency and the period of

operation. Individual farm estimates are used to generate statewide
estimates which, in turn t are compiled for a national estimate.
increasing in generality and perh;:ps magnifying gross errors. HO'llever,
even general estimates are useful for illustrating trends and

identifying existing Or'" potential problems.

The na,tion,al trend inirrigationdisplaY5a dramat'ic' increase in, both

the acreage irrigated and the total amount of \.,ate~ with,drawnand.

consumed ~or irrigation. Over 57~il1ion acres were eit~mated to be
irriga~ed in 1977 in ~he United States. In 19~Ot a ,little more than 100
million acre feet of water were withdrawn for'1,rrigation in the U.. S.
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, ;1"'1"''1 acre
from 22.000 acres acres. From 1970 to 1975~ this
increased 174 ,000 (University of Minnesota~ 1975). One est
1977 reports 433~COO acres irrigated in Minnesota. A statewide summary

of irrigated lands is shown on the following page.

The water withdra\'lal and consumption which these irrigated acreages
represent are a substantial portion of overall Minne~ota water use.

use by

Minnesota Energy Agency estimates indicated that nearly eighty billion
gallons of water were withdrawn for irrigation in 1976. For the most
part~ development of irrigation cOl"responds to the locations of
gECil10rph ens 'tc:r i zed by $ andy so i 1,. gent ly ro 11 i ng

topograpi}Yt 2nd relatively shallow sand and gr3.vel aqui:2rs .. Irriga:ion

is less likely to ~e dev\'~lcp~d in ,::'y"'~:~S 'fdt~ gener~11y h::a'Ji~r sons,

extreme topography) or severely limited water supplies ..

In dealing with the topic of water conservation and irrigation in
Minnesota .. the pott;ntial to reduce total, ','lfithdra,,'a1s and consumption ,:a.n

be seen in light of the vast amounts of water used ~n irrigation
practices.. rrrig~ticn is one of the largest consumers of fresh water in
the state. To prevent \'/aste" withdra\t/al volumes should be kept to the
minimum required for consumptive use demand ~f ~~e crop irrigated. By
minimizing withdrJwal~ the wat!r saved remains available for other

uses. Efficient water use is a major factor in waste prevention and

wat~r conservation \1nd also offe~ potential economic savings from
reduced pumping cests.

... 7 -



A. Why Irrigate?

Risk avoidance may be t to irrigation.
Farming i~ a high r"fsk endeavor "lith many factm"~ determining the
ultimate success of a crop. Irrigation can be insurance against an
unpredictable course of precipitation throughout the growing
season. Final crop yields are affected by moisture'availability
during key stages of growth cycles. Irrigation can be used to
prevent short-term stress during these periods of vulnerability.

... 8 -
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MINNESOTA WATER USE ~ 1976
BY SECTORS (106 110n5)

..~ ..

1dent1al 95680.670 7.3 9578.057 4

·Commercial/Institutional 41404.835 3.. 2 5876 .. 949 2.. 7

ManufJcturing . 118439 .. 041 . 9.0 10525.909 4.9

Mining/Dewatering/Quarrying 277992.663 21.1 . 100449.682 46.7

Electric Power 687295.000 52.2 18425 .. 200 8.6

Agr i cu 1tUl"e 79821.080 6.1 67888.258 31.5

"
: Livestock 20156.930 20156.930

Irrigation 59664.150 47731.320

Other 15171.301 1.2 2578 .. 358 1.2

. .

"'Corrmerc i alfInstitutiona1 i nc lud~s h~tehgolfcou
'.

(Minnesota Energy Agency. 1979.)



The higher the value of th~

the more val lethe 11"1"i
the more ri invol and~

lon sy$tem. If a corn crop
is tone, the loss will be for ene
yeCtr en 1y. If an orch,'rd i:) threa [?y dl"oogh t one y~ar in ten ~

the loss can persist cansi 1y 1 because fruit trees require
many years to mature to fruit-beari likewise. a specialty

crop with high value per acre yield ·,·rill result in (l much greater
loss thwl corn, for example, if the same number of acres are
destroyed. Where irrigation might not be cost-effective to reduce
risk for a corn field~ it could be highly cost-effective for a
specialty crop ..

.-

C 'I'\AUfrom the nor;:ia11ike

A normal year in Minnesota-has precipitation occurring every seven
to ten days. Rainfall~ combined with other predictable climatic

factors, makes the state highly product: l'le agr-icu'tt1r"1~i1y.. A break
1 6 dr:u t

productive areas of the state to be officially declared disaster
areas. Irrigation saved many crops from total loss by providing
moisture when normal precipitation failed to do so.

Annual consumptive \>later use for gi.:'lill ~'Ol'n ..~;(ceeds 20 'inches.

Precipitation in Minnesota aVi.2ra<jes 19 inC!1~s .;'!jnu(~lly in ~:h~

northwes t, gradua 111 i ncreas i ng to 30 'j nches in the extreme
southeastern portion of the state.. Approximately t:."io-thirds of the

year's precipitation falls during the five month growing season. On
the average t corn is a highly ~ucce$sful c~op~ but every year some

yields suffer from lack of mo-isture durin~l critiCJ.l gro'rlth periods.
Irrigat'10n has developed to insure sufficient available mofsttJ~ for
maximum crop production.

In addition to risk reduction and stress avoid2nce, irrigation may

be used to modify soil Iroisture condit-fons so that creps can be

cultivated in other'tiise undeveloped arC.lS.. An estimat.ed one million
acres of Minnesota lund has topsoil too sandy for normal
cultivation. Sandy soils J 'e generally well-drained with soil
moisture percolating rapidly downward, becom~ng unavailable for
consumpt1v~ use. 'As moisture leav~s the root zone, dissolved

- 11 ...



nutrients ar~ carried with it,. robb'ing the soil of fertility.. Such
sandy soii;i produce high yields for many crops \"ith proper

fertilization and cantrall moisture application •.

Under normal climatic conditions, heavier soils have a high \~ater

holding capacity so moisture is retained in the root zone for longer
periods of time and irrigation is generally not required to produce
high yields. With careful sc~eduling irrigation of heavy soil can
be efficient though cost-benefit of this water use may be
questionable. Heavy soil irrigation without proper scheduling can

result in water standing on the surf·'lce.. Too much \vater can
ultimately be as detrimental to crop yields as too li:tle water.

Drought in 1976 spurred some experimentation with sprinklers on
heavier soils but the vast majority of irrigation in Minnesota

occurs on those soils which are light and "'iell ...dl~ained.

Irrigation cannot be recommended as a sound management practice for
most of the 23 million tillable acres in ~1innesota. Recommendations
and site specific planningl'l design, and engineering advice are
available thrQlJgh th~ ~gricultur~l Ext~;ls10n S'~rv;ce of the

Univel'sitj of ~'~inn~sotJ~ the U.S. :::oi1 C~n$i~r'/?tion Ser'/ic2~ and
many equipment dealerships* Irrigation can be advised under the

following conditions~

1. The soil is too sandy for productive, dry land cultivation.

2. The reduced risk of crop loss is cost-beneficial.

3. Topography is not restri~tive.

4. Adequate water is available.

5. Othe~ farm management practices are amenable to the additional
time required for irrigation.

Once irrigation has been determined as necessary, many environmental
and 'mechanical parameters are found to affect the water use

."
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needed for irri ion are lin9'l1soil type,
topo~I'Q~hy, Wt'lter qll~~ntity and qUJlity, crop type) land use

practices, and climate.

icultur11 applicationefficiency which, in this case, i c
iciency.. Tht: vari lt~S \'lhi

B. Irrigation Aoplication Efficiency.*

Irrigation application efficiency is defined as the ratio of the
average depth of irrigation water stored in the root zone to the

I

average depth of water applied. Water stored in root zena is
available for consumptive use. Irrigation water not stored in the

root zone "~'orates, leaves as run-off ,. or perca lates down beyond
the root lone.

..-

Surface irrigation is conside'r'ed, on the c1verage, to have the 10'.vest

application efficiency. There are several types of surface
'Irrigation and these are grouped together for si.mplicity in the

following discussion. The same holds true for sprinklers •.

Surface application efficiency is estimated to average about 50

recovery and reuse may increase this figure to 85 percent. Sloping
land decrea~es efficiency due to non-uniform \<Ja't:;r applicat-ion.

Seepage and evaporation also contribute to inefficiency.
Substantial efficiency variations exist from system to system.
Surface irrigation returns approximateiy 40 percent of the water
withdrawn for irrrnediate use.. Surf~:\ .. ~ irrigation in l'1innesota has

long since been replaced by ~prinkler o~erationst with the exception
of wild rice paddies. Spr'inklers are genera'lly more efficient than
surface methods because ~"ater is applied in more frequent, lighter

applications ..

*A more complete discussion of irrigation efficiencies can be found in the.
November/Dec~mb~r issue of t~e Journal of Soil and ~ater Conservation
published by the Soil Conservation Society of flJTler;ca. Many equally valuab'le
materials have been published on thiq topic.



1 is estimated to be 70
""IY-r"" .. t,. rne i ci ancy i clJused

\o~ ;1 i capabili resulting
in surfJce ; the JpplicJtion rate exceeds soil depletion
in the root zone resulting in deep percolation; distortion ~f the
dis ibution tter, cau5ed by wind, resulting in a loss of

irrigation wa outside the designated field; and evaporation.

Under' certain circumstances. trickle or drip irrigation can be
assumed to be near-ly 100 percent efficient. Because water is placed

at"ounef or near the grC\'iing plant 9 evaporation from the soil surface
can be reduced substantially, particularly in fields with

widely-spaced crops like fruit trees. Application rates for trickle
systems are easily controlled, thus preventing deep percolation and

run-off. Closoly-spaced crops irrigated by this method may not
pro',r1 M fiel t-· b~C:.'J::2 su 1 $011 :::.~ ,1C2 is

wetted. Here again. evaporation becomes a major factor.

c. ~onservat;on Potential - Me~hQ~ of ~rfigat;o~.

Cor~er~atic~ ~f vater should b~gin witll the plarning of a~

.irrigation system. Equipment must b~ designed to operate

eff'icit2ntly~nd to mce-t sp~cific field n~eds. Nany irrigators

co~ponents s2parately to reduce i;litial costs. A

makeshift system cannot achieve the high efficiencies of a specially
planned and cnginee~ed operation. Planning .and equipment costs Jrg

repaid over t'jme by \'iater and energy savings ..

The method of irr·igation employed can grea1ty affect water
consulnpLion~ ;\$ 'Has ment'loned previously~ surface irr-igation in
Minnesota is used almost exclusively for wild rice) comprising ~

very small percentage of tottl water use. In 1976, approximately

six million gallons of water were u5ed for this purpose while an
estimat?d 49 billion gallons were used for all other agricultural
irrig~t1on (Richardson. 1973).

Sprinkler ~ystems are used for nearly 100 percent of the
agricultural irrigation occurring 1nMinnesota. Approximately 70

.. 14 ..



a11 new systems

include theink h~r Sy5

gun, boom.,

percent
are cent~~r-p'i

let", S

to\\'- 1i ne" and

An important trend in irrig ion 1n9Y is rapidly

increasing popularity of le5s 1 intensive systems that are more
energy 'intensive. Generally speaking, as new technology has reduced .

the required labor input, greater water application control has
evolved crehting a great conservation potential for the state.

Hany sprinkler systems rcqu;r'e dai 1y 5upet'visia)'l and labor intensive

transfers at the end of each irrigation cycle. (For a brief
description of system types., see the U.. S. Soil Conservation S~rvicet

"Irrigation Guide " --Chapter 4) .. Center-p;vots ~re designed in a

circular path such tr:~t l::te end one 1 is in

position to automatically beg"in again ... assuming the full circle is
irrigated..

.
Cent~r-pi\'ots ~r~ e$~l?nti~11:, f!Jl1~/ ::utc:~;Jtic spri;,,;~(l~rs ~yst2ms

stru~g between ~obile towers mount2d on l1fJe flotation tires.
Water is pumped through the 5yster.i from the pivot pain;: and the
towers are self-cdjusting to allow a full circuit of the field with
little or no supervision.. Because the systt:m travels in a. circlet

corner acres are omitted unless a cornering device is employed ..
Without cornering devices, centar-pivots on 160 acre fields can
irrigate only about 133 acres.

Center-pivots are cesigned such that: water application rates can be
controlled accot'd'Ing to environmental d'k.t~ftes. Herein lies the
greatest conservation potential. Consideration of crop stress) soil
ff\') i sture,. amb; ent a; r temper-att1r~ and wi lid speed c,m be used to.

de\:ermi :,e how much \va te\4I shou 1d be app 1i f2'd and the, tm'ler speed per

unit of time. While topography;s very limiting for many types of
spri n!< 1ers " center -p i vets can cperJ t~ '.1$ recommended on up to 12

percent grades. Operations on grades of 20 percent and higher have

been r~ported~ butrun...ofr and erosion reduce system efficiency
(Sprinkler Irrigation Association Proceedings t 1975) •

. .. 15 -



Fertilizer ~nd pesticides may also be applied via cent~r-pivot

during nOt~nj,11 irrigJtion procedures .. Thls practice can reducl~

overall moi appl1 to thQ field and generales energy savings
by reducing the number of field operations ..

Ev~porati0n and wind distur~ancc are difficult to prevent but have
been redl~c~:d under' some c i rCulilstances by t4 ecent techno log i ca1

advances. Concern for conservation has spurred manufacturers to
examine these prob1cms and invent options offering better
application 'control~ Such options include: low pressure systems,
shorter towers" a.nd ~pl"inklers situa~ed downward to moisten plants
at the soil line belo\'/ most foliage. Under careful1y'contro'11ed'

circumstances~ these options' have proved successful.

The t.;';rd irr;gat'ion method to be considered is drip or- tr';ck1~

irrigatic~, cur~ently used en J~cut 135:080 aC~2S in t~e United

States. In r1innesota the actual acreage irrigated by this method is
uncertain but probably less than 100 acres. This type of system
used on widely....spacod crops has the greatest potentia.l for reducing

ver'y low, 50 onlY lr)\,)' C:7~pac;ty ~'lel1s arc n~ce~s~rY.. ',ri:h prcp~r

scheduling the minimum amount of water needed is applied,

eVJporation is minimized, and deep percolation is prevented.

Hov;ever., it shou 1d bQ noted tha t many of these attributes do not
follcw for drip systems irrigating closely~spaced crops because the
sari surf(1c~~ ~detted is substantially larger, in fact, ccmparabie to

. that 'fIlth sprink ler systems ..

D~1p systems ccn51~t or plastic tub~ng of small dfdmete~ laid on or
under the surface of the field and alcngside the plants to be
irrigated. Water is delivered to the plants slowly but frequently
fr'om holes or special t:tmittet's located at appropriate intervals
along the tube. A typical sy~tem is made up of a network of plastic

f

pipe of graduated SiZ25 ·laid out in the fie1d.. rfle largest pipe

br'lngs wJtcr to the field edge and a series of,main lines of smaller
diameter carry it into the field. Sub-mairts of smaller di'ameter may

... 15 ...
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carry thf~ W{lter to lateral 1ines from \'/hich it is del ivered to
individual plants through holes or emitt~rs. For small fiel or
simple 1ayou ts, 1J. tt?ral 1i rH~5 i1i<1Y be con nee ted di re(:t ly co thr~ rna in

line. The system also requires a control station \"'hich could

,include fi'lter"1ng units, injectors for' addition of fertil izer or

chemicals. pressure regulators~ flow meters. and valves and pumps
required to ~cntrol water flow. Properly scheduled~ drip irrigation
provides to the root zone just enough water to replenish the amount

consumed by evapotransoirat1on.
... -'"

Drip systems have been used to in"igate a variety of crops that can
be grown in ~tinnI1sot.:l including: alfa1fa~ apples, aspJragus,

christmas trees. corn~ cucumbers. egg plant, gladioli. grapes,
lp.ttuce, melons, orchards, ornamentals, pasture, peaS 9 peppers,

radishes, shrubs, sod t sorghum, strawberries, tomatoes, and wheat
(Gustafson, 1974).

0.. Scheduling.

For each of the 1rr1C!at1on m~thods, scl1etiuling .;~ of utmost

importance \t/hen trying to use available II/ater eff ic;ently ..
Irrigation science and technology have improved equipment in
response to tilQ need for water conservation. Irrigation scheduling
has not always kept up with conservation nee~s because until

recently. many management procedures I#ere difficult to implement
and, in many cases, ;rrrrtediate water availability providf.?d no
incentive for the effort. Scheduling requires th~t management
decisions determine when' and how equipment should be used.

Irrig?lt1on scheduling is (! procedure that accounts for or monitors
e1the~ plant water status or soil moisture to enable foreca ing the
optimum time and amount ofh·rig,~t1on \vater to be appl ied.. Often
times_ equ;pmc~t capacity l1mit~tions dictate that.scheduling
decisions be made several days in ~dvance to enabl~ me!t1ng crop
mo1stuf"9 needs as they arise.. If a center-pivot requires 35 hours
to make' a full circle~ wafting until crop~ show physical signs of
stress means water may arrive already overdue. If irrigation begins

- 17 ...



before a mofiture deficit occurs. crop stress is avofded. Howcvcr~

by waiting for root zone moisture depl~tion, application efficiency
may be maximized. ATl important trade-off must be made between water
use efficiency and potential crop stress. "Progranmed soil moi5ture
depletion" is a scheduling method that' promot~s crop ~tress but only
dur'ing times in t'l~ grm-lin9 sr.ason ·t'1h~.~n injury to plants vli'l be

minimized (Sprinkler Irrigation Association Proceedings) 1974).
Less water is used aod yield loss is avoided.

Many approaches have been devised to supply data for scheduling
decisions. Al' ar~ based on the theory that optimum irrigation
timing and application can be achie'/8d only by know-ing in advance

the soil's water holding capacity, the water depletion point where
crop damage begins and ~he soi 1 moistu~ content throughout the

growing season. Soil!i.o istur(~ can be c~itirna or mea.sLlr~d in a

.-

v,n"'i ty of .~ ';r::pl

depletion in the field is by the feel and appe3rance of soil samples
taken from below the surfac~. Estimation accuracy fs based entirely

- on the experience of the handler. Tensiometer~t electrical
in theresistance b1ocks, and n~utron me)'f sture gauges

should b~ t,3k.~n c,t di. ,;oil ct

soil moisture deficits.. As mentioned earlier, vi:ua1 ob
crop condition can employed but this method may indl
moisture deficit too 1 for irrigation to prevent yield sese
Estimates for this ~ethod are based ctly on , building

g."eat i neff i c i ency into the syst~m ..

Soil water def1ci are also imated by ,cbookkeeping tt

standa~dized by both the Soil Conservation Service and the

University of Minnesota Agricu1 1 on icc. il
moisture is detp.rmined 'early in the se~~;on" r
evapotranspirJt1on is 5ubstrac and ip1
throughout season to k a running t
This syfii:em has iJrov~d to highly sue:::?5 im~

consuming.



Regular scheduling and a well-designed, efficient distribution
system is required for o'ptirnal use of irrigation. water,,' Scheduling

is an abso·'~.Jterequirement for wllter conservation~ If Hinnesota
1rr'l.;1u",\)rs uti 1; ze recolranended management and conservat ion

technique~, water savings for the state have been estimated at 20
percent (Bergsrud, 1978).

Scheduling provides long-tm-m benefits to irrigators including:

1. Decreased financial expenditures by reducing water and energy
consunrpti on ..

2. Soil protection by reducing run-off, erosion, and nutrient
leaching"

3. ~ater quality protection by reducing percolation
water and sedimentation of surface waters.

ground

4. Reduced aquifer drawdown which may help the individual 1rr1gato~

and protect neighboring wells from interference.

co11 10ii ire consi le

with other farm ibil1t Many
commitmentt,accounting in

in U.. S.

ial1y over responsibility for observing
They deci when the should be activated
should be applied.

inputs of time that
irrigators are hesitant
part, for the prol1
These services
flcld conditions.
and how ruch

In many states .. management serv are 1able that
individual schedu to frri In some cases t

irrigators schedule
water and/or Varying lev~'s

by such services. ranging or
evnpotransp1 ion ima en 1'111 avai 1 envi"""'"irn<;lll"l

data.



Computerized scheduling \'Ia$di$cu~$ed in the literature as early as
1952. It was not adapted to popular use in the Un cited States until

about 1965 (Sprink1er Irrigation Association Proceedings, 1971).
Nationwide, both private and governmerital agencies are involved in
computer' scheduling for irrigation. TI1C United States Department of
Agriculture in conjunction ~lith the Ag}4icultural Resear'ch SeY4 \,;ce

have a program \~h i en reported II/a tf2r s~1Vi ngs tJr) to 25 pet'cent as a
result of proper scheduling. Yield incrctlses of up to 25 percent
have also been reported by private scheduling firms. Computer.

scheduling can provide information on how much water to apply for
maximum yields or how to schedule irrigations for greatest
production per unit of water, t1n e$pecial1y v3.1ucble approach ..~hen

water is limited.

The main objective of these programs is to identify all
environmenta'l aspects impa.cting on a (:Y'OP to enabl(~ COi.:ou:er

modeling of field evapotranspiration. This includes daily or weekly
information on:

1. Soil condition.

2. Quality and quantity of irrigation water.

3. Atmospheric data inclUding: minimum and maxirrl1!m terrq:'H:r~trrr~~

de'#po1nt, 'Hind speeds, solar radiation, c10ud cover, and
rainfall ..

4. Crop data including: emergence date, growth stages.
fertilizers, and diseases.

Computer print ....outs of all data are made avai lable to cl i~nts and
kept on file by the scheduling service. 8y hiring a scheduling
service an frr1gator t'jme that other'l'iej 'llould on
data col1ectfon.. The service may 11y be from
water and ener1Y sav 1ngs t cherni,: .j.l use dnd ;ncreilsed
yields. Nitrogen fertilizer savings in some cases have been reduced
trom 5.0 to 100 pounds per acre.. Even the best fntenl'ioned
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conservatio~1st may be hard~pressed to mako accurate decisions when
faced with the multitude of data involved with Irrigation
schedul'ing. Computer sc.heduling hus not become populdr in r·Hnnesota
bec~use sandy soil conditions and '.'leather change more rapidly than
most serv i ce~; can accommodate ..

Drought Cull }l1troducc speciul scheduling problems. Even though a
system may be well designed and managed under normal climatic
conditions'll high temperatures, windt and low humidity can lower
sprinkler a~plicat1on efficiency to to percent or less.

Peak moisture use periods for the crop may be ~xtended from a few
days to a fe'll weeks t greatlY increasing the volume of water needed ..
Oftnn moisture in the soil profile is depleted early in the season
and system capabilities are unable to ever catch up. Such problems
can be mechanic:ll1y 2\'oi by k th:~~ 1 file .11: !;ld

capacity though this, may require late fall irrigation to provide
early spring reserves. In this case, efficiency may also be reduced
by evaporation and deep percolation prior to the winter freeze and
hp.'f:\"'?en 5prin~ tn:t1 ,~:id P':l:1t~;;g. 'It i::; ~~ff1cult, 1:1 :TIany cases

impossible. to increase the capacity of a system once it has been
designed for a particular field and soil type under normal
conditions. Drought may require restricting the growing season to
the best sC:H~/:ble I1vailable.. TIlis ;nay b',~ acc:mplished ::y
institut-rng prograrrrned soil moisture depletion, by expecting less

than optimum yields, by cutting back on the p1ant population,
(reducing evapotranspiration) and by planting shorter- sea~"'" hybrids.

E.. Egu..fI?ment: $oil r'-oi$ture r~on;tors and Flow ~·1eters ..

Efficient irrigation, depends on application of t~& right amount of

water' ,·,hen its n'~eded by the crop. Soil moisture, or the ,lack of

it. -can be d'jrectly mon'itored by using e1~ctrical resistance blocks
or tensiomt~ters both common 1y used in ~'1innesota.. Other methods of
judging soil moisture are ~va11ablehowever9 properly used, this
equipment is reliab1e and easily integrated into ,automatic sprinkler

systems.
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Tensiometers are sealed, water-filled tubes equipped with a vacuum
gauge to be left above ground and a porous tip which i~ buried

1..

"SO"1l moisture ion'$ caused by evapotranspiration -drawing
moisture away from the sensor. As soil begins to dry~ tension goes

up and a vacuum is formed in the tube showing a moisture deficit~

When mois again availJble, tension in soil down
and lowers the monitor reading.

Placement of soil moisture sensors are recommended in at least two
different areas of the irrigated field. Each area is also

recomnended to havp. ~ensors at two depths withit. the root zone. A
shallow placement will indicate early root activity and a deep

. res slance \"h i l:h upon so i 1 mo i

resis is in ~isely proportional to

monitor mature root system demands.

Flow meter5 are cevices ~hat measure the volume and rate of water
flc~ from wells or through pipes. Direct measur2ment of the gallons
flow~il1g trwcJugh un irrigation distribution system provides data for

accur'atcly calculating gallons pumped per acr"e or per unit of crop

yield~ Distribution system and pu~~1ng plant efficiencies c~n also
be calcu~ated from this informati6n. Without flow meters, ~~ter

application estimates often prove to be unreliable~ This can be

attributed to varying efficiencies of 5yst2m' components and well

prob 1~ms w r'1any i rri gators i nst a11 i og fl 0'." met~~rs have found

considerably less water being pumped than expec~ed. By indicating
this deficit flow meters have can~ributed t~ increased yields.
Irt"igatofs finding they are pumping more water than neceSSL'.ry can
also improve yields and reduce pumping costs through improved
schedu 1i ng.
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Incoming radiant energy~ low humidity) and high air
temperatur-e increase the rate of crop .evapotl~anspir(1tion..

Evapotranspiration combines transpiration fl·CHTi foli , sp""',.,kler
evapm"'at i on t and ion from soil a~d

1i

iration in essence increases
~ ~ ~ ~~
; ...... , J

humidi near

evapotranspi 'ion can ultima 11 be reduc:::d.. ~/i ;nc1'"2,j:l,eS

evapotiJnspir1tion by t'eplJcing humid air" neEH" th~ '11; \~ss

humid r frc~ outside the field. High ra
itasten the ne~d for irr'igat;on as soil m(ri

rapidly ..

l' .~
.;:, 1e

ion

Evapotranspiration peaKS during the hottest part of the

season.. Between M~y 1 and August 12, solar altitude ranges between
60 to 68 1/2 degre~s. June 22 is the Su~~~r solst~r wi

highest solar altitude of the year. Total solJr' inc('):ning t iatiJtl

peaks at this time in Minnesotl. Thrcugh t~is iGd) dai Iy

temperatures peai< and the percent frequency of cloud cc)ver i::; lm't'es t

for the year ..

Wind~ vary throughou t 'the year and by t im~.! af day. TIle hours

between 6:00 a.. m.. and 6:00 p .. m.. experience, on the i:varage, higher
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be terminated (Swdn and Hicks, 1977).

~his;ad.

lop:nent lind can

- 24 -



C;:J'lJ:. " {l}
~ ?;;.:;,.:..;.:::.~) Q~ O'it:r'C:l.St d::l.y"

1970) .at J\tl:ln~:JDolis-St..P;JW. Of. • _. _

'" .

~ ~ A ~ J J 4 SOH D

"'ONDt' ,.
A'·e:-::~'e <bUy tot:lsol::.t: .. _c......." .... 'w ..... <~""-.~., .....'f!

"
'J... 0°"..,._ "'of'", • ':1 ";,.1 ... S4,·,r",..:., :"I"~"':,,, '''.,' i. J.t; ....s0, J.. e.: .._:; ..ul_=U~ 1:.1.0.. , __, "",u.;.. ""A. eo. .l.r ~-__.... U.1c..]."

~61n; :and the ave.r.:~eof 43 ~.nitedSt:t~ st::.tioo,•.

., .. '" .' , ' . .:.... ;....._- ,

....:.-.._J ._':-.• :- --:---' .'--....._.-1
f

. \

..'• ·Oo ••

, .. ",...,.
" .

....
. ,.. " .

"

.......--

"till

U,-.

U

,.,
)4.' ... It... ..

~
..".

;l4i
e 0... 'aJ;.t

un ...
..,

=
%
"'"V
"'I

~ ... ......

11M

..."".
.

411"~~

;1:i.··.4
""ll4",

:tJl&

:rn
3'tlt

_.~.
.. -,. ..

'I r-..----...--.....-- . .....__....._._

A \.:!:::~'!' ::.nnu:U h:~ueaq of ,,,·i::d of .1t
I~:!i~ 11 r:::il~'S p~r hour (7.7 ~ sec') for e:Jcn 3.h(\~lr

t"~~cu or ::-x ~ tl.1 'f i.:l Ao:u .::r.d A1.::;'':.5: J ~ ~pt ~r:r.~::l?ol t>·S~,
1'.:1d. 1~~3-19;O. F;l:q:t~~ci~j vi ?t.h'!':'.cunt:~:) i:dl b~
t .. ,..~~ry c;-:~ t~"'I) ~'\H~h" ';,HH"'rt. __ •

.... .' A'"t"-:-:J~e ::!nnuJ! f:equ~:xq or e.:tl.c:
e::(,,~·t 3·hour p~:-:C'J or ~he (b: in' A:"i.l .:\:.:~~~::
l"lin.r::':~?o!;.)..s~. P."!cI, 1?~5·1970. F::qt:~:'1cit::;\ i. 0':;.
mont!1s t::U b~c'we-err th~ 2 mO:lu.~s 5hoW'n.

I QJRE ~., CI i "1'11:1 rEP. of Mi nneso t (! (Technical 8t!lletin !J3!2 by ·DIOG. B<3ker, Agijcuttur~'

ExporimentJtion Sl',)tinfl, Univarsi ty of Mjnnesot~)

- 25 -



Wheat planted in the f.J.ll has a root extending only into the
upper foot of soil. In the fall. Hheat plant is estimated to

require only about .07 inchos of mals per pay, win dorm~ncy

reduces this figure to about .03 inches day. figures are
low. uUle a full so11 profile in the fall may bp recorrril2nded to
ensure adequate moisture in the spr~ng. Wheat eventually develops.

an extensive., de~p root sys inq it an (:,xce11 soilIIY,i$ture

competitor during times of potential stress later in the season.. It '
has been suggested that by concentrating \'-Iater appl'icatioos in the
fall and during the developmental period known as the. "flowering to ,.-"

milk-- stage~ wheat yields can be maximized with limited irrigation
appl ;cat; on s (7r irrmer ~ 1977).

Experimentation with hybrids is approaching the moisture shortage

prob len from different perspect ives.. By deve lopir19
1

drought-resist~nt hybrids, crops can require

moisture, ultimately demanding less irr""igation wat81'" (Reag~rlq, 1977).

~

Plants with larger t more numerous roots ar~ more .efficient at
. conducting moisture and taking advantage of a larger-portion of the

root zone. Water may still be available in the root zone between
plants i'ih; 1e the so i 1 irr:med i ate 1y arQund the p"' ant toot system has

be~n c::p1~: d.. eX::1nS~\/e root ri.~J.:~\: l.o, 1'ilihcod

of moisture stress.

Corn hybrids have also be!" successfully inbred to encourage
development of a drought dormancy peri~d. plants enter a
peri cd of dor;nancy If/hen exposed to stress and rE~sume norma 1

growth when stress is abated .. "~ mechanism of this could
-,

eliminate reliance on irrigat'ion becausewalti for ;v1equate

precipitation would have less impact on crop yield.

G. Conservation Til1ac~.

Historically, conservation tillJge ~as planned for conserving soil
and water resources Jnd for impr0vi production iciency during

and after the 1930's drought. More recently, conservation tillage
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has been exp loredfor potential energy savings and \'Jater 'qua1i ty

protection .. Also .. known as minimum tillage or no-till 'agriculture,

conservation till is a method of crop production that applies
"new farm production technologies to redvce soflmanipulation
practices to the minimum consistent with loCJl soil, climate, and
economic conditions 't U~inimum TU1aqe, 1975) ..

Reports on the effects of conservation tillage are highly
controversial and difficult to define because maximum beneficial
results depend entirely on local conditions.

Experiments show that water savings can uchieved under n

conditions using specifically ignated tillage methods. Water is
saved by reducing soil evaporation and by increasing
water-holding ity soil. more 1

also

reduced...

ion

, i i

on \i'i

These practices

a1j mv~d

1

H.

across

land covers.

....

Irrigation of
incompatible with
are generally incapable
standard wind
breaks and
among other- thi

1. Reduce top soil ';Ii eros

2.. Reduce crop ULHIIO'.JIt;:: c:.au ; 1..

3. Reduce 1rri ion



vegetation can also reduce erosion by slowing run-off
velocity and fog infi1 ticn rates.

the state_ land cover vegetation has been removed to
accormtodate advancing irr"'igation technology. Efforts directed
tOWJrd remedying this problem have successfully produced alternative

tative patterns that co-exist with center-pivots and still
reduce wind speed across fields (Isakson t 1977).

I. ~propriat~ Water Conserva~ion.

Th i s d i scu 55 i on on apprOpt'" 'i ate water conSl'!""vat i on measures for

irrigation has been largely l-imited to reduction of the quantity ~f

water used. Wa:er quality enters into consideration when ground
\~ater becomes contuminated by nutrients dissolving in t~e irrigation
't'1i.'J; and l(~cching th'2 S·:')1 1. Nitrat;~ nJticl1 in

particular can render a water ~ource unfit for human consumption
along with other water use restrictions which may arise from,
degraded quality•.

Finally, spY-inkler application of wastewatar has ~een moderately
successful although public acceptance of this procedur~ has net been

Widespread in Minnesota. Many of the canneries in Minnesota have
b d• . .;: ...t· J., J. b . . J." I: .~
Ci~n 1SPOS1f1 lj 01 'die~r 'l'l~$"e',<{aLer y lrr1g,~,.. 10nt 5cme lor more ",.1an

th'irty year's. Some milk plants and municipali~ies also use
;r''!''''igation and other fOM1S of land disposal.

It seems r~asonable to assume that irrigation increases like those

in Minnesota have a $ubstanti~l impact on the state economy_
Ecnnornic irr.pacts of irrigation arc beyond the scope or Uris t'eport.

One observation is pertinent: Any ;mpac~s, "Hhether economic or

resource-related, will be strongly regional in nature because

irrigation is limited to specific ar!3S of th~ state. S~cause of
the regional nature of irrigation develocment, it is emphasized that
a'thou~h st3.tEi COl1cer~ is irr:per~tive, the impetus for irrigation

water con$e~vation should be locally or regionally initiated.
Cooperation at all government le~els is strongly advocated to
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further educational and
the awareness of con

unce progrums inCI"'ease

IV ..

The purpose of this on is to serve "-$ a general introduction to
water conservation for the agricultural processinQ industry 1"
Minnesota. Other papers prepared by the Water Planning Board have
already examined the quantitative needs and purposes of water in various
sectors of agricultural industry (Water ~~quirements and Issues_in the
Minnesota Agricultural ,Sy~~~), the economic value of their products.
and the economic impact of drought on their operations. Future papers

will deal with water priorities and state allocational policies. A
discussion of water conservation is extremely important to complete the
picture.

Agricultural processing firms in the state include canneries~ dairy
processors, slaughterhouses~ suga~ refineries t and poultry producers.
Each of these firms processes raw agricultural goods produced in the
state. Although there has been (l tendency for processing firms to
became IrlOre centralized, the majority of firms arc still located in
rural municipalities.. Thr!se fi~n$ ar0. Of:(>~1 t~~ O~ C''1!~1 industry

in a locality. Welter supplies and \lfaste trcat:nent services for these
industries are either private operations or municipal syste~s. Plants

decide to use these utilities on the basis of individual hydrologic,
technical, and financial considerations.. The demand for water by these

plants ;s extremely large, often exceeding one million garIons per day.
Requirements for" waste treat'TIent fac·n ities are equally demending due to

the quantities of waste water and organic matter leavi~g the plants
daily. Plants operating in botn rural and metropolitan settings are
capable of puttir,g sev~re stress. orr 10cai hydrologic conditions and on
water-related capital equipment. Processing firms and municipalities

alike have be~n feeling the financial pressure of increased water and
waste treatment costs.

Food processing firms have always been aware of the need for vast
amounts of water for their internal operations. lfuwever. this ~oncern
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As resource supp 1i es and demands sh ift, so do their prices ~ both real

and imputed.. ~~hi1e th8r~ is ahluyS a co~t a~s(jci ated with resource use.,

it is only now beginning to show up in municipal and industrial fiscal
statements. n,ese costs go under the headings of water, energy, waste
treatment~ deprec'fation,. and interest char~1es.. Water has become a
constraint on continued ons and p growth.

Some industries. and residential ccrrrnunities' are experiencing both an

increase in t.he cost of water and related resources and an inability to
obtain sufficient quantities at any co~t. In th9 extre~~" agricultur~'

processing firms cannot op~rate \'dthout ~IJff;cient supplies .. TIley must
either halt operations entirely or move the plant.. Under" less dire

c i rcums:anc;::s \I pi dnts may hJve to curta i I au t;~u t and uiJsorb i ncr"ea~ed

input costs. Given the competitive co di5advant~ge t~ ~ many feod
processing plants have in Minnesota due to factors such as climate and
transportation\l increases in aver~ge operating costs can have serious
impacts on the market position of ~·1inncsot.1 produce and the general
b~siness climata.

Many food processing cper"atior!s 1:1 the state ar'~' no\', adju~ting their use

rate of water downward in order to compensate for incrcased costs and
diminished supplies. This change ~in the di ·lbution of ·w'/J.ter use

generJ11y can be termed ',vater conServat:ion. Conscr"'1ation can be

accomplished by altering the input mix without def~rring output and by

deferring output with no changein.'inp\!L r'-1t~O$. Conservation goals
also can be reached through differe'~t' t'echnolog'ical means ..

Consequently, different patterns ~f u~e rates are achieved through
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of conservation attempts i~ a change in

f1e l
,,/ t s of think: as well as

different techno log ~. many T"C it is l!f' to a

new machine than it is to change \~.'Ork habits or views on reSOUt'"ces ..

However~ an effective conservation progrant must link new technologies
with new thoughts.

A major constraint on the institution of water" conservation programs
in food processing plants~ especially fm'" the reuse of water within

the plant, is th~, stringent $I'lnlt.ation re~jUliltions that sre enfor"ced

by and authorities. Due to the po ial of

wide-spread contamination caused by improper handl-ing of food or an
inferior water" supPly~ regulatory author"ity must be ma.intained to
protect the public. Official positions on water conservation are
quite c'lear, consume.r safety ur~d product integri ty come first ...

--

Conservation technique~ which

product quality, and do not have the potential for doing so, do not
violate existing regu'lt1t·ja.l. A food and Drug f\dministr3.tion (FDA)

official has said that there is no legal prohibition against the
reuse or recycling of w~ter provided certain conditions are met

(Katsuyama", 1977).. The FDA' $ Geed :·1anufJt:-t:.:ring Pr'act ices

Regulations. Sec .. 328.7 (2) l'im'it water teuse by stating, U\~ater

used foT:'" washing, rins'jng" or cOrf'ley;r.g of food products shall nat
be reused for \1ashing,' rinsing, or conveying' products 'in a manner
that may result In contamination of feed products.~

The head of the sanitation section of the National Canners
~ssociation proposed the following henlth guidel'nes for water reuse
in food proc~ssing operaticns.

1. That the water be free of rn i croorg(!n; $ms of pub 1ic hea 1th
significance.
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4. 11.1

All food processh\g firms in ~1innesota are closely men;

Minnesota Department of Agriculture, the Food and Drug
Administration of the United States Department of Health~ tducation
and Welfare, and the United States Department of Agricul
(USDA). ~ncies closely watch wa supplies~ w1ter use,

~quipment maintenance, sanitation, and food preparation within
plant. Although there is some duplication of inspection and
functions, there is,tery little confusion about what law5 obey.
Th~ ~~i nnes a ~nt: of . ..

1CUI

and FDA regulations for enforcement in this state. Discrepancies in
interpretation are worked out in conferences between off.icials ..

There is certainly no agreement that -all of the regulations are good
or 100 percent effective. A~ new ~vid2nce ~nJ t2chnicJl 1es of

food proc~ssing ooerations ~re 0bt~i~sd and new equipn~nt is
developed, regulations and requirements are uodated. When

regulations are not changed as fast as technology migt1t (~'ll(n'f'lt nel
/.,

conservaticn techniques are not a~cpted JS secn as ~ight

The USDA regu 1ate s pou 1try and ~.:2a t s1dugh ~er and pack i ng plants in

~'innesota.. TIle ~~ir.nesota Dt"~par"':ment of .,;gricu1ture is responsible

for custom slaughter plants.. TIle USDA enforces strict r~gulatio!'1<;

on the wnter supplies, water use, and water reusa in federally'
inspected plants.. Provisions of the 1av" include trle fo11()\\ilng:

1. The "'later supply shall be amph~, clean, ·and potJble; ~he

pressure and facilities for distri~ution must dd£q~ate ~nd

protected against cont~nination and pol1ut~on.

2. A water pot3bility report issued under the authority of ~h2

state health agency certifying to th~ potability of the wa:er,
must be provided.
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4. In all cases, non-potable watEr lines shall be clearly
identified and not be cross-connected with the potable
supply unless it is nece~sary for fire protection. Any such
connections must have adequate bre~ks to assure against
accidental contamination and must be approved by local
authorities and the administrator.

5. Any untested water supply in official estab" ;shments must be
treated as a non-potable supply (Carawan et al~ 1974).

The r~int1esot~. ~~partment of Agricultul""e also has sanitary

regulations for all food processing firms that it inspc;ct3. The

basic int~nt of rules is to ins~r ly t2~1

comes in contact with the product being prepared and that all
equipment. fac11ities~ and products are thoroughly and safely
cleaned and maintained... Rules include requ·trements that water

for its distribution in t~1e plL1nt and -its protc:::t'icn ,.in

contamination ~nd pollution; establishments ~Jst be mai~t~ined in a
sanitary mJrmer; theie must b(~ effie·jell\: drain and plumbing

syst~ms; a~d equi~ment using potable W~ ii/US-=' be ins~al1 to

prevent back-siphonage into the potable water system (Minn. Rule
Agr. 2174).. Tr.erefore" all water~ cC'llser'/ation ei~::orts in this state

must conform to current state and federal rules and regulations.

Certain government regulati~n$ detail that a specific amount of
water r.tU$t be 'J~cd for particu1ai processes ill a plant.. For
example" the USDA requires poultry processors to?dd a ~inimum of

one quart of fresh water per bird per minute in the scalding
operation (Car~\.,an et al.., 1974). The ~"irmesota Depart~!ent of
Agriculture also states that the scalding equip~ent must be made of

metal having smooth surfaces and of such a construction ~o permit
proper and complete cleaning.. The scalders must be constructed to
prevent contamination of potJble water lines and to per'mit
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earlier,

\'fas wi th lve in mind.
most equipment and processes require certain minimum flows
function efficiently. Although these flows may bp well
eXisting use levels, requirements do put a lower boundary on
applicable conservation techniques when existing technology is

Firms do have the option of adapting existing facil1ties to new
resource cost conditions by investing in newer facilities •. How~ver,

these options represent an investment of capital 'funds which may not
a $ui le i

can weigh against and limit the adoption of new resource savings
equipment.

Minnesota is characterized by a wide variety and number of

agricul~ural processing plants. In general. no two plants are the
same eithe!'" in te~s of product lint?, capit.11 equipr.1ent ll plant
layout~ financial or market position t water supply, or utility
costs.. Each plant adapts itself tn specific needs and requirements.,
both technically and financial'ly. It is" therefore" impossible to

detail a framewor~ for water conservation in a modern processing
plant.. All plants require specif<tc measures and have unique

constraintz en tzchnologicJ.l feasibility and fisca1 ability_

Conservation progr3ms can be broken down into tHO very general
types, common sensa (inexpensive) and capital intensive.. Ma.ny
plants with conservation programs have found th2t significant water
and dollar saVings can be attained with minimal capital
investments. Some operations have reduced water consumption by as
much as SO percent by simply instituting Ifgood housekeeping"
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TI,e fol10'.'#ing d"iscussion i"ists and explains several major areas
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A conservation program rr.ust have the support of the entire

organizational $truct~r~, from top mana~em~1t to .the fict~ry

worker .. Management roost be willing to ded"icate availtlble financial
....., '

and manpower resources to implement the program. Workers must be

Recommendation #1 - Organizational Support:

',.,rh€r~ conserv1:~cn prcgra:ns can be feasibly instituted in prac2ssing

Water conservation can be 1ve or pi A
comprehensive effort will more thorough and efficient~ but also
may be beyond the financial capacity of certain firmsG A
step-by-step planning horizon may be the best approach for ather
industl"ies. HOI~ve,..., all roms 5hould caron;z th? thnt

wa u in ~lJnt is into all a 1~ and
product needs. In this sense t all conservation efforts must be
comprehensive in order to be truly successful.

pl~nts .. rnc~"e is no i:~li,:J'::if;n t~,.. t t:~:(!1 i(;r~ ~L.r :d, ::::..: '-OJ

or can be implemented in all operations. They simply serve as
gUide1ir.es and water" conservation 11tipsU fer concerned audiences.

Tnese bas ic n~ccrrrnendations were deve 1aped at a conference on \"Iater
ava i 1ab i 1i ty and conservat ion sponsm,"ed by the Nat i ana 1 Canners

Association and the Canney'"s League of Cali-;=on,"ja in 1977 (Katsuyama<t

1977). Given the scope of agricultural precessing in Califor.,ia and

their recent experiences with drought, this organization is highly

qualified to give good advice.
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major using DrC)CeSse~s

discharge sources.
surve1 helps to identify
and can serve as a

Recommendation fJ - Elimination of Waste:

Amajor step in consc:rvation is the ~ 11

unnecessary and include:
unattended hoses~ idle equipment with flowing water~ excessive. .
overflow~ and leaks. Waste can in part be avoided through employee
education~ the repair- and maintenance of eauipli1ent~ ~nd the purchase
of some ne~'1 equipment.. There ar"e- c~riently sC'/e-ral valv~s and

nozzles on the market \tihich automatically shut off the water supply

avoidance can yield significant and dollar savings to firm$ ~t

a minimal expense.. Also, procedures should be developed which
operate effectively ',-lith a minimt::n arnount of ~'later.

Recomnendation ~4 ... Plant Cleanup Operations;

The sanitary requirements for all food processing industries account
for a large percentage of a plant's daily water r~quirementsp

Although proper sanitation is rigidly enfcrced~ both within th~

industry ~~nd from regu 1atory sources, it has been repeatedly sholNn

that good standards can be ~aintained with much less water than is
currently used. One option for water recuction is to use broom~~

shovels, and scrapers to remove wa~te material from the floor.
rather than flushing with high volume hoses. Although these tools
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An additional method for reducing water use in cleanup operations is

the continued development of equipment that is easily and
inexp~nsh/e1y cl to a more ffective

job ..

Reco:rrnend at ion - Dry Convey2nce of Solid Waste:

Large volumes of water c~n be conserved when solid waste materials
are handled with dry rathe~ thJn fluid m~thods.. Augers, buckets,
pans, bins~ hoppers, and floor (an often be employed with
efficient .results .. rne dry hand~;ng or' 1Jaste also substantially

reduces the organic strength of ter effluent from the plant~

imparting additional savings to the plant frem waste treatment
costs .. A third advantage to the usc of dry by_handling is that it

can help promote the mo"e effici~nt recovery a va lUcble industrial

by-products ..

Recorr.mendation - Minimize Fresh ~ater Use:

It is vital that fresh water is u~ed to its maximum efficiency.. A
great deal of fresh water is used in the plant for the washing of
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food contact or adulteration or violation of
gUidelines.

nOZI

is no 1

and

sc c lean shown to ~1y
effective for peeling for raw product cleaning of many types of
produce. These can be used to replace water driven systems. ~

(Figure 2.)

Recomr::endat ion - Water Transport of Products:

There should be continue:d development of dry or less intensive
using transportation of the product \Iii thin the plant. In some
instances~ conveyor transport is more efficient than wat~r flu~es.

Where flumes are necessary, they can be rede~ i gned to carry the same

amount of product us in9 mUC!l 1ess \'1atar.

Recommendation §S - Recycle Jnd Reuse:

In general, the reuse of wate~ offers the greatest avenue for

savings within a food processing firm. ihere are numer~us options
for reusing water which do not c~ntaminate products or ~ater

suppli~s and are not in violation of S:Jt~ and federal sanitation
requirements.
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l.iccrnent

as it

as product enters the
Many studies have

t t1Jfl 011 it are
during fi third to half of the washing cycle. Minor

ifications to conventional washers can rasult in up to 50 percent
reductions in fresh water use'within the system. This is
accomplished by limiting fresh water the final spray rows, which
still assures product cleanliness a~d reduces water consumption.
The water from these final sprays can also be collected, screened t

and used in the initial spray operation to remove contaminants and
debris. If the water is still of suitable quality, it can be reused
again in precsdi wash or surge tanks. (~igure 3.)

'l1is same type of process .can also. be used in spray cooler
operations.. Clean water colle(:ted frem the final section of the
coolers is very clean, and can easily be reused in other production
systems wi thout any t',-eatment ..

as the counter f1cw reU$e nattern It can be adapted with several '_..._.._,------- .
mod1fications in many agricultural processing plants. When fresh
wat2r is used in each individual procass the total water use rapidly
rnounts up. When good quality waste water is reused in earlier
stages the sav'i ngs can be substant i a1.. r i gure t~ gives a simp 1e

example of the nature of these savings•
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FIGURE 3
• t'\,. 4.

PRODUCT

DISCH

(Katsuyama. 1971)

FIGURE 4
... ...:...... -_. - . ,... ' , .. -., ... - ., .,

SI~GlE US!; SYSTEM REUSE ~:;Y5TE:\'~

"

WASTE' WA'TER FRESH \'/ATER , WASTE WATER

50 GPM--7[· CCCL£o~I->50 G?M

so G?M-7 [ ~lU\\E I~ 50 GPN\ GPM

50

1030 GP,',\50 GPM-\J _

TOTAL' ::: 1.50 GP',\ (gat lOr:5 P~r"

mi nu tel
TOTAL 'r.: 60 G?',\

~-SAV , f\' JS :::: <;0 G?M
. ., ... .

(}~tsuyama fI .'977)

An additional source of reusable water 'is from evaporator·.;, especially in
plants where products are'concentrated. Large volumes of clean~ warm water
can be l"'eadi ly reused ,in many processes. 'Spec;<tl advantJges ten be taken of

the fact that the water has been illustratad that ~nrm

w~ter is much more effective in raw product washing.



· c. Economic Incentfv~~ for Conserva~ion*
---"---'''''''-~''~-''"--',",----

OU! to the numerous f lationships of water us~ with most fobd
processing plant operations, economic incentives for water
conscrva t i on programs can be found i n sj.~v·et·a 1 different areas.' The
most imm(~di3te savings fer' ina,plant \'later redllcticns is (l'om the

dect'easad c05t of obtain'lng w~rter $UPP 1ies.. Firms that re'ly on

municipal water supplies can probably reduce their water bills.
Also t corrmunities su~plying industry with water may witness
substantial benefits from not having to invest in additional water
supply capacity.. Firms operating with private wells will al!io see
substmiti a1 cost sav ingsin the form of reduced supp 1y costs ...

A second component of water conservation savings is energy costs.

Less water· runnin'~ through the plant means less energy is needed for
""ater pumping} c-lrct1.1atiop:; a.nd tinge ~!i !:h9 i~"'cr'~Jses

in fuel bills, agticul'tual firms have found major l"cwards in linking
water'conservation and energy conservation programs.

Another impetus for water" conserva,t1on programs is r.~pidly

escalating ~"aste ttecr~m!?nt cos'tg, both internnl1y and for rrn..!n~cip,~l

charges. Reductions in water use translate into reduced waste to be
treated and reduced .;~ "sts. 1\ 1though U1e rE~ducl2d flO\; of 'liaS te from

a plant into a municipa1 waste treatment faci'~ty may have higher
concentrations of effluents, increased concent~ation surcharges will
usually b<2 far au t,..N~ighf:d by dirninished chJ.l~ges on flo'li l·c~ductions.

Plant$ inst itutlng an intensive water conservation ·Pl~Ogl"'a.'i1 are

usually conscientious Jbout reducing waste loads leaving the plant.
Due to t:,t? organ 1C nature of m(Jst ","a$t~~ leaving the. pl~ntll wast:;

material is often suitabl~ for ~sc in agricultural and industrial
inputs and product:;" SprlY irrigation i'iater, animal , f~l1d glue

are 0)11y a few of the produc ts of aqri cu 1turo 1 t.vi~ste.. TI',ererore t

reduced waste 10Jcls frO!:1 '-later con$e1"'vation techniques lead not only

to r~duced ·,>taste treatiTl~mt co but a1so to sa jab h~ or usab 1e

commoditie~ ..

.... 42 ...



In general, a conservation effort relics heavily upon increased,"
efficiency i'n plant op~rat~ons.. This includes: reductions in

spillage. \-'/aste of pl~oduct, handling charges t cl,eanup time and
maintenance costs. Each of these improvements lead5 to decreased
costs in production. Given the competitive nature of the food
processing industry, cost reductions can 'lead to incr~ased profit
margins.

D. Water Conservation Costs.

The advantages of water conservation must be ','leighed tlgai the

costs of these programs. Decisions must 'be made o~ an individual

plant basis. Although it is difficult to assess the costs and
problems of a program by generalizat;on,they"e ar~; typically some
drawbacks to any conservation cffort_ These inc1 ital
,equipment design costs, depreciation, and interest charges on

invested equipment. There are also the costs of trainjng and
education, better supervision' and atte~,tiont and the potential need

for increased labor inputs. Some firms have also had difficulty
with design problems, the need for more competent staff, and qunl1ty

prob lerns associ ated vtfith newly introduced systems or processes 'Hhich,
could not t012i:?t~ 1c·,."er VO;U~i.~::s of 'dZl i'l ...:nt 0, :'c i 1s ,i;tJ5t be

cognizant of these costs pri'J'f" to program inception.

Water conservation decisions are made un an individual plant rather
than en an industry wide basis.. In ~·'innesotati' the r:mjc1r stimulus

for water- use rate rec1uctions is increasing costs of Hater sUPP,lies
and~ more importantly! of waste treatment. Random intervie~J$ were
held with sevPY~: ~ifferent food processors in the state to get a

rough ar',.Jrox;mation of what types of progl'"ams are being

1mpL:.oented. No effort was made to obtain a sc;entifil"; le Or" to
9\,~, in touch wi th representat ~ 'Ies of aJ 1 types of firms.

Due to limitations in the survey technique, it is difficult to draw
I

specific inferences about the status of conservation. Some plants
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had devoted a lot of ,time, effort, and money to conservation
programs and felt it was wor'th the expense. Other fir'rm; contacted

thought conservation was a good idea and were interested in any
available information.

The most common source of information on new conservation technology

or conservation r·tipsll 'Here trade literature and contacts. sales

representatives from equipment dealers and inspection tours of other '
processing plants. It appears that industry is more than willing to
share ideas on conservation. ..-'

One interesting feature that developed from these interviews was
that only one firm had attempted to measure the dollar benefits of
conservation programs. Interestingly enough, this was the only firm
that became interested in conservation because of a federally
sponsored ~Jrartt.. The ha~i1c industrial t;LJn W;;15 at
conservation was J good investment. Although firms km;~l~ how much
water and energy was saved, they had not gone to the troub of
calculating the dollar value of their efforts.

The following presentation is a brief synopsis of $O~~ of th~

interviews held. The purpo~e is only to give a bare out1ine of some

of the cOilser'nltion programs in in the state..

F. Interview _,an'!. rn,teri.~ort ..from Ar;nor Enerov _Cons.§r2~it1\'Jt,jl~·~-EL

the ~1inneS~rClY Aqenc'~"

In the ear 1y part of 1978, the i11 nnesotCl Energy Agency sponsored one

ful1-tir:e energy conservation position a~ Armerr and Ccn1!)cmy, a hog
processor j in South St. Pau 1. The purpose of the projt:ct '"/JS tc
illustrate that energy conservation me~sures could be institu in
a large meat p~cking plant which ~1d not require engineering or a
capital expenditure evaluation. The ition ·,'{,~s fi11 an
annual cost of S15.000 by a coll gradua ,;tIith no prior

engineering or energy eonservation expertise .. ' Durin'.:: first sf:<

months of the one year project, energy conser'.at1on opportunities
were'successful'y implem~nted for a ~rojec annlJal energy 1n9s



of .$24~6G2 .. The~econservation appli'cations [tncluded reductions in
the,u~e of hot water;'lighting, power~ 'and the repair of leaks and
faulty valv('~s.

The first step the cons~rvatidni5t took was to familiarize himself

I;lith th~ operat'ions,,' utilities, arId employees of th,e plant. This

included an understanding of product flow within and between
departments and the utilitie5, for their energy- conservation
importance and the1r safety ratings. An energy checklist was also
created so that departments would be aware of which wastes to look
for and which cn~~ were priQrity wastes.

Another major step in the program was to set up procedures in which
the conservation specialist could 'HOrk effectively with management t

supervisory stJff" and p1.:~t1t employe2s. Energy 1.4aste inspections
\'Iere oj n$t i tut~ri aJ1 p1ant. departmen ts and are conducted at
random t'imes du-r-ing the week, including night shifts and weekends.
Inspection teams of varying memberships tour the planttp note '
conservation opportunit;es~ notify appropriate department
supervisors, and conduct follow-up inspections to insure wastes are

nlimin~lt,:;tj.. The conservation tea.r.1s also leave florescent energy
ify ific ~"ergy w~stes and

conservation opportunities. The tags are osed to alert area
supervisors to Haste, to show mechanics the location of items
requiring repair, and to insure compliance with conservation
projects already starteq.

The majority of the conservat·ion effort in the plant was for

"housekeeping~ projects rather than for changesrequirfng capital
expenditures. 11u! conservation work did not 'include detailed energy
C~ water use surveys by department or by operation. The major'
effort was spen~ on correcting waste rather than or measuring the
degree of waste. Quality, production, and safety were 6perat1onal
factors that limited conservation implementation. Water use
reductions in plant resultedfrcm :hanging to more efFicient
spray notz1es, turning off unnecess,aryrin?es and washes\j the
elimination of water and steamleaks.turn1ng off equipment when not



in use, r0duction of spi llage, institution of faucet foot ped tl1s,
repJir of fJulty valves and the use of more efficient cleaning
operat'ions" r;H~ total estirnatt?d dol1tu' s\)vings for ·",,~ter

reductions is 522,533 pel'" yea~.. This savings is based on an
estimated cost of 16 cents per thousand gallons of cold water and
SI.32 per thousand gallons of water heated to an average temperature
of 120 degrees F.

G. lQ~erview with FrE .~h Fry Processor ..

A large metropolitan french fry processor has reduced its wat~r

constlmption fl'om approximataly 500 gallons per minute (gpm) four

years ago to about 280 gpm presently. About 2/3 of its water supply
is obtained from city suppli~s~ the rest is furnished from private

wells. Because the well water has too high of an iron content and
hin'~lis machinerj', well, is lJ~edcnl.'1 in the flumi tion

\vh i(;h br"ing pot,3.tcesi nto the precessing plant. The plant manager

felt thfs plant was below average in its water use when compared to
national average.

TIlis plant processes institutional fro7.~n fries.. ~'~O$t of the

potatoes are tr~cked ~n from northwestern Minnesota. TIley use
dP~ a;:,-l:~:a ly Z2 to 2.3 tal1so( ra\''1 potacoes per" day. The plant
op~r(ltes 24 hours .i day~ 5~V€n days a 'N(~ek. The p1ant uses

approximately 0.. 3 of a gallon,of water per pound of french fries.

TIle following is a thumbnail description of t~e processing stages of
fy·ench fry product'ion.. Potatoes ar·e trucked to the p'lant and are

stored in piles. TIle potatoes are then pumped into the plant with
we 11 water th."ollgh a flume.. The $kin is softened with ,1 lye .:md
water solution, scrubbed off, and reclaimed for cattle fe~d

operations. Potatoes then pa~s through several brush washers, are
hand trimned to remove damaged sect~ons, and sliced into french fry
strips. The strips llre pumped and flumed to be inspect,~d" grJded,

s;;:ed, and blanched 3.t an average ternperatu~ of 160 to 130
degrees. The strips are again flumed tr) d drier to remove surface
moisture and then oil blanched in a f':"yer. The final processing
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is r2cycl for fluming strips from the

to b1anch2t" ..

6. Addit;ve~ requin~d in tht: protlucticn process are no\'4 pumped

direct l,yinto flun~~~' \'Ia between the b.lancher and the
drler. ~ather than using a conveyor and water storage tank to
add the addi~~·Jcs.

7. Refrigerator cooling water is recycled within the refrigeration
system.

8. Most processes are water metered and have pressure regulators
which control the flow.
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K.. S'.L~ar1.

The agricultural processirlg sector of the j·1innesota agricu1tural
economy puts a 1arge demand on v/ater resources for plant operation

and for 'fiJste assirai1J.t'i(ln~ Thes0: s can oft~'n tax local ';later
suppl'1cs la '.i

, .~

i '\ t.;j

costs of obtaining and using resources have been increasing
dramatlca 11y. :1z.ny firms are nCit" adjusting their use rates of water

to compensate for increased costs and diminished supplies. This is
being d'JrH~ thr'ouch ::l cOr'bin an in;v:;"..,t",i'/a t ~oJi,:::.l
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waste, 4)

6} dry product tr3n

measures md

as possible.

Economic incentives 1ude decreased costs of
W~. tel'" c.;upr; 1i e~) '!r::.': t,.. enl,;rgy.. Other be'ne:fi are

inc~eased plant iciency, less il1age~ and diminished waste of
product. Casts 'of ccns;~f"/2l,tiofl programs inciude design and

equipment charges t the casts of training ~nd ~ducationt the need for
better Sllpt:rv;:;;;on Jnd attent~on, arid t!E'~ potential need for

incr~ased labor inout~. of water conservation
pro~rams must be weighed against the co of ,these efforts"
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1 and $t~tf~ sani 1dtion current techno ic

in.

for ,1/3 1i i 'J on

f'i rms have It that water conserv tion programs are worth the
expense and the problems. A sound conservation effort not only
decreases ting co~ts) bUt also can lp pr~long water supplies
and increase availabili of wat~r for other uses.

v. DOMESTIC WAiER CONSUMPTION.

A..

Water has generally been considered a free resource of unlimited

availability.. This attitude was not questioned in past years, but

is one which cannot be afforded at prese~t. Water supply problems
are not alh'·~Ys :: 1 ;.~r '; 'i :,1 $' :~'1'y r'a

to non-uniform seasonal availability and irregular reg"lonal
distribution (Ruesink~ 1978). Minnesota is considered a

·water-rich" state but within its boundaries, areas of limited
supply exist and demand C()r1fli(':ts' ~r~'":C'.I. In ~"'ditit"1 to ~~~r~~Jht,

water supply prQble~s may o~~u~ b2CJU~~ of (c~~unity growth)
facility obsolescence, and capacity constraints (Great Lakes Bas-in

COiilirl'isslcn t 3). ~dt2r' supp'ly is I'irrd b,Y cJiTipeting uses, water

qual-jty probl;?rrls, and the ccst of dis ibut~cn Jnd t;'~t~t:T.e:1t

( Sh arpe, 1978) ..

This discussion of 'JJater supp·/y ;s l-irnite:d to municipal and domestic

use.. Domestic ;¥dter consumption is only on irnatcd six percent of

total water use in the United Stl In Minnesota, resident~al

water withdrawal \'l~: 7.3 percent of the s

accord; ng to :'1; nnesota Energy Agency ima s for 1975. Even a

dramatic cut in water use by househo'l i'lOuld add only d pt"overbial

drop in the bucket of available wa nH~ 1";dSQn tha: domestic use

can cause a supply problems is the hi~~h concentration of domestic,

commercial p ;Jnd industrial demand. nicipdl (;;>\/~)t~f1lS \t,hich shelV

high per capita use values usually also sar~e some industrial user
(Feth 9 1973).
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A composite di of rnunic;pJl \·ftiter use and 'I1~lstelr{ater output is
shown in Figure 5. Heducti9n of peak l()t?lds by shifting the t<ime of

demand or ing s ~vatf;Y't Of potentidl for
reduced energy. Consump t i \)11 and r~duc t; on or de f erm~nt of

enlargements to existing water works facilities (McPherson, 1978).

For reference in this di$cu$~ion of domestic water use, the average
daily consumption for a family of four is 255 gallons. nle

approximate breakdown of use categories is as follows.

Dishwashing
Cook~ng, Drinking
Utility Sink
Laundry

Bath-' r.g

Bathtoom S'i

15
12

5
35

80

Toilet 100

TOTAL 255 Gallons

of the childre~ in

Water planning for the fut~re traditionally has be~1 concerned

chiefly with the proble~ of uiring developing additional
supplie$. Water conservation in water supply planning is a

..

, the

nancial
into

licy proposed
cC·I1~er·1Jion• I.)

Presidents's mess on national ~a

assistnnce for states to incorpora

planning activiti~s.

relatively new idea, usually turned to only in times of shortage.
In 1972, when wastewater flow reduction was included in the Clean
Water Act, PL 92-500, '"J conservation a formal

water management pol icy (Lattie r,l 'los ink, 1977). In

The questions, "What is '.'1ater con
warrant so much attention?" mu be

i en? 't and "<'flMy

in light of

it
iona 1
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interest it has gained. The
management activities.

appl ies to ::t, myri
E:l' \' i,~ t. '/ Gil ion

of a resource frorn in9 u 'jeLl,Y. [ lC,h~ncy rQf 3 to the

prorl""'#-ion of a C:, ,;ired t 'it ithout "tast:~. ',.lith this d'l'ffercnce

in mind, a water canSt. '/'1t ion progr;;m for ;'tinnesota should be
efficient use/anti rJ~her than a purely conservation/anti-use

campaign. Efficient water U~~ is a tool which must ~ e employed in
managing Minnesota's water resources.

The benefits which are implied in a discussion of the water
conservation are de<:rea demand l':.:ld environmental preser'vation
(Grea.t Lakes Basin Commi :;;on, 1973;. f 11y, if the

demand for water on a public water supply system is reduced, the
change will: 1) free presently develo~~d lies for other
purposes; 2) prev~nt or con~ c05tly

supply f f ,,') ,

i .. I ') -oJ i n

needed for pun~ingp tr ing, and
required capacity for future
Comptroller General, 1978).

4)

plants (U.
the

in

i

own

is

In cantY"a

Decemb~r of Decau~

reduc i ng th{~ amount of

option ';lh"l

we 11 $ nri

that energy bills
l~ss water

water de~and

Conservat~on meaSUT!

d

could inc

, i

ion

of conserv t ;Or1

and the ci
m~ght be
T\yo

drough t

conservation
1es:



Figure 6 ..

Informa t i on/EdL!cJ tf on

Water Saving Devices
Metering

Pricing
leak Monitoring and Control
~egislative Measures
Water Management Planning

Each of these items wi'1 be described and their
discussed in the following section.

ibi lity will be

in all
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. toward efficient water u~e is made for a water supplv system or a
community of private \'iel'l owners.. In or'der" to impl~'rnent a piogt~am,

the amount of stfc IdJ consu:ned rnu:;t be knm'lrl .~nd consumer')

must h~ able to assess the economic impact of conservation
measures. Specific objectives must be identified in order to be
able to judge the success of the conservation strategy.

An example of ~ conservation program with a realistic scope was

carried out in Dallas, Texax. The Drogr~n was directed the
high-usage residential consumer during summer months. The
objectives '"..ere:

1. To lower average residential consumption with respect to levels
experienced ill previOL~ years under similar weather conditions.

2..

d1stribut ion 1978) ..

t dnd

i tl

tool used to
1 \,,~

1arge ~noun
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2. Put a bit of food coloring In the toilet tJnk to sec if it i5

leaking into the bowl. Le~ky toilets are ~mong the home's worst
v,ater wasters.

3. Do not use the toilet to flush away tiSSUf;S., CJwn ','rrJpP2rs> cilJ te
butts, or other scraps. Every flush uses 5 to 7 gallons.

4. Do not sho~lfer too long or fi 11 tne tub too full. Five minutes for

showering and about five inches in the tub is plenty.

5. Do not leave water running for tooth brushing, hand washi
vegetable cleaning or dish scraping. Use only what is neEded, then
turn it off ..

6.. Use d·tsh and clothes washing machines with full loads only.

7" Do let a jug 'ii J

cooling the refrigerator.

8. Water the lawn and garden with good sense.. 00 it early or 1 not
in mid-day

$ i 1k:5

that 'Ia~J

Co not let~vc

where it should. not on
inklers on lor19.

9. Never use

much bet

hose to clean off driveways and s1 ik.. A broam is

10. Wash the car a Use onlY dm,'n

;lnd rinse off a ( the North 8reez 1977 .. )

0'<4,
) .

1

u

ices are generally inexpen5;ve
SUCC!S~ that ins· 11

or ( " e



Plast 'jc bott 1(',

dam) bf111cock

Displace water in the tank
used for flushing

Faucet

Shower norma11y

5-10 gallons/min.

Water Cons2rving

Appliances

Duel flush modification

Water saving toilets

Aerator

Spray

F1Ot'l con tr"O 1
(oriflce rest/"j

Shower heads

'ina 11er a'Jtomnt i c

~Jash'jng machine

One flush cycle for liquid.

wastes, one for solids

3.5 gallons/ flush

Even flow, reduced
splashing, mix air with

water

Spray instead of single
stream

3 gallons/minute flow

2-3.5 gal1ons/minu

Smaller load

I'" ,

Examples of the amoun
conscious methods and wa

of wa which can using waste
saving devices 3re shown in Figure 9.

devicesAn esti:l1ate of
consumers by voluntary ins 11 tic" i

... 57 ...
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Shm'l'er

t:OR~'AI. t~ATER

Wa teY" runn 1no
oJ

25~~50 ga~lon$

VERSUS WASTE CONSCIOUS USE

Wet down> soap UPt rins~

5 ga 1.1 ons

Toothbrushing Tap running

10 ga 110"$

Wet brush~ rin$e briefly

0 .. 5 gallons'

"rub bath Full
36 gallons

Minimum water level
10-12 gallons

Shaving Tap running

3...5 gallons
Fill basin

1 gallon

30 ga.110ns 5 gal'lons

Automatic Dishwasher Full cycle
Ie qal1 on~

Shor't eye1e

7 ga 1'1 ons

Toi let flush Tar.k di 1

flush devices
3-5 gallons

nr h 1f

Hand v,"ash ; og Tap running
2 9al1ons

Fill bJ~in, rinse bri 1y

1 gallon

(CompIled from American Water ~l()rks ,ll,s~ociation and the Office of t~ater

Research and Technology, U"S. Department of Interior.)

are given bott1es or dams ile and shmver

and only 2 ae tlJa 11~' use them, program

t

t 1,~ to

indic

s, 1973). nd s
,':lndf i '/'::: ..

ion in
t, cos t
utilil

ion (Consumer

;cms

con~reduct i on in W:j

res'J1t is direct,

consumer$. Proj
if all households
flow re5trictcr~,
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will pay for

1973a).

Direct ener'gy sdvin9s from \'Mtcr usc~ t\onlnclt;dc~ reduced

pumping costs. reduced water heating costs, rlnd reduced operating
costs for w,)~tewater treatment. 8ec.:nIS(~ hot ItJ(JtQr use is the second

greatest consumer of residential enrr~y (aft0r home heating),
conserving hot water" C:lO reduce energy consu~nption significantly
(Fletcher &. Sharpe,. 1978).. Indirect energy savings are decreased
production of chemicals used in treatment processes and savings from

not constructing additional water and wastewater treatment
faci iities (Great Lakes Basin COJrrnissiorl'l 1978).

Pennsylvania State University and Gettysburg College installed
shower flow controls at costs of S15~OOO and $5,000, respectively,
to yield estimated total sa'lin<)s of tllCO,OOO NHi ,000 per year.

Cal cu1aticns '1 ~~ ve a1$ I) S11 0'. ill th c.: ;'1,)dr ·:w 1i ~ "' i .\::: or,;;
treatment p' ants can be extended where a modest conservat 'j on progr am

requiring water-saving toilets in new construction is initiated
(Sharpe, 1978b). Se~er overflows were the re~son that the
Washington Subul"ban Sanitary Co:rm;ss;un t'",1n UV2 $ucr:t~:)~)ful Ca.bin
J0 hn pi lot st tJ dyin 1972, ~... hie! 1 dt~ rnens t t~ t h '1'1 ~ con ~ C1'" VQ t ion

could overcom~ sewer limitations (81 M 5).

Water use reduction by people using individuJI aerobic septic
systems does not result In appreciable cost s~vings, but operational
problems associated with wastewater surg2s frem home applicances are
substantially reduced (Bernnett, 1975). ~~en planni for

construction of an on-site system) changes in ign characteristics
could be made to accorrr.:odate the estim~ seven percent reduction
in sewdge flow due to water conservation practices (Fletcher ~

Sharpe, 1978) ..

Metering of water consumption is J thi ible s t in the
development of a water conserva~1on ~m.. Wlthcut al f~g

of water consurr.ption in a commuf1'ity, only ,:1 fLlt L\'Se

can be charged.. The recent it ion paper on ''later
conservation appears to place heavy i on oricing as a means

- S9 -



to achieve r~ducti()f1s in 'dJt2f~ de:nand ..

other pric i n9 S S J n:-j t!1':' j r (

discu~~~d later in this paper.

Any pricing scheme other
Ujt~ (Sharpt? 1973(1).bt1S on rr.eterthan a flat rate would

The initial cost of met2t installat-;on iTlay be hi~~h and l"'cduction in

\tater use only t2mporary (Fletcher & Shdl~pe~ 1973). The cost
effectiveness of moving to the metering of all unmetered supplies is '
a difficult management considera~ion. Water use may be divided into
required and discretionary use categories. Most sources agree that

metering and even restrictive rate structures have little eff~ct on
required water use (iQe •• that water needed to sustain life and

manufacture goods). On the other hand, discretionary use is
sensitive to metering and somewhat sensitive to price structure

(Cornell, 1978). One author concludes t~H~ following points to be
considered in line wi~h ~~t2ri~s~

1. Metering may not always be just'ified ..

2. Meter1~g.is l~ss just1f1ed holding,other thi~gs const~n~ in .
corrmlJn,t,~~ I,.,~~~~ (~r:l'\""';,~ ::'::::'.J1,:'.:~ J:I ';;'1 cCi~:;;;Ul:l tlC:S ln~h

stable or grc~ing populations~

3. The correct choice of pr"icing ;s cr-uciF11 to the succes~ of
;';1e t .: ~.. ; nI], ':n 1: ;.. ~. I ( :, i;.; 1 j ,. U('; I t i~ iJ 0 L;nti d i

efficiency in.;! ;1":0 actud.l efficiency losse5 (eoelen, 1975).

~1etering in grmvlng mun;c'ipalit-ics is impoy"tant in controlling

gro\PJing demands en the c2.pacity of ~:unicipal water supp1ies .. It

also allows water rates to be charged ~qui ly-~those larger or
peak users on a system could be charged more for their water

according to th~ conservation tive. A11 water pricing
schemes except for the flat ch require metering. In l~in"e50ta9

2~ percent of .all ~nunicipa11ties u fl charge r~ structure

(Gardner, 1977). In addition to tho~e consumer5, rough1y 20 to 2S

percent of the stJte's ic water is s If-surplied, thu5
unaffected by pricing.

Water pricing options are the fl

de,c 1in; ng bY ock ~ inverted block t

cha~ge. uniform pricing,

load pricing) and seasonal
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pricing (GlBC, 1 ) .. 1he pricing structure ~"h;ch is simple to
administer and crea s an incEntive to conserVQ is uniform pricing.

wdter bill. Block pricing sells
un it" of \va tel" i\ ;) t 'i on cost. The inverted block ra i ses

that cost with every step incr~ase in consumption, thus encouraging
conservation ..

In order to make prlclng an effective municipal water conservation
tool, rates would have to be raised significantly above current
levels. Consumer resistance to such rate 1ncrea~es will definitely

occur. However~ H.. E. Sharpe (1978a) states that "the altering of
rate structures to d i,jOre equ i tab 1e. basi s) the use of margi na 1 cos t

of th~ pricing where possible, and making customers pay the true
cost of the water they are served are reforms long overdue in the
water business."

Another application of metering is in leakage detection both in the
home and in the water supply system. Average water loss in a water
supply system is 10 to 14'percent but many may register 30 to 40
percent l4!1n~I(:f';C"H,t:,~r!, ""'I!",t?~ (,;0~~su~~f;~~ion (Dz:/'\;4:-;-:12:1t, 1975).. The

cost eff~ctiveness of a leak detection progrn~ depends on the
estimated ~mount of w2ter 10$$ due to lea,kage, the time the leak

wou 1d go unnot -j ced wi thout a J:':i~C t i on program, hydro log i ca1
conditions, lOCJl 'dat,~.:; r,::~.~s~ ,~md th2 cost of finding and repairing

the leak versu~ the value of the lost water. In a large portion of
Minnesota where ground ~ater is the source of supply. the leaked
water re-enters the aquifer. Although cost of treatment and pumping

is lost, leak detection may not be con~ddered useful in this

situation (U.S .. COrt'ptto'!ler, Gcne,"al, 1978) .. Once undertaken, a leak

de teet i on progr:l::i i ~ (1 ti~gu 1,U" component -: n wa teY" was te reduc t ion

becau$C' it is imple:nen by the wat8r 'dorks and does not rely on a

high level of public "til (1S do the eductional approaches

(r·lcPherson, 1978) ..

D. ConClt1S;~ln$.

A report of this nature can only look at existing theory, methods,
and the relative success of water conservation programs in order to

.. 61



tions for ~1i iv~neS5

of the elements

consu:TIf~r ac tancc. "At thr~ consum~~rfs

i O!l., i nCol:;'; } ; I1conV'2n i ence. and to t.ll' cos t are the

ing tic water conservation and
ins l1ation f1ml reduction dev'ic~sn (Shaefer, 1975).

(xamples of success stories in nearby states are seen in Illino;s
and Madison. Wisconsin. These moves toward waste reduction differ
in that one was initiated at the state level and the other by the
municipality. In rl1inois~ a low key approach was adopted by the
state. Steps taken in their program are:

1.. Three regional conference - quick methods of COtiserving water
anc material to get started including: descriptions of leak
detection and repair, water saving devices, and a list of
milnufactu rers.

2.. Distribution of pamphlets on water conservation.

3. Communication with retail associations such as the hardware
retailers (GLBC. 1977.)

OthP,l- activit'ies wh;c~ are pre~2ntly bef~g carried out or consid~r~d

are:

1. Setting an example in stat~ agencies.

Estabalishing ccrnmul1ity demonstration programs in four or five
smal1 cCl.":munities ..

...,

.) .. J\.rnendin9 state plumbing codes ..

4.. Developing curriculum materials on wise ',I/ater management for
e lementar'y schoo 1s ..

5. Adopting new legislation for water management in critical areas
(GLBC. 1977.)

Another example of a low key approach ~hich ~ight be appropriate for

Minnesota includes the following wa conservation elements:

1. Code'r'equ;rements for water saving toilets in ne'N construction.
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it in exi

, tIl S t ion 1.. ion

con $ct'v ion ~~ th ie, costs .. Haste treatment
1 ions $ as inccn~iv~s in ~inn~~ota without for

price cansi ions. Contingency plans for water shortage
peri should be developed by municipalities, outlining public
information progrums, and the priorities for limitation of
discretionary water use.
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