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PREFACE

This Technical Paper represents the analysis that has been completad on
selected water conservation options by the Supniy, R?Eecaﬁ%an, and Use York
Group of the Minnesc:a Water Planning Bcard. After review by the state
agencies and regional aﬁvi,ory groups, the recomsendations and options
outlined in this report may require modification.

This report has been prepared by Bonnie Skelton and Steve Lovy of the

Department of Aqriculture and Linda Bruemmer of the Department of Health. The
assistance end advice provided by numerous individuals during the preparation
of this report s greatly appreciated. This Technical Paper fs a product of
the Supply, Allocation, and Use Work Group and does not necesserily represent
the views of the Cepartments of Agrieultyrs ind Fezlih or ovher individual

stata agencias invelved in the Framowerk Woter oo Dolats! Land fesourgos
Planning effort.
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I. SUMMARY_AND RECOMMENDATIONS.

Water planning for the future traditionally has been uoncerned with the
prot iem of acquiring and deve10p1ng additional supplies. Water supply
problems mey occur because of community growth, facility cbsolec~ence,
and capacity constraints, in addition to Vimitations caused by competing
uses, water quality problems, and the cost of distribution and treatment.
Hater conservation in water resource planning is a 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 consarvation into planning activities by providing
public education, information dissemination, and technical assistance.
The full details and definitions of this program will be avajlable for

public comment in May, 1979.

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

The Water Planning Board recognized the need to examine the potential
for inéiudﬂng.efficient water use in water resource planning in the
areas o7 irrigaticn, fuod processing; and domestic/municipal water use.
These three areas of water consurption waere selected for study by the
Departiments of Agriculture and Health because of the potential which
exists for chenges in water use habits and existing rapport with the
clientale through agency interasts or programs. The methodology
consists primarily cf examnining state-of-the-art water conservation
options for- their applicability in Minnesota as a part of the long range
witer resource management scheme.

The assumptions which are central to a proposal for some level of water
conservation program in Minnesota reflect the following goals:

1. Maintain water supplies for the future.
2. Protect the quality of existing supplies.

3. Reduce costs associated with energy dem%nd. :




4, Postpone development aF,’as yet, untappoed water supplies.

In the three areas which were exemined in detuil, the following options
for progr .. exist:

1. Irrigation cptions for conservation include the use of stata of
the art equipment, éprink]er or drip irrigation methods, flow
meters, soil moisture monitors, and scheduling technical
assistance.

2. Food processing plant options consist of the following
elements: recycling and reuse, organizational support, in-plant
water surveys, elimination of waste, plant cleanup operations,
dry conveyance of solid waste, minimization of fresh water use,
and less water intensive transport of praducts.

3. Conservation strategies to reduce domestic use are:
" {nformation/education, water saving devices.Ametering, pricing,
and Tleak monitoring and control.

The recemmendations for the Water Planning Board are the following:

1. Efficient water use in irrigation practicas and domestic
consumption should be encouraged through educational programs
and technical assistance to local areas.

2. The State of Minnesota should cevelop a technical assistance
program in anticipation of national water poiicy to qualify for
funding. :

3. Programs should be implemented at the local level.

1. WHY A CONSERVATION PYOGRAM FOR MINNESOTA?

Water has generally been considered a free resource of unlimited
. availability. This attitude was not guestioned in the past, but is one
which cannot be afforded at present (Consumer Reports, 197R). Water
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supply problems are not always due to a lack of sufficient annual
supply, but rather to non-uniform seasonal availability and irreqular
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 %o drought, water supply
problems may occur because of community growth in population, area,
economics, facility obsolescence, capacity constraints, and inflexible
and long-range fiscal planning (Great Lakes Basin Commission, 1978).
Water supply is limited by competing uses, water quality problems, and
the cost of distribution and treutment (Sharpe, 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.
Conservaticn generally means the protection of a resource from baing
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.

Traditionally, water planning for the future 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, PL 92-5C0, water
conservation bacame a formal part of water management policy (Lattie &
Vossbrink, 1977). 1In 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, resource
impact identification, water use planning, implementition, and long-tarm
management. The purpose of these éfforts fs to insure a reliable water
supply and, if possible, to increase the amount available for use
without jeopardizing the long-term supply. '




Appropriate moethods of cnnservat10n dlffer dramatwcally From state to
state and within stdte borders. lue to varied regicnal character*stics,
there can be no sw@wmwng, ultimate so1ut10ns for the nation or
individual states. Ragions naturally defined by environmental
characteristics must datermine conservation needs and programs for
implementation.  Such regions may be defined by river basins,
watersheds, or political boundaries. Local, state, and federal
government agencies should provide cooperation and aid acccrdxng o need
and opportunity.

One. of the prime requirements of conservation attempts is a change in
attitude. Adjusted use rates demand new patterns of th1nk1ng, as well

as different technologies. In many respects it is easier to construct a .

new machine than it is to change work habits or views on resources. In
spite of the difficulty met in changing these habits, an effactive
conservatien progran aust Vink now technologias with new thougnts.

Minnesota is experiencing a number of the same water-related problems
which are occurring nationwide. Where water shortage is a problem,
Cemand has out-sirippad supply. Snortage does not imply that water |
resourcas are ron-renewable.  Water is one of the most r2adily renewed
resourcss unon which sociaty danonds. e hvdrologic cvela g
continuous; ground and surface reservoirs are perpetually replenished
(recharged) by precipitation. If the volume of water withdrawn from any
lake, stream, or aquifer exceeds that provided by recharge, the water
level will drop and shortage may be oxperienced.

Thres factors contribute to Tocalized water shortages. Increasing
population pressure increases the demand of water from municipal and
domestic supplies. High density population also increases the demand
for services using watar and geods requiring water for manufacburiwg and
processing. Advancing tachno]oaj and a rising standard of 1iving are
fncreasing water availability and ﬂncouragfng 1ncrnased use for
agricultural, industrial, municipal, and domestwc concerns. Fxna71y,
natural precipitation is not snly unpredictable and erratzc, it is quite
unevenly distributed across the nation.‘”Average annual rainfall over
much of the castern quarter of the nation exceeds 50 inches per ysar.
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In the western Greaﬁ Plavna, 10 to 20 1nth¢s per year are average and in
some areas of the southwest, 1»3« than 10 inche" per year can be
expected. )

The assumptions which are central to a proposal qu;sa@e 1evél of water
conservation program in Minnasota reflect ths following goals:

1. To maintain water supplies for the futufe.  : '
2. To protect the quality of existing supplies.
3. To reduce costs associated with energy demands.

4. To postpone development of untapped water supplies.

IRRIGATION.

Irrigation is a broad term referring to the dispTacement of water from
its natural course for the purpose of ‘enhancing plant growth.
Nationwide, 1rr1gat10n is the largest consumptive use of water, common 1y
practiced to benefit agricultural production, wdeyrice and scd farming,
and golf course and cametary grasnery. Fstfﬂat*ng the total ﬁa ar use.
by agricultural irrigation is difficult because only a small number of
irrigators actually measures volume flow with meters. More often, water
use is estimated based on fuel consumption or pump and distribution
equipment capacity, estimated systam efficieancy and the period of
operation. Individual farm estimates are usad to generate statewide
estimates which, in turn, are compiled for a national estimate, ‘
increasing in generality and perhzps magnitying gross errors. However,
even general estimates are useful for illustrating trends and
identifying existing or potentia] prob?ems. |

The nationa] trend in 1rrigatwon d1sp1ay" 2 dramatic increase in both
the acreage irr1gatad and the totaT amount of . water withdraun and
‘consumed for irrigation. Over 57 m11110n *crns were esuumaued to be
1rrigated in 1977 in the United States._ 1In 1960, a little more than 100
mi?lion acre feet of water were withdrawn for irrigatfon in the U.S.




IRRIGATED LANDS

Irrizated Lands bv Township according to
Department of Nasural Resources wWatar
Appropriation Permits through Decewber, 1977,

Map prepared by cthe Minnescta Department
of Agriculture.

Coordinated by 3cunie Skelton for the Wator

Planning HBoard wizh Zuads provided by the
Legislative Commission on Mianesota
Resourcas,
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This figure has increased to a total anmual withdrawal of 160 million
acre Feet roported by the WS, Geological Survey for 1975,

The trend * vard trrigation is well illustrated by Minnesota

statistics. Agricultural irrigation in Mirnesota has rapidly qained
acceptance as a viabia form managoment technique since about 1960, Best
estimates indicate that from 1860 to 1970, irrigated acre.ge doubled
from 22,000 acres to 44,000 acres. From 1970 to 1975, this acreage
increased to 174,000 (University of Minnesota, 1975). One estimate for '
1977 veports 433,000 acres irrigated in Minnesota. A statewide summary e

of irrigated lands is shown on the following page.

The water withdrawal and consumption which these irrigated acreages
represent are 3 substantial portion of overall Minnesota water use.

P

TRBLE [ oifars a compariszon of watar use by sectors within Minnescta.
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 corresponds to the 76cations of
gecwmorphic regicns charactarized by sandy soil, gently rolling
topograpity, and rziatively shallow sand and grivel aqui:ers. Irrigation

is Tess Tikely to ba daveleoed in 2vezs with canerally beavier coils,

extreme topography, or severely limited water supplies.

In dealing with the topic of water ccnservation and irrigation in
Minnesota, the potential to reduce total withdrawals and consumption can
be seen in light of the vast amounts of water used in irrigation
practices. Irrigaticn is ene of the largest consumers of fresh water in
the state. To prevent waste, withdrawal volumes should be kept to the
minimum required for consumptive use demand af the cfop irrigated. By
minimizing withdrawval, the watar saved remains available for other

uses. Efficient water use is a major factor in wast2 prevention and

water conservation and also offers patential econcmic savings from

reduced pumping cests.




A. Why Irriqate?

Risk avoidance may ba the\greatest‘encouragement to frrigation.

Farming is a high risk endeavor with many factors determining the

ultimate success of a crop. Irrigation can be insurance against an
unpredictable course of precipitaticn 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 periocdc of vulnerability. .
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Residential

*Commercial/Institutional
Manufacturing
Mining/Dewatering/Quérrying

Electric Power

Agriculture

Livestock

Irrigation

Other

Hithdrawal

95680.670

41404.835

- 118439,041

2775992.663

687295.000

79821.080
20156.930

59664.150

15171.301

CETARE e

MINNESOTA WATER USE - 1976
BY SECTORS (106 gallons)

7.3

3.2

- 9.0

21.1.

52.2

6.1

1.2

. Consumptive Use

~ 9578.067

5876.949

10525.909

100449.632 -

 18425.200

| 67838.258
20155,930 |

. 47731.320

~ 2578.358

4

’ 2.7

2.9
16.7

18;6_

- 3Ll.5

1.2

*Commercial/Institutional includes h@teT;”go1fidourséS§ and ski areas.”

(Minnesota Energy Agengy;”1979.)%-‘ff




The higher the value of the crop grown, the move risk invelved and,
therefore, the more valuable the irrigation system. IF a corn crop
is threatened by draught one year in ton, the loss will be for cne
year cnly. If an orcherd is threatened by drought one year in ten,
the loss can persist considercbly longor because fruit trees require
many years to mature to fruit-bearing age. Likewise, a specialty
crop with high value per acre yield will result in a much greater
loss thaa 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.

A normal year in Minnesota-has precipitation occurring every seven

to ten days. Rainfall, combined with other predictable climatic
factors, makes the state highly productive agriculturaily. A break
from the normal Tike the L1975 drought hos causcd many oF whe
productive areas of the state to be officially dec]ared disaster
areas. Irrigation saved many crops from total loss by prQV1d1ng

moisture when normal precipitation failed to do so.

Annual consumptive water use for grain rorn excesds 20 inches.
Precipitation in Minnaesota averaqes 19 {viches annually in the
northwest, gradually increasing to 30 inches in the extreme
southeastern portion of the stata. Approximataly two-thirds of the
year's precipitation falls during the five month growing season. On
the average, corn is a highly successful crop, but every year scme
yields suffer from lack of moisture during critical growth pericds.
Irrigation has developed to insure sufficient available moisture for
maximum crop production.

fn addition to risk reduction and stress avoidance, irrigation may
be used to modify soil moisture conditions so that crops can be
cultivatad in otherwise undeveloped arcas. An estimated one million
acres of Minnesota land has topsoil too sandy for normal
cultivation. Sandy soils a'e generally well-drained with soil
moisture percolating rapidly downward, becoming unavailable fdr.
consumptive use. " As moisture leaves the root zone, dissolvad




nutrients are carried with it, robbing the soil of fertility. Such
sandy soils produce high yields for many crops with proper
fertilization and controllad meisture application..

Under normal climatic conditions, heavier soils have a high water
holding capacity so moisture is retqined in the root zone for longer
periods of time and irrigation is generally not required to produce
high yields. With careful scheduling 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 surface. Too much water can
ultimately be as detrimental to crop yields as too little 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 well-drained.

Irrigation cannot be recommended as a sound management practice for

most of the 23 million tillable acres in Minnesota.

and site specific planning, design, and enginearing advice are.
available throuch the Aaricultural Extansion Sarvice of the
University of Minnasota, the U.S. Seil Conservation Servicsz, and
many equipment dealerships. Irrigation can be advised under the

follewing conditions:

1.

5‘

The soil is too sandy for productive, dry land cultivation.
The reduced risk of crop loss is cost-beneficial.
Topography is not restrictive.

Adequate water is available.

Other Farm‘management practices are amenmable 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

.12 .

Recommendations




efficiency which, in %his case, Is catled agricu Lu.11 application

efficiency. The variables which dotorains the ameunt of water

needed for irrigation are equipment, scheduling, 5011 type,

tOpOquphy, water quantity and quathy, crop type, 1and use
ractices, and climate.

Irrigation Aoplication Efficiency.*

Irrigation application efficiency 1s defined as the ratio of the )
average depth of irrigation water stored in the roct zone to the e
average depth of water applied. Waler stored in the root zone s

available for cahsumptive use. Irrigat:on water not stored in the

root zone .. vorates, leaves as run-off, or percolates down'beyond
the root zone.

Surface irrigation is considered, on the average, to have the lowest
application efficiency. There are several types of surface |
irrigation and these are grouped together for simplicity in the
following discussion. The same holds true for sprinklers.

Surface application efficiency is estimated to average about 50
percent with 2 rang2 from 30 to YU percant. Rum-ofi o tailwater
recovery and reuse may increase this figure to 85 percent. SToping
land decreases efficiency due to non-uniform wator application.
Seepage and evaporation also contribute to inefficiency.
Substantial efficiency varjations exist from system to system.

 Surface irrigaticn returns approxvnw iy 40 percent of the water

withdrawn for immediate use. Surfoce irrigation in Minnesota has
Tong since been replaced by sprinkler operations, with the exception
of wild rice paddies. iSpéink]ers are generally move efficient than
surface methods because water is applied in more frequent, lighter
applications.

*A more complete discussion of 1rrigat1on afficiencies can be found in the
November/Decamber {ssue of the Journal of Soil and Water Conservation
published by the Soil Conservation Society of America. Many equally valuabie
materials have been published on thi ..

topic.v
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Avorage sprinkler application afficiency is estimated to be 70
percent with a ronge from 60 to 90 percent. Inefficiency is caused

whoa the application rate axcreds soil intake capability resuliing
in surface runoffy the application rate exceeds soil watar deplation
in the root zone resuiting in deep perco]étion; distortion af the
distribution pattern caused by wind, resuiting in a loss of
irrigation water outside the dasignated rield; and evaporation.

Under certain circumstances, trickle or drip irrigation can be
assunied to be nearly 100 percent efficient. Because water is placed
around or near the growing plant, evaporation from the soil surface
can be reduced substantially, varticularly in fields with
widely-spaced crops like fruit trees. Application rates for trickle
systems are easily controlled, thus preventing deep percolation and
ryn-off. Closaly-spacad crops irrigatad by this methad may not
provide an officiancy edvantaosz Seciuen sych 3 Targe s0il curface is

wetted. Here again, evaporation becomes a major factor.

Conservation Potential - Method of Irriqation.

Conservaticn of water should hegin with the plaming of an

Jdrrigation system. FEquipment must be designed o operate

efficiantiy and to mcet speciric field nzads. Many irrigators
purcnase systma companents separately o reduca iaitial costs. A
makeshift system cannot achieve the high efficiencies of a specially
planied and engineered operation. Plaming and squipment costs are

repaid over time by water and energy savings.

The wcthod of irrigation employed can grealty affect water
constuplion. As was mentioned previously, surtace irrigation in
Minnesota is used almost exclusively for wild rice, comprising a
very small percentage of tota] water use. In 1976, approximately
six million gallens of water were used for this purposc whils an
estinated 49 billionm gallons were used for all ofher agricultural
irrigation (Richardson, 1973).

Sprinkler systems are used for nearly 100 percent of the
agricultural irrigation occurring in Minnesota. Approximately 70

- 14 -




percent of all existing‘systams‘and'ﬁﬁ percent of all new systems -
are center-pivots. Qther types of sprinklor syst@ms include the
traveler, side-wheel roll, hand-movae qun, boom, hand<nova sﬂrinkier.
tow~1ine, and solid set. '

An importent trend in irrigation technology s the rapidly

increasing popularity of less labor intensive systems that are more

energy -intensive. Generally speaking, as new technology has reduced |,

the required labor input, greater water application control has

evolved creating a great conservation potential for the state. ' -

Many sprinkler systems requirs daily supervision and labor intensive
transfers at the end of each irrigation cycle. (For a brief
description of system types, see the U.S. Soil Conservation Service,
“Irrigation Guide" --Chapter 4). Center-pivots are desiqned in a
circular path such thet ab the end of one cycle th» svstom is in
position to automatically begin sgain, assuming the full circle is
irrigated. :
Center-pivots are eszentially fully autematic sordntlars systebs
strung between mobile tewers mountad on large flotation tires.
Water is pumped through the system from the nivot poinc and the
towers are self-edjusting to allew a full circuit of the field with
Tittle or no supervision. OGecause the system travels in a circle,
corner acres are omitted unless a cornering devica is employed.
Without cornering devices, center-pivots on 160 acre fields can
irrigate only about 133 acres.

Center-piveots are desigred such thal water application rates can be
controlled according to environmental dictates. Herein lies the
greatest conservation potential. Consideration of crop stress, soil
moisture, ambient aijr Ltemperature and wind speed can be used to
de*ermiwe how much water should be applied and the tower speed per
unit of time. While topography is very limiting for many types of
sprinklers, centar-pivots can cperata as reccmmended on up to 12
percent grades. Operations on grades of 20 percent and higher have
been reported, but run-off and erosion redice systam efficiency
(Sprinkler Irrigation Association Proceasdings, 1975).

15




Fertilizer and pesticides may also be applied via centar-pivot
dguring norrmal drrigation procedures. This practice can reduce

overall moisture applied to tha fieid and genarates energy savings
by reducing the number of field operations.

Evaporation and wind disturbance are difficult to prevent but have
been reducad under some circumstances by recent techﬁo]ogical
advances. Concern for conservation has spurred manufacturers to
examine these problems and invent options offering better
application control. Such options include: Tlow pressure systems,
shorter towers, and sprinklers situated downward to moisten plants
at the soil line below most foliage. Under carefully controlled
circumstances, these options: have proved successful.

The tiird irrigation method to be considered is drip or trickle
irrigation, currently usad on about 135,000 acres in the Units
States. In Minnesota the actual acreage irrigated by this method is
uncertain but probably less than 100 acres. This type of system

used on widely-spaced crops has the greatest potential for reducing
waste and concarvina water and snorse,  Recuircd watae pressure §s

[«

very low. so only Tow canacity weils are necessary. With proper
scheduting the minimum amount of water needed is applied,
evaparation is minimized, and deep percolation is prevented.

However, it should be noted that meny of thease attributes do not
follew for drip systems irrigating closely-spaced crops because the
soil surfacn wetted is substantially larger, in fact, ccmparabie to
that with sprinkler systams.

Drip systams censist of plastic tubing of small diameter Yajid on or
under the surface of the field and alengside the plants to be
jrrigated. Water is deliverad to the plants slowly but frequently
fiom holes or sbecial emitters located at appropriate intervals
‘aleng the tubs. A typical system is made up of 2 network of plastic
pipe of graduated sizas -laid out in the field. The largest pipe
brings water to the field edge and a series of main lines of smaller
diamater carry it into the field. Sub#mains of smallier diameter may

w 1§ =
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carry the water to lateral lines from which it is delivered to
individual plants through holes or emitters. For small fields or

simple layouts, lataral Tines may be connected directly tq'the main
line. The system also requires a control station which could

dinclude filtering units, injectors for addition of fertilizer or

chemicals, pressure ragulators, flow meters, and valves and pumns
required to centrol water flow. Properly scheduled, drip irrigation
provides to the root zone just enough water to replenish the amount -
consumed by evapotranspiration.

Drip systems have been used to irrigate a variety of crops that can
be grown in Minnesota including: 'alfalfa, appias, asparaqus,
christmas trees, corn, cucumbers, egg plant, gladioli, grapes,
lettuce, melons, orchards, ornamentals, pasture, peas, peppers,
radishes, shrubs, sod, sorghum, strawberries, tomatoes, and wheat
(Gustafson, 1974).

Scheduling.

For each of the irrfoation methods, scheduling s of utmost
importance when trying to use available water efficiently.
Irrigation science and tachnology have improved equipment in
response to the need for water conservabtion. Irrigation scheduling
has not always kent up with conservation nzeds because unt!]
recently, many management procedures were difficult to implement
and, in many cases, immediate water availability provided no
incentive for the effert. Scheduling requires that management
decisions determine when and how equipment should be used.

Irrigation scheduling s a2 procedure that accounts for or monitors
either plant water status or soil moisture o enable forecasting the
optimum time and amount of -irrigation water to be applied. Often
times, equipmcrt capacity limitations dictate thatvschedu1fng
decisions be made several days in advance to enable mesting crop
moisture needs as they arise. If a center-pivot reduires 36 hours
to make a full circle, waiting until crops show physical signs of
stress means water may arrive already overdue. If irrigation beqins

w 17 =




before a moisture deficit occurs, crop stress s avoided. Howcver,
by waiting for roat zone moisture dgplﬂtion, application efficiency

may be maximized. An fmportant trade-off must be made between water
use efficiency and potential crop stress. "Programmed <oil moisture
depletion" is a scheduling method that promotﬂs crop stress but only
during times in the arowing season when iniury to p?an s will be
minimized (Sprinkler Irrigation Association Proceedings, 1974),

Less water is used and yield loss is avoided. . '

Many approaches have been devised to supply data for schedu ling ' -
decisions. A1l are based on the theory that optimum irrigation
timing and spplication can be achieved only by knowjng in advance
the soil's water holding capacity, the water depletion point where
crop damage begins and the sofl moisture content throughout the
growing season. $0i1 moisture can be ngtimatad or measured in a
variaty of ways. The simplest methed of determining soil aoisture
depletion in the field is by the feel and appearance of soil samples
taken from below the surface. Estimation accuracy is based entirely
~on the experience of the handler. Tensiometers, electrical
resistance biocks, and neutron depth moisture gauges arranged in the
Field measure sofl moisture and crop moisture surass. Readings
should be taken ot diffarant 511 dectbs afkon anonch bo meadint
soil moisture deficits. As mentioned ecarlier, visual obsarvation of
crop condition can be employed but this method may indicate a
moisture deficit too late for irrigation to prevent yield lossas.
Estimates for this method are bazaed strictly on suess work, building
grreat inefficiency into the system.

Soil water deficits are also estimated by "bookkeeping" precedures
standardized by both the Soil Conservation Service and the
Univefsity of Minnesota Agricultural Extension Service. So07)
moisture is determined early in the season. f-timated
evapotranspiration is substracted and prccipitation is added
throughout the secason to keep a running estimate of sotl moistura,
This system has proved to be highly suczessiul but is semewhat time
consuming.

.




Regular scheduling and a wc11-desf§ned; efficient d1str1bution'
system is required for optimal use of irrigatibn.water.‘ Scheduling
is an absolute requirement for water conservation. If Hinnesota
irryecors utilize recommended mandgemehtvand conservation '
techniques, water savings for the state have been estimated at 20
percent (Bergsrud, 1978). ’

Scheduling provides long-term benefits td irrigators fncluding:

1. Decreased financial expenditures by reducing water and energy
consumption.

2. Soil protection by reducing run-off, erosion, and nutrient
Teaching. ‘

3. Water quaiity protection by reducing deep percolation to ground
water and sedimentation of surface waters.

4. Reduced aquifer drawdown which may help the individual irrigator
and protect neighboring wells from interference.

Most methods of data collection for scheduling roguira considerable
inputs of time that compete with other farm responsibilities. Many
frrigators are hesitant to make this time commitment, accounting in
part, for the nroliferation of manage.aent serviczs in the U. S.
These services essentialiy take over responsibility for observing
fiald conditiens. They decide when the systam should be activated
and how much water should be applied.

In many states, management services are available that provide
individual schedules to irrigaters. In some cases, groups of
irrigators schedula together because they share a limited supply of
water and/or enerqy. Varying lavals of sophistication ara employed
by such servicas, ranging from networks of tensiometers or
avapotranspiration estimatas basad on all available environmental
data.




Cbmputerized schedu?ing wav; 1scu sed in’ the 11teratura as: early as
1952. It was not adanted to popular usp in the Unatcd States until
about 1965 (Sprinkler Irrigation Association Pracusdxngs. 1971).
Natwonwwde, both private and governmehtai agencies are involved in
computer scheduling for irrigation. The United States Department of
Agriculture in conjunction with the Agricultural Resaarch Service
have a program which reported water savings un to 25 parcent as a
result of proper scheduling. Yield increases 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 irrigauwons for greatest
production per unit of water, an especially valuable spproach when
water is limited.

The main objective of these programs is to identify a1l
environmantal aspects impacting on a crop to aenable comoutor
modeling of field evapotranspirat1on. Tris includes daily or weekly
1nformatfon on:

1. So11 condition.
2. Quality and quantity of irrigation water.

3. Atmospheric data fncluding: minimum and maximm temperaturs,
dewpoint, wind speeds, solar radiation, cloud cover, and
rainfall.

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

Computer print-outs of all data are made available s clients and
kept on file by the scheduling service. 8y hiring a scheduling
service an frrféator freas time that otherwisa would be spent om
data collection. The service fee may eventually be recouped from
water and enerqy savings, decreased chemical usa and increasad
ylelds. Nitrogen fertilizer savings in some cases have been reduced
from 50 to 100 pounds per acre. Even the best intemioned
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conservationist may be hard-pressed to make accurate decisions when
faced with the multitude of data involved with irrigation
scheduling.,  Cowputer scheduling has not become popular in Minnesota
v because sandy soil conditions and weather changn more rapidly than

most services can accommodate.

Drought can introduce specia) schedu]ing‘problems. Even though a

system may be well designed and managed under normal climatic .
conditions, high temperatures, wind, and low humidity can lower

sprinkler application efficiency to 50 percent or less. ' o

Peak moisture use periods for the crop may be extended from a few

days to a few weeks, greatly increasing the volume of water needed.
vOFten moisture in the soil profile is depleted early in the season

and system capabilities are unable to ever catch up. Such problems
can bz mechanically avoided by kaening the sai) profile ab fiald
capacity though this may require late fal] 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
hetween epring thay and planting, It 15 Jifficult, in ﬂan/ cases
impossible, to increzse the capacity of a system once it has been
designed for a particular field and sofl type under normal
conditions. Orought may require restricting the growing season to
the best schedule availabla. This may bo accemplished by
instituting programmed soil moisture dep1etion, by expecting less
thaon optimum yields, by cutting back on the plant population.
(reducing evapotranspiration) and by planting shorter seac-r hybrids.

Equipment: Soil Moisture Monitors and Flow Maters.

Efficient {rrigation depends on application of thé right amount of
water when its n2eded by the crop. 5011 moisture, or the lack of
it, -can be diractly monitorad by using elactrical resistance blocks
or tensiometars both commonly used in Minnesota. Other methods of

Judging soil moisture are available howaver, properly used, 'this

~equipment is reliable and easi?y integratﬁd 1nto automa»1c sprink1er

' systems. :




Electrical resistunce blocks are usually small evlinders cast of
gypsum or nylon-tupregnatad qypsua. When placed in the soil,

electrodos in the sensor eegister variations of electrical
resistance which depends upon soil moisture content. Electrical
rasistance is insarsely proportional to thé amount of water in the
soil 30 as the soil dries out resistance goes up. In esscnee, these
monitors indicate plant stress although some also give readings on
the percent of available moisture.

Tensiometers are sealed, water-filled tubes equipped with a vacuum
gauge to be left above ground and a porous tip which {s buried in
the soil.  Uhen preparly calibratad and Suriod, tonsismators measuro
"soil moisture tension" 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 moisture again bacemes available, tension in the sofl gees down
and lawers 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 have sensors at two denths within the root zore. A
shallow placement will indicate early root activity and a deep

placament will monitor moture rout system demands.

Flow mzters are devices that measure the volume and rate of water
flow from wells or through pipes. Direct measuramant of the gallons
flowing through an irrigation.distribution system provides data for
accurately calculaving gailons pumped per acre or per unit of crop
yield. Distribution system and purping plant efficiencias can also
be calculated from this Information. Without flow meters, water
application estimates often prove to be unreliable. This can be
attributed to varying efficiencies of systam components and well
prablems. Many irrigators instailing flow meters have found
considerably less water being pumped than expecied. B8y indicating
this daficit flow meters have con:iributed ts increased yields.
Irrigators finding they are pumping more water than necessary can
also improve yields and reduce pumping costs through improved
scheduling. - .




Flow ﬁ“%*zs ara strongly recormmended for schieving the greatest
possible dreigatien efficioncy. Morth Dalaby has inetitutod 3 state
law requiring ireigators to moasure ond record, via ©lew peters, the

arount of water they puimp.  Minnesoby doos noLorequire welars,
however, fnstallation is advised for maxiaus irrigation of fiel

and consequent welsy conccpvation.

Environmental Parameters.

In addition to the variety of mechanical cptions for irrigaticn,

environmental fastors ﬁ*v be usad to inerotss deeigation aonlication
Ticlency. Climate is a major factor influc ncing irrigation.

Wind, ambient air temperature, humidity, radiant energy, and

precipitation combine to influence the rate of evapolranspiration

and the volume of irrigation waber naadeod,

Incoming radiant energy, low humidity, and high ambient air
temperature increase the rate of crop evapotranspiration.
Evapotranspiration combines transpiration from foliaga, sprinkler
evaporation, and evaporation from scil and
Evapotranspiraticn in essence increases the humidity near Crop

folizna and 3F UiV 2ir conditiors oxdst. iy rain of
evapotraaspiration can ultim atelj se oreducad. Wind incraases
evapotranspiration by ren}

acing humid air near the cron with ‘ass
humid air from outside the fiald. High ratsc oF evepatransaivatieon
nasten the nesd for irrigation as soil moisture is depleted more

rapidly

Evapotranspiration peaks during the hottest part of the Growing
season. Between May 1 and August 12, solar altitude rangas between
60 to 63 1/2 degrzes. June 22 is the summer solstine with the
highest solar altitude of the year. Total snlar incoming radiation
peaks at this time in Minnesota. Through this pericd, daily
temperitures peax and the percent frequency of cloud caver i; lowest

for the year.

Winds vary throughout the year and by time of day. The hours
between 6:00 a.m. and 6:00 p.m. experience, on the average, higher
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Wheat plianted in the fall has a root system cxtending cnly into the
upper foot of soil. In the fall, the wheat plant is estvimated te
require only about .07 inches of moistyre per pay, wintar dormnancy
reduces this figure to about .23 jnches per day. lhesa figures are
Tow, wue 2 full soil profile in the fall may be recommended to
ensure adequate moisture in the spring. Wheat evontually develops .
an extensive, deap root systam making it an excallent soil misture
competitor during times of potential stress later in the seasan. It
has been suggested that by concentrating water applications in the
fall and during the developmental period known as the "flowering to
milk" stagé, wheat yields can be maximized with Vimited irrigation
app lications (Trimmer, 1977). ‘

Experimentation with hybrids is approaching the moisture shortage
problem from diffcrent perspectives. By developing
drought-resistant hybrids,‘cropg can he grcdu@ad that require luss
moisture, ultimately demanding less irrigation watm- (Peagan, 1977).

Plants with larger, more numerous roots are more .efficient at

- conducting moisture and taking advantage of a larger -portion of the

root zone. Water may still be available in the rcot zone bhatween
plants while the soil immediately around the plant root system has
been doplotad. More extansive rool systomy docrdase e 1Kz 1HBoou

PSR

of moisture stress.

Corn hybrids have alse been successf;11y inhrad to encourage
development of a drought dormancy period. These plants enter a
pericd of dormancy when exposed tn water stiress and resume normal
growth when stress is abéted.“ﬁ machanism of this type could
eliminate reliance on irrigatﬁbn because wailing for adequate
precipitation would have less impact on crop yield.

Conservation Tillaga.

Historically, conservation tillaga was planned for conserving soil
and water resources and for impruving producticn evficiency during
and after the 1930's drought. More recently, conservation tillage
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has been PprOred for potent1a1 enargy savwng; and water qua1ity (
protection. Also, known as minimum tx?lage or no-till agricultare,
conservation tiTIagﬁ is a method of crop production that applies
"new farm production tachno]og1es to reduce soil ﬁanapu?3t10n
practxces to the minimum consistent with local sail, c]imate, and
economic cenditions® (Minimum Tillace, 1975). '

Reports on the effects of conservation tillage are highly

controversial and difficult to define Lecause maximum beneficial
results depend entirely on local conditions.

Experiments show that water savings can be achieéeq under certain
conditions using specifically designated tillage methods. Hater is
saved by reducing soil evaporation and by increasing the
water-holding capacity of tha soil. Because of more campleta ground
cover, soil erosicn caused oy water and wind is also veportediy
reduced.

These practices may result in practical trade-offs. For exanple,
regoris From Zusiiand, Texas, indicate that increased wator storage
allowed high-yicld crép produztion without freigation but required
fnereased nesticids use,

Wind Breaks or Shejtar 3elts.

Irrigaticn of agricultural crops has a reputaticn for being
incompatible with other land covers. Center-pivets, in particular,
are generally incapable of traveling a square field on which
standard wind breaks or shelter belts have been established. Wind
breaks and shelter belts reduce wind speed across fields witich,

among other thinns:
1. Reduce top soil lost to wind erosian.

2. Reduce crop damage causad by bTﬁwiﬂg sotl.

3. Reduce irrigation sprﬁnklﬁr pattern disruption.




I.

Permanent vegetation can also reduce evosion by slowing run-off
velocity and increasing infiltration rates.

Across the state, land cover vegetation has been removed to
accemmodate advancing irrigation technology. Efforts directed
toward remedying this problem have successfully produced alternative
vegetative patlerns that co-axist with center-pivots and stil}
reduce wind speed across fields (Isakson, 1977).

Aporopriate Water Conservation.

This discussion on appropriate watar conse-vation measures for _
irrigation has heen largely limited to reduction of the quantity of
water used. Watar quality enters into consideration when ground
waler becomes contaminated by nutrients dissolving in the irrigation
wiater and leeching from the sofl.  Mitrats contaminaticn in
particular can render a water source unfit for human consumption.
along with other water use restrictions which may arise from .
degraded quality. '

rirally, sprinkler application of wastewatar has been modzrately
successtul although public acceptance of this procedure has net hean
widaspread in dinpesota. Mdany of the canneries in Minnesota have ,
bhean disposing of thair wastawater by irrigaticn, scme for more than
thirty years. Some milk plants and municipalities also use |
jrrigation and other forms of land disposal.

It saems reasonable to assume that irrigation increases like those
in Minnesota have a substantial impact on the state economy.
tconomic impacts of {rrigation are beyond the scope of this report.
One observaticn is pertinent: Any impacts, whether aconomic or
resource-rolated, will be strongly regional in nature because
irrigation is Timited to specific areas of the state. Because of
the regional naturs of irrigation develooment, it is emphasized that
although state concarn is impzritive, the impatus for irrigation
water conservation should be locally or regionally inftiated.
Cooperation at all government levels is strongly advocated to
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further educational and technical aééistance‘programs to increase
the awareness of conservation po'entials. ‘ B

WATER CC " "WATTON TN THE AGRICULTURAL PROCESSING INDUSTRY.

The purpose of this section is to serve as a general introduction to
water conservation for the agricultural processing industry 4n
Minnesota. Other papers prepared by the Water P]anning Board have
already examined the quantitative needs and purposes of water in various
sectors of agricultural industry (Water Recuirements and Issues in the
Minaesota Agricultural Svstem), 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 pb]icies. A
discussion of water conservation 1s extremely important to completa the

picture.

Agricultural pfocessing firms in the state include canneries, dairy
processors, slaughterhouses, sugar refineries, and poultry produters.
Each of these firms processes raw agricultural goods produced in the
state. Although there has besn 2 tendancy for processing firms to
become more centralized, the majority of firms are still located in
rural municipalitias. These firas ara ofen tha major or anly industry
in a locality. Water supplies and waste treatment services for these
industries are either private operations or municipal systems. Plants
decide to use these utilities on the basis of individual hydrolegic,
technical, and financial consideraticns. The demand for water by these
plants is extremely large, often excceding one million gallons per day.
Requirements for waste treatment facilities are equally demanding due to
the quantities of waste water and organic matter leaving the plants
daily. Plants operating in both rural and metropolitan settings are
capable of putting severe stress on local hydroalogic conditions and on
water-related capital equipment. Processing firms and municipalities

‘alike have been feeling the financial pressure of increased water and

wasta treatment costs.

Food processing firms have always been aware of the need for vast
amounts of water for their internal operaticns. lowever, this concern
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was (and is in many cases) primarily technologically rather than
economically oriented.  Water i needed tao wash, cook, cool and
transport the product, and to keep all the equinment and Facilities
c¢lean and sanitary. Since wateﬁ was deemed an incxpensive and often
free resource, plant Tecilities were designed without regard to water
use. In the days before the environment was viewnd aé a resource, water
resource use for waste assimilation was not a major issue. Decisions on
plant lecatjons were based on water availability for technologic needs,
not on the resource cost of supplyf®.g these needs.

As resource supplies and demands shift, so do their prices, both real
and imputad. While there is aluways a cost associated with resource usa,
it is only now beginning to show up in municipal and industrial fiscal
statements. These costs go under the headings of water, energy, waste
treatment, depreciation, and interest charges. Water has become a
constraint on continued cparaticns and proiecied arowth. ’

Some industries and residential communities are experiencing both an
increase in the cost of water and related resources and an inability to

obtain sufficient quantities at any cost. In the extrems,. agricultural

processing firms cannot operate without snufficient suppliss. Thay must
either halt operations entiraely or move the plant. Undar less dire
circumstancas, pients wmay nave o cutaii output and absord increased
irput costs. Given the competitive cost disadvantage tha% many Feod
processing plants have in Minnesota due to factors such es climate and
transportation, increases in avsrage cperating costs can have sericus
impacts on the market position of Minnesota produce and the general
business climata.

Many food processing operations in the stute aro now adjusting their use

rate of water downward in order to compensate for increcased costs and
diminished supplies. This change in the distribution of water use
generally can be termed water conservation, Censervation can be
accomp]ishéd by altering the input mix without deferring cutput and by
deferring output with no change in inpui ratios. Conservation goals
also can be reached through differéntvtéchnologica] means.
Consequently, different patterns of use rates are achieved through
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adjustments to the technology and through different combinations of
inputs and outputs (Ciriacy - Wantrop, 1963).

One of the prime requirements of conservation attempts is a changé in
attitude. Adjusted usa rates demand new pattarns of thinking as well as
different technologies. In many renpects it 95 easier to construct a
new machine than it is to change work habits or views on res ources.
However, an effective conservation program must link new technologies
with new thoughts. |

A. The Limits to Water Consarvation.

A major constraint on the institution of water conservation programs
in food processing plants, especially for the reuse of water within
the plant, is tha stringent sanitation requlations that ora enforced
by fedaral and ¢tate authoritics. lue to the poceniviai thecat ov
wide-spread contamination caused by improper handling of food or an
inferior water supply, regulatory authority must be maintained to
protect the public. Official positions on water conservation are
quite clear, consumer safety and product 1ntagr1tyvcome first.

Conservation technicues which ¢a not and. cngEr consumar hoolih or
product quality, and do not have the potential for doing so, do not
violate existing regulatioi. A Food and Orug Administration (FDA)
official has said that there is no legal prohibition against the
redse or recycling of water provided certain conditions are mat
(Katsuyama, 1977). The FDA's Good ManuTacturing Practices
Regulations, Sec. 128.7 (2) Vimit water rouse by stating, "Water
used for washing, rinsing, or conveyirg of food products shall not
be reused for Qashing,'rinsing, or conveying products ‘in a manner
that may result in cont tamination of feod products‘"

The head of the sanitation section of the National Canners
Assoc‘ation proposed the following noa?th guidalines for water reuse

1n food processing oparaticns.

1. That the water be free of microorganiisms of public health
significance.

[l
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. That t&@ wator contain no chemicals in concontrations loxie o
cthorwise haraful to man.

T . “he water be frea of any matorials oe c&“p&umd; which could
woart discolorations, nr(»rlgvnr ar off-odor ta Uhe product or
otherwise sdversely affect its qua?ity‘

[
.

4. That the appearance and content of the water be aesthetically
acceptable.  (Katsuyama, 1977.)

Al food processing firms in Minnesota are closely monitored by the
Minnesota Department of Agriculture, the Food and Drug
Administration of the United States Department of Health, Education
and Welfare, and the United States Department of Agriculture
(USOA). The;e agancies closely watch water supplies, witer use,
cquipment maintenance, sanitation, and food preparation within the
plant. Although there is some duplication of inspection staff and
functicns, there {s very little confusion about what laws to obay.

ey R

N = {-r PN S R A B
fvure has adogtod most of the ULDA

ﬂ-r

Tha Minnasota Cenartmant of frricu
and FDA regulations for enforcement in this state. Discrepancies in
interpretation are worked out in conferences betwean officials.
There is certainly no agreement that a1l of the regulations are good
or 100 percent affactive. A5 new avidenca and tochnical siudizs of
food procassing cnerations are abtzired and new equipment is
developed, regulations and requirements are vodatad. When
reguiations are not changad as tast as technology might allow, new
consarvaticn techniquas are not adopted is sccn as might be possib

The USDA regulates poultry and woabl siauchter and packing nlants in
Minnesota. The Minnesota Department of Agriculture is respansibie
for custom slaughter plants. The USDA enforces strict reculations
on the water supplies, water use, end water reuse in federally
inspected plants. Provisions of the law fnclude the Tuliowing:

1. The water supply shall be ample, clean, and potable; the
pressura and facilities for distridution swust adeguabtes and
protacted against contamination and pollution.

2. A water potability report issued under the authority of the

state health agency certifying to the potability of the water,
must be provided.
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3. Non-potable water must Se restricted to parts of thoe ﬂTant whare
no pouliry product is processed ar slhersise handiod and then
only for Timitsd purposes such 25 condensers not amumectﬁﬁ with
potable water suppiy, vapor lines secving inediblewreadaring
tanks, and in sewer 11n s maving heavy solids and sowana.
won=potable water shall not be per rmitted for washing ¢ .oors,
areas, or equipmant, nor in broilers, scaldars, chill vats, or
ice making machines.

4. In all cases, non-potable water lines shall be clearly
identified and not be cross-connected with the potable water
supply unless it is necessary for fire pratection. Any such
connections must have adequate breoaks to assure against
accidental contamination and must be approved by local
authorities and the administrator.

5. Any untested water supply in official estab’ishments must be
treated as a non-potable supply (Carawan et al, 1974).
The Minnesote Department of Agriculture also has sanitary
requlations for all food processing firms that it inspects. The
basic intent of these rules 5 to incvre that anly notablo water
comes in contact with the product being prepared and that all
equipment, facilities, and products are thoroughly and safely
cleaned and maintained. Rules include requfreménts that water
supplies must ha 2vnle, cloan, and rpotohle with adoguats Tacilitie
for its distribution in the plant and its protection agninst
contamination and pollution; establishments must be maintainad in a
teit drainage and p]uw01ng

= .

sanitary manner; there must be eifi

systams; and ecuipment using potablae water must be installed t
prevent back-siphonage into thes pot ab1 water s m (Minn. Rule

Agr. 2174). Therefore, all water ceonservation er.orts in this state
must conform to current state and federal rules and regulations.

Certain government requlations detail that a specific amount of
water must be veced for particulae procasses iu a plant. For
example, the USDA requires poultry processars to add a minimum of
one quart of fresh watar per bird per minute in the scalding
operation (Carawan et al., 1973). The Minnesota Department of
Agriculture also states that the scalding equipment must be mada of
metal having smooth surfacas end of such a construction o ogrn1t
proper and complete c¢leaning. The scaldars must be constructed to
prevent contamination of potable water lines and to permit
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continuous overflow (Minn. Rule Agr. 1710). Such types of
requlations effectively limit water conservation in the interost of
health and satfety.

Another constraint on water conservation adoption is due to existing
technologic impediments. As was mentioned eartier, food processing
technology was ceveloped with inexpensive water in mind. Therofare,
most equipment and processes require certain minimum flows to
function efficiently. Although these flows may be well below
existing use levels, these requirements do put a lower boundary on
applicable conservation techniques when existing technology 15 kept.

Firms do have the option of adapting existing facilities to new
resource cost conditicns by investing in newer facilities. Howaver,

these options represent an investment of capital tunds which may not

generate a cuitzble corporate Tavel of roturn.  Thess cosh Sardaes
can weigh against and limit the adoption of new resource savings

equipment.

General Con<arvatian Toechnienas,

Minnesota is charactarized by a wide variety and number of
agricuitural processing plants. In general, no two plants are the
same either in terms of product line, capital equipment, plant
Tayout, financial or market position, water supply, or utility
costs. Each plant adapts itself to specific neads and requirements,
both technically and financially. It is, therefore, impossible to
detajl a framework for water conservation in a modern processing
plant. All plants require specific measuras and have unigue
constraints on technological feasibility and fiscal ability.

Conservation programs can be broken down iﬁto two very general
types, common sensa (inexpensive) and capital intansiva. Many
plants with conservation programs have found thet significant watar
and dollar savings can be attainad with minimal capital
investments. Some operations have reduced water consumption by as‘
much as 50 percent by simply instituting "good housékeepfng“

.



procecures, such as, fixing leaks and raplacing inefficieat

nozzles. Other gpurations have aot had as great a performance.
Hewever, all glants practicing commen sense conservation evantually
reach a point whare additional savings are going to cost money, and
in many cases the investment can be quits large. The redesign of
equipment or the construction of cooling towers and wasts troatmont
facilities entail sizable capital outlays. In most cases, these
decisions must be made on the basis of a thorough analysis of the
benefits and costs of each alternative and on the goals of the firm.

[

Water conservation approaches can he cemprehensive or pietemeal. A
comprehensive effort will be more thorough and efficient, but also
may be beyond the financial capacity of certain firms. A
step-by-step planning horizon may be the best approach for other
industries. However, all firms should be coenizant of th2 fart that
watar Qﬁa in the plant s Ciad dnte all olaer resource, capital, end
product needs. In this sense, all conservation efforts must be
comprehensive in order to be truly successful.

-

e Tollowing discussion Tists and expliains several major areas
whera consarvation programs can be {easibly instituted in procassing
plants. Thore is no

or can be implemented in all operations. Tney simply serve as
guidelires and water conservation "tips" for concerned audiences.
Tnese basic reccmmendations were developed at a conference on water
availability and conservation sponsorad by the National Canners
Association and the Canners League of California in 15377 (Xatsuyama,
1977). Given the scepe of agricultural precassing in Califormia and
their recent experiences with drought, this organization is highly
qualified to give gquod advice.

Recommendation #1 « Organizational Support:

A consarvation program must have the suppert of the entire
nrganizational structurz, from top managament to the factory
worker. Management must be willing to dedicate available financial
and manpower resources to implement the program. Workers must be
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r@tr&in%& and readucated to employ conservation messures in datly
operdtions. Gnce programs are instilutsd, they must continually be
followad up and supervised.

Recenwendation §2 - Water Surveys

One of the first requiraments of watzr ihe conservation prugram is
an in-plant water survey to locate water lines, water using
equipment, points of fresh water use, flow patterns, and water
discharge sources. Flows should be measured with water meters. A
survey helps to identify and quantify major water using processes
and can serve as 2 yardstick to moasure rosulés.

Recommendation #3 - Elimination of Waste:

A major step in the conservabion offort is the alimination of
unnecessary water and enorgy waste.  These wastes include:
unattended hoses, idle equipment with flowing water, excessive
errfiow, and leaks. Waste can in part be avoided through employee
education, the repair and maintenance of ecuipment, and the ourchase
of some new equipment. There are currently several valves and
nozzles on the market which zutomatically shut off the water supply
wien not in usa and 211miaate URnooEs3ary OVErt ICws.  Wasce
avoidance can yield significant water and dollar savings to firms at
a minimal expense. Also, procedures should be daveloned which
operate effectively with a minihum amount of water.

Recommendaticn 4 - Plant Cleanup Operations:

The sanitary requirements for all food processing industrios account
for a large percentage of a plant's daily water requirements.
Although proper sanitation is rigidly snforcad, both within the
industry and frem requlatory sources, it has been repeatedly shown
that good standards can be maintained with wuch less water than is
currently usad. Cne opticn Tor water reduction is to use brooms,
shovels, and scrapers to remove waste material from the floor,
rather than flushing with high volume hoses. 'A1though these tools
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have higher labor requircmonts and are loss convenfent, this mede of
cleaning can presont opportunities for walor reduction savings.

In cleaning cperations where hoses and sprays are raquirved, greater
cleaning and water ven efficienay can be achioved by using cquipment
that producas high precsure cloaning power with low voluoas of
woeare Hoses equipped wilh avtematic shut-offs can be used to
prevent hoses left running on the floor.

There are also potential savings available Tor systems which require
chlorinated belt sprays to control slice on conveyor belts. Rather
than have these sprays on continuously, the flow can be conuolled
with timers for intermittent water application. Thé frequency of
application s dictated by the type of product and the type of
belting., Similar cleoning and protection results con ba achieved

o e

N . | Yo g oy
with a much smallier wutor inpul

An additional method for reducing water use in cleanup cperations is
the continued developmant of equipment that is easily and

inexpaensivaly cliceneds  Less waeter is nosded to do a Gore 277

C?
e
L4
¢

job.
Recommendation 75 - Dry Conveyencs of Sulid Wasta:

Large volumes of water can be conserved whan solid waste materials
are handled with dry rather than {luid mothods. Augers, buckets,
pans, bins, hoppers, and floor scrapers can often be emnloyed with
efficient results. The dry handling or waste also substantially
reduces the organic strength of wastewater efflucnt from the plant,
imparting additional savings to the plant frem waste treatment
costs. A third advantaga to the use of dry by handling is that it
can heln promoto the more efficient recovery a valuable industrial
by-products. ‘

Recommendation 76 - Minimize Frosh Water Use:

It 1s vital that fresh water is usad to its maximum efficiency. A
great deal of fresh water is used in the plant for the washing of
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raw products to remova diry, debris, end contiminants. The key to
effective cleaning is not the voluma of water, but rather how the
water is applisd. Wotsy ecan be saved in washing procadures by using
high pressure vatvas and nozzles which reguire less water. Greater
efficiency can be achieved through the proper placement of spray
nozzles.

Proper @aintenanee is also important for minimizing water use. This
includes the replacement of broken pipes and nozzles, and upkeep of
general equipment.

There chould alse be n increassd axnloration into the use of
non-potable water for operations where thess is no likelihood of
food contact or adulteration or violatien of state and federal
guidelires. |

Rubber disc cleaning systems heve been shown to be extreraly
effective for peeling and for raw product cleaning of many types of
produce. These can be used to replace water driven systems. .
(Figure 2.) ‘ . ‘

Recormendaticn #7 - Water Transport of Products:

There should be continued development of dry or less intansive watar

using transpertation of the product within the nlant. In scme
instances, conveyor transport is more efficient than water flumes.

Where flumes are necessary, they can be redecigned %o carry the same
amount of product using much less watar.

Recommendation #8 - Recycle and Reuse:

In general, the reuse of water oifers the greatest avenue for
savings within a food processing firm. There are numerous odtions
for reusing water winich do not contaminate prcducts‘or Witaor
supplias and ara not in violation of stiata and federal sanitation
requiraments. |
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One xethed of extending the use of water in dump tanks, flumes, and
floed washers is to strictly requlata the replicement rates.

Another mathod far intonsifying walber use i to use fresh

rep tacament (makaup water) far vinsing products as it leaves the
systew and to use “reuse" water as the product enters the systaem.
This is espectally true in spray wash processas. Hany studiss have
shown that the majority of conlazminants on a product are removed
during the first third to half of the washing cycle. Minor
modifications te conventional washers can result in up to 50 percent
reductions in fresh water use within the system. This is
accomplished by limiting fresh water to the final spray rows, which
still assures product cleanliness and reduces water consumption.

The water from these final sprays can also be collected, screened,
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 precading wash or surge tanks. (Figure 3.)

This same type of process can also be used in spray cooler
operations. Clean water collected from the final section of the

- coolers is very clean, and can easily be reused in other production
systems without any tieatment.

This mathod of replecing frash water with clean waste water is knowi
as the counter flow reuse pattern. It can be adapted with several
modifications in many agricultural procassing plants. When fresh
watar is used in each individual procass the total water use rapidly
mounts up. When good quality waste water is reused in earliepr
stages the savings can be substantial. Figure 4 gives a simple

example of the nature of these savings.
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FIGURE 3
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FIGURE 4
SINGLE USZ SYSTEM © REUSE SYSTEM
* FRESH- ‘WATER L WASTE WATER FRESH WATER  WASTE WATER
50 GPM ——3 | FLUME | ——3 50 GP | . FLUME [~ 60 GP
5O GPM menc) | WASHER | iy 50 GPI 10 cm». VIAZHER | ¢
50 GPM—->| CCCLER S50 GPM . . 50 GPMY{ COCLER
TOTAL ' = 150 GPM (gallars par TOTAL = €0 6P
minute) ESAVINGS = SO GEM o
. ‘ o  (Katsuyama, 1977)

An additional source of reusable water is from evaporators, especially in
plants where products ara concentrated. Large volumes of ¢lean, warm water
can be readily reused in many processas. Special advantages can be taken of
the fact that the water has heen hgatit, * 5S¢ nw#ﬁadhev% iNustrated that warm
water is much more effective in raw prodqct washing. )
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Economic Incentives for Conservation.

Dua to the numercus interrelationships of water use with most food
processing plant operations, economic incentives for’water ’
conservation programs can be found in several different areas.: The
most immadiate savings for in-plant water reductisns is from the
decreasad cost of obtaining water supplias. Firms that rely on
municipal water supplies can probably reduce their water bills.
Also, communities supplying industry with water may witness
substantial benefits from not having to invest in additional water
supply capacity. Firms operating with private wells will also see
substantial cost savings in the form of reduced supply costs.

A second component of water conServation‘savings is energy costs.
Less water running through the plant means less enerqy is needed for
water pumping, civculation, and heating., Witk tha racent incraisas
in fuel bills, agricultual firms have found major rewards in Vinking
water conservation and energy conservation programs.

Another impetus for water conservation orograms is ranidTV
escalating waste trea*ment costs, both internally and for mnicipal
charges. Reductions in water use translate into reduced waste to be
created end reducad costs.  Although the reduced flow of waste from
a plant into a mmicipal waste treatment facility may have higher
concentrations of effJuents, increasad roncentwation surcharges will
usually ba far outwaighed by diminished charges on flow reductions.

Plants instituting an intensive water conservation program are
usually censcientious about reducing waste loads leaving the plant.
Due to the organic pature of mdst wastes leaving the plant, waste
material is often suitable for vsa in agricultural and industrial
inputs and products. Soray irrigation water, animal feeds, and glue
are only a few of the praducts of agricultural waste. Therefora,
reduced waste loads fro m watar conservation techniques lead not only
to reduced waste treatment costs but also to salable or usable

commodities. .
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In genera], a conqervatwon effort PL}WGS h~avi11 upon 1ncreased
efficwenfy in plant ooorat‘ons. This includes reductions in
spillage, waste of pwoduct, handling chargss, c}eanup time and
maintenance costs. Each of these improvements 1eads to decreased
costs in production. Given the competitive nature of the food
processing industry, cost reﬁuction can lead to incroazed profit
margins.

Water Conservation Cos%s.

The advantages of water conservation must be waighed againet th
costs of these programs. Decisions must ‘be made on an individual
plant basis. Although it is difficult to assess the costs and
problems of a program by génera1ization,,there are typically some
drawbacks to any canservation effort. These dncluder any capital

<equipment design ccsts, deprec1ation, and interest charges on

1nvested equ1pment. There are also the costs of ‘training and
education, better supervision and attention, and the potential need
for {ncreased labor inputs. Some firms have also had difficulty
with design problems, the need for more competent staff, and quality
problems assuciated with newly introduced systems or processes which.

could not tolapats Yrwer volumes of water. Plant o/dicials sust be

cognizant of these costs priur to program inception.

Water Conservation in Minnesota.

Water conservation dacisions are made un an individual plant ratner
thanr on an industry wide basis. In Minnesota, the major stimu]us
for water use rate renuctxons is increasvno ceosts or water supplies
and, m more 1mportant1v of waste treatmant. Random interviews were
held with sever-? gifferent food processors In the state to gét‘a
rough ar_roxfimation of what types of programs are being

imp)..aented. No effort was made to obtain 2 scientific 33“975 or tc
ge. in touch with representatfves of;a11 types of firm,.

Due to limitations in the survey technique, it {s difficult to draw
specific {nferences about the status Qr cangervation. SomL plants
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had devoted a lot oF Lime, effort. and maney to conservation
programs and felt it was worth the expen Other firms cuntutted

thaught consery vation was a good zdoa and were 1ntcres?pd in any
avaf1ab7e information. ‘ '

The most common source of information on new consérvation technology
or consarvation "tips" were 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 develeped from these interviews was
that only one firm had attempted to measure the dollar benefits of
conservation programs. Interastingly enough, this was the only firm
that became interested in conservation bacause of a federally
sponsored grant. The hasic industrial assumntion was that
conservation was 3 q00d investment. Although firms knew how much
water and enerqy was saved, they had not gone to the trouble of

calculating the dollar value of their efforts.

The following presentation is a brief synopsic of some of the
interviews held. The purpose is only to give a bare outline of some

of the conservation programs in effect in the state.

Interview and Interim Renort from Armor Enerav Conservationis® to
the Minnasota Eneray Acency.

In the early part of 1978, the Hinnesota Energy Agency sponsored one
full-time energy conservation positicn at Armor end Cbmnénvg a hog
processor, in South St. Paul.  The purpo;e of the project was Lo
illustrate that energy conservation measures could be instituted in
a large meat puacking plant which did not require engineering cr a
capital expenditure evaluatfon. The position was £illed at an
annual cost of $15,000 by a collage graduat2 with no prior
engineering or enerqy cdnservation expertisa. Ourint the first six
months of the one year project, 55‘energy conser.ation cpportunities
were successfully fmplemented for a projected annual energy)savfngs
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of $24,662. These consnrvation app?ication% 1nc1uded reduct1ons 1n
the use of hot watar, Tighfwng, powar, and the repawr of leaks and
fau1ty valvw ‘ : -

The first step the conservnt1onwut ‘took was to fam111ar1ze hxmse1f
with tha operutions, utwlwtios, ard arployees of the planu. This
included an understanding of product flow within and between
departments and the uti1ities, for their energy~conservati°n
importance and their safety ratings. Ah'énérgy checklist was also
created so that departments would be aware of which wastes to look
for and which cnes were priaritv wastes.

Another major step in the program was to set up‘prdcedures in which
the conservation specialist cou1d work effnctively with management,
supervisory staff, and plant emn?oy Energj washe insnnctvonc
viere inshitulod for all plant departments and are conducted at
random times during the week, including night shifts and,weekgnds;
Inspection teams of varying memberships tour the pTaht, note
conservation opportunities, notify appropriate departmént
supervisors, and cenduct follow-up inspections to insurn wastes are
aliminatod.  The conservation teams also Teave f]orescent energ/
wishe warning tags o {dantify enaecific ﬂnﬂv~v Hastes and
conservation opportunities. The tags are used to alert area
supervisors to waste, to show mechanics the location of ftems
requiring repair, and to insure compliance with conservation
projects already started.

The majority of the conservation effort in the p]ant'was for
"housekeeping® projects rather than for changes requiring capital
expenditures. The conservation work did not include detailed energy
cr water use surveys by department or by cperation. The major
effort was spent on corrocting waste rather than of measuring the
degree of waste. Quality, producvwmn, and safety were operatiecnal
factors that Timited consarvation 1mp1enentation. Water use
reductions in the plant reéu1»ad frem changing to more afficient
spray nozzles, turning off unnecessary rinses “and washes, the
elimination of water and steam TPaks, turning of f equxpment when not




in use, reduction of spillage, institution of faucet foot pecals,
repair of faulty valves and the use of more efficient cleaning
operations. The total estimated dollar savings for these water
reductions is $22,533 per year. This savings is based on an
estimated cast of 16 cents per thousand gallons of cold water and
$1.32 per thousand gallons of water heatzd to an average temperature
of 120 degress F.

Interview with Fre . h Fry Proceésor.

A large metropolitan french fry processor has reduced its water g
consumption from approximataly 600 gallons per minute {(gpm) four
years ago to about 280 gpm presently. About 2/3 of its water supply
is obtained from city supplies, the rest is furnished from private
wells. Because the well water has too high of an iron content and
harms machinary, well water is used only in the fluming operation
which bring potatces into the processing p1ant. The plant manager ,
felt this plant was below average in its water use when compared to i
national average. '

© ST

This plant processes institutional frozen frias. Most of the
potatoes are trucked in from northwestern Minnesota. They use
approximataly £2 to <3 tons of raw potacoes per day. ine plant
operates 24 hours a day, saven days a weak. ‘The plant uses
approximately 0.8 of a gallon of water per pound of french fries.

The following is a thumbnail description of the processing stages of
french fry production. Potatoes are trucked to the plant and are
stored in piles. The potatoes are then pumped into the plant with
well water through 2 flume. The skiﬁ is softened with 2 lye and
water solution, scrubbed off, and reclaimed for cattle fead
operations. Potatoes then pass through sevééal brusih washers, are
hand trimmed to remove damaged sections, and sliced into french fry
strips. The strips are pumped and Flumed to be inspec;éd, graded,
sized, and blanched it an average temperature of 160 to 130 |
deyrees. The strips are again flumed to a drier to remove surface
moisture and then 011 blanched in‘aﬂfryer;.,Thé Fina} procassing
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stages Includer  defatiing, concling, froering, nackaging, and
shipping.

Canservation Stone for tho Prepch Frv Procossor.

1'

6‘

Water for fluming potatozs into tha olant now camss fram both
fresh e recycled sources. Recyeled watay ia -creened and
clarified. This measure has cut the fresh water ~cquirements
for this process by 60 to 70 percent.

Potatoes are new washed with scrubbing brushes and water rather
than a total water wach. This has cut water use for washing

from 120 to 40 gpm.

A high pressurs claanirg systom has Sesn instituted in the nlant
1
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water than the old large vo]uwa hoses without nozz]es. The
plant is cleaned at least onca per shift. c1eanup now uses 2 to
3 gpm ueder 800 P.S.1. rather then the 10 gpm previously
reauirad.

Hater is recyciod from the eutting a25le and usad for Tluming

potatces to the shipping and grading process.

Blancher water is recycied for fluming strips from the
inspection stace to tue blancher.

ot

Additives required in the producticn process are now puinped
directly into the flume watar between the blancher and the
arier, vather than using a conveyor and water storage tank to
add the additives.

Rafrigeratar ceoling water is recyclad within the refrigeration
system. '

Host processes are water metered and have pressure regulators

. which control tha {Flow.




9. The water in the hla f‘éz:** weow il soon be cantealled By a4 Joxtrase
saalyzer which will aulosaticaily control S valume of witar
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W AT the wastes in the plant are flumed.  The wator s sernened
and ¢larified, the wastes arn r@muvﬁd Coroealtitie fead, andd the

water is recyclad dn the plant for 29 loag as it 1% of saiteble

quality teo be used in the operations. It is then releasad nto

the municipal sewage systom,

Interview With a Dairv Procossor.

A large Minneosta dairy firm has instituted a water conservation
systems in their plants. Their program is based more on
housekeeping and cormon sense than on canisal eauipment.
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municipal treatment of sewage. The piaﬁwﬁ Gave also been faced wth
large increases in the costs of ob® aining municipal water.
Municipal water is mostly used as a backup and/or supp lement to

A

their cvm wells. Tha nlants have a7c
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rom their consarvation pyojectis by dncrescing tha
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their operations and by increasing their procuct rocavery (.e
less product 15 going down the drain).

Within their conservation erfort, the firm has introduced water
saving, s2iv-closing, regulatad va’ for nozzle heads. Alsa, cow
water is reused for boiler feed water, condensers, refrigeration,
and cleaning. Although pre-rinse and final rinse watar is potable
in their cleaning aperations, cow watar (wabtsy recoverad frem mdlk
dehydraticn) {5 used in the {ntermediary stages.  The in=vlant
compaign including employes °dUCd;iOn, postars, turning off hogss,
fixing leaks, incrnasad awareness, delegatary roasponsibility to
supervisors.

Inferviow With a Sugar Seat Processor,

The sugar best industry in Minnasota operates an i{ntensive water
recycling program in its plants. [n one olant, water use has been
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Summary.

cut back to less than 100 gai?cnw purominute.  They oparate a fairely
encliosad waltar ond washe wabor trosfment system, with water being
rewsed soveral tisas in plant chorations, soreened, clarified,)
pumped out to Lolding and setili 4 ponds, brought back to sufficient
quality, end reused again. The mrjority of water lost in the system
is due to ovaporation and percolelion. Water is added to the system
from ratiwater that collicts in the pond system, maka-up water from

a private well system and water from the bests themselves. FExcess -
water from the recirculation system is used to irrigate alfalfa.

The agricultural processing sector of the Minnesota agricultural
economy puts a Jarge demand on watar resources for plant operation
and for waste assimilation. These demands can often tax local water

* N s B N S SO S L Lty .
"UUDTV’;“S and watimyr-ralated COMALT rmitoreat, A% a4 orosult, the

osts of obtaining and using water resourcas have bean increasing
dramatically. Many firms are now adjusfing their use rates of water
to comensate for increased costs and diminished supplies. This is
being dane throuch a copbinatinn nf innrvative tanhnnlngizal “
measures and the institution of =fficisnt water using dreceduras
within the plani. Cenersl conservation technigques include: 1) the
development O an organ Zacional soructure within the plant to
surveys, 23) 2liminaticn of

[]

accomplish conservation noals, 2 watay
waste, 4) efficient c]oan~p operations, 5) dry conveyance of waste,
6) dry product traasport, and 7) recycling and reusing as much water
as nossible.

Economic incentives for water veductions include decreased costs of
water supplice, wastie *rehtm:¢t, and energy. Other benefits are

.}

increased plant =fficiency, less spillage. and diminished wasta of
product. Costs of ccns:t.ation mrograms include design and
equipment charges, the costs of training and education, the need for
better supervision and attention, and the potential need for
increased labor inbuts. Tre advantages of wator conservation
te

projrams must be weighed aga1nst the costs of these efforts.
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Federal and state sanitary regulation and the current technologic

t'Y Q‘

need for water supplizs and atbitutoo, are the major constraints on

water consarvation imnlementatio

-

Voo Howewvar, meny food processing
firms have felt that water consarvation programs are worth the
expense and the problems. A sound conssrvation effort not only
decreases oparating casts, buv also can halp praleng water sunplies
and increase the availability of wator for other uses.

v. DOMESTIC WATER CONSUMPTION.

A.  Problems of Nater Supply_and Usa.

Water has generally been considered a free resource of unlimited
availabflity. This attitude was not questioned in past years, but
is one which cannot be afforded at mrcsent. Water supply problems
are not always cue to i lock of cufficiens s sumnly bub rathor
to non-uniform seasonal availabiiity and irreqular regional
distribution (Ruesink, 1978). Minnesotz is considered a
“water-rich" state but within its boundaries, areas of limited
supply exist and demand conflicts arica.  Tn additian tn dwacsht,
water supply problems may occur bacauze of cespunity arowth,
facility obsolescence, and capacity cons“raints (Great Lakes Basin
Commissien, 15/9). Watar supply is limited by competing us water
quality problams, and the cest of distribution ind trostment
(Sharpe, 1978).

This discussion of water supply is limited to municipal and domestic
use. Domestic water consumption is only an estimated six percent of
total water use in the United Statos. In Minnecota, residantia]
water withdrawal was 7.2 percont of the state'’s total withdrawals
according to Minnesota Energy Agency estimatss for 1376, Even a
dramatic cut in water use by households would add only a proverbial
drop in the bucket of available water. The reason that domastic use
can cause a supply problems is tne high concentration of domestic,
comnercial, and industrial demand, Munizipal svstems which show
high per capita use values u;ua?Iy also sarve some industrial user
(Feth, 1973). :
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A comasite diagram of municipal water use and wastewater output is
shown in Figure 5. Reduction of peak loads by shifting the time of
demand or reducing axcess dumend for wator, offers the potential for
reduced energy. Consumption and reduction or deferment of
enlargements to existing water works facilities {McPherson, 1978).

For reference in this discussion of domestic water use, the average
daily consumption for a family of four is 255 gallons. The
approximate breakdown of use categories is as follows.

Dishwashing 15

Cooking, Drinking 12 N
Utility Sink 5

Laundry ‘ 35

Bathirg 30

Bathroom 3ink 3

Toilet 100

TOTAL: - 255 Gallons

Variations fn this averase use value tend to corvalata with the aga

.

of the children 4n the family and the level of fnily inccma,

Reasons for Jdater Conservation

Water planning for the future traditionally has becn concerned
chiefly with the problom of scauiring and developing additional
supplies. Water conservution in water supply planning is a
relatively new idea, usually turned to only in times of shortage.
In 1972, when wastewater §low roduction was included in the Clean
Water Act, PL §2-500, water conservation became a formal part of
water management policy (Lattie & VYossbrink, 1977). In 1973, the
Presidents's message on natienal water policy proposed financial
assistance for states to incorporate rwier censervation into

planning activities.

The questions, "What is water conservation?" and "why does it
warrant so much attantion?" must be asked in Tight of the national
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interest it has gained. The term applics to a ayriad of water
management activities. Conservelion generally means the protection
of a resource from being used conpietely. Efficiency refors to the
procrtion of a < sired effect without wasta., With this differcnce
in mind, a water conse.'ration progrzm for Minnesota should be
efficient use/anti-waste ra“her than a puraly conservation/anti-use
cempaign. Efficient water us2 is5 a tool which must !2 employed in
managing Minnesota's water resources.

The benefits which are {mplied in a discussion of the water
conservation are decreascd demand end eaviromnental preservation
(Great Lakes Basin Commission, 1978). More specifically, if the
demand for water on a public water supply system is reduced, the
change will: 1) free presently develonzd suppiies for other
purposes; 2) prevent o delay the construction of cosily watar
supply and trestoent fecilitden; 3} dogronss tha anount of enorgy
needed for pumping, treating, and heating water; and 4) reduce the
required capacity for future wastewater treatment plants (U.S.
Comptroller General, 1978). ’

In contrast to the secming Yanduognn of aopularitly which water

wi e

conservation s recedyir-, apassition dong exist 1o zlmost svery
option which can be preposed.  People who are served by their own
wells might argue thao their water is free, in spite of the fact
that energy bills may be reducad when Jess hot water is used and
lass water pumped. Municipal sysizne can b2 hurt financially if
water demand drops. Minneapolis recently zpplicd for a rate hike in
December of 1978 pecause the water consumpiion dropoed, thus
reducing the amount of meney paid to the walzr works.

Conservaticn measures musk be appropriats for the individual supply
and the circumstances. luplementation of conservation strategies
might be accompiigh@d with woluntary or coadatory participation,
Two sets of conservition moasures might se dovaloped, one for
drought conditions and cnc for normal pracipiiation. A water
conservation progrum could include any nurher of the following
st%ateg1es:




Figure 6. CONSERVATION STRATEGIES

Information/Education

Water Saving Devices
Metering

Pricing

Leak Monitoring and Control

-egislative Measures
kater Management Planning

Each of these items will be described and their feasibility will be
discussed in the following section.

Formors of water conservoiion policy should rocognize thalt wator
conservation is a management tool applicable at all times and in all
areas of the country.  To associate water conservation too closely
with drought is a mistake. /An even larger error would be to treat
raduction I wrtor desand as i soparate issue uareldiad o ulher
significart a1turll roscarce avoblens, such a5 water podlution and
eneray consumntion (Sharns, 19733). Extarnal influcncas in the forn
of federal leqisiaston, regional planning, and public pressure are
promoting conservaticn of ail natuyral rescurces fo the point at
which conservation must become a factor in a utility's overall
planning (JA4WA, 1573,

Ontions for Procrms.

For a long-term, continuing program, the qoals are fairly Yrozd;
increased public awarensess of the nature of domestic water syvirply
system and the complaxity of tha probiems they face i{n meeting the
demand for water; recognition of the desirability of water
consarvation; understanding of econcmic and other cgsts and
consequences of 3ltarastivas to water csn;gfvgtfﬁﬂ; and perhaos
other areas of concern to individual water supply regions (Lattle,

1977). These goals are important reqardlass of whathar the move
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Ctoward efficient water use is made for a water supplv system or a
community of private well owners. In order to implement a program,
the amount of domestic water consumed must be Ynown :ind consumers
must he 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 censervation strateay.

An example of 2 conservation program with a realistic scope was
carried out in Dallas, Texax. The program was directed at the
high-usage residential consumer during summer months. The
chjectives were:

1. To lower average residential consumption with respect to levels
experienced {1 previous years under similar weather conditions.
- " ,i% . .

2. To lower pakkoheur end madimumeday domands on the traatmenl and
distribution system (Rice & Shaw, 1978).

A basic and perhaps the single most effective tool used to promote
general watar consaryatian copcznts i oducotion and information. A
large amount of printed material has bSesn generated during the past
few years describing domestic water conservation meacurns In the
form of pamphlets, water bill inserts, and reprints of journal
articles. A Vst of sanpla literzture and the sponsoring agencies
is provided in Appendix A. In most cases, the pamphlets describe
water saving measures and davices which are easily installed. An
exammie of the "helpful hints" to halt water waste {s shown bolow in
Figure 7.

£

i

Figure 7. TEN TIPS TO HALT HOME WATER WASTE

The public can save millions of gallons of water every day by following
simple conservaticn practicas. The American Water Works Assaciation
gives these ten basic tips to combat watsr waste {n the home.

1. Check every faucet for leaks. A slow drip wastes 15 to 20 gallons a
day.
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s g e - - B T v




60

10.

Put a bit of foud coloring in the toilet tunk to sec if it ie
leaking into the bowl. Leaky toilets are among the home's worst
water wasters,

Do not use the toilet to flush away tissues, qum wrappers, et

butts, or other scraps. Every €lush uses 5 tn 7 gallons.

[Fe]
\»l

Do not shower too long or fill the tub too full. Five minuto for
showering and about five inches in the tub is plenty.

Do not leave water running for tooth brushing, hand washing,
vegetable cleaning or dish seraping. Use only what is necded, th
turn it off.

Use dish and clothes washing machines with full loads only.

Lo not let the Taucat rvun for a cold drink. Xeep a Jug of waiter
cooling the refrigerator.

te

en

Water the lawn and garden with good sense. Do 1t early or late, not

in mid=-day heat. See that thz water goes where it should, not on
sidawalks and driveways. 0o not lzave sprinklers on too iondg.

.}

Never use the hcse to clean off driveways and sidewaiks. A broom
much better,

Wash the car from a bucket. Use the hose only o webl down hefore
and rinse off afterwards (From the North Central Breeze, 1577.)

Water saving devices are generally .npxppnaive and Tong lasting.

Tha key to their success is that they are installed withoub s:lor
disruption in water-usae habits or lifestyle (Fletcher Sharpe,
1978). The target appliancas ars 311 the major water users:
toilets, faucets, showers, washing machines, and dishwashsrs.

g

15

Figure 3 summarizes tnhe devices which are used 10 reduce witer wasts
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Aopliance

Toilat

Faucet

Shower normally
5-10 gallons/min.

Water Consarving
Aopliances

Figure 8. WATER SAVING DEVICES

Device

9 e vmmasontn.

Plastic bottle, plastic
dam, balleock

Duel flush modification

Water saving toilets

Aerator

Spray tap

Flow control
(orifice restrictor)

Shower heads

Smaller automatic
dishwashers

Washing machine

Feature

Displace water in the tank
used for flushing

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 gallons/minute

Smaller load

“Suds saver®

Examles of the amounts of water which can be saved using waste
mp

conscious methods and water saving devices are shown in Figure 9.

An estimate of *he effsctivanzss of these devices and aducation of

e 57 «

- consumers by voluntary installation is generally 9 to 10 percent



Normal Use

Figure 9.  NORMAL WATER USE VERSUS WASTE CONSCIOUS USE

Water Conscinusg “Use

Shower

Toothbrushing

Tub bath

Shaving

Dishwashing

Automatic Dishwasher

Toilet flush

Hand washing

{Compiled from American Water YWorks Assuciation and the 0ffice of Water

Water running

25-50 gallons

Tap running
10 gallons

Full
36 gallons

Tap running
3-5 gallons

Ten running

30 gallons

Full cycie
16 galions

5-7 gallons

Tap running
2 gallons

Wet down, soap up, rinse

5 gallans

Wet brush, rinse briefly

0.5 gallons

Minimum water level

10-12 gallons

Fi11 basin
1 gallon

R N s Lol Y
a.&.,ub} L4 oranta

5 gallons

Short cycle

7 galions

Tark displacemant or half

flush devices
3-5 gallons

Fi11 basin, rinse briefly

1 gallon

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

reduction in water consumption {Consumer Renorts, 197

result is direct, nermanent,

consumers.,

Projections for uti
' if a1l households are given bottles or dams fur toilets and shower
flow restrictors, and only 2 percent actually use them, the program
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will pay for itself fn enerqy savings alone in 10 years (Sharpe,
1978a). ‘

Direct enerqgy savings from wabter use reduyction include reduced
pumning costs, raeduced water heating costs, and reduccd operating
costs for wastewater treatment. Becavse hot wator use is the second
greatest consumer of residential enercy (aftor home heating),
conserving hot water can reduce energy consumption significantly
(Fletcher & Sharpe, 1978). Indirect encrqy savings are decreased
production of chemicals used in treatment processes and savings from
not constructing additional water and wastewater treatment
faciiities (Great Lakes Basin Commissicn, 1978).

Pennsylvania State University and Gettysburg Cc11e§e installed
shower flow controls at costs of $15,000 and $5,000, respectively,
to yield estimated total savings of 51C0,00Q and $12,000 per year.
Calculaticns have also shoun thabt the hysvaulic 1ive of scwage
treatment plants can be extended whers a modest conservation program
requiring water-saving toilets in new construction is initiated
(Sharpe, 1978b). Sewer overflows were the reason that the
washington’Suburban Sanitary Commission van the successful Cabin
John pilot study in 1972, which demenstrzted thot waler consarvation

could overceme sewer Vimitations [(Bickarm 1975,

Water use reduction by people using individual azerobic septic
systems does not rasuit in appraciable cost savings, but operational
problems associated with wastewater surges from home applicances are
substantially reduced (Bernnett, 1375). lhen plannirg for
construction of an on-site system, changes in design characteristics
could be made to accommodate the estimiated seven percent reduction
in sewage flow due to water conservation practices (Fletcher &
Sharpe, 1978).

Metering of water consumption is a third possible strategy in the
development of a water conservation program.  Withcut total metering
of water consumption in a community, only a flat rate for waier use
can be charged. The recent federal position paper on water
conservation appears to place heavy emphasis on pricing as a means
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to achieve reductions in watar demand. Any pricing schemae other
than a flat rate would be based on metered usae (Sharpe, 1973a). The

other pricing schemas and their offect on water use will be
discussed later in this paper.

The initial cost of meter installation may be high and reduction in
water use only temporary (Fletcher & Sharpe, 1973). The cost
effectiveness of moving to the metering of all unmetered supplies is
a difficult management consideration. Water use may be divided into
required and discretionary use categori $. Most sources agree that
metering and even restrictive rate structures have Tittle efféct on
requirad water use (i.e., that water needed to sustain Jife and
manufacture goods). On the other hand, discretionary use is
sensitive to metering and somewhat sensitive to price structure
(Cornell, 1978). One author concludes the following points to be

-

considerad in line with motaring:

1. Metering may not always be justified.

2. Metering is less justified holding other things constant in
communitiac with dacldndnn cormglartans Yhan in communitias with

stable or growing populetions.

3. The correct choice of pricino is crucial to the success of
"763\,...‘.“‘3, SoinIoorLLd Chvids diusiiuy d»»)tnj potenuial
efficiency gqain, .%o actual efficiency losses (Coelen, 1975).

Metering in gro\an municipalities is important in controlling
growing demands on the copecity of mumicipal water supplies. It
also allows water rates (n be chargad cquitsbly-=those larger or

~peak users on a system could be charged more for their water
according to the conservation perspective. A1l water pricing
schemes except for the flat charge require metering. In Minnesota,
23 percent of a1l municipalitics use the flat charge rate structurs
(Gardner, 1977). In addition to those consumers, roughly 20 to 25
percent of the étate's domestic water 15 s=1fasupplied, thus
unaffected by water pricing.

v

water pricing options are the flat charga, uniform pricing,
declining block, inverted block, peak load pricing, and seasonal
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pricing (GLBC, 1978). The pricing structure which is simple to
administer and creates an incontive o conserve is uniform pricing.

As water use risos, <o will the water bill.  Block pricing salls
units of water at a gradation of cost. The inverted block raises
that cost with every step increase in consumption, thus encouraging
conservation.

In order to make pricing an effective municipal water conservation .
tool, rates would have to be raised significantly above current
levels. Consumer resistance to such rate increases will definitely
occur. However, W. E. Sharpe (1978a) states that "the altering of
rate structures to a wore equitable basis, the use of marginal cost
of the pricing where pocsible, and making customars pay the true

cost of the water they are served are reforms long overdue in the
water business."”

Another application o7 wetering 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 "unacrounted far water consumntion {DoAsment, 1975).  The
cost effuctiveness of a leskage detecticn program depends on the
estimated amount of weter loss due to Teakane, the time the leak
would go unnoticod without a detection program, hydrological
conditions, local watzr rates, and the cost of finding and repﬁwr1ng
the leak versus the value of the lost water. In a large portion of
Minnesota where ground water is the source of supply, the leaked
water re-enters the aguifer. Although cost of treatment and pumping
is lost, leak datection may not be considered useful in this
situation (U.S. Comptral ler Goeneral, 1978). Once undertaken, a leak
detection progrum is o rogular comvonent n water waste reduction
because it is implementod by the water works and does not rely on a
high level of public tnicrest as do the eductional approaches
(McPherson, 1978).

Conclusions.

A report of this nature can only look at existing theory, methods,
and the relative success of water conservation programs in order to
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make recommendations for Minnesota. The effectivencess of a water
conservatioa stratogy, composed of any nurber of the alements

described, depeads upon consumer acenptance.  “Ab the consumor's
fevel, aducatinn, incuan, inconvenience, and total costs are the
maje, variables affecting doemestic water conservation and
installation of Mlow reduction devices" (Shaafer, 1975).

Examples of succass stories in nearby states are seen in Illinois

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 Il1linois, a low key approach was adopted by the
state. Steps taken in their program are:

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

2. Distribution of pamph1ets‘on water conservation.
3. Communication with retail associations such as the hardware
retailers (GLBC, 1977.)

Other activities which are precently being carriad out or considared
are:

1. Setting an example in stata agencies.

2. Ectebalishing community demonstration programs in four or five
small communities.

3. Amending state plumbing codes.

4. DPeveloping curriculum materials on wise water management for
e¢lementary schoois.

5. Adoptnn? nnw 1pg slation for water management in critical areas
GLBC, 19

Another example of a low key approach which might be apporopriate for
Minnesota includas the following water ¢onservation alements

1. Code requirements for water saving toilets in new construction.
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o Distribution of water saving deviges for retrofit in existing
hewmes, pessibly at no charge to ¢u tomers.

iry, comumercial, institutional, and in-hous2 conservation

The resource conservation ethic, energy costs, and waste treatment
Tmitations should act as iaczntives in Minnesota without regard Vor
water price considarations. Contingency plans for water shortage
periads should be developed by municipalities, outlining public
information programs, and the priorities for Timitation of
discretionary water use.
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APPNDIX 5.

Anerican Water Works Assaciation

FY o B o *
senver, Coiorado

State of California _

Department of Water Resources

Metropolitan Water District
of Southern California

Ny e a
Los ~ngaies, CA

Denver Water Denartment
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Qakland, CA

IMlinois

[nteragency Water Management/
Conservation Committee

Springfield, IL

i1linois Dept. of Transportation
- Jivision of Water Resources
Chicago, IL

Madison Water Jtility
Madison, WI

/
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5 Basic Ways to fonserve Water

”~

Je a Leak ":eker

25 Things You Can Do to Prevent
Water Wasta

By the Dawn's Early Light
(sprinkling)

Water Conservation at Home/Why to
- Where to - How to

The Story of Water Supply

Water Conservation
How Saving Water Saves Energy

44 Ways to Be Watar Wise
Fiim - Water Follies.

Project Water
ESMUD Water Conservation
Education Program

Water Concervation

Wise Water Use, A Curriculum
Supplement for Teachers

Wise Water Use is Good for the
Systam

Water Conservation at Home - A

Guide to Effective Water Use
Indoor - Qutdoor



APPENDIN AL (CON'T.)

Missouri Making the Most of Water

Department of Natural Resources

National Water Well Association Water Consarvation in Your Heme

Warthington, CH

U.S. Department of Aariculture Water Conservation Tips for

Soi1 Conservation Service Stretching Water for Yards and
Gardens

U.S. Department of the Intarior Water and Industry

Geological Survey Water Use in the United States

Technology Transtaer Waler Reccareh Cansule Qeport
0ffice of Water Research
and Technoleqgy

Water Concervation Davices
Residential Water Conservation

Washington Suburban Sanitary Commission A Customer Handbook on Water

Hyattsville, MD Water Saving
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