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WELCOME TO SYMPOSIUM

K.M. King1

Chairman, Department of Land Resource Science, Ontario Agricultural 
College, University of Guelph.

I’m pleased to have this opportunity to welcome each of you 
to the seventh annual symposium of the Department of Land Resource 
Science. The series of symposia was started in 1971, the same year 
that the Department of Land Resource Science was created from the 
former Department of Soil Science. The symposia have been held to 
further the teaching and research functions of the Department in its 
multidiscipline activities in Soil Science, Geology and Agrometeorology. 
Faculty and students in the Department have diverse interests and we 
try to develop symposium topics which reflect our broad concerns for 
use and management of land resources and provide a stimulating way to 
learn more about a particular subject.

The titles of the six symposia held so far are as follows:

1. Classification of Soils and Sedimentary Rocks
2. Nitrogen in Soil and Water

3. Microfabrics of Soil and Sedimentary Deposits

4. The Physical Environment of the Hudson Bay Lowlands

5. Metals in the Biosphere

6. Modelling Climate-Plants-Soils

Copies of the proceedings of some of these symposia are still 
available.

Our usual practice is to invite speakers from outside the 
University to participate along with a few from the Department and to 
provide plenty of opportunity for discussion. Funds to meet a part of 
the expenses are provided by the Visiting Speakers Fund of the Office 
of Graduate Studies.

I’m not sure of all the reasons why the topic of irrigation 
for food production and waste disposal was selected ahead of other 
possible topics, but, it certainly is of current interest to us. 
Irrigation for food production has been an accepted agricultural 
practice in the more arid parts of the world for thousands of years. 
A question for us to consider today in relatively moist Ontario, with 
our increasing land, fertilizer and energy costs, is, what is the role 

1
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now, and in the near future, for irrigation for food production? 
Actually in the Department there has been little research done on 
irrigation for crop production, per se, but a considerable amount of 
work has been done over the years on associated topics essential for a 
practical irrigation program. In 1952 Professor Webber with 
W.L. Pelton set up an irrigation experiment on an orchard grass-ladino 
clover pasture and, measured production values over the next few years. 
Other work has been done in the Department on water-holding capacity 
and infiltration rates of soils; on evapotranspiration measured from 
crop surfaces, on agrometeorological methods for estimating water use; 
on probability of rainfall and irrigation need; on modelling of crop 
growth and production under typical seasonal variations of soil 
moisture; on resistance to movement of water through plants; on the 
effect of plant water stress on photosynthesis and growth and the 
variations between species and cultivars on their resistance to 
moisture stress. We will hear more about this research as we proceed 
through today’s presentations and all bear on the irrigation question. 
Toward the end of the afternoon, in the discussion period, we might 
try to assess the place of irrigation and the best method to irrigate 
for food production in Ontario.

Tomorrow, we’ll continue to discuss irrigation but the 
emphasis will be on irrigation for waste disposal. Again I mention 
Professor Webber; he has for many years been a leading adviser in 
Ontario on the problem of wastewater disposal. The Department has 
considerable interest and involvement in disposal of agricultural and 
urban byproducts on land areas. The wastewater disposal problem differs 
somewhat from that of food production because instead of getting the 
most from a limited amount of water the task is to dispose of a large 
volume of water, containing potential pollutants, on as small an area 
as possible. Some factors are common such as estimation of infiltration 
rate and evapotranspiration, but, contamination of the surrounding 
area, degradation of the soil being irrigated and build up of toxic 
materials in the soil adds to the difficulty and challenge of the 
practice. Fortunately, we have speakers with considerable experience to 
discuss these problems and I look forward to their presentations.

Finally, then, on behalf of the Department of Land Resource 
Science I welcome you to this symposium on Irrigation for Food 
Production and Waste Disposal. I hope you'll find the discussions 
stimulating and worthwhile and I trust you’ll not hesitate to make 
comments or ask questions as we go along.
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IRRIGATION USE IN THE HUMID REGION1

1 Contribution from the Department of Land Resource Science, University 0
of Guelph, Guelph, Ontario, Canada.
L.R. Webber, Professor, Land Resource Science, University of Guelph, 
Guelph, Ontario.

L.R. Webber2

SYNOPSIS

Supplemental irrigation of agricultural crops in the humid, 
sub-humid climate of Ontario is not practiced to a significant extent, 
except for speciality crops such as tobacco and vegetables. However, 
there is a growing interest in the land application of wastewaters as 
a viable alternative to the conventional treatment plants that 
discharge their effluents to receiving streams. Wastewaters when in 
contact with most soils undergo a purification process that includes a 
reduction in biochemical oxygen demand, removal of nutrients and many 
microorganisms, and the immobilization of many metals and compounds.

PERIOD OF OPERATION

Obviously, the renovation of wastewater by soil and the 
plant requirement for supplemental moisture will be greatest during 
warm weather associated with the growing season. Within this time 
frame, plants absorb the greatest quantity of compounds in the waste or 
those compounds released by biodegradation.

In deciding to use surface, ground or wastewaters for 
irrigation of agricultural crops and vegetables, one should consider:

1. the frequency and duration of dry periods during the growing 
season in the area;

2. the cost, availability and durability of the water source; and

3. the potential economic return; the increase in crop yield and 
monetary return in relation to capital and operating costs of an 
irrigation system.

2
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Moisture Deficiencies and Scheduling Irrigation

Regional moisture deficiencies have been calculated for 
Canada using the Thomthwaite method, (Chapman and Brown, 1966). In 
using this method it is assumed that a soil holds 10 cm (4.0 inches) 
of water available for crops within the rooting zone. The 10 cm value 
is a reasonable approximation for medium to fine textured (loams to 
clays) soils but overestimates the volume of water retained by a sandy 
soil. In most cases, potential evapotranspiration estimated by the 
Thornthwaite method exceeds the precipitation during the growing 
season. A moisture deficiency is said to occur when the seasonal 
evapotranspiration exceeds precipitation by the 10 cm soil storage 
value. The average annual deficiency is zero throughout eastern 
Canada, except for southern Ontario and varies from 2.5 to 25 cm in 
the Prairie Provinces and from zero to 40 cm in British Columbia.

Use in Guelph Area

Figure 1 is a plot of the relevant climatic data for Guelph, 
Ontario which shows mean monthly temperatures, monthly precipitation 
(P) and the calculated potential evapotranspiration (PE). For the 
Guelph region, potential evapotranspiration exceeds precipitation in 
June, July, August and September. The excess of PE over P amounts to 
3.7 cm (1.5 in), 3.7 cm (1.5 in), 2.5 cm (1.0 in) and 1.0 cm (0.5 in) 
for June, July, August and September, respectively. It is the 
magnitude and duration of a drought that determine the need for 
supplemental irrigation in the Guelph area.

It is during the June to September period when most waste
water should be applied to land because:

1. plant use and evapotranspiration will be at maximum values;

2. plant growth is most active, especially if the disposal area is in 
a grass mixture and is mowed once per week;

3. The application of 5.0 cm (2.0 in) of wastewater per week plus an 
average precipitation of 1.0 cm (0.5 in) per week, in the Guelph 
area, is not likely to contribute excessive amounts of wastewater 
to the ground water; and

4. most of the applied wastewater plus precipitation will be used as 
evapotranspiration.

In the Guelph area, one may reasonably expect to get 10 to 
12 weeks of suitable weather for wastewater disposal which means 50 cm 
or 5 million liters of wastewater on each hectare of land used for 
disposal.* Actual practice has shown that disposal may not begin in

* 50 cm is approximately 20 inches; 1.0 gal/acre = 11.2 1/ha; 5 million 
liters/ha is about 0.45 million gal/acre.
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Figure 1: Climatic data for Guelph, Ontario.
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June, may be suspended during any period when rainfall is above the 
average and may continue into late September and part of October 
depending on the weather conditions for any specific year.

We must remember that the Thornthwaite method for calculating 
potential moisture deficiencies has been in use for many years. A 
group of subsequent speakers will up-date our thinking on the need for 
supplemental water and whether we calculate an amount to add or whether 
we ask the plant. All of this is conditioned by the method of 
application, can a scheme be engineered and is it economical.

SOIL CONDITIONS

The rate of chemical and biological reactions in soil are 
functions of soil physical properties and often determine the 
suitability of a site for surface applications of wastes and their 
subsequent biodegradation.

Physical Conditions

A soil with 40 to 50 percent clay normally represents a site 
with very slow movement of water, often restricted aeration but an 
enormous capacity to hold and retain plant nutrients. On the other 
hand a sandy soil permits the water to move through without adequate 
retention time for water renovation; it may be excessively aerated, 
droughty and have a low capacity to retain nutrients.

Surface infiltration, the entrance of water at the immediate 
soil surface, determines that fraction of the applied water or rainfall 
which enters the soil and eventually percolates downward to reach the 
ground water. Infiltration Is restricted in clay soils with poor 
unstable structural units. Field experience has shown that when 
surface clogging occurs, the problem may be removed in part by allowing 
a period of several days of drying. It is believed that biological 
activity in the soil effectively disintegrates the organics causing the 
hydraulic Impedance. A cover of mature grasses results in higher 
infiltration rates than a cover of gravel or even leaving the soil bare 
and exposed.

The permeability of the most restricting sub-surface layer 
often determines site suitability. Severe limitations are imposed when 
the permeability of the most restrictive layer is greater than 50 cm/hr 
as in sandy soils or is less than 0.5 cm/hr which could occur in soil 
layers showing excessive compaction, high clay content or intensive 
cementation from such soil constituents as iron oxide. An acceptable 
permeability rate would be 1.5 to 15 cm/hr particularly if the soil 
contains adequate clay and organic matter to retain elements and 
compounds. Basically, applied wastewater must be retained in a soil to 
allow renovation by biological activity and plant utilization of the
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Erosion and runoff from waste recycling sites may transport
organics, plant nutrients and sediment to bodies of surface waters 
such as streams, ponds or lakes. All of these materials contribute to 
a degradation of water quality, low oxygen levels, fish kills, the 
growth of undesirable vegetation (algae and weeds) and poor recreation
al facilities.

When we apply irrigation water or wastewaters, it is
important to know when, how much, how and why. Another group of 
speakers will outline their concern for groundwater supplies and 
quality as well as the very broad area of soil properties and how they 
affect the success of an operation.

HEALTH HAZARDS

The disposal of wastewaters on land and the subsequent
re-use of the water after passing through or over soil and the 
consumption of certain crops and vegetables by humans introduce 
hazards in the transmission of organisms that may cause a disease or 
other type of infection in a consumer. It is important to note that 
the occurrences of these diseases or infections in Canada are 
particularly infrequent due largely to improved sanitary conditions, 
water quality control and the use of vaccines. However, a person may 
contact a viral infection by ingesting food or water and not develop 
the characteristics of the disease but at the same time he may be an 
effective carrier and transmit the disease to others who in turn 
develop acute symptoms of the disease. It has been demonstrated that 
disease-causing organisms do survive in water, foods and soils for 
varying lengths of time and can infect a consumer by direct contact, 
consuming food or water and probably other means of transmission.

Numerous reports indicate that many soils effectively
deactivate fecal coliforms and other organisms after water has moved 
through one to several meters of soil. The retention of microorganisms 
in soil may be caused by a physical entrapment or by adsorption on clay 
and organic matter as is the case with viruses. Viruses do not 
reproduce outside a living cell of their host. They may however, 
survive while adsorbed by clay or organic matter and induce an 
infection once they have been removed from the adsorbing medium.

Sewage, effluents, sludge or septic tank pumpings pose a
serious health threat to humans when discharged in an untreated state 
to receiving waters or spread on crop-producing land. Raw wastes 
should be treated and disinfected or spread on land and incorporated 
immediately. On land used for the disposal of raw sludges, at least 
one year should elapse before cropping with vegetables for human 
consumption.

Precautionary measures must be considered when applying 
organic wastes such as sludges and wastewater liable to be contaminated 
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by enteric pathogens to land. Amounts or volumes must be considered in 
relation to soil texture - small amounts on coarse, highly permeable 
sands. No waste that has a probability of infection should be applied 
to land that has a direct contact with water supplies - the farther an 
organism has to move in a soil, the greater the chance that it will 
not survive. While disinfection with chlorine is not an effective 
means for eliminating the potency of many organisms in sludge, it is 
an effective means for treating wastewaters before land application.

Apparently, there is little concern about the possibility of 
viruses entering a plant by its root system, but a real concern exists 
about the pathogenic organisms that may collect on the surfaces of 
crops and vegetables when irrigated with contaminated water. This 
topic will be adequately covered by feature speakers at this symposium.

Aerosols are very fine droplets of water capable of transport 
and dispersion by wind. These airborne particles may transmit viruses 
and bacteria that could infect humans when the organisms are inhaled 
and penetrate the lungs. Guest speakers will discuss in detail this 
topic later in the program.

PUBLIC REACTIONS

Wastewater is one waste generated by people and by industrial 
activity in the course of providing a product or service to meet the 
need of the people. Often these same people object to the land 
application of wastewaters. The need to obtain public acceptance of a 
land disposal scheme is highly desirable, in fact the Ministry 
provides the public with ways and means of open discussion of a disposal 
scheme early in the planning stages.

To overcome the problem of aethestic and psychological 
objections to the land disposal of human and industrial wastes, the 
proponents of the operation must ensure the public that:

1. the site is wholly suitable in terms of location, soil conditions 
and capacity;

2. expert management will be employed and a complete adequate 
monitoring program will be enforced;

3. only treated wastes (digestion, aeration, chlorination) will be 
applied to the land; and

4. the hazards of viral or pathological infections are minimal.
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A COMPARISON OF IRRIGATION REQUIREMENTS ESTIMATED FROM 

CLIMATIC DATA AT SELECTED SITES IN SOUTHWESTERN ONTARIO

AND WESTERN CANADA

W.K. Sly1

1 Meteorologist, Chemistry and Biology Research Institute, Research 
Branch, Agriculture Canada, Ottawa.

SYNOPSIS

Maximum supplemental water requirements for perennial crops, 
based on daily temperature and precipitation, were estimated for each 
year in the 1941-70 period for six localities in Southwestern Ontario 
and for four localities in Western Canada where irrigation is 
practiced. Irrigation requirements were much less for Ontario stations 
than for those in the West by a ratio of 1 to 2.5 for light sandy 
soils and a ratio of 1 to 4 for heavier soils. In both cases 
irrigation requirements increased as the water holding capacity of the 
soils decreased. The increases in the requirements were much 
larger both in actual amounts and as percentages at the Ontario stations 
showing them to be much more sensitive to soil type than the require
ments estimated for the West. The data suggest that irrigation might 
be financially viable in Ontario if it could be used on soils with 
a relatively small capacity for plant available water, and with crops 
so valuable that losses due to insufficient water could not be 
accepted more than one year in ten.

INTRODUCTION

Wilcox and Sly (1974) used information on irrigation 
obtained from the Okanagan Valley in British Columbia to develop an 
irrigation scheduling procedure requiring only information on the 
capacity of the soil for plant available water (AWC) and daily weather 
information as input. Using this procedure with historical weather 
data it is possible to estimate supplemental water requirements on a 
monthly and seasonal basis for previous years and, assuming normal 
distributions, estimate probabilities of occurrence of the requirements 
of various amounts of supplemental water.

Although the development of the scheduling procedure was 
based on data and experience gained in British Columbia there is no 
apparent reason why it should not give satisfactory results when used 
with soils and climatic data for other regions in Canada where
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irrigation might be beneficial. It seemed reasonable, then, to apply 
the irrigation scheduling procedure to the data for selected sites in 
Western Canada where irrigation is practiced and to the data for sites 
in Southwestern Ontario and compare the results in order to draw some 
broad conclusions regarding the possible need for irrigation in the 
latter area.

DATA AND PROCEDURE

Data

Daily records of climatic data for the 30 year period 
1941-70 as provided by the Atmospheric Environment Service’s # 4 data 
cards entitled "Summary for the climatological day" (1941-1975) were 
obtained for the four stations in Western Canada and for the Ontario 
localities listed in Table 1. In the case of Woodslee, only the 29 
years of records for 1947-75 were available and these were used.

Table 1: Growing Season Averages 1941-70* for selected Western Canada 
and Ontario Stations.

Station Start End Length Rain PE

(days) (mm) (mm)
Kamloops 791 301 222 151 817
Summerland 84 302 218 178 716
Medicine Hat 99 297 198 252 734
Swift Current 110 298 188 249 660

Western Avg. 93 300 207 207 732

Belleville 103 304 201 467 639
Guelph 107 299 192 469. 646
Vineland 101 309 208 258 637
Delhi 102 304 202 526 670
Woodslee 97 307 210 499 714
Harrow 97 309 212 485 721

Ontario Avg. 101 305 204 484 671

* Woodslee data is for 1947-75.
1 Days are numbered from January 1=1
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Procedure

In using the Wilcox-Sly scheduling procedure a daily soil
water balance is kept throughout the growing season with water lost 
through consumptive use by the crop, runoff and deep percolation being 
bananced by the plant available water in the soil at the beginning 
of the season and the rainfall throughout the season. The procedure 
is designed so that sufficient water is always available to keep the 
crop transpiring at its potential rate. The actual water loss from 
the soil then is estimated by taking the product of the potential 
evapotranspiration (PE), regulated primarily by the energy available, 
and the consumptive use factor (CU), determined by crop characteristics. 
PE is generally not directly measured. Its estimation is discussed 
thoroughly by Baier (1971) . For this study PE estimates were obtained 
by converting latent evaporation calculated using Method I of Baier 
and Robertson (1965) and using the conversion factor suggested by 
Holmes and Robertson (1958).

When several days are required to apply an irrigation to the 
entire field the scheduling procedure provides for special treatment of 
the credit to be given for rain in the balance depending on whether 
irrigation is in progress when the rain occurs (Wilcox and Sly, 1974). 
This is necessary to ensure that the soil water at the first setting 
will not get too low before the next irrigation can begin at this 
setting. It is generally believed that for most crops the minimum 
safe water content within the rooting zone is about 50% AWC (Pair et al. 
1969). In this study where the assumption is made that the equipment 
is such that the entire crop can be irrigated in one day, supplemental 
water is applied when the balance drops to this 50% level.

The scheduling procedure is flexible and can take into 
account the actual water in the soil in the spring and the rooting 
development of the crop as the season progresses. However, except in 
a few isolated instances these are not included in historical data and 
in order to use the procedure certain assumptions have to be made. 
For this study these are listed below.

1. The crop is a perennial such as alfalfa and covers the soil almost 
completely during the growing season.

2. The growing season begins when the five-day running mean reaches 
and remains above 5.5C and ends when it drops below 5,5C and 
remains there.

3. The crop transpires at its potential rate throughout the growing 
season so that the consumptive use factor is always one.

4. Plant available water at the beginning of the growing season in 
the first year of the analysis is at 100% of capacity. The water 
in the soil at the end of the growing season is used with the 
overwinter budgeting technique developed by Baier et al. (1972) to 
obtain the plant available water at the start of the next season.
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5. Each irrigation is 50% AWC of the soil and can be applied in 
one day.

With the assumptions made here the scheduling procedure 
becomes quite straightforward. Starting with the capacity of the soil 
for plant available water the PE for the day is subtracted and the 
rainfall added. If rainfall, when added, gives a figure greater than 
capacity the excess is considered lost to runoff or deep percolation. 
When plant available water is reduced to 50% AWC an irrigation is 
applied and added to the figure representing the water in the soil. 
Seasonal irrigation amounts are the sum of these irrigations less the 
portion of the water of the last irrigation that is not used by the 
crop. The irrigation amounts, for the individual months are obtained 
by adding up the amounts of water that are assumed to be applied on a 
daily basis during the month to keep the soil at 50% AWC.

The climatological data mentioned before were used with the 
scheduling procedure for soils with capacities for plant available 
water of 100, 150, 200 and 250 mm to estimate irrigation requirements 
for each growing season and for the warm months of June, July and 
August. Averages and probabilities of occurrence for various risk 
levels were calculated assuming normal distributions.

The assumption that equipment is such that each irrigation 
can be applied as required in one day means that full credit can be 
given for rain (Wilcox and Sly, 1974) reducing the total irrigation 
requirement that would be required if it were to take several days to 
apply on irrigation to the entire field. However, these amounts are 
relatively small and probably more than compensated for by maintaining 
the consumptive use factor at 1.00 throughout the growing season. 
The consumptive use factor can reasonably be expected to be less than 
1.00 for a short period early in the growing season and again late in 
the season when the crop ripens. It is safe to assume that actual 
requirements would not be more than those produced for this study.

RESULTS AND DISCUSSION

Climatic Data

Table 1 provides the general climatic data for the various 
locations for which data analysis was undertaken.

Growing Seasons: The Western stations are not all in the 
same climatic region and the dates of the start and end of their 
growing seasons show considerably more variation than do those in 
Ontario. However, Table 1 shows that the average lengths of the 
growing seasons for all stations in each region differ by only three 
days. Examination of the data for individual years (not included in 
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the Tables) shows that, within climatic regions the dates of the 
earliest and latest start and end of the growing season vary by only a 
few days. The dates of the latest end of the growing season for all 
stations are remarkably close regardless of the climatic region they 
are in. All are day 315 (November 21) except Guelph and Swift Current 
which are day 314 and 307 respectively.

Potential Evapotranspiration (PE): PE is relatively 
conservative and this is born out by the data in Table 1. Averages 
for Ontario stations are 671 mm (26.4 in), only 61 mm (2.4 in) less 
than the averages for the four Western stations. Examination of the 
data for individual years shows that the greatest amount of PE 
estimated for Ontario stations was 879 mm (34.6 in) at Harrow in 1946 
and the least (546 mm, 21.5 in) at Guelph in 1956. Comparative 
estimates for the West are 922 mm (36.3 in) at Kamloops in 1951 and 
552 mm (21.7 in) at Swift Current in 1954.

Rain: As expected the greatest differences are in rainfall 
amounts. Table 1 shows that for Ontario stations the 30 year 
averages ranged from 458 mm (18.0 in) at Vineland to 526 mm (20.7 in) 
at Delhi, with the average for all stations being 484 mm (19.0 in). 
Data for individual years (not included in the Tables) show that the 
least amount fell at Woodslee in 1952 (267 mm, 10.5 in) and the 
greatest amount was at Delhi where over three times as much 851 mm 
(33.5 in) fell in 1945. For Western stations the 30 year averages 
are much lower, ranging from 151 mm (5,9 in) at Kamloops to 252 mm 
(9.9 in) at Medicine Hat. The average for all stations being 208 mm 
(8.2 in), less than half that for the Ontario localities. Data for 
individual years show the absolute minimum amount received for a 
growing season was 70 mm (2.8 in) at Kamloops in 1960 and the maximum 
for the four Western stations was 437 mm (17.2 in) at Swift Current in 
1954, over 6 times the minimum.

Irrigation Requirements

Tables 2 to 10 are selected summaries of the irrigation 
requirements provided by applying the scheduling procedure described 
before.

Averages: Average amounts of irrigation water for four soil 
types (100, 150, 200, 250 mm AWC) for selected stations in Southwestern 
Ontario and Western Canada are given in Table 2. At the Western 
localities where irrigation is practiced, station averages for the 
100 mm soil range from 612 mm (24.1 in) to 412 mm (16.2 in) at 
Swift Current. This compares with a range of from 244 mm (9.6 in) at 
Harrow to 178 mm (7,0 in) at Belleville. The averages for all six 
stations in Ontario of 210 mm (7.0 in) is only 42% of the 499 mm for 
the Western stations. For the heavier (250 mm) soils the 102 mm 
requirement is less than 25% of the 415 mm requirement for Western 
stations. Irrigation requirements decrease as the AWCs increase but
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the amount of decrease is greater in Ontario than for Western stations 
even though the total requirements are much less. With the small 
rainfall in the West the stored plant available water is soon removed 
from the heavier soils and they then act much like the lighter ones.

Table 2: Estimated seasonal average irrigation requirements (mm) 
1941-70*.

Station AWC1 (mm)

100 150 200 250

(mm)

Kamloops 612 577 559 539
Summerland 493 460 434 414
Medicine Hat 478 429 401 386
Swift Current 412 381 351 320

Western Avg. 499 462 436 415

Belleville 178 137 97 71
Guelph 193 147 114 89
Vineland 185 147 109 79
Delhi 221 185 147 114
Woodslee 241 191 163 127
Harrow 244 191 160 130

Ontario Avg. 210 166 132 102

* Woodslee data is for 1947-75
1 Soil capacity for plant available water.

Seasonal irrigation requirements for the Ontario stations 
are small and in order to get an idea of the distribution throughout 
the season a monthly analysis was carried out. As Table 3 shows, 
over 80% of the irrigation is required in the three months of June, 
July and August on the 100 mm soils. This increase to 90% on those 
with 250 mm AWC. At the Western localities irrigation is required on a 
more even basis throughout the growing season. At all stations 
requirements for July proved to be greater than those for any other 
month. This is illustrated in Table 4 where data for the 200 mm soils 
are presented. Over 40% of the seasonal average is required in July
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Table 3: Estimated irrigation requirements during June, July and 
August (mm) (1941-70* averages) and percentage of seasonal 
amounts.

Station AWC1 (mm)
100 150 200 250

(mm) (%) (mm) (%) (mm) (%) (mm) (Z)
Kamloops 394 64 389 67 387 70 391 73
Summerland 353 72 348 76 345 80 340 82
Medicine Hat 323 68 307 72 297 74 292 76
Swift Current 285 69 282 68 264 75 254 79
Western Avg. 339 68 332 71 324 75 319 77

Belleville 155 87 130 95 91 94 66 93
Guelph 160 83 122 83 99 87 76 85
Vineland 158 85 130 88 97 89 74 94
Delhi 178 81 155 84 132 90 104 91
Woodslee 191 79 160 84 142 87 114 90
Harrow 191 78 160 84 137 86 112 86
Ontario Avg. 172 82 143 86 116 89 91 90
* Woodslee data is for 1947-75
1 Soil capacity for plant available water.

Table 4: Estimated monthly irrigation requirements (mm) for a soil 
with a 200 mm capacity for plant available water and 
percentage of seasonal amounts (1941-70* averages).

Station June July August
(mm) (%) (mm) (%) (mm) (%)

Kamloops 117 21 152 27 119 21
Summerland 101 23 137 32 105 24
Medicine Hat 69 17 126 31 102 25
Swift Current 61 17 108 31 94 27
Western Avg. 87 20 131 30 105 24

Belleville 23 24 47 48 20 21
Guelph 25 22 39 34 33 29
Vineland 24 22 51 46 21 19
Delhi 40 21 59 40 32 22
Woodslee 38 23 66 40 36 22
Harrow 34 21 66 41 37 23
Ontario Avg. 31 22 55 42 30 23
* Woodslee data is for 1947-75
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when all Ontario stations are considered. Table 5 shows the July 
results for the range of soils being considered. The pattern is the 
same as that for the seasonal amounts as shown in Table 2.

Table 5: Estimated average irrigation requirements (mm) for July. 
(1941-70* data.)

Station AWC (mm)
100 150 200 250

(mm)
Kamloops 154 152 152 152
Summerland 139 138 138 137
Medicine Hat 132 128 126 126
Swift Current 115 115 108 106

Western Avg. 135 133 131 130

Belleville 64 58 48 41
Guelph 61 49 39 28
Vineland 65 61 51 42
Delhi 67 60 59 49
Woodslee 71 68 66 62
Harrow 81 68 66 55

Ontario Avg. 68 61 55 46

* Woodslee data is for 1947-75.

Risk Analyses

In addition to seasonal and monthly averages it is also 
desirable to have information on the amounts that would be required 
for various degrees of risk. To this end risk analyses were carried 
out after the method described by Thom (1966). Tables 6 to 9 give 
the results on a seasonal basis for each soil at the 10, 25, 50, 75 
and 90% risk level. Table 10 gives the same information for July 
data for the 200 mm AWC soil.

Seasonal Analyses: From Table 6 it is seen that to keep the 
crop transpiring at the potential rate 9 years out of 10, equipment 
with the capability of applying amounts averaging 335 mm (13.2 in) is 
required for Ontario stations. This ranges from 281 mm (11.1 in) at 
Belleville to 414 mm (16.3 in) at Harrow, If a risk of a water 
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deficiency in one year in four can be accepted, then the amount of 
water to be reserved for irrigation can be reduced to 279 mm 
(11.0 in). Data for individual years show that the highest 
requirement in the 30 year period for the Ontario stations was 
522 mm (20.6 in) at Harrow in 1966. All stations experienced years 
when no irrigation was required. In comparison with Western stations 
the amounts are relatively small. At the 90% level Western station 
averages are 611 mm (24.1 in), over 100 mm more than the maximum for 
any year at any Ontario station. The greatest requirement in the 
period studied was 775 mm (30.5 in) for Kamloops in 1951.

Table 6: Estimated seasonal irrigation requirements (mm) based on 
1941-70* data for soils with a 100 mm capacity for plant 
available water.

Station Percent Risk
10 25 50 75 90

(mm)
Kamloops 497 552 612 674 729
Summerland 396 442 493 543 588
Medicine Hat 359 416 478 541 597
Swift Current 292 349 412 474 531

Western Avg. 386 440 499 558 611

Belleville 72 122 178 231 281
Guelph 77 133 193 255 310
Vineland 68 125 185 248 304
Delhi 84 150 221 291 315
Woodslee 97 165 241 315 383
Harrow 76 156 244 333 414

Ontario Avg. 79 142 210 279 335

* Woodslee data is for 1947-75
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Table 7: Estimated seasonal irrigation requirements (mm) based on 
1941-70* data for soils with a 150 mm capacity for plant 
available water.

Station Percent Risk
10 25 50 75 90

(mm)
Kamloops 457 514 577 641 698
Summerland 363 409 459 510 555
Medicine Hat 294 358 429 500 564
Swift Current 244 309 382 454 519
Western Avg. 340 398 462 526 584
Belleville 34 83 137 191 240
Guelph 34 88 146 207 259
Vineland 43 92 146 204 250
Delhi 62 120 185 249 308
Woodslee 43 114 191 268 338
Harrow 35 109 192 274 348
Ontario Avg. 42 101 166 232 291
* Woodslee data is for 1941-75

Table 8: Estimated seasonal irrigation requirements (mm) based on 
1941-70* data for soils with a 200 mm capacity for plant 
available water.

Station Percent Risk
10 25 50 75 90

(mm)
Kamloops 435 493 558 622 681
Summerland 334 382 434 485 533
Medicine Hat 259 327 401 476 544
Swift Current 199 270 349 428 500
Western Avg. 309 368 435 502 565
Belleville 8 50 97 144 186
Guelph 9 59 113 168 218
Vineland 10 57 108 160 207
Delhi 23 82 146 211 269
Woodslee 18 87 163 238 307
Harrow 4 78 160 242 316
Ontario Avg. 12 68 134 194 251
* Woodslee data is for 1947-75
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As was the case with averages, when water holding capacities 
of the soils increase, the amounts of irrigation required at the 
various risk levels decrease, but more for Ontario stations than for 
those in the West. Table 9, the data for 250 mm soils, shows that for 
Ontario stations only 207 mm (8,1 in) are required at the 90% risk 
level, some 228 mm below that for the 100 mm soils. For Western 
stations the comparable amount is 546 mm (21.5 in) only 65 mm below 
that for the 100 mm soils. At the 75% risk level the averages are 
lowered to 157 mm (6.2 in) for Ontario stations. Data for individual 
years show the largest requirement for the 250 mm soil was 429 mm 
(16.9 in) at Harrow in 1946.

Table 9: Estimated seasonal irrigation requirements (mm) based on 
1941-70* data for soils with 250 mm capacity for plant 
available water.

Station Percent Risk
10 25 50 75 90

(mm)
Kamloops 422 478 539 600 656
Summerland 305 357 414 471 523
Medicine Hat 246 312 386 459 526
Swift Current 160 236 319 403 479

Western Avg. 283 346 415 483 546

Belleville 00 28 71 114 153
Guelph 00 40 90 140 185
Vineland 5 41 80 119 155
Delhi 00 52 113 174 229
Woodslee 00 62 128 194 254
Harrow 00 56 129 202 268

Ontario Avg. 1 47 102 157 207

* Woodslee data is for 1947-75

Monthly: Table 10 provides representative data for risk 
analyses of monthly data. July was selected because it is the month 
requiring the greatest amounts of irrigation and 200 mm soils are 
representative of the areas. Table 10 shows that Ontario averages 
range from near zero at the 10% risk level to 141 mm (5.6 in) at the 
90% level, while for the four Western stations the range is from 91 mm 
(3.6 in) to 172 mm (6.8 in), about half as much.
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Table 10: Estimated irrigation requirements (mm) for July for 
soils with a 200 mm capacity for plant available water. 
(1941-70* data.)

Station Percent Risk
10 25 50 75 90

(mm)
Kamloops 112 131 152 174 193
Summerland 111 124 138 152 165
Medicine Hat 85 104 126 148 168
Swift Current 57 82 109 135 160

Western Avg. 91 110 131 152 172

Belleville 00 20 47 75 100
Guelph 00 15 39 64 86
Vineland 00 24 51 77 101
Delhi 00 28 59 90 118
Woodslee 18 87 163 238 307
Harrow 00 31 66 100 132

Ontario Avg. 3 34 71 107 141

* Woodslee data is for 1947-75

CONCLUSIONS

The data show that for the regions considered potential 
evapotranspiration during the growing season is relatively conservative 
and the much smaller amounts of supplemental water estimated to be 
required for the Ontario localities are due mainly to the greater 
rainfall at these places.

At both the Ontario and Western stations irrigation 
requirements decrease as the AWC of the soil increases. However, the 
average decrease in Ontario is much more, over 100% compared to less 
than 20% for the West as the AWC Increases from 100 to 250 mm. The 
water holding capacity of the soils is much more Important when 
considering water amounts for irrigation in Ontario than in the West.

At the Ontario localities the irrigation requirements 
developing during the three month period June, July and August account 
for 82 to 90% of the seasonal requirement (82% for the 100 mm soil 
and 90 for the 250 mm soil). For the 200 mm soil over 40% develops in 
July alone making it the most serious month as far as the need for 
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supplemental water is concerned. The pattern is similar for the 
Western stations but only 30% of the seasonal irrigation is required 
in July,

The average amounts of water required for irrigation at 
Ontario stations are relatively small when compared to those of the 
hot dry areas of the West. If a risk of crop reduction due to 
insufficient water cannot be accepted more than one year in ten then 
the amounts that must be available for irrigation rise appreciably, 
from 160 mm for the 250 mm soil to 280 for the 100 mm one, but remain 
well below average values for Western stations. Even so, in the 
period studied there are instances where up to 500 mm could have been 
used in a single growing season and all Ontario stations had at least 
one growing season with an estimated irrigation requirement of over 
350 mm.

The data developed for this study seems to indicate 
irrigation could be financially profitable if used on soils with a 
relatively small capacity for plant available water, and with crops so 
valuable that losses due to insufficient water cannot be accepted more 
than one year in ten. Delineation of the areas where such conditions 
exist is beyond the scope of this study.
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POTENTIAL AND PROBLEMS IN GROUNDWATER

SUPPLY FOR IRRIGATION
R. W. Gillham1

SYNPOSIS

Within Southern Ontario the groundwater resources can be separa
ted into three broad categories, shallow overburden, intermediate to deep 
overburden and bedrock. Based upon a well yield criterion of in excess 
of 50 gpm and a specific conductance of less than 750 to 1,000 μmhos/cm, 
probably less than 5% of Southern Ontario has adequate groundwater supplies 
for irrigation. If a yield criterion of 10 to 50 gpm is used, perhaps 10% 
to 15% of the area would have adequate groundwater supplies. The land 
area with suitable groundwater supplies for irrigation would be further 
reduced through competition with other demands such as industrial or dom
estic supplies. Although the probability of locating adequate groundwater 
supply appears to be small, the occurrence of groundwater in Southern 
Ontario is largely dependent upon very site-specific conditions. As a 
result, each project needs to be evaluated on the basis of the local 
hydrogeology.

In most instances, the use of groundwater for irrigation in Ontario 
would not have a significantly detrimental effect on groundwater quality. 
If irrigation is used as a method of waste disposal, excess water would 
probably be applied resulting in an increased potential for leaching and 
groundwater contamination. The significance of the contamination would 
depend upon the quality and amount of water applied as well as many other 
factors. Shallow groundwater supplies would be most susceptible to con
tamination.

INTRODUCTION

On a global basis, approximately 4% of the earth's water occurs as 
groundwater. Since seas and oceans make up 94% of the total, groundwater 
accounts for almost 66% of the earth's fresh water. In view of the large 
quantities of fresh water in surface storage in Ontario, in particular in 
the Great Lakes, the percentage of fresh water occurring as groundwater is 
undoubtedly somewhat less than the global average, but is nevertheless a 
large proportion of the total.

Although the amount of water in groundwater storage is indeed large, 
the potentially usable groundwater is more closely related to the mean annual 
recharge. Based on data presented by Watt (1967), there are approximately 
94 billion gallons of water per day (BGD) available in Ontario as usable 
surface water, and in excess of 41 BGD available as groundwater. (It should 
be noted that exploitation of the groundwater resources would reduce the 
available surface water).

Research Assistant Professor, Department of Earth Sciences, University of 
Waterloo, Waterloo, Ontario.
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Table 1. Water Use in Ontario (From Watt, 1967)

1966 1985 2000
BGD BGD BGD

Private Domestic 0.1 0.1 0.1
Irrigation 2.0 4.0 6.0
Public Supply 0.8 1.25 2.5
Industrial 4.0 6.25 12.5

Total 6.9 11.6 21.1

As indicated in Table 1, the total water use in Ontario was 
projected to increase from 6.9 BGD in 1966 to 11,6 BGD in 1985 and 21.1 
BGD in the year 2,000 (Watt, 1967). Irrigation was considered to account 
for approximately 30% of the total use. Furthermore, the total use in 
1966 was only 17% of the total usable groundwater and by the year 2,000, 
will be approximately 50% of the usable groundwater. Based upon these 
figures alone, one could be very optimistic about the potential for a 
vast expansion in the use of groundwater for irrigation.

In spite of this apparent potential, a large number of problems 
can arise when considering groundwater as a source of water for 
irrigation. Some of these include:
1. distribution - Much of the available groundwater occurs in Northern 

Ontario, while the greatest demand is in Southern Ontario. On an 
even smaller scale, the availability can vary greatly within a 
county, or even a township,

2, extractability - Although the water may be available, it may occur 
in geologic formations from which it cannot be extracted at suf
ficiently high rates.

3. interference and competition ~ The greatest expansion in irrigation 
will undoubtedly occur in Southern Ontario. As a result, the use 
of groundwater for irrigation will be in competition with the 
greatest concentration in demand for other uses such as domestic 
and industrial. In addition, large withdrawls of groundwater for 
irrigation could adversely effect stream flow and neighbouring wells.

4. water quality - Although sufficient quantities may be available, 
in many areas, the quality of groundwater may not be suitable for 
irrigation.

Since the problems listed tend to occur locally, it is apparent 
that a consideration of global or provincial water budgets has mar
ginal applicability when attempting to evaluate the feasibility of 
using groundwater in a particular irrigation system. The purpose of
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this paper is to introduce some of the basic concepts concerning the 
occurrence and movement of groundwater and to discuss the potential 
problems listed above as they pertain to the use of groundwater for 
irrigation in Ontario. In addition, brief consideration will be given 
to the potential for groundwater contamination as a result of irrigation.

BASIC CONCEPTS

The broadest definition of groundwater is all water occurring 
beneath the surface of the earth. Accordingly, groundwater includes 
the water in both the saturated and unsaturated zones. Figure 1 shows 
a hypothetical vertical groundwater profile. By definition, the water 
table is the surface at which the pressure in the water is equal to 
atmospheric pressure. Below the water table the pressure in the water 
is positive and the geologic materials are saturated. Above the water 
table groundwater pressures are negative. The capillary fringe is a 
zone immediately above the water table in which the porous materials are 
saturated under negative pressure. The height of the capillary fringe 
depends to a large extent on the texture of the material, varying from 
a few inches in medium sand to possibly tens of feet in clay. Water 
in the zone above the capillary fringe is also under negative pressure 
and this zone is characterized by the presence of a continuous gas 
phase (commonly referred to as the unsaturated zone). A small propor
tion of the total available groundwater occurs in the unsaturated zone 
and it cannot be removed by conventional pumping methods. Therefore, 
although the unsaturated zone is of vital importance in the overall 
management of an irrigation system, it is generally of little signi
ficance with respect to the water supply and will not be considered in 
any detail in this paper.

Groundwater Flow Systems

Figure 2 is a hypothetical hydrogeologic cross-section and 
indicates various geologic controls which may affect the occurrence of 
groundwater. As indicated, the saturated zone is recharged by precipi
tation and infiltration through the unsaturated zone. Groundwater 
movement is primarily in response to gravitational forces and therefore 
the water tends to move from the upland recharge areas to discharge 
zones in the low-lying areas. Figure 2 suggests three scales of flow 
systems. In the upper sand, water recharges locally and is discharged 
at springs along the toe of the sand-clay interface. This represents 
a very local flow system. Water which recharges, passes beneath the 
clay and silt zone and is discharged to the stream becomes part of a 
regional system, while water in the limestone bedrock, may be part of 
a much larger regional system. As a consequence, water which is 
extracted from a well may or may not have been recharged locally, de
pending upon the hydrogeologic controls of the particular area. 
Following the same reasoning large extractions of water at a particular 
location may result in interference problems many miles away.
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Figure 1. Vertical distribution of groundwater



- 28 -

Figure 2. Hypothetical hydrogeologic cross-section
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Water Budgets

The water budget for the basin shown in Fig. 2 can be 
represented by: (after Farvolden, 1967)

P = S + Gu + ET ± ∆SWs ± ∆GWs + ∆SMs (1)

where P is precipitation and is the only input of water to the system, 
S is the surface water runoff, G is the groundwater discharge, ET is 
the total evapotranspiration loss, ∆SWs is the change in surface water 
storage ∆GWs is the change' in groundwater storage and ∆SMs is the 
change in soil moisture in storage. Under natural conditions, and if 
data is averaged over a year or possibly a few years, equation 1 
reduces to the steady state equation in which

P = S + Gu + ET (2)

A change in any term in equations 1 or 2 will result in 
compensating changes in one or more other terms. For example, the 
application of irrigation water (increase in P) will generally result 
in increases in evapotranspirational losses and the amount of water 
stored in the unsaturated zone and may also increase the amount of 
water stored in the saturated zone as well as the rate of groundwater 
discharge. Similarly, large withdrawals of groundwater will reduce 
the amount in storage and also the amount being discharged to the 
stream. Furthermore, if the average rate of water withdrawal exceeds 
the average rate of recharge, mining will occur resulting in the 
eventual depletion of the supply. A water budget could therefore be 
an important consideration in the design of large scale and long term 
irrigation projects.

Aquifers

An aquifer can be defined as a saturated hydrogeologic unit 
capable of yielding water in usable quantities. In addition to holding 
water, an aquifer must be capable of transmitting the water to a well. 
Therefore, the quality of an aquifer is highly dependent upon the 
hydraulic conductivity of the aquifer materials. Hydraulic conducti
vities of various geologic materials are listed in Table 2. Materials 
with a hydraulic conductivity in excess of 10-3 cm/sec are generally 
considered to be aquifer materials.
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Table 2: Typical hydraulic conductivity values of selected geologic 
materials (after Bear, 1974).

Hydraulic Conductivity (cm/s)
Clean Gravel 102 - 1.0
Clean Sand 1.0 - 10-3
V.F.S. - Silt 10-3 - 10-7
Stratified Clay 10-4 - 10-7
Unweathered Clay 10-7 - 10-11
Sandstone 10-5 - 10-7
Limestone, Dolomite 10-7 - 10-9
Granite 10-9 - 10-11

Aquifers may occur in the overburden (unconsolidated 
materials) or in the bedrock and are generally placed in one of two 
categories, confined aquifers or unconfined aquifers. An unconfined 
aquifer has the water table as its upper boundary and the static water 
level in a well in an unconfined aquifer will correspond to the water 
table. The upper sand in the upland area of Fig. 2 is an unconfined 
aquifer. Water in unconfined aquifers is released from storage 
through drainage of the aquifer materials as the water table declines. 
As a result, the specific yield (amount of water released per unit 
volume of the aquifer material per unit decline in the water table 
elevation) approaches the porosity of the aquifer material and is 
generally on the order of 0.3.

Confined aquifers have, as their upper boundary, a layer of 
very low hydraulic conductivity material. The static level in a well 
located in a confined aquifer is generally at an elevation above the 
bottom of the confining layer, and the aquifer is said to be artesian. 
Should the static level be above ground surface, a flowing artesian 
well would exist. The sand and gravel below the clay and silt layer of 
Figure 2 would be a confined aquifer. When confined aquifers are 
pumped, the aquifer materials are generally not drained. Rather, water 
is released from stroage through compression of the aquifer materials 
and expansion of the water in response to the reduced pressures near 
the well. The specific storage of a confined aquifer is defined as the 
volume of water released from a unit volume of aquifer material per 
unit decline in the water pressure, and for most aquifer materials lies 
within the range 10-3 to 10-6.

If two wells are pumped at equal rates in geologic materials 
of equal hydraulic conductivity, with one being in a confined aquifer 
and the other in an unconfined aquifer, the drawdown and lateral extent 
of the drawdown cone will be much greater in the confined aquifer than 
in the unconfined. This is the result of the specific storage of 
confined aquifers being approximately three orders of magnitude lower 
than the specific yield of unconfined aquifers. The practical signi
ficance is that the pumping of confined aquifers has a much greater 
potential to result in well interference problems than the pumping of 
unconfined aquifers.
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OCCURRENCE OF AQUIFERS

In this section, the types of geologic formations with which 
aquifers are generally associated will be considered briefly. The 
types of formations can generally be divided into two groups, over
burden and bedrock.

Overburden Aquifers

Overburden aquifers are normally associated with sand and gravel 
deposits, with the productivity of the aquifer decreasing from clean 
coarse gravel to fine sand. These deposits can in turn be associated 
with three major physiographic features.

Glacial Deposits

Significant sand and gravel deposits occur in association with 
glacial moraines. In particular, significant groundwater supplies may 
be associated with eskers, kames, outwash plains, deltas and sand dunes. 
Old beach lines of glacial lakes may also yield significant amounts of 
groundwater.

Buried Valleys

Previous drainage patterns have been disrupted by more recent 
glaciations. As a result, older stream sediments may underly younger 
glacial deposits. The older stream sediments frequently constitute 
significant aquifers.

Water Courses

Current water courses often have sand and gravel deposits asso
ciated with them. Wells pumping from these sediments may receive a 
significant amount of water by recharge from the stream or river.

Bedrock Aquifers

Sedimentary Rocks

Sedimentary rocks are formed by the accumulation and cementa
tion of sediments. Types of sedimentary rocks, in order of their de
creasing importance as aquifers, include sandstone, conglomerate, 
dolomite, limestone and shale. As it is formed, dolomite and limestone 
have very low porosities and hydraulic conductivities. Their signi
ficance as aquifers is the result of fracturing and the formation of 
solution channels. Similarly, wells developed in shale normally have 
very low yields unless the shale is highly fractured.

Crystalline Rocks

Crystalline rocks generally include igneous rocks which are 
formed by solidification from the molten state and metamorphic rock 
which is formed from igneous rock under the influence of changes in 
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temperature, pressure or the chemical environment. Crystalline rocks 
are generally poor aquifers, with the occurrence of groundwater being 
associated primarily with the presence of joints and fractures.

GEOLOGIC CONTROLS ON THE OCCURRENCE OF 
GROUNDWATER IN SOUTHERN ONTARIO

Surficial Deposits

The use of surficial deposits as a water supply for irrigation 
offers several advantages over bedrock supplies. Where the overburden 
is thick, the capital cost of well construction is usually less, in 
some areas the water quality is superior and in situations where the 
aquifer is unconfined, there is less likelihood of interference problems 
with neighbouring wells. The major difficulty is in locating surficial 
deposits which will yield adequate amounts of water.

To a considerable extent, the surficial deposits capable of 
yielding water in sufficient quantities for irrigation are associated 
with glacial morains (eskers, kames and outwash). As a result of the 
sequence of glaciations over Southern Ontario and the alternate ad
vances and retreats of the ice sheets, the physiography of the area is 
extremely complex. Fig. 3 shows the location of moraines as depicted 
by Chapman and Putnam (1966). As indicated, there are rather 
extensive areas in which there are few moraines. The areas between 
Windsor and a north-south line through London, and the southern portion 
of the Niagara Peninsula are of particular note since they have the 
highest moisture deficiencies (3-4 inches) in the province.

One of the major physiographic features in Southern Ontario is 
the Oak Ridges Moraine, north of Toronto. Although several aquifers 
are associated with the moraine, the use of these for irrigation 
would probably be in considerable competition with municipal require
ments .

Figure 3 and the descriptions given by Chapman and Putnam (1966) 
are useful in evaluating the general distribution of overburden water 
supplies but are of very limited value in locating a supply for a 
specific area. Sources of more detailed information will be discussed 
in a later section.

Bedrock

Figure 4 is a bedrock map of Southern Ontario. Within the 
areas adjacent to the Great Lakes, and in the areas where irrigation 
would most likely be practiced, only sedimentary rocks appear, and of 
these, the only probable aquifer materials are limestone and dolomite, 
with very minor occurrences of sandstone.

Large areas of shale extend from Hamilton to beyond Oshawa, and 
from Lake St. Clair to London. It is quite unlikely that adequate 
water supplies for irrigation could be obtained from these deposits.
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Figure 3. Moraines of Southern 
Ontario (Chapman and 
Putnam, 1966)
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The Lake St. Clair - London deposit is particularly significant since 
it corresponds to a region with few moraines (Fig. 3) and thus limited 
groundwater supplies from the overburden. The extensive limestone 
and dolomite deposits are all potential aquifers.

IRRIGATION WATER REQUIREMENTS IN ONTARIO

Quantity

Before attempting to assess the potential for using groundwater 
for irrigation in Southern Ontario, it is necessary to establish the 
well yield which might be required and water quality criteria. These 
could depend upon a large number of factors including land area, soil 
type, crop, date of maturity, climatic conditions, physiography and 
mechanics of application. These six factors, and undoubtedly there 
are others, tend to be of local significance. Thus, in order to pro
ceed with a general discussion, as is the nature of this paper, some 
rather broad assumptions are required.

Figure 5, from Brown et al, (1968) shows the mean annual soil 
moisture deficiency for Southern Ontario. It varies from approximately 
four inches in the Niagara Peninsula and Leamington areas to two 
inches over most of the remainder of the area. For the purpose of 
this paper it will be assumed that a water supply sufficient to pro
vide four inches of water to an area of fifty acres is required. In 
the areas of highest moisture defficiency, and in sandy parts of these 
areas, four inches would probably not be adequate, particularly during 
dry years. The area for irrigation, 50 acres, was selected arbitrarily, 
but is believed to represent a significant economic and operational 
unit. Thus a water supply capable of yielding approximately 4.6 
million gallons per year would be required (approximately 0.1 million 
gallons per acre per year). It is further assumed that the water 
will be provided by pumping the well continuously for a period of 60 
days. This requires that the well can be pumped at a rate of approxi
mately 50 gpm. This estimate is in reasonable agreement with criteria 
established by the Ontario Ministry of the Environment in which wells 
capable of pumping at 10 to 50 gpm are considered to be poor to fair 
as irrigation supplies while wells capable of producing in excess of 
50 gpm are considered to be adequate.

Water Qualtity

The water quality criteria for irrigation in humid regions is 
not well established, Wilcox and Durum (1967) suggest that the factors 
of first consideration should include the specific conductance of the 
water, the sodium adsorption ratio and the boron concentration. The 
specific conductance is a measure of the salinity of the water, and 
based on diagrams presented by Wilcox and Durum (1967), water with a 
specific conductance up to 250 μmhos/cm is considered to have a low 
salinity hazard and with a specific conductance between 250 and 750 
to represent a medium salinity hazard.
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Figure 5: Mean annual water deficiency (in.) for Southern Ontario.

Figure 6: Mean annual water surplus (in.) for Southern Ontario
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The sodium adsorption ratio is defined as 

SAR = NA+ / √Ca++ + MG++ / 2 (3)

where the concentrations are expressed in units of meq/ℓ. Based on the 
graph of Wilcox and Durum, SAR ranges for low and medium sodium hazards 
are approximately 0-6 and 6 to 15 respectively. At lower specific 
conductance values, higher SAR values can be tolerated. Guidelines 
established by the Ontario Ministry of the Environment (1974) suggest 
permissible criteria of a total dissolved solids concentration of 
500 mg/ℓ and an SAR value of 6. Since TDS is approximately equal to 
0.7 x (specific conductance), the Ministry criteria are similar to 
those of Wilcox and Durum. The permissible criteria for boron as 
established by the Ontario Ministry of the Environment is 0.5 mg/ℓ.

The above criteria were established for arid regions. In these 
regions there is little movement of water through the soil profile as 
a result of natural precipitation. As a result there is considerable 
potential for salt accumulations if water of high salinity is used 
for irrigation. In humid regions however, there is generally a net 
annual water surplus. Figure 6 shows the mean annual water surplus 
for Southern Ontario to vary between 9 inches and 17 inches. A por
tion of this surplus will be lost as surface runoff, however a 
significant portion will infiltrate through the soil zone. The in
filtrating water would tend to remove salt accumulations and as a 
result, the criteria listed above would tend to be on the conservative 
side.

AVAILABILITY OF GROUNDWATER FOR IRRIGATION

As a consequence of the complex geology, particularly with 
respect to the overburden, there are few general statements which can 
be made about the availability of groundwater in Southern Ontario. 
For the past several years, the Ministry of the Environment has requi
red that all well drillers submit a log of each hole drilled to the 
Ministry. The current collection of well records is quite extensive 
and forms the basis of the most detailed hydrogeologic information 
available for the province. These logs are available to the public 
and are used quite extensively when attempting to locate a water 
supply in a particular area.

Although the well logs, of which there are several thousand, 
represent the most detailed information available, their use in serv
ing the objectives of this paper would be quite impractical. Fortun
ately, the Ministry has interpreted the logs for various regions of 
Southern Ontario and prepared maps indicating the distribution of 
groundwater in the respective regions. Two types of maps will be 
considered in the following discussion. Maps of well yield for over
burden and bedrock wells have been prepared for the Lake Ontario 
Drainage Basin. In addition, groundwater probability maps have been
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prepared for six counties in Southern Ontario: Essex, Kent, Brant, 
Elgin, Lambton and Haldimand.

Ontario Ministry of the Environment map No. 5926-2 shows the 
overburden well yields in the Lake Ontario drainage basin. Considering 
only the southern portion of the basin (an area delineated by Niagara 
Falls, Orangeville, Peterborough and Trenton) it appears that less 
than 2% of the land area is underlain by aquifers which would give 
sufficient yields for irrigation (50 gpm). If marginal aquifers are 
included (22-42 gpm) the land area would be no more than 5% of the total. 
Most of the aquifers are less than 5 sq. mi. in areal extent and are 
generally associated with the moraines shown in Fig. 3.

The Ontario Ministry of the Environment map No. 59261 shows 
the yield of bedrock wells in the Lake Ontario drainage basin. A com
parison of this map with the bedrock map of Fig. 4 shows well yields 
of less than 10 gpm in the shale areas, yields of between 1 and 45 gpm 
in the limestone to the north and east of Oshawa and yields of between 
45 and 450 gpm in the dolomite deposits which extend from the Bruce 
Peninsula, through the Guelph region and into the Niagara Peninsula. 
The large range in yields in the limestone and dolomite formations is 
the result of varying degrees of dissolution and also the uncertainty 
of intersecting -significant dissolution zones during drilling. The 
high-yield dolomite region is recognized as being one of the best 
aquifers in the province.

The maps for the Lake Ontario drainage basin were prepared on a 
scale of 1:500,000. As a result they are of limited value in locating 
water supplies. In addition, there is no chemical data associated with 
these maps.

The county groundwater probability maps are drawn on a scale of 
1:100,000 (1 in = 1.58 mi) and contain considerably more detailed in
formation than the well yield maps discussed above. The groundwater 
resources for each of the six counties for which there are groundwater 
probability maps will be discussed briefly.

Haldimand County: Within Haldimand County, approximately 87% 
of the recorded wells are in bedrock, with dolomite or limestone being 
the primary water bearing material. Approximately 5% of the land area 
is underlain by aquifers which will yield 50 gpm while in excess of 60% 
of the area has aquifers which will yield between 10 and 50 gpm. If 
the 10-50 gpm yield is considered adequate, then certainly there are 
adequate groundwater supplies for irrigation in many parts of the 
county. A major difficulty arises however when water quality is con
sidered. Of 89 wells for which water quality data was provided, only 
21 had total dissolved solids concentrations below 500 and most 
exceeded 1,000. The SAR value was generally less than 2.0 and the 
boron concentration was usually close to 0.5 mg/ℓ. Considering both 
the quality and quantity criteria, a very small proportion of the land 
area (less than 5%) would have suitable groundwater supplies for irri
gation.
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Elgin County; In Elgin County, the majority of high yield 
wells are in the overburden. Less than 1% of the land area has aquifers 
which yield in excess of 50 gpm however the map shows approximately 
20% of the area to have well yields between 10 and 50 gpm. The boron 
concentration and SAR values are generally within the recommended limits 
and the total dissolved solids concentration is generally between 300 
and 1,000 mg/ℓ. Although the total dissolved solids could be higher 
in some regions than the criterion established earlier, since we are 
dealing with a humid region, a TDS value of 1,000 would probably be 
acceptable. Provided the method of irrigation can be adapted to 
relatively low yield supplies (10-50 gpm), a significant portion of 
the county (20%) could have adequate groundwater supplies for irriga
tion.

Kent County; In Kent county, the majority of wells obtain 
water from the overburden. A very small proportion of the county (less 
than 1%) has aquifers with yields in excess of 50 gpm, while approxim
ately 10% of the area has aquifers which yield between 10 and 50 gpm. 
The water quality is highly variable, with both the SAR and total 
dissolved solids criteria being exceeded at several locations. Con
sidering both the quantity and quality criteria, as much as 5% of the 
county may have adequate groundwater supplies for irrigation.

Essex County; In Essex county approximately 80% of the re
corded wells are terminated in bedrock. As much as 2% of the county 
has well yields in excess of 50 gpm while approximately 40% has yields 
between 10 and 50 gpm. The SAR values and boron concentrations are 
generally within the acceptable criteria. The total dissolved solids 
concentration is highly variable but a considerable portion of the 
high yield areas appears to have T.D.S. values below 1,000. Consider
ing a yield of 10-50 gpm to be sufficient, as much as 25-30% of the 
county could have adequate groundwater supplies for irrigation.

Lambton County: The majority of wells in Lambton county are 
in the overburden. Approximately 2% of the land area shows well yields 
in excess of 50 gpm while as much as 15% may have well yields between 
10 and 50 gpm. Although the water is hard and the quality variable, 
as much as 10% of the land area may have suitable groundwater supplies 
for irrigation.

Brant County: The groundwater probability map for Brant 
county is currently in the preparation stage, but based on the pre
liminary maps, probably no more than 5% of the area has adequate ground
water supplies for irrigation. This includes areas which yield 10-50 
gpm.

Based upon the analysis of the available groundwater probability 
maps, and to some extent, upon the maps of well yield for the Lake 
Ontario drainage basin. It appears that less than 5% of Southern 
Ontario has adequate groundwater supplies for irrigation. This may be 
increased to about 15%, if well yields of 10-50 gpm are considered 
adequate. These estimates contain several uncertainties. The maps 
are based only on known supplies. The possibility of previously 
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undetected supplies existing cannot be neglected. In addition, there 
is a degree of uncertainty associated with the boundaries of the 
various yield categories and, of course, the estimates are based 
primarily on the data of only six counties. Of particular signi
ficance is the fact that the well-log records deal primarily with 
intermediate and deep overburden wells or bedrock wells, and generally 
contain little information on shallow overburden water supplies.

Shallow Groundwater Supplies

Wells installed in shallow sands or gravel are frequently 
dug, driven or jetted and no well log is submitted. Although an 
attempt is made to delineate areas of shallow sand deposits on the 
groundwater probability maps, they are not normally included in the 
demarkation of different yield classes. They may nevertheless be a 
significant source of groundwater for irrigation. As an example, an 
area to the north-west of Leamington in Essex county is shown on the 
groundwater probability map to have a probable groundwater yield of 
less than 10 gpm. The same area, however, is shown to have a shallow 
sand deposit; This shallow sand is the primary source of irrigation 
water for several square kilometers of intensively farmed agricultural 
land.

Shallow groundwater supplies have several desirable features. 
In the area near Leamington referred to above, the water table varies 
from about four feet to ten feet below ground surface and as a result, 
irrigation is from ponds dug to depths below the water table. The 
ponds provide for significant storage of water. As the water level 
in the ponds declines during irrigation, groundwater flows in and 
the pond gradually refills between irrigations (Fig. 7). In effect, 
the pond acts as a large-diameter shallow well. As a result of the 
large surface area for groundwater discharge to the pond, geologic 
materials approaching the lower limit of aquifer hydraulic conductivity 
(10-3 cm/sec) can provide adequate water supplies for irrigation. Also, 
as a result of the shallow depths, little energy is required to lift the 
water thus reducing the operating costs. Although the extent of shallow 
groundwater supplies is undoubtedly small, it may nevertheless be a 
valuable resource in local areas.

The current use of shallow groundwater supplies also demonstrates 
the need for a careful evaluation of the local hydrogeologic conditions 
when attempting to locate a groundwater supply. Although, well logs and 
groundwater probability maps can be used as a guide in groundwater pros
pecting, they are not a substitute for on-site investigations.
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Figure 7. Shallow pond used aS a water supply for irrigation
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EFFECT OF IRRIGATION ON 
GROUNDWATER QUALITY

The quality of groundwater depends upon a large number of 
geochemical and physical factors, the quality of water applied at 
the earth’s surface being one important factor. Where waste-water,of 
variable and often complex chemistry is applied, the prediction of 
contaminant migration rates can be a difficult problem indeed. A 
comprehensive discussion of the various transport mechanisms is well 
beyond the scope of this paper. An introduction to the topic has been 
given by Cherry et al. (1975).

Groundwater invariably has a higher total dissolved solids 
content than rainwater. As a consequence, salts may accumulate in 
the soil zone, or is more likely the case in humid regions, the salts 
will be leached to greater depths. As a result, there is a potential 
to Increase the dissolved solids content within the groundwater flow 
system. Since natural groundwater quality is generally the result of 
equilibrium reactions, the equilibria will tend to shift in response 
to the higher dissolved solids content in the infiltrating water. 
Although the equilibria may be shifted, the net effect of the reactions 
will tend to maintain the water quality in its natural condition. In 
most situations,, irrigation with groundwater would not have a detri
mental effect on groundwater quality. The most notable exception is the 
leaching of nitrate into the groundwater zone; however, this process 
is generally independent of the water source. Shallow groundwater zones 
are most susceptible to deterioration in water quality.

In systems where irrigation is used as a means of waste water 
disposal, the concentration of many constituents may be considerably 
different from the concentrations in the natural groundwater and generally, 
the water would be applied in excess resulting in a greater potential 
for leaching. Although many geologic materials have a remarkable 
buffering and attenuating capacity for a wide range of potential 
contaminants, species such as certain anions and organics move readily 
through soil materials. Any waste disposal scheme should be evaluated 
from a consideration of the constituents in the waste, the geochemical 
factors affecting the constituents and the physical hydrogeologic 
conditions in the vicinity of the disposal site.

Natural groundwater velocities typically vary from fractions 
of a foot per year to tens of feet per year. As a result of these 
low velocities, significant groundwater contamination may occur before 
it is detected, and once an aquifer is contaminated, renovation can be 
extremely costly and can require very long periods of time. For these 
reasons a conservative approach should be taken when considering 
irrigation as a method of waste disposal and a thorough evaluation of 
the factors listed above should be undertaken prior to the implementation 
of a disposal system.
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AN APPROACH TO THE ENGINEERING AND ECONOMICS OF 
IRRIGATION IN SOUTHERN ONTARIO

1Vernon Spencer—

SYNOPSIS

This presentation outlines some approaches to the engineering 
and economics of irrigation in Southern Ontario. Since, in the author’s 
opinion, most outlines extoll the virtues and positive aspects of a 
specific approach, this presentation will outline a few of the approaches 
and a philosophy which may be useful in analyzing an irrigation problem. 
The objective is to ensure that a clear understanding of the goal to be 
sought is attained and to encourage the consideration of the widest 
possible range of alternatives.

INTRODUCTION

Before contemplating irrigation it is desirable to review the 
factors which determine whether or not a soil droughtiness condition 
exists in order to determine whether some other management change may be 
effective in solving the problem. For that purpose a brief review of 
some of the characteristics of the soil, crop and weather follows in 
order to determine whether they can be modified to solve the problem.

Soils

The properties of soils of most interest in analyzing a soil 
droughtiness condition are infiltration rate, moisture holding capacity 
and soil water transmission rate. These properties are determined in 
large degree by the parent materials but in some cases can be substan
tially altered by management factors. Many of these management factors 
are crop related. Others, like artificial drainage, tillage method and 
equipment selection may be classified as engineering

In considering droughtiness, the primary role of drainage may 
be its influence on other management factors and the soil structure. 
It may allow the selection of alternative crops which can utilize a 
greater volume of soil and thus gain access to a larger volume of water, 
or crops which can be used to improve structure or organic matter con
tent. The merits and limitations of drainage have been outlined in 
many papers over the years. It would be prudent, when analyzing a soil 
droughtiness problem, to consider the possible merits of artificial 
drainage.

— Director, Food Land Development Branch, Ontario Ministry of 
Agriculture and Food.
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While the timing of tillage operations are extremely signifi
cant, the selection of equipment is extremely important in controlling 
and relieving soil compaction. This is an active field of study whose 
total significance may not be presently generally recognized. As 
technology in this area develops, it should be carefully analyzed to 
determine its influence on soil droughtiness conditions.

Crops

The selection of the crop has a tremendous influence upon 
whether or not a soil droughtiness condition exists under a given set 
of conditions. This topic will be discussed in the next presentation.

Weather

In considering engineering responses to weather factors, as 
they relate to soil droughtiness, the characteristics of the rainfall 
emerge as being of prime interest. It is an unusual situation where 
one tries to control the intensity of the sun or the wind speed through 
an engineering response. There have, however, been two major engineer
ing responses to the shortage or poor timing of rainfall, namely weather 
modification and irrigation.

Weather Modification: For persons interested in weather 
modification two references are supplied (1) (2) . The techniques of 
weather modification require action on a provincial, national or inter
national basis which places them beyond the scope of individual action. 
Thus, Government has a clear obligation to deal with this field of study.

Irrigation: Irrigation is, on a world wide basis, a highly 
developed engineering response to soil droughtiness conditions. Activity 
in Ontario is limited to fairly specific cases because of the relatively 
small number of recurring soil droughtiness situations and the limits 
which economics place on our actions.

WHAT IS THE GOAL OF IRRIGATION

In considering irrigation it is extremely useful to identify 
the goal to be sought. On the one hand the goal may be "to maximize 
total production and/or quality." On the other hand the goal may be 
"to maximize profit." It is a rare situation in which both of these 
goals can be achieved and many irrigation systems have been purchased 
on the basis of a compromise between the goals or for "insurance" 
purposes. A discussion of these three goals follows.
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Maximize Production and/or Quality

The clearest personalized example of this philosophy is lawn 
or garden watering. Little or no thought is given to economic costs 
and returns or for that matter as to whether a soil droughtiness condi
tion exists. Water is applied to produce a lush green growth of grass, 
thick shrubs and trees, or volumes of juicy fruits or large firm 
vegetables. The aesthetic effect is what is sought or, in effect, a 
maximization of production and/or quality. From a moral sense this 
concept might be expanded to the production of food. In a food-short 
jurisdiction the economics of irrigation might be ignored. The goal 
would be maximum production and/or quality so that all citizens would 
be well-fed. Under these circumstances irrigation would be a universal 
tool of food production. However, at this time in Ontario the realities 
of life dictate a concern for the economic costs and returns. Therefore, 
in a commercial sense, there are few examples where maximization of 
production is the goal.

Maximize Profit

In Ontario, good management dictates that the use of any 
particular production tool must yield a profit and the increased profit 
should be the highest possible for the capital expended. In other words, 
if irrigation will return $10 profit for $100 invested at the same time 
when another management activity will return $20 for $100 invested, 
assuming other things are reasonably equal, then one might argue that 
as an individual, and as public policy, one should invest in the other 
management activity. In the author's experience in Ontario, the 
instances when irrigation maximizes profit are limited in number.

Compromise - Irrigation as Insurance

This philosophy argues that the annual overhead cost of the 
irrigation equipment/water supply development should be part of the 
overhead cost of production. Then, to break even, when the equipment is 
used the crop response must only meet the operating costs of applying 
the water. If one uses this philosophy, the overhead cost should be 
carefully evaluated against other alternatives like crop insurance.

In order to make decisions about the usefulness of irrigation, 
it is absolutely essential that, as an individual or in setting public 
policy, the goal to be achieved must be absolutely clear and, if a com
promise is the desired position, that the balance between alternative 
goals must be specified in measurable terms.
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RESPONSE TO IRRIGATION

Over the past three decades research work covering a broad 
range of crops, soil types and weather conditions has been done to 
determine crop response to irrigation practices. The following paper 
will deal with this in more detail. Usually studies show that in 
virtually all cases where irrigation is used there is a positive 
response ranging from a 10 percent increase to a 200 percent increase. 
In analyzing crop response the following points should be noted:

Average Response

In several experiments, rainfall distribution patterns were 
sufficiently even that no irrigation was required at any time during one 
or more of the cropping seasons. Thus, on a three or five year experi
mental basis, which was common, irrigation was only required and respon
ses were only obtained in about one-half to two-thirds of the crop years. 
Within most experiments with a given crop and soil condition, response 
varied widely depending upon weather pattern. Thus, a 50 percent or 
100 percent response may have been obtained in one year, a minimal 
response in one or two other years and no irrigation was required in 
two or three years. The average five year response in such a case would 
be 10 percent to 30 percent depending upon the specific figures. Because 
irrigation equipment is likely to be amortized over 10 to 20 years one 
really requires the 10 to 20 year average response. While such a figure 
is most difficult to calculate one can get an indication of its value 
by reviewing experimental results for crops, soils and weather conditions 
similar to the case under study. An earlier paper dealt extensively with 
climatic data which must be carefully reviewed. Response is so variable 
that no generalized statement can be made and analysis must be on a case 
specific basis.

Total Production Cost

In several experiments high responses to irrigation were 
obtained because the crops were being grown on inappropriate soils. It 
is difficult to compete in the production of grain corn if it is grown 
under irrigation in a gravel pit. On a per bushel cost basis the pro
ducer on a well drained clay loam flat will likely produce at lower cost. 
This does not deny that the response to irrigation of grain corn in a 
gravel pit may be a 50 percent to 100 percent increase every year and 
the irrigation operation may be profitable, however, the overall produc
tion cost is likely too high and the overall operation non-competitive. 
In the author's experience a substantial number of Ontario operations 
fall into this category. If our goal is to maximize production, then 
this is an ideal situation, however, if we wish to maximize profit, it 
is undesirable.
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IRRIGATION COSTS

The author was unsuccessful In finding well documented 
studies of Irrigation costs. For that reason, information from the 
mid-1960’s was updated, (see Table 1). Fortunately, irrigation costs 
can be readily determined. Capital costs of water supply development 
and irrigation equipment can be estimated and annual overhead costs 
predicted. With experience, operating costs, including supervision, 
labour and power, can be predicted. In the author’s experience, the 
annual overhead costs vary from $30 to $200 per irrigated acre 
depending largely upon the cost of water supply development and the 
cost of the equipment for lifting and/or transporting the water to the 
field. Operating costs per acre inch of water distributed vary from 
$5 to $40. These costs also depend heavily upon the lift and the 
distance the water must be transported and the degree of supervision 
and moving time required.

SHOULD WE IRRIGATE?

What is the goal?
What is the average response?
What are the overhead and operating costs?

If we estimate, predict or assume these things then we can 
use Figure 1 to get an idea about the usefulness of irrigation. The 
figure is used in the following example to show its application.

Assume that on a 20-year basis in Eastern Canada the average 
response to irrigation will be 20 percent. Assume further that the 
minimum annual cost per acre will be $35 for overhead and $5 for opera
ting cost. (Based upon a 20-year average distribution per year of 
about half acre inch of water, maximum in any year approximately five 
inches, and no use in one-third to one-half of the years). By reference 
to Graph No. 1 and by entering on the lower scale at a 20 percent 
increase, by proceeding up to the $40 operating cost diagonal and then 
to the left hand scale, it is determined that to break even, the gross 
value of the crop must be $200 per acre. As a second example assume an 
annual overhead cost of $65 per acre, an annual operating cost of $10 
per acre and a 40 percent increase (this makes sense since in assuming 
a 20-year average annual operating cost of $10, the equipment use, which 
is related to weather and therefore response is being doubled) the break 
even crop value is found to be about $175 per acre. If the annual over
head cost increases, because of high costs of water supply development 
and/or costs of equipment to lift and transport the water, or the annual 
operating costs increase for these or other reasons, it is unlikely that 
the operation will be economical unless the crop value exceeds $250 to 
$500 per acre. The only way to know is to make the assumptions and do 
the calculations, estimations, predictions for the given situation and 
then analyze the results against the goal selected.
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TABLE ONE: IRRIGATION OPERATING COST STUDY

Basis of Calculations

Annual Overhead Cost

Item Percent of Capital Cost

Depreciation 6 1/2% (15 year life)
Interest 7%
Housing and Insurance 1%
Repairs 3 1/2%

TOTAL 18%

Annual Operating Cost

Supervision
Labour

$30.00 per day
$ 2.85 per hour

Tractor - to move pipe $ 2.00 per hour
Tractor - as power source $ 3.00 per hour
Fuel costs (gas or diesel) 
Lubricating Oil

$ 0.45 per gallon
$ 1.00 per quart



RELATIONSHIP
BETWEEN :

CROP VALUE, 
CROP RESPONSE 
and 
IRRIGATION COSTS

1 Present Gross Market Value 
Dollars/Acre

2 Gross Market Value Increase 
in Percent

3 Dollars/Acre

Food Land Development Branch, OMAF 
Graph No. 1
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SUMMARY

In analyzing an irrigation problem one should always 
consider:

Management response directed at modifying soil properties 
including artificial drainage and soil tillage. The Management 
options available in crop selection. Management responses directed at 
modifying weather properties including irrigation and weather 
modification.

In considering irrigation one must clearly establish the 
goal to be sought, that is, "to maximize total production and/or 
quality" or "to maximize profit".

In reviewing crop response data, the long range average 
response should be determined as well as the competitive position of 
the overall operation.

In establishing irrigation capital costs, the degree of 
water supply development required, the amount of lift at the site and 
the distance from the water supply to the area to be irrigated are 
critical factors.

In establishing irrigation operating costs, the life and 
distance from the water supply to the field as well as the efficiency 
of labour use and the degree of supervision required are critical 
factors.

Every situation is unique and must be analyzed on its own.
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TRICKLE IRRIGATION FOR HORTICULTURE CROPS
nA. L. Kenworthy-1-

The origin of trickle irrigation is not too clear. Most often, 
an English researcher is given credit. His 1948 introduction of an 
automatic watering system for greenhouse tomatoes has been considered 
as the beginning.

Since then, automatic watering systems for greenhouse crops has 
become widely adapted. Researchers in Isreal were, perhaps, the first 
to adapt such systems to field grown crops. The name Drip Irrigation 
originated in Isreal. Their first research reports were on vegetable 
crops. They have used the system, also, on tree crops.

The next reports came from Australia under the name of Daily- 
Flow Irrigation. Trickle irrigation has since been used world wide 
with varied success. In the United States, it is estimated that there 
is over 150,000 acres under trickle irrigation.

California, perhaps, has more acres of trickle irrigation than 
any state. Western states dominate the acreage with trickle irrigation. 
The present water shortage will, likely, result in a rapid expansion 
of trickle installations. At the present time, it is widely used on 
tomatoes, strawberries, and tree crops (citrus, avocado). For example, 
in San Diego county, 6,000 acres of strawberries have been put under 
trickle irrigation during the last two years.

The first installation in Michigan was in 1971 on an 8-a ere block 
of pears. Current estimates are that there are approximately 20,000 
acres of orchards with trickle irrigation in Michigan. Much of the 
acreage is in newly planted orchards or young orchards. Vegetable 
crops and small fruits (except blueberry) represent a low acreage. 
This is perhaps because there is no frost protection from trickle 
irrigation and, also, the fact that such growers usually have sprinkler 
sys terns.

Trickle irrigation (sometimes called drip or daily flow) has 
distinct advantages where:

1. Water supply is not adequate for sprinkler systems.
2, Water costs are high.
3. Water contains relatively large amounts of salts.
4. It is not desired to irrigate the entire field (as 

with small trees).
5. Where slopes make other methods less desirable or imprac

tical.

-1 eProfessor, Department of Horticulture, Michigan State University, 
East Lansing, Michigan 48824.
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It is where these conditions exist that trickle irrigation 
has expanded rapidly in recent years. For example, if one is 
located at the end of an irrigation district (in Western states), 
the water usually contains large quantities of salt and is expensive. 
An irrigation practice that places the water between rows results 
in the highest salt concentration in the row. With trickle irrigation, 
the water is delivered in the row; hence, the highest salt concentra
tion between the rows. In San Diego county, California, avacodo are 
being planted on very steep hills. All of these use trickle irrigation.

In Michigan, every fruit grower has a 4- or 6-inch well that is 
little used. The acreage potential of using such a well for trickle 
irrigation (6.7 acres per 10 gpm capacity) was attractive to them. 
It is from such sources that most of the trickle irrigation is done. 
Perhaps the primary advantage of trickle irrigation is complete auto
mation of the system. Thus, the system may be activated for a specified 
period each day with only minor periodic monitoring.

THE PRINCIPLE

Basically, trickle irrigation is intended to prevent a moisture 
stress rather than correct it as with sprinkler irrigation. This 
is accomplished by delivering water to an individual tree at slow 
rates (2 gph) for a specified period each day. The practice will 
not result in over irrigation and does supply the plant needs. 
Since water stress is equalized within the plant, it is possible 
to provide water to only 25% of the root system and prevent water 
stress.

Calculations based on evaporation from a free water surface 
shows that this can be accomplished by use of one emitter per tree. 
Water should be applied at a rate of 2 gph for a period up to 12 
hours per day depending upon tree size. The objective is to apply 
approximately 2500 gallons per acre per day in mature orchards. 
This would be equal to 75% or more of the evaporation from a free 
water surface in Eastern U.S, and Canada during the summer months.

CROP RESPONSES

Response to Irrigation in any manner is related to the shortage 
of water and crop involved. Grower reports are usually very favorable. 
Some growers feel that tree survival and increased fruit size and pro
duction pays for the system in a single year. In a year such as 1976, 
this could have been especially true.

Since fruit crops mature at different periods during the summer, 
the response is crop related. Responses are usually observed if the 
drought exists during or just prior to fruit maturity. If the soil 
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is well supplied with water when growth starts and the crop matures 
early, one may not get a response to trickle irrigation. Cherries, 
sweet and sour, are only on the tree for approximately 60 days. 
Hence, a complete absence of beneficial rains during this period 
is likely to affect production.

Also involved is the fruit enlargement characteristics of the 
fruit. Apple, for example, has a fruit growth curve that shows a 
gradual enlargement during the season. Only a prolonged drought 
would affect final fruit size. Peach, however, has a period of 
rapid enlargement just prior to maturity. A dry period during that 
stage would seriously affect final fruit size. In fact, many peach 
growers wait until the period of final swell before turning on the 
system. They then activate the system and let it run continuously. 
At harvest, they drive carefully down the middle to prevent getting 
stuck in the wet soil. Fruit size, however, is greatly improved.

THE INSTALLATION - TREE CROPS

The installation usually involves a 2-inch black plastic pipe 
as main-line to the orchard and as a header across the rows. Many 
systems in California now use a flexible plastic pipe as the header. 
The main-line and header are usually buried for convenience. Saddle 
clamps or insert tees for 1/2-inch pipe are placed in the header at 
each row. A 1/2-inch black plastic pipe is attached and taken down 
the row on the surface. Some systems are buried to get the 1/2-inch 
pipe out of the way. However, it must surface for inserting emitters 
or the emitter brought to the surface. An emitter is placed at each 
tree or pair of trees. The emitter should be, preferably, on the 
uphill side of the tree, because water flows downhill even in soil.

The ends are closed with insert plugs. Time clocks and solenoid 
valves are used to activate the system for the desired period each day.

Black plastic pipe is interesting and sometimes frustrating to 
work with. It comes in coils and remembers its shape when last heated. 
It is thermoplastic and handles best when warm. It shrinks when cooled. 
Thus, it should not be laid too straight in the row. If laid straight 
during a warm day, cool nights would result in shrinkage. Then, when 
warm again, the pipe snakes along the row. This could result in the 
pipe not reaching the end tree after some cool nights. Insert fittings 
are easier to make if the pipe is warmed. This is easy to do with 
lighter fluid. Simply pour some on the pipe and light it. When the 
lighter fluid is burned, the pipe will be softer.

Drainage of the system for winter protection is not essential. 
The system is self-draining in that it drains to the lowest emitter 
when turned off. Also, snow cover is good protection. We had little 
damage to the black plastic pipe or emitters from winter temperatures, 
Solonoid valves and other metal fillings, however, should be drained, 
protected, or removed.
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Wildlife can cause damage. We have had fox and porcupine bite 
through 1/2-inch lines. It is an investigative action that does 
not keep reoccurring. Mice, chipmunks, and squirrels bit microtubes. 
This seems to be reoccurring, and they never seem to satisfy their 
curiosity.

EMITTERS

There are several emitters available. They may be either in-line 
or on-line. An in-line emitter would require cutting the 1/2-inch 
lateral and inserting the emitter. An on-line emitter is placed in 
position by inserting it through a punched hole. Emitters designed for 
use in trickle irrigation systems vary considerably in cost. The user 
should consider labor costs, ease of installation, freedom from plug
ging, and serviceability. Engineering design of emitters vary con
siderably. The function principle, however, of the emitters may be 
classified as:

1. Microtubes (spaghetti tubes). These are black polyethylene 
tubes of small inside diameter (.025 to .045 inch). Flow of 
water is controlled by varying the length according to pressure 
changes associated with elevation changes. They are inserted 
in the laterals at appropriate locations. Microtubes are, 
perhaps, the least expensive of available emitters. However, 
it is necessary to determine appropriate length and cut them 
accordingly. This requires determination of elevation changes 
and calculation of length necessary to control flow. Also, 
rodents, if present, may bite them into pieces. This, however, 
can be avoided by inserting nearly all of the microtube inside 
the 1/2-inch lateral.

2. Bi-wall, Twin Wall, or Dew Hose. Bi-wall and Twin Wall hose or 
tubing is constructed so that water is released from the inner 
wall at less frequent intervals than from the outer wall. 
Usually, each opening in the inner wall supplies water to five 
openings of the outer wall. Flow of water is regulated by 
pressure and low pressures are required. A change in elevation 
also changes rate of flow. Openings in the outer wall may 
be spaced at desired intervals but are fixed when manufactured. 
Dew hose may be described as a thin sheet of black polyethylene 
sewed into a tube. Water is released from the seam as drops 
and provides a continuous wetted strip. Thus, it is useful 
on closely planted crops.

3. Fixed delivery. Such emitters may control flow of water by 
a standard size orifice or opening. Some have a spiral groove 
through which water flows. The groove simulates a microtube 
of fixed length. These emitters are rated to deliver water at 
a given rate at a specified pressure.
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4. Partially pressure compensating. Such emitters are usually 
constructed so that the flew of water through a fixed ori
fice generates a swirling or vortex action in a chamber. 
This swirling or vortex action of the water results in 
lower flow rates of water release as pressure increases.

5. Pressure compensating. A pressure compensating emitter 
is constructed so that the groove through which water 
flows is reduced as pressure increases. This may be 
accomplished by use of a rubber diaphram over the spiral 
groove, a rubber piece over a straight groove or a rubber 
tube or strip over a straight groove. Such emitters have 
a definite advantage in that pressure or flow regulating 
valves are not needed and the flow rate is not affected 
by elevation changes.

PRESSURE REGULATION

Pressure on the entire trickle system may be controlled by use 
of pressure regulators on the 2-inch main-line or headers. Use of 
smaller pressure regulators on laterals would be satisfactory but 
may be more expensive.

Flow control valves may be used on the laterals. Such valves 
regulate water flow to the indicated amount with varying pressures 
(15-125 lbs.). If placed in the lateral as it leaves the header, the 
amount of water passing through the flow control valve must be re
leased by the emitters or pressure in the lateral will increase to 
equal that of the main-line or header. If rates of water release by 
the emitters is affected by pressure, the rate of flow will vary 
according to pressure which, in turn, can be affected by the flow 
control valves.

CLEAN WATER

Nearly all emitters require clean water. Usually, a 100-mesh 
in-line screen is used on systems using water from wells. Such 
screens may require periodic flushing to clean the screen.

Use of surface water, as from ponds or irrigation canals, may 
require more elaborate filtering devices. Filtering can be done 
with self-flushing screens or use of more elaborate sand filters. 
Sand filters will require periodic flushing to remove the silt 
and other materials.
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FERTILIZER APPLICATION

Soluble fertilizers can be applied through the trickle irrigation 
system. This may be done by use of positive displacement pumps to 
deliver a fertilizer solution to the main-line as needed. Fertilizer 
solutions would be required.

Granular fertilizer may be applied by use of a fertilizer tank. 
The fertilizer is placed in the tank and a small portion of the water 
is by-passed through it. As the water flows through the tank, the 
fertilizer is dissolved and the solution delivered io the main line. 
A small pressure reduction (approx. 5 lbs.) on the main-line between 
the inlet and return from the tank is needed to assure water movement 
through the tank. The tank must be able to withstand line pressure.

Hardness of the water by iron and calcium may result in the phos
phate fertilizers becoming insoluble. Nearly all nitrogen fertilizers 
are readily soluble and can be used easily. If potassium is to be 
applied through the system, it would probably be best to use white 
potash.

Rate and amount of fertilizer applied by use of a fertilizer 
tank may be determined by knowing the rate of flow through the tank 
and tank volume. If the tank volume is considered as a cycle, 66% 
of fertilizer in the tank will be removed each cycle.

Present research indicates the possibility of using less nitrogen 
(up to 50 percent) if nitrogen is applied through the system during 
the growing season.

PLANNING AN INSTALLATION

Material used in trickle irrigation installations is constantly 
changing. Also, opinions vary widely as regards materials and how 
it should be done. Anyone interested in making an installation should 
first familiarize himself with the principle and materials. Considerable 
time may be saved by use of services offered by a company experience with 
materials and installations.

Note: Additional information on installation technique may be obtained 
frcm Michigan Agricultural Experiment Station (E. Lansing, Mich
igan) Research Reports 165, 248, 285.
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SOIL PROPERTIES FOR IRRIGATION AND

WASTE WATER DISPOSAL

P.H. Groeneve It

SYNOPSIS

The properties of soils concerning Irrigation and waste water 
disposal can be divided into physical, chemical and biological properties.

The physical properties can be categorized Into adsorption and 
filtration properties. The former category deals with the statics of the 
soil complex involving the texture of the soil and the kind of chemical 
compounds of concern. The latter category deals with the dynamics of 
the system, the flow of water and the transport of particles and chemical 
compounds. Here the structure of the soil, the geometry of the matrix 
and the layering of the soil are Involved.

LAYERING OF THE SOIL

Inspection of the soil often reveals layers of which the 
texture, structure and chemical composition are sometimes quite different.

Most soils in southern Ontario are luvlsols. They have
developed on calcareous sedimentary rock. Decalcification by acids was 
followed by dispersion and downward movement of the clay in the top layer 
of the soil. At a certain depth (about 1 m) below the soli surface the 
clay particles formed coatings around the pores (cutans). A clay rich 
layer (claypan) can often be observed. If the clay content Is high 
enough this layer obstructs the water flow and drainage is poor. Above 
the claypan the soil is very wet during some period of the year and 
Gley phenomena can be observed. Below the claypan the soil is usually 
dry. The presence of a claypan has important consequences for the 
practice of irrigation and waste water disposal. Leaching of salts by 
deep percolation is difficult or impossible without artificial drainage. 
Disposal of large quantities of waste water on these soils is Impossible 
as It is the permeability of the least permeable layer which determines 
the percolation rate.

Professional Associate, Dept. Land Resource Science, University of 
Guelph, Guelph, Canada.
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In northern Ontario most soils are podzols. The presence of 
a layer of organic matter can be important for waste disposal. The 
cation exchange capacity (CEC) of organic matter (200 meq per 100 g) is 
much higher than the CEC of most Ontario soils (about 30 meq per 100 g. 
Note the weight basis!). For the practice of waste disposal on land the 
depth of the bedrock ("a truely impermeable layer”) Is of course of great 
importance (cf. Webber, 1975).

Other types of layering

For irrigation and waste water disposal practices as well as 
for the storage of waste water the infiltration rate of the liquid Into 
the soil is often the decisive factor. The very practice of irrigation 
and waste water disposal often creates a surface layer which alters the 
infiltration rate enormously. Sprinkler irrigation, like rainfall, can 
form a crust at the soil surface due to the splashing of the water drops. 
Frequent wetting of the soil surface can cause the infiltration rate to 
drop so far that not enough water reaches the roots. A recent report 
from California (Schweers andGrimes, 1976) mentions this phenomenon as 
the reason for the widely observed decline in size of tomatoes during 
the growing season. The recommendation to tomato growers is to change 
from sprinkler or furrow irrigation to drip irrigation.

Deposits of different kinds of material can either increase or 
decrease the infiltration rate. Stover and other types of mulch usually 
cause an increased infiltration rate, particularly when the mulch creates 
open channels from the soil surface into the soil. This could be useful 
when large quantities of waste water are to be disposed on land.

Deposits of sludge material usually create a dense layer of 
particles with low permeability. This reduces the infiltration rate 
markedly and sometimes seals off the soil "completely* 1. Epstein et al. 
(1976) show the difference in soil surface conditions after application 
of either sludge or compost, the former causing a cloddy seedbed and 
the latter a friable seedbed. Compost application does not reduce the 
infiltration rate like sludge application does. However, when the 
sludge deposits dry up they shrink, crack and curl up. After this drying 
process the infiltration rate is largely restored. Bouwer (1973) states 
that for his experiments complete recovery of the infiltration rate was 
generally obtained after 10 days in the summer and 20 days in the winter. 
In Ontario these periods are probably longer.

For the storage of liquid waste in a lagoon the formation of 
a dense layer of particles on the bottom of the lagoon has an important 
positive aspect. The reduction of the infiltration rate into the soil 
under the lagoon reduces or prevents the leakage of waste water into 
streams and lakes. Dr. M.H. Miller and Dr. J.B. Robinson, both of the 
University of Guelph are conducting a study on such a lagoon for the 
storage of liquid waste coming from a feedlot. The lagoon has a varying 
water level. After the water has receded the shore line shows the dense 
mat formed by the waste particles. Upon drying the material shrinks, 
cracks and curls up. Experiments are underway to investigate whether 
the infiltration rate comes back to its original high value after the 
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drying process. It is possible that small particles have penetrated into 
the top layer of the original soil, which would cause a permanent 
reduction of the infiltration rate. This would be advantageous for the 
present purpose of storage.

In the deepest spot of the lagoon where the soil is permanently 
inundated a platform was built. Moisture profiles in the soli under the 
platform were measured with a neutron probe. The data are presented In 
Figure 1. These data show that the soil under the lagoon gradually 
drys up after inundation. They also show that the moisture profile 
gradually becomes steeper. Thus, both the moisture contents and the 
moisture content gradients decrease until after about four months the 
moisture contents are constant and the moisture content gradients have 
disappeared indicating that only gravity flow at low moisture content 
has remained. According to Darcy's law the flux of water (q) through 
the soil can be formulated by the sum of two parts, the first caused by 
the moisture content gradient and the second caused by gravity. Thus

q = -D dθ/dx + Ku (1)

where θ is the moisture content;
x is the space parameter taken positive downwards;
D is the water diffusivity and
Ku is the unsaturated hydraulic conductivity being strongly

dependent on the moisture content.
After about four months the moisture content gradient has disappeared 
and the downward flux of water has become equal to the unsaturated 
hydraulic conductivity which has a very low value at the present low 
value of the moisture content.

INFLITRATION EQUATIONS

The gap between the mathematical formulation of infiltration 
and the real soil behaviour is still wide but slowly narrowing. The 
infiltration rate, i, is usually high in the early stages and subsequently 
decreases to a constant value, the "infiltration capacity", equal to the 
saturated conductivity (K) of the least permeable layer.

Kostiakov (1932) proposed a purely empirical equation for the 
infiltration rate, viz.

i = atn (2)
where t is time to be counted from the start of the infiltration process;

a and n are parameters without any physical meaning.

From mathematical considerations Philip (1957) constructed the 
equation

i = 1/2 St -1/2 + A (3)
where S is the sorptivity of the soil and

A is a parameter without physical meaning; A contains the 
saturated conductivity (K) and a correction term for the sorption 
part caused by the gravity.
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Figure 1: Relationship of moisture content with depth below a 
manure lagoon at four times during the year.
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An excellent infiltration equation, containing two parameters with clear 
physical meaning, viz the sorptivlty S and the saturated conductivity K 
was proposed by Stroosnljder (1976):

i = 1/2 St -1/2 exp [-4K/3S √t] + K (4)

When time progresses the infiltration rate approaches the "Infiltration 
capacity", K. For the disposal of large quantities of waste water on 
land the soil should have a K-value between 1 and 15 cm/hour. For the 
application of waste water to agricultural land Webber (1975) recommends 
application rates not exceeding 0.1 to 1 cm/hour depending on the texture 
of the soil.

ADSORPTION OF WATER

The adsorption of water by soil is characterized by the soil 
moisture retention curve (moisture characteristic). It represents the 
relation between the water content and the equilibrium water pressure. 
In the field these parameters are measured e.g. by a neutron probe and 
a tensiometer respectively. For irrigation purposes the knowledge of 
this characteristic is very Important. It provides information about 
the amount of water "available" for the plants. The "available water" 
is the amount of water held by the soil between "field capacity" and 
"wilting point". Although these last two terms are rather Ill-defined, 
field capacity usually being considered as the moisture content at 1/3 
bar suction and wilting point as the moisture content at 15 bar suction, 
for practical purposes they are quite useful.

Depending on the crop there is a maximum tolerable soil water 
stress (negative water pressure) beyond which crop yields a re severely 
reduced. Fulton (1970) found these maximum stresses in Fox sandy loam 
to be 0.5 bar for potatoes, 1.0 bar for tomatoes and 5.0 bar for corn 
and cucumbers. The maximum tolerable stress is usually much larger 
than the optimum soil moisture stress, which could be maintained by 
means of continuous drip irrigation. Hagemann et al. (1975) found the 
optimum stress for alfalfa to be 0.5 bar.

ADSORPTION OF CHEMICALS

The adsorption of chemicals and fertilizers by the soil is a 
complex phenomenon. Some are only held in the adsorbed water to be 
taken up by plant roots or transformed by micro-organisms or eventually 
flushed down to deeper layers. Others are held on the exchange complex, 
more or less tightly bound but prone to eventually "move on". There 
are also chemicals and fertilizers that are "fixed" by the soil. They are 
encapsuled in the lattice structure of the matrix and bound to stay there 
for a long time.

As an example of the complex behaviour of chemicals in soils 
it is instructive to examine the fate of phosphorus. Commonly 
phosphorus is applied to soils as a fertilizer in the form of ortho
phosphate compounds. The applied phosphorus is rapidly fixed by the 
soil and subsequently slowly released and taken up by plant roots. It 
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is advantageous to apply fertilizers dissolved in the Irrigation water 
because timing and amounts can be precisely controlled. Here, the 
problem with orthophosphates is that they precipitate In the irrigation 
pipes and emitters and eventually plug them up. Also, when ortho
phospates are applied to the soil surface they do not penetrate Into 
the root zone because of the rapid fixation. Recent research 
(Rauschkolb et al. 1976) has shown that both problems can be overcome 
by the use of organic phosphate compounds. The highly soluble 
glycerophosphoric acid does not have the precipitation problems and is 
not immediately fixed by the soil. This compound moves through the 
soil until it is enzymatically hydrollzed after which it undergoes 
soil reactions common to the orthophosphate ion. In this case the 
properties of the soil are highly favourable: the necessary compound 
moves into the root zone, is held in place and subsequently slowly 
released.
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POTENTIAL HEALTH HAZARDS ASSOCIATED WITH MUNICIPAL WASTEWATER 
DISPOSAL BY IRRIGATION

R. G. BELL1

SYNOPSIS

The pathogenic microorganisms - viruses, bacteria, and 
parasites - found in wastewater are principally those causing endemic 
enteric diseases in the source population. If wastewater effluents 
are disposed of by irrigation, these pathogens can find their way 
back to the community in aerosols, via contaminated water, on plant 
products, or after direct contact with wastewater-soaked soil.

In the soil and on plant surfaces, the enteropathogens are 
in a hostile environment in which they will die unless they find a 
new host. The length of survival depends upon a combination of 
climatic and edaphic conditions. Most rapid elimination of pathogens 
from soil occurs in hot, sunny, low-rainfall areas in dry, coarse
grained soils of low pH and organic matter content. Pathogens are 
most rapidly eliminated from plant surfaces when exposed to bright 
sunlight and desiccation.

With good site selection, attention to application rate and 
timing, and judicious choice of crop, wastewater disposal by irrigation 
poses a minimal potential disease hazard, which is much less than that 
associated with direct discharge to surface waters.

INTRODUCTION

Land application of wastewaters is regaining its popularity 
as a treatment process for municipal wastewater (Sopper and Kardos, 
1973; Sanks and Asano, 1976). Properly managed systems can effect 
tertiary treatment by utilizing the dissolved nutrients for plant 
growth. Furthermore, in arid or semi-arid areas, the water can 
compensate for the evapotranspiration-precipitation deficit that 
limits plant growth. However, public concern over possible disease 
transmission seriously erodes confidence in irrigation as a wastewater 
treatment process.

The feces and urine of infected humans and animals dis
charged into a sewerage system are the main sources of wastewater- 
borne pathogens. Some of the more common pathogenic viruses, bacteria, 
and parasites are shown in Table 1. Fungi are also found in waste
water but they tend to be saprophytic (Sladka and Ottova, 1968). The 
severity of the health hazard associated with wastewater is directly

Environmental Microbiologist, Agriculture Canada, Research Station, 
Lethbridge, Alberta.
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related to the incidence of enteric disease in the source population. 
Fortunately, most pathogenic microorganisms are not adapted to a free- 
living existence and slowly die out if they fail to contact a new host. 
Therefore, the duration of storage or amount of treatment preceding 
wastewater irrigation has a direct influence upon the potential health 
hazard (Table II).

TABLE I. COMMON PATHOGENS PRESENT IN WASTEWATER

1. VIRUSES
a) Hepatitis A virus
b) Polioviruses
c) Coxsackieviruses
d) Echoviruses 
e) Reoviruses 
f) Adenoviruses

2. BACTERIA
a) Salmonella spp.
b) Shigella spp.
c) Mycobacterium spp.
d) Vibrio cholerae
e) Pseudomonas aeruginosa
f) Clostridium perfringens

3. PARASITES
a) Entamoeba histolytica
b) Ascaris lumbricoides
c) Taenia spp.
d) Trichuris trichiura
e) Enterobius vermicularis
f) Ancyclostoma duodenale
g) Necator americanus

Disposal of wastewater effluents by irrigation could re
establish the fecal-oral route of enteric disease transmission that is 
effectively interrupted by modern sanitary engineering. Human and 
animal health could be endangered if contaminated crops or water are 
ingested, or if direct contact is made with pathogen-containing waste
water aerosols or wastewater-soaked soils.
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TABLE II. PATHOGEN REMOVAL BY VARIOUS WASTEWATER TREATMENT PROCESSES

Pathogen

Reported removal efficiency %*

Primary 
treatment

Trickling 
filter

Activated 
sludge

Stabili
zation- 
pond

Bacteria 15 84-99.9 96-99 85-99
Amoebic cysts 0 11-99.9 0 75-95
Helminth ova 72-98 62-76 0 75-95
Virus 3 to extensive** 0-84 76-99 0-5

* Hoadley and Goyal, 1976; Foster and Engelbrecht, 1973; Geldreich, 
1972; Mara, 1976.
** If adsorbed onto wastewater solids.

The exact nature of the disease hazard varies from community to 
community depending on the endemic or epidemic enteric diseases of the 
source population and upon the duration or sophistication of treatment 
received before the wastewater is used for irrigation. The hazard 
presented by the release of wastewater-borne pathogens (Table I) into the 
environment after irrigation will be considered under the headings: 
aerosol dispersion, water contamination, soil contamination, and plant 
contamination.

Aerosol Dispersion

Aerosol dispersion is the subject of the next paper in this 
symposium (Reist, 1977) and will be considered only briefly here. 
Pathogen-laden wastewater aerosols, especially from spray-irrigation 
systems, can travel considerable distances under appropriate wind 
conditions (Hickey and Reist, 1975a). However, conclusive epidemiolo
gical evidence of an increased risk of infection to those exposed to 
wastewater aerosols appears to be lacking (Hickey and Reist, 1975b). 
This anomaly may result from the use of sophisticated techniques to 
sample large volumes of air compounded with the high infectious doses 
of most bacterial pathogens, e.g., 108 Vibrio cholerae or 105 Salmonella 
typhi being required to initiate clinical infection (Hoadley and Goyal, 
1976) and an initial inhalation rather than ingestion of the aerosolized 
pathogens.

Katzenelson et al. (1976) observed that the incidence of 
shigellosis, salmonellosis, and infectious hepatitis was higher in 
kibbutzim using wastewater spray irrigation than in those not disposing 
of wastewater by land application. These authors, while not excluding 
direct aerosol transmission by pathogen-laden aerosols, suggest that 
the pathogens could be brought back to the community on the clothes of 
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irrigation workers returning from the fields at mealtimes or at the end 
of the day. The survival time of bacteria and viruses in aerosols is, 
however, definitely shortened by exposure to solar radiation, low rela
tive humidity, and high temperatures (Poon, 1968; Goff et al., 1973).

The aerosol dispersion hazard would be vastly reduced if flood 
irrigation techniques were used in place of spray irrigation. While 
reducing aerosol dispersion, flood irrigation results in more human 
contact with the wastewater and a non-uniform application of the irrigant 
to the crops. If topography demands the use of a spray system, the 
survival of aerosol transmitted pathogens would be greatly reduced by 
restricting irrigation to the daylight hours and preferably when the sun 
is shining. The public should be denied access to irrigation sites and 
should be protected by buffer zones around all such sites. In some 
cases, irrigation should not be permitted if the wind is so strong that 
the buffer zones become inadequate.

Water Contamination

When wastewater is applied to the soil at rates in excess of 
the evapotranspiration-precipitation (ET) deficit, a net downward move
ment of water will occur. Movement of excess water across the surface 
(runoff) should not occur at well-managed wastewater irrigation sites 
except where the overland flow procedure is used (Vela and Eubank, 1973). 
This procedure is more correctly considered as a wastewater treatment 
process as it produces an effluent for discharge to a water course and 
therefore falls outside the scope of this review. The health risks 
associated with the deliberate or accidental discharge of wastewaters to 
surface water have been extensively reviewed (Craun, 1974, 1975, 1976).

Movement of wastewater to the groundwater after irrigation may 
be intentional, e.g., aquifer recharge (Young et al. 1972; Bouwer et al., 
1974a) or accidental if wastewater is applied to a crop at a rate grossly 
exceeding the consumptive use. Early work (Cam, 1943) indicates that 
Ascaris eggs, Entamoeda cysts, or hookworm eggs will not pass through 24 
inches of sand and, except under unusual conditions, are unlikely to 
reach the groundwater. Therefore, wastewater movement to groundwater is 
primarily of concern because of possible viral and bacterial contamina
tion of useful aquifers, i.e., underground water supplies.

In extensive studies on aquifer recharge from infiltration 
basins, Bouwer et al. (1974b) found that fecal coliforms were completely 
removed from secondary wastewater effluent after passage through 100 m 
of soil. Gilbert et al. (1976) working at the same site reported that 
no viruses or Salmonella spp. were detected in test well water samples, 
and that a 99.9% reduction of total bacteria occurred after passage 
through 9 m of loamy sand. A 99.99% reduction of poliovirus I was 
observed by Lance et al. (1976) in a laboratory study after passage 
through 2.5 m of calcareous sand and, perhaps of more significance, 
the majority of the viruses were retained in the top 5 cm of soil. The 
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high efficiency of the surface soil as a medium for the removal of 
pathogens from wastewater has been observed many times, e.g., 92-97% 
bacterial removal by top 1 cm (Marculescu and Drocan, 1962) and 99.9% 
removed by 43 cm downward movement and 38 cm horizontal movement (Mathur 
et al., 1968). I have observed that most fecal coliform bacteria were 
retained in the top 8 cm of a Brown Cavendish loamy sand irrigated with 
municipal wastewater lagoon effluent at Taber, Alberta (unpublished).

Movement of virus particles from wastewater into wells after 
passage through 3 m of soil in a cypress dome is reported by Wellings 
et al. (1975). These authors suggest that well contamination was 
influenced by excessive rainfall and by damage to the restraining clay 
layer under the dome caused by the erection of a tower. Bitton and 
Gifford (1976) working with the same soil found that bacteriophage T2 
and poliovirus I were less efficiently adsorbed on soil columns treated 
with effluent than those treated with water. Furthermore, adsorbed 
particles can be eluted from the soil by lavage with secondary wastewater 
effluent. The mechanism is believed to be interference with the virus
soil-interaction by organic matter in the highly colored effluent.

Helminth, ova, amoebic cysts, bacteria, and viruses can be 
effectively removed from wastewater by passage through soil. The removal 
efficiency is related to the rate of wastewater application (Evans and 
Owens, 1972) and to the physico-chemical properties of the soil (Gerba 
et al., 1975). Pathogen retention is more efficient in fine-grained 
soils than in coarse-grained soils (Table III). Acid soils have been 
shown to retain more virus particles than alkaline soils (Dewry and 
Eliassen, 1968), while fractured substrata such as limestone or basalt 
can permit almost unrestricted movement. Unfortunately, the less 
efficient soils in terms of pathogen retention are those with the highest 
hydraulic conductivities. Therefore, the wastewater irrigation system 
presents the design engineer with an often difficult choice between 
quality of return flow and quantity of wastewater that can be applied.

TABLE III. COLIFORM MOVEMENT THROUGH SOILS OF DIFFERENT TEXTURES 
(AFTER GERBA ET AL., 1975)

Texture of soil Source of coliform bacteria

Maximum observed 
distance of travel 

(meters)

Fine sandy loam Primary wastewater effluent 0.6
Fine-grained sand Sewage from perforated pipe 1.8
Sand dunes Canal percolation beds 3.1
Sand and pea gravel Primary wastewater effluent 31
Coarse gravel Tertiary wastewater effluent 457
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Soil Contamination

It should come as no surprise that soil becomes heavily con
taminated with pathogenic microorganisms after the application of 
wastewater. The question of public health interest is how long will 
these wastewater-borne pathogens remain infective in the soil. Each group 
of pathogens (Table I) are likely to behave differently because of 
structural and life-cycle differences and so will be considered 
separately.

Viruses: Virus removal from wastewater is primarily an 
adsorption process (Hoadley and Goyal, 1976). The difference between 
virus survival in natural and in sterile soil is so small that antagon
ism by the normal soil microflora is insignificant (Gerba et al., 1975). 
However, adsorbed viruses are just as infective as free particles (Schaub 
et al., 1974). The survival of virus particles in the soil from 25 to 
170 days (Gerba et al., 1975), has been found to depend on the chemical 
and physical properties of the soil with high temperature, low pH, and 
low moisture content being detrimental to virus survival.

Bacteria: Bacterial survival in the soil has been extensively 
studied. The factors influencing bacterial persistence in soil are 
summarized in Table IV. The most rapid die-off of wastewater-borne 
bacteria occurs during the first hours after irrigation (Baubinas and 
Vlodavets, 1974). My results from Taber, Alberta show an initial decline 
rate for fecal coliforms of 70% per day for the first 48 hours after 
irrigation and thereafter 33% per day at a soil temperature of 15 C and 
25% at 10 C (unpublished).

An ideal soil for wastewater disposal by irrigation if bacterial 
elimination is the only consideration would be a dry, coarse-grained soil 
of low pH and low organic matter content in a hot, sunny low-rainfall 
region, i.e., a semi-arid or arid area.

Parasites: Cysts of the protozoan Entamoeba histolytica, the 
causative organism of amoebic dysentary, are very sensitive to dessica- 
tion. In dry soil, they remain viable for less than 3 days and persist for 
only 10 days in moist soil (Rudolf et al., 1951). Therefore, the risk of 
Amoebiasis associated with wastewater irrigation can be eliminated if 
adequate time elapses between irrigation and human contact with the 
irrigated soil. In North America, Entamoeba histolytica can be expected 
to be found in very low numbers, if at all, in wastewaters (Wang and 
Dunlop, 1954).

Ancylostomiasis, hookworm disease, is also uncommon in North 
America but is a serious problem in tropical and subtropical countries. 
Increased incidence of hookworm disease is reported in persons contacting 
sewage-irrigated soil. Hookworm eggs voided in human feces hatch in the 
soil and develop into infectious larvae. Human infection results when



TABLE IV. FACTORS AFFECTING SURVIVAL OF ENTEROPATHOGENIC BACTERIA IN 
WASTEWATER IRRIGATED SOIL (AFTER GERBA ET AL., 1975)

Factor
Influence on 

bacterial survival Reference

Moisture content Decreased in dry soils Young and Greenfield (1923)
Gudding and Krogstad (1975)

Moisture holding capacity Decreased in soil of low 
water-holding capacity

Beard (1940)

Temperature Decreased as temperature 
increased

Mirzoev (1968)

Organic matter Decreased in absence of 
organic matter

Rudolfs et al. (1950)

Antagonism Decreased in presence of 
normal soil microflora

van Donsel et al. (1967)

Sunlight Decreased at surface in 
presence of sunlight

Beard (1940)

71
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filariform larvae, which remain viable in the soil for up to 6 weeks, 
come in contact with and actively penetrate the human epidermis. 
Simply by providing sewage farm workers with rubber boots would reduce 
the incidence of hookworm disease because the foot is one of the most 
common foci or initial larval penetration. Surveys in India show that 
80% of workers on "raw sewage farms" are infected with hookworms and 
other internal parasites as compared to 28% of a control population 
(Mara, 1976).

Survival of Ascaris ova and Trichuris eggs on or in soils is 
influenced by temperature, humidity, and exposure to sunlight (Parsons 
et al., 1975). Desiccation appears to be the most important lethal 
agent. In moist sludges, eggs have been shown to be viable after 2 
years (Asnin and Lagutina, 1976) but to degenerate in weeks in a hot 
dry soil (Parsons et al., 1975). Under more favorable conditions, 
eggs persist in soil for years, but time rather than soil treatment is 
still the preferred method to eliminate whipworms after a soil infesta
tion (Burden et al., 1976). Khizhnyak (1973) suggests that the prolonged 
persistence of helminth ova to be of sufficient concern to make vegetable 
cultivation in sewage irrigated soils a public health hazard, but 
considers forage or grain production to be a safe practice. The apparent 
severity of the helminth problem in Russia may in part reflect the lack 
of treatment before land application (see plant contamination). In 
North America, internal parasite infections are relatively unimportant 
and the ova can readily be removed from wastewater effluents by sedimenta
tion. Ascaris lumbricoides is considered as a problem of sludge disposal 
rather than of wastewater effluents (Washbotten, 1976). In those 
countries were parasites are endemic, the public must be denied access to 
areas treated with wastewater until cysts, ova, and infectious larvae have 
succumbed to the effects of desiccation and time if reinfection is to be 
avoided.

Plant Contamination

Survival of, and hence dispersion of, pathogenic microorganisms 
on crops irrigated with wastewater is of great concern to public health 
authorities (Geldreich and Bordner, 1971). Larkin et al. (1976) found 
that poliovirus I persisted on lettuce and radishes, vegetables usually 
eaten raw, for up to 36 days. An objection to the use of wastewater for 
vegetable production is also advanced by Khizhnyak (1973) based on the 
results of a helminthological survey. The results of studies in England 
on bacterial pathogens on lettuce plants suggest that contamination can 
persist until harvest time and, therefore, wastewater irrigation of this 
quick growing salad crop constitutes a public health hazard (Nichols et 
al., 1971). Epidemiological investigations such as that in Jerusalem of 
a cholera epidemic associated with contamination of vegetables by secondary 
wastewater effluent (Cohen et al., 1971) supports the fears expressed in 
the persistence studies reported above. A common finding in the pathogen 
persistence studies is that exposure to high temperatures, bright 
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sunlight, and low humidity markedly reduces the survival time of the 
pathogens on plant surfaces. Geldreich and Bordner (1971) suggest that 
crops for human consumption should not be irrigated with water con
taining more than 1,000 fecal coliforms per 100 ml. Imhoff et al., 
(1971) while agreeing with the view of Geldreich and Bordner in regard 
to salad vegetables, suggest that potatoes and other root crops may be 
grown under wastewater irrigation if irrigation ceases at the time of 
flowering, i.e., 6-8 weeks before harvest. Perhaps in North America, 
municipalities contemplating wastewater disposal by land application 
should consider crops other than those consumed directly by man.

With any wastewater irrigation disposal scheme, plant growth 
is important; being the principal mechanism of nitrogen and phosphorus 
removal. Since wastewater-irrigated crops, especially those consumed 
raw, present a real health hazard, perhaps forage, fodder, or 
industrial crop production would be more acceptable. Unfortunately, 
some of the wastewater-borne microorganisms can infect livestock as 
well as man. Therefore, simply growing forage in place of human food 
crops does not completely eliminate the health hazard, i.e., the route 
of infection feces-animal-man could be opened. Human viruses present 
in domestic wastewater are highly host specific and do not pose a 
hazard to livestock. However, animal infection forms an integral part 
of the life cycle of some parasites, e.g., Taenia saginata, and both the 
salmonella and mycobacterium groups of bacteria are known to infect 
domesticated livestock as well as man.

Krishnaswami (1971) reports that the risk of bovine tuberculo
sis transmission through forage crops irrigated with wastewater effluent 
is minimal if irrigation is stopped 14 to 20 days before pasturing. In 
southern Alberta, fecal coliforms have been shown (Bell, 1976) to be 
effectively eliminated from alfalfa irrigated with wastewater effluent 
after exposure to bright sunlight for 10 hours (Table V). A longer 
period of exposure, 50 to 65 hours, was necessary to eliminate entero
bacteria from reed canarygrass and orchardgrass (Bell and Bole, 1976; 
Bell et al., 1976). Baubinas (1975) reports that wastewater-borne 
bacteria on plants exposed to direct solar rays die off within 1 week 
and that cattle may be grazed safely 2 weeks after irrigation with 
wastewater. Drying treatments, such as converting grass to hay before 
feeding, increase the safety margin associated with wastewater-irrigated 
forage as long as the forage is not baled when wet (Oldham, 1974). 
Exposure to ultra-violet radiation and desiccation appear to effectively 
eliminate pathogenic bacteria from plant surfaces. The exact duration 
of exposure is dependent on the plant species, the particular pathogen, 
and the climatic conditions.

Infection of cattle consuming wastewater-irrigated fodder by 
the beef tapeworm, Taenia saginata, is causing unwarranted concern in 
British Columbia. Much of the confusion is derived from the experience 
of Melbourne, Australia, where Cysticercus bovis (beef measles) was 
found in some cattle pastured on the Metropolitan Sewage farm. Cysti
cercus bovis is the cyst stage of the life cycle of the beef tapeworm 
found in muscle tissue of the beef animal. However, it must be noted 
that near-raw sewage was applied to the pastures and that the cattle
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TABLE V. SURVIVAL OF FECAL COLIFORMS ON ALFALFA IRRIGATED WITH 
MUNICIPAL WASTEWATER LAGOON EFFLUENT DURING FINE WEATHER EARLY, MID-, 

AND LATE IN THE GROWING SEASON (BELL, 1976)

After 
irrigation 
stopped 

(hr)

No. fecal 
coliforms/g 
dry weight

Kill
(%)

Mean daily 
temperature Relative 

humidity

Exposure 
of 

bright 
sunlight 
(hr)

Early season

1 1,116 - 21.1 34 1
24 <2.47 >99.8 22.7 42 9.2
48 <1.86 >99.9 18.9 44 20.2

Mid-season

1 1,540 - 16.7 43 1
24 6.3 99.6 17.8 37 10.2
48 <1.8 >99.9 12.3 65 18.8

Late season

1 1,720 - 14.4 56 1
24 0.9 >99.9 15.5 52 9.5
48 0.8 >99.9 17.8 20 19.0

Mean over season

1 1,457 - 17.4 44.3 1
24 <3.22 >99.8 16.7 43.7 9.6
48 <1.62 >99.9 16.3 43.0 19.6
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were allowed access as soon as the ground was dry enough not to be 
damaged by trampling (McIntosh, 1943; Parson et al., 1975). Taenia 
eggs can be readily removed from wastewater effluent by sedimentation, 
98% removal in 2 hours (Newton et al., 1949), therefore the risk of 
Taenia saginata infection could be eliminated if only lagooned effluents 
were applied to pastures.

Contamination of plants with wastewater-borne pathogens 
definitely poses a real public health hazard. However, this hazard can 
be minimized by judicious choice of crops, and by requiring that ade
quate time elapse between irrigation and ingestion and that only waste
waters receiving at least primary treatment be used for irrigation.

CONCLUSION

Wastewater disposal by irrigation can pose a serious health 
problem to the community it is supposed to serve. The pathogenic micro
organisms in wastewater are primarily those causing enteric diseases in 
the source population. These pathogens could be carried back to the 
community in aerosols, via contaminated water, on contaminated plant 
products, or by contact of members of the community with wastewater 
irrigated soil.

The potential for disease transmission can be minimized if:

a) Wastewater for disposal by irrigation receives at least 
primary and preferably secondary treatment,

b) An adequate buffer zone is maintained between the 
irrigation site and areas of public access,

c) Application rate is such as to prevent runoff and 
groundwater contamination,

d) Soil is permitted to dry out between wastewater 
applications,

e) Plant species irrigated are not for direct human 
consumption, and adequate time elapses between 
irrigation and harvest to allow solar radiation and 
desiccation to kill any pathogens on the plant 
surfaces.

Finally, I would like you to consider the conclusion of 
Benarde (1973) that in the United States the risk to health is lower 
when wastewaters are applied to land than when they are discharged 
into surface waters.
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THE VIABLE AEROSOL DISPERSAL PROBLEM
1 2P.C. REIST, P.E., Sc.D. J.L.S. HICKEY, P.E., Ph.D.

3
and M.J. JANTUNEN, M.S.M.E., M.S.E.E.

SYNOPSIS

Aerosols of viable microorganisms are emitted to the air by 
spray irrigation of wastewater. These aerosols have been shown to 
be quite concentrated close to the source and to persist in lower 
numbers for long distances downwind. Because wastewater contains 
pathogenic bacteria and viruses, a possible health hazard from this 
process has traditionally been presumed, even in the absence of any 
definitive evidence of health effects from the aerosols. Thus, control 
measures have usually been established where spray irrigation with 
wastewater is practiced.

The mechanisms of the survival and transport of the viable 
aerosols are examined as a basis for determining the need for, and 
evaluating the effectiveness of, control measures. The dilemma of 
the wastewater facility planner faced with deciding what controls 
to use, and the need for research to establish the degree of hazard 
from the aerosols and effective countermeasures, are emphasized.

INTRODUCTION

The concept of wastewater disposal by spray irrigation is attractive 
for several reasons. First, water which would otherwise be wasted can 
be reused for crop watering, thus conserving more precious drinking 
quality water supplies. More important, perhaps, is that nutrients in 
the wastewater which could promote eutrophication if discharged to a 
stream are actually a benefit to crop growth when discharged on land. 
For reasons such as these, there is increasing pressure on wastewater 
treatment plant designers to specify land disposal for plant effluent. 
U.S. regulations require that land disposal be considered as an alternative 
when Federal funds are used in construction of wastewater treatment 
facilities.

Land disposal of plant effluent is not without some problems, 
however. There are serious questions about long-term chloride buildup 
in the soil, with a resulting loss of soil porosity, and build-up of 
toxic metals or other trace materials over a period of time. These 
questions remain unanswered at present.

Professor of Environmental Sciences and Engineering, University of
North Carolina at Chapel Hill, N.C. 27514 
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One other major unanswered question regarding spray irrigation with 
municipal wastewater is the health hazard it presents, if any, from 
pathogenic microorganisms which might be dispersed by the process. This 
hazard could arise from contamination of food crops or other materials 
by the wastewater spray, or by contamination of the air near the spray 
site with microorganism-carrying droplets. In this paper we will discuss 
some of the aspects of this latter problem.

AEROSOLS

Definition

When a liquid such as wastewater is sprayed into the air, it is 
dispersed into droplets of varying size. Some of these are large and 
fall to the ground like raindrops. Some are very small and remain in 
the air as an "aerosol”, which is merely a colloid-like suspension of 
fine particles in air. The particles can be either solid or liquid. 
With sprayed wastewater aerosols, we would expect them to be mainly 
liquid initially, but mainly solid following a rapid evaporation of most 
of the liquid. The aerosol portions of interest are the particles which 
remain airborne long enough to be transported some distance from their 
source by the wind. This implies small particles, less than 8 to 10 pm 
aerodynamic diameter. We are also interested in those particles which 
will be inhaled and deposited in the respiratory tract or the lungs. 
This also implies small particles, in the same size range as indicated 
above.

Viability

We are not as interested in the total number of aerosol particles 
produced in spray irrigation as much as we are in the total number 
containing living microorganisms, such as bacteria or viruses. This 
"viable aerosol" represents the primary biological potential health 
hazard. If all microorganisms are killed prior to or upon aerosolization, 
inhalation of the aerosol "cloud" might be unpleasant but not infectious, 
although it might contain trace amounts of toxic chemicals.

The viability of an aerosol depends on two factors, the number of 
aerosol droplets which initially contain microorganisms and the survival 
rates of these microorganisms. Both these factors are strongly dependent 
on initial droplet size. In addition, environmental factors such as 
temperature, relative humidity, and sunlight may also have strong effects 
on viability of the aerosol.

When liquids containing dissolved solids are sprayed, each liquid 
droplet should be similar to the parent material from which it was 
formed, containing approximately the same percentages of various dissolved 
solids.But here the similarity of the pure liquid to wastewater stops. 
Wastewater effluent can also contain microorganisms—mostly bacteria-in
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 concentrations as high as 107 per milliliter, as well as other suspended 
solid material. But, as droplet sizes decreases, the likelihood of 
finding a microorganism in every drop decreases. Thus, some drops are 
contaminated with microorganisms; some are essentially sterile.
Assuming a droplet diameter of 1 μm and 10 bacteria per milliliter, we 
would have an average of 1 bacterium in every 200,000 droplets; with 
10 μm diameter drops, there would be 1 bacterium in every 200 droplets. 
Not until the drops are about 60 pm in diameter is there an average of 
one bacterium per drop.

Evaporation Theory

Spray aerosols can evaporate after being generated. This could 
result in dessication of any contained bacteria (or viruses), reducing 
the viability of the aerosol.

Droplet evaporation rates for an isolated drop are usually 
estimated through the use of Langmuir’s Equation (Langmuir, 1918).

do2 - d2 = 8DM/ρRT (Po-P)∙t (1)

Here, d is the initial droplet diameter, d is the final diameter, D 
is the diffusion coefficient for water vapor in air, usually 
taken to be about 0.2 cm /sec, M the gram molecular weight of water, 
p the density of water, R the gas constant, T the temperature, and t the 
drying time in seconds. The terms P and P are, respectively, the vapor 
pressure of the liquid making up the drop and its partial pressure at a 
distance well away from the drop. Figure 1 is a plot of complete drying 
times (time for the droplets to evaporate) plotted as a function of 
initial droplet diameter, for various relative humidities (water partial 
pressures). From this figure it can be seen that small droplets evaporate 
quite rapidly, even at fairly high relative humidities, whereas the 
large drops evaporate over a much longer time.

In the case of extremely small droplets (d « 1 μm), evaporation 
will occur at all normal relative humidities (even 100%), because the 
curved drop surfaces are not stable at these humidities. Hence, we 
would expect an aerosol cloud to be depleted of all small droplets 
fairly quickly after formation. This expectation tends to be supported 
by droplet size measurements.
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Fig.l: Isolated droplet drying time as a function of 
initial droplet diameter and relative humidity.
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Drop Size

Several studies have been carried out in an attempt to measure the 
average droplet size and size distribution of aerosols from spray irrigation. 
Recent work (Raynor and Hayes, 1976) using four different spray-irrigation 
systems showed that most average droplet diameters of the dispersed 
portion of the spray lie in the one to three μm size range. These 
sizes appeared to be independent of wind speed effects or nozzle pressures. 
Each nozzle produced about 10 respirable-sized particles per minute 
with the aerosol output being about 0.1 to 1 gm of water aerosolized per 
gallon (3.78 1) of water sprayed.

Other data (Hickey and Reist, 1975) show aerosol droplet sizes 
associated with viable bacteria from wastewater ranging in median diameter 
from 2.4 to 8.6 pm. This is consistent with the work of Raynor and 
Hayes, as Raynor and Hayes sized all droplets without determining viability, 
and viable droplets are generally larger than non-viable ones (Hickey 
and Reist, 1975). In any case, all these sizes are still in the respirable 
range.

Other measurements (Sorber, Bausum and Schaub, 1975) of aerosol 
drop sizes in spray irrigation of wastewater showed 95% of the viable 
particles to be larger than 1.5 μm and 25% larger than 7.5 μm. The 
median diameter was 5 μm. These data are consistent with previously 
reported values. Since the liquid in a 5 μm droplet will evaporate 
completely in about one second, we would expect many of the aerosol 
droplets formed to evaporate before being dispersed any great distance. 
If evaporation of a droplet containing a bacterium usually kills that 
bacterium, the aerosol viability would be substantially reduced by 
evaporation, and such may be the case. Evaporative stress was con
sidered in one study (Kenline and Scarpino, 1972) to be a major cause 
of viable aerosol depletion.

Cloud Effects

One flaw in this logic lies in the assumptions made regarding the 
use of Langmuir's equation, which was derived for a single isolated 
drop. When many aerosol drops are present in a fairly small volume (as 
in the case of a freshly formed spray), the humidity in the cloud 
rapidly rises to near 100%, thus stabilizing the aerosol except around 
the edges. Then, as long as the cloud exists as an entity, interior 
droplets will not evaporate so rapidly and the aerosol will remain more 
viable. This implies that spray irrigation is more hazardous under 
conditions which tend to maintain the aerosol cloud (e.g. stable atmosphere, 
low wind speeds).

Gravity Settling

The properties governing the motion of aerosol particles 
are strongly dependent on particle size. When a droplet is released in



- 86 -

Fig.l: Isolated droplet drying time as a function of 
initial droplet diameter and relative humidity.
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still air, the gravitational force acting on that droplet rapidly 
comes into equilibrium with the resisting force of the air, and the 
droplet will then settle at a uniform velocity, called "terminal 
settling velocity", VT. For droplets in the 1 to 100 μm diameter size 
range this settling velocity can be estimated from Stokes Law as:

VT = τg (2)

2where g is the acceleration due to gravity (980 cm/sec ) and τ is 
a relaxation coefficient of the particle and medium, given as

τ = 1/18 
∙ d2ρ/η

The term d represents the particle diameter in cm, ρ is the density of 
the particle (which for water droplets is 1 gm/cm3), and η is the 
viscosity of the air in which the particles are suspended. Figure 2 
shows a plot of as a function of particle diameter. As an aside, 
whenever we talk of "diameter" of a droplet, we mean its aerodynamic 
diameter, which is the diameter of a unit density sphere that behaves in 
the same way as the particle with respect to an aerodynamic characteristic, 
usually, settling velocity. This value is often used because it more 
accurately reflects the behavior of an airborne particle and is usually 
more easily measured than is its physical diameter.

Returning to Figure 2, we see that for particles in the one μm 
size range, settling is extremely slow and can be neglected, while for 
particles greater than about 50 μm diameter, the terminal settling 
velocity is so great that these particles are quickly removed from the 
air. Thus, we would expect that droplets which drift any appreciable 
distance would be relatively small (say less than 40 μm in diameter).

Motion of Clouds

In a cloud of aerosol droplets, it is possible for droplets to move 
individually or as a single cloud. Movement as a single cloud implies 
that there is no motion of the particles relative to the medium contained 
within the cloud. That is, wind would move the cloud as a whole. On 
the other hand, under some weather conditions it is possible that the 
action of the wind would tend to disperse the cloud. Under such conditions, 
it would be easier for evaporation to take place.
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Fig.2: Terminal settling velocity of a particle in air at NTP 
as a function of its Stokes' diameter.



Let us pose these two questions. Under what conditions will a 
cloud move as an entity, and when will it be dispersed? This problem 
has been dealt with (Fuchs, 1964) in some detail. The force acting on 
each particle within a cloud is assumed to be given by Stokes' law 
without corrections. The total force is then

F1 = (3πηUd)(4/3 πR3n) (4)

where R is the radius of the cloud, n the concentration of the droplet 
in it, η the viscosity, U the wind velocity, and d the average drop 
diameter. This force represents the drag on the cloud when the wind 
blows through it. If the wind flows around the cloud, then the force is

F2 = CDπR2ρU/22 (5)

is the drag coefficient of the cloud moving as an entity and p is the 
density of air. When F1 » F2 the wind will not blow through the cloud 
but around it. In this case, the cloud will move freely with the medium 
and particles inside the cloud will remain relatively stationary with 
respect to one another. For the case F2 » F1 the medium blows through 
the cloud and it becomes dispersed. Thus, by examination of the ratio, 
F1/F2, it is possible to estimate the persistence or disappearance of a 
cloud.

For clouds greater than about 6 meters in diameter moving at velocities 
greater than 0.5 mps this ratio can be estimated for normal conditions 
of pressure and temperature as

F1/F2 = 19 ddc/U 
n (6)

where dc is the diameter of the cloud, 

From Equation 6 it can be seen that the persistence of a cloud 
depends on the concentration of aerosol particles in it, the average 
diameters of these particles and the shape and size of the cloud itself. 
Since the relative hazard of an aerosol cloud is a function of its 
persistence, processes which increase aerosol concentration, and hence 
persistence, will tend also to increase hazard from viable aerosols.

The Effect of Meteorology on Aerosol Dispersion

As the Gaussian dispersion model puts together the most important 
factors affecting viable aerosol concentration in the area downwind from 
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the source, it is presented here for the simple case of ground level 
source (h = 0), ground level receptor (z = 0) and zero-reflection to 
open our discussion.

X(x,y) = λ 
Q/2πUσyσz 

exp (- 
y2/2σy2)

Where λ = aerosol viability decay rate (= λ (t,T,R,H., etc), 
X - average concentration at point (x,y), U = average wind speed, 
Q = average source output rate, σy = horizontal cross-wind standard 
deviation of dispersion, and σz = vertical cross-wind standard 
deviation of dispersion.

The values of σy and σz are tabulated as functions of x (the downwind 
distance from the source) and atmospheric stability (D.B. Turner, 
1970) . This equation shows that the concentration of the 
viable aerosol downwind from the source is directly proportional to 
aerosol formation rate, everything else being the same.

Secondly it shows, that neglecting λ, this concentration is inversely 
proportional to wind speed, which simply means that higher wind speed 
brings more dilution air. Introduction of λ tends to reduce the diluting 
effect of wind speed. With a high rate of decay in time, the fact that 
increasing wind speed gets the aerosol to the receptor faster can overwhelm 
the higher level of dispersion and dilution brought by this higher wind 
speed. This can explain why in several studies higher wind speeds have 
yielded higher concentrations of viable aerosol downwind (e.g. Raynor and 
Hayes, 1976) than found in the case of lower wind speeds.

The terms σy and σz both increase with increasing wind speed and 
decreasing atmospheric stability. With high stability (cold, calm 
nights with no or little cloud cover), the aerosol only disperses slowly 
in the vertical and horizontal directions. With very unstable conditions 
(warm, windy, sunny day) with rapid vertical and horizontal mixing, 
the aerosol is dispersed into large quantities of air in a very short 
time.

In cases where the dispersion is poor - high stability and low wind 
speed - the viability decay also tends to be lowest. Cool air, 
high humidity and lack of solar radiation allow the microorganisms to 
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live longer. In this case the actual Gaussian dispersion model breaks 
down.

In cases where the dispersion is high - unstable conditions with 
medium to high wind speed - also the viability decay tends to be fast 
due to rapid drying (warmth, low humidity) and solar radiation.

The optimum meteorological conditions for irrigation with waste
water therefore exist under a sunny, warm, windy day where the wind 
does not blow too strongly (to allow time for viability decay) towards 
populated areas.

HAZARD EVALUATION

All of the factors discussed above tend to indicate that the number 
of viable aerosol particles from wastewater spray irrigation which 
represent a human exposure hazard will be quite small compared to the 
total number of aerosol particles formed by the spraying process. In 
addition, the number of viable aerosol particles will decrease with time 
as natural factors act to kill the contaminating microorganisms. A very 
rough estimate of the die-off rate factor can be made from published 
data (Sorber et al., 1975). Assuming exponential decay of the viable 
aerosol cloud, the decay factor due to all die-off mechanisms is 
estimated to be on the order of 2 x 10-2 seconds. That is, we would 
expect the number of particles remaining viable to be reduced by one- 
half every 35 seconds. With a mean wind velocity of 4m/sec, the concentra
tion of the viable aerosol cloud would be reduced by half every 140 
meters from the source as it moved downwind.

Let us now make a rough estimate of the overall concentration of 
viable aerosols per gallon (3.78 1) of wastewater effluent sprayed. If 
a nozzle produces 1 gm of aerosol droplets per gallon (3.78 1) sprayed 
(aerosolization rate of 0.03%) and we assume the aerosol is all 10 pm 
droplets, we would have produced 1.9 x 109 aerosol droplets per gallon 
(3.78 1) of sewage sprayed. With 107 microorganisms per milliliter and 
assuming a Poission distribution of microorganisms in the drops, 107 
droplets/gallon (3.78 1) sprayed would contain microorganisms. With a 
60 gpm (227 1pm) nozzle having a 4 meter spray height, 33 meter radius 
and an assumed wind velocity of 4 meters/sec, the initial aerosol 
concentration is estimated to be 104 viable particles per cubic meter.

Measured concentrations of viable particles (Sorber et al., 1975) 
ranged from 1.2 x 103 per cubic meter measured 46 m from the source 
to 73 per cubic meter measured at a distance of 120 m from the source. 
Recoveries of viable aerosols from various wastewater treatment processes 
have been reported in the same range as given above (Hickey and Reist, 
1975). These values, which, when compared to the estimated initial 
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aerosol concentration near the nozzle, indicate very large losses in 
viable aerosol concentration with distance and time.

As reported previously (Hickey and Reist, 1975), these recovery 
patterns were similar for a number of field studies; there were relatively 
high counts per unit volume near the sources and much lower counts as 
downwind sampling distance increased. Downwind, viable aerosol concentra
tions appear to decrease significantly, indicating the importance of 
distance to prevent inadvertant exposure of populations to viable waste
water aerosols.

Although most data indicate a rapid die-off of bacteria in the 
aerosol, recent work (Sorber et al., 1975) implies that even with high 
die-off rates, if the initial concentration of microorganisms in the 
sprayed effluent is high enough, there will be appreciable concentrations 
of viable aerosols at large distances downwind. Field measurements 
(Bausum, et al., 1976) indicate only a single order of magnitude re
duction of bacterial aerosols 200 m from the source. This same report 
estimated a distance of 518 to 1800 m would be required to reduce bacterial 
aerosols to 5 viable particles/m3 above background concentrations, or 
about double the background concentration. These data are based on 
bacteria. There are no field data on virus aerosols, which are considered 
to be more resistant and therefore more of a hazard than bacteria 
(Sorber, et al., 1974). Thus, disinfection of wastewater effluent to be 
sprayed appears to be very important to minimize any potential health 
hazard.

Let us ask now whether the presumed hazard from these viable aerosols 
is a real one. There have been no health effects definitely attributed 
to wastewater aerosols. Studies reported have not eliminated direct 
contact as the route of disease spread (Katzenelson, 1976). A planned 
epidemiological study (Clark, 1976) of wastewater workers has not yet 
reported results. So what do we have on which to base conclusions about 
the existence of a hazard? Figure 3 very briefly summarizes the pros and 
cons of the question. There is rather weak evidence presented for the 
existence of the hazard. Therefore, the Figure also summarizes why we 
are concerned - and we are concerned, else we would not be discussing 
the subject here and now. The key words explaining our concern are that 
health effects data are negative, spray application has not been evaluated 
on a massive scale, and the possible magnitude of the consequences if a 
wrong decision is made to ignore the problem.

If one considers these reasons philosophically with an algorithm, 
as in Figure 4, one sees that there is no way logically to avoid
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IS THE POTENTIAL HAZARD A REAL ONE ?

PRO: 1. Airborne spread has been demonstrated.
2. Disease outbreaks have been traced to food 

irrigated with sewage.
3. Many European countries restrict spraying 

of sewage.

CON: 1. Health effects have not been found.
2. Environment greatly decays aerosol.
3. Disease outbreaks have been attributed to 

sprinkled drops, not to long-range 
aerosols.

4^ Hazard may be minor compared to known 
serious hazards of stream disposal.

WHY ARE WE CONCERNED ?

1. Health effects data are negative
2. Large-scale land-application of aerosols 

has not been evaluated.
3. Consequences of a wrong decision?

Fig.3: Viable wastewater aerosols as a health hazard.
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STEPS IN DECISION TO CONTROL OR NOT TO CONTROL
VIABLE AEROSOLS FROM WASTEWATER

Fig,4: Wastewater aerosol control decision
procedure.



- 95 -

some controls on viable wastewater aerosols, except by both accepting 
negative data as indicative of "no hazard" and accepting the consequences 
of a wrong decision. We are not yet prepared to do that, and so ways to 
control the viable aerosol from wastewater are considered, whenever the 
process is installed.

VIABLE AEROSOL CONTROL

Figure 5 summarizes (Hickey and Reist, 1975) the determinants which 
characterize the aerosol cloud, and also several of the actions which 
have on occasion been taken or recommended by various investigators to 
control or minimize the potential health hazard from viable wastewater 
aerosols. We should point out that these are by no means proven controls. 
The literature is ambiguous and even conflicting on the efficacy of 
some of these measures. For example, it has been shown that high pressure 
nozzles result in less aerosol formation per volume of wastewater 
sprayed than low pressure nozzles (Hennessey, et al., 1974), a finding 
not readily deduced a priori. The beneficial effects of solar radiation, 
low relative humidity, and warm temperatures are also ambiguous (Bausum, 
et al., 1976) and may provide merely marginal and rather ineffective 
viable aerosol control. The frequent practice of not spraying in high 
winds is possibly countereffective, based on the discussions in this 
paper.

CONCLUSIONS

Obviously, there is much yet to learn about viable aerosol formation, 
survival and transport associated with spray irrigation. However, the 
use of the process is upon us now, and controls must be used which are 
perceived to be effective.

Meanwhile, research is underway both to establish the degree of the 
health hazard, the need for controls, and the effectiveness of various 
control methods. It is hoped that these results will eventually permit 
the acceptance of negative results as indicative of no health hazard, 
or, conversely, identify the types of effective controls needed. Until 
these results are in, the potential hazard from viable wastewater 
aerosols in spray irrigation will continue to be a factor in environmental 
decisions related to wastewater treatment methods and site selection. 
If the results are positive, viable aerosol control will remain a 
permanent feature of land disposal.
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VIABLE AEROSOL DETERMINANTS POTENTIAL CONTROL MECHANISMS

WASTEWATER SOURCE

Pathogenic organisms present Neutralize source be settling 
disinfection, etc.

Aerosol formed Minimize aerosolization by 
spray method

AEROSOL DECAY

Deposition Unimportant except very 
close to the source

Dispersion Minimize dispersion by not
atmospheric turbulence 
wind speed

spraying in high winds

Die-off Maximize die-off by admin
evaporative stress 
solar radiation
temperature 
relative humidity

istrative controls; such as 
spraying only on dry, sunny, 
warm days.

Distance Provide exclusion or 
buffer zones

Figure 5. Viable wastewater aerosol factors
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OF TREATMENT AND REUSE OF MUNICIPAL WASTEWATER

Louis T. Kardos1
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Resources, The Pennsylvania State University.

SYNOPSIS

The results of thirteen years experience with wastewater 
irrigation of forest and cropland indicate that crops and trees 
respond favorably to the nutrients and water applied. Harvested 
agronomic crops are more effective than forests in removing nitrogen 
and preventing nitrate leakage into the ground water. Reed canary
grass was particularly effective in removing nitrogen. Crops removed 
20 to 60% of the phosphorus but phosphorus leakage into the ground
water was virtually nil. Soil chemical properties were not adversely 
affected. Extractable Zn and Cu have increased but uptake by the 
crops poses no hazard in the food chain. Wildlife - rabbits, deer, 
songbirds - have generally been favorably affected.

INTRODUCTION

Approximately 23 billion gallons of sewage effluent were 
discharged daily during 1967 by municipal treatment plants in the 
United States. When discharged from efficient waste treatment plants 
the effluent looks very much like ordinary water. However, unlike 
ordinary water, the effluent is usually enriched with plant nutrients. 
Discharge of such effluents into natural bodies of water alters the 
normal balance of life in the stream or lake, often with detrimental 
effects on fish and other aquatic life.

The rapidly expanding population of the university community 
and its environs resulted in ever larger inputs of mineral nutrients 
from the sewage treatment plant to Spring Creek in central 
Pennsylvania. Eventually the stream became choked with vegetation. 
Its normal dissolved oxygen content of 5 to 10 ppm persisted during 
the daylight hours but plummeted to less than one ppm during the dark 
of the night. An excellent trout stream was becoming a sucker stream.

The Penn State approach to solving this problem embodied the 
idea that the soil can be considered a "living filter" with the higher 
plants growing on the soil being an integral part of the system and 
complementary to the microbiological and physio-chemical components in 
the soil. The soil and its associated biosystems accomplishes this by 

1
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virtue of its unique constitution as a natural body. Of particular 
importance is the microbial biomass, the potential activity of which 
is expressed in the number of organisms present in each gram of 
topsoil, notably: 107-109 bacteria, 106 actinomycetes, 105 fungi, 
104 algae and 104 protozoa. If now we add to this parameter the fact 
that soils have a tremendous surface area for physico-chemical 
reactions, ranging from 300,000 sq. cm. per c. c. in the sandy loam 
soil to 1,800,000 sq. cm. per c. c. in a silt loam soil. This tre
mendous surface which possesses both electronegative and electro
positive seats of charge combined with an intricate network of pores 
ranging from 2000 microns to less than 0.1 micron in diameter provides 
one of the best known filters for both viruses and bacteria.

Examples of crop yields obtained at various levels of

Placing vegetation on the soil introduces root systems such 
as those reported by Dittmer for a single, 4 month old rye plant, 
notably 13 million roots with a length of 387 miles and surface area 
of 2,554 sq. ft. and 14 billion root hairs with a surface area of 
4,321 sq. ft. Multiply these figures by 200,000 plants per acre and 
add everything up and you get an appreciation of the soil and its 
associated biosystems acting as "a living filter."

By diverting the sewage plant effluent from the stream to the 
living filter, the nutrients which had undesirable effects in the 
stream would have desirable effects on feed and fiber production.

Site Description and Procedures

The experimental work at Penn State has been located on 
Morrison sandy loam and Hublersburg silty clay loam soil areas on 
slopes ranging from 3% to 15%. Vegetation on the cropland areas has 
included a strip-crop arrangement of corn-oats-hay-hay, continuous 
corn for silage, and continuous reed canarygrass for hay or silage. 
The forested areas have included mixed hardwood (oak-hickory), red 
pine plantations, and old field (poverty grass-dewberry-goldenrod) 
vegetation with a sparse stand of white spruce.

A detailed description of the sewage treatment plant and 
irrigation systems is given in Parizek et al. (1967) and Kardos et al. 
(1974). Irrigation began in May, 1963 with approximately 500,000 
gallons per day being applied on various plots which have received 1, 
2 or 4 inches at weekly intervals. Rates of application have been 
either 0.25 or 0.16 inches per hour through rotating, impact type 
sprinklers with nozzle pressures of 40 to 60 psi. The range in 
average annual composition of the wastewater is shown in Table 1. 
Each inch of wastewater supplies the equivalent of approximately 25 
pounds of a 13-6-18 fertilizer per acre.

Results and Discussion
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Table 1. Range in Average Annual Chemical Composition of Wastewater 
Applied to Corn Rotation Area. 1963-1970

Constituent

Concentration - mg/1

Minimum Maximum

Ortho.-P 4.135 9.720

MBAS 0.26 3.20

Nitrate-N 4.2 14.9

Organic-N1/ 2.8 7.8
 NH4-N1/ 5.3 15.7

Potassium 13.5 20.6

Calcium 20.2 35.6

Magnesium 10.4 19.8

Sodium 32.2 52.8

Manganese 0.08 0.36

Chloride 38.9 60.6

Boron 0.29 0.42

pH 7.2 μg/ℓ 8.0
Zinc2/ 197

2/ Copper— 68
2/ Cadmium— 2.7

1/ Prior to 1968, analysis for these two fractions was combined in a 
single Kjeldahl procedure. The range for the individual fractions 
was obtained during the 1968-1970 period.

2/— Average values during 1972 and 1973 
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effluent application are shown in Table 2. During the years, 1963- 
1966, when growing season (May 1—September 30) precipitation was 3 to 
6 inches below normal yields on the irrigated areas were significantly 
greater than on the unirrigated areas but usually differences between 
one inch of effluent per week and two inches were not significant. In 
1967, when growing season precipitation was 4.84 inches above normal, 
yield differences were not significant but corn grain yields were 
slightly higher where two inches of effluent had been applied weekly. 
In spite of the extra wetness, yield was not depressed.

Of more pertinence and significance in the use of the land 
and crops as a renovation system for the disposal of sewage effluent 
is the removal of effluent constituents in the harvested crops. As a 
typical example of what occurs data are shown in Figures 1 and 2 for 
corn silage and reed canarygrass. In each year since 1964, the crops 
harvested from the 2-inch effluent treated area have been consistently 
higher in phosphorus than the unirrigated crops.

A measure of the contribution of the crops as a renovating 
agent can be assessed by computing a "removal efficiency" expressed as 
the ratio of the weight of nutrient in the harvested crop to the 
weight of the same nutrient applied in the wastewater. The data in 
Table 3 indicate that the crop can contribute substantially to the 
life of the Penn State "living filter" renovation if the crop is 
harvested and utilized. As an example, in 1969 at the 1-inch-per week 
level of application of the wastewater, corn silage (Pa 602A) removed 
nutrients equivalent to 286% of the total applied nitrogen, 178% of 
the applied phosphorus, and 264% of the applied potassium. At the 
2-inch-per week level, corn silage removed the equivalent of 120%, 
123%, and 97% of the applied N, P, and K.

Reed canary grass harvested in 1965 in three cuttings con
tained a weighted mean concentration of 2.93% nitrogen in 6.13 tons of 
dry matter. Thus the harvested crop removed 353 pounds of nitrogen 
which was 226% of the applied nitrogen (Table 4). In 1969, 355 pounds 
of nitrogen was harvested but this was only 76% of the 421 pounds of 
nitrogen added that year. In the period, 1965-1970 harvested reed 
canarygrass has removed 2073 pounds of nitrogen per acre, equivalent 
to 78% of the nitrogen applied in 572 inches of effluent.

Since in some years the crops removed only 20 to 60% of the 
applied phosphorus, it is obvious that this key eutrophic nutrient 
must be removed from the applied wastewater by some other mechanism 
than the roots of living plants. This mechanism exists in the form of 
the large fixing capacity of most agricultural soils for phosphorus. 
At the Penn State site, phosphorus not removed in the harvested crop 
has been removed persistently and effectively by the inorganic soil 
colloids. Soil water samples at a depth of four feet contained only 
.05 to .08 ppm, although the applied effluent contained 5 to 10 ppm. 
The phosphorus status of the soil as measured by dilute Bray extract
able P, has remained unchanged below the first foot of depth in both 
the corn and reed canarygrass areas, although 620 pounds of P,



Table 2. Crop Yields at Various Levels of Application of Waste Water.

0" per week 1" per week 2" per week
1963

Wheat (bu./A.) 48 45 54
Corn (bu./A.) 73 103 105
Alfalfa (T./A.) 2.18 3.73 5.12
Red Clover (T./A.) 2.48 4.90 4.59

1964

Red Clover (T. /A. ) 1.76 5.30 5.12
Corn (bu./A.) 81 121 116
Corn stover (T./A.) 3.58 7.29 8.48
Oats (bu./A.) 82 124 97

1965

Alfalfa (T./A.) 2.27 4.67 5.42
Corn (bu./A.) 63 114 111
Corn Silage (T./A.) 3.11 3.93 4.32
Oats (bu./A.) 45 80 73
Reed canarygrass (T./A.) 6.13

1966

Alfalfa (T./A.) 1.95 3.86 4.38
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Table 2. Continued

0" per week 1" per week 2" per week

19" row 38" row 19" row 38" row 19" row 38" row
Corn (bu./A.) 18 33 115 98 140 115
Corn silage (T./A.) 2.75 2.47 9.02 4.45 7.53 5.68
Reed canarygrass (T./A.) 4.32

1967 20" row 40" row 20" row 40" row 20" row 40" row

Corn (bu./A.) 93 87 96 79 116 80
Corn silage (T./A.) 4.67 4.47 4.42
Alfalfa (T./A.) 2.43 3.77 4.36
Reed canarygrass (T./A.) 7.03

1968

Reed canarygrass (T./A.) two cuttings 5.09

1969

Com silage 6.90 6.66 7.27

Reed canarygrass (T./A.) 5.18

1970

Corn silage (T./A.) 4.35 6.44 6.00

Reed canarygrass (T./A.) 5.53
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Figure 1. Nitrogen removals by silage corn and by reed canarygrass 
which had received 2 inches of sewage effluent at weekly 
intervals. 1965-1970.

Figure 2. Phosphorus removals by silage corn and by reed canarygrass 
which had received 2 inches of sewage effluent at weekly



Table 3. Renovation Efficiency (Percent) of Crops at one and Two Inches 
Per Week Application - 1969

Crop and Inches of Effluent Applied Per Week

Corn Silage Pa. 890-S Corn Silage Pa. 602-A
Nutrient 1 2 1 2

Nitrogen 248.2 142.3 285.6 120.1

Phosphorus 204.8 90.6 177.7 123.4

Potassium 218.1 146.4 263.9 96.9

Calcium 24.9 12.2 33.1 7.0

Magnesium 35.4 21.2 35.2 15.5

Chloride 21.8 16.0 21.8 10.5

Sodium 0.81 0.44 1.04 0.48

Boron 4.9 2.5 6.5 1.8
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Table 4. Renovation Efficiency (Percent) of Reed Canarygrass at Two Inches of 
Sewage Effluent Application - 1965-1969

Nutrient

Year

1965 1966 1967 1968 1969

Nitrogen* 226.4 102.7 ■ 150.0 68.2 75.8

Phosphorus 31.8 24.6 34.2 25.2 49.0

Potassium 86.2 70.0 103.1 68.6 96.6

Calcium 13.5 6.1 13.4 7.1 8.8

Magnesium 11.7 6.9 15.4 9.6 13.9

Chloride 23.6 12.2 18.0 15.9 19.5

Sodium 0.7 0.2 0.6 0.3 0.6

Boron 1.0 0.9 1.3 0.6 1.9

Values are overstated in 1965-1967 due to loss of ammoniacal nitrogen during effluent sample analysis. 
Method of analysis corrected in 1968.
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equivalent to 7130 pounds of 20% superphosphate, has been applied per 
acre from 1963 to 1970 in the 392 inches of effluent (10.6 million 
gallons of water) on the corn area and 891 pounds of P (10,246 pounds 
of 20% superphosphate) from 1965-1970 in the 572 inches of effluent 
applied to the reed canarygrass area.

In spite of the good removals of nitrogen by silage corn the 
nitrate levels in the soil water which is percolating into the ground
water have become undesirably high (Figure 3), exceeding the limit of 
10 mg NO3-N per liter recommended for drinking water. On the other 
hand reed canarygrass which has been receiving more than twice as much 
nitrogen annually has satisfactorily controlled the nitrate leakage 
into the groundwater.

The picture presented for the forested areas is about the 
same as the cropland areas for phosphorus but the nitrate situation is 
quite diverse as shown in Figure 4. Weekly applications of one inch 
pose no problems. However weekly applications during the growing 
season of two inches on the fine textured Hublersburg silt loam soil, 
although satisfactory on the old field site, resulted in excessive 
nitrate levels in the fourth year in a red pine plantation. On the 
coarser textured Morrison sandy loam with a mixed hardwood cover, 
nitrate levels became unsatisfactory within a year when weekly appli
cations of two inches were made year-round. When the 2-inch red pine 
plantation was damaged by a heavy wet snow in the fall of 1968 the 
trees were removed in 1969 and the area grew a dense stand of volunteer 
herbaceous vegetation. As a result the nitrate levels in the soil 
water decreased from 24.2 mg NO3-N per liter in 1969 to 8.3 mg per 
liter in 1970 and to 3.0 mg per liter in 1971.

Since nitrogen is not being removed in a harvested crop on 
the old field site or on the cut-over red pine site the explanation of 
the low nitrate values is in the stimulation of denitrification by the 
annual desposition of large quantities of readily decomposable 
carbonaceous residues and in the increase in soil organic nitrogen.

Changes in concentration of other chemical constituents in 
the wastewater which have been examined are shown in the histograms of 
Figures 5 and 6 for lysimeter samples at the 48 inch depth on the corn 
rotation area during 1970. For every constituent, the concentration 
in the applied wastewater was greater than in the lysimeter samples at 
the 48-inch depth. By the time the percolate reached the 48-inch 
depth some degree of renovation was secured for all constituents. 
However, if one compares the concentrations in the control area with 
those in the wastewater treated areas the pattern is not consistent. 
For example concentrations of K, Ca and Mn were higher in the control 
area at 48 inches than in the wastewater treated areas, while the 
reverse was true for Mg, Na, Cl, B and total-N (NO3-N + Org.-N + 
NH4-N) . It should be pointed out that the control area did receive 
substantial amounts of K and Ca in the commercial fertilizer that was 
applied to that area but not to the wastewater areas. The greatest 
increase in concentrations as a result of the wastewater treatment



Figure 3. Average annual nitrate —N content of suction lysimeter 
samples at a depth of four feet in the corn control and 
various sewage effluent irrigated plots. 1965-1970.
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Figure 4. Average annual nitrate -N content of suction lysimeter samples 
at a depth of four feet in various sewage effluent treated 
forest areas. 1965-1970.
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Figure 5. Average annual concentration of potassium, calcium, magnesium 
and sodium and pH in the sewage effluent and in suction 
lysimeter samples at the 48-inch depth in the corn rotation 
area during 1970.

Figure 6. Average annual concentration of chloride, boron, manganese 
and total nitrogen in the sewage effluent and in suction 
lysimeter samples at the 48-inch depth in the corn rotation 
area during 1970.
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occurred with Na and Cl. The sodium concentration increased almost 
14-fold on the two-inch treatment compared to the control and the 
chloride concentration increased to a value almost 5 times that of the 
control. The largest relative decrease in concentration from that in 
the wastewater occurred with potassium as a 15-fold decrease from 13.7 
mg/1 in the wastewater to 0.09 mg/1 at the 48-inch depth in the 2-inch 
wastewater area.

Boron and manganese were substantially decreased in concen
tration from that in the wastewater, boron decreasing from 0.29 to 
0.09 mg/1 and manganese decreasing from 0.11 to 0.03 mg/1. Both of 
these concentrations as well as those of the other constituents, 
except nitrate-nitrogen, are well below the recommended limits for 
drinking water. The nitrate-nitrogen, which constitutes about 83 
percent of the total nitrogen in the percolate on the corn area can be 
substantially decreased below the NO3-N limit by using a perennial 
grass as the vegetative cover rather than an annual crop such as corn. 
These nitrogen relationships were discussed earlier and the problem of 
handling the excess nitrogen should not be an insurmountable one.

The data allow one to conclude that with appropriate manage
ment of nitrogen loads to maximize utilization by the vegetation or 
with hydraulic loads and organic loads adjusted to the soil site to 
maximize denitrification it should be possible to recharge water of 
drinking quality into the aquifer below a wastewater disposal site.

White spruce increased its terminal growth 62 to 200 
percent; young hardwoods (30 to 40 years old) increased in diameter 
growth but old hardwoods (60 to 65 years old) did not. Red pine 
treated with one inch of effluent at weekly intervals did not increase 
its diameter more than the control trees but did grow taller. Weekly 
application of two inches of effluent depressed red pine woody growth 
but produced heavier needle growth. (Sagmuller and Sopper, 1967; 
Sopper and Kardos, 1973). Over a 10-year period diameter of red maple 
treated with one inch of wastewater at weekly intervals was 330% 
greater than on the control. Aspen receiving 2 inches of sewage 
effluent per week had 96% greater diameter growth than the unirrigated 
aspen.

Aeration studies have indicated that even in a wet year 
(1967) application of one or two inches of effluent at weekly intervals 
allows the upper part of the soil to remain aerobic and insure adequate 
oxygen supply for proper root respiration and for microbial nitrifi
cation. Oxidation-reduction reactions as reflected in iron and 
manganese solubility in the soil were unchanged from those of a normal 
well-drained soil. (Klausner, 1968).

Other soil chemical properties have been altered. For 
example pH has increased in the upper layers, Fig. 7. Exchangeable 
sodium has increased, Fig. 8, but the exchangeable sodium percentage 
has remained less than three.
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Figure 7. pH of soil at various depths in plots of the corn rotation 
area which have been receiving 0, 1 or 2 inches of sewage 
effluent at weekly intervals, averaged over six sampling 
years (1963, 1965-69). Bars having a common letter are not 
significantly different. P = 0.01.
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Figure 8. Exchangeable sodium at various depths in plots of the corn 
rotation area which have been receiving 0, 1, or 2 inches of 
sewage effluent at weekly intervals, averaged over six 
sampling years (1963, 1965-1969). Bars having a common 
letter are not significantly different. P = 0.01.
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Hydrologic studies have indicated that soil permeability 
can be a critical control of the hydraulic acceptance of the waste
water. On sloping areas, variations in hydraulic permeability with 
depth result in temporary perched water tables and artesian pressures 
with consequent downslope seepage and reappearance of renovated waste
water (low in phosphorus) as surface runoff. Winter application has 
demonstrated that soil frost is more critically limiting to hydraulic 
acceptance on grassland areas than on forested areas. (Myers, 1967; 
Rebuck, 1967). Winter runoff from the reed canarygrass ranged from 0 
to 100% depending on the absence or presence of frozen soil. During 
the summer no runoff occurred from irrigation unless a high intensity 
rain occurred coincidentally.

Water quality data from deep wells on site and off site 
which have been monitored at semi-monthly and monthly intervals are 
not easily interpretable. Figures 9, 10 and 11 show the phosphate 
nitrate and chloride levels in some of these wells. On-site wells 
F-l and F-3 on_the Hublersburg soil site show no important changes in 
P, NO3-N or Cl while G-3 on the sandy Morrison soil site shows a 
significant increase in both NO3-N and Cl but not in P. Of the off
site University wells, the one closest to the effluent treated area, 
UN-14, shows a significant increase in both NO3-N and Cl but not in P. 
However it is doubtful that the increase is related to the wastewater 
site since the NO3-N level is slightly higher than the Cl level while 
the lysimeter data at on-site positions indicate taht the Cl level at 
48-inch depth is 3 to 7 times as great as the NO3-N level. The fields 
immediately surrounding this well are farmed and receive large appli
cations of manure and fertilizers. In all cases the well water 
samples remained in the potable water quality range.

Net recharge of the applied wastewater at the 2-inch per 
week level has ranged from 40% in the driest May-Sept, period of 
irrigation to 80% in 1967 when rainfall was above normal in every 
month except June.

Microbiological studies have not indicated any significant 
differences between the control and effluent-treated areas in quali
tative or quantitative parameters. Water samples at depths of two and 
four feet have been devoid of E. coll serotypes present in the 
applied effluent and average coliform densities at both depths in 19 
samples taken from August 26, 1965 to April 22, 1966, were one per 
100 ml, with only 10 percent of the samples having any coliforms 
present. (Glantz and Jacks, 1967). Soil samples removed aseptically 
from within core samples at various depths in the effluent-treated 
area showed very few bacteria at the 18-inch depth and none at the 
30-, 42-, and 54-inch depths. (Goodfellow, 1967).

Heavy metal studies (Sidle, Hook and Kardos, 1976 and 1977) 
indicate that heavy metal dosages have been small. Where 5 cm of 
effluent has been applied weekly during the growing season for 11 
years on the corn area, only 0.35 kg Cd, 30.6 kg Zn and 7.6 kg Cu have 
been applied per hectare. Annual harvest of silage has removed 1 to
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Figure 9. Nitrate - N and phosphorus in on-site wells at the com 
rotation-Hublersburg soil area (F) and at the forested- 
Morrison soil area (G). 1963-71.



Figure 10. Nitrate - N and phosphorus in off-site wells at the corn 
rotation-Hublersburg soil area (F) and at the forested- 
Morrison soil area (G). 1963-71.
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Figure 11. Chloride in selected monitoring wells: on-site (F-l and 
G-3) and off-site University water supply well (UN-14).
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7% of the added Cd, 8 to 24% of the Zn and 7 to 13% of the Cu. The 
accumulated Cd in the upper 30 cm of soil in the corn area has not 
been detectable by 0.1N HC1 extraction but extractable Zn and Cu have 
virtually doubled. Concentration of the heavy metals in the corn 
silage were slightly higher in the effluent plots but still far below 
what might constitute a food chain hazard.

Studies of small mammals, birds and insects (Wood et al., 
1975) indicated that use of sewage effluent irrigated sites by white
tailed deer exceeded use of the non-irrigated sites in both spring and 
summer. Juvenile cottontail rabbits in effluent irrigated aspen-white 
pine-shrub habitat were significantly heavier in body weight in the 
autumn. There was no evidence of a difference in incidence of disease 
in rabbits, opossum and deer that might be caused by sewage effluent 
irrigation. Song bird activity on the irrigated areas was less during 
irrigation but when irrigation ceased activity was greater on the 
irrigated sites. Mosquito studies were not baselined enough to be 
able to say that irrigation had increased mosquito productivity. A 
natural pond on the boundary of the irrigation site may have been more 
important to the mosquito productivity.

With the University planning to dispose of four million 
gallons per day (the entire output of its sewage treatment plant) at a 
rate of two inches weekly on 516 acres, the area available for a wide 
gamut of ecological studies will be more favorable than with the 
present widely scattered 65 acres.

Conclusions

The "living filter" components, harvested crops and 
chemically active soil mantle, can provide an effective system for 
removing the two nutrients, phosphorus and nitrogen, which are primai- 
ly responsible for eutrophication of our streams and lakes. At levels 
of two inches, at weekly intervals, the biological systems remain in 
balance and only 129 acres are required for every million gallons of 
effluent per day which needs to be diverted from the streams or lakes 
to the land.

The data obtained on the fertilized control areas of the 
Penn State Waste Water Renovation and Conservation Research Facility 
indicate that, in the absence of severe erosion, agriculture cannot be 
accused of contributing important amounts of phosphorus, over and above 
that which normally leaches out of the geological substratum, toward 
the eutrophication of lakes and streams. The situation with respect 
to nitrogen is more variable, and closer controls will be necessary to 
avoid breakthrough of excessive amounts of nitrogen into groundwater 
supplies. The environmental studies indicate that with proper soil and 
crop management, agricultural lands can, in fact, provide a waste dis
posal system which can minimize pollution of our water resources.
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Man’s life support system on earth must utilize every 
opportunity of recycling its wastes through a broad productive segment 
of nature rather than by throwing it away in another sophisticated 
hole. Consumption, if it is to continue, must not only accept the 
product but also recycle the wastes through new utilizable products. 
The Penn State living filter system is one way of accomplishing this 
with human wastes. Many other wastes of both agriculture and industry 
could also be recycled through the land in a beneficial manner.
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FOOD PROCESSING WASTEWATER DISPOSAL BY IRRIGATION

L.C. Glide1

Director, Environmental Engineering, Campbell Soup Company, Camden 
N.J.

SYNOPSIS

Campbell Soup Company has adopted a philosophy that where 
food processing plants can be located in rural areas, attempts should 
be made to utilize the natural environment for treatment purposes. 
If utilized properly, the land can provide us with an enormously 
effective way to treat and dispose of our wastewaters. Several 
different types of unique wastewater treatment systems on the land are 
described.

Initial studies and experiments of treating food waste on 
the land were begun at Napoleon, Ohio in 1954. This work led to the 
development of ’’overland flow” treatment systems at several different 
plants. The surface filtration system is constructed on land that is 
relatively impervious and will not permit high infiltration rates. 
This is a new concept of spray irrigation wherein the wastewater is 
spread in a thin sheet to have a good interaction zone with soil 
humus. The microbiological activity of the soil organisms purifies 
the water to achieve 99% BOD reduction in a travel of approximately 
200 feet. The preferred slopes are approximately 2% - 6%.

Two other systems at Chestertown, Maryland and Sumter, 
South Carolina have utilized an underdrain system on relatively 
shallow sandy soils. The wastewater after pretreatment is sprayed 
through the sprinkler system, falls on the land which has been 
planted to special grasses and infiltrates through the soil which acts 
as a biological filter and is picked up by the underground perforated 
pipe which is just above the clay sub-strata.

Other unique systems are reviewed involving spray of 
lagooned or stored waste, sludge disposal and separate treatment of 
strong organic wastes.

1
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INTRODUCTION

Campbell Soup Company has forty operations worldwide, 
twenty-eight in the United States and five in Canada. These plants 
are spread across the country and are located in all types of geo
graphical and political situations. Hardly a single plant is 
duplicated in the source of water supply or means of waste disposal. 
The waste treatment facilities are either community-owned, jointly- 
owned by the Company and the community or entirely Company-owned. 
These facilities incorporate almost every type of treatment system 
known. My discussion today will be limited to the highlights of 
treatment systems in humid areas of North America at major soup pro
cessing plants, poultry processing operations and other allied 
operations, all of which utilize the land in various ways to achieve 
a high degree of purification of wastewaters.

To acquaint you with the origin and character of the 
wastewaters, at soup processing plants we process all varieties of 
some forty soups, besides various types of beans, spaghetti and other 
products the year round. Although over 100 different products are 
processed, the waste effluent for ten months out of the year is 
relatively uniform. There are no major seasonal operations except 
for the two months - primarily August and September - when processing 
facilities are almost entirely devoted to tomato products.

The poultry operations are geared for a multi-purpose 
program: first, to provide poultry parts for our Swanson TV Brand 
Dinners and, second, to provide chicken meat for our soup processing 
plants.

INITIAL IRRIGATION EXPERIENCE

In the early 1950's, a decision was made to construct a new 
soup manufacturing plant in Napoleon, Ohio adjacent to a seasonal V-8 
operation. The new soup plant initially was to have a 10-month waste 
load of 1.5 MGD1but for two months during tomato season was expected 
to reach peaks of 6 MGD.

MGD = million gallons (U.S.) per day1
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It became apparent that conventional treatment foi' 6 MGD 
for only two months would be economically prohibitive and a decision 
was made to construct conventional trickling filter facilities for a 
base load of 1.5 MGD with the excess volumes above this during the 
months of August and September to be diverted to spray irrigation.

The capabilities for spray irrigation were unknown in the 
Napoleon area and therefore a pilot type test was conducted on approxi
mately 12 acres in 1953. This test program indicated excellent 
results and for 1954 a full-scale system, handling 100% of the waste 
from the V-8 plant, amounting to 3/4 MGD, was undertaken. During the 
tomato seasons of 1954-1955, it became apparent that the initial pilot 
study lacked sufficient detailed information to assure an adequate 
disposal system. The initial study was in a 12-acre area of well- 
established Kentucky Blue Grass. Although the soils were silt and 
clay loam, there appeared to be good surface infiltration and suf
ficient lateral movement of water underground to prevent surface 
ponding.

The difficulties that arose in 1954 and 1955 stemmed from a 
misconception of the roles of infiltration and evapotranspiration in 
wastewater disposal. Neither displaced enough water to prevent the 
overland runoff of partially purified water or the accumulation of 
water in stagnant pools which then became odor problems. The former 
condition, overland runoff, led to the accidental discovery that waste
water which flows across a gently sloping field in a thin sheet for a 
few hundred feet would emerge at the receiving stream with a BOD 
reduction of 90 percent or more, provided, of course, it did not 
collect in channels or flow too rapidly. From this initial experience 
came the realization that some runoff in the treatment system for the 
new soup plant which went into operation in the summer of 1957 could 
be tolerated.

Table 1 represents a summary of waste treatment practice by 
spray irrigation for the years 1961 through 1965 based on the initial 
design and 1973 through 1976 based on improvements learned in the 
design and study of our Paris, Texas system. The tomato season 
averaged 50 days per year, starting in August and ending by October 
1st. During 1965, the average waste applied reached a total of 1.2 
inches per day. Individual spray lines in the field reach peaks of 
four, to five inches per day. Table 1 gives the characteristics of 
the waste sprayed in 1964 and 1965 for different watershed areas 
studied by Mr. T. W. Bendixon and Mr. R. D. Hill of the Taft Sani
tary Engineering Center in Cincinnati. During this period, one 
entire watershed reached a maximum average of 1.4“ per day for the 
entire season. The results show that on a mass basis, the percent 
reduction is high, not only for COD and BOD but also for total 
nitrogen and phosphates.



TABLE 1

NAPOLEON PLANT
CHARACTERISTICS OF SPRAY SYSTEM- INITIAL DESIGN

1961 - 1965

CHARACTERISTICS OF SPRAY SYSTEM - IMPROVED DESIGN BASED ON PARIS

Volume Sprayed* Volume of Runoff COD Applied COD of Runoff

mil/gals
gal/ 

 acre/day mil/gals % Flow mg/1 1000 lbs. mg/1 % Red.
1000 
lbs. % Red.

1961 152.3 19,700 86.5 57 (29)** 576 732.6 94 84 67.7 91
1962 158.2 18,800 99.9 63 (36) 523 691.5 81 85 67.6 90
1963 203.0 27,900 86.6 43 (36) 369 625.5 94 75 67.8 89
1964 208.1 23,400 84.0 40 (29) 661 1208.0 136 79 95.3 92
1965 316.7 32,500 152.6 48 (26) 500 1319.3 94 81 119.9 91
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1973 - 1976

BOD Applied BOD of Runoff

1973 211.3 16,611 97.5 46.2 430 757.8 11.0 97.4 8.9 98.8
1974 182.6 17,552 67.1 36.7 458 697.5 10.1 97.8 5.6 99.3
1975 188.1 20,436 125.7 66.8 471 738.8 10.0 97.9 10.5 98.8
1976 260.8 19,622 136.7 51.3 390 848.3 5.0 98.7 5.7 99.3

*Avg.
** ( )

season was 50 days
Percentage after correction for rainfall
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The strength of the effluent in terms of mg/1 BOD was
considerably higher prior to the incorporation of improved design 
to the system. The COD in the runoff in the early 196O*s  averaged 
in excess of 100 mg/1 whereas all effluents discharged from the land 
treatment system over the past five years have averaged less than 
10 mg/1 BOD. The initial system was designed using primarily the 
natural surface terrain for overland flow with little effort made 
towards developing slopes to a predetermined design. The latter 
system at Napoleon is designed after the Paris experience which 
incorporates the features shown in Figure 2.

The Paris system, which went into operation in the fall of
1964, was designed on the basis of what was learned with the original 
Napoleon system. Although Paris, Texas is not normally considered 
to be a humid region, it did experience an average of 47.6 inches of 
rainfall per year during the past ten years of operation and had a 
maximum rainfall of 60 inches in 1971. In addition, for some periods 
of time, it is subjected to severe winter conditions such as in 1976-7 
when the temperature went below freezing 80 days out of the year. The 
worst two days of operation, the temperature never rose above 25°F 
and was as low as 7°F. Information is included on Paris because it 
experiences weather conditions similar to the humid northeast and 
because this system has been studied in appreciable depth by Campbell 
Soup Company, Robert S. Kerr, EPA, Regional Lab in Oklahoma and North 
Texas State University.

PARIS SYSTEM - OVERLAND FLOW

Typical of our soup plants is the operation at Paris, Texas
which consists of a plant of approximately 22 acres under roof, a self- 
contained, complex operation where we start with raw materials and ship 
out finished product. This is a highly integrated operation con
taining its own can manufacturing operations as well as warehouse 
storage facilities. The wastes come from many processes in the plant: 
washing equipment, washing vegetables, cooling cans and food prepara
tion in general.

The waste at the Paris, Texas plant has pretreatment consisting
of grease recovery and 10-mesh screening prior to being pumped to the 
spray irrigation field. The gravity grease separator is equipped with 
top skimming and bottom sludge removal. The waste systems are kept 
s eparate as much as possible, with grease-bearing waste in one pipe 
system and vegetable-bearing waste in another system. Following the 
grease recovery system, the two wastes are combined and go to rotating 
drum screens. These drum screens are four feet in diameter and eight 
feet long and handle an average of 1500 GPM but are capable of 
handling peaks of 3000 GPM. They are equipped with back sprays to 
keep the screen clean and in good dewatering condition.
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The spray irrigation system at Paris was developed on land 
that formerly had been used for cotton farming and was badly eroded. 
The before and after air photos show the severely eroded property - 
so bad that in some areas a DC6 bulldozer would be lost in the 
erosion gullieb. The present contour-terraced land represents 
excellent soil conservation practice and permits proper overland 
flow of the waste applied by sprays (see Figure 1)

The spray irrigation system is unusual in that it does not 
follow conventional concepts of farm irrigation wherein the water 
percolates into the ground. The soils are extremely tight, con
sisting of a soil lying in the transition phase between the black 
waxy to the south and the sands of the Red River northward. The 
surface material is grey clay underlaid by red clay at varying 
depths. The clays are both highly erodable. There is practically 
no infiltration in this system, and the system is laid out on land 
that is contoured so that the wastes flow in a thin sheet across the 
surface of the land and are collected in terraces to be conducted 
off the field. Treatment is achieved as an intimate interaction 
among the soil surface layer, surface organic mat, plants and micro
organisms. The common length of slope is 150 to 200 ft. with slopes 
ranging from 2 to 6 percent. Application rates are 0.5 to 0.8 acre
inches per day. The application is applied over an eight-hour 
period with a rest period of sixteen hours (see Figure 2).

FIGURE 2

Length Slope 150-200 ft.- 50 
ft. beyond 
sprinkler

Soil Type Slowly permeable,
clay loam & clay

Land Required Acres/MGD - 140
gross, 116 wetted

Degree Slope 2% - 6%
Hydraulic Load 0.4-0.7"/day or

2.0-3.0”/week
Application Cycle

Application 8 hours
Rest 16 hours

Cover Crop Reed Canary Grass
Nutrient Removal 90% of Nitrogen
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Since 1964, the overland flow treatment system at Paris 
has been expanded and improved incorporating the knowledge gained 
from a continual program of research and development. The existing 
system incorporates an area of 900 acres designed for a raw waste
water flow of 6 MGD. The overland flow treatment concept has also 
been utilized at Campbell Soup Company facilities in Paris, Texas; 
Napoleon, Ohio; Chestertown, Maryland; Saratoga, Indiana; Pescadero, 
California; Glenn, Michigan and St. Marys, Ontario, Canada. The over
land flow treatment systems have continually provided an effluent 
that is equivalent to tertiary treatment. Table 2 indicates the 
treatment efficiencies of the overland flow-system; removal of 
T.S.S. and 99*1%  removal of BOD$ have been achieved on a continous 
basis.

TABLE 2

TREATMENT EFFICIENCY - OVERLAND FLOW

Mean Conc. 
mg/l % Removal

Parameter Inf. Eff. Cone. Mass

TSS 263 16 93-5 98.2

TOC 264 23 20.8 -

BOD 616 9 98.5 99.1
P 7.6 4.3 42.5 61.5
N 17.4 2.8 83.9 91.5

The entire system is controlled automatically. Pumps are 
tied in electrically to a pneumatic control system and a clock timer 
arrangement which actuates valves in the field on a predetermined 
schedule. The valves are opened pneumatically in the field. The 
main distribution headers are all below ground and consist of cement
asbestos pipe with buried PVC or above-ground aluminum pipe. The 
ends of each of the portable aluminum and underground PVC pipes as 
well as key low-spot areas along the laterals have automatic drain 
valves which release the water in the pipe when there is no pressure 
in the system.

Figure 3 is an artist’s conception of overland flow in an 
isometric view. It is possible to use the natural terrain and at the 
same time reshape the slopes to be uniform so as to permit the waste
water to flow in a thin sheet until it reaches the effluent runoff



FIGURE 3

ISOMETRIC OF A OVERLAND FLOW TREATMENT SYSTEM

I
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channels. The main purpose of the sprinklers is to apply the 
wastewater on the land uniformly. The earth is the biological filter 
that treats the wastewater.

The vegetative cover of a disposal field produces a 
protected habitat for soil microorganisms and a vast surface area for 
the adsorption of organic impurities. Reed Canary grass has been 
primarily used in Paris because of its water tolerant capabilities. 
The grass also serves a secondary function by protecting the soil 
from erosion and compaction.

Of all the interacting phenomena in the natural filtration 
system, microbiological activities and the adsorptive capacity of the 
soil are the most important. Microbiology in this instance refers to 
the various forms of microscopic life usually present in an agricul
tural soil. It includes all the bacteria, molds and fungi which feed 
directly or indirectly upon the organic waste.

Biological studies established that although the respiration 
of microorganisms slows down in winter, their mass activity remains 
constant due to a tenfold increase in population. It is thus no 
longer necessary to provide as much reserve capacity for winter 
operation (see Figure 4)•

The high nitrogen removal efficiency is depicted in Figure 
5. Aerobic processes such as nitrification occur in the upper aerobic 
layer and anaerobic processes such as denitrification occur in the 
lower layer. Thus, nitrate would be formed when the nitrogen in the 
wastewater is mineralized and nitrified as it flowed over the soil 
surface and through the top aerobic zone. The high soluble nitrate 
would then encounter the anaerobic zone and be denitrified. The 
large amount of soluble organic material present in food processing 
wastewater ensures a high level anaerobic decomposition and the asso
ciated nitrate demand. The surface layer would always be aerobic and 
thus prevent the odor problem. It appears that Reed Canary grass 
grown on an overland flow site is capable of transporting oxygen 
through its leaves and stems to its roots. It would thus be able to 
establish a micro-aerobic site around its roots in a manner similar 
to marsh plant species and rice.

The double-layer theory is also consistent with the occa
sional requirements for a rest period. It can be hypothesized that 
if an organic layer was to accumulate to the point that the oxygen 
demand was sufficient to turn the liquid film anaerobic, nitrifi
cation would cease and odor problems would be encountered. After 
drying and reduction of the organic layer and its associated oxygen 
demand, a double layered film of wastewater could again be formed on 
the soil surface.
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FIGURE 5

CONDITIONS FOR NITRIFICATION DENITRIFICATION 
PROCESSES IN THE OVERLAND FLOW TREATMENT SYSTEM

FIGURE 6
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Overland flow land treatment systems have an excellent 
capability to withstand shock organic loads and long period of shut
down followed by immediate start-up while still maintaining excellent 
effluent quality. If a single terraced slope is overloaded or suffers 
mechanical failure, treatment continues in the long terraces and water
ways before the water reaches the stream. This provides an additional 
safety factor that is naturally built into the system.

The system also demonstrates a strong buffering capacity as 
shown in Figure 6. The field effluent is buffered to neutral despite 
the wide pH variation in the applied plant wastewater which fluctuates 
between 6.0 and 10.0 as a result of plant production operation such as 
night clean-up.

INFILTRATION SYSTEMS WITH UNDERDRAINS

In 1959, a new poultry processing plant was built in Chester
town, Maryland. Initially, this plant had a waste flow of 0.5 MGD 
which has since increased to 0.7 MGD. The waste is treated on the 
land but with two different types of systems due to completely dis
similar soil types in each area. One section is constructed in an 
area of shallow sandy soil and is underdrained every 100 feet with 
perforated plastic pipe wrapped in fiber glass. The other section is 
on a clay loam soil which is terraced for overland flow as previously 
described.

Chestertown presently has the following raw waste load: 
BOD - 790 mg/l, 4,685#/day; S.S. - 765 mg/l, 4,500#/day; grease - 
425 mg/l, 2,520#/day; total nitrogen - 36.7 mg/l, 239#/day; total 
phosphorus - 8.6 mg/l, 45#/day. Table 3 shows the total system 
performance and the infiltration system discharge.

TABLE 3
PERFORMANCE OF LAND DISPOSAL SYSTEM 

CHESTERTOWN - 1976
Mass Units - Pounds/Day

Raw Waste
Spray Irr. 
Effluent %Removal

BOD 4,685 41.2 99.1
Susp. Solids 4,500 64.2 98.6
Oil and Grease 2,520 10.6 99.6
Total Nitrogen 239 25.6 89.3
Total Phosphorus 45 3.5 92.2
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TABLE 3 (Cont’d.)

Characteristics of Infiltration System Discharge 
From Underdrains in Sandy Soil Areas

Flow = 63,500 GPD
BOD = 7.0 mg/l = 3.7#/day
S.S. = 23.0 mg/l = 14.8#/day
Grease = 6.0 mg/l = 3.2/day
Total Nitrogen = 18.9 mg/l = 10.0#/day
Total Phosphorus = 0.28 mg/l = 0.15#/day

All of our systems attempt to utilize the natural environ
ment. A classic example of this is our Sumter, South Carolina system 
which treats a poultry processing operation, consisting of killing and 
eviscerating poultry in preparation for both diced meat for the soup 
plants and parts for TV Brand Chicken Dinners. At this particular 
site, we were fortunate to have a very sandy soil. The soil was of 
high infiltration for the first five to seven feet with an under
lying denser clay structure. The entire 250-acre field was underdrained 
just above the clay layer at 200-foot spacing with perforated pipe 
wrapped in fiber glass matting draining to a natural lagoon which is 
known locally as a Carolina Bay or savannah as shown on Figure 7- The 
pond covered roughly 45 acres. The drainage pipe provided a means of 
conducting the water away from the fields otherwise they would become 
flooded with normal application rates. In actual practice, the infil
tration rate of the sub-soil is sufficiently high to keep the drainage 
to the lagoon at less than 10 percent of the applied flow during dry 
weather periods. Part of this is attributable to the fact that the 
drainage field acts as a french drain system so that although in the 
immediate area of application the perforated pipe is quite active in 
carrying the water to the lagoon, the flow travels through so much 
unsaturated area it infiltrates into the sub-soil.

The system has been highly efficient. The irrigation pipe 
laid out in a permanent underground system; there is no above-ground 
piping. The sprays are on a 120 foot triangular spacing. The appli
cation rate reaches one inch per day. The efficiency of the system 
is 93.6% on a total pound BOD removal basis. The efficiency of the 
effluent going to the lagoon is 99.1%*  The waste applied averages 
700 ppm BOD with all samples on the effluent less than 10 ppm BOD. 
The system essentially provides the equivalent of tertiary treatment 
with 91.5% reduction of phosphorus, 83.0% ammonia and 99.5% nitrate. 
The lagoon essentially removes all the nitrate found in the spray irri
gation under drainage (see Table 4)•



Figure 7
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TABLE 4

Raw Wastewater and Effluent Characteristics 
of the Rapid Infiltration System at Sumter, 

South Carolina

Final
Underdrainage Lagoon

Raw 
(ppm)

Effluent Removal 
(percent)

Effluent
-(ppm)

Removal 
(percent)

BOD5 700.0 6.0 99.1 10.0 98.6
s.s. 470.0 20.0 95.7 25.0 94.7
Ammonia (as N) 5.9 0.5 91.5 1.0 83.0
Organic
Nitrogen (as N) 35.0 0.1 99.9 0.8 97.7
Kjeldahl
Nitrogen (as N) 40.9 0.6 93.7 1.8 95.6
Nitrate (as N) 0.0 21.7 +99.9 0.1 99.5*
Total Phosphorus 
(as P)  8.2 0.8 90.9 0.7 91.5

*Nitrate removal is based on the influent concentration to the lagoon; 
all others are based on raw.

The distribution system in the spray field is entirely 
underground, consisting of 6-to 12-in. asbestos-cement main lines and 
2-to 4-in. PVC plastic laterals. Steel risers at 120-ft. intervals 
triangularly support sprinklers at approximately 4 ft. above the 
ground. There is a total of 326 sprinklers with a discharge rating 
of 30.5 gpm at 60 psi. These are arranged to surround the savannah 
on the north and west in more or less of an "L" shape. There are 49 
lateral lines each equipped with a pneumatic valve which is energized 
automatically from the control center. The lines vary in capacity from 
200 to 300 gpm according to the number of sprinklers. In practice, the 
operating time allotted to each sprinkler line varies according to local 
soil conditions, but generally each line receives 1.1 inch of water 
each day during a 6-hour sprinkling period. Originally, the tract was 
planted to a mixture of Reed Canary grass and Tall Fescue with 20 per
cent rye grass to serve as a nurse crop, but during the years of 
operation, the Reed Canary grass has crowded out the other two. Every 
few weeks, the grass is mowed in order to build up humus on the soil 
surface and encourage an environment favorable to microorganisms.
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The entire spray system is fully automated somewhat similar
to the automatic sprinkling systems on golf courses. A liquid level 
system in the 50,000 gallon storage reservoir activates the pumps as 
the water level rises. Automatic programmers electrically connected 
to pump starting circuits regulate the flow to various sprinkler lines 
according to a predetermined schedule.

The 250 acres that were converted from an oil soybean
operation into a unique combination of a spray irrigation and polish
ing pond system, not only have provided an extremely efficient waste
water treatment system but also improves the aesthetic characteristics 
of the entire area. The pond itself has over the years provided a 
habitat for many different varieties of birds and other wildlife.

LAND TREATMENT AFTER LAGOONING

Although most land treatment systems can operate for short
period of time under sub-freezing weather conditions and can store 
considerable amounts of ice, there is a limit to successful operation 
under such conditions. Therefore, a number of our systems use storage 
lagoons with spray irrigation systems during non-freezing weather condi
tions. These systems are located at Saratoga, Indiana; Glenn, Michigan; 
Richmond, Utah and Listowel, Canada.

The Listowel system is a community system of combined domestic
and industrial flow which was originally designed to be an oxidation 
pond system. The lagoons have been modified with a pre-treatment 
aerated section and, after a study by Prof. L. R. Webber in 1971 have 
utilized spray irrigation of the effluent during mild weather.

The attached Figure 8 was developed by Prof. Webber to use
as a guide to irrigate pasture land nearby. Efforts were made to apply 
waste to sandy loam soils at about 2 inches per week in order to avoid 
runoff. The system has a flow of about 1 MGD and the wastewater 
effluent from the lagoons varies from 20 to 50 mg/l BOD as it is 
applied to the soil.

We have a Company-owned lagoon-spray-zero discharge system 
in Richmond, Utah. This facility is a bakery producing various types 
of cakes, cookies and breads for the retail market. Since the facility 
was operational in 1974 all process wastewater and sanitary waste
waters were treated by the City of Richmond Municipal Treatment System. 
During late 1975, it was realized that the volume and strength of the 
combined wastewater from the Pepperidge Farm facility was causing the 
municipal lagoon treatment system to exceed its design capacity.
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Figure 8: Climatic data used in the design of the Listowel 
system.
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In an effort to relieve the loadings to the City’s lagoon 
treatment system, Pepperidge Farm, Inc. proposed to treat all process 
wastewaters during the non-freezing, dry weather periods by spray 
irrigation. A center-pivot move spray irrigation system was con
structed on approximately 30 acres of plant property. The spray 
irrigation system was installed and operated sucessfully in the fall 
of 1975 until freezing weather. All sanitary wastewater continued 
to be discharged to the city lagoons.

The production at the Richmond facility continued to increase. 
In 1975, an expansion program began to double the production capabil
ities in order to meet product demand. Under these circumstances, the 
increased wastewater flow could not be adequately treated by the City 
lagoon not even for the five to six winter months.

FIGURE 9
WASTEWATER TREATMENT FLOW DIAGRAM 

PEPPERIDGE FARM - RICHMOND, UTAH

The Company's plan was to expand and winterize their existing 
seasonal operated spray irrigation system in order to treat the process 
wastewaters on a year round basis. The system was redesigned to treat 
an average daily flow of 150,000 gpd of process wastewater while 
obtaining a zero discharge. After the existing screening system, a 
two-stage lagoon was constructed to pretreat and store the process 
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water generated during the winter months. The first stage lagoon is 
an anaerobic lagoon, 10-feet deep having a capacity of 1.0 mg with 
6.5 days detention at the average flow rate of 0.1? mgd. The second 
stage is an aerobic lagoon with a depth of 9.0 ft. and a total storage 
capacity of 25 mg. The combined total storage capacity of the two 
stages is approximately 167 days or 6.2 months. The storage lagoons 
were constructed from the local soils which, after proper compaction, 
provided a natural barrier to minimize percolation. The soils were 
Battle Creek silty clay loam and McMurdie-Hillfield silt loam.

TABLE 5

RAW WASTEWATER CHARACTERISTICS 
RICHMOND, UTAH

Present
Future 

(Design Flow)

Flow (average) 0.10 mgd 0.15 mgd
(maximum) - 0.20 mgd

BOD5 2000 ppm 2000 ppm

T.S.S. 1000 ppm 1000 ppm

The existing center pivot spray irrigation system was 
doubled in capacity in order to treat the stored winter wastewater 
and the process water during non-freezing weather. The system was 
expanded to 60 acres by adding two towers to the existing five-tower 
center pivot move system increasing the diameter of the spray field 
to 1,824 feet (see Figure 10).

The new spray area, after some earthwork and final grading, 
was seeded to a mixture of water tolerant grasses consisting of Durar 
Hard Fescue, Sodor Wheat Grass, Tall Fescue, Meadow Fescue and Sweet 
Clover. The soils at the spray irrigation site are primarily Battle 
Creek silty clay loam and Collet silty clay loam with infiltration 
rates of 0.20 to 0.65"/hour and 0.13 to 1.0"/hour respectively. The 
system has been successfully operated for three years with zero dis
charge at an application rate of 0.18"/day.
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FIGURE 10
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OTHER UNUSUAL SPRAY SYSTEMS

Sludge Disposal

At St. Marys, Ontario, we have a poultry killing and 
eviscerating operation which cooks and prepares meat for other plants 
that produce soup, frozen dinners and pies. Approximately 30,000 
head of poultry are handled on an eight-hour shift and the wastewater 
generated after screening and grease recovery in an air flotation 
unit is discharged to an extended aeration wastewater treatment system.

Sludge from an extended aeration system is essentially 
stabilized and can be readily disposed of without nuisance. Approxi
mately 10 acres of land adjacent to the sludge storage basin was 
prepared for spray irrigation. The selected land had a contour 
that generally met requirements, but it was regraded to form a con
tinuous uniform slope with all rocks and debris removed. After 
plowing and disking, it was treated with limestone, fertilized and 
seeded with a mixture of Reed Canary, Meadow Fescue and Perennial 
Rye Grass. During the spring, summer and fall months, the sludge is 
sprayed onto this prepared area. During the wintertime, the sludge 
is accumulated in the sludge storage basin and spray irrigated during 
the spring and summer. The rate of application is such that there 
is no surface runoff and there is considerable adjacent land available 
for an extension to the spray irrigation system in the event it 
should be needed in the future.

Disposal of High Strength Unit Process Wastewaters

At a soup processing operation in Sacramento, California, 
all of our waste is treated in a County Sewage Treatment Plant. In 
1973, the State of California mandated that the County take measures 
to improve the quality of their effluent to be in compliance with 
State standards on a year-round basis. The critical time of non- 
compliance was during the canning season (July, August, September and 
October). In order to improve treatment efficiency and prevent over
loading of the County treatment facility during this peak flow period, 
all industries were requested on a voluntary basis to reduce their 
volume and strength of their wastewater discharge to the sewage 
treatment plant.

In response to the County*s  request, a strict water 
conservation program was implemented by Campbell Soup Co. and a pro
gram was developed to segregate its high strength wastewater and to 
spray the wastewater on nearby Company-owned property. The program 
was to apply to the land approximately 50,000 gpd of tomato '‘pressed 
liquor" which results in removing liquid from trims and reject 
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tomatoes. The liquid has a concentration of approximately 25,000 mg/1 
BOD5 and 5000 mg/l T.S.S. This would result in an overall wastewater 
reduction of 10,850 lbs./day of BOD5 and 2,085 lbs./day of T.S.S. to 
the county sewage treatment plant. The solids consisting of seeds and 
skins are dried and used in dog food.

The land disposal system for this strong wastewater was 
designed to operate over 15 acres using both traveling and fixed 
sprinklers to distribute the pressed liquor in thin applications to 
maximise evaporation and drying of the solid tomato residue. Ori
ginally the wastewater was applied through a system of aluminum 
irrigation pipes and sprinklers. The system worked well but was 
cumbersome and costly to remove when the soil had to be worked with 
tilling equipment. Rotation of the sprinklers to optimize evapora
tion also required considerable effort. The majority of the station
ary sprinklers was replaced in 1975 with two ’’Water Winch” traveling 
sprinkler systems shown in Figure 11.

FIGURE 11

High strength tomato wastewater applied by 
traveling sprinkler system in close proximity 
to residential area.
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The traveling sprinkler is basically a chassis with four 
wheels, carrying a riser pipe for the sprinkler, a powering device 
for propulsion, a transmission and a cable drum equipped with cable. 
It is further equipped with a means for attaching the hose to the 
riser pipe. The power device drives the transmission, which in turn 
drives the cable drum. Traction is provided by attaching the cable on 
the drum to an anchor on the opposite end of the field from where the 
unit begins. Since the speed of travel in part determines the amount 
of water applied, the transmission and/or the powering device has a 
means of changing speed of travel. Once selected, the speed of 
travel is kept constant by a system which compensates for the growth 
in effective diameter of the cable drum as the drum picks up cable 
while progressing through the field. The traveling sprinklers are 
fitted with 1300 feet of cable and 660 feet of hose. Locating the 
waste supply header in the center and anchors at the perimeter will 
allow the sprinklers to travel a maximum of approximately 1200 feet 
with a single setup operation.

The traveling sprinklers have been proven to provide a more 
even distribution of wastewater over a greater area and greatly faci
litate the periodic tilling of the solids into the soil. The system 
is operated to optimize the use of evaporation and drying in order 
to obtain a zero discharge condition and to minimize a nuisance 
potential of fly infestation and odor problems. The proper manage
ment of the system to minimize the nuisance problems is critical 
since the plant and the spray field are located in a semi-residential- 
commercial area.

Based on the above average daily evaporation rates, the 
system’s loadings and operating experience maximum application rates 
are 0.30”/day July and August and 0.25 and 0.15 in September and 
October, respectively. The application rates fluctuate with the 
varying evaporation rates so that the system is neither overloaded 
resulting in potential nuisance problems nor underutilized.

Fly infestation has also been minimized by maintaining the 
moisture content of the soils below 25-30% which is the level nece
ssary to support fly breeding. This level of moisture content in the 
surface soils also minimizes the odor potential. To prevent rewet- 
t ing of a build-up of organic surface solids, the dry residue is 
periodically incorporated in the soil by tilling and mixing with the 
soil then recompacting on the soil surface. This operation is done 
on a (weekly) basis with a rototiller and roller in a single pass 
of the equipment.
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Further drying of the fields is facilitated on weekends
when wastewater and loads are low due to reduced production and 
scheduled maintenance. During this time, the land disposal waste
water is diverted to the sewer. This also tends to maintain a more 
uniform flow and reduces shock loadings when fall production begins.

COST EFFECTIVENESS OF LAND TREATMENT

Land treatment systems have been shown to be very
competitive when compared with the conventional advanced wastewater 
treatment systems. Figure 12 shows comparative costs between conven
tional advanced waste treatment systems after secondary treatment 
and the overland flow treatment system at Paris, Texas and the infil
tration land treatment system at Sumter, South Carolina.

Even with the costs of purchased land, the total operation
costs including capital, operation and maintenance, engineering and 
legal, the land treatment systems are substantially cost effective 
when compared to conventional advanced waste treatment systems. For 
the 6 mgd capacity, Paris overland flow system total cost per 1000 
gallons is 280. The cost of 6 mgd conventional AWT1 system excluding 
the cost of secondary treatment ranges from 33₵ to 68₵ 1000 gallons.

AWT = Advanced Waste Treatment

Using an average cost of 30₵/I000 gallons for secondary
treatment, the net operating costs of land treatment vs. conventional 
secondary and AWT could be between 56₵ and 76₵/1000 gallons. The 
cost savings that are realized by land treatment can largely be 
attributed to substantial lower operating and maintenance cost since 
no chemicals are required for coagulation, flocculation or nutrient 
removal, the sludge handling problems associated with secondary and 
tertiary treatment plants are eliminated since the solids are 
recycled to improve the soil and to stimulate crop growth and the 
system uses considerably less energy.

For an equivalent size treatment system, land treatment
uses 50-70% less electrical energy than conventional tertiary treat
ment plants. The total energy required for a spray irrigation system 
is approximately 351 Kwh/acre/ft. compared to 1,475 Kwh/acre-ft. 
for a typical tertiary treatment plant.

1



Figure 12
ADVANCED WASTE TREATMENT COST COMPARISON - 

MODERATELY FAVORABLE CONDITIONS FOR LAND 

TREATMENT SHOWING PARIS AND SUMTER SYSTEMS.

Reference: Land Treatment of Municipal
Wastewater Effluents EPS Technology
Transfer Seminar Publication, pg. 74.
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ONTARIO MINISTRY OF THE ENVIRONMENT POLICY

FOR WASTE WATER DISPOSAL BY IRRIGATION

G.L. Van Fleet1

1 Supervisor, Pollution Control Branch, Ontario Ministry of the 
Environment, Toronto.

I intend in this talk to discuss Environment Ontario's 
basic principles in dealing with the spray irrigation question. 
While we do not have specific policies, systems are designed to 
conform to general guidelines which can be modified, on a case-by-case 
basis to suit the local climate and soil conditions. In all instances 
the facilities must be approved by the Ministry.

There are approximately 60 industrial and sanitary effluent 
irrigation systems in Ontario. In 1973 an average of approximately 
one billion gallons per year of wastewater were applied to just under 
2600 acres of land. The majority of wastewater irrigation systems in 
the province are industrial. Canneries, dairies and other food 
processing industries comprise the majority of industries using these 
systems.

There are very few municipal spray irrigation systems in 
operation in the province. Two of our major concerns are the 
composition of the municipal waste and suitable land at economical 
cost for spraying. Heavy metals, high bacterial counts, a shortage 
of good useable land and the very fact that these systems are close to 
residential areas rules out their existence in most cases.

That is not to say that more of these systems will not go 
into operation in the future. In fact I believe that the future may 
see more and more communities investigating spray irrigation as an 
alternative to direct discharge of treated liquid waste into streams 
and rivers. We recognize that in many areas of the province the 
continued use of local watercourses as effluent receivers is becoming 
more and more difficult due to the volumes of effluent to be disposed 
and the minimum flow conditions. Spray irrigation can be an effective 
method of reducing the pollutant load on receiving streams during 
critical periods of the year and would be especially attractive to 
communities where suitable land is available at low cost.

Communities that utilize a lagoon system, but whose receiving 
stream does not have sufficient dilution water will be considered 
prime candidates for an approved spray irrigation system. Once it has 
been determined that spray irrigation is a viable alternative the next 
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step is to find a suitable tract of land for the operation. Here many 
communities, indeed many industries, may find the first of many 
obstacles. The question here is often not so much land suitability 
but size considerations. Land is far from inexpensive and finding an 
affordable tract of land, large and environmentally sound, could be a 
major problem.

We consider that a spray area should be capable of 
permitting application rates of up to 5000 gallons per acre per day 
working on the assumption that 100 days of spray time is available. 
The application rate may be more than 5000 gallons per acre per day 
only under special circumstances.

An unsaturated soil zone of at least two metres is 
considered adequate to protect ground water from bacteriological 
contamination and to maintain an active aerobic root zone during the 
operation of a spray irrigation system. Loamy sands, light coloured 
loams and sandy loams with good drainage are considered excellent 
soils.

Of equal importance to what lies below the spray irrigation 
area is what grows on the surface. Forests and brushland have high 
potential for wastewater disposal and this type of land should be less 
expensive than cultivated areas. On arable land perennial grasses 
such as Brome, Orchard, Reed Canary and Timothy are suitable for most 
forms of spray irrigation. These grasses have a fibrous root system 
and are sod forming which aids in erosion control and provides high 
infiltration rates. This type of vegetation is not only noted for 
long periods of growth but also has a high uptake of nutrients.

Area drainage is another important consideration for spray 
irrigation. The surface drainage characteristics of a disposal site 
may be determined by on-site surveys and from either aerial 
photographs or topographical maps. Any waterbodies within the 
drainage area should be protected by a buffer zone in case of a rapid 
runoff. The direction of ground water flow should be away from dug 
wells in the vicinity of a land disposal site. This is determined by 
measuring watertable elevations at a minimum of three points and 
establishing contour lines. Ground water flow rates are also 
important and tracers should be used to determine this rate. The slope 
of any land disposal site must not be more than five percent. This is 
to minimize erosion and lessen the chance of a rapid runoff that might 
contaminate surface waters.

One important consideration not previously discussed is the 
closeness to residential areas. The spray irrigation operation must 
be a good neighbour. Odours and wind drift may put the entire 
operation in jeopardy from irate citizens who find the situation 
intolerable. Environment Ontario would like to see spraying operations 
located at least 500 feet from the nearest dwellings. High pressure 
spray systems, although they give optimum distribution, tend to produce
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aerosols which drift greater distances. Reduced pressure systems will 
often eliminate this problem.

Previously I mentioned health considerations as being one of 
the major concerns in spray irrigation. Effectively treating 
municipal waste prior to spraying will lower the bacteria count but 
every effort must be made to avoid groundwater contamination. A 
constant groundwater monitoring program should be maintained to 
ensure safety.

Recently the agricultural industry has become concerned 
about excessive amounts of heavy metals in waste water irrigation. 
There is a great deal of evidence to support the concern that a 
build-up of these chemicals may result in long term damage to crops 
and soils. The wastes should be analysed for heavy metals and advice 
obtained on the potential effects. In order to minimize the accumulat
ion of these chemicals, spray irrigation area vegetation should be cut, 
harvested and removed from the area on a regular basis.

Applications for approval of spray irrigation systems should 
contain specific supportive information as follows:

- A soil report which would contain information on the compatibility 
of the soil for the construction of a lagoon and the application 
rate for spray irrigation established on the basis of permeability 
of the soil. Water table levels must be established.

- A contour map should be prepared at two-foot intervals and should 
include the treatment facility area and the proposed spray area.

- A drainage map indicating the route of runoff water up to the 
entrance of a definable water system should be part of any 
submission.

Information regarding spray area vegetation, current land use patterns 
and surrounding agricultural land use should be Included.

Winter storage requirements.

- A route for emergency discharges is to be established.

The Ontario Ministry of the Environment has been involved 
in carrying out municipal pilot projects involving spray irrigation 
over the past few years. One such project involved the community of 
Shelburne located in Dufferin County. Spraying of effluent from the 
community’s lagoon was carried out over two summers and fall seasons 
in 1971 and 1972. The soil was able to absorb nutrients from the 
effluent at an average of up to 95 percent for phosphorus, 78 percent 
total Kjeldahl nitrogen and 84 percent potassium removal. Salts and 
metals in the effluent capable of percolating through the soil did not 
impair the quality of the ground water and had no effect on bedrock 
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potable water wells. Calcium, magnesium and potassium levels 
increased in the sprayed soils.

Monitoring of well points showed the occasional presence 
of coliform bacteria which indicated the possibility of sewage or soil 
bacterial migration to the ground water table. No other physical 
side effects of land disposal were noticed during the study. It was 
found that weather played an important role in determining the amount 
of spraying carried out. Excessive rain, wind, cold weather or any 
combination of these, seriously impeded the scheduled spraying 
program.

Spraying during windy days caused some problem for the 
study and a large safety zone of up to 1/2 a mile was recommended for 
spraying during windy days. Another recommendation was the 
utilization of a buffer zone of fast growing tress such as poplar which 
might eliminate the need for large safety zones to contain wind drift.

Spray irrigation is not recommended for areas which experience 
frequent inclement weather. Areas subject to long frost seasons and 
frequent rainy and windy weather should not be considered for spray 
irrigation programs unless large areas of suitable land are available 
for short spraying periods. This demonstrates the conflict involved 
with spray irrigation. When sites are selected for construction of 
lagoons, soils with low permeability are generally preferred while 
relatively permeable soils are needed for spray irrigation programs. 
Normally it is difficult to find these two compatible areas close 
together.

I will not dwell on the industrial area. I’m sure you have 
all been thoroughly briefed on this subject by the many fine industrial 
experts that have appeared over the last two days. Once again 
Environment Ontario has no hard and fast set of policies concerning the 
use of irrigation techniques for liquid industrial waste, other than 
our general environmental management policies. Many of the factors and 
constraints relating to municipal spraying also apply to industrial 
applications. While health concerns may be less with food wastes, 
other problems such as odours become of more concern.

One system I believe worthy of note is the Libby, McNeil, 
and Libby operation in Wallaceburg. Here careful collection, analysis 
and re-use of run-off, a permeable soil and a short production season 
have produced a highly successful operation.

I have attempted, in this short presentation, to cover very 
broadly, the attitudes of the Ministry towards irrigation, as a 
technique for disposal of municipal and selected industrial wastes. It 
is not a method of disposal which has widespread application in Ontario 
outside of the food processing industries.
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In connection with the systems now in operation, the most 
frequent complaint pertains to poor operation and maintenance of 
equipment. Our concerns in the municipal area centre around the need 
for further studies on health risks in connection with aerosols and 
the potential for ground and surface water contamination. Recent 
investigations also point out concerns with respect to the effects of 
heavy metals on soils and crops.
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