FOR REFERENC

]
|
‘{ DO NOT REMOVE FROM
|

LIBRARY
Jo  FISHERIES PECHERIES ' - N |
~ AND THE ENVIRONMENT ET L’ENVIRONNEMENT
ENVIRONMENTAL SERVICE DE LA
PROTECTION PROTECTION DE- -
SERVICE L’ENVIRONNEMENT
SPRAY IRRIGATION OF TREATED MUNICIPAL WASTEWATER
1
,>/’
~° 'ECONOMIC AND TECHNICAL REVIEW REPORT
Fite —»REPORT EPS 3-PR-76-1 .,
T SR Jz‘. -
TD F e
72 ‘I' T v T
€27 : ] - LIBRARY
(o DEPT. OF THE ENVIRONMENT

ENVIRONMENTAL PROTECTION SERVICE
PACIFIC REGION |



ENVIRONMENTAL PROTECTION SERVICE REPORT SERIES

Economic and Technical Review Reports relate to state-of-
the-art reviews, library surveys, industrial inventories, and their
associated recommendations where no experimental work is involved.
These reports will either be undertaken by an outside agency or by

the staff of the Environmental Protection Service.

Other categories in the EPS series include such groups as:
Regulations, Codes and Protocols; Policy and Planning; Technology

Development; Surveillance; Briefs and Submissions to Public Inquiries;

Training Manuals; and, Environmental Impact and Assessment.

Inquiries pertaining to this report should be directed to

the Environmental Protection Service, Department of Fisheries and the

Environment, Ottawa K1lA OH3, Ontario, Canada,

Protection Service, Kapilano 100, Park Royal South, West Vancouver,

B. C. V7T 1A2.

or to Environmental

SERIE DE RAPPORTS DU SERVICE DE LAl

Les rapports sur l1l'analyse
des revues de l'etat des connaissanc

inventaires industriels et des recom

non touches par le travail experimeq
est la responsabilite d'un organismé
Service de la protection de l'envi;g

Le Service compte d'autres
codes et methodes d'analyse; politig
technologique; surveillance; exposes
publiques; guides de formation; evaf

Priere d'envoyer toute dern
au cette rapport a 1'adresse suivant
1l'environnement, Ministere de 1'Envi
Ontario, Canada, ou Service De La Px
Kapilano 100, Park Royal, West Vancc

i
t

TD Spray irrigation of treated

=172 municipal wastewater.

‘c27

no.3

PR76-1
TD Spray irrigation of treated
172 municipal wastewater.
C27
no.3
PR76-1

ts

ies

—— h —

R T S e S DS Eae e S,

| R A

Y I I



B N e N e .

. e v R

- e

I Sre

EFS

3

SPRAY IRRIGATION OF TREATED PR
MUNICIPAL  WASTEWATER 16-1

Papers Presented

April 9, 1975 at Harrison Hot Springs, B. C.
and

October 30, 1975 at Kelowna, B. C.

These papers were edited for publication'by
Dr. W. K. Oldham, Civil Engineering Department,
University of British Columbia, under the

direction of F. G. Claggett

R

a LIBRARY A
DEPT. OF THE ENVIRONMENT

ENVIRONMENTAL PROTECTION SERVICE

PACIFIC REGION

767



‘il I GIN DN TEE AN N B N A BN TN EE TR EE EE EE e

TABLE OF CONTENTS

FORWORD

HEALTH EFFECTS OF SPRAY IRRIGATION OF SEWAGE EFFLUENT
L.D. Kornder, Director, Occupational Health Program
B.C. Dept. of Health Services & Hospital Insurance
DESIGN OF SPRAY IRRIGATION'SYSTEMS

P.E. Brisbin, Agricultural Engineering Branch,
British Columbia Department of Agriculture,
Abbotsford, B.C.

CAUTIONARY MEASURES IN EVALUANTING SOILS FOR SPRAY IRRIGATION

C.H. Brownlee, Soils Branch, B,C. Department of Agriculture,
Kelowna, B.C.

~ SOIL CHANGES DUE TO EFFLUENT IRRIGATION

L.R. Webber & A.J. Leyshon, Dept. of Land Resource Science
University of Guelph
PLANT AND NUTRIENT ASPECTS OF WASTEWATER IRRIGATION
~ J.B. Bole, Agriculture Canada Research Station,
Lethbridge, Alberta T1J 4Bl.

WATER POLLUTION POTENTIAL OF SPRAY TRRIGATION BY USING SECONDARY
EFFLUENT '

w K. Oldham, Department of Civil Engineering,
University of British Columbia

FACTORS INFLUENCING THE DESIGN OF SEWAGE EFFLUENT IRRIGATION SYSTEMS

D. Parsons, Environmental Studies Division,
Water Investigations Branch
B.C. Department of Lands, Forests & ‘Water Resources

CASE HISTORY OF THE TABER, ALBERTA WASTEWATER IRRIGATION PROJECT

D.N. Graveland, Branch Head, Technical Development Branch,
Alberta Environment Department

CASE HISTORY OF EFFLUENT REUSE AT LUBBOCK, TEXAS

R.M. Sweazy and G.A. Whetstone, Department of Civil Engineering,
: ' Texas Tech University,
Lubbock, Texas



CASE HISTORY - CITY OF VERNON - DISPOSAL OF EFFLUENT BY SPRAY
IRRIGATION

J.P. Anderson, Branch Manager, Stanley Associates Eng.Ltd.,
Kamloops, B.C.

APPENDIX I - OTHER METHODS OF LAND APPLICATION OF WASTEWATER

G. Neurohr, Environmental Protection Service,
Department of Fisheries and the Environment,
Ottawa, Ontario.

APPENDIX ITI - SPRAY IRRIGATION IN CANADA - A PRELIMINARY REVIEW
G. Neurohr, Environmental Protection Service,

Department of Fisheries and the Environment,
Ottawa, Ontario. '



m R B EE I I R B B R I S .

FORWORD

The Environmental Protection Service, Department of Fisheries
and the Environment, and the B. C. Water and Waste Association presented
a seminar at Harrison Hot Springs, B. C. in April 1975 on spray irriga-
tion of treated wastewater effluents. As a resuit of the interest
generated by thié seminar, the Environmental Protection Service and the
Pollution Control Branch, B. C. Waﬁer Resources Service, éo—sponsored a
seminar on October 29-31, 1975 in Kelowna, B. C. on alternatives for
nutrient control. This volume represents a collection of papers from
these seminars, and have been edited to fiﬁ the format of a single
publication. .

These papers were concerned with protectioq of public health,
soil and groundwater, with design and economics and included several
case histories. While they were not intended to be an exhaustive review -
of the éubject, the systems deemed to be the most suitable for British
Columbia conditions have been dealt with in considerable depth. For
example, most of the papers dealt with spray irrigation of biologically-
treafed effluent. The use of effluent treated to lesser degrees, aﬁd
alternate systems of land application are mentioned only briefly.

Opinions expfessed by the authdrs, and practices or equipment
mentioned in the papers do not necessarily represent endorsement by the
sponsoring agencies, and are presented in the hope that they help fill

the needs of those contemplating the use of such systems.
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HEALTH EFFECTS OF SPRAY IRRIGATION OF SEWAGE EFFLUENT

Spray irrigation of seﬁage effluent is without queétion‘a
problem many of us will face increasingly in our professional responsi-
bilities. There have recently been many articles in Okanagan Valley
newspapers relating to the serious consideration of utilizing effluent
irrigation as a practical and feasible method of sewage disposal.
Referénce was also made to the lack of specific directions by monitor-
ing and enforcing agencies, and:I believe therein lies one of the
problems at this time; that is, there is a lack of stated government
policy. I have been a member of a -provincial committee regarding this
subject, which has been chaired by Mr. Dave Parsons, who is the author
of another paper at this seminar. This committee has tried, I hope
successfully, to put forth a stated policy for this province.

Is our concern justified? I think the first assumption has to be
that there really are health concerns associated with spray irrigation
of sewage. The degree of risk is, of course, most difficult to quantify.
However, the risk the public seems prepared to accept is quite small, in
spite of the fact that many do not use seat belts, many smoke and drink
to excess, and most are obese. Tﬁdse personal choices of health abuse
somehow seem to be viewed with much less alarm than the infinitély
smaller risk associated with spray irrigation of sewage.

An excellent reference article on the agricultural use of sewage
is: "The Use of Sewage for Irrigation -- a Literature Review,' State
of California, Department of Public Health, Bureau of Sanitary Engineer-—
ing, 1971. '

‘With your permission, Mr. Chairman, I would like to refer to a
few documented outbreaks of sewage irrigation-related diseases:

1. Massachusetts - 1899 - 63 inmates suffered typhoid fever

from eating celery fertilized with sludge.

2. London - 1903 - 110 cases of typhoid.from eating watercress

fertilized with sewage.



3. Philadelphia - 1913 - 18 cases of typhoid from contaminated
watercress.

4. New Jérsey - 1955 - Salmonellosis from watermelon} celery,

' lettuce_and fruit. .

I would like to assure you then that sewage does contain a

. variety of pathogenic organisms and that it is possible to transmit

these via spray irrigatién'to feed and thence to human host.

With reference to the question of spray drift and the possibility
of droplet infection - certainly this is a possibility. Investigators
in Germany have shown that with spray diameters of 15 to 27 meters and
head pressures of 45 - 60 pounds per square inch, downwind travei
varied from 90 to 160 meters when wind speeds were between 3 and 7
miles per hour. They concluded that the wind transport distance was
independent of the type of sprinkler and spray dropiet diamefer. They
further concluded that mist could be carried up to 1,000 meters if a
five meter per second wind (11 miles per hour) were blowing. Other
investigators, Brengmann and Trooldenier, showed that coliform travel
was influenced by wind velocity and relative humidity. Conversely,
investigations in California in 1957 showed, with the use of impinger
air samplers, rather than agar plates, coliforms would become airborne
only in moisture droplets, and that little if any health hazard existed
beyond the mist zone. These authors also felt that the maximum downwind
mist zone wés about three times the sprinkler radius. For example, a
30 foot radius spray zone should have a downwind buffer distance of not
less than 100 feet, in the presence of a five to ten mile per hour wind.
To my knowledge, and based on the above mentioned studies, it would seem
that the drift problem is related most importantly to prevailing winds,
that.a buffer zone is important to decrease potential harmful -health
effeéfs, gnd that in no case sﬁould the mist zone be allowed to extend

beydnd the‘irrigated property. It has also been suggested that hedges

and trees-will decrease the mist drift, and should;thefefore be con-

sidered as part of a good buffer system.
Another possible concern is that effluent irrigation will contam-

inate water supplies. .There can be no debate about the possible hazard '
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of cbntéminating surface supply, and no responsible public official -

~would entertain the prospect of spray irrigation when potable surface

suppliés would be contaminated. The possibility of contaminating‘
groﬁndwater‘is far less likely, though it is possible. It is usually
accepted that coliform organisms are incapable of penetrating soil
beyond 2 to 3 feet. .This broad generalization is, of course, related to
soil porosity, since peréolation into porous topsoil is much different
thah pércoiafion into clay.

I believe if is safe to say that coliform bacteria would not con-
taminate a g?oundwater supply provided'that the basic preventiVe design
factors of depth and distance from the source of sewage irrigation are
incorporatedlinto the scheme.

Is theré a hazard of direct personal contact such as might be
possibie in.pafks, golf coﬁrses, and municipal grounds? I doubt that
one could ever justify the public health risk of_spray irrigating such
land. We have all seen the golfer'kiss his ball good luck or good-bye,
or the young infant crawliﬁg around a green, lush lawn. Equally possible,
of course, is the gdlfér_who unknowingly drinks from a non;potable
spriﬁklef. .I am not an alafmist, but I just do not believe we should
exppée'the public to this deé}ee of risk, nor I suspect would the public
tolerape it. l

While sprinkler irrigation is the most feasible method of application,
ridge aﬁd furrow applicatioﬁ is also used. This decreaseé the problem
of sprai drift which is a significant advantage. The possibility, how-
ever, of\pollut%pn of groundwaters mig?t'be greater sinpe the fprrow is

3\ . X
similar tb a natural water course'draiding to a lower level ditch. With

" good desién.and good operatioﬁ I think th§t problem could be easily

controlled, but it is a distinct possibility.

The problem of great importance is the\poséibility of contaﬁination
of crops raised for human consumption. - It is a matter of record tﬂat
coliform indicator organisms can be recoﬁefed from such crops and that
the organismé are very difficuit to clean from vegetables. It is
apparently quite difficult to clean these bacteria by ordinary washing,

and further it appéars that the organisms in some cases penetrate both



‘broken and unbroken surfaces. Lettuce, watercress, celery and tomatoes

seem to be particuiarly difficult to wash, and one author has stated
that soaking for 5 minutes at 60 degrees C. was the only sure way to
clean the above mentioned items. One should not lose sight of the fact
that we physicians really do not know the size of an infective dose of
any orgapism and the very fact that a bacterium or worm egg is identified,
does not necessarily mean that it is an infective dose. Even less fac-
tual information is known about virus transmission and reinfection, but
we do know that about 100 types of pathogenic viruses can often be

found in sewage. Worm eggs (ascaris lumbricoides) are particularly
difficult to remove from vegetables and will survive in soil up to

three years. While helminthic infections have not been a public health
problem in Canada (i.e. not much risk in sewage), many disease pictures
are changing. For that reason helminthic infection must be considered
as a risk. The prevailing community level of infection is a factor
which also influences the degree of risk.

Currently in this country I doubt that one could justifiably take
the risk of irrigating edible crops with sewage that has undergone con-
ventional treatment. Whiie the disease relationship is a remote one,
it is nevertheless present, and is an unwarranted and probably unaccept-
able risk.

If we prohibit the irrigation of crops for human consumption then
what of the use of effluent irrigation on animal crops? It would seem
ill-advised to allow animals to graze concurrently on pasture under
spray irrigation. The "measley beef' problem in Australia where beef
has become infected with beef tapeworm (Taenia Saginata) from grazing
on irrigated pasture land, and a similar episode in Arizona in 1934 has
led generally to a prohibition of pasturing irrigated land. Again,
because this infection is practically unknown in Canada, the human-
animal risk via sewage irrigation is remote to say the least. However,
it has been suggested that milk cows have been infected with typhoid
fever from ifrigated pasture land, and then spread the disease via milk
to humans. Many would argue that this is indeed a remote possibility

today'with virtually all dairy herds inspected and virtually all milk



pasteurized. It has also been postulated that cow uddgrs became con-
taminated when grazing in séwage irrigated pasture, and generally this
practice is also prohibited.

The problem of infection of animals via irrigated forage is
difficult to quantify. I think it is safe t6 say that pelletizing and
heat -treatment will make forage safe, as will three to four months

storage. I am not aware of references to the contrary. It would be

‘unwise to feed animals directly with harvested silage. I referred

earlier to the "measley beef"episode and this risk, while remote, is a
serious potential problem. For this reason alone forage crops should be
stored three to four months or pelletized before use.

The final area that the Chairman has asked me to address myself to
was the possibility of contamination of milk. I referred to two possi-

bilities, one being udder contamination, the second being the possibility

-of animals becoming ill with typhoid fever and subsequently transmitting

the organism to milk. Both are possibilities and I would think that
under controlled conditions where dairy cattle are not grazed_in irrigated
land during the period of spray irrigation, the possibility of infection
quld Be remote. If, however, an animal did become infected and the milk
was channelled throughout the normal marketing process the question of
effect of pasteurization must be considered. In my view, pasteurization
would, without question, kill any normal pathogenic organisms.
In conclusion I Vould like to leave with you the following thoughts:
1. Sewage effluent irrigation is a feasibie method of sewage
disposai. A
2. There are distinct and definite health hazards associaéed
with the practice. _ A |
3. Conﬁrol mechanigms are possible and indeed practical.
4, Public acceptance of spray irrigation may well be a major

problem.
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- DESIGN OF SPRAY IRRIGATION SYSTEMS

I. INTRODUCTION .

The purpose of this paper is to illustrate the steps involved in
determining the basic design information for spray irrigation systems
to be operated in British Columbia.

' The standard information for obtaining the design parameters and
data is contained in the "Irrigation Design Manual for Farm Systems in
British Columbia"(l). There are many textbooks available giving detailed
and comprehensive information on the design of spray irrigation systems;
some of these are given in the list of references.

In the design of a spray irrigation system, it is important to
recognize that the soil plays the dominant role in transferring water
from the sprinkler to the vegetation. The portion of the soil which
is important in this respect (dictated by the effective rooting depth
of the crop and the particular soils conditions) may be considered as
a reservoir.

The crop, by the process of evapotranspiration, consumes the water
contained in this reservoir. There is a limit to the amount of water
which can be removed from the soil reservoir without adversely affecting
plant viability, and hence crop productivity. .

The purpose of an irrigation system is then to fill thé soil
reservoir with water, and to replenish this reservoir at intervals such

that there will always be water readily available for plant use.

II1. DETERMINATION OF BASIC DESIGN INFORMATION
For the following example, frequent reference is made to the

(1)

Irrigation Design Manual , and the tables quoted refer to those in
the Design Manual. These tables, or portions of the tables,-are given
in Appendix A.

More detailed explanations of some of the terms and concepts are

contained in the appendices.



EXAMPLE
The purpose of this example is to illustrate the use of the "Irrigation
Design Manual for Farm Systems in British Columbia" to arrive at the

appropriate spray irrigation design information.

Situatioﬁ: A rancher living near 100 Mile House, growing an alfalfa
crop on a sandy loam soil, wishes to irrigate so as to achieve optimum

production during periods of peak crop water demands.

Procedure:
Step Reference ' _
1 ' Estimate the effective rooting depth of the crop.
Table 1 crop: alfalfa
effective rooting depth: 4 ft.
2 Estimate or determine the soil textural classes and
depths of the soil layers cbmprising the rooting deﬁth.
depth: 0-48 in.

textural class: sandy loam

3 Estimate or determine the available water storage
capacity (AWSC) in inches of water per foot of soil
for each layer.

Table 2 textural class: sandy loam
AWSC: 1.5 in./ft.

4 Calculate the total AWSC in inches of water for the
. rooting depth from the depths and AWSC of each layer.
depth: 0-48 in. (4 ft.)
AWsC: 1.5 in./ft. .
total AWSC: (4 ft.) (1.5 in./ft.) = 6.0 in.
Note: The information required for Steps 2-4 is best obtained from an

analysis of the soil profile by a soils specialist.

5 Obtain the maximum allowable soil water deficit
(see Appendix B) by multiplying the total AWSC of the
) _ rooting depth by the appropriate availability cbefficient.
Table 3 crop: alfalfa
- ' availability coefficient: 0.50
total AWSC: 6.0 in. o
maximum alioWable soil water deficit: (6.0 in.)(0.50)=3;0 in.



Table 4
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Estimate the maximum design application rate (AR) under
sprinkler irrigation.

textural class: sandy loam sod cover

maximum design AR: 0.45 in./hr.

(for relatively level ground)

Note: As with the AWSC information, the maximum design application rate

‘is best obtained from an expert, site specific, soils analysis. The

maximum design application rate is subject to large variations, dependent

‘on the soil surface conditions, which are continually changing. (The

maximum design application rate may be determined from actual field tests

conducted under normal sprinkler conditions).

7

Table 5
8
9

Table 7

Estimate or determine the peak rate of evapotfanspiration

'per_day (maximum daily water use). (See Appendix C).

location: 100 Mile House

maximum daily water use:

« 0.20 in./day if a 10 day interval is encountered
»+ 0.19 in./day if a 20 day interval is encountered

- 0.18 in./day if a 30 day interval is encountered

Determine the safe irrigation interval by dividing the
maximum soil water deficit by the maximum daily water
use.

3.0 in.
0.20 in./day

(Because the interval is 15 days or less, the figure

= 15 days

for the 10 day interval is the appropriate one to use,
If this calculation indicated an interval of, say,
18 days, then the ET rate for a 20 day period would

be more appropriate).

Estimate the application efficiency (AE) (Appendix D).
climate: hot

AE: 72% (first approximation)

(100 Mile House would be considered to have a hot climate.
The application efficiencies given in Table 7,

Appendik'A, for a hot climate, range from 72% to 78%,
with the majority being 72%. Therefore, an application

of 727 would be used as a first approximation).
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10 Calculate the depth of irrigatiqn water required at
each irrigation by dividing the maximum allowable
- s0il water deficit by the aﬁplication efficiency.

3.0 in.

0.73 '4.16 in. (gross water application)

11 Obtain the minimum time of application by dividing
the depth of water required at each irrigation by
the maximum design application rate. R
depth of water required: 4.16 in.
maximum AR: 0.45 in./hr.

minimﬁm time of application: 4.16 in.
0.45 in./br.

The final design time of application will be dependent on the management

= 9,2 hrs.

practices of the particular irrigation site. In the proceeding, lateral
lines will have to be moved at regular intervals, times of application
of 11% hrs. (2 moves per day) or 23 hrs. (1 move per day) are more
convenient. These times of application are the most common encountered
with handmove or wheelmove systems.

(Note: - 12 or 24 hr. periodé are not used, as some time must be allowed

for moving the lateral lines).

If an 11% hr. time oflépplication is chosen, the final design applicatian
rate becomes: |

time of appliéation: 11% hrs.

depth éf'applicatidn: 4.6 in,

) 4,16 in., _ PR
design AR: 11k hrs. 0.36 in./hr.

Note: The final design AR must be equal to or less than the maximum

allowable design AR. The final deéign interval must be less than or

_ equal to the safe irrigation interval.

12 ~ .Choose the most suitable sprinkler and determine the
relévant data.
For this example, a 40 ft. x 60 ft.
spacing is chosen. (A 40 ft. x 60 ft.
spacing, meaning that the sprinklers are 40 ft. apart
and that the lateral line is moved 60 ft. each move,

is the most common spacing used for the irrigation of
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alfalfa and grass species in British Columbia. There
are two reasons as to why the 40 x 60 ft. spacing is so
common. Firstly, the common lengths for irrigation
pipé afe 20, 30, and 40 feet, therefore the common
spacings are going to be multiples of these. three
lengths. Sécondly, with a portable sjstem, a 40 ft.
length of pipe is the longest length which can be
handled conveniently and a 60 ft. distance is the
maximum spacing one can use, with small sprinklers,
and still maintain a reasonable distribution of water).
See Appendix H for comments on various types of sprinkler

irrigation systems.

Table 7 The following sprinkler selection and data is obtained:
spacing: 40 ft. x 60 ft.
application rate: 0.36 in./hr.

sprinkler nozzle size: 3/16 in. x 3/32 in.
pressure at nozzle: 49 p.s.1i.

flow per nozzle: 9.0 USgpm
coefficient of uniformity: 847

wind range: 0-1 m.p.h.

application efficiency (hot): 727

Final Design Information: This example ranch at 100 Mile House, growing

alfalfa on a sandy loam soil would use sprinklers with 3/16 in. x 3/32 in.
nozzles operating at 49 p;s.i. and with a flow of 9.0 USgpm per sprinkler.
The gross water application on a 40 ft. x 60 ft. spacing with an 11% hr.
set time would be 4.16 in. of watef, With an application efficiency of
72%, the net amount applied to this crop would be 3.0 inches, and with a
maximum daily water use of 0.20 in. per day, the 3.0 inéhes would last
for 15 days. ‘ ‘

It is important to keep in mind that the applicétion rate, the time
of application, and the irrigatioﬁ intervélvare all interdependent and can

be adjusted to meet the needs of a particular system.
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If, for example, a field to be irrigated was such a size that
12 days were required to move the lateral lines across the field, a
12 day interval could be used, rather than say a 15 day interval.
Referring back to our example, and to Table 7 of the Design Manual,
we see that the optimum operating pressure for an application rate of
0.36 in./hr. is 49 p.s)i., whereas the optimum operating pressure for

an AR of 0.32 in./hr. is 40 p.s.i. It may be desirable to irrigate at

‘a rate of 0.32 in./hr. and thereby decrease the pressure requirement by

9 p.s.i.
If an AR of 0.32 in./hr. were used, the final design information

would be:

AR: 0.32 in./hr.

sprinkler nozzle size: 3/16 in. x 3/32 in.

pressure at nozzle: 40 p.s.i.

flow per nozzle: 8.0 USgpm

coefficient of uﬁiformity; 84%

wind range: - 3-6 m.p.h.

application efficiency (hot); 76%

(Note: In this case, there would also be an increase in AE.)

If the time of application were still 11% hrs.,
the gross application would be
(0.32 in./hr.) (11% hrs.) = 3.68 in.

the net application would be

gross application x application efficiency
(3.68 in.) (0.76) = 2.80 in.

The safe irrigation interval would be

2.80 in.
0.30 in./day

= 14 days



- modified version of the regression model proposed by Baier and Robertsomn
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ITI.  AVERAGE SEASONAL POTENTIAL EVAPOTRANSPIRATION

Average seasonal potential evapotranspiration figures have been

calculated by W. N. Sly and M. C. Coligado(7). The average seasonal

" ET is the summation of daily estimates of potential ET for the months

of May to September. These daily estimates were calculated using a

(8)

and are related to recorded astronomical and meteorological variables.

The values presentéd by Sly and Coligado are based on a 36 year average.
These Seasonal Potential Evapotranspiration figures are presented
ianabie’ﬁAéf_the‘Design Manual, and can be used to determine the maximum
application of sewage effluent through.spray irrigation. This maximum
application is calculated by dividing the avefage seasonal potential'

evapotranspiration by the application efficiency of the irrigation system.

Example

Location: ) Merritt
Seasonal ET: . 17.82 inches

~Application Efficiency: 72%
maximum seasonal application = l18§%§£2- = 24.75 in.
IV. FINAL SYSTEM DESIGN AND LAYOUT .

Once the basic design information for a spray irrigation system has

‘been determined, the pr1nc1ples of hydraullc engineering are used to

- develop a flnal system de81on which will meet the basic design requirements

and design criteria, 1nclud1ng the appropriate safety features. (See
Appendix G, ”Des1gn Criteria", of this paper. and Part X, "General.Design
Considerations",'of the Irrigation Design Manual.)

In our discussion of the derivation of the basic design information
and of the average seasonal potential evapotranspiration, we have
considered only the water balance of the area to be irrigated.

In a properly designed irrigation system, there will be no sﬁrface

- runoff, and the water balance equation becomes, neglecting groundwater

inflow: _
Precipitation + Irrigétion Application

= Evapotranspiration + Deep Percolation
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‘An irrigation system, for most agficultural applicatioﬁs, is designed
to mee£ the croﬁ water requifements evapotranspiration with no input from
precipitation. Precipitation may be considered when determining seasonal
water requirements and when scheduling an irrigation system.

In an*efflueﬁt spray irrigation system, the contribution of pre-
cipitation must be considered. If not, excess application may result,
and with effluent, this may have serious consequences. .

It should be pointed out that one of the losses considered in the
appliéation efficiency is deep.percolation losses. Because the water.
distribution is not perfeétly uniform, excess water must be applied to
some areas to bfing the total area irrigated to Field Capacity (to fill
the entire soil reservoir). This excess water is lost to groundwater.

With:effluent, more than just water is being applied. It is
therefore necéssary to consider the composition of the effluent and to

consider more than just a water balance. Other factors to consider would

include:
* nitrogen * organic material
- potassium ' - pH
- calcium - conductivity
- sulfates * heavy metalé
- boron * crop tolerances

Any one of the above, or some other factor which has not been
mentioned here, may be the limitiné factor in determining.the design
effluent application rate. Both short and long term effects of sewage
application must be considered.

In the scheduling of an effluent spray irrigation system, one must
remember that rest periods for re-aeration of the soil must be provided.

Additional factors important in determining the area of land
required for an effluent spray irrigation system are:

+ lengths of frost free season and growing season
» non-uniformity of soils |
- portion of area not suitable for irrigation.
In the final design of an irrigation system, considerations of the

following must be made:
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* management and cultural practices
. » cropping practices, crop rotations
+ with effluent, a high priority must be given to health

aspects and to the uses of the surrounding land

"+ topography and layout

+ groundwater flow into and out of the design area

+ surface runoff into design area

. an increase in slope will result in a decrease in makimum
design application rate

- buffer zones rgqui;ed _ ‘

. buildings,vroads, fences and other permanent structures

+ elevations -

* proximity to water sources and power sources

- distance to water (or effluént)'source and power source
will effect the cost of the system

- with effluent irrigation, distance to water courses
(including groundwater) is important ‘

+ wind conditions

- affect application efficiency .

» wind distorts the distribution pattern and may cause high
application rates in certain areas (ampunt of distortion
dependent on wind velocity and water droﬁlet size).

- if wind speeds greater than 15 m.p.h. are to be encountered
frequénfly and forAlong durations, it may be wise to shut
the system o0ff during such times; the down-time would then
have to be considered in the design of the system.

* spray (aerosols) may travel a considerable distance. This
will influence the size of buffer zones in effluent spray

systems’ (windbreaks may hélp).

* resources available
+ the relative availabilities of labour and capital will be
very important in'choosing‘the type of irrigation system.
;'future'e#pansion
. there should be sufficient system capacity to accommodate

future expansion.



'
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Appendix A

EXCERPTS FROM THE IRRIGATION DESIGN MANUAL(I)

Table I

Effective Rooting Depth of Crops for
Irrigation System Designs in British Columbia

Providing soil conditions and water tables depths are not limiting

-

" Shallow rooted crop
(1ettuce)

~ * B.C. Irrigation Guide
** 1964 Irrigation Vorkshop

Deep-rooted crOb
(alfalfa)

Shallow Medium Shalliow " Medium Deep Deep
1% feet 2 feet 3 feet 3 feet plus
Cabbages*  Beans** - Brussels Sprouts* | Alfalfa (4')
'Cauliflowers* Beets** Cereals* Asparagus*
Clover (ladino)* Broccoli** Clover (réd)* Cane fruits(4')
Cucumbers* Carrots** Corn (sweet)* Corn!field)(4")
Lettuce* Celery** Eqgplant* Grapes®
Onions™* Peas** Peppers*. Hubbard*
Pasture species* Potatoes*** Squash* Sugar Beets(4')
Radishes* Spinach** - Tomatoes* Tree Fruits(4')
Turnips* Strawberries***
Viis
)
Y e o ol o 2 Ce SO NS
' % . /2 o,

***  S0i1 Conservation Service
(4') Conventional Besign Depth.
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Table 2

A Guide to Available Water Storage
Capacities (AWSC) for B.C. Soils

Textural Class Available Water Storage Capacity E
(AWSC) in Available Inches of Water |
Stored in Each Foot of Soil

: i
Sand : 1.0 in./ft.
Loamy Sand Ny 1.2 in./ft.
Sandy Loam - - 1.5 in./ft.
Fine Sandy Loam 1.7 in./ft.
Loam . 2.1 in./ft.
Silt Loam . 2.5 in./ft.
Clay Loam 2.4 in./ft.
-Clay ‘ ; 2.4 in./ft.
Organic Soils (muck) 3.0 in./ft.

LI - | 1T
R =L
sand peiest 1 ft. of clay Zike 11 ft. of soil
ot L son B |
‘ 0..) o‘
1.0" in/ft %3¢ 2.4 in/ft. s te R~ _ e "
- ANSC =2 =10 water AWSC 33 2.6" water
' - - : 3 removed
removed

Tdble 2 has been obtained from the B.C. Irrigation Guide.
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Table 3

Availability Coefficients

Maximum Percéntage of Available Mater Storage Capacity (AWSC)

that can be removed from the Soil Before Irrigation is Required

Crop . Maximum Percent (%)
Potatoes - o 35
Tree Fruits
- Coarse textures soils 40
- Other soils. 50

(see Deficit Budgeting Factor in
B.C. Irrigation Guide for more

. detai]) '
 Peas : 35
Other crops until additional

data becomes available i 50 -

Table 3 has been extracted from the B.C. Irrigation Guide.
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Table &

Maximum Design Application Rates

Textural Class

Application Rate in Inches per Hour

Grass Sod Cultivated
Sand 0.75 0.40
Loamy sand 0.65 . 0.35
Sandy loam 0.45 "0.25
Fine sandy loam 0.40 0.25
Loam 0.35 0.20
Silt loam 0.35 0.20
Clay loam 0.30 0.15
Clay 0.25 0.10
Organic soils (muck) 0.50 0.50

sand

Q
\C

clay Sod

High infiltration rate

l0.25 | 0.10
in/hr i 1n{hr:
SRR

Low infiltration rate

~Tab1é 4 has been obtained from the B.C. Irrigation Guide.
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' Table 5

Determination of Maximum Daily Water Use for

Various Areas in B. C.

(This is a partial reproduction of Table 5)

Location

Maximum Average Daily Water Use for

30-day period

10-day period 20-day period

in inches/day in inches/day in inches/day
Abbotsford 0.17 0.15 0.13
Cawston 0.32 - 0.29 0.28
Kamloops 0.24 0.22 0.21

* Kelowna '0.24 0.23 0.22

Merritt , 0.26° 0.25 0.24
Nanaimo 0.19 - 0.17 0.16
100 Mile House . 0.20 0.19 0.18
Vancouver 0.18 ©0.17 - 0.16
Vernon 0.23 ~0.22 0.21

- * Values adjusted to actual field experience.

Table 6

Average Seasonal Potential Evapotranspiration (P.E.)

(This is a partial reproduction of Table 6)

Location Avg. Seasonal P.E.
B in inches
Abbotsford 15.00
-Kamloops | 21.71
Kelowna 19.69
Merritt 17.82
Vernon Col. -18.19
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_Tab]e 7

Spacing

Sprinkler Selection for 40' x A0’

———

Applica- Sprihk]eﬁ Pressure | Flow per| Coefficient| Wind |Application Efficiency |
tjon_Ratﬁ Ngg;ée at Nozzle Nozzle UnifOf - Range ey Hot é
iformity ‘Climate | Climate

(in/hr) (in) (psi) [(U.S. gpm) (%) (mph) (%) (%)
0.13 1/8 51 3.25 86 1-3 75 73
0.14 9/64 37 3.50 85 1 -2 74 72
0.15 9/64 43 3.75 86 2 -5 74 72
0.16 9/64 48 3.95 83 2 - 7 74 72
0.17 5/32 37 4.30 80 0-1 74 72

©0.18 5/32 4 4.50 86 2.7 74 72
0.19 | §/32 46 4.76 87 5-7 74 72
0.21 11/64 38 5.23 86 2-5 74 72
0.22 | 11764 42 5.51 86 4-6 74 72
0.23 11/64 45 5.70 86 3-4 75 73
0.24 [5/32x3/32 38 © 6.01 82 3-6 74 72
6.25 |5/32x3/32 42 6.25 77 5 -10 74 72
0.26 |5/32x3/32 45 6.48 79 5-7 74 72
0.27 |[5/32x3/32| 48 6.73 82 2 -6 74 72
0.28 [11/64x3/32 40 7.03 82 3-4 74 72
0.29  11/64x3/33 42y 7.25 . 83 2 - 3 74 72
0.30 [11/64x3/33 45 7.46 85 a4 -7 74 72
0.31 N1/64x3/32 a7y 7.70 84 3-6 77 75
0.32 | 3/16x3/32 4 8.00 84 3-6 " 78 76
0.34 | 3/16x3/32 44 8.50 83 3-7 74 72
0.36 | 3/16x3/32 49 9.00, 84 0-1 74" 72
0.38 | 3/16x1/8 40 9.43 84 1-2 74 72

1 0.40 | 3/16x1/8 a4 10.00 88 3-70 80 78
0.42 | 3/16x1/8 49 10.50 90 0-1 80 78
0.46  [13/64x1/8 46 11.50 85 4 -7 78 76
0.48 13/64x1/8 505 | 12.00 89 4 -8 80 78

Sprinkler Selection Charts for other spacings are also contained in
the Design Manual(l) )
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Appendix B
MAXIMUM SOIL WATER DEFICIT

The available water storage capacity (AWSC) of the soil has been
defined as the difference between the field capacity (FC) and the
permanent wilting point (PWP). Over this available water content range,
water is not equally available to the plants. Water is readily available
over the upper portion of the range, and becomes increasingly less
available as more water is removed from the soil.

That portion of the available water storage capacity over which water
is-readily available to the plants is referred to as the maximum soil
water deficit, and is calculated by multiplying the AWSC by the appropriate
availability coefficient.

The availability coefficient is a function of both thebcrop and the
soils. The availability coefficients contained in the Irrigation Design
Manual(l) (Table 3) are given as a function of crop only. Experience
has shown that use of these figures is adequate for the design of

irrigation systems on most B. C. soils.
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‘Appendix C
EVAPOTRANSP IRATION

The evapotranspiratlon rate (ET) is the sum of two terms.

1)y transplratlon Wthh includes the water which enters the plant
through the roots and 1s used,to build plant tissues or enters '
the atmosphere through the leaves, - _ .

2 evaporatlon which is the water which evaporates from the surfaces
of the leaves of the plant without first moving through the plant,’
and from the adjacent soil and water surfaces. ' ' A V

" The evapotransplratlon rate is a dynamic functlon of many interactlng

variables, the major ones being: » '

(1) crop - ET increases as the crop grows (leaf area 1ncreases) ~ When
the ground cover is complete, the ET will be similar for all Crops. .
ET rates are also a function of the stage of growth of the Crops '

(2) weather - ET 1ncreases with increasing sunshine, temperature, and

' wind, and with decreasing humldlty.

(3) so0il moisture level - ET decreases with decreasing soil'moisture{

. As the soil moisture is depleted, it becomes increasingly more
difficult for the plant to remove water from the soil. As this
occnrs, the plants growth'rates slow down_and less water'is
consnmed. R

(4)  soil fertility - Less water is required per unit growth under-i

conditions of high fertility than under conditions of 1ow_fertility.
When nutrients are readily available, more efficient use of the

available water is made.

Evapotranspiration data can be expressed in various Ways,>depending ,
upon how it is to be used. It may be expressed as total seaSonal'ET,
as a functlon of a specific time period such as an 1rr1gat10n cycle or a
peak use perlod or it may be expressed as a dally ET. _
Max1mum daily evapotransplratlon values for 10 day, 20 day, and 30 day
periods for various locations in British Columbia have been compiled by

€)]

Dr. J. C. Wilcox . . Average seasonal potential evapotranspiration

flgures have been calculated by W. N. Sly and M. C. Coligado(7),
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Other factors which should be considered when making use of ET data
are the depth of.rooting, depth to rooting, and climatic probabilities.
In situations where the water table is relatively close to the
ground surface, the apparent ET, the portion to be satisfied by preci-
pitation and irrigation, will be loweiithan expected. At present there
is no method of estimating the contribution of groundwater sources at

individual locations. _ |

Because of climatic variability, the irrigation requirement of a
crop will be dependent on the probability of encountering climatic
periods which necessitate jirrigation. 1In the design of irrigatioh
systems, peak ET figures must be interpreted in terms of a proportion

of years in which such a peak réquirement is likely to occur.
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Appendix D
APPLICATION EFFICIENCY

Irrigation methods have their inefficiencies in that not all of
the applied water becomes available to the plants. The term application
efficiency refers to the fraction of the applied water which ultimately
becomes available for plant use. ' | '

A more formal definition of application efficiency for spray
irrigation has been giﬁen as "the ratio of the net volume of the desired
application to the gross volume of the water delivered by the sprinklers
to effect the desired’application"(z).

Application efficiencies vary with the operating conditions of an

irrigation system. The figures presented in Table 7 and Appendix I of

.the Irrigation Design Manual are the optimum combination of nozzle size,

operating pressure, and application efficiency for the desired application

rate.
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Appendix E
SPRINKER SELECTION

In the design of an irrigation system it is most important that

the sprinkler selected meets the specific conditions of the system.

Sprinklers are manufactured in many sizes and capacities, and each one

has its own specific operating preésure rénge.

ASprinklers operating at higher:than the recommended pressure will
disperse the water into a fine spray which is subject to poér distribu=~
tion because of wind conditions and extensive evaporation losses
(application efficiency may be drastically reduced).' Sprinklers operating
af lower than the recommended pressure will be subject to poor stream
breakup and 1arg¢ droplets_which may cause poor soil surface conditions
and may lead to erosion losses.

Sprinklers not operating within the recommended pressure range
will lead to a high irrigation cost'per unit harvested.

The Engineering Branch of the Briritsh Columbia Department of
Agriculture, with the use of an IBM 360 conputer, has compiled over
10,000 distributions, based on field tests, for commonly used sprinkler
spacings.-

Tables prepared from these distributions give the application rate,
the flow per nozzle, the coefficient of uniformity and the application
efficiency for various nozzle sizes operating at the optimum pressure

under various wind conditions and sprinkler spacings.
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Appendix F
RECOMMENDED DESIGN PROCEDURE

1. Make an inventory of the available resources and operating
conditibqé. Include information on soils, topography, witer supply,
" sources of power, crops, wind'conditions and farm operation.

2. Determine the basic design'reqﬁirements of the system, and make
the sprinkler selection, as outlined in Section II.

3. Determine the approximate capacity of the system.

qQ = 453HAd |

Q = discharge capacity in USgpm

A = acreage of the design area

d = gfoss-depth of application in inches per acre

F = number of days allowed for completion of one irrigation
—seduence .

H = number of actuéleperating hours per day.

4. Determine the number of sprinklers, operating simultaneously,
required to meet system requirements. ‘
5. Detérmine the best layout of main and lateral lines for simultaneous
operation of about the required number of spriﬁklers.
6. Make necessary final adjustments to meet layout conditions.
7.  Determine required sizes of lateral line pipe.
8. .Détermine the maximum total preésure required for individual
lateral lines. _
9. Determine required sizes for mainline pipe.
10. Check mianline pipe sizes for power economy.
11. Determine maximum and minimum operating conditionms.
12, Select pump and power unit for maximum operating conditionms.
13.. Prepare plans, schedules and instructions for proper layout and
- operation. »
The above design procedure is a slightly modified version of the
procedure presented in Section II, Part 1-A of the B. C. Irrigation
Guide ) '
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Appendix G

DESIGN CRITERIA -

Design Application Rate

A properly designed and operated irrigation system should meet the

following conditions with respect to water application:

a) Water should be applied at a rate such that there is no
surface accumulation or runoff. _

b) Water application should not exceed the peak water demand of
the irrigation cycle.

c) Application should be such that the minimum application
efficiency is 72%. (Analyses of distribution patterns have _
‘shown that under most conditions encountered in British Columbia,
application efficiencies of 72Z or higher can be achieved.
The results of these distribution analyses comprise the
sprinkler selection tables of the Design Manual(l).)

System Capacity

The capacity of an irrigation system should:

a) satisfy peak demand

b) allow time for moving equipment

c) ‘permit cultural practices on the area

d) in the case of speeial uses, supply the designed amount to the
design area within the net operating time ' .

e) provide an additional amount of water for systems located in
areas where high wind velocities are likely to be enceuntered,
as application efficiencies may be unavoidably reduced.

Amount of Water per Application

The amount of water applied at each irrigation should be governed

by the available water sterage capacity of the soil, the effective

rooting depth, the availability coefficient of the particular crop,
the calculated amount of water consumed between irrigations and
the application efficiency.

Uniformity of Water Application

a) Pressure to be supplied at sprinkler - the de31gn pressure

at the nozzle should be within the recommended pressure range.
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b) Spacing of sprinklers - maximum spacings are a function of the
wetted diameter of the sprinkler and the wind conditions.
Lateral Lines

Lateral pipe sizes should be such that the pressure variation

between any two sprinklers on the lateral does not exceed 20% of

the desired sprinkler operating pressure. (This specification

will not apply when flow regulators are placed under every sprinkler,

but in such conditions the pressure drop through regulators must
be considered). -

If the topography is such that the pressure variation cannot be
controlled to within 207, suitable controls should be provided.
Lateral lines should be placed across slopes. This will give more

uniform pressure along the lateral, and hence a more uniform water

~distribution.

Mainlines
Mainlines sizes should be such that a reasonable balance between

pumping costs and pipe costs is obtained. Mainlines should be

. placed with the slope. This will cause a pressure variation along

the mainline, but if the design allows for adequate pressure at the
lateral takeoff location where the mainline pressure will be the
lowest, pressures to other laterals may be controlled by adjusting

the opening on the takeoff valves.
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Appendix H

COMMENTS ON VARIOUS SPRAY IRRIGATION‘SYSTEMS

Portable Handmove Systém

The laterals have sprinklers every 20 to 40 feet and are manually
carriéd to the next lateral position, usually a'disténce of 40 to
80 feét. Low initial investment but high labour and operator
attention requirement.

Towmove System _ )

The laterals with sprinklérs are mounted on skids or small wheels
and the whole line is towed by a tractor to its next lateral
setting. High opefafor atténtion requirement and high probability
of damaging crop and soil condition when moving.

Wheelmove System (or Side-Roll System)

The laterals are éupported on wheels 30 to 40 feet apart with the
pipe acting as an axle. A small gasoline engine is used to roll
the line to its next position. This type of system is éxtensively
used for héyland application, but is limited to more or less
rectangular fields. Fairly high 1ébour‘requirement (although less
than with handmove) and hig operator attention requirement.

Boom Type Sprinkler System '

The Boomvis a nozzled, slowly rotating pipeline which is mounted
on a portable tower. The spfinklers are moved by tdwing the fower
from position to position. Not used extensively.

Handmove Giant Gun System

A large volume gun used with portable aluminum.piﬁe. Can do several
acres at one set, but there is‘a relatively high labour and operator
attention requirement. .
Travelling Giant Gun Systém

The spriﬁkler is connected to a flexible high pressure hose, The
vehicle is towed by a power wincﬁ and cable across the field at

regular intervals. The sprinklef is a high volume, high pressure

'type and in one pass it usually covers an area 330 feet wide by

1,320 feet long.
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7. Centre Pivot System
A singlévsprinkler lateral is supported on towers anchored at the
centre with the other end moving in'a circle about the pivot.
There is a gradient of sprinkler nozzle sizes and spacings alqng
the lateral to attain a reasonably uniform application rate. Each
tower has its own power unit, and these units are sychronized to
ensure proper lateral alignment. Large (40 to 160 acre) flat
locations with light soils are required. Fields will be circular,
and if used on heavier soills, movement of the wheels may lead to
compaction and rutting. (Systems are available to irfigate the

corners of a rectangular field left by the center pivot system).

8. Solid Set (Permanent) System
The sprinklers, laterals, submains and mainlines are all permanentiy
~ installed. These systems can be designed to use all ranges of
‘sprinkler heads from shrub nozzles to giant guns. Can be used with
any combination of crop, soil, and topographic conditions (soil and
toéography may dictate the type of sprinkler to be used). Can be
fully automated so that operation becomes primarily a job of
'inspéction. _This type.of system has the lowest operating costs,

but the highest initial cost.

Note: TIrrigation with giant gun systems is limited by their high application
rates. This may prevent use under certain soil (heavy soils) and

topographical (steep slopes) conditions.

The sprinkler systems which would be consideréd for effluent
irrigation would be the handmove system, handmove gun,'travelling gun,
wheelmove, center pivot, and solid set system.

The handmove system would;be considered only for very small effluent
irrigation sites because of the high labour and operatof attention

requirement. Gun systemé, both travelling and handmove, have been used,

but also require considerable amounts of operator attention and their

application rates may be too high for some soil and topographic conditions.
Their main advantage would be their ability to irrigate in irregularly

shaped areas.
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The wheelmove systems are beqomihg very popular for hay and pasture
irrigation. Tﬁése'systems fall between the portable and solid set
systems in both capiﬁal‘e#penditﬂre and labour requirements, and should
be considered for effluent irrigation applications.

The use of center pivot systems are very limited by topographic

" and soils conditions.

Solid set systems can be designed to operate just about anywhere
and lend themselves to cbmplete automation. They should be given prime
consideration where labour will be a problem, or on steéply sloped or

forested areas.
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TOCR SPRAY TRRIGATION
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CAUTIONARY MEASURES IN EVALUATING SOILS
FOR SPRAY IRRIGATION

Many interelated factors have to be considered in selecting soils for
spray irrigation of efflughts. Some of these may be considered external to
the soil, and include such things as climate, topography, type of crop to
be grown, effluent quality, site position relative to bodies of water, area
drainage pattern, and adjacent land use patterns. Some important internal
soil properties include the size of soil particles and their shape or struc-
ture, the depth of the soil, depth to the water table, organic matter content,
and those chemical characteristics that affect nutrient retention and availa-
bility to crops. This paper will focus attention on some of these internal
properties and discuss how they influence irrigation pracfices and system
design.

Any irrigation system, whether it utilizes natural waters or wastewater
effluents, must be designed to apply the required amount of water to the soil
when the plant needs it, and at a satisfactory rate of application. The rate
at which water should be applied to soil will be governed by the soil's infil-
tration capacity or permeability, which in turn is largely determined by soil
texture and structure. The felative propqrtion of different sized mineral
particles in the soil mass is termed texture. The way these particles are
grouped together into aggregates is termed structure. !

Permeability refers to the ability of tﬁe soil to allow water to move
through the soil, while infiltration capacity refers to the rate at which
water can enter.the surface of the soil. If the application rate of the
irrigation system exceeds the infiltration capacity of the soil, surface
ponding, runoff and consequent erosion will occur. The net result is a
deterioriation in structure and a further decrease in infiltration capacity.
This is particularly important in soils that contain silt and clay. If such
soils do not have stable structure in the form of water-stable aggregates,
the silt and clay particles will pack tightly together producing soils with
very fine pores. This meané that such soils will not drain well and will
be poorly aerated. It also means that root penetration will be more diffi-
cult and perhaps even prevented. Lack of good soil ﬁanagement practices
such as crop rotations, manuring,-and cover croppiné, or the cultivation of
heavy-textured soils when they are too wet can seriously reduce the

infiltration capacity.



The rate at which water enters the soil is not constant in either

time or space, due to variations in both structure and texture within the

-soil, Most soils show such variatlon with depth, the surface soil

normally being more permeable than the subsoil. In addition, the infil-
tration rate decreases with increasing duration of water application.
The presence of a shallow water table can also reduce the inward movement of

water con31derably. In irrigation design, therefore, it is extremely

important to consider both texture and structure variations with depth

particularly in regerd to the seleetion of application rates.

Very little test data is available on infiltration capacities of
British Columbia soils.. However, through experience and observation.of
soils under irrigation,.some guidelines have been established that relate
application rates to soil texture. In general, under good irrigation
practices, application rates should normaliy not exceed 0.40 inches per~
hour on eandy.soils or 0.20 inches per hour on soils that are of a clay-
loam nature or heavrer. Agein, the point should be emphasized that
variations in texture and structure within the soil must be considered in
the selection of design application rates.

As indicated earlier, one of the major functions of an irrigation

System is' to supply the required amount of water to the soil at the time

the plant needs it. Basic to this function is an understanding of the
soil's available water storage capacity,‘which is a eharacteristie largely

attributable to soil texture and structure. Available water storage

capacity is essentially a measure of the soil-water available to plants

that is held around the soil particles by surface tension, and in the
capillary pore spaces. Water not held by the soil drains under the in-

fluence of gravity, moving downward through the larger non-capillary pores.

-The proportion of small pores to 1erger pores governs the water holding or

storage capacity of a soil. Sandy soils not only have low total porosity,

but they also possess relatively large pore spaces. - The water storage

'capacity is therefore low. Silts and clays, on the other hand, have high

total porosity, together with a high percentage of small pores. Hence,
the water storage capacity is relatively high.
Two deflned levels of soil water content ‘are important in determining

available water - Field Capacity and Permanent W11t1ng Point. Field



capacity is the amount of water held in the soil after the gravitational

- water has drained away and after the downward movement of water has

materially decreased. The permanent wilting‘point refers to the water
content at which the soil can no longer supply water at a sufficient rate
to maintain turgor and the plant permgnently wilts. The difference
between field capacity and permanent wilting point is known as available
water storage capacity and 1s normally expressed in inches of water per
foot of soil. ' _
Information on available water storage capacity for British Columbia
soils is limited. However, based upon available research data, guidelines

have been ‘established relative to soil texture classificationms. In

. geheral, the available water storage capacity will be in the order of 1

inch per foot of depth for fine sands, 1.5 inches for sandy loams, 2.0
inches for loams, and 2.5 inches for silts and clays. Because of this
variability in water reténtion relative to texture, and because most soils -
show such variation witﬁ depth, it is impoftant that proper care be taken
in selecting soil samples that are representative of the root zone of the
crop to be grown. Avaiiable water storage capacity is extremely sig-
nificant in irrigation design.

The amount of water released per irrigation application will be
governed by the soil water condition at the time of irrigation, and by
the crop being grown. In each situation the amount of water applied
should be sufficient to bring the soil within the root zone to field
capacity. This is necessary because a given column of soil cannot be
wétted to a degree less than the field capacity, since no gravitational
movement will occur until that field capacity has been exceéded. There-
fore, if it is desired to wet the soil down to a cer;ain depth, it is
necessary to wet it to the field capacity all the way down to that depth.
The heavier textured soils, having greater storage capacities for water,
will therefore require heavier water épplications th#n the light sandy
soils. . .

In irrigating with wastewater effluents particularly, it is important
to realize that the higher amounts per application required on the heavier
soils does not mean that larger volumes of effluent will also be required
on a seasonal or annual basis. The actual consumptive use of water by
crops is not markedly affected by the texture of the soil, yet practical

irrigation cannot be carried out as efficiently on a véry coarse textured

soil as it can on one of medium or heavy texture. The more frequent



irrigations required on the coarse textured soil will necessarily result
in larger evaporation losses and hence a higher seasonal irrigation re-
quirement. In other words, more water will be required over the season

under irrigated agriculture on soils with low water storage capacities than

-on soils with high water storage capacities.

At first glance it would appear that in choosing a soil for irrigation
of effluent, one would select a soil with a low water storage capacity.

This would necessitate more frequent applications and thus more effluent

could be applied to a given area. However, one of the objectives in

applying effluents to crop land is to "polish" that effluent through
nutrient uptake by the plants and through fixation by the soil. Soils
with low water storage capacities, unfortunately, also tend to possess low
nutrient retention properties and are subject to higher leaching losses
under irrigation.  In addition, irrigation system capital costs and
operating costs both increase as the frequency of irrigation is increased.

Last but not least, soil depth is an important factor to be considered

‘in effluent irrigation system design,. particularly if forage crops are to

be grown. Alfalfa, for example, is deep rooted and under'irrigation will
draw its water requirements from an effective depth of four feet, soil
permicting. Where the depch of soil is limited by a high water table,
impermeable layer, compact glacial till or bedrock, normal rooting will not
take place, the water storage capacity would be reduced and the irrigation
frequency would be increased. Should such a restriction affect the
internal drainage characteristics of thc soil, crop yield and longevity of
the stand may be adversely affected, or downslope seepage could develop,

thus rendering those areas unsuitable for irrigation.
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SOIL CHANGES DUE. TO . EFFLUENT IRRIGATION
INTRODUCTION

The primary fﬁnctioﬁ of land is the production of food and feea
for humans and livestock, but as the earth's population continues to
increase, more and more people urge that land be used for the disposal
of their wastes. It is a prime requisite of any disposal system that
a waste from one medium, stch as soii, be.prevénted’from causing undue
pollution elsewhere. If we propose to use land as a receptor of wastes,
then én objective must be to integrate the disposal systeﬁ with local
environmental conditions. Such an approach is in direct cdntrast:to
basing a decision solely on shért term economic considerations or
because a given parcel of land is unocdupied and has no projecteq‘and
specified use. . ' '

" Historically, waste disposal on soil is as old as the problem.of

waste disposal itself. The first irrigation syétem designed primarily

for sewage disposal began in 1559 in Prussia and operated for more than
300 years. In England, a Royal Commission on Sewage Disposal (1859) .
recommehded the application of town sewage on land as a means of
avoiding river p&llution (Bendixen et al. 1963). In more recent times,
irrigation of crops with sewage effluent has been advocated in order
to utilize the fertilizer potential of the nitrogen and phosphords in
the effluent and to reducé the eutrophication of rivers and lakes -that
has resulted from the disposal of the effluent through dilution techniques.
Today, relatively large land disposal schemes are in operation or
in the planning stéges:
i. Muskegon County Project; 10,000 acres of land to handle
. 44 million US gpd by design year 1990, and serve up to
1505000 people (Bauer 1973) | | :
2. The Netherlands; sewage farm in operation for more than 50
years: 247 acres serving 200,000 people (Beek and de Haan
1973)



3. ngunschweig, W. Germany; 865 acres to handle sewage from
115,600 people; established 1890 (Ewert 1973)

4. Board of Works Farm, Werribee, Australia; 27,000 acres 20
miles west of Melbourne, population served 21.9.million;
pasture 22,000 cattle and 240,000 sheep (1974); established
in 1890's '

5. Other systems in France and U.S.A.

Because of the large increase in the use of land for the disposal
of effluents, and the criticism that has been raised over the technique
(Egeland 1973), the problems of potential pollution of the environment
are worthy of closer examination. ’

This presentation is intended to provide a review and discussion
of soil properties as they affect the retention, transfer, and mobility
of the major contaminants from wastewaters. The fate of added nitrogen
and phosphorus has been well studied but there is much controversy over
the forms in which heavy metals and synthetic organics are held
(Leeper 1972). 1In practice we have had, until the 1970's, only a few
isolated observations. We may expeét many more experiments to be
reported in the next few years, and some of these will throw more light

on the pfoblems of effluent irrigation.

NATURE OF SEWAGE EFFLUENTS

This symposium has been planned to investigate and report on the

feasibility of disposing.of sewage treatment plant effluents on land.

_The topic is generally limited to the liquid effluent from a variety

of municipal sewage treatment procésses; sewage sludges from the
treatment processes are not under consideration.

Sewage treatmentAplaﬁt effluents are characteristically high—
volume wastes (50 to 150 gpcpd), containing relatively low concen—
trations of many chemical and organic compounds. The concentrations

of many of the elements in sewage effluents are shown in Table 1.



Kardos and Soper (1973) indicated that the effluent was the
chlorinated wastewater from primary and secdndary (modified activated
sludge) treatménts plus trickling filters. The treatment facility
serves Penn State University and a néighbouring borough. The Guelph
Treatment Plant consisted of primary, activated sludge and anaerobic
digestion of the sludge. | The chlorinéted.wastewater effluent is
currently diséharged to the Speed River. The Britisﬁ Columbia
effluent (0ldham 1973), wés from the trickling filter plant for the City
of Vernon, and was used to irrigate alfalfa. Abbott, in 1971, surveyed
municipal sewerage‘systems throughout Southern Ontario to detect the
presence and concentrations of several heavy metals in the sewage,
to determine the fate of the metals and fhe levels of the metals in
the sewage treatment effluents. The data in Table 1 are the means
and standard deviations of the concentrations found in the effluent
from 20 to 24 treatment plants sampled several times over two years.
These data therefore give the best indication of the ranges of these
elements that might be expected in sewage effluents.

In general, effluents show low concentrations of macro and micro
nutrients; total nitrogen ranges from 8 to 23 ppm, total phosphorus
from 2 to 7 ppm and variable levels for the mono and divalent cations
with heavy metals in concentfations below 1 ppm.

It should be noted however, that although tﬁe concentrations of
plant nutrients in the effluents offer opportunities for beneficial
use of the effluent in soil and crop enhancemént, there are other
constituents that have fates that may be detrimental to the use of
waste water for irrigation. The constituents of special concern are
the heavy metals, synthetic organic compounds'such as pesticides, and
the accumulation of salts. Therefore, the benefits of land irrigation

with effluent must be evaluated in the light of whether the applied

materials will in any way adversely affect the water and soil enviro-

nment of the region.

Some attention should also be given to the amenity value of a
region irrigated by effluent. Schultz, in 1966 pointed out that
because of the organic matter in the effluent, it is preferable to
use tertiary effluents in irrigation instead of primary or secondary

to cut down on problems of putrescible matter and odours.
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pH

Nitrogen

" Phosphorus

K .
Ca -

Mg

Na -
Mn
c1”
Boron
Al
Fe

“Mn

Cr

Cu

Zn
Ni
Pb

- cd

Table 1

Impurity Concentrations in Treated Sewage

TRN

NH,

.organic

NO3

- total

- ortho

Kardos and

Soper (1973)
7.6 - 8.0
5.3 - 15.7
2.9 - 7.8
4.2 - 5.8
4.1 - 7.1
13,5 - 17.1
_20.2 - 34.6
10.4 - 17.4
32.7 -°52.8
0.1 - 0.36
41.2 - 60.6
0.29 - 0.4

Source
Oldham (1973) Guelph

(1974) Abbott (1971)

14 -15 19 - 23
12 - 16
4.6 - 5.6 < 0.1
6.6 - 6.7 2.3 - 3.1
0-5.6 2.1 - 2.3
0.1
0.4

0.050

0.05 0.060

0.1 0.153

0.63 - 0.64 0.237

~0.104

0.038

0.014

Note: _All values are in mg/l, except for pH

i+

1+

I+

1+

0.078
.163
452
.428
.251
.081

0.044
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_METHODS OF WASTEWATER APPLICATION
, Wastewaters may be applied to the soil surface by one or more
methods, such as: |

1. Flood irrigation, in which the wastewater is flooded or
ponded on level or specially prepared sites;

2. ‘ GraSS‘filtrafion, usually used on soils of low permeability;
wastewater applied on upper part of gentle slope and flows
over the soil through grass vegetation; '

3.. Spray irrigation |

4, Ridge and furrow irrigation.

At this symposium several subsequent speakers will discuss in

detail these methods of applying wastewater. However, your chairman

has asked for a.comment on the ridge and furrow method.

Ridge and Furrow

Technical reports describing the ridge-and-furrow technique (R and F)
are very limited. A paper discussing the pefformance and wastewater
renovative efficiency (comﬁared to spray and flood irrigation) of the
R and F.was published by Bendixen et al. (1968).

The basins as described by Bendixen were terraced into the natural
hillsidé; For each acre of land, about 0.75 acres were actually usable;
the defining berms or ridges were maintained in reed canarygrass. The
data indicated that percentage removals of the wastewater contaminants
were: BOD (95); total N (5) and P (96). The authors concluded that
there were no major differences in waste treatment among the three
methods éxamined'(spray, flood, and R and F) and that the R and F method
could operate spccessfully in northern latitudes, (Bendixen et al. 1968).

In southern Ontario two R and F systems were operational (Parker
1967 and Webber 1969). Parker described a R and F system to dispose
of high-pH wastes (>11.0) from a tannery. The wastes were flooded
into prepared furrows about 2 feet wide and 2 feet deep with appropriate
berms having a base of about 3 feet. The soil was a highly permeable
sandy loam underlain by gravel. Mechénicai operations were required

each year to re-construct the depressions and berms.



In 1969, Webber recommended the construction of furrows 2 feet
in depth and 4 feet in width with 8-foot centres.  The system was laid
out in a permeable fine sandy loam on nearly level topography. The

wastewater was an aerated waste from a broiler-chicken processing plant.

"The system operated throughout the winters of 1970 to 1974 incl.; spray

irrigation was used in the summer months. The success of the winter
operation appeared to be related to the thermal capacity of water vs
soil, water five times greater than soil. The operators were advised

to keep a ditch or section of a ditch virtually full of the aerated

‘wastewater to prevent a total freeze-up.

WATER MOVEMENT

When the decision has been made to use land as the disposal medium,
the ‘selection of a site becomes of ﬁfime importance. The operation
of the site must be environmentally safe. A basic question invariably
arises. Is the groundwater to be kept in its purest quality or will a
certain level of pollution be permitted? A permissible level of
pollution often requires a philosophical approach to determine the
acgeptable risk to society. Once a pollutant reaches the groundwater
reservoir, natural renovation could be minimal and a significant

attenuation of a pollutant may only occur by dilution and dispersion.

Unsaturated Flow

The most effective use of soil for waste disposal involves two
apparently incompafible functions:

(a§ the -ability to accept large volumes of waste; and

(b) the ability to provide good renovation of water quality.
Coarse gravel satisfies the first fgnction, but not the second; éilt
and clay soils may satisfy the second but not ;he first (Bendixen et al
1963). A ‘

The kind andvextent>of microbial degradatioh of wastes containing
‘organic materials and the subsequent release of by-products are deter-
mined by'soil aeration, oxygen status and moisture content. Under
aerobic soil gonditions, the soil moisture status is unsaturated,

particularly below the zone of surface application. The magnitude of



the movement of 1iquid’wastes in a given soil becomes a'soil physics
problem to apply the parameters in unsaturated flow. Obviously,

flow rates in the order of 10 to 10'-2 cm sec--l indicate a movement of
the water that is too fast for proper soil attenuation of impurities

to occur. According to LeGrand (1965), the movement of contaminants
through the zone of aeration tends to be vertical. Lateral disper-
sion above the watertable is generally small unless appreciable amounts
of waste are applied to the soil in a localized area. When wastewaters
are localized in an area, the watértable may rise as a mound beneath
the disposal site and cause radial dispersion. The presence of a
mounded watertable decreases the zone of aeration and reduces the
aerobic decomposition of applied wastes. This is one of the causes

of localized breakout of septic tank effluents and percolates from
landfills and sites used for wastewater disposal. _

In general, we depend on a deep, well-drained, moderately permeable
soil for the biodegradation of organics and a host of chemical reactions.
Such a soil remains aerobic and water movement occurs by unsaturated
flow. Overloading a site will result in depleted oxygen supplies
and a tendency for decomposition to occur under anaerobic rather than
aerobic conditions.

Saturated Flow

Almost anything placed on the soil surface may have an effect on
groundwater quality through the process of groundwater recharge. The
basic consideratioqs related to groundwater in gvaluating a proposed
site for waste disposal on land are the depth to the seasonal high
wétertable, the rate and direction of flow, and the location of
natural groundwater discharge points, (Westlund 1973).  The depth to
the watertable is a measure of the zone of aeration in which the infil-
trating wastes are renovated.

A kﬁowledge of flow patterns in the groundwater is essential to
predict the behaviour of contaminants after reaching the zone of sat-
uration. Generally, lateral dispersion predominates in the saturated
zone and contaminanfs move in the same direction as the -groundwater.
The groundwater gradient and generalities about the flow system in
and around a site can be predicted by installing a network of piezo-

meters.



Fine-textured materials with saturated flow rates of 1076 cm sec
or less permit the movement of little effluent, but ﬁay cause a sub-
stantial attenuation by cation exchange. Generally, materials with -
K-values of 10—6 or less ere considered reasonably good sealants for

landfill sites, and therefore some provision must be made -to collect

" . and treat the percolates which can no longer escape through the ground.

Such fine-textured materials display a saturated flow rate too slow
for the surface'application of wastes. However, materials of moderate
permeability (10—3 and 10—4) and occurring in depths of 10 to 15 feet

over the fine-textured silts and clays could become a useful site for

 waste disposél,'if and when reasonable quantities of effluent are

applied on the' surface.

'NUTRIENT °TRANSFER AND STORAGE

In this section we propose to discuss several mechanisms and
processes that are involved in the transfer of ions or compounds from
the applied waste to the.eoil medium. It is assumed that the reactions
occur in a well?drained, aerobic and unsaturated soil.

The substances carriedfto the soil by irrigation water can interact
with the soil in many ways. Leeper (1972) classifies these inter-
actions ioto four main types.

' Firétly,'the addition may. paés through the soil unchanged. ~An
example would be the chloride ion which may appear in the drainage

water in higher concentratlons than that added, due to water losses

’by evapotranspiration from the crop and the soil surface. So slight

is the hold of the soil on the chloride ion that it is often used as a
marker ion in percolation studies.

Secondly; there may be the formation of gaseous compounds. Such'
a reaccioﬁ is mosﬁ important for nitrogen and carbon additionms. o
Nitrogen may be lost by ammonia volatillzation or denitrification of
nitrates to nitrogen gas and nitrous oxide. Organic compounds will
be aerobically broken down to carbon dioxide. However, nitrogen and
carbon are not the: only elements that ¢an be lost as gases. Other

elements may be lost as gases in small amounts. Chloride ions may

‘berxidiied to chlorinejgas‘by the reduction of manganese oxides

(Westermann et al. 1971). Volatile organic compounds of BRARY

and mercury occur’ 1n some blologlcal systems anéjggﬂ;logrgiﬁ% ggﬁ”ﬁﬁpNNﬂENT.
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Thirdly, one must consider plant uptake and removal by harvesting.
This is the intended interaction for those substances in the effluent
that are considered for their fertilizing value.  However plant uptake
is also the method by which the majority of the toxic substances such
as the heavy metals will re—entgf the food chain, and has given rise
to the greatest concern in recéﬁt years. Other speakers here today
will address this subject more fully and we will therefore spend little
time on it.. |

Fourthly, the added substance may be immobilized in the soil in
an insoluble form. A well known effect in this class is the .immobili-
zation in insoluble forms of added phosphates. However, for toxic
substances such as the heavy metals, immobilization is the objective
since their polluting potential will be reduced. It must be remembered
that the two undesirable consequences of effluent irrigation are passage
of contaminants into the drainage and groundwater and the re-entry of
toxic substances into the food chain. Thus the ability of the soil
to immobilize contaminants is of the greafest importance.

.The mechanisms of removal of contaminanté, particularly the ions of

heavy metals, include cation exchange onto organic and inorganic colloids,

. chelation into organic colloids, adsorption onto the free ferric oxides

of the soil, and the formation of amorphous or stoichiometric minerals.

Cation Exchange

A soil exhibits a physical-chemical property of a sorbing positively
charged ions to the negatively charged clay micelles and to the soil
ofganic matter. Cations are not held with equal security but usually
follow theAseries:. -

H+ > Al3+ > Ca2+ = Mg2+ > K+ = NHZ > Né+.

The adsorption of inorganic ions on the soil exchange sites is
primarily a function of ﬁhe kind of clay and its surface area and of
the soil organic matter. It is generally accepted that the relative
adsorption capacities (me/100g) of soil fractions and organic matter are

as follows:

~Material | Exchange capacity, me/100g
Sands, > 0.02 mm ' zero
Silt, 0.02 to 0.002 mm 3 to7
Clay, < 0.002 mm . 22 to 63
Organic matter 200 to 400



Under field conditions an equilibriuﬁ exists between the soluble
ions in the soil solution and the ions on the adsorption sites; . The
quantity 6f an ion adsbrbed depends in a large part on its concentra-
tion in the solution phase. While it is believed that the adsorption

‘reactions occur instanteously in a soil, it must be recalled that
materials of high permeability (K = 10 to 10—2 cm sec—l) do not present
adequate Voluﬁes of clays or organic matter to be an effective water
renovation process. _

The effectiveness of cation exchange sites to retain the ions of
heavy metals in partlcular, seems to be pH dependent. At pH 5.5,
the bivalent ions of the heavy metals are not notably stronger com-
petitors for exchange sites than Caz+, but when the pH is increased
from 5 to 7 the heavy metals are held more firmly. The explanation
is’ thought by some to be due to the tendency for the double charged
metal ions to form singly—éharged hydrolyzed ions, therefore reducing
the number of exchange sites occupied and thus the competition. The
formation of the hydrdlyzed copper ion'CuOH+ is well known and Leeper
(1972) quotes Vydra and Galba as presenting evideﬁce for the same
fbrmation by zinc in soil. Other workers (Jenne 1968) dispute this
explanation; but it must be recognized that raising the soil pH

s Ni2+ and Cd2+
"and is probably the single most important aspect df the reaction be-

reduces the mobility of not only Cu2+ but also Zn,z+

tween heavy metals and soils.

Chelation
| As was seen above,.organic matter has a much greater exchange
capacity than the inofganic soll fractions and for that reason alone
would deserve special attention. But the organic matter also has the
ability to bind iomns to ifself by means of chelation. On a few sites
on the organic maﬁter,yhydfoxyl and some imine groups combine with
carboxyl groups in holding metal ions in pentégohal or hexagonal
chelate rings. Not all ions are held with equal security but in the
case of the heavy metals follow the series:

Cu 2+ 5 Niz > Co 2+ Fe 2+ 5 Mn2+ 5 Zn2+

The trivalent ions A13 s Cf3+ and Fe3+ are all held very strongly by
chelates but the last two tend to be thoroughly precipitated as the
hydroxide. Calcium will chelate as strongly as zinc, manganese, and

cadmium but copper and nickel are held more strongly.
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Toxic substances such as the heavy metals attached to the
exchange sites of organic matter or chelated into organic matter
remain potentially toxic. The life of the organic link is limited
not only by its chemical stability but also by its liability to be
broken down by microbial action.

Chelation' does not always remove cations from solution but may
have the opposite effect and maintain the same metal in solution.
Soluble chelates are formed between cations and small organic molecules
but it should be noted that it is only a small proportion of the total
that will become mobile in this manner.

Free Ferric Oxides

When free ferric oxides -are selectively extracted from soil, there
is an associated release of heavy metals. Jenne (1968) suggested that
the heavy metals are first adsorbed and later buried in the free oxides

of the soil, both in the anhydrous oxides and in the hydrated oxides

~ such as geothite.

 Amorphous and Stoichiometric Compounds'

Stoichiometric compounds of carbonates,:silicates, and phosphates

are common in the soil and cause the precipitation from solution of

. substantial amounts of both cations and anions after fundamental re-

organizations and recrystallizations of the originaliadsorption com-
plexes. Such compounds tend to be complex and highly'variable'and it
is probably better to examine them in terms of surface effects and
amorphous compounds. For instance Tiller (1968) found that the
adsorption of Co2+ on montmorillonite doubled when silicic acid was
added. . Such an effect cannot be due solely to internal substitution
in the crystal lattice.. |

The presence of large quantities of phosphate tends to reduce the
plant availability of many cations and is especially useful in reducing
the toxic effects of heavy metals especially zinc. It is considered

that this antagonism occurs within the plant rather than in the soil,

but at the same time, hitherto obscure minerals of very low solubility
may yet be discovered in soils such as the plumbogumﬁites described by
Norrish (1968). These include crandallite CaAl, (PO,), (OH) H,0 and

gorceixite BaAl3(PO

4)2
4)Z(OH)SHZO, one sample of which contained one per-

Cent copper.
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Having examined the fate of dissolved components of the sewage
effluent in genéral according to Leeper's classification of the con-
sequenées of addition, perhaps the mechanism of ttanspdrt and storage
should_belput into perspective by e#amining the changes in the soil of
a number of the constituents of the sewage effluent.

Nitrogen

So much has been saidrabbht the fate of nitrogen in the soil, one
hardly dares to.add to it. However, nitrogen is one of the elemeﬁts
that can involve all four of Leeper's classes of movement.

If sewage effluent is used for irrigation and applied in the amounts
and schedule common to normal irrigation practice, thé nitrogen in the
percolate draining through the roof zone of the crop can be éxpected to
be principally in the nitrate form, Thus if the amount of nitrogen
épplied is not much greatervthan.tﬁe fertilizer needs of the crop,
significant nitrogen removal can occur by harvesting the crop. Parizek
et al. (1967) reported that'ninétympercent of the nitrogen in séwage

effluent applied at a rate of one inch per week was removed by a wheat

.crop and sixty percent of a two inch per week rate. When, however, the

~ amount of water and the nitrogen therein is more than needed for crop

growth, the water draining from the root zone will likely contain con-
siderable amounts of nitrate and will pose a potential threat of ground-
water contamination. Such a problem is more acute in arid regions
where irrigation is used extensively. Evapotranépiration and surface
evaporation tends to increase the root zone salts. Regular leaching
of the soil is required to maintain a balance of salts around the roots
and this can result in a very high nitrate concentration in the drainage
water, since salts areboften several times more concentrated in the
leachate than in the irrigation water'(Bouwerxl969).

Apart from the removal of nitrate nitrdgen by plant uptake there
are several other methods of nitrogen removal or immbbilization which
are probably of less significance. Ammonia may be adsorbed onto the
clay fraction by exchaﬁge, nifrogen may be fixed in the tissue of
bacteria and other microflora, and nitrogen may be fixed in the relatively
stable organic matter formed by microflora and ammonia adsorbed onto that.
Bouwer et al. (1971) reported that there was a small increase in the
total nitrogen of the soil at the Flushing Basins project after several

years of effluent infiltration but that this increase in nitrogen was

probably not significant,
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The 1osé_of nitrogen in the gaseous phase by ammonia v&latili—
zation or by denitrification has already been mentioned. Bouwer. et .
al. (1971) considered that denitrification was probably not a éignifi—
cant removal process with frequent short inundation pefioﬂé where '
aerobic conditions prevail. Some microbial denitrification may occur
during drying periods. Nitrate formed from the oxidation of ammonia
adsorbed onto the clay or organic fraction may diffuse to the "inner"
pores which are still anaerobic and where denitrification can occur.
Bouwer et al. (1971) considered however that denitrification is.un-b
likely to occur in the deeper anaerobic zones because although nitraté
may be present, organic carbon is deficient leaving an‘insufficienti

energy source for denitrifying bacteria.

- Soil Immobilization of Phosphorus

The phosphorus added to soil with the sewage efflﬁent causes
very few problems. When soluble phosphérus compounds a:e'added.td
soil they are converted to forms that are virtually water-insolublé,'
In agricultural soils the concentration of soluble phosphorus in the
soil solution rarely réaches 1.0 mg/lj more common_values are in:;he
order of 0.1 mg/l. As a result, the amounts of phosphorus 1éached4t6

the groundwater under normal irrigation practices are so small as to be

.considered negligible. Since the loss of phosphorus in gaseods forms

such as phosphine has not been observed, removal by harvesting and erosion
losses are the mechanisms of consequence for the removal of phosphorus
from the soil. ] o '
Despite plant uptake, supply may exceed demand and phosphorus may
accumulate in the soil. In neutral to alkaline soils, the phos- .

phorus is immobilized as a precipitate of calcium hydroxyapatite;

" in acidic soils the dominant precipitates are oxides of iron and

aluminum which have a very low solubility. The phosphorus—fixétion_
capacity of a soil ﬁay Be estimated in the laboratory by préparing a
Langmuir adsorption isotherm. It appears that the degree of phos¥
ph@rus adsorption increases with increments of phosphorusfih‘the
équilibrating solution, Adriano et al. (1974) determined the'phosphorus

adsorption capacity of a number of soil textures (Table 2).
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TABLE 2
PHOSPHORUS ADSORPTION CAPAICTY OF SOILS )Adriano, et al 1974)

(equilibrating solution concentration of P = 10 mg/l)

Soil Texture 1b P adsorbed per
' ‘acre~foot of soil

Dune sand ‘ : 77
Rubicon sand, 4 samples 108 to 731
Warsaw loam, 2 samples " 602 and 1523
Clay loam,. 2 saﬁples 858 and 1898
Gravelly clay loam ' ' 426
Saﬁd and gravel - 178

Regarding the phosphorus adsorption data in Table 2, the authofs
noted that: ‘
"The increased iron content then accounts for the increased P-
. adsorption by the B horizon [in Rubicon Sand]. The high values
for adsorption of Warsaw loam was apparently accounted fér by a
high aluminum content.' ‘
At the Elora Research Station,»Guelph; phosphorus from sludge in
the amounts of O, 550, 1100, and 2200 kg P/ha was added to a loam
soil over a two year period (Webber and Hilliard 1974). After two
years of cropping with corn, the plaﬁf available phosphorus, extracted
with 0;05 N sodium bicarbonafe solution, was determined in 5 depth.in-
crements down to 90 cm (36 in.), It is quite apparent from thé.results
shown diagraﬁmatically in Figure 1 that the phosphorus added was
immobilized in the upper 20 cm (8 in.), the zone of incorporation, and

‘very little phosphofus moved into the lower levels of the soil.

Such results illustrate the capacity of the soil to immobilize
phosphorus in excess of the amounts likely to be added by effluent

-irrigation. Since many agricultural soils are deficient in phosphorus,

the phosphorus added during irrigation will result in a beneficial
raising of the general fertility of the soil, as well as increasing the
immediate plant uptake. The added phosphorus also has a positive role
in the immobilization of toxic heavy metals.
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Boron in Irrigation Waters

The bdron content of effluents used in irrigation is of interest
since the margin between deficiency and toxicity for this element is
small. Boron concentrations in irrigatioﬁ waters in excess of 0.5 -
PPM are considered undesirable for boron sensitive crops such as grape
vines and citrus, stone, and pome trees which may begin to show boron
tokicity symptoms (Bingham 1973); The increased use of boron compounds
in certain household laundry products has tended to aggravate the
problem Bingham reports that in the Santa Ana River system in
California as much as 507 of the 0.75 to 1.50 ppm boron in the sewage
effluent comes from household sources. Purves and Mackenzie (1974)
also showed that boron in sludgés and municipal waters is largely in a
water soluble form. Loﬁer pbncenfrations of up to 0.4 ppm in effluent
were reported by Kardos and Soper (Table 1) and at Flushing Basins near
Phoenix Arizona, Bouwer et al. (1971) report levels of 0.4 and 0.7 ppm.

Many soils are capable of.immobilizing boron. The most recent
literature indicates that boron adsorption occurs mainly onto the mineral
fraction of the soil. Boron can be adsorbed onto iron and aluminum
hydroxy compounds present as coatings on, or associated with, clay
minefals (Hatcher et al. 1967; Sims and Bingham 1968), onto iron or
aluminum oxides in the soil (Schurrer et al. 1956) and onto micaceous
clays although all clay minerals show some capacity for boron retention
(Cough et al. 1968). Rhoades and his co-workers in 1970 concluded
that in arid soils boron adsorption is associated with magnesium hydroxy
clusters or coatings on the weathering surfaces of ferromagnesium

minerals such as olivine, enstatite, diopside, augite, tremoiine, and

_ horneblende as well as the micaceous layer silicates.

Successful removal of boron will obviously depend on the presence
of these minerals. Bouwer'et.al. (1971) found that as a consequence
of a lack of iron and aluminum oxides in the soil materials of the Salt
River bed where Flushing Basins is-located, boron was not removed from
-the effluent and entered the drainage waters in amdﬁnts similar to those
applied.

Boronladsorption occurs independently of variations of pH in acid

soilslbut increases in pH within the alkaline range increases adsorption.
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Such results sﬁggest that boron is adsorbed as boric acid under acid
conditions and borate ion as the pH approaches 9.0 (Sims and Bingham
1968). Boron adsorption also takes place independently of concomitant
adsorption of other anions. Studies by Schalscha et al. (1973)

revealed no effect from the simultaneous adsorption of sulphate or

phosphate on boron adsorption.

Heavy Metals

Heavy metals may mean different things according to the user of
the term. Those generally included in the term are cadmium, cobalt,
chromium, copper, iron, mercury, manganese, molybdenum, nickel, lead
énd zinc. Aluminum is sometimes included although it is a light metal.
According to the findings of Abbott, (Table 1) the most common
metals encountered invmunicipal sewage are chromium and zinc. Their
occurrence probably reflects their use as corrosion inhibitors, in
electroplating, and in theltanning of leather. Copper and nickel
are the next most common while lead,cadmium and manganese are seldom
present in appreciable concentratibns, although in industrial areas the
concentrations may be very much higher. The concentrations of the
metals in the effluent are, in general, proportional to their concen~
tration in the raw sewage but at a very much lower concentration.
The precipitation of metals by sewage in the digestion procéss has been
reported by Jenkins and Cooper (1964) and by Jenkins et al. (1964) and
probably accounts for the low levels seen in the effluent (Table 1).
The effiéiency of such metal removal is however, variable and depends
on a number of factors. In general, Abbott found that the concentra-
tions in the effluent were farely in excess of Ontario quality object-
ives althbugh the total quantity discharged may be cause for concern.
Heavy metals, in the amounts involved in spray irrigation can
6nly be removed from the soil by leaching or by plant uptake. Con-
tamination of the groundwater by héayy metals is undesirable, and-it is
desirable also that plant uptake be as low as possible. Consequently,
it may be very important to have a soil with a high capacity to remove
heavy metals‘from solution and immobilize them in forms that are
relatively unavailable to plants. The mechanisms of such immobilization
have already been discussed and include cation exchange, chelation, and

the formation of amorphous or stoichiometric compounds.
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Since heavy metals thus adsorbed into soils are not degradeable
and since their rates of removal by plant uptake are very small, there
is the danger that their concentrations will increase with increasing
use of effluent in irrigation. As a result, detrimental environmental
effects will be discovefed only after it is too late for remedial
measures. - At the Berlin sewage farm on acid sandy soil, and at the
Paris effluent disposal site where the soil is limy, there are signs
of exhaustion and low crop yields. The exhaustion seems to be linked
to high copper and zinc levels. Leeper (1972) quotes data from
Melbourne Australia which shows that after seventy years of heavy
irrigation on a light clay the extractable zinc varies from 830 ppm in
the first inch to 44 pPpm at‘a depth of 6 to 14 inches. To reach high
levels will however take considerable time and depend upon the concen-
trations of metals in the effluent and the type of soil irrigated.

Ohio State University School of Agriculture has been monitoriﬁg plant
and . soil heavy metals resuiting from applications of Celina sludge.
Sludge contains higher heavy metals accumulations than does the effluent.
After 20 years of application, the heavy metal build up is now;only
slightly above background levels, but there was concern over the long
term effects (Manson and Merritt 1975)

- Although these data show that many soils have a great capacity to
absorb heavy metals, it should be remembered that long before the levels
of heavy metals quoted above are attained, sensitive crops would have

shown toxicity symptoms, and non-sensitive crops may have accumulated

- heavy metals in concentrations that could render them unmarketable.

Because the heavy metals tend to accumulate in the top layers of the soil,
there are many examples of soils contaminated with copper from Bordeaux

Mixture sprays which support good orchards and vineyards simply because

"the roots avoid the toxic zone. When, however, these orchard soils

are ploughed and annual crops planted, severe failure is often observed
because roots grow into the toxic zone (Chaney 1973).

One of the more important consequences of using effluent to irrigate
érops is the hazard of toxic metals entering the food chain..  The
elements considered to be a significant potential hazard to the food

chain through plant accumulations are cadmium, copper and zinc (Chaney

1973).
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In Ontario, the maximum allowable concentration of cadmium in
drinking water is Q.Ol mg/l, zero content being preferred. However,
regulatory agencies have not set levels for maximum human dietary intake.
Leeper stated in 1971 that 0.5 ppm cadmium in plants is harmless to both
plants and animals.

Our knowledge gap with respect to trace elements, micronutrients,
or heavy metals is broad, but ﬁuch relevent research is planned or
underway. Much work still needs to be done on reducing thé toxic.
hazafds by investigating the interactions between the heavy metals

such as zinc and cadmium. High levels of zinc have been shown to

- prevent the hazardous concentrations of cadmium in foods (Jones et al.

1

1973).

Thus, if we are to use our soils not only for food but as sinks
to detoxify heavy metals, we muét be aware that the sink is not bottom-
less and that careful control must always be exerted.

Natural and Synthetic Organics

The total organic constituents of sewage effluent are controlled
by Legislation. Attempts have been made to analyze the ofganics in
the effluent but many analyses have succeeded only in classifying the
organic matter into general groups of compounds (Rebhun and Manka‘197l).
Because of the intense microbial action in the treatment plant, it must
be assumed that the organic matter will consist of both those compounds
which are resistant to degradation, and tﬁe products of microbial
metabolism. The 1atterrdo not give too much cause for concern as
they are probably highly biodegradable but those compounds which are

resistant to a greater or lesser extent must be considered in more

.detail, particularly if there is a toxic hazard. For this reason the

Water Pollution Research Labqratory; Stevenage, U.K., has started to
determine the nature and concentration of the residual organic compounds
in sewage effluents, placing special emphasis on substances known or
thought to be toxic.

The soil seems to have an amazing capacity.to develop miérobial
populations that will degrade almost every organic compound added.
Under well drained, aerobic conditions the added organic compound will
be broken down eventually to carbon dioxide, and other small-molecule
compounds of the other elemenfs in the molecule; Organo-chlorines will

leave a chloride residue and organo-metallic compounds will leave a metal



residue to be immobilized as described above. However because some

of the organic compounds are resistant to microbial attack, Robeck

et al. (1964) warned that the soil must have a low enough permeability
and some adsorptive gapacity to allow‘suspended and dissolved organic
matter to be retained long enough‘for a suitable microbial population
to develop. DDT, for instance, is retained upon humic substances
(Ballard 1971).

It is difficult to see how pesticides contained in the effluent
could cause any greater hazard than those already in use on the crop
in normal agricultural practice. There are, however, a number of
compounds in sewage that could cause problems.

Before the conversion to "soft" detergents in the mid sixties, a
feport by Robeck.et al (1962) indicated that alkyl benzene sulphonates
(ABS) and other synthetic organics in sewage that are not degra&ed by
other methods, could be degraded when applied to non-saturated soils.
Organisms usually found in sewage and soil were able to degrade ABS
and the herbicides 2,4D, 2,4,5T and O-Cresol, as well as the usual
COoD components.

Soper in 1972 reported that in an extended experiment spraying
municipal effluent on a forest, detergent residues that caused serious
foaming at the start of ﬁhe experiment were rapidly degfaded in the
surface soil horizons. After the conversion to '"soft'" detergents in_
1965, added Methylene Blue Active Substances (MBA'S) were negligable
at the two foot depth. Nitrilotriacetate (NTA) which is sometimes
used as a substitute for phosphate in detergents has begn shown by

Tiedje and Mason (1974) to be degraded in soils, although adequate
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degradation is known to occur in activated sludge treatments and sewage

lagoons. NTA is poorly degraded in anaerobic and septic tanks.
There are a number of organic compounds about which there is

growing concern but little data at the moment. These compounds in-

clude the polychlorinated biphenyls (PCB's) and the phthalic acid esters

(PAE's). PAE's are a recent concern because of their teratogenic
and mutagenic potential (Mathur 1974). PAE's are used extensively as

plasticizers because of their resistance to microbial attack. No

. data are yet available concerning their presence in effluent nor of

their degradation in soil, but because they can be extracted from

plastic pipes with just distilled water (Bingham and Hill 1972) their

presence must be anticipated,
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The total organic matter content of the soil is little affected by
the burden of.organic matter added with the effluent in irrigation.'
Bouwer et al. (1971) reported a elight increasefin the organic matter of
the soil as a consequence of effluent irrigation; and Day and coworkers (1972)
after 14 years of irrigation with effluent, found an increase in organic

matter but no more than was seen on plots irrigated with well water.

SALT ACCUMULATION AND SALINITY

One of the persistant problems in irrigation is the build up of
salts in the root zone. The preeence of sodium in sewage effluent in
amounts of 30-50 ppm (Kardos and Soper 1973) would give cause to expect
salinity problems; |

In southefﬁ;Ontario, we do not have a saline problem nor the pro-
blems of salt-affected soils. For several years, we have monitored
the exchangeable cation status of soils used for the disposal of sodium
and potassium wastes from lye-peeling operations in vegetable proeessing
plants. The percentege saturation of the cation exchange complex by
sodium for several times of eampling is shown in Table 3. |

’It has been proposed, that a salinity problem could be manifested
in soils when 15 percent or more of .the exchange compiex was occupied
by sodium (Bower et al, 1958),. In general, the greatest degree of -
sodium saturation occurred in late fall which corresponded to the end-
of-season for discharging alkali wastes (Table 3). Presumably, the
winter and spring precipitation encoufaged leaching and the removal of
the ions from the eoil solution in the upper layers.

In soils having free calcium carbonate, hydrolysis occurs.with free
calcium ions being brought into solution. For this reaction to occur,
soil water is required. Presumably; less free calcium is released if
the calcium carbonate equivalent of the soil is low or if the pH is
particularly high due to sodium compoﬁnds in the soil solution. The
hydrolysis of the calcium carbonate and the replacement of sodium on
the exchange complex by the free calcium is shown in the following
equation:

ZNaa

3 + OH

+
4 + CaCQ3 + H20 > Caad + 2Na + HCO



In an interpretation of the above reaction it was pointed out that the

reaction proceeds to the right as the water content .of the soil is

"increased (Bower and Goertgen 1958). If the soil is leached and if

sufficient CaC03_is present the reaction continues to the right owing

to the removal of the HCOS and OH aﬁd Na+ until the adsorbed sodium
(Naad)-is replaced.
" Calcium carbonate alone is generally an ineffective source of

calcium in soils with a high pH (>8.5) because of the low solubility
of the carbonate. In some arid salt-affected soils with an excess of
lime, the replacement of sodium by calcium is effected by the addition
of elemental sulphur. Soil organisms oxidize the sulphur to form -
sulphuric acid which reacts with the lime to form gypsum, calcium
sulphate.. The addition of calcium sulphate is equally effective in
inducing the exchange of sodium for calcium.

If more than 15 percent of a soil's exchange complex is occupied
more or less permanently by sodium, the soil colloids may be dispersed,
aggregation is destroyed, permeability is severely restricted and in

general a poor physical condition develops.
TABLE 3
PERCENTAGE SATURATION OF THE CATION EXCHANGE

COMPLEX BY SODIUM

Depth : Sodium Saturation¥*
1971 1972 1973 1974
Fall Spring Summer Fall Spring Fall Spring

0-10" 6.56 1.84 4,85 7.34 7.57  6.63 3.83
33-54" 4.60 3.87 2.77 4.02 4.60- 18.40 7.26

* Saturation expressed as a percentagé of the total cation exchange
capacity occupied by sodium.

SUMMARY

The utilization of sewage effluent in irrigation would appear to
be not without merit. Caution would have to be exerted to ensure that
excessive amounts of nitrate and heavy metals are not applied. The

effects upon the soil would appear to be minor except for the breakdown

22.
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of the soil structure due to salt accumulation, a greater problem
when effluent is used in irrigation due to its greater salt content.
The long term effects should not be overlooked and the slow accumulation‘
of heavy metals should be carefully examined in the light of the

present crop rotation and with future crops in mind.
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J. B. Bole

INTRODUCTION

The goal of any wastewater treatment scheme is to renovate the

water from a chemical and biological standpoint before returning it

to stream flow. Many of the 'pollytants' in wastewater are merely
natural resources out of place. By using the water for irrigationm,

we can return these resources to the food chain, thus using both the
nutrients and the water for food production while completely renovating
any return flow. Wastewater‘irrigation is capéble of outperforming
any water treatment technology now in existence since it can provide
complete nutrient removal and conﬁrol of both bacterial and viral
pathogenic organisms. '

The soil or 'living filter' is naturally the primary concern
since it physically filters out particulate matter and provides a
medium for chemical and biological reactions., What makes the system
operate effectively is the blosystem operating within the soil-- the
vital component. This presentation deals with the vegetative component
of that system. ‘

I will be drawing on my experience in irrigating forage species
with municipél effluent in research plots at Taber, Alberta, and
comparing my results with those reported in the literature. Mr. D.N.
Graveland will be presenting details of the.working system at‘Taber in

a later discussion.

PURPOSE OF THE CROP _
The crop serves many purposes in water renovation. The suitability

of the crop depends on the specific requirements of the scheme.
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A crop should be capable.of;
l)‘ responding to the applied water and nutrients, thus. providing
' food or fiber for society;

2) upon harvesting, removing from the biosystem large amounts

of nutrients supplied by the effluent;

3) transpiring water at a high rate over a long growing season;

4) preventing soil erosion by water or wind;

5) maintaining soil structure so as to maintain or improve the

water infiltration rate and perﬁeability of the soil;

6) being utilized by society without transmitting any harmful

pathogenic organismé, nutrients, or heavy metals into the
food chain;

7) ﬁroviding a cash return tq cover operating and maintaining thé

system and perhaps a return on capital investment.
CROP RESPONSE TO WASTEWATER | | .

An increase in yield from wastewater may be due to the water or to
the nutrients it contains. * Alfalfa has outyielded the four grass species
in research plots at Taber over the past 4 years, especially when plots
were irrigated at a rate about equal to evapotranspiration minus precipi-
tation and not supplied with nitrogen fertilizer (Table 1). ' When the
irrigation rate was doubled, average yields were increased from 3.34 to
4.52 tons/acre. This was surprising éince the additional water must
have leached to the water table. Similarly, when 50 1b additional N
and P fertilizer.Was applied, average yields were increased from 3.52 to
4,35 tons/acre. Clearly, the yield incréase from the second 24 inches
of wastewater was due to the nutrients in the water. Since soil and
plant analysis showed that the P supply was adequate, the forages were
evidentally responding to added N. This high rate of irrigation was
included only for expefimental-purposes. If it were used on a field
scale, the water tabie would be raised to the surface and management would
be impossible.’ '

The wastewater contained a considerable amount of N, P, andtother
nutrients, especially in the first year of the study (Table 2). 1In
that year, the water coﬁtained about double the N and P levels of sub-
sequeﬁt years, due - to immaturity of the lagooﬁ or additional loading from

a potato processing plant that ceased operatior in. 1972,
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Table 1. Average annual forage yield of five forage species as a

function of wastewater and fertilizer level (1972-1975)

Wastewater Fertilizer

DM yield (tons/acre)

irrigation N-P Reed Altai Tall
(in./yr) (1b/acre) Alfalfa canary wild rye Brome wheat Mean
24 , d- 0 3.88 2.59 2.61 2.67 2.36 2.82
50-50 4.21 3.94 3.74 3.98 3.42 3.86
48 0= 0 4.55 . 4.17 4.28 4.44 3.53 4.20
50-50 4.49 . 5.13 5.24 ~ 4.96 4.38 4.84
Mean 4.28 3.96 3.97 4.01 3.42 3.93

Table 2. “Nutrient_content of Taber effluent

Nutrient 1972 1973 1974 1975
NO3-N fppm) 3.0 1.1 1.0 .4
NH,-N (ppm) 22.9 8.7 é.a 11.5
P (ppm) 5.9 3.4 | 2.9 3.2
Na (meq/liter) _8.5 6.0 4.3 6.8
Ca + Mg (meqg/liter) 6.6 9.3 6.6 11.8
K (meq/liter) 2.1 .5 .5 .4
SO, (meq/liter) .3 7.2 3.7 10.2
HCO3 (meq/liter) 17.1. 6.5 5.8 7.5
Cc1 kmeq/liter) 1.5 1.5 1.6 1.7
Total salts (ppm) 1,261 © 1,090 _ 720 1,188
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Research studies at Swift Current, Sask., have shown that yields of
alfalfa were only slightly higher when irrigated with municipal waste-

water than when irrigated with creek water in the first year of the study

- (3.20 vs. 2.65 tons/acfe) and were similar in the second year (3.93 vs.

4.09 tons/acre) (V.0. Biederbeck, personal communicétion). * The N in
the wastewater was of no benefit to thé legume, and soil P was adequate.
It is suggested that, as the P level of the creek-water irrigated soil
is reduced, a yield differential favoring wastewater irrigation will'
occur. ’

It is frequently difficult to proportion the yield response from
wastewater irrigation betweén the effect of water and that of nutrients.

In the Taber study, yields of the native‘StiQa'Bouteloua were negligible

without irrigation, and cultivated forage would have produced less than
1 ton/acre. The magnitude of any response to effluent irrigation is
dependent on the basic yield without irrigation and on the water and

nutrient requirements of the crop. Representative yield responses from

the literature are shown in Table 3. Yields are frequently doubled

with 1 inch of wastewater/week, and further responses are obtained from
the additional nutrients at higher irrigation rates. These are the

results of well-managed projects, but I am sure unsuccessful projects

_ exist which are not reported in the literature.

NUTRIENT UPTAKE BY CROPS .

Crops used in a wastewater irrigation system should absorb as high a
proportion of the ions-present in the water as possible. Ions will then
be withdrawn from the cycle and cannot contribute to secondary pollution'
of the groundwater or local streams.

Nitfogen is the element 6fvprime concern since large amounts are
frequently present and it is readily converted to the mobile nitrate
form. Its presence in water bodies can contribute to eutrophication.

If the transformation to nitrate is blocked, toxic nitfites can accumulate.
There is also the concern that nitrates may combine with amides to form

aminonitriles, which are known to be carcinogenic.
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Table 3. Yield response (tons/acre) of severél crops to

effluent irrigation

Effluent irrigation (in./wk)

Crop Ref 0 l.0 2.0
Alfalfa Taber .75 4.0 4.5
14 2.18-2.43 3.75-4.67 4.36-5.42
Grass Taber .75 2.9-3.4 4.0-4.8
- native 7 .9 2.7 -
- golf courses 9, 11 - - -
Cereéls - forage 3 3.9 4.5 -
- grain 14 1.53-2.88 2.70-4.80 2.48-3.24
' .6-.72 4.8 -
0-1.43 1.43-1.92 -
Corn - forage 14 2.47-3.83 3.93-7.29 4.32-8.48
- grain 14 . 1.98-5.52 4.98-7.26 5.04-6.96
Potatoes 5 . 2.4-14.3 9.0-14.5 -
Sugar beets 5 . 6.3-20.0 14.1-24.3 -
Trees (diam - in./yr) 14 .06-.16 .17-.18 .06-.22
‘ (ht - in./yr) ‘ 12 20
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In our Taber studies, alfalfa took up considerably more N than did
the grass species (259 vs. 160 1b N/acre). Reed canérygrass and brome-
grass were intermediate while tall wheatgrass had the lowest N uptake
(Table 4). When 50 1b N/acre fertilizer was added annually, the four
grass species took up an additional 54 1b N/aqre at the low wastewater
level, an additional 48 lb’N/acre‘at the high level. Even at the high
irrigation level, the forages could apparently use all the additional
fertilizer N.

The annual application and utilization of N is shown in'Table 5.
Only in 1972 was more N applied than was taken up by the plants. Over
the 4 years, considerably more N has been taken up by plants irrigated
at acceptable rates than was épplied in the effluent or fertilizer.
With excessive application of effluént, the N uptake approximates N

application., - No attempt was made. to measure N2 fixation by microorgan-

‘isms or N mineralized from soil organic N. Periodic soill sampling has

shown negligible levels of N03-N. Only in 1975 after unusuaily heavy
spring rains were significant amounts of N03—N found in the groundwater. .
In one well the NO3-N levels exceeded the maximum permissiblg level for
drinking water (10 ppm).

Phosphates have been associated with eutrophication and thus it is

" desirable that they be taken up by the plants or retained at the site.

At the Taber site, phosphates were retained in the surface 6 inches of
soil (Table 6). Only with high irrigation and 50 1b/acre/year P ferti-
lizer was P leached to the 6 to 12 inch depth in the first 2 years.
Depths from 6 to 48 inches had less available P than the original samples.
P uptake varied from 42 to 61 1b/acre, which was 60 to 29% of the P
applied. From 63 to 80% of the applied P has.been taken up or has
been retained in the soil in a form extractable with NaHCO
presumably, still available.

3 and is thus,

- When we assess the suitability of crops considered in a wastewater
irrigation scheme, we must consider the amount Qf nﬁtrients applied.
Table .7 shows the normal amounts of nutrients applied per acre. The
loadings are relatively low with municipal wastewater but can be increased
greatly by the addition of industrial or food processing wastes or liquid

sewage sludge.



Table 4. N removal by the five forage species as a function of effluent

and fertilizer levels (1972-1975)

Wastewater Fertilizer N removal (lb/acre)’

irrigation N-P Reed Altai : Tall
(in./yr) (1b/acre) - Alfalfa canary wild rye Brome wheat Mean
24 o-0 241 111 95 10 89 129
50-50 252 - 172 149 166 130 174
- 48 0-0 269 188 | 176 . 178 134 188
50-50 275 - 243 224 225 175 229
Mean 259 . 178 161 ‘170 132 179
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Table 5. N applied to and N uptake by forage crops at Taber

N applied (lb/acre) N uptake (1lb/acre)
Treatment* Irriqg. Fert. Total Range. : . Mean
- 1972
I,Fp 162 , 0 - 162  147-167 155
I,F; 162 50 212  158-204 184
I,Fp 325 0 325 , 176-289 215
I,Fy 325 50 . 375 ~ 201-251 220
1973 .
I,Fg 66 o 66 82-196 128
I,F, 66 50 116 136-197 175
I,F 132 0 132 140-255 196
I,F, | 132 50 182 _ 194-263 238
1974 4
I,Fg : 46 0 46 49-179 74
I,F, | 46 50 9 85-189 122
I,Fg | 92 0 92 82-183 126
IF;, = 92 50 142 120-194 156
| '1975
I,F 49 o 49 70-391 142
I;Fy a9 ~ s0 99 97-378 190
I,Fg | 98 0 98, 102-310 195
I,F) . 98 50 148 ' 163-355 269
A 4¥Xr total

I,Fg 324 0 324 : - 499
I,F, | 324 200 524 - ' 671
I,Fg 647 o 647 | - 732
I,F | 647 200 847 - 883

*I) and I, = irrigation at 24 and 48 in./yr; Fg and F; = no fertilizer or
N fertilizer at 50 1lb/acre.
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Table 6. Levels of P (lb/acre) in the soil in forms extractable with

NaHCOj3, applied, and taken up by forages (1972 and 1973)

Level of P in soil -

Depth
(in.)

0- 6

6-12

12-24

. 24-36

36-48

Totalv

- P_applied

Irrigation
Fertilizer

Total

P uptake

Original

9.2

Treatment?® -

I1Fg N I2Fg Io2F)
35.0 78.2 58.0 99.0
5.4 9.6 - 10.4 29.2
5.3 13.2 8.3 11.6
8.3 7.0 2.4 4.8
2.6 _3.8 _4 .8
56.6 111.8 79.5 145.4
70.8 70.8 141.6 141.6
0 71.8 0 71.8
170.8 142.6 141.6 213.4
42.4 44.9 52.5 61.2

*See foothote Table 5.
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Tﬁe crops listed in Table 8 varybgreatly in the level of nutrients
harvested from an acré of soil. The levels of micronutrients in any
crop can vary by a factor of 10, depending on the concentration of the
nutrients supplied. At Taber, the micronutrient concentrations in the
dlfalfa were low to moderate and decreased ﬁith increasing levels of
irrigation. A comparison of Tables 7 and 8 shows that Na, Ca, and Mg
can build up'while‘N may be inadequéte to supply the maximum yields
necessary to remove the amount of nutrients shown in Table 8. The soil
contains 4,000 1lb/acre Na and more than ten times this much Mg and Ca;
thus.any'increase in cations in the(soil is not measurable. As noted

earlier, P has built up in the soil at Taber (Table 6). This buildup

'w;ll occur when more than 20 to 25 1b P/acre is applied to the forages.

WATER TRANSPIRATION
" The maximum rate of wastewater irrigation is limited by the total

amount of evayot;aqu;gation (ET). . The guidelines established by the

‘British Columbia Pollution Control Board suggest 1.3 times the seasonal

potential ET as the maximum rate of irrigation. Other provinces have

even more restrictive guidelines, When land suitable for irrigation is

- limited, it is important to select a crop with maximum ET. Sonmore (13)

measured ET for several irrigated crops in southern Alberta (Table 9).
Only 7 to 16 inches of water was applied and thus higher values could be
expected with weekly applications. Since the daily ET did not vary
greatly, the longer growing season gives alfalfa, grass, and sugar beets
a higher total ET. The longer growing season also lengthens the irri-
gation season. This is important where wastewater must be stored for
the remainder of the year and where soil infiltration characteristics or
insufficient equipment makes it difficult to apply the desired amount of

wastewater.

EROSION PREVENTION.

Any crop maintaiﬁing a'complete canopy and édequate root growth
will prevent erosion by wind or water. Forage crops maintain a cover
through the winter and spring and thus are superior to annual crops

where erosion may be a problem.
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Table 9. Annual and daily evapotranspiration and length of growing

season of several irrigated crops at Lethbridge -

Tomatoes

‘ . Length of

Evapotranspiration season

Crop in./yr in./day (days)
Alfalfa 25.5' .163 155
Grass 23.6 .155 152
Wheat 19.4 .178 - 102
Field corn 19.2 .160 120
Potatoes ©19.9 .149 137
”' Sugar beets 21.5 .138 156
14.4 .140 103
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SOIL PERMEABILITY MAINTENANCE

If the soil has a coarse texture or if the fine particles are
held in stable aggregates, infiltration and permeability will be rapid
enough to prevent ponding and runoff, A high ratio of Na//EETETTEQ (SAR)
of the wastewater will disperse clay particles and restrict soil permea-
bility; Organic matter in the soil is important in.maintaining soil
structure. This organic matter is replenished by crops having a large
amount of root.growth.

Soil étructure is also important in maintaining agrobic conditions
in thé soil so that roots can absorb ions and microorganisms can break
down. and transform wastes; It is necessary to have an aerobic layer to
allow ‘ammonium ions to be transformed to nitrates so that denitrification
can reduce hérmfgl levels of N. Forage crops are effective in maintaining

soil structure.

CONTROL OFl PATHOGENIC ORGANISMS

'We are concerned with the health and safety of any huméns or animals
utilizing the produce or return flow from wéstewater‘irrigation systems.
The operators of the system and any field workers must not be subjected
to health hazards. Bacteria; viruses, protozoa, fungi, and ascéris ova
are present in sewage wastewater and thus concern is Qarranted.

Coliform and, particularly, fecal .coliform (fc) bacteria aré fre-
quently used to indicate the-presence of such disease-causing bacteria as
Salmonella (typhoid, gastroenteriﬁis), Shigella (dysentery), and cholera-
causing organisms. The fc test is relatively simple and is accepted by

most workers. Fortunately, effective sanitation has practically eradi-

" cated typhoid fever, cholefa, and amoebic dysentery in North America;

however, they are still a problem in many countries. One infected
person will transfer 200 billion pathogenic bacteria per day into the
sewage system, which, mixed with a million gallons of wastewdter, will
give a concentration of 4,400/100 ml. In an excellent review article,
Geldreich and Bordner (6) state that 1,000 £c/100 ml water is a realistic
guideline for determining the safety of irrigation water. Wastewater
used for irrigation at Taber was found to contain 54,000 fc/100 ml, or

54 times the suggested acceptable level (1). Raw sewage was 100 times
this level. Certainly, more caution and restrictions on the use of

wastewater are required than with normal irrigation. -
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We must immediately rule out the use of sewage wastewater on

vegetable crdps, such as lettuce and tomato, consumed raw by humans.

With superior management, root crops such as potatoes, beets, and turnips

can safely be irrigated with wastewater (5). Pathogens can survive in
soil for 2 to 7 weeké 0); however, they will not enter undamaged roots.
Root crops not direétly consumed by humans, such as sﬁgar beets, are a
preferable alternative; however, these crops have a high requirement for
field labor. There is a concern for their health and for the public
acceptance of the produce. V

The irrigation of forages utilized by livestock removes the produce
one step farther from humans in the food chain. Animals have been

watered directly with treated and even raw wastewater without adverse

 effects (11, 15). Only after gross contamination with raw sewage have

animals been found to be infected (8). There ﬁay be more reason for
concern if the effluent contains packing plant or abattoir wastes with

anthrax, brucellosis, or tuberculosis organisms. Animals can safely

be fed forages irrigated with effluent where irrigation was stopped 5

days before hafvesting. In fact, Bell (1), working on our Taber plots,
has shown that fc organisms on alfalfa plahts were completely destroyed by
exposure to 10 hours of bright sunlight at temperatures above 11°C.
Exposure for 20 hours killed all the fc organisms wheﬁ plants were irri-
gated with raw sewage. Little change in the fc population was noted in
cool or cloudy weather. -Tﬁe best possible practice would be to dehydrate
the forage before feeding.

Another alternative is to produce fiber, pulp, or forestry crops that
are not consumed by humans or animals and thus provide pathogenic danger

only to field workers.

SUMMARY '
Sewage or industrial wastewater can be used to irrigate agricultural

crops without endaﬁgering humans, wild or domestic animals, or the envir-

onment., Many crops can be used satisfactorily provided that they are

capable of absorbing most of the applied nutrients, of protecting the
soil from erosion, and of maintaining a stable soil structure. A crop
should be selected that can transpire a high proportlon of the applied

water and provide maximum yields and a hlgh monetary return to defray
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expenses, Alfalfa has been used successfullf at Taber and Granum in
Alberta and at Vernon in British Columbia. It satisfies these require-
ments while being self-sufficient for N if the wastewater supply of N is
inadequate. Other forages are used successfully elsewhere and should be
considered if winterkilling of aifalfa precludes its use. Supplemental
fertilizer N will be required if the wastewater supplies insufficient N
for maximum growth of grass.

The system should not be designed without adequate characterization
of the wastewater and soil. Ownership of the land or a long~-term
commitment is required by the municipality, and superior management is
necessary. Problems will not arise as long as maximum produétivity and

human safety are considered as well as waste disposal.
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WATER POLLUTION POTENTIAL OF SPRAY IRRIGATION

BY USING SECONDARY EFFLUENT .

For the potential of irrigation water to cause water pollution
to be realized, two conditions must generally be satisfied:
1) the treated effluent must reach a body of water that is
being used, or may be used, for some purpose; _ _

. 2) the quality of the applied liquid that finally reaches the
particular body of water must be éuch that it detrimentally
affects the usefulness thereof. ’

If effluent is applied to the land in excess of the crop requirements

for water uptaké, that excéss‘liquid must enter the water resource in-
ventory of the area; The effect that this lost water will have on the
receiving water quality will depend on the impuritles that are carried

along in solution or suspension.

I Impurities of Concern to Receivinggwater Quality

A, Public Health
The public health implications of this method of wastewater
disposal are both biological and chemlgal. Assuming that we are dealing
with a municipal efflﬁent with no inordinately large component if indus-
trial waste, the specific materials of concern are primarily as follows;

1. disease causing organisms - Seéondary treatment plus chlorin-

' ation is known to be highly efficient in the removal of path-
6genicrbacteria, but its ability to kill viruses, cysts and .
intestinél worm eggs leaves much to be desired.

2, nitrates — This common impurity in biologically treated
sewage is of cdncern wiﬁh regard to possible ingestion by
infants, where it is reported that conversion to nitrites can
6ccﬁr in the gut, with the disease methemoglobinemia resulting.
Thé conversion of organic nitrogen (which is present in raw
sewage) to nitrate nitrogen is dependent upon the design and
operation of the treatment facilities, as well as on the
-prevailing climatic conditions. Hence not all secondary
"treatment plants have high nitrate concentrations in the

effluent.
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heavy metals - In some communitiee there may be‘reason for
some concern regarding the concentrations of various heavy |
metals in the municipal wastewater. Examples of heavy metals
that are commonly found in municipal sewage include lead
mercury, arsenic and chromium,

biocides.— Chemical insecticides, herbicides, fungicides and
rodenticides do on occasion find their way into municipal
sewage. Because a high.percentage of these chemicals are
extremely toxic, theyiare of concern even though they may only

infrequently enter the system.

In general, the potential public health effects on useable bodies:

of water caused by impurities contained in the irrigated effluent should

be small in comparigson to the concern generated by the present policy of

discharging effluent directly to receiving waters., The utilization of

iﬁpurities by crops and the extra treatmentloccasioned by transport through the

soil'will assuredly cause a much lower mass of impurities to reach a re-

ceiving water.

B.

Eutrophication

Where the enrichment of receiving waters to the point of

causing nuisance problems is possible, consideration of two impurities

1.

2.

c.’

from municipal sewage is necessary.

Nitrogen.~ Limiting values of‘nitrogen are difficult to assess
under most conditions.': However, concentrations greater than
about 0.2 mg/l in the receiving water should be avoided where
oligotrophic conditions are consideredvtolbe highly desirable.

_Phosphorus. - Concentrations of total phosphorus as low as

0.01 mg/1 can give rise to characteristic enrichment symptoms

in lakeg. Sufficient enrichment to cause resulting taste and

odour problems can occur at concentrations as low as 0.05 mg/l.

Aquatic Life

The prime pollutants of concern insofar as their potential

effects on the viability of desirable aquatic specles are specific heavy

metals such as zinc, mercury and copper. Copper and zinc should be

present at concentrations no higher than 0.1 mg/l, while the desirable

mercory concentration would be'eignificantly lower than this value.
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I1 Transportation Pathways for Pollutants Reaching Receiving Waters
From Spray Irrigation Sites

In order for pollutants contained in irrigation waters to cause.a
wéter.pollution problem, they must somehow be transported from the spray
irrigation site to a body of receiving water. There are a number of
potential transportation pathways which warrant consideration.

A. Overland during ifrigation.

~ This method of pollutént transfer occurs because the application
rate of liquid is greater than the rate at which the soil can accept it.
If the design application rate does not have a sufficiént factor of safety
built 1nt6 it, this problem may'arise toward the end of the irrigation
season, or after the plot has been in use for a few years. Causes‘of
such a temporal reduction in allowable application rates are:

i. the soil structufe may tighten if propér calcium to sodium

balance 1s not maiatained;

2. organic content of the effluent may cause excéésive bacterial

_ growth in the top layers on the soil. -

Any liquid which is allowed to exit from the irrigation site via the
surface route will still have undergone some treatment, because of the
adsorptive capacity of the soil over which it travels, and because of
biological activity in the upper layer of soll which causes the extraction
of nutrients. f '

B. Overland during Spring Snowmelt or Rainstorms

‘ Surface runoff occasioned by rain or by snowmelt has the
capability of desorbing previously adsorbed impurities as this relatively
pure water flows overland in contact with the soil particles.

C. Vertical Leaching by Excess Irrigation Water

Normal irrigation practiceAdemands that the total amount of
ir:igafion liquid applied be greater than the amount actually utilized
by‘the crops. This practice allows dissolved salts that are deposited
in quantities gréater than the equilibrium amounts to be flushed away
from the roqt zone of the crops, énd hence help prevent the formation
of poor chemical conditions that might hinder cropigrowth.

' The Question of the most deéirablé anount of excess water is not

answerable in terms of a definite percentage that is‘universally applicable.
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In fact, the actual amounts of water used by various crops under various
climatic conditions are not well documented. In general, the more
excess water used, the more impurlties that will be moved deeper into

the soil horizons, and eventually into groundwater. . The general logic

of this statement is supported by two facts:

1. as more effluent is added to cause more root zone flushing,
there is also a greater mass of impurities being added;
2, the higher the water flow, the higher will be the percentage of

.impurities that do not get a chance to stay adsorbed to the

soil particles., ' |

D. Vertical Leaching by Precipitation or Snowmelt -

Impurities previously adsorbed onto soil particles can be
partially removed by the percolation of relatively pure water from
snowmelt or precipitation. This is especially true on irrigated land
because the soil is generally close to its maximum’water»fetention content
at the time the precipitation or snowmelt occurs, and hence a significant
portion of the natural water can pass through the crop root zone, rather
than being retained therein for crop use.

This pathway will, of ceurse, be of relatively more importance in
regions . of high rainfall like the Fraser Valley, as opposed to a‘region
of low rainfall like the Okanagan.

, III  Movement of Nitrogen Forms

The effluent application water will contain both ammonia nitrogen
and nitrate nitrogen, with the relative amounts of each Being very
dependent upon the degree of nitrification that occurs in the secondary -
sewage treatment. In areas where there is a significant change in
ambientltemperature from one season to the other, the relative amounts
of ammonia and nitrate forms might be subject to considerable -variation.

A. Overland runoff _ _

Any nitrate nitrogen will travel with the cafrier water in an
essentially unabated concentration, because nitrate is only very slightly
adsorbed by any soill particles.

Ammonia nitrogen may very well be adsorbed by surface soils, but with
time it will be slowly nitrified to nitrate by the action of aerobic
bacterie. If it has not been utilized by crops, then the next occurrence

of overland runoff can very easily mobilize the nitrate again and hence

transport it to the nearest body of receiving water.
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B. Vertical movement

The amount of vertical movement of nitrogen forms depends .

~upon the characteristics of the soil profile and the presence or

absence of aerobic conditions therein. Nitrates in the effluent will
pass essentially unabated, at least until an anaerobic zone is reached.

If such a zone is encountered, nitrate can be converted to nitrogen gas

“by resident denitrifying bacteria, and hence be lost from the water

system.

Ammonia nitrogen will be relatively highly adsorbed onto the soil

‘particles as the water passes_downward. If conditions are aerobic,

nitrification can occur, and the resultant nitrate nitrogen will be re-
mobilized, and will act as discussed previously.

.Once the nitrate contacts the groundwater table, the potential for

‘reduction to nitrogen gas under anaerobic conditions is lessened,

because saturated conditlons are not as conducive to the growth of
denltrifying bacteria as are unsaturated conditions that prevail during
the vertical movement of the irrigation water.

The speed and hence degree of biochemical change in nitrogen forms
that occur depends on many factors such as temperature, soil type, and
oxidation—reduction potential. It is essentiaily impossible,therefore,
to estimateAchanges in nitrogen forms that will occur as a simple function
of soil depth for instance. '

The degree of adsorption of ammonia nitrogen that occurs depends

almost entirely upon soil characteristics. Figures 1 and 2 show temporal

variations in both total Kjeldahl nitrogen and nitrate nitrogen that were
measured in three different types of Okanagan soils that were dosed with

a ), silty loam - 5.1 1b,/acre-

septic tank effluent at the following rates
month of total nitrogen; loamy sand -~ 6.4 1b, /acre-month of total nitrogen;
sand - 37.8‘lb

nitrogen loading which would occur from conventional spray irrigation rates

*/acre-month of total nitrogen. As a comparison, the

of secondary effluent would amount to about 27 1b./acre-month. Another
major difference in the system déscribed in Figures 1 and 2 from a spray
irrigation system is that there was no plant uptake of nutrients in the

septié tank system, whereas a spray irrigation system is'designed to have

a fairly high percentage of crop utilization for its applied nutrients.
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IV  Movement of Phosphorus Forms

Effluent from secondary treatment plants contains phosphorus
primarily in the form of dissolved ortho-phosphate. Okanagan Valley
experience indicates ﬁhat effluent contains about 6 mg/l of phosphorus
in the ortho-phosphate form, with about 1 mg/l in other forms such as
dissolved polyphosphate and particulate ortho and ﬁblyphosphate. |

A. Overland runoff

The phosphorus content of effluent lost to tﬁe:irrigation_éite
by'overland ruﬁoff will be reduced substantially due to adsorption of the
phosphorus onto the surface particles of soil (provided it has not been
previously saturated with phosphorus). Thomas(z) found that total
phosphorus was reduced by about 60% during runoff from grass plots that
were loaded at a rate of 3 to 4 inches per week of raw sewage.

~ B. Vertical Movement .
| Phosphorus is highly adsorbed to most solls, and is not
generally made mobile again by biological action (as nitrogeh is).
That different soils do have differing adsorptive capacities for phos-
phorus is'amply demonstrated by Figure 3. The phosphorus loadings
applied to the lysimeters referred.to in Figure 3 were as follows(l){
silty loam - 4.3 lb.P/acre-month; loamy sand -_5.4-1b-P/acre—month;

saﬁd - 32.2 1b'P/acre—month. By comparison, the loadings from conven-

tional spray irrigation of secondary effluent would be about 8.2 1b.P/acre~

month in the Okanagan Valley. As was the case with the nitrogen data

presented earlier, Figure 3 presents data obtained from a situation where

- no plant uptake of nutrients is involved.

V  Movement of Bacteria, Ova and Cysts

- In general, these organisms are completely filtered out by all but
coarsest natural soils within a very few feet of travel. Therefore,
as long as a few feet of soil are available before the effluent leaches
into a body of water that is used for human consumption or contact; no
significaqt problems_sh§uld arise. |

VI Movenent of Viruses

Overland movement of irrigation liquid should give rise to significant

virus reduction, as the method of removal is deemed to be one of adsorp-

(3)

tion, rather than filtration .
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Removal of viruses by soll during water percolation should be a
function of 5011 type and time, if adsorption is indeed the reroval
procebs. Experience with sand filtration at low rates (50 gpd/ftz)
(4

showed removal rates between 20 and 90% Fine soils should perform
mueh betteruthan thie! but“Yer little definitive work has been done.

VII Movement of Heavy Metals

Heavy metals are, in general, very readily adsorbed to soil particles,

and thus are attenuated either by overland flow of effluent in thin sheets,

or by movement of effluent through the soil. Water pellntion potential
is therefore minimal. |

Metals, once adsorbed onto the soil particles, are usually very
difficu%;)to displace by desorption into excess water. In one invest-

igation'"’, added mercury was found to be 70 - 100% adsorbed on the root
zone soil, but only 0.2% was desorbed by future additions of water.

If relatively clean sands are involved, then the adsorptive cap~
acity for heavy metals may be quite low, much as was the case for phos-
phorus as shown in Figure 3.

VIIX Exotic Organics

‘ The mbvement of exotic organics, such as that fraction of the
dissolved organics not removed in secondary treatment processes, is
usually minimal. One or more of the functional groups making up these
complex organic molecules is generally capable of being ‘strongly sorbed
to the soil particles. . There is probably more danger regarding water
pollution from exotic organics such as pesticides that-are.apblied sep—-
arately from the irrigation water than there is from organics contained
in the irrigation water itself. ' '

IX Summary _

_ " The danger of water pollution resulting from-the spray irrigation
of secondary effluent is probably the least worrisome aspect of such a
disposal practice. As long as adequate consideration is given to soil

type and available depth of unsaturated soil at the time-of design, and

. as long as inordinately high liquid loadings are not imposed on the soil

once operation of the facility has begun, water pollution problems will

- be many times less than that which occurs from water discharge of the

same treated effluent.
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FACTORS INFLUENCING THE DESIGN OF.‘SEWAGE EFFLUENT TIRRIGATION
SYSTEMS

I.. TINTRODUCTION -

Man has been discharging nutfient—rich, organic wastes to aquatic
environments for a long time with an amazing lack of concern. In

recent times, however, we are slowly becoming aware of the consequences

of indiscriminate waste discharge. "Beach Polluted-No Swimming" signs,

aquatic wéeds,‘and algae are blooming in many lake systems as Nature
seeks to force an environmental consciousness oﬁ us. We are being
made aware that if we continue our present waste discharge practices we
will have to live with some undesirable consequences.

These consequences are not negéssarily unavoidable, however. There
are at least two options we can follow to avoid the undesirable effects
of waste discharges. We can remove the troublesome organic and nutrient
components from the effluent prior to effluent discharge to a water body;

or we can remove the discharge from the water body entirely and apply’

" the effluent to a soil-plant system instead, a system where the water,

nutrients, and organic matter can be utilized in a beneficial way. This
paper, and today's seminar,‘are devoted to discussion of only the second

of these two alternatives. A parallel seminar on in-plant methods for

tertiary treatment of domestic wastewaters should be held in the near

future, to pfovide a full basis of information from which rational and
inteliigent decisions concerniﬁg the selection and design of effluent
treatment and disposal systems can be made. .

The phrase "application of effluent to land" includes all syétems
in which some use 1is made of the ability of soil systems to renovate
wastes. By accident or design, this normally includes renovation by
plants as well, In a very general way, land application techniques
can be subdivided into surface and subsurface systems. Subsurface
systemS'afe most likely restricted to use in only very small systems
and will not be discussed directly, although many of the principles of
surface irrigation will apply to subsurface systems. The techniques

of surface application of effluent to. land are commonly grouped into

three categories: irrigation; overiand flow; and infiltration-percolation.
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I would like to briefly describe each of these three techniqueé,
siﬁce each of them qould certaiﬁly have an applicationlin British
Columbia. Further discussion of system design however, will be limited
to irrigation systems. It should be understood rhat most of the prin-
ciples discussed in connection with irrigation systems will also apply
to overland flow and infiltrationépercolation systems.

1. Irrigation Sysrems(6’8)

Effluent irrigation is the most common technique of land appli-

~cation of sewage, and involves the surface or spray application of

effluent to land .in quantities sufficient to meet plant requirements.
The wastewater is incoréorated‘into plant tissues, given off to the
atmosphere through evapotranspiration, and in limited quantities, may
percoiate through the soil to groundwater. - Application rates of 1 to

2 inches/week are éommon, with a maximum of 4 inches/week (systems
applying effluent at rates higher than.this are arbitrarily regarded

as infiltration-percolation systems). Effluent irrigation is practised
on a variety of crops and landscapes,. including forest and range lands,
hay and silage crops, pasture lands, vegetables, golf courses and other
reéreational areas. Land requirements for effluent irrigation systems
are high, '

2. Overland Flow Systems(6’8)

Overland flow systems have been used primarily as a means of
treating wastes from food-processing plants. Their use is being con-
sidered as a means of providing secondary or even tertiary treatment of
doméStic wastewaters, but this is still regérded as.beiﬁg in the experi-
mental stages. Treatment is accomplished through evapotranspiration
soil fixation and plant filtration as the wastewater flows through vege-

tation on a sloped surface. Optimum sites have 6 or 8 inches of per-

meable soill overlying an impermeable subsoil. Wastewater is applied

by spraying at the uppér edge of the slope. Slopes of 2 to 4% are
preferréd. The degree of treatment achieved is a function of the slope
aﬁgle, slbpe length, type of vegetation, soil conditiomns, climatic con-
ditions, and loading rates. Treated effluent is collected at the toe

of the siope, disinfected if necessary, and dischargedito.a water-
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course or reused for agricultural irrigation purposes. Due to the
impermeability of the subsoil, the opportunity for groundwater contam-

ination under overland flow systems is limited.

3. Infiltration-Percolation Systems(6’8) .

In this form of treatment, wastewater is applied to the soil in
surface spreading basins or through high-rate spray irrigation systems.
Renovation is accomplished by physical, chemical, and biological
mechanisms as largé volumes of effluent infiltrate the soil surface and
percolate through the soil to groundwaters. This approach to effluent
application to land permits virtually complete recovery of renovated
wastewater through groundwater recharge. Only a small portion ofAthe
applied effluent is lost to the atmosphere through the process of .
evaporation and transpiration. These systems have further advantages
of requiring very little land area and greater ease of winter operafion.
The major limitation to the use of infiltration-percolation systems is
the very higﬁ potential for groundwater contamination with pathogens
and nutrients, especialiy nitrogen; due to the high rates being applied
to a very limited land area, phosphorus retention capacity of the
soils may not be.of long duration. | A depth of 15 feet to the natural
groundwater table is regarded as a minimum to ensure adequate tréatment.
Well-drained, but not excessively drained, soils, with enough fine
particles to ensure renovation are required. Provision of resting

periods for re-aeration of the soil are essential to prevent pore-clogging.

4. Combined Systems

Limitations of land area, topography, climatic conditions, or
public sentiment may make it necessary or desirable to make use of more
than one method of effluent treatment and disposal. Consideration-should
be given to the combination of several methods of surface and subsurface

application, possibly in conjunction with in-plant treatment and dis-

.charge to a water body. Such combinations may utilize different waste

 treatment and disposal techniques to handle all of the flow for part of

the year, or to handle a portion of the flow for all of the year.



IT. FACTORS © INFLUENCING SYSTEM DESIGN

Effluent irrigation has been considered in some areas where stream
flows are too low to ensure adequate dilution andAdispersion of effluent.
In other areas, effluent irrigation has been investigated as a means of
redﬁcing cultural nutrient additions to receiving waters, thereby
slowing the rate of eutrophication. And in some areas effluents are
an_ important source of water, and are recycled for crop irrigation and
groundwéter recharge. Whatever the reason, it is apparent.that'the
design of the system should strongly reflect the function it is intended
to serve. ' ‘ '

Similarly, the deéign of an effluent irrigation system must reflect
the nature and composition of the wastewater. . The chemical and bacter-
iological composition of the influent wastewater, in combination with
the intended purpose of the system largeiy determines the nature of the
treatment system. In addition, effluent composition is an important
parameter determining the long-term viability of the soil-plant system.

Wastewatervffeatmeht design and the land area required for irrigation
at a given site are functions of wastewater quantity. Information on
flow variability and maximum and average flows to be anticipated on an
hourly,daily, seasonal, and annual basis must be available for design
purposes. Obviously, hourly and daily flow variations Qill be of
greater significance to the design of an activated sludge plant than to
a 3-cell lagoon system. Expected annual fiows become more important
when used in conjunction with climatic data to calculate the required
storage volume and the acreage of land needed for irrigation purposes.

Design flow rates are a function of the size of the population
serviced and their living habits, and of the rate of groundwater infil-
tration into  the collection system. None of these are constant; they
vary.froﬁ season to season and year to year. However, an assessment of
?opulatioh growth and water usage over at least the next 25 years is
very important at the design stage for an effluent irrigation system.
The availability of a sufficient area of suitable laﬁd for effluent
irrigation to meet the present needs of some cities is already limited.
To ensure that a system continues to be adequate (at least until the v
mortgage is paid off), it is important that sufficient }and,be feserved

in advance.



g -; - - A

In planning‘a wastewater treatment and disposal system involving
the application of effluent to land, it is necessary to undersfand the
composition, or quality of the wastewater in addition to knowing the
quantity; Compositidn ié strongly influenced by cultural phenomena and
by the inclusion of stormwater and industrial connections. Conduct-
ivity, pH, éélt balances, nutrient values, and heavy ﬁetal content of
the effluent significéntly affect the performance and viability of a
soil-plant system. In addition'to the:data normally required on
effluent BOD and Suspended Solids, it is essential to know the amounts
and forms of nitrogen and phosphorus, ofrsodium, potassium, calcium, and
magnesium, of sulfates and chlorides, and of heavy metals. Values
of effluent pH, conductivity, and alkalinity should also be known.

Site charactéristics are of equal or perhaps even greater importance
than the wastewater itself in the design of an irrigatidn system.

If effluent irrigation is to be practised as an environmentally pre-
ferable alternative to discharge to receiving waters, then the system
must be designed and operated in harﬁony with Nature. We must consider
the physical, chemical, mineralogical, lithological, and biological
properties of soils as they affect effluent renovation and plant growth.

Soil properties or characteristics of concern in the design of A
irrigation systems include:

- =~ infiltration and percolation rates

- drainage and water storage capacity

- depth.tb groundwater ,

- soil structure and permeability

- soil texture and clay mineralogy

- cation exchange capacity

- exchangeable and soluble salts

- pH and conductivity

- organic matter, nitrogen, and phosphorus levels

- soil morphology and horizonation

- lithology and. the presence of restrictihg layers

Plants are an integral component of systems in which effluents
are applied to land. "The requirements of existing or proposed veget-
ation for water and,nutrients and tolerances to other contaminants should

therefore figure strongly in system design.
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The land systém we are considering begins with the upper parts

‘of the plants being irrigated, and extends down through the soil to a

depth that includes at least the>uppér parts of the grdundwater‘regime;
Topographic variations in the landscape of an irrigation site will be
reflected by variations in soils. Irrigation of different soils will
produce variations in crop response. It is essential therefore that
variations in soil characteristics and properties be identified in detail
at an early stage-in system design} - Design and management of the
irrigation systeﬁ must reflect these identified variations in the soil
landscapes. ' |

In a similar way, and because soils are natural léndscapes, system

design must take into consideration the lands outside the system. The

‘topography of the surrounding landscape affects the surface and subsur-

face movement and distribution of water through the irrigation site.
The uses, quality, rate and direction of flow of groundwater both upslope
and downslope of an irrigation site must be known and changes to any of
these predicted in advance of irrigation.

Regional climate and site microclimate will affect the efficiency
of lagoon treatment systems, evaporation from storage ponds, the amount
and rate of evapotfanspiration (or consumptive use ofrwater By plants),

soil moiSture; the potential for surface runbff, the Iength of the

irrigation season, and the desired width of any buffer zonmes. Climatic factors

for which information should be available for design purposes include:

- length of frost-free season and growing period

- amount and distribution of precipitapion.

~ record maximum and minimum annual precipitation

- seasonal and annual evaporation rates

- daily, seasonal and annual evapotranspiration rates

'~ temperature and humidity

- anticipated avérage and maximum wind velocities and directions

A host of cultural factors constitute the final design criteria
for which information must be available. Population projections were
mentioned briéfly>in connection with flow data. Populatipn must also
be considered in terms of_existipg‘ahd projected settlement and land use
patterns of thé‘region.‘ Adequate prbtection of the public health must
be given high priority in the selection.énd design of the treatment

system, the method of applicafion, the nature of thelérop raised, and



the location and characteristics of the irrigation site. The nature
of the treatment and disposal system will also be influenced by the
relative availability of capital'and labour.

III. THE DESIGN PROCESS _

The information outlined above must be available in order to assess
the feasibility of effluent irrigation as an alternative to advanced
wastewater treatment and discharge of efflueﬁt to a receiving body Qf
water. This same information willkbe needed to determine the design,
location, and operation of the effluent .treatment, storage, and applif
cation facilities. The purpose of this section is to iiluétrate the use
of information in the design aﬁd operation of effluent irrigation systems
with particular reference to cénditions in ﬁritish Columbia.

1. Sewage Treatment

‘Sewage discharges,-and subsequent irrigation of produce eaten raw
have been known to cause 6utbreaks of communicable disease. In all
documented cases, night-soil, untreated sewage, or primary sludge appear
to have been the source of contamination. To limit the spread of
disease through sewage irrigation ofAcrops, a number ofvEurOpéan countries
require that sewage must receive at least primary treatment before the

irrigation of any crops(l). A report prepared for the World Health

(2)

Organization suggestéd that primary and secondary treatment of waste-
water, followed by chlorination and perhaps by sand filtration or polish-

‘ ing would produce an effluent suitable for the unrestricted irrigation

of agricultural crops; such irrigation would result in only limited

health risksﬁ If irrigation was limited to crops which were only to.

be eaten cooked, then disinfection and/or polishing might not be needed.

Only primary treatment was considered necessary if the effluent was.to

be used for irrigation of forage>cro§s, or crops not intended for direct

human consumption. ,

Primary treated effluent may be‘considered acceptable for spray
irrigation of forage crops in many areas, but it is felt that the assoc-
iated risk to public health is too large to recommend this practice in
British Columbia(3).' Because of the large numbers of pathogenic bacteria
and viruses which could be present in primary efflﬁents, there is a strong
possibility of diseaée transmission by aerosols occurring. Extensive

buffer zones around the irrigation.site would be required to reduce the
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aerosol hazard. Furthermore, it woﬁld be absolutely necessary to
exclude the.public from the spray and buffer areas. Both requirements
aré likely to be difficult to fulfill.

A separation of one or two months between irrigation with primary
effluent and crop harvest would be necessary to provide reasonable
assurance that most of the pathogenic bacteria and viruses present in the
primary effluent had died off. Complete removal of worm eggs cannot
be guaranteed by primary treatment. Spray irrigation of primary efflu-
ent would quité probably lead to contamination of the irrigated area
with worm eggs and lead to infection df;gtazing animais. For these
reasons, it is believed that irrigation with primary treated effluent
cannot be recommended for British Coluﬁbia(3),

All sewage which is to be used for irrigation purposes in British
Columbia should receive secondary (i.e., biological) treatﬁent to reduce
the numbers of pathogenic bacteria and viruses which may be present( )
Secondary treatment of sewage may be achieved through the use of activated
sludge or trickling filter plants or th;ough a variety of lagoon systems.

Selection of a treatment'process is based on a number of factors,
but as a rule, the nature and condition of existing facilities, and
their ease of expansion to meet projected future flows, play a major
deciding role. For entirely new systems, the choice will likéiy be
influenced by the lower operation and maintenance costs associated‘with
lagooning. Lagoon construction costs will vary according to the ease
of soil excavation and the need for bottom linings. The need for winter
storage of efflﬁents in this province is likely to favor the use of légoon
treatment systems since lagoons permit effluent treatment and storage
in the same facility, an important cost-saving feature.

(4)

A variety of lagoon systems are in common use in Michigan for

effluent treatment and storage prior to irrigation. Small systems

(population 5,000) often make use of naturaily aerobic oxidation ponds
(4.5 to 6.5 feet deep); generally 3 cells are provided and operated in
series or parallel. - Detention time in such lagoons ranges from 3 to 5

)

Cold winter temperatures reduce treatment efficiency and

BOD loédings are limited to a maximum of 20 pounds/acre/day (4);



Déeper facultative lagoons or mechanically aerated ponds (10 to 15

feet deep) folldwed,by holding ponds can be used for larger communities.

‘ Seasonal temperatures, precipitation and evaporation criteria must be

considered in determining the design size and efficiency of lagoon

treatment systems.

As a rule, the content of heavy metals, salts, and other contam-
inants in domestic wastewater is very low. Should analysis of the
wastewater indicate that any of these may result in undesirable conse-
quences in the soil-plant system, it may be necessary to provide for
their removal prior to irrigation.

In most cases, the effluent should also be disinfected prior to
being_used for irrigation purposes. In the near future, chlorination
will likely continue to be the most common method of disinfection.
Where public contact is limited, as in the irrigation of rangelands, hay,
or pésﬁure, an O;tolidine chlorine residual of 1.0 ppm after one hour
contact time, with proper mixing, should provide adequate disinfection.

If the effluents are to be used for irrigation of vegetables or recre-

‘ational areas, then a greater assurance of public health safety should

be provided through chlorination to residuals of 3.0 pPpm. The effluents
from lagoons of several months detention time (four to six months or
longer) aré likely to have very high levels of suspended solids, in

the form of algal cells, which will significantly reduce the effective-
ness of chlorination. Since most pathogenic micro-organisms appear

able to survive for periods ranging from only a few days to one or two

~months, and since parasite eggs will have settled during retention, it

- is believed that lagoon effluents could be used to irrigate forest and

rnagelands without chlorination. However, if such effluents were to
be uséd for irrigating pasture crops, they should be disinfected:
treatment to reduce the suspended solids will probably be necessary
prior to chlorinatlon( ).

If the irrigated lands are to be used for grazing or pasturing
1ivéstock, it will be necessary to ensure that the ova and cysts of
parésites have been removed. It is therefore suggested that storage
for one week or sand filtration after secondary treatment should be
provided. This would not be required if the effluent were treated in

a lagoon system.
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2. Effluent Storage

Many of the considerations involved in the design of lagoon

treatment systems reappear in the design of storage facilities. In

‘many cases, the storage facilities will be an integrai component of

the treatment facilities. While the feasibility of winter irrigation
of forestlands with sewage effluent has been demonstréted in the United
States, it is not yet considered a suitable method for British Columbia.
Where a sufficient volume of receiving water is available and
where nutrient removal from the effluent is not essential; then winter
discharge of effluent to a réceiving body of water may be considered in
lieu of providing over-winter'storége.' Subsurface discharge of efflu-
ent to tile fields could also be givenlconsidefation in some instances.
In general, however, it will be necessary to provide storage of the
effluent over the winter, so that irrigation is practiced only during
the frost~free period. - '
Effluent storage hay also be required during exceptionally wet years
when a larger than normal portion ofvthe plant water requirements can
be met through precipitation additions. Additional, short-term storage

may be needed during periods of intense rainfall occurring in the

‘irrigation season and for a short period at the time of harvest to

permit proper drying of crops such as hay.

As a ggide, the irrigation season in the Southern Interior of
British Columbia is approximately 150 days, from May 1lst to October lst.
Local climatic copditions_cén result in deviations of 1 month up or down
at each end of this range, however; storage and irrigation design should
reflect local climatic conditions. Storage facilities must be adequate
to handle the design sewage flow during the remainder of the.year, with
an allowance for temporary storage due to heavy rains or crop harvests.
Furthermore; there should be sufficient freeboard in the storage struc-
tures to provide storage of preciﬁitation received as well; for this
calculation, the amount of precipitation received during the wettest
year on record should be utilizéd. |

Storage facilitles must include pump-back provisions so that
partially treated effluent is hot discharged to the irrigation system
during periods of treatment system ovérload or failure(G). It may be

necessary to seal storage facilitiés to prevent exfiltration of stored
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effluent and contamination of groundwater in areas where naturally

impervious stbrage sites cannot be readily found. A variety of

materials (rubber, plastic, asphalt, clay) can be used for this

purpose. Comprehensive geohydroiogiCal studies should be conducted

at all potential effluent storage sites to define the_nafure of soil
materials and the g;oundwater regime to determine the possibility of
exfiltration and groundwater contamination and thereby to determine the
need for and design of an appropriate liner.

It is conceivable that 6dours may develop in systems requiring
long-term storage of the effluenﬁ over winter. Odours are the broduct
of anaerobic decomposition. In such cases, it may be necessary'to
consider designing the storage ponds as stabilization ponds (i.e., wit?6)

partial aeration of the stored wastewater) to prevent odour generation

3, Irrigation Site

a) Land Area and Application Rate

A number of factors bearing on site design were identified earlier.
These included the nature and volume of wastewater, topography, soil
characteristics and variations (in both areal and vertical senses),
plant cover, depth toland naturebof the groundwater regime, site climate,
and culturai features of the. surrounding lands. To some extent, each
of these factors is involved in determining the area of land required
for effluent applicaiton. The area of land required, or synonomously,
the design annual raté 6f effluent application/acre should be determined
through a series of effluent constituent loading rate computations. Not
only water balances, but also nitrogen and phosphorus balances, organic
loadings, and loadings of dissolved and suspended solids should be deter-
mined(6).. Suspended solids may be separated into organic -and inorganic
components. Dissolved solids may be separated into those which can

move freely through the soil to.groundwater (i.e., chlorides, sulfates,

‘nitrates, and>bicarbonates) and those which may be retained and accumulate

in the soil (i.e., sodium, potassium, calcium; magnesium, bofon, heavy
metalé, fluorides) depending on pH, clay content and mineralogy, organic
matter, watef content, etc.

On the basis of the analysis of wastewater characteristics and
requirements for plant growth and groundwater protection, any of these
constituents which might have a limiting loading rate should be considered
and a resulting land area réquiremgnt should be calculated for comparative

purposes..
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'Fnr irrigation systems, the amount of effluent applied, plus
precipitation received during the irrigation season, should equal the
amount of water lost to the atmosphere through evapotranspiration plus
a limited amount of water lost through deep soil percolation.(6)
Surface runoff of effluent from fields should nof be allowed or should

be controlled. The water balance is therefore:

Precipitation + Effluent Appiicafion = Evapotranspiration + Percolation.

Seasonal variations in each of these factors should be taken into

account through calculation of water loading rates on a monthly basis.
The figure used for design precipitation should represent a wetter

than normal year (perhaps the wettest year in 10), and can be obtained
through analysis of long~term precipitation records. Evapotranspiration
rates vary according to a number of climatic factors and the nature

and stage of crop growth. Some amount of percolation is necessary to
leach or remove the soluble salts which accumulate in the roote zone

as a result of evaporation. Calculation of the leaching requirement

is explained in the U.S. Department of Agriculture Handbook No. 60,
"Diagnosis and Improvement of Saline and Alkali Soils".

Since nitrate-nitrogen is completely free to mone through the soil
with percolating wastewater unless intercepted by plants, is is important
that a nitrogen balance be calculated for prospective irrigation systems.
Nitrogen in the ammonia form may be retained for a short timé in soils
through ion exchange phenomena. However, it is inevitably converted
to nitrate and becomes highly mobile. Nitrogen in surface waters or
groundwater is very much a resource out of placé, capable of causing
methemoglobinemia when present in drinking water in the nitrate or
nitraté formslin concentrations greater than 10 ppm, and of stimulating
algal blooms when present in surface waters in concentrations as low
as 0.3 ppm. _ '

On an.annual basis, nitrogen applied through.irrigation can be
accounted for through plant uptake, soil storage,-denitfification and
volatilization, and leaching to groundwater or surface water.
Denitrification and volatilzation losses will»generally be of minor
importance in effluent irrigation systems. Crop uptake of nitrogen
varies with the type of crop and may range from 50 to 600 pound?é?cre/

year, with most crops removing from 100 to 200 pounds/acre/year .
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For crop uptake of nitrogen to be an effective method of nutrient
removal, the crops must be harVested and removed from the site._ -Nitro-
gen which is not utilized by crops and removed from the site will
normally be lost to groundwater. As a guide, domestic effluents contain
from 15 to 30 ppm nitrogen. During 21 weeks of application at 1.5
inches/week ( 700,000 gal/ac/yr), we can expect to appiy,anywhere from
105 to 210 pounds of nitrogen/acre. . Actual nitrogen content will vary
considerably between effluents. This should always be determined
and compared with crop requirements.

Phosphorus budgets should also be calculated durihg the design of
effluent irrigation systems. Effluent phosphorus levels are_usually
considerably lower than nitrogen, perhaps in the range of 5 to 10 ppm,
and since the capacity of most soils to retain phosphorus through fix-
ation and precipitation is quite high, groundwater contamination with
phosphorus is not as great a problem.

Organic loading rates of 10 - 25 pounds/acre/day can be handled

readily by most soils and in fact may be needed to maintain a static

.organic matter content in the soi1(6). Application of 5000 gpd ( 1.5"/

week) of secondary effluent (BOD = 30 ppm) leads to the addltion

of only about 1.5 pounds organic matter/acre/day and should create

few problems. Resting periods between irrigation applications are
necessary to allow drainage and aerobic decomposition of the added
organic matter. 'In some cases resting periods of only 4 or 5 days have
been used. Normally irrigation intervals range from about one to three
weeks, depending on soil moisture holding capacity and the rate of
evapotranspiration.

Ideally then the acreage required for irrigation purposes should
be determined through comparison of balances for water, nutrients,
organics and other contaminants; the design area should be based on the
most limiting loading rate. In this way, none of water, nitrogen,
phosphorus, organics, boron, heavy metals, etc. should create environ-
mental problems on or off the irrigation site.

In determining the total land area required for the treatment and
disposal system, consideration must also be given to determining the
amount of land lost to roads, buiidings, areas unsuitable for irrigation,

treatment and storage facilities, and buffer strips.
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b) Topography

Topography is an obvioué factor controlling the shape and -area of
an effluent irrigation system as well as the methodology and rate of
applicatioh. - Flood ‘irrigation systems usually require slopes of less
than 17%: spray irrigation has béen successfully practiced on slopes up
to 40%. A detailed evaluation of the topography of the site and
adjacent lands should be prepared during the design process. A base
map, perhaps of a scale of 1 inch = 50 feet and with 2 foot contour
intervals should be prepared.

Such a base map can also be used to evaluate the effects of storm
runoff, both from adjacentnland onto the site and from the site onto
adjacent land and surface water bodies. Storm intensities, irrigation
rates, topography, cover crop and soil conditions should be considered
together to evaluate the potential for soil erosion from the site.
Management plans to coﬁtrolrrunoff and/or'erosion should be prepared if
warranted. The topographic base map will also be useful in tﬁe design
of effluent distribution systéms. Plotting groundwater-data bn the map
will be helpful in determining the need for underdrains and for recording
changes in the depth to groundwater and its direétion of flow. due to
irrigation. '

A review of topographic features of the irrigation site, in éon-
junction with irrigation methodology, the degree of wastewater treatment
provided, and cultural features of the surrounding landscapes will in-
dicate the need for buffer strips around theAirrigation site. - If a
need for buffer strips is identified, then an analysis of wind pattermns
and irrigation equipment will be necessary to determine the width of the
buffer zone. In areas.where very wide buffer zones may be required,
consideration should be given to reducing the requirement through the
provision of additional waste treatment or to the use of the buffer
zones for farm roads and buildings or for waste treatment and storage
facilities. In some .cases where an alternative source of freshwater is
available, consideration could also be given to irrigation with fresh -
wéter'and harvest of crops from the buffer area. Low-pressure and low-
trajectory spray systems can be utilized to reduce buffef strip require-
ments. Similarly, hedgerow plantings of trees and shrubs around the
perimeter of spray irrigation fields can be used to intercept spray mists,

thereby reducing the need for buffer strips.
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c) Crop Selection

Site suitability, design, and operation will be st:dngly influ-
énced by the t&pe of crop or landscape to be irrigated. There is no
single préferred crop for use in effluent irrigation systems. Alfalfé
is commonly considered in B.C. because of its value as a hay crop.

However, Bermuda Grass will thrive under irrigation with saline waters.

that would reduce the yield of alfalfa by 507 or more, and make use of

4 or 5 times as much applied nitrogen at the same time. Corn has

- (4)

been grown éuccessfully at some sites in Michigén and elsewhere,

but not without supplementary nitrogen. Corn requires cultivation too,
which imposes more stringeht topographic limitations on site suitability
than for m;ny other crops. In many places, perennial grasses such as
timothy and tall fescue are popular. Reed's Canary grass is often used,
because of its high nutrient requirement and’abiiity to grow under wet
conditions, bﬁt its market value as hay is limited. Golf courses and

other recreational areas are often considered and sometimes utilized,

but not without quite extensive pretreatment and stofage requirements and

. perhaps some controls on the method and timing of application. Forest

lands may be considered also, often because it is thought that they
can accept higher rates of application, perhaps on steeper slopes,
and perhaps on a year-round basis. - Very likely, this'could.lead'to

the adoption of an out of sight - out of mind, low-cost approach to

- effluent disposal: forests have water balances too, and if these are

ignored, over-irrigation can lead to erosion, runoff, and seepage problems.
Crop selection 1is very obviously the result of community desires

and site suitability. If a coomunity wants to irrigate and raise

- alfalfa and only alfalfa with its sewage effluent, it will have to

meet specific treatment requirements and will have to find a sufficient
area of lan& suitable for raising alfalfa. And if a community has one
and only one.site available (and that a steep slope, high elevation
forest) then it will be limited in its choice of .application rates and
cfops. '

An ideal site is one that is close to town and at a similar ele-
vation and yet not previously alienated by small farms or suburbia.
The soils are deep, wéll-drained sandy loams or loams and the land
surface is nearly level or gently rolling. . The groundwater table is at

a depth of 20 feet or more: irrigation will cause neither noticeable
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mounding to develop nor noticeable changes in the quality of regional
groundwater resources. Such sites appear to be in very short supply
in this Province. ‘

In considering effluent irrigation then, the first design rule
must thérefore be to discard any preconceived notions about site
location, crop selection, and method of treatment and application.
Enter into‘the deéign process with an open mind.

4, | Method of Application

The method of application has been mentioned in connection with
site seléction, crop selection, and the need for buffer zones. It
is worthwhile to expand somewhat on that coverage. ;To a méjority of
people in British Columbia;.the concépt of "effluent irrigation" is
synonomous with that of "spray irrigation'. While this is a fairly
good "assumption to make,. due to our shortage of arable land, esbecially
of level arable land, it éhould be noted that there are other methods
for appl&ing effluents to land.

a) Flood Irrigation

Flood irrigation is probably the most simple and inexpensive
method of‘applying effiuént. The land surface must be flat or very
nearly flat.however. The irrigation site is divided into small fields
‘and effluent applied to depths of 5 or 6 inches at intervals of 1 to 3
weeks., The size’of each field andAthe instantaneous rate of appli-
cation afe related to the texture and infiltration rate of the soil
surface to .ensure even distribution. Small fields of 2 or 3 acres are
réduired for sandy soils: largerblO to 15 acre fields have been used on
heavy, fine-textured 30115(4). The length of the resting period also
varies with soil texture and waste composition: it must be long enough
to ensure organic. decomposition and a return to aerobic condiitons in
the soil. _

Such»systems reduce thevneéd for buffer strips as there is little
chance for air transfer of microorganisms. Flood irrigation systems
could therefore perhaps be considered for use in the buffer strips
around effluent spray 1irrigation sites if topographic conditions were
favorable. Because of the need for flat land, flood irrigation in B.C.
will probably have its greatest application in meeting the needs of
small communities or in handling a small portion of the flow from larger

communities.
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b) Ridge and Furrow Ifrigation

Ridge and furrow irrigation requirements for flat land are not
quite as restrictive as flooding systems, but nearly so. They are
most'commonly used on relatively flat sites with medium to heaﬁy
soils(A). Ridge and furrow éystems require low initial -outlays of
capital, but the costs of site preparation and méiﬁtenahce are high.
Irrigatioh.is accomplished by gravity flow of effluent through parallel
furfows or small ditches on the ground éurface, spaced several feet
apart., .The technique is well suited to the irrigation of row crops.

c) Spray Irrigation .

Spray irrigation systems are suited to a wider variety of soils,
crop types, and topographic conditions. Initial outiays and power

requirements can be high however. Site preparation is minimal and

'eﬁen distribution of the effluent can be assured. Spray irrigation of

(4)

effluent is preferred for proper and effective crop management ’

- although because of its potential for dissemination of microorganisms

‘through aerosols, more consideration must be given to effluent treatment,

storage, and the need for buffer strips or non-irrigated areas around
the spray site.

.Thefe is a variety of sﬁrinkler systems available for effluent
irrigation purposes. Included are hand-moved portabie lines, hand~
moved gun sprinklers, travelling gun sprinklers, side-roll wheel moved
systems, self-propelled centre pivot systems, and solid set systems.

Each has characteristics which ﬁéke it best suited to partiéular sites,
crops, or economles of scale or labor. v

Labor costs will likely preclude consideration of the use of hand-
moved irrigation systems from all but the smallest of effluent irrigation
sites. Additional pretreatment of the wastewater may also be required
to overcéme aésthetic and public health objections. Considerable
operator attention is required of these systems. Such systems may
have a greater possibility for use in the application of effluent to
golf courses and other recreational areas. Hand moved gun-type
sprinklers and travelling gun sprinklers (with a winch and cable arrange-
ment) have been used in some areas. Such sprinklers can covér up to. .
several acres per setting. They too, however require a 1ot of'operatof

attention and may épply effluent atirates too high for some soil and:
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topographic conditions. Their main application in effluent irrigation
is likely to be'aé a means of picking up extra acres here and fherg in
irregularly shaped areas of the irrigation site.

~ Side-roll wheel moved systems are commonly used for irrigation of
hay and pasture lands in British Coluﬁbia today. This system has a
lateral delivery pipe (4" diameter usually) which is supported off the
ground by, and sérves as an axle form metal wheels spaced 40 feet épart.
A gasoline-powered engine mounted on a moveable platform in the centre
of the line. is used to propel the entire unit forward from one setting
to the next. Lines can be up to 1/4" mile in length. With a sprinkler
radius of 30 feet, these 1in¢s can cover at least 2 acres per setting.
Two or 3 settings/day are possible, depending upon the desired rate of
application, sprinkler head design, ahd availability of labor. '

Self-propelled centre pivot systems can be used on relatively flat

sites with sandy soils. These large irrigation rigs consist of a
centre pivot with a long lateral (up to 1300 feet or longer) extending
out from centre and supported by wheeled tripods (at intervals of 75 to
100 feet). Full length rigs can cover up to 160 acres. Smaller rigs
may be used for irrigating areas of 40 acres or so, but these become
more expensive to operate. Fields are circular and must be'relatively

flat, a potential drawback in many sites. Well drained sandy soils are

essential: in heavier soils, the movement of wheels can lead to compaction

and rutting.

' Solid-set (permanent set, buried) irrigation systems can be used

on any. type of crop, soil, or topography suitable for irrigatiomn.

These have the lowest operation costs but are expensive to install.

They can be designed to fit any shape of field; Solid set systems lend
themselves to complete automation, so that operation can be limited
primarily to inspection. Such systems will have their greatest
application in rolling or steeply sloping areas, in forested areas, and
perhaps in small systems ﬁheré labor may be a problem. ‘An important
design consideration involves laying the buruied PVC pipes invsuch_a vay

that all lines can be completely drained in the fall.
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IV  PROVINCIAL . REGULATIONS

Regulations governing the treatment and disposal of allrindustrial
wastewaters and of domestic wastewaters in quantities greater than
5000 gpd are the responsibility of the Pollution Control Branch of the
B.C. Wafer Resources Service. Under the direction of Mr. W.N, Venables,
thé Pollution Control Branch has‘developed a procedure for defining
waste treatment and discharge objectives after receiving inputs from
interested individuals and agencies at bublic inquiries.

Such an inquiry into the discharge of municipal-type wastes was
held in 1973, As a result of that inquiry, objectives governing the
treatment and disposal of community wastewaters, including the appli--
cation of effluent to land by irrigation, will soon be forthcoming.

It is interesting to note that two members of the panel formed to
conduct the inquiry and to make recommendations to the Director con-

cerning the nature of the objectives have presented papers here today,
Dr. Lee Kornder and Dr. Bill Oldham. '

I will not attempt to discuss these objectives in detail today.
They are still in a draft stage; i.e., the panel has made its recommend-
ations to the Director of the Pollution Control Branch, but they have yet
to be approved by the Pollution Control Board*. Suffice to say at
this time that the objectives (which are really guidelines to be used
in the design and evaluation of waste treatment and disposal systéms)
reflect the concept that the degree of treatment ﬁrovided before irri-
gation éhould be based on the nature of the site and the type and use
of the crop being irrigated. A further concept to be embodied in the
objectives is that the area of land available for effluent irrigation

should be based on an evaluation of evapotranspiration and precipitation

“during the’ irrigation season so that a desirable water balance can be

maintained at the site. Winter irrigation is not recommended at this
time. ‘
V ~ SOCIAL IMPLICATIONS

Discussion of the social implicafibns of effluent irrigation have
been left to the last for a special reason. Public acceptance of the
concept of local effluent irrigation is perhaps the single most important
aspect'determining the feasibility of an irrigation project. As such,

it should receive first consideration in the design process. In practice

* The objectives were released in December, 1975.
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the public is cuétomarily forgotten and only brought in at the 1aSt
moment. In many cases, good schemes have had to be abandoned or
have created unheceséary agonies because of delayed ﬁﬁblic involvement.

Effluent irrigation is a new and different concept in British
Columbia. Most of us aren't used to the idea. But when another city
starts talking about doing it, our general level of envirormental con-
sciousness tells us that putting effluent back onto the land mékes good
sense, Let our own city start talking about it though, perhaps within
walking, seeing, breathing, or smelling distance of our own property,
and we suddenly remember that besides containing water and nutrients,
sewage also contains an immenée number and variety of disease organisms
and -furthermore it has a distinctive odour. In other words, '"will my
health be endangered and will my land be devalued and will my way of
life be disrupted due to sewage,effluent.ifrigation on my neighbour's
farm?" ‘

Questions such as these are as valid as they are commonplacé.‘ To
my mind, these questions should be raised simultaneously and discussed
in an atmosphere of peaceful interaction by the public, city council,
their consultants, and government agencies. I .feel that the process
of site selection and system design would be much smoother if the public
were invited to participate in the process from the very beginning.
Seminars like this one today go a long way towards helping clear a path
for the initiation of effluent irrigation in British Columbia. But we
are only 250 out of 2% million and this sort of exercise will héve to be
extended to the community level and repeated many times before we have
reached enough people to gain a large measure of acceptance.

- In closing, I would like to repeét a comment I made earlier and
offer some advice to councillors and consultants about to embark on
feasibility and design studies. Throw out any preconceived idéas about

tfeatment.requirements, site selection, crop type, or irrigation methods.

Start out fresh, with an open mind, and hand in hand with the community.
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: Table 1 COMPARISON OF IRRIGATION, OVERLAND FLOW, (6)
AND INFILTRATION-PERCOLATION OF MUNICIPAL WASTEWATER

Type of approach

Use in cold climates

, : Infiltration-
Objective Irr{gation Overland flow percolation
Use es a treatment process with 0-70% 50 to 80% Up to 97%

- a recovery of renovated watex® - recovery recovery recovery
‘Use for treatment beyond
-.secondary: _ oo

1, For BODs and suspended 98+% 92+ 85-99%,

: solids removal L b S
2. Yor nitrogen removal . 85+% 70-90% 0-50%
P 3. For phosphorus removal ' 80499% _ 40-80% 60~95%

» Use to grow crops Idr sale Excellent ngr Poor'
Use as direct recycle to the Complete Partial Complete
land- : ' ) ' " '

Use to recharée groundﬁater ‘ 0-70% 0-10% Up to 97% |
' Fatr® -4 Excellent

a. Percentage of applied water recovered depends upon recovery technique and the

climate..

L. Dependent upon crop uptake. -

c. Conflicting data--woods irrigation acceptable, cropland irrigation marginal.

d. Insufficicnt data,
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Effective Rooting Depths of Crops for

25.

Irrigation System Design in British Columbia(l3)

Shallow. Medium Shallow | Medium Deep . . Deep

(1%") 2" 3" (3" plus)
Lettuce* . Peas** Cane fruit#* Alfalfa (4')
Onions* Beans#** Squash* Asparagus*
Radish#* ‘ Spinach** Sweet Corn* .Tree fruits (4')
Cauliflower* - Celery*#* Cereals* | Hubbard#*
Cabbage* Potatoes**#* Tomatoes* Corn (4')
Ladino* Beets*#* Peppers* Grapes*
Turnip* . Broccoli*#* Eggplant* Sugar Beets (4')
Cucumbers¥* - Carrots** Brussels sprouts¥®
Pasture species* | Strawberry*** Red clover*

Soils(l3)

" 'Available Water Storage Capacity for B.C.

Textural Class

Available Water Storage
| Capacity (AWSC) Available
Inches of Water Stored in

Each Foot of Soil

Sand : 1.0
Loamy Sand 1.2
Sandy Loam 1.5
Find Sandy Loam 1.7
Loam : 2,1
Silt Loam 2.5
Clay Loam 2.4
Clay 2.4 -
Organic Soils (muck) 3.0
; (13)
Maximum Design Application Rate
Inches per Hour
Grass Sod Cultivated
Sand 0.75 0.40
Loamy sand 0.65 0.35
Sandy laom 0.45 0.25
Loam, silt loam 0.35 0.20
Clay loam, silty clay loam 0.30 , 0.15
Clay 0.25 0.10
. Peat and muck == 0.50. 0.50




Table 5
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DETERMINATION, OF PEAK DAILY WATER USE FOR VARIOUS AREAS IN BRITISH COLUMBIA(IB)

20 Day

' ‘ 10 Day 30 Day
érea ' Loca;ion . Inches/Day  .Inches/Day . .Inches/Day
1 Campbell River .20 .18 .17
* 2 Oyster River .17 .15 .13
3  Courtenay .21 .18 .16
4  Port Alberni .20 .19 .18
5 Parksville .17 .15 .14
6 Nanaimo v .19 .17 .15
7  Victoria-Duncan .17 .16 .15
8 Lower Fraser Valley 17 .15 .13
9 Lytton .30 .26 .24
10 Lillooet .26 .25 .24
*11  Ashcroft-Clinton 24 .22 .21
12 100 Mile House .20° .19 .18
*13 Williams Lake .24 22 .21
*14 Kleena Kleene .20 .18 .17
*15 Quesnel .23 .22 .21
16 Hixon .17 .16 .15
17 Prince George .22 .18 .16
18 Vanderhoof .20 .19 .19
19 . Fort Fraser .20 - .18 .17
20 Smithers .17 W14 .12
21 Hazelten .20 .19 .18
*22 ° Terrace .20 .19 - .18
%23  Savona .26 .23 .22
*24 . Kamloops .24 .22 .21
25 Barriere .20 .18 .16
%26  Pritchard 22, .21 .20
*27  Salmon Arm .17 .15 .13
28 Sicamous . .20 .19 .18
%29  Grindrod .17 .15 .13
30 Enderby-Armstrong .20 .18 .17
31 Vernon-Kelowna 24 .22 .21
32 Summerland-Penticton .26 24 .23
33  Merritt .26 24 .23
34 Douglas Lake .22 .21 .20
35 Aspen Grove .23 .20 .19
36 Jura .23 .21 .19
37 Princeton .25 .23 .22
. 38A Cawston .32 .29 .28
*38B Keremeos .29 .28 .27
39 - Oliver .25 .23 .22
40 Osoyoos .28 .27 .26
41  Beaverdell .19 .18 .17
42  Grand Forks .19 .18 .17
43 Creston .20 .19 .18
44  Lister .21 .20 .19
45  Cranbrook .20 .18 .17
46 = Canal Flats .24 .21 .20
47 Invermere .22 .21 .20
48 Spillimacheen .19 .18 .17
%49  Golden .17 - .15 .13
*50 Moberly .17 .15 .13
%51  Donald 17 .15 .13
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CASE HISTORY OF THE TABER, ALBERTA WASTEWATER
IRRIGATION PROJECT

" Introduction

During the late 1960's it became apparent that the water quality of
the Oldman River was rapidly deterioratiﬁg, particularly during the win-
ter months when the discharge of the river may drop to a low of 400 cfs
(680,000 1/min.). Therefore various cities, Eowns and industries were
required to substantially reduce their pollution loads to the river.

The town of‘Taber, with a population of about 5,000 and various food pro-
cessing induétries, was required to drastically reduce its pollution load.
Various methods of wastewater treatment were considered and wastewater
irrigation was selected for detailed feasibility studies in 1969.

The two major industries located in Taber were a potato dehydrating
plant and a vegetable canning plant. The dehydrating plant uses the lye
peeling process which renders the effluent from the plant unsuitable for

irrigation due to the high sodium concentration. However, when its waste-

water ‘was diluted with other wastewater, reduction of the sodium concen-

tration to acceptable levels was obtained.

The coﬁbined domestic and industrial flows average 0.6 million gal;
lons (2.7 million liters) per day on an annual basis with peaks of a
million gallons ( 4.5 M liters ) per day on a monthly basis. ‘

The effluent from the sanitary sewage system now flows by gravity
to a syphon under the Oldman River,then discharges to open storage on
the north side of the river épproxiﬁately three miles (4.8 kilometers)
‘from the town. Metering is provided by a Parshall flumé at the syphon.

One year after start-up of the system, the potato dehydrating plant
ceased operation but two other small food processing plants eventually

moved into Taber.

Preliminary Studies ‘

vConsiderable government land was available for purchase by the Town,
and Alberta Department of the Environment conducted a soil investigation
for irrigability. This included drilling, logging and sample analysis
to a Aepth of up to 12 meters. The amount of land required for the irri-
gation scheme was determined by taking into account the volume and quality

of effluent available, the consumptive use of the crop, and the mean
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annual precipitation and its distribution over the growing season. On
this basis it was estimated that a four hundred acre (162 ha) area would

be sufficientvand a suitable pbrtion of land (Chaplin loamy sand under-

lain by sand and gravel) was selected for effluent irrigation at a rate

"of 45 cm per year. The soils were non-saline, non-sodic with a water

table at a depth of approximately 4 to 5 m from the surface. The land
was vegetated with native grass, fairly characteristic of the short
grass prairie. The mean total precipitation is 38 inches, 25 of which
is received during the growing season. ,

Research and testing work was conducted in the field, laboratory
and greenﬁouse._ The laboratory work consisted of passing the lagoon-
treated effluent through 2.5 m of soil obtained from the site and
collecting the percolating solution at different depths of the soil
column, Analysis was conducted on the soil and effluent before appli-
cation and also on the percolating solution and the soil after the
application of 120 inches (300 cm) of effluent.

" TABLE 1
Analysis of Typical Combined Effluent

pH - 6.5 NH3—N - 20 mg/1
EC - 2.2 mmhos/em NO3—N © =-0.5 mg/1
BOD - 600 mg/l Alkalinity - = 500 mg/1
COD - 1000 mg/l Ca + Mg - 150 mg/1 -
SS - 400 mg/l ' Na - 180 mg/1
P - 7mg/l SAR - 6.0

Cl - 50 mg/l

The results showed that 150 cm of this soil was effective in re-
moving 90 percent of the calcium, 60 percent of the magnesium and
practically éll of the ammonia, phosphorus and BOD. Nitrates appeared
to move freely through the soil. It was felt that some of the calcium
and magnesium was precipitated out as carbonates. Thé effluent did
increase the salinity and thé sodium status of the soil to some extent
but well within acceﬁtable limits. Total nitrogen and phosphorus in
the soil were increased considerably by the effluent application.

Aﬁplication"of the effluent to the soil in permeability tubes
showed a distinct reduction in permeability during continuous innunda-
tion. The permeability was restored ﬁfter a rest period of a few days.

A test plot of iand was established adjacent to a temporary lagoon



and a weekly application of about 15 cm was made to a soil similar to
that in the selected field. Analyses of soil samples taken inside and
outside of the irrigated area indicated an increase in soluble salts,
including sodium, similar to that found in the laboratory columms. Soil
analyses of the same sites that were undertaken several months after
effluent application ceased, showed a significant redﬁction of salinity
problems due to natural leaching. No symptom of toxicity was noted iﬁ
the native vegetation.

Barley grown in the greenhouse yielded 44 percent more dry matter

_when watered with the effluent than with tap water.

Design and Installation

Due to cold weather during winter months and the high BOD 1oadiﬁg
of the sewage, which could not be discharged to the river, open storage
facilities with a volume of 400 acre feet (500,000 m3) were constructed
using earth embankments in a natural depression. The main storage unit
is preceded by two small anaerobic settling basins each of which has a
capacity of two days éVerage flow. |

| A~sing1e pumping unit with a capacity of 1,000 gallons (45,000 1)
per minute against a discharge pressure of 100 psi (7,000 gms/cmz) was
installed to pump effluent through 5,000 feet (1500m) of 18-inch (45 cm)
pipe and 5,000 feet (1500 m) of surface 12-inch (3b cm) pipe to the ir-
rigation area. Four five~inch (13 cm) laterals, each 1,300 feet (400 m)

long, with nozzles at 40 foot (12m) spacings were used for spraying.

- Lateral connections were provided every 180 feet (54m) along the 12-inch

(30 cm) lateral. Nozzle pfessures were recorded at 55 to 70 psi (3800
to 5000 gm/cmz) depending on the number of nozzles used for spraying.

Application of tﬁe effluent was at the rate of 0.5 inches (1.2 cm)
gross per hour, with fhe duration'of application controlled by the move-
ment of the laterals which are wheel-mounted. |

Groﬁndwater observation wells and soil monitoring sites were esta-
blished by the Alberta Environment Department well in advance of actual
irrigation in order to measure changes in groundwater and soils due to
the application of effluent. "Routine analyses of soils and groundwater:
samples include Condﬁctivity (EC), pH, Ca, Mg, Na, C1 , HCO%, C03=,

3 b
Total P, NO_-N, NHA—N‘and Total N. It is also planned to determine

3 ,
"heavy metals" in soils after the system has been operated for 5 years.

Operation and Observations

Storgge of effluent began in December 1970 and irrigatiqp was. in-

itiated in July 1971 on the native sod. An attempt to establish grass
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and alfalfa by seeding directly into the sod in the fall of 1971 was not
successful although reasonably good germination did result. Competition.
by the ﬁative species was probably responsible for the’moftality of the
domestic species as the native grasses, although inferior‘in quality
(spear grass) responded. to irrigation with the effluent with rapid and
dense growth. » |

Subséquent to this experience one half of the 320 acres (128 ha) was
cultivated and seeded to alfalfa on a two year schedule.

The layout of the system'is shown in Figure 1.

The daté from three groundwater observation wells has been selected’
for discussion. Well #7 (Figure 2) is immediately adjacent to a slight
depréssion in Which(water wili pond if irrigation'is excessive. The
water table has risen from a depth'of about 13 feet (4m) below ground
level prior to irrigation to about four feet (1m) in the fall of 1974‘ '
Well #8 (Figure 3) is located at a higher elevation immediately édjacent
to.the irrigated field where surface drainage is good. The water table
at this site has risen from a depth of 13 feet (4m) before irrigation
to about seven feet (2m) in the fall of 1974.

The iny chemical change apparent and consistent in the gtoundQl
wéter_is a considefable increase in the concentration of chloride with
‘time. Nitrate—nitrogen'coﬁcentrations have varied considerably but in-
éonsistently in some qf the wells.

Observation well #5 is located oné-half mile (0.8 km) down slope
from the irrigated field and in a draw leading from the field to the
Oldman River and hopefully in the direction of groundwater flow. Data
obtained from this well (Figure 4) has shown no change in water level
or chemistry over the duration of fhe wastewater irrigation project.
| Changes in soil pheﬁistry due to was tewater irrigationvare largely
dependent on the quality of the wastewater. Chemical monitoring of
the effluent has shown a gradual continuous reduction of salinity and
sodium adéorption ratio since investigations were initiated. The elec-
trical conductivity was reduced from approximatély 2.2 mmhos to a value.

-slightly above one,.while the SAR 16wered to about fwo from an initial
value of around six. - This reduction is attributéd to the cessation of
operation of the potato dehydrating plant. '

The meah'ﬁalues of EC and SAR from four test holes in one sampling .
site (Table 2) show that a slight increase in salinity and a very ap-

parent increase in-SAR has occurred since irrigation was initiated.
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Table 2 Soil Analysis Before and During Irrigation
and Comparison with Values Forecast with
Soil Columns )

———————————————————— EC mmhos/cm —-—-

FieldvData
Apr. '71 . Oct. '72 Nov. '74
Deﬁth | Before v ’ i '
in cm Irrigation After Irrigation Colum data
_— sfrigation - » 23 ' 1970
0- 15 ’ 0.5 0.8 0.7 | 1.8
15 - 30 0.3 0.5 . 0.5 - 1:4
30 - 60 0.4 0.5 0.7 : 0.7
60 - 90 0.4 0.5 0.6 0.7
90 - 120 . 0.5 0.9
120 - 150 o 0.6
SAR
0- 15 2.1 1.2 3.7 -
15 - 30 0.2 1.1 1.7 3.9
30 - 60 0.2 1.5 2.1 ' A
60 -~ 90 1.4 1.6 : 4,8
90 - 120 . , 1.5 4.8
120 - 150 1.8 '
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The fact that a.chemical improvement at the soil surface oecurred bet-
ween 1972 and 1973 is attributed to the fact that the quality of ef-
fluent has impro;ed, at least in respect to total salts and sodium
adsorption ration. I;_appears that an equilibrium between the soil and
the effluent has been achieved and that no further deleterious effects
of salinity and sodidm will result from continuous irrigation with this
effluent. -

The results of(the preliminary soil column work are also included

in Table 2, Three values for Ec and SAR are considerablyAhigher than

‘what has actually resulted from irrigation, however this is also likely

due to the improvement in effluent quality that has occurred over the
past few years. Other projects approached in .the same way have shown
-quite good agreement between soil column results and field results after
a few years of irrigation. ‘
Conclusion | |

The utiiization of Taber effluent on land has resulted in a zero"
emission situation for Taber and therefore measureable improvements in
water quality of the Oldman River downstream of the town. Considerable
revenue was realized in 1974 as about eight metric tons/ha of excellent
forage was sold to an alfalfa dehydrating plant. Although salinity and
adsorbed sodium have increased in the soil, these values are lower than
those forecast by the preliminary research and are well within satis-
factory limits. Groundwater quality changes have been restricted to a

siight increase in chloride concentration, however water table levels

have been gradually riéing and some operational changes may be required

in the near future for stabilization of the water table. The prelim-
inary so0il column work indicates that some increase in hardness of

groundwater should be anticipated.

<
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. CASE HISTORY OF EFFLUCENT REUSE AT LUBBOCK, TEXAS

Reuse of .the sewage effluent of Lubbock, Texas, for crop irrigation
has been a highly successful venture since its inception in the early
1930's. That such has been the case is due to a happy combination of
circumstances, not all of which would be duplicable universally.

Lubbock is situated on featurelesé plains having a slope of about
ten feet to the mile to the southeast. Surface drainage, when it occurs,
is to shallpw depressions (known locally as playa lakes) with contribut- ‘
ing areas avefaging about a square mile per lake. The potential reservoir
evaporation approaches 75 inches per year; the precipitation averages less
than 18. While'some lake water is pumped for irrigation and a very small
amount of it infiltrates through the lake bottoms, nearly all water reach-
ing the lakes evaporates. ‘ ’

A few streams, norﬁallyxdry, flow in relatively deep éanydns cutting
the plains. The area which contributes surface flow to them under natural
conditions'is a belt of iahd‘often a mile or less in width. One of these,
the North Fork of the Doublevﬁountain Fork of the Brazos River, winds
through Lubbock in a gulch known as Yellow House Canyon. The principal
sewage treatment plant of the city is near the canyon at the downstream

edge of town. Flow records at a point upstream of the sewage plant for

- the ten years a gaging station was maintained are given in Table I. It

will be noted that total flows for 97 of the 120 months gaged were zero.
Until 1968 the entife‘water supply of Lubbock was from a fossil
aquifer, the Ogallala, which 'underlies much of the:high plains area of
Texas, New Mexico, and other prairie states. 'The Ogallala also supplies
the irrigation water on which a thriving agricultural economy is based.
‘In its undistrubéd'statevtheIOgallala received an inch or less of re-
charge per year and supported some springs and seeps in canyon walls and
.in the escarpment which constiﬁutes the eastern boundary of the High
Plains. Under the increasing pumping loads of the past thirty years the
water table has been dropping an average of one to three feet per year
and most springs have ceased to flow.
Thg decision to use sewage effluent for crop irrigation was based
‘on thé value of the water and of its nutrient content on the one hand,
and onithe desire to decrease the pollution resulting from discharging
effluent into an othérwisé‘dry streambed on the other. The land irri-
gated with the effluent lies on.both sides of the canyon at an‘elevation

°

such that it can be supplied by gravity flow from reservoirs to which the
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effluent is pumped with a 10 to 12 foot 1lift from the sewage treatment
plant. ) '

Frank Gréy, a farmer, has been associated wiph the operation since
1937 (Gray, 1968). Under a series of long~term contracts Gray is re-
quired to accept the entire flow from the treatment plant as it occurs
and to dispoée of it in a manner acceptable to state and local health
authorities. In 1937 he was able to accomplish this by.sﬁréadingva
million to a million and é half U.S. gallons per day on 200 acres. .By
1968 Lubbock's gro&th was such that he was using 14.5 to 15 mgd on a land
area of more than 2900 acres. In 1974 he applied 14 to 15 mgd to 5,000
acres, .of which 3,000 acres are under his personallcontrol and the other
2,000 are owned by neighbors who purchase water from him.

Recent quantities of effluent available for,irrigation have been
less than the full flow of the plant. Beginning in 1971 a pdrtion of
the effluent has been sold to the Southwestern Public Service Company
for use as boiler feed and cooling water at a thermal power plant. Gray
is paid 1¢ per thousand gallons for effluent diverted at a steady rate,
and 2.5¢ per thousand gallons for effluent diverted on demand to the
power company. The same rates would be applicable to any other diver-
sion which might be made.

Gray's farming operation is partly on city-owned land for which he

'payé an annual lease fee based on acreage. The balance is owned by Gray

or leased from neighborg. In addition, Gray occasionally supplies water
for about 2,000 acres to adjacent land holders. |

Under the contract, preparation of the land and construction of
water conveyance facilities is to be done at no cost to the city. Gray
has bench leveled or field leveled more than 1,600 acres and has con-
structed. about 35 miles of underground concrete and plastic pipeline.
The reservoirslwhich receive the effluent from the treatment plant afe
capable of hblding-éo to 70 hours of flow. In.additibn, inflow may be
diverted to some playa lakes and dammed draws with a holding capacity

- for slightly over 30 days flow and later pumped from the lakes for ir-

rigation. Raw effluent must not be allowed to reach the canyon which
contains one of the very few recreational lakes in the area.

Five center-pivot sprinklers, capable of irrigating about a quarter
section each, have been added recently. Cone screens in the intakes
have been found tc be effective if the screens are changed every 12

hours during long runs. Complete conVersion to sprinkler'irrigatioﬁ
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is not contemplated because of winter ice problems and problems of mist
drifting across a heavily-used highway.

On*baiancé, the use of long-term contracts at Lubbock has been most
successful. The operator has been able to justify capital investments
and the city has been assured of competent operation.

Gray has selected crops that are high users of water and nitrogen
and has rotated the crops to maintain an effective balance of nutrients
in the soil. Crops which have been used include small grains (wheat,
barley, oats, and rye), row crops {(cotton and several varieties of grain
sorghum), hay crops and pasture (alfalfa, sudan, and many varieties of
grassés). Legumes, crops residues, weeds, barnyard manure, cotton burrs,
and other wastes of high'organic content have been used extensively.
Usual yields per acre under the climatic and soil conditions found in
Lubbock are as follows (Gray, 1968).

Irrigation With

Irrigation With Sewage Effluent
: Water From : Without Commercial
, Dry Land Ogallala Formation  Fertilizer
Grain Sorghum (1b) 800-1000 4000-5000 . 6500
Wheat (bu) ' 10-12 30-40 80

Lint Cotton (1b) 150-225 600-800 1250

Crop quality, as well as yield, is better under irrigation.

Gray's irrigation has resulted in raising the water table under the
farm to within a few feet of the surface. In some low spots this has led
to the formation of ponds, particularly in wet weather, and has caused

some trouble through excess salinity and through the submergence, and

- consequent killing, of seedling plants. No deterioration of soil charac-

feristics, other than this salinity, has ever been reported.

It is not anticipated that the areas affected will increase since

~ the raised water table has reactivated springs and seeps in the canyon

walls with the result that a natural system of underdrainage has become
established. 1In addition, plans exist for lowering the water table under
the farm by pumping the infiltrated effluent for subsequent industrial

or recreational use.

The chemical and bacteriological composition of the sewage plant

efflueht and of the infiltrated effluent as captured in wells on Gray's

farm or in seeps or springs in the canyon has been monitored regularly.
Some typical data are given in Table II (Freese, Nichols and Endress

1969, 1971; Sweazy and Wells, 1973).



Proposals have been made from time to time for subsequent. reuse of

the effluent applied to Gray's farm, after it has infiltrated to the

‘water table. Such use would not affect the irrigation operation detri-

mentally but would, of course, reduce or eliminate the spring and seepage
flow. The first of these to be investigated in depth called for the
creation. of an industrial park which would be supplied with process
water pumped from a battéry of wells capable of furnishing some 5 mgd of
infiltrated effluent. o

The study, coﬁducted by a group of faculty members of the School
(now Coilege) of Engineering at Texas-Tech (School of Engineering, 1967),
was undgrtaken at the request.-of the Board of City Development and the
Chamber of Commerce of the City of Lubbock with the objective of deter-

mining the feasibility of providing an industrial water supply which

. would attract textile manufacturing plants to the city.

The gfoup evaluated three alternative water supﬁlies:

a) The renovation and reuse of industrial water with make-up being
supplied from city mains and with disposal of a sufficient proportion
of the wastes to maintain appropriate quality of the process water.

b) The supply of treated municipal efflﬁent, with the wastes from
fhe industrial ﬁark being returned to the city sewage plant for retreat-
ment after mixing with municipal sewage. Possible complications were
investigated_but, since the wastes from the industries envisioned would
be essentially organic, no major technical difficulties were foreseen.

c) The supply of recévered, infiltrated effluent after its. applica-
tion for irrigation. |

The third alternative was consistently the best on both technical
and economic evaluations under a wide range of assumed conditionms.

A few months after the publication of the Texas Tech report,-thé
Lubbock City Planning Department (1968) issued a feasibility study pro-
posing that the infiltrated effluent be used not only for industrial
supply but also as a source of irrigation water for parks, golf courses,
and other open spaées; as the water supply for a series of recreational
lakes in the canyon; and, ﬁltimately, to provide water for human con-
sumption, |

‘The proposal‘for park development of the canyon caught the public
fancy. For years thelcanyon had been a handy receptacle for wastes of
ali description. It was the éite of several feedlots, of the municipal

garbage dump, of junk car lots, of cess pools and a rendering plant.



It provided the outlet for storm sewers and industrial waste pipes, and
was a congenial home for mosquitoes and rodents. The occasional flows,
in response td.storm precipitation, reach the recreational lakes a few
miles downstream. ,

Freese, Nichols, and Endress, Consulting Engineers were commissioned
to prepare a feasibility report (Freese, Nichols and Endress, 1969) on
the Canyon Lakes Project. With minor modifications, they found the Plan-
ning Department's suggested eight-lake program to be appropriate. They
recommended a three-phase developﬁent schedule with the first phase to
consist of creating six lakes which would constitute a nearly continuous
chain eight miles long within the city limits. Lake Seven and the much
larger Lake Eigh; would be developed later as finances became available.
This would have the advantage of deferring detailed planning until in-
put from experience on the upper six lakes was available.

Make-up water for the lakes would be pumped through about seven
miles of 24-, 20-, and 18-inch pipe from Gray's farm to the uppermost
lake. En route, a power plant would be furnished cooling water, and
parks, golf courses, and a cemetry would also be serviced.

Particﬁlar attention was given to considerations of public health.
The infiltrated sewage effluent presents few problems;.its quality can
be controlled to meet any desired standards. Stormwater drainage, how-
ever, is another matter. The bypassing of flows from lesser storms and
of the critically contaminated early flows from major storms was found
to be economically unjustifiable. . Thus primary contact recreation, in-
cluding swimming, water skiing, diving, dabbling by children, and other
activities where there is considerable risk of swaliowing significant
quantities of water will not be permitted in the upper lakes.

In a second report (Freese, Nichols, and Endress, 197la) the eng-
ineering firm evaluated three potential sources of reclaimed wastewater
for supplying the lakes. The infiltrated effluent was found to be more
dependable in quality and far less costly than the water pfoducible by
two alternative processes of tertiary treatment of the activated sludge
plant effluent. Percolation through the soil provideé an effective
means of removing viruses and bacteria and of feducing phosphorus-(see
Table II). The water produced from wells on Gray's farm is high in
nitrates, but low in dther forms of nitrogen. Gray used it as a potable
supply for some years without detriment. It is ofvunsatisfactory quality

only in dissolved oxygen - - a deficiency easily remedied. The only



treatments anticipated are aeration and chlorination.

. The possibility of eutrophication resulting from the high nitrogen
content of the water has been the subject of a series of investigations
under the auspices of the Water Resources Center at Texas Tech University.
Winn (1973), after a series of quality determinations of water from
Lubbock'é Nofthwest Sewage Treatment Plant which had been used for ir-

‘rigation on agricultural lands on the Texas Tech campus in a manner
.closely paralleling Gray'sboperation, found that serious algal growth
occurred in only the first and secdndrtanks of the three-tank continuous-
flow series which simulates the Canyon Lakes. It was believed that
phosphorus limited algal growfh in the third tank of each series. This
stillileaves unanswered questions about growths in the variable propor-
tions of storm water and infiltrated effluent which will be present in
the actual lakes.

Héadstream'gg_gl'(1974) éoncluded from subsequent study of the
model Canyon Lakes System that reclaimed infiltrated municipal sewage
efflueﬁt,‘provided proper management is furnished, is a suitable source
pf make—up water for recreational lakes to be used for all purposes,
including primary contact recreation.

' funds have been voted, feedlots and other industries have been
moved out of the canyon, the old city dump has been closed, and the
bulldozersjhave deprived maﬁy a rat of his home. The upper lakes will
be a reality by 1976. | ' N _

- It should not, however, be aﬁticlimactic to consider one more pro-
posél which has been édvanced for the use of infiltrated effluent
pumped fro? the apparently ever-increasing quantities under Gray's farm
or under the Texas Tech farm. Sweazy and Wells (1973), reflecting on
some of the categories of problems which have received major attention
in the Texas Tech University Water Resources Center -- water reuse,’
.irrigation, -and animal waste disposal -- hit on a combination of which
many aspects had been investigated in detail, but of which no prototype
existed. ' |

By using both sewage effluent and cattle feedlot wastes for irriga-
tibn and fertilization of a nutritious crop, such as bermudagrass which
is a heavy user of nitrogen, they proposed the mutually-beneficial live-
stoék raising -- crop raising —- pollution abating reuse system depicted

in Figure 1.
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CASE HISTORY
CITY OF VERNON - DISPOSAL OF
EFFLUENT BY SPRAY IRRIGATION

INTRODUCTION

The City of Vernon is situated in Central British Columbia in the
Okanagan Valley. It is in an area of low rainfall, and the summer
climate combined with the beautiful lakes in the area has made it a
prime tourist centre.

The City's sewage treatment plant was constructed in the 1930's

and since then has expanded to meet the demands of a growing population

. which, in 1975, is approximately 15,000. The secondary treatment

process utilizes a conventional trickling filter plant with anaerobic
digestion of the sludge and chlorination of the effluent prior to dis-
charge to Vernon Creek, approximately two miles befofe it enters the
north arm of Okanagan Lake. The water quality of the north arm of
Okanagan Lake has deteriorated in the last 20 years to the point where
it is almost useless as a recreational body of water.

Nutrient additions to the Lake from the Vernon Treatment Plant were
felt to be principle contributors to the Lake's deterioration, and as
early as 1966 the City of Vernon started to investigate spray irrigation
as é method of removing its effluent from the Lake.

’From 1966 to the present date, the City has pressed ahead with its
goal, the removal of all the effleunt from Vernon Creek.and Okanaéan Lake.

The design of the sﬁray irrigation system to do this is now under way

and by late 1976, or earl? 1977, Vernon will have accomplished its goal.

To illustrate the timing and the effort that has been required to
reach the present stagé of implementing the final design, a chronological
list of activities 1s included:

1966 - 1969 Preliminary investigations, data gathering, attendance at
‘ seminars, reference to reports from Pennsylvania State
University and a film entitled 'The Living Filter'. Finan-
-cial assistance was requested from the Mines and Energy
Research Bqard'in Ottawa, but none was forthcoming. A
prelimiﬁary study of the Vernon area for potential spray

irrigation sites and reservoir sites was undertaken,
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)

1970

1971 - 1972
1973 - 1974
1975

The City of Verndn adopted a bylaw to proceed with ‘a

-pilot project for the spray irrigation of sewage effluent.

Irrigation sites were acquired through negotiations with
the'Department of National Defence. Senior levels of
Government were approached for financial assistance but
none was provided.

A pilot project was constructed and commissioned at a
capital cést to the City of Vernon of $125,000. It has

a capacity of 800,000 Igpd and utilizes 150 acres of land
for spray irrigation.

A monitoring program was carried out under the Okanagan
Basin Water Study. Lysimeter data was collected, tests
were made on the crops pfoduced from the pilot project and
a groundwater monitoring study was carried out. Stanley
Associates Engineering Ltd. began a study of the feasibility
of full scale spray irrigation versus conventional methods

of secondary and tertiary treatment.

The feasibility study was expanded to examine the suitability

of lands north of the City of Vernon for spray irrigation.
Public opinion was sought from residents of these areas

and Government Agencies were again approached for financial
aid. »

The landowners north of Vernon rejected a proposal to spray
irrigate in that area and the City of Vernon authorized its
consultant to investigate alternative proposals. The
final feasibility report was submitted in September 1974,
The City of Vernon authofized the design of a trickling
filter sewage treatment plant utilizing spray irrigaiton
disposal 6f the treated effluent. The pfe—ordering of

equipment has commenced and startup of the new facilities

is scheduled for mid 1976.

This timetable of events indicates that it will have taken the

City of Vernon ten years to bring a full scale spray irrigation system

into operatioﬁ.



During this perlod the City will have spent approximately

$237 000, excluding final design fees and constructlon costs for the

full scale project. This amount is made up as follows:

Capital Cost of pilot project $125,000

Operating and monitoring costs of o
pilot project : 72,000
Consultants' Study Fees ' 40,000
$237,000

Future direct benefits from this expenditure will be minimal, but

the money spent on this research will not be wasted if the information

 and experience gained is sought by other Municipalities wishing to

investigate treatment and disposal of sewage by spray irrigation.

~TECHNICAL REVIEW

Pilot Project

In 1970 and 1971 the City of Vernon undertook extensive modific-

ations of their trickling filter plant and constructed a large scale

pilot irrigation project. Relevant statistics of the mbdified plant

and the pilot irrigation project are as follows:

A.

Sewage Treatment Plant Data:

Primary Clarifiers
No. 1: 45 ft. dia. and 14 ft. sidewater depth
No. 2: 40 ft. dia. and 10 ft. sidewater depth
Trickling Filters
No. 1: 135 ft. dia. and 4.5 ft. depth
No. 2: 120 ft. dia. and 4.0 ft. depth
Capacity: Converted to high raté with 1:1 recirculation rate;
No. 1: 1.0 MIGD and No. 2: 1.32 MIGD
Secondary Clarifiers.
No. 1: 45 ft. dia. and 9 ft, deép with 875 sq. ft. of tube settlers
- No. 2: 40 ft. dia. and 6.5 ft. deep
.Capacity: No. 1 with tube settlers, 1.37 MIGD, with overflow
rate of 2 USgpm/sq. ft. for the tube settlers |
No. 2  0.83 MIGD
Chlorine Contact Chamber

.Designed to provide 1 hour minimum contact at 1976 flows.



Digesters
No. 1: 26 ft. dia. and 28 ft, sidewater depth
No. 2: 22 ft, dia. and 22 ft. sidewater depth
Capacity: Operated in series with external heat applied,
the digesters are rated for a ﬁéximum population

of -18,000 people.

B. Spray Irrigation System Data

Pumps
200 HP, 3,600 RPM, 645 gpm against 882 ft. head
Supply Line

4

1,500 - 8" dia. lined and coated, welded steel pipe and
2,100 - 8" dia. ductile iron pipe.
Design pressure: 400 psi at treatment plant and 210 psi at the
irrigation site.

Sprinkler Irrigation System
Three conventional wheel lines to irrigate 80 acres of alfalfa were -
provided initially and an additional 50 acres were recently put
under irfigation. Normal irrigation rates for the soil and
climatic conditions in the Vernon area have been used as rec-
ommended by the Provincial.Départment of Agriculture.
One "rain gun" with hand set laterals is used to irrigate an
additional‘40 acres. The rain gun is primarily used when
changing the wheel lines locatibn and when the alfalfa is being
harvested. \
During the past four years, the City of Vernon has tried a number
of ways of using local farmers to carry out work on the farm.
The most successful method found to date is to irrigaté using
direct labour and sell the standing crop for harvesting.
Good quality alfalfa has been produced with protein contents in
excess of the norm for the Vernon area. Tonnage per.acre has
averaged.4.5 for the last 4 years.

Full Scale Project

The full-scale project is scheduled for construction during 1975
to 1977 and will involve the removal of one of the existing trickling
filter plants and the construction of a new 2 MIGPD plant. This will

provide future total capacity of approximately 3.4 MIGPD of secondary



effluent. The new plant will include screening, aerated grit chamber,
» primary clarifier, plastic media trickling filter, secondary clarifier,
and a smoothing basin with aeration. N
A report was prepared by Stanley Associates Engineering Ltd.
entitled "Sewage Treatment and Spray Irrigation of Tfeated Effluent Final
Feasibility Report, September 1974", Projected sewage flows from that

Report are as follows:

Year Population Average Daily Annual Sewage Maximum Peak Hour

Sewage Flow Volume Day MGD
Imgd Acre Feet MGD
1976 15,600 1.67 2,240 - 2.84  4.51
1981 18,270 2.00 2,680 3.40 5.40
.1986 25,900% 2.92° 3,940 4,96 7.42
1991 31,200 3.62 4,850 6.15 6.91
1996 37,400 4,45 6,000 - 7.57 10.89

2001 45,500 : 5.59 g 7,500 - 9.50 12.86

* Municipality of Coldstream and outlying areas
included in services area

A design brief has been prepared for this project and the pertinent

facts are as follows:

A. Treatment Plant
‘Headworks '

Intake Manhole
Designed for peak storm.flow of 18 MIGD from 3 main sewer lines.

Grit Chamber
Aerated grit chamber with a capacity of 6.25 MIGD combined with’
air 1ift into grit settling channels.

Barminutor »
Chicago Pump Model C24 relocated from an existing headworks.
.Capacity 6.7 MIGD with head loss of 6 inches and through—screén
velocity of 5 ft/sec.

Primary Clarifier
60 ft. dia., 12 ft. side wall depth 2 MIGD average flow with overflow
rates of 700 IGD/sq. ft.



Trickling Filter
Plastic media filters with gravity bypass and recirculating
pump. 60 ft. dia. by 20 feet deep
Hydraulic lead of 0.58 Igpm/sq. ft.
Biological load 60 lbs. BOD/1,000 sq. ft.-day.

Secondary Clarifier
60 ft. dia. and 12 ft. side wall depth .
2 MIGD average flow with overflow rates of 700 IGD/sq. ft.

Smoothing Basin
Designed to hold 2 days of average flows (1976) above the normal
operating level. ‘
The basin's purpose is to dampen the hourly peaks in the daily
flow so that maximum daily flows can be pumped by the highlift
station to the irrigation area. It is also intended to store
infrequent excessive peaks due to infiltration of storm waters
into sanitary sewers and to provide storage during short power
outages. ’
The basin also acts as a chlorine contact chamber.

Digesteré ' ‘ |

52 ft. diameter by 20 ft. deep
Retention time is 15 days with a daily raw sludge volume of
2,830 cu. ft./day.

B. Irrigation

Pumping and Storage
High Lift Station
2 - 2,700 USgpm @ 660 ft. TDH pumps, plus space for 2 additional

pumps and a standby engine.

Pressure line to reservoir

24 inch diameter 4
Cement mortar lined steel or concrete cylinder pipe

Boosger Pump Station

2 - 2,700 USgpm at 350 ft. TDH plus room for additional pumps
and‘llstandby engine

RéServoirs

No. 1 reservoir cépacity 1,200 Acre feet with 95 ft. dam

No. 2 reservoir capacity 3,000 Acre feet



Spray Irrigation

Stage - Year Annual Volume Practical Irrigation
' Acre Feet Areas

Stage 1 1976 2,240 1,110 Acres

Stage 2 1986 3,940 1,940 "

Stage 3 2001 7,500 3,410 "

- Irrigation will be provided by pumping treated effluent
through standard irrigation equipment onto allocated '

spray irrigation areas.

- Additional acreages for waste spraying by "guns' will be
provided.

- Irrigation rates will vary from 14 inches per year to 31

inches per year depending on the soil conditions.

NON TECHNICAL _CONSIDERATIONS

The major problems encountered in implementing the Vernon pilot
spray irrigation project and the full scale project to date, have not
been primarily technical, but rather one of gaining public acceptance
and obtaining financial assistance from senior levels of government.

Due to growing public awareness of the environment and the particular
local concern for Okanagan Lake water qﬁality, the concept of spray
irrigation of effluent as a means of final disposal is currently very
popular in Central British Coiumbia. The Vernon Pilot Project in 1971
was implemented with little opposition mainly because it did not affect
anyone directly as it was on Government land and quite isolated from the
rest of the community.

' The first crops were difficult to sell and farmers were reluctant to
work on the fields. As local experience was gained it was found that
cattle thrived on the high protein alfalfa; the product became fully
acceptable and the crop commanded a premium price. From the poinﬁ of
view of farmers workihg on the land; harveéting‘the crop and selling it,

the pilot scheme can be termed a success.
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The preferred location for the full scale irrigation project was
to the north of Vefnon, in areas known as the L & A Ranch and the

Grandview Flats. Following the.preparation of an interim report, a

public meeting was held in the area in an attempt to inform the affected

people of the City of Vernon's plans and to obtain public reaction.
The first meeting did not go smoothly and.the project immediately raised
a public storm which grew in intensity in the following months; ' The
9xpressed conéerns were for the health of the people in thelarea; for
deflation of values of the land;and for lack of technical information on
the very lohg term effects of irrigation on the lands. Also, it was
found that many of the ﬁéople were satisfied with dry farming their land
with specialist crops and did not want to change to irrigated farming
with increased labour and material costs.

The public outcfy grew to such a point that the City abandoned this
proposal. v

The alternative now being implemented will use lands immediately
adjacent ta the pilot project. ' In this area, there are only a few
privéte holdings with the remainder of tﬁe land owned by the federal
and provincial governments. In addition, very few people live in the

area and the ones that do are familiar with the pilot project and have

~ experienced no problems.

The main disadvantages of the scheme being implemented are the
expensive secondary treatment plant which must be continued in operation
and expanded, and disposal areas considerably higher than the City with
resultant high pumping costs with sites for winter effluent storage small
in area.and‘expensive to develop.

The .capital cost of the full scale project is estimated to be 5.5
million'dollars plus any land costs assoclated with the scheme. It
was felt that to commit this amount of money to the project, it would be
neéessary to have direct control of the land for the life of the project
which would require either outright purchase or long term leases. The
costs for land acquisition amount to an additional 2.5 million dollars.
Thus, fbr the first few years of operation,total cost will be approxi-
matel& $740,000/annum or $50/capita/annum, which is an intolerable
financial burden. However, financial participation in sewage collectionm,

treatment and disposal by the Senior levels of Government and all possible

sources of assistance have been vigorously examined, some of which are:
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Central Mortgage and Housing Corporation -

C.M.H.C. has had for many years a program where 2/3 or the
capitél costs of a project is loaned to the Muniéipality at
attractive interest rates and 257 of the loan is forgiven.
Province of B.C. Bill 88 -

This Bill provides for the Provincial Government to pay

75% of amortization costs of expenditures in excess of a

3 mill levy throughout tﬁe communiﬁy. In Vernon's case it
has substantiél benefits.,

British Columbia Land Commission -

The B.C. Land Commission has been approached to assist in
the acquisition of the necessary lands and indications are
that this may be forthcoming,

A.R.D.A. Program -

There would appear to be some possibility of gaining financial
assistance through the A.R.D.A. program by which Fedéral

and Provingial Governments and the benefittiné landowners
share in the qost.df.the irrigation system. Any financial
assistance would apply to the spray irrigation portion of
the project only.

Urban Demonstration Program -

This program is under the Ministry of State and Urban Affairs
whereby the Federal Government may contribute to innovative
programs which demonstrate solutions to urban problems.
Indications are that the Verﬁon project may qualify for this

assistance.

The last hurdle. to be cleared for the project is that a Pollution

The City of Vernon 1s pioneering a new method of sewage disposal in

Control Board Permit must be obtained. The Board will not give any
indication in writing of the acceptability of the project and land must
be obtained prior to posting it for a P.C.B. Application.

to other communities.

British Columbia and we hope that the experience gained will be of benefit
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APPENDIX I - OTHER METHODS OF LAND APPLICATION OF WASTEWATER

1.0

2.0

2.1

Introduction

Irrigation

The -application of wastewater, treated or untreated, to the land
has been in use for thousands of years. Recent -investigations
have revealed that wastewater'application to the land was practiced
in China and in ancient Greece in the period before the birth of
Christ. Berlin, Paris, Melbourne and others are well known long-
time users of land disposal; In Canada the first land disposal

systems were installed near the turn of the century. Most of

. these systems were sinall and were employed to treat and dispose of

domestic wastewaters from single family dwellings and farm operations.
Within the last thirty years bigger installations have been built and
are still in operation.

Witb the recent concern that even after secondary treatmenﬁ, effluent
is having a deleterious effect on some waterways, land application

of wastewater is being re-examined in North America.

The purpose of this Aﬁpendix is to provide a review of the various
land disposal techniques presently in use and to discuss their

appliéability to the Canadian environment giving their merits and

" limitations. A general review is provided as an introduction.

This is followed by an intensive assessment and comparison of each

land disposal‘ technique.

- General Review

Land application methods can be classified into two main families:

surface and'subsgrface (Fig. 1). Surface application can be further
~ subdivided into |

a) irrigation (Fig. 2a)
b) overland flow (Fig. 2b)
c) infiltration percolation (Fig. 2c)

Subsurface disposal can be subdivided into

a) subsurface leaching, and
b) . deep well injection.

Irrigation is the controlled discharge of effluent, by spraying

.or .surface spreading, onto land to support‘plant growth, The
‘application rate is low enough to prevent surface -runoff and to

ensure that wastewater is converted into the hydrological cycle

by plant uptake or by evapotranspiration or seepage to the groundwater.
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" FIGURE 1

A PRESENTATION OF ALL SURFACE AND SUBSURFACE DISPOSAL SYSTEMS AND TECHNIQUES.
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There are sevéral established‘methods of irrigation of wastewater.
These are spray irrigation (Fig. 3a), ridge and furrow (Fig. 3c),
and flooding (Fig. 3b).

2,1.1, Spray Irrigation

In the spray irrigation method, effluent is applied above the ground
surface in a manner similar to rainfall or the sprinkler systems

one observes in parks or golf courses. The method of application
depends upon the soil, the type of crop, the climate and the topography.
These factors, as well as regulatory criteria determine the appli-
cation rate and hardware to be installed.

2.1.2, Ridge and Furrow

Ridge and furrow is a method whereby wastewaters flow by gravity in
long furrows allowing the water to seep into the ground. The
ground is landscaped into alternating ridges and furrows, the width
and depth varying with soil conditions and quantity of wastewater'
applied. The width of the ridges are dependent upon the crop to
be grown. -

2,1.3. Flooding
Flooding is the covering of the land to a certain depth with
effluent. The depth is determined by the choice of vegetation
and the type of soil. There are three basié techniques in flooding
the land: border strip (Fig. 4a), contour check (Fig. 4b), and
spreading basin (Fig. 4c). ,
The border strip method consists of éloped strips of land 600 to

1000 feet 1ohg divided by borders or dykes every 20 to 60 feet.

Contour check is the creation of dykes along the contour of a hill

or slope containing the effluent so it does not run down the slope.

The effect is similar to the Oriental rice paddy. Spreading basins

are shallow ponds which are periodically flooded with effluent and
which hold the effluent until it percolates into the ground, is used
by crops, or evaporates into the air. This method is similar to,
but much larger than, the border strip method. Spreading basins

are generally used for rapid infiltration.
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2.2

2.3

2.4

2.5

3.0

Overland Flow

Overland flow (Fig. 2b) is the controlled discharge, by spraying
or other means, of effiuent onto the land‘with a iarge portion

of the wastewater appearing as runoff,. As the effluent flows
down the slope a portion infiltrates into the soil, a small
amount evaporates, and the remainder flows to collection channelé.

Infiltration-Percolation

This method of treatment (Fig. 2c) is similar to intermittent

sand filtration. The major protion of the wastewater enters

the groundwater although there is some loss to evaporation.

The spreading basins are generally dosed on an intermittent
basis to maintain high infiltration rates. For this method séils
must be coarse textured sands, loamy sands, or sandy loams.

This process has been deVeloped_for groundwatér recharge, énd

thus the distinction between treatment énd disposal is quite fine.

Subsurface Leaching

Subsurface 1eaching'system$ are more poﬁularly known as tile v
fields and leaching pits. They are genefally limited in their
range of application and are prevélent in rural areas or in un-
serviced communities. Since this seminar pértains to land
application of municipal wastewater tilé fields will ndt be
discussed any further in this presentation. 7

Deep Well Injection

This method discharges wastewaters underground by means of deep

wells, sometimes hundreds of feet deep. This method has been-
infrequently used and is being mentioned more to round out this
discussion on land application of wastewater than to idéntify this
as an acceptable treatment method.

This practice is a disposalimethod, not a wastewater treatment

‘method.

Detailed Review

Having presented in Séctioq 2 a brief and quite genefal description
of all land application methods a detailed comparison of these now
follows. | . |

The purpose of this review is to assist the engineer in deciding
whether orrnot land disposal should be investigaﬁed and if so |

which method is most applicable for his situation.
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The review will concentrate on the two most widely used methods;

irrigatioh and infiltration-percolation. Overland flow, subsurface
leaching and injection wells will not be reviewed since these
methods are either infrequently used or outside of the scope of "this
seminar. o

The review, i.e. comparison, describes system design management

aﬁd_operation of.irfigation and infiltration-percolation methods
and the resulting environmental effécts. Where necessary, épray
irrigation, ridge and furrow, and flooding techniques are feviewed
individually. The method of review is highlighted by Figure 5.
Notice ' g
information presented herein is a summarization from mény different
sources and the exercise is on-going. Therefore this is meant to
be an interim report. It is expected that a more comprehensive
report will be prepared in due course. Empirical data presented

should serve only as a guide and should be used with care and

discretion.



consists of - Site Selection

SYSTEM ~ - Determination of Wastewater
DESIGN ° , ~ Application Method
- - Using Design Criteria to
l‘ : design the total system
consists of - Determination of Extent of
MANAGEMENT Operation
and - Review of sources of
OPERATION , Operational Problems
_ - Monitoring Activities )
JV - Expected Treatment Efficiencies
‘ : consists of - Review of expected Environmental
ENVIRONMENTAL Effects on climate, soil,

EFFECTS groundwater, crops, humans, etc.

J

consists of - Review of case histories of
other systems which have
?X?ISEE failed due to gverloading
groundwater pollution,
mismanagement
FIGURE 5

A CHECK LIST FOR DETERMINING THE FEASIBILITY
OF LAND APPLICATION OF WASTEWATER

'(A detailed review of the above items follows)
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APPENDIX “IT SPPAY IRRIGATION TIN CARNADA
A  PRELIMINARY RIVIEW

Introduction

In early 1975 the Environmental Protection Service, Environment

Canada, began an investigation into the practice of spray irri-

gatipnAof treated municipal wastewaters within Canada.

The investigatioh was specifically designed to:

(a) provide an inventory of all municipal spray irrigation
activities in Canada.

(b) identify all spray irrigation research activities in Canada.

Regional staff of the Environmental Protection Service, by means

of interviews with provincial regulatory agency personnel, obtained

information on all known spray irrigation activities within their

~areas of jurisdiction as well as. provincial and federal researci

activities.

Spray Irrigation In Canada

Information received to date indicates that almost every province

has spray irrigation systems in operation. Those provinces not

listed in this Appendix reported only industrial spray irrigation

 systems.

The provinces, being aware that adequate information to evaluate
the pollution impact associated with the land disposal of treéted
wastewater is not available, are undertaking various research and
demonstration projects. Therbject is to gain an insight into the
applicability of this method of treatment and disposal.

The initial reépoﬁse from contacting the provinces and federal
agencies has generated sufficient informaticn to prepare:

(a) a survey of municibal spray irrigation operations in Canada, and
(b) a survey of spray irrigation research projects in Canada.

These surveys, although incomplete, are attached. The response
has also provided information which allow the followiﬁg comments to

be made:
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Land application of wastewaters has been practiced in Canada
for several generations in the form of ridge and furrow and
spfay irrigation systems. The ‘majority of land disposal

systems are spray irrigation systems.

In Canada the practice is to provide a minimum of secondary

.treatment prior to spray irrigation of municipal wastewater.

Spray irrigation of municipal wastes under proper design and

operation is an alternative to tertiary treatment.

~Spray irrigation is both a treatment and disposal method for

municipal wastewaters, and at times possesses. the additional
function of wafer reuse by augmenting groundwater sources.
Treatment and disposal ih the soil are provided physically,.
chemically and biochemically.

Spray irrigation is practiced mainly by small communities

and small industries. The majority of operations are found
in Southern Ontario.

Although at present there are oﬁly a relatively few spray
irrigation operations in Canada, this should not mean that
opportunities for its use do not exist elsewhere.

Spray irrigation is not a simple process to design, and
réquires the input from a variety of disciplines. Engineers,
geologists, soil specialists, agronomists, medical health per-
sonnel and sometimes social behavioural scientists are required
to work together as a design team.

Monitoring spray irrigation'installations and their effects
upon the locél enviromment is not being carried out by the
municipalities. The exception to this is where research and
demonstration has been or will be undertaken.

The nature and quantity of receiving waters muét be carefully
evaluated prior to diverting wasteﬁater to the land. In some
areas of Canada the elimination of direct wastewater discharges
to a body of water may unbalance the flow regime. »

The nature of the gfound cover as well as the hydrogeology of
the site play an important role in the success of spray irri-

gation in Canada.
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11. Lands identified for spray irrigation must receive high

priority for this use over other optional land uses. Lands

adjacent to the site should be zoned other than residential.

12, Research and demonstration work in Canada is inadequate to

assist those who must decide whether or not spray irrigation
is feasible on a long range basis. Information on those
systems that have been in operation for many decades is not
available. An effort should be made to étudy long-term
effects on the soil ecology, groundwater hydrology and the
transmission of pathogens and viruses.

Conclusion |

A preliminary review of spray irrigation activities in Canéda

indicates that this method, if properly designed, can be used

in the treatment and disposal of wastewaters.

'The review has also shown that this method is found in almost all

provinces of Canada (Table I).

The attached survey forms for municipal spray irrigation operations

and research spray irrigation activities in Canada reveal that

large scale operations or research investigations'do not exist in

Canada.
TABLE I
A REVIEW OF ALL SPRAY IRRIGATION ACTIVITIES IN CANADA
Number of Federal Number of
Municipal Spray | Sprsy Research
Irrigation Irrigation |Activities
Systems Systems within the
v ‘ : Province
BRITISH COLUMBIA 1 2
ALBERTA 2 1 10
SASKATCHEWAN 3 - 3 3
MANITOBA 1) _ :
ONTARIO 4% 1 1
QUEBEC ' 1. 1 3
NEW BRUNSWICK *%
PRINCE EDWARD ISLAND *%
NOVA SCOTIA *k
NEWFOUNDLAND ' *%

* Municipal spray irrigétioh systems identified have been or will be
eventually terminated. '

*% Spray irrigation systems only of an industrial nature exist in these

provinces.
(1) A proposal for a small spray irrigation system is being reviewed.

More information is not available to date.
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