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ABSTRACT

In recent years agriculture has bten cited as a ruijor source
of pollutants found in water supplies. 1lr:igation retuin flow, which
gtems from agricultural lands, has escape 1 neither the sight nor the

voice of concerned scientists,

To assess the situation in southern Alberta, the quatit— and
quantity of irrigation return flow dlscharged from two tracts of land
in the Bow River I;rigation District was monitored over two irrigation
seasons. Nutrients, total dissolved salts, several specific dissolved
salts, p¥W, temperature, and suspended load of waters in open irrigation
and drainagg channels were studled at key points thréughout a 2,560 ha,
flood~irrigatad area near Havs, Alberta, and a 1,090 ha, sprinkler-
irrigated area near Vauxhall, Alberta. The Oldman and Bow Rivers were
the respective receiving waters. Sgils in the area were also studied,

as both receivers and donors of pollutants.

\

\

Relative to the supply waters entering the.areas, the dis—\
charged return flows had slightly higher phosphorus and ni;rate—nitrogen
coﬁcentratio%s. These levels were considered to be only slightly\ eutro—
phic. Sedimentation of phosphorus—-bearing suspended materials resulted
in a decrease to one—half the original total phosphorus concentration in
the runoff waters from one site. A decrease to one-tenth the original
nitrate—nitrogeﬁ concentration in surface runoff water was also noted
in the 2.5 km stretch of~opén drain.

Dissolved salt content in the return flow can be attributed

to t.e following: inherent quality of the supply water, salts in

iv



subsurface drainage, and salts added by surface runoff. These .ro
listed in decreasing order of importance.

Quality of the return flow with respect to SAR, chloride,
sulphate, bicarbonate and carbonate was found to be good. Water temper-
atures did not reach objectionable levels either.

Compared to receiving waters, pH values of the roturn flow
were e dessive. Compared to supply water quality, pH of the return flow
was impyoved.

B Theory would suggest that suspended load concentration should
be higlier in the return flo& from the flood-irrigated area than from
the sprinkler-irrigated area, but the opposite was found for these two
areas.

Soils in the study areas receive considerable addition; of
potential pollutants.l/bnly a minute portion of these pollutants are
carried to the neighboring rivers.

Salt imports in the supply water exceed exports in the return
flow. Though thié would suggest an increase in salt content of the

solls, a large decrease in soluble salt content of the fall samples

(1976) relative to the spring samples (1975) was measured.
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INTRODUCTION

Society's demands on water resources have never been greaer
and forthcoming increases in requirements are anticipated.

As more of our wat. resources are being utilized, more
individuals are Recoming involved in water quality and quantity concerns.
The municipal officer 13 concerned about both the allotment éf tax
dollars that must be spent on water treatment prior to water distribu-
tion,‘and whether supplies are sufficient to meet the needs of an ex-
panding population. The industrialist 1is concerned about the, expense
of utilizing poor quality water, either because of requifed pretreatment
or lowvefficiency in use; and he has anxieties about the water shortages
| looming in the future. The agriculturist is dismayed by low yields on
previously productive land, which has been permanently damaged by the
salts imported in poor quality irrigation water; and he wonders whether
there is enough good water to increase p;oduction. The ecologist 1is
concerned about the shift from‘natural aquatic ecosystems to unstable
or undesirable conditions imposed by man's activities. vThose persons
gseeking recreational activities on, by, or in water do not enjoy physical
irritations, objectionable odors and tastes,.views of green '"slimes",
or the catches of water weeds on fishhooks that may await them. Those
who look on water as a symbol of seremity -- a source of life -- are
watching the gradual disintegration of their philosophies.

The quality of a water system may be deterioratéd to the
extent that4beneficial use is impaired, that is,‘the water is polluted.
Eightrcategories of water pollutants have been broadly defirfed by the

Committee on Pollution, National Academy of Sciences,wﬁational Research

»



Council (reported in Mackenthun and Ingrhm, p. 2)Y: "(1) domestic
sewage and other oxvpen—demanding wastes; (2) infectious agents; (3)
pliant nutrients; (4) organic chemicals such as insecticides, pesticides,
nnd detergents that are highly toxic at low concentrations; (5) other
minerals and chemicals including chemical residues, petrochemicals,
salts, acids, silts and sludges; (6) sediments from land erosion; (7)
radiocactive substances; (8) heat.'" Of these, irrigated areas have the
potent ial t. contribute significant amounts of certain pollutants
mentioned within categories (3), (4), (5), (6), and (8). Irrigat&on
agriculture iﬁﬂthc United States has been singled out by the Program
Coordinator, Water Quality and Environmental Programs, Washington State
‘Water Pollution Control Commission as one of the major contributors of
pollutants to that nation's waters (Browning and Heinemann, 1970).

What is the situation in Alberta? Is irrigation agriculture
degrading our water supplies?

Because of the vast potential for pollution from irrigated lands,
a study was established to assess the status of ﬁollutant discharge from
an irrigation district in southern Alberta. Dr. M. Oosterveld, an
Agriculture Canada research scientist at the Lethbridge Research Station
is monitoring avnetwqu of eight water discharge sites from the Bow
River Irrigation District to assess the state of water quality deteridr—
ation. The sgudy herein.is a shb—project of Dr. Oosterveld's,
designed to delineate sources and quantities of discharged nutrients;
salts, suspended materials and water. The soils in the research area
" were also studied -- as both recipients of pollutants and as donors of

pollutants. Two of the eight major return flow watersheds were selected

for detailed study; one of which was & sprinkler-irrigated area north



of Vauxhall, Alberta, and the other a flood-irrigated area southeast

4

»

of Hays, Alberta. /



LITERATURE REVIEW

The pollution problems associlated with irrigation could all
be alleviated if {rrigation of lands was halted. However, when con-
sumptive use far exceeds precipitation, as is the case in the Vauxhall
and Hays areas (Sonmor; 1963; Committee éf the Canada Department of
Agriculture, 1960), additional water is required to obtain economically

viable yields.,

Irrigation Return Flow

Inherent in the present methods pf‘irrigation in the study
areas are losses of diverfed water: losses fg*é drainage network via
(1) seepage -- water passing through the structural materiais of |
resgrvoirs, canals, laterals, sub—lateralé, and farm Aitches into the
surrounding geologic material; "(2) bypass water -- water whicﬁ is
~returned to a source of supply without being applied to irrigated land;
(3) deep percolation -- applied irrigation water which finds its way
to the drainage system or contributes to the ground water recharge; and
(4) tail water runoff -- that portion of the applied water that runs off
the land surface" (Ut%h State University Foundation, 1969). Any of the
"lost" water which re-enters a resource pool. —— whether the pool is
ground water or surface water -- is subject to reuse. This potentially
reusable water which has found its way back into-theis;épiyggystem from
the irrigation syvstem is termed irrigation return flo;;~~;

The spurceé of ‘return flow may be divided iquftwo useful

categories on a management basis: point sources and diffuse sources.



"Point sources enter at discrete and idefitifiable locations and are
therefore amenable to direct quantification and measurement of their
impact on the receiving water. . . Dif fuse sources may be defined as
those which at present can be only partially estimated on a quantitative
basis and which are probably amenable only to attenuation rather than

to elimihation" (Ryden et al., 1973). Regulatury action to control
return flow constituents muét be preceded by a categorical inventory

of the sources.

-

Pollution Problems -

Return flow is valuable inasmuch as it is a source of water
for the downstream user. However, the pollution problems of irrigation

return flow are serious and may be damaging, even destructive.

Eutroghication

A. Ecology of eutrophication

Eutrophication, one of the problems éssociated with return
flow, may result in pollutiocn of downstream bodies of water. Defined
simply, eutrophication is an augmentation qf the nutrient levels within

wat-r- body. Waters having high nutrient levels are said .to be

eutrophi. ‘"looschenko and Dobson, 1975). This augmentation of nutrient

levels v~ ne a result of'eithe£ natural or natural-plus-artificial
conditi.ne activities may induce and maintain artificial nutri-
“ent augme~: L. “is is the crux of concern.

—~an self eutrophicatién is not pollution, but it may

result in oli: ~ ar nsatura. onditions a lake passes slowly
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through a progression of trophic (nutrient) levels: oligotrophic to’
mesotrophi;, to eutrophic (Wilcox, 1973). This progression, or agingv'
of the lake, occurs at a rate significant only in terms of geologlc
time (Mackenthun and Ingram, 1967). 1In the beginning stage (oligotrophic),
the lake supports very little life; the limited supply of nutrients can
support only a limited biomass. As nutrient levels increase, the lake
becomes mesotrophic which constitutes a more productive period of the
lake. 'In 1its mesotrophic stage there is an extensive, balanced aquatic
bilota. The final sﬁage, or eutrophic condition, results when nutrients
entering and residing within a lake are in excess of levelsqrequired to
maintain the mesotrophic balance.

A eutyophic lake is not dead, but rather is very much alive!
These lakes contain vast amounts of algae and aquatic plants, which may
cause a wide array of problems: increases in turbidity, nuisance
growths of small suspended plants.or algal scums, incréased area of
weed beds, offensive tastes and odors associated with decaying organisms,
aléal windrows on beaches, filter ciogging, and-death of aquatic
aerobes due to oxygen depletion during periods of high community
respiratioh (Mackenthun and Ingram, 1967 ; Wilcox, 1973).

Concern is expressed not only that a lake is eutrophic, but
also that society ﬁay have inadvertently imposed that condition; Lake
Erie has aged an equivalent of 15,000 years within ;he last 50 (Wilcox,

1973)!

=

B. Limiting nutrients

(a) An overview “
\
e

Important to the understanding of the process of eutrophication



{s an understanding of the "Law of the Minimum'" (or "Principle of
Limiting Factors"). There exist relatively fixed ratios in nutrient
requireménts for metabolism; for example, carton, nitrogen, and
phosphorus are utilized by algae in a ratio of approximately 100:15:1,
respectively (Carpenter.et al., 1969; Garmin, 1973; Verduin, 1970). In-
most waters there 1s great disproportion between the nutrieng supply
and the requirements for bioﬁic growtﬁ. For example, Ca++ and HCO3—
mgy be found in concentfations far in excess of demands, while other
ions like HZPOA_ may be present in proportionately minute amounts
(Ruttner, 1952). The nutrient which is found in least supply with

respect to the others in the ratio becgges the limiting factor in
nutrient uptake and hence the limiting factor to growth. Any 'reduction
in the supply‘of the limiting nutrient, therefore, will also reduce the
amount of primary éroduction.

¢, N, P, Fe, Mo, Mg, and Na have been shown to be limiting
nutrients in various waters (Hutchinson, 1969). N and P are the only
elements 'that have been definitely established as consistent growfh—
1imiting factors in natural waters" (Biggar an&ICdrey, 1969), but

Keuntzel (1969) has presented conclusive eVideﬁce that C (as COZ) is

also a limiting nutrient of great importance.

(b) Phosphorus _ L

Phosphorus is a macro—nutriént, but because of low solubility
of phosphatic compounds‘(see Table 1), it is found in extrémely low
concentrations in natural waﬁers. The Federal Water Pollution Control
Committeg kl968) cites values of 10 to 30 ug/1l as "normal" fqr natural

water bodies. This perhaps is the basis for Syers et al. (1973)



Table 1. Solubilities of some inorganic calcium phosphate compounds
found in soil. .
Solubildity**
Compound* Formula* g per 100 ml
Monocalcium phosphate Ca(H2P04)2 1.8
Dicalcium phosphate CaHPOa(ZCaO-HZO-PZOS) 0.0316
Tricalcium phosphate Ca. (PO,) joll
3 472 “lo
L) 9]
Oxy-apatite 3Ca,(PO,),-Cad =13
216
Hydroxy-apatite 3Ca3(P04)2-Ca(OH)2 S1E
Carbonate~apatite 3Ca3(P04)2-CaCO3
Fluor-apatite 3Ca3(P04)2-CaF2

i}

* Buckman ahd Brady (1969).

*%  Yeast (1974),

<



suggesting that.ph09§horus is the key to retarding or even reversing
eutrophication. ‘Maintaining phosphorus concentrations at natural levels
could prevent a transition from a mesdtrophic environment to a eutrophic
one, or even cause a transition from eutrophic to mesotrophic conditiong(/\

Any major user of phosphorus is suspected of Being a major
gource of that n&trient. According to Vallentyne (1974), 70 percent of
the phosphorus used in the United States in 1967 was 1in fertilizer, 13
percent in detergents, 8 percent in animal feeds, and 9 percent in‘other
products., Where would the search begin to unveil phosphorus sources --—
agriculture! The Task Group 2610-P Report (1967) estimates that 42 per-
cent of the phosphorus in United States water ‘supplies come from
agricultural land,

To understand the role of agriculture in supplying phosphorus
to water bodies, a knowledge of P forms, dynamics of P in the soil, and
mechanisms of loss from agricultural lands is necessary. In calcareous
soils héving pH values of 7.0 or more, typical of those in the study
area, phospﬁates are‘readily fixed -y reaction with calcium to form
rather insoluble compounds such as apatites (Alexander and Robertson,
1968; Hsu and Jackson, 1960; Larseﬁ§\1967). By a process termed aging
these phosﬁhate compounds become relatively insolubie; crystal growth
reduces surface -irea per unit volume and crystal transformations tend
to produce less solugle compounds. (See Table 1 fér solubilities.)
Thése low solubilig;ivalues support the observation that of the normal
phosphorus .content of the soil, less than 1 percent is readily available
for‘plant use {Buckman and Brady, 1969), and concentrations in soil
solution seldom exceed 0.2 mg/l (Biggar and Corey, 1969).

Does this mean there is practically no phosphorus in soil? No!
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In fact, soil has a vast capacity to hold (fix) phosphorus. Toth and
Bear (1947) found that the average ”adsopbing capaclity" of 17 New
Jersey soils was 41.9 t (46.2 short tomns) of 20 percent superphosphate
per acre. Present rates of P applicatioﬁ in the study areas, as will be
seen later, are far less than the general fixing capacities”of soll for
that element. Therefore, the soil will retain most of the applied P
until 1t is reméved by plants. Larsen (1967) estimates that in arid
regions, soils are'0.0Sl percent P by welght (510 ppm) -- far from ''no"
phosphorus.

From the previous discussion one can conclude that even
though approximately 70 percent of the P used is fertilizer phospﬁorus,
most of this 1s '"tied-up" as insoluble compounds #n the soil; very
little of the applied phosphorus (in tefﬁs of agronomic importance) will
be leached by drainage waters (Carter 55531:3‘1971):

Because of the insoluble nature of phosphatic compounds and
thé vast capacity ostoil to hbld phosphorus, does this mean that no
phosphorus is lost from agricultural lands? Table 2 gives values of P
losses at various places and under various conditioné., The following
vconclusions are apparent from the data and discussions within the
papers cited:

1. There is always some phosphorus in draiﬁage waters.

2. Total phésphbrus levels are alwayg highervthan water soluble P in
runoff waters -- often substantially higher.

3. Much of the phosphorgs in ruroff waters is adsorbed on eroded
sediments. These sediments may act as a continual source of soluble
phosphorus té waters in which they reside.

4. Applications of fertilizer P often, but not always, results in some
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P movement throug he soil to tile drains and a.. increase in soluble

3

P moving to surface drains.

~
~

s

5. Water egpq{fg from an irrigated area will have higher phosphorus
concentragipns than imported water if the incoming water 1is low in P.

6. On a phosphorus balance basis, often moré phogphorus will enter an
irrigated area via supply water than will be exported from the area
via'draﬁnagé.

7. fdﬁly a small percentagé of applied phosphorus will leave an agricul-
tural watershed.

8. P loss from an entire watershed 1is rarely correlated with fertilizer
applica;ion. It would ;ppéar(that losses are better corr :ted with
the amount of soill eroded. |

9. Although enrichment ratios of eroded materials may be higher in
fert;lized areas compared to those unfertilized, fertilizer P
épplications reduce amounts of P lost via erosion. This is a resglt
of a more vigofous, denser crop on the fertilized field.

10, Management’practices of returning reéidues and applying adequate,
yet not excegéive rates of P fertilizer will reduce P losses.

If phoéphorUS is strongly adsorbed by soil then why do any
losses occur? The g;eatest.losses of phosphorgs to drainage water, as
seen in Table'Z, are_h:result of surface runoff. Considering the case
presented by Bondurant (1971) one could possibly conclude th:
following: nutrients in surface runoff from an irrigéggd.watershed will
be prop&rtional to two factors —-- (1) the amountvof erosion in the
watershed, and (2) the nutrient content of the eroded material.
Bondurant (1971), using Einséein's equation’to calculate the average

displacement of ions by Brownian movement, makes the point that the

’



velocity of diffusion of ions from the soil to surface applfed water
is counteracted by infiltration velocities. vIon movement to the
irrigation stream by diffusion is therefore mig}mal‘and erosion is
'ciCed as the cause. /
. Logically, the more phosphorus.in the eroded material, the

higher will be the particulate and dissolved P concentrations in the
drainage water (see Table 2 -- Roﬁkens and Nelsoh, 1924). I1f particles
come.from a §urf§ce soil high in phosphorus, they will tend to support
a relatively high concentra£ion of phosgﬁorus in solution; on Fhe other
hand, particles low in phosphorus can remove P from solution (Biggar
and Corey,.l969; Wildung et al., 1977). ©- eroded material and dis-
solved orthophosphate-P may eventually be Aepositéd in a lake, where
the éoluble P acts as an immediate P source, and the sediment held P -
acts as a potentially constant source of nuﬁrient P for primary pro-
duction (Wildung et al., 1974; Latterell et al., 1971).

Leaching losses of phosphorus also occur, but in most cases
account for only a small percentage of applied P. Lﬁnd et al. (1976)
found phoéphorus enrichment of soil to a depth of four meters. No
percentage lost was given, but concentrations at tﬁis depth were low.
'In Kardos and Hooks' study (1976), each leaching loss was estimated as
<3 percent of ;he total appliéd. Johnson gg:gl; (1976) found that 1
pércent of soluble applied P left the wate;shed in dissolved (leachable)
form. Orth (1976) found concentrations of Q.Ol to 0.03 ppm. ortho-
phosphate-P to be typical of ground water below an agricultural éreaiin
Dade County, Florida. By averaging“%3 of 65 reported values gathere
in a da;a survey, Whife et al. (1963) determined a mean value of

[N

0.011 mg/1 Of'phosp§§TUS in g;ouﬁé waters. Phosphorus is obviougly not

15
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readily leached!
In summary, the process of erosion -- not leaching -- supplies
a substantial amount of phosphorus from agricultural lands to biotic

environments.

(c) 'Nitrogen

"Nitrogen and phosphorus can still be considered as two of the
major elements governing primary productivity. In some'tropical and
highly eutrophic temperate lakes, nitrogen may be a more important
limiting factor than phosphorus' (Lund, 1965). Nitrogen's role in
eutrophication, then, is mainly the enhancement of eutrophic cond§210ns;
permitting growths to develop past an undesirable stage to an objection~
able level. The problemg agsoclated with eu-rophication, as previously
diSCUssed,”are manifest in extreme eutrophic conditions. .Nitrogen; a-
macronutrient, is required in relatively large amounts for protein
synthesis; in the casgse of algae, nitfogen comprises about 3 to 9 percent
of the organisms' dry weights (Mackenthun and Ingram, 1967). A decrease
in' N supply to lakes, therefore, would have an ameliorating‘éffect.

What nitrogen forms aré of concern? Several forms of nitrogen
may be utilizec as a‘nitrogen source. The common forms of marine
algae attain comparable rates of growth with ammonia, nitfate, and
nitrite (Mackenthun and Ingram, 1967). Dugdale and Dugdale (1965)
found that the minimum levels of NHA+—N (which they equated with NH3-N),

NO ——N, and NO, -N occurred simultaneously in a léke; maximum levels of

3

the three nutrient ions also occurred simultaneously. This, they

2

surmised, indicated biological utilization of all three. They also
determined that maximum assimilation of the element corresponded with

minimum circumjacent concentrations of these forms; that is, nitrogen
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concentrations in the lake were inversely proportional to assimilation.

NO, -N always occurred in minimal amounts with respect to N03~N and

2

NH,-N, while NH

4 ~-N was always most abundant.

4

Some 40 species of algae can fix their own nitrogen from N2
derived from the atmosphere (Garman, 1973). This 1s an important but
non-agricultural source of N for algal nutrition.

What are the agricultural sources of this nutrient element?
Viets (1971) states that Qithin the preceding 29 years, fertilizer N
use ifncreased greater than lS-fold, and tﬂﬁt increases of 3 to 5 percent

“\

6 t (4.3 x lO6 short tons) of

per year woﬁld follow. 1Im l§65, 3.9 x 10
fertilizer ﬁ was used in the United States (Smith, 1967) — a vast
potential for pollution. 1In a table of nutrient séufces for natural
waters (sources inciuded domestic waste, industrial waste, runoff from
agricultural land, runoff from‘non-agricultural land,'farm wasfés,

urban ‘runoff, and rainfall), an estimated 0.68 x lO6 to 6.8 x lO6 t

(0.75 x lO6 to 7.5 x 106 shqrt ﬁons) per year of N were attributable to
agriculﬁural lands -- the most of any source (Task Group 2610-P "Report,
1967)! Agr. _lture not only has the.potential to supply eutrophic
nitr;gen levels, but apparently is supplying about 60 peréent of the
nitrogen in.United States water supplies (Task Group 2610-P Report,
1967).

Evaluating the role of agriculture (and of particular interest,
irrigated lands).ip supplying nitrogen to water. qu;es reduires a
knowlédge of N forms, N dynamics in the soil, and mechanisms of loss
from agricultural lands. Mineral fofﬁs of N in the soil -include

- + - .
nitrate (NO3 ), ammonium (NH4 ), nitrite (NO2 ), nitrous oxide (NO), -

nitrogen dioxide (NOZ)’ and elemental nitrogen (N2) (Stevenson and
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~

Wagner, 1967). Other forms of inorganic N exist in the soil such as

intermediates in biological transformations, but these have only

transitory residence.

Not all N forms in s%il may be transported to aquatic sinks
in significant amounts, and not all are produced in significant amounts
under ”normal“ soill conditions. N2, N20, NO, and NO2 are géseous forms
of nitrogen evolved in soils by the process of denitrification (Allison,
'1966) and chemical nitrite decompositioﬁ (Bremner and Nelson, 1968); and
as such are not readily subject to water trapsport. Also, they are
produced in significant amounts only under the following conditions:

NZO and NO production 'require low pH -- 6.0 to 6.5 or less; N2 dominates
the denitrification products at pH's above 6; all dénitrificption
requires a supply offreadfiy oxiaizable organic compou;ds, high nitrate
levels, and poor drainage (Alexander, 1961).° Soils in general, there-
fore, contain only minimal amounts of these gaseous compounds.

Minimal occurrence of NOzj is also a fact, and is explained
by Broadbent and Clark (1965) as félloﬁs: "pH-values near the upper
limbt of the range for nitrification sometimes cause an accumulation of
nitfite. Under average soil conditions nitrife seldoﬁ if ever accumu-

lates. This is because the oxidation of nitrite to nitrate by
- r

Nitrobacter generally proceeds faster than the formation of nitrite

»
.

from ammonium by Nitrosgmonas."

CT\X4’/—$\TFTOm the previously discussed information, one could possibly
’-'/_\’ .
conclude that most of the inorganic nitrogen in the soil -~ 5 to 10

ppm in bare fallow soils in the winter, and 40 to 60 ppm in fertile

topsoils in spring and summer ‘(reported by Harmsen and Kolenbrander,
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1965)‘—— is 4n the form of NH4+ or N03-° Cameron (1969) reported val;es
eq&ivalent to 10 to 15 ppm NO3—N in féllowéd solls from most of
.soﬁthern Alberta. Fertilizer application which typical%y édds in the
order of 150 to 600 ppm N to the s0i1l solution per year is also in the

+ -
form of NH, , NO NH CONH,, (which is rapidly hydrolyzed to_NH4+

3’ 2
according to Harmasen and Kolenbrander, 1965), or NH3 (which' forms NHAOH
in water according to Jenny et al., 1945), Ammonium and nitrate are the
predominant inorgarnic N forms ;nd therefore‘invite further scrutiny.
The following properties of ammonium help elucidate the
mechanisms for its loss from irrigated lands:
1. Ammonium (NH4+} isva monovalent cation which is readily adsorbed By
s0i1l colloids evenbat high soil moisture levels (Jenny et al., 1945).
2. Once adsorbedANH4+ is not readily exchanged, even by calcium
(Vanselow, 1932){ This may be explained by the findings:pf Stanford
and Plerre (1946), that~NH4+ is fixed by soils in identical
fashion to K#, that is, as structural interlayer ions.
3., Ammonium exchanges adsorbed calcium'from éolloidal surfaces more
readily than lithium, sodium, potassium; magnesiﬁm, and rubidium

(Kelly, 1948), so o have high replacing power.

3
4. Movement

is inverselh proportional to fineness of texture

4

(Jenny et al., 1945; Nelson 19535 Preul and Schroepfer, 1968;

Ray et al., 1957).
5. Adsorption of ammonia folldys a Freudlich isotherm, that is, the
af added, the less the gercentage of added ammonium adsorbed
(Preul aﬁd Schroepfer, 1968).

more NH

In summary, except in cases where high rates of ammonium
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fertilizers are added to sandy soils (actually soills having low cation
exchange capacity), the applied ammonium will be held . ghtly in or on
colloidal particles,  Losses will be incurred mainly tirough the process

of erosion.

Although much of the applied ﬁ is in the ammonium form, the
biochemical oxidation of ammonium to nitrate (a process termed nitrifi-
cation) results in a large portion of soil NH4+ being transformed to NO3~.
Jahp's work (1971)‘on twelve Alberta soils exemplifies the extent of the
nitrification process. His results indicate that 72 to 88.percent of

50 ppm added NH + had been nitrified in Chernozemic soils during a 35—

4

day incubation period. He also observed that "with few exceptions the

samples contained less than 1 ppm of exchangeable ammonium which
o : ’
indicated that nitrification of exchangeable ammonium had proceeded to

1

completion.”" These results would support the conclusion that in most

o

cultivated soils the concentration of ammonium is insignificant com-
pared with the quantity of nitrate, as pointed out by Harmsen and

Kolenbrander (1965). Optimum moisture and pH conditions for nitrifi-
. ) /

cation (Dubey, 1968; Frederick, 1957, respectively) are typical of the

study areas. NO3—N would be expected to be the predominant nitrogen

form; little NH,-N would be expected in the study soils.

4

The fact that NO3-N is the predominént inorganic form in soil
is not the only basis for Stevenson and Wagner (1970) stating that
"nitrate. . . is the form of N which is of greatest concern from the
standpoint of poilution of water suppligs.” If nitrate would stay in
the soil there wéuld‘be-littie problem i;deed; However, as noted by the

previously mentioned authors, nitrate is. "free to move with the soil

water" out of the root zone to the ground water system.
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Th%s freedom to move 1is a result of two properties of nitrate:
its electro-negativity and its formaﬁion of very soluble salts in the
soll. Because of a predominanée of negative electrostatic charge within
exchange complexés in a soil, NO3—N, which is also'electro—negatiée,
is not adsorbed to any significant extent in soils. The nitrate ion,
therefore, will move with water through the soil profile (Gardner, 1965);
A "classic" i1llustration of nitrate movement is given by Krantz et al.
(1944) 1in a study involving N movement in.a silt loam soil: ". . . a
four—tenths inch rain interrupted .the soil sampling. The plots were

sqmpled.again immediately after the rain, and the data showed that the

nitrate con;ent‘in the surface one-quarter inch, which ppm before

1

the shower, droéped to 2 ppm after the shower."

Nitrate salts formed in the soil are highly'solubA as
indicated in Table 3. Where soil wate? content remains high, & -t o
in irrigated soills, nitrate will persist in ion;;'form. When raini-1’
of irrigation water is supplied in excess of plant use, nitrate may be
leached below the root zone (Sténfprd, 1969).‘ The main mechanism ofh
NO3~N loss from irrigated lands, therefore,fwould be leaching.

What can be expected in. terms of nitrogen loss from agricultural
areas? Table 4 gives seQeral examplés. The following conclusions Are
derived from the data and discussion within the ?apers:
1. Nitrate.movés readily in soils.

2. Movement of nitrate in soil will correspond to water movement in
soil. For léaéhing of nitrates to occur, water must bé'supplied over
and above crop‘needs and soil retentive capacities.

3. Nitrate concentrations in 5upsurface drainage waters from feftilized

‘.

fields are, in general, substantially highercthgn those from



Table 3. Solubilities of some inorganic nitrate salts.

22

Solubility*

Temperature*
Compound Formula g per 100 ml °c
Calcium nitrate Ca(N03)2 121.2 18
Potassium nitrate KNOj 247 100
Sodium nitrate NaNO3 92.1 25

% Weast (1974).
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11.

unfertilized fields.

Moré nitrate nitrogen will be lost during the initial irrigation
period than in subsequent ones; especially if fertilizer has been
applied at high rates.

Nitrate ;oncentrat;wf in moving water decrease in some instances.
This may regult in an effectual decrease in agriculture's contribu-
ti.n of nitrates.

Plants can remove a large amount of applied N from the soil system;
less will be availgbie for leaching.

Ammonium may or may not contribute substantially to the nitrogen
Eudget of rﬁnoff water from irrigated fields. This depends on what
férm of nitrogen 1is applied, whether the applied fertili:er 1is
incorporated before irrigation, and vhether the N 4+ has been
nitrified before irrigation.

Levels of nitrate in groung water and surface water on a regional
basis are pot increased substantially by substantial increases in

fertilizer use. Locally, high concentrations of NOB—N in ground

water may occur.

Nitrate concentrations in surface runoff, when compared to concen-

" trations in drainage water, are low.

Nitrate losses in irrigation return flow are substantial with

respect to both eutrobhication and farm economics.

A large portion of applied N can be lost through poor farm manage-
L

ment. Nitrogen can be conserved through judicious use of water and

fertilizer.

to

~i



(c) Carbon

As previously mentioned, gfgae require at least or- hundred
times moré carbon than phosphorus and abogt»fiftgen times more carbon
than nitfogen. What 1s the source of'these‘lérge quantities of carbon?
Carbon compounds c...ering a watér syétem'ihclude C02'which has diffused
acrogs the ailr-water interface; dissolved CO2 in rainwater; H2C03

(carbonic acid), HCO - (biocarbonéte),‘and CO3-— (carbonate) in drainage

3

waters; and organic compounds in waste waters (Ruttner, 1952; Keuntzel,
.1969). Keuntzel (1969) points out that ''the availaBle free CO2 from

natural inorganic sources (at pH of 7.5 to 9) probably never exceeds

1 mg/l, and it becomes available at a rather slow rate.'" He suggests

that these inorganic gources are not of major importance. Instead he
cites the mutualistic symbiotic association of bacteria and algae (in

which bacteria give off CO, as they metabolizé organic materials from

2

municipal wastes, industrial effluents, and dead algae, etc.) as the

o

main source of CO., for algal growth. Thus, through the control of

2

organic discharges, algal growth may be conﬁrolled.
Goldman et al. (1974) take excepticn to Keuntzel's literature
search and demonstrate by both theory and experiment that the "COszZCO3—

HCOB-CO3——" buffer system in water can sﬁpply CO2 in excess of algal

requirements. C02 is released by the carbonate buffer system through

the following equilibrium reactions (Goldman et al., 1974):

el = . - .
JHCO, F== C0, + H,0+ (0, (1)
HCO,” == CO, + OH (2)
Co, + H,0 == C0, + 20H (3)

3
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-

Under typical.pH levels (8 to 8.5) the bicarbonate ion is the dominant
carbon ;pecies; equation 2 répresents.the process by which CO2 i; éhpplied
for primary prbduction. According to Goldman et al. (1974) this réaction
.can release CO2 at a rate in excess of eight times algal comsumptior.
Natural carbon sources usually meet minimal requirements for
aiéal nutrition. (Greeson, 1969). Perhaps this explains why very ligtle‘

information 18 available on ¢he role of irrigation .return flow in‘supply—

ing C to aquatic environments -- it is not important.

Sediment as a Physical Pollutant

‘A. Problems

.In a preceding section on phosphorus, sediment was mentioned
as é storehouse of nutrient P for eutrophication. This role of sedimgpt
.in water pollution 1s only one of many as the following 1is£ of éffects
of sediments demonstrates:

d. Impact on municipal use. The :olerable-turbidityl level for drink-
ing watér is 5 mg/1 tMcGauhey, 1968). Suspended loads giving higher
turbidity values than this are yisibly detectable in a'glasé‘of
water. ’Unfortunately, public preference %;r clear water is costly
since the required, chemically-enhanced, flocculation to remove
suspended materials is expensive, !

2. Impact on industrial use. Similarly to municipalities, some
industries mu;t pretreat their watef‘supply. For'example, canning

requires turbidities <10 mg/l; textile industries <5 mg/l; and water

1 . . i .
One indirect measure of suspended load is the measurement of turbidity.

Suspended sediment values are usually lower than turbidity values
(Stall, 1972). :
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for cooling should have turbidity levels <50 mg/l (McGauhey, 1968).
Impact on reservoirs. The storage capacity of reservoirs is being
gradually reduced by sedimentation -- 0.2 percent per year on the
average (Spraberry, 1965).

Impact on natural or constructed channels. According to Stall (1972)
riveré must carry sediment in order to maintain an inherent energy
balance. Robinson (1971) states that a stream will attempt to erode .
its banks or bed to obtain this sediment. Thus, a lack of sediment
can resuit in instability in water chgnﬁéls. Deposition of sediments
will occur 1if the suspgnded material exceeds the stream's inherent
abllity to carry the sediment load. Thus; an éxcess of sediment can
reduce the efficiency of man-made waﬁer channels throughvresultant
deposiﬁion.

Impact on fish. Buck (1956) has shown that fish production in pondgigf
stocked with Large Mouth Bass, Bluegills, and Redar Sunfish is
inversely proportional to sediment concentrations. Ap a level of

25 ppm suspendéd éediment, production Qas 180.9 kg/ha, while in ponds
having' 100 ppm production dropped to 32.8 kg/ha. Spawning was

affected by sediment concentrations of 84 ppm in the water.

. Impact on recreation. "Swimming, boating, and water skiing are

forms of water-based recreation thatvare directly affected by the
turbidity and the amount of sediment‘in the water. The authors have
nocway bf expressiné this adverse effect of'sediﬁent, or the beauty
of a cleaf‘étream, except to call éttention to the obvious'" (Glymph
and Store&, 1967). Oschwald (1972)‘stétes that complaints are heard
from swimmers and boaters when turbidity leQels reach about 10 and

20 mg/l, respectively.
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B. 'Sediment sources

There are 3.6 billion tons of sediment washed into tributaries
in the United States per year (Wadleigh, 1968). 1In colloquial jargon,
"Whefe does all that come from?!" According to Wadleigh (1968)
approximately balf of this sediment has been ero&ed from agricultural
land. Sheet erosion, rill erosion, and gully erosion by wind and by |
water are all contributors.

In aasessment of the role of irrigation agriculture in
supplying sediments‘to natural water systems; an‘examination of the
definition of erosion will be of benefit. Erosion defined simply is the
detachment and transport of soil material (Johnséﬁ and Molderhaﬁer, |
1970). In a sprinkle—irrigated area, water is applied at rates so as not-
to exceed the infiltration capacigf of a soil. Thué, there is a means
of soil particle detachment but no means for transport. Little soil
ergéion by irrigation'water in such an areé would be expected. In a
flood-irrigated area, however, water application rates must exceed
.Anfiltration rates to facilifate water distribution. As the applied
stream flows over the fiei& there is a means for both detachment and
Eransport of soil particles. Sﬁbstantial snil losses by erosion are
pq;sible-in flood~irrigated: areas. N

Table 5 gives a listing from the scant literature data avail-
able on sediment in irrigation supply and drainage waters. Thev
following conclusions are derived from the reported data and from
discussion within the papers: |

1. The soil may act as a filter by retaining the sediment in applied

irrigation water.
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2. Runoff water often haé substantially higher sediment concentrations
than the corresponding applied water. The net change varies.from
year to year and from place to place.

3. The net amount of sediment exported tq a natural body of water will
be affected by the amount of deposition‘in drainage channels;

4. Sedimentation can significantly reduce suspended loads before the
drainage water 1s discharged into a natural sink. Natural or con-
structed sedimentation basins are helpful in reducing sediment
lbads, but further treatment may still be required to reduce
turBidity. |

5. The concentration of sediment in supply water can vary greatly
d;}ending on the extent of erosion of channel banks, the settling
time and trap efficiency of storage structures, and the amount of
natﬁral runoff received by the irrigation network.

6. Furrow irrigation gives higher sediment yields than other methods
of water-application. : .

7.~‘There ié sufficient erosion in irrigatgd areas to be of both

. B
economlic and environmental.concern.

Dissolved Salts

A. Probléms

%o discuss all the problems associated with specific %na total
dissolved salts would be beyond the scope of this work. For more
detailed information the reader’ is inviféd'té refer to_the following
publications: National Technical Advisory Committee (l968j; American

Society Testing Materials (1967); and/or Utah State University Foundation
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(1969). Only a brief discussion of factors important in municipal,
industrial, ecological, recreational, and animal use of water will bg
given -here. Mofe attention is paid to the problems associated with
dissolved salts as they affect irrigation agriculture.

Dissoivgd solids are not removed to any extent by conven-
tional water treatment (Utah State University Foundation, 1969).
Munigipalitiee and industries must therefore locate themselves in
proximity to water of inhefent high quality. Any factors, such as
irrigation return flow, which'may jeopardize that quality, impo;e a
threat to the public and to private investors. The following is a 1list
of problems assoclated with polluted municipal water supplies as
affected by specific and total salts as given by the Utah State
University Foundatioﬁ (1969): (1) 6bjectionable physiolbgical éffecfs
and“taste as a result of high total dissolved solids; (2) cost of soap
and water softening as a result of hardness; (3) objectionable taste of
chloride 1in water; (4) objectionéble taste and laxative proper £
suifate; (5) harmful effect of sodium on persons having cardic al,
or circulatory diseases; (6) possibility.of methemoglobinemia (nitrate
poilsoning of infanﬁs, to be discussed later); (7) various problems
associated with éutrophicatioq of domestic water supplies; and (8) adverse
" effect of phosphates on flocculation during watér treatment.,

Industrial uses of watér are nume*dds and the corresponding
potential problems are also manifold. Because of variations ip quality
reduirémenﬁs -- for example; the maﬁufacture of television tubes requires
water containing dissolved solid concentrations of only parts per biliion
(Partridgé, 1967), while waters having up to 35,000 parts per million

have been used for cocoling purpoées (Natiéhal Technical Advisory
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Committee, 1968) | total dissolved salts may be a problem for one
industry but not for another. A broad generalization can be made,
however, that the lower the dissolved solids the fewer the number of
dollars that must be expended by industry for water treatment.

When considering the effect of dissolved solids on aquatic
flora and fauna, an ecological approach should be taken. 'Naturally occur-
ring fresh water organisms inhabit the environments to which they are
_adapted. The inter-dependence of organisms is complex, and an upset in
species composition may set off a chain reaction. Such a change in
biota may be a result of fluctuations in the chemical environment;
Total dissolved solids are not a major concern in considering these
changes because they are not prone to' large or répid natural fiuctuations.
However, 1f the diésolved solids composition of receiving waters 1is
ingreased by more than one-third the natural level or raised in some
way to exceed an osmotic pressure equivalent to 1,500 mg/1l NaCl (National
Techﬁical Advisory Committee, i968), such as by salts discharged in
irriéation return flow, then an upset in the biotic community can be

- N 2

H

expected.

With reséeét to water recreation and aesthetics, changes in
dissolvea solids are Qn&esiréble.only to the extent that they édveréely
affect domestic consuﬁption and aquatic ecosystems.

Animals will tolerate much higher salt concentrations than
will humans (McGauhey, 1968). McG;uhey (1968) cites McKee and Wolf
(1963) in giving 2,500 mg/l as a :hr;shold valﬁemfor total dissolved
solids "at wﬁich sensitive animals show élight effects fyom'prolonged

use of such water. Lower concentrations are of little or no concern.”

Both total salinity and‘specific ion concentrations of water



'supplies are characteristics that concern the.irfigation specialist.
Reeve and Fireman (1967) estimate that at least ome-third or more of the

world's irrigated lands suffer from problems caused by salts. The up-

stream cycle of diversion, distribution, application, runoff, percolation,

and reuse can seriously modify the water quality for the downstream
user. For example, Thorne and Thorne (1951) found a 20-fold increase

in salts along a 322 km (200 mi) stretch of a Utah river from which

irrigation water was diverted seven times. The minimum salinity increase

in irrigation return flows, as derived by McGauhey (1968) 'in his
review of seven studies 1n thé western states, was five timgs ﬁhe,level
of the salt éonéentration in the gorresponding supply water. The
irrigation return flow cycle is a salt donor and salt concentrator.
Reuse of this water can increase soil salinity problems already pre-
valent in many areas, and can enlarge the area of salt-affected'soils.
Excess salinity delays or prevents seed germination and
reduces thé amount and rate of plant growth. These problems are
assoclated prlmarily with high Qsmotic pressures which tend to induce
plasmolysis. For 8ach increase in salt content equivalent to an -
electrical conductivity of 4 mthS/cm; the plant must overcoﬁe an
additional force equivalent to 1.44 atmospheres of préssure to obtain
. its water (United States Salinity Laboratory, 1954). Some problems may
be due to nutritionél imbalance or toxicity caused by specific‘ions.
Bernstein (l961> relates several effects of salts on plant growth:
(1) plant growthsyis inversely proportionalsto osmoticbpresSure of
nutrient solutions; (2) fruit crops suffer at even low chloride and
égdium concentrations, while vegetable and field crops are not speéifi—

cally sensitive to chloride or sodium'ions; (3) boron is toxic at a
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| | \\
few ppm; (4) bicarbonate interferes with iron utilization by plants;

(5) high sulfate concentrations decrease calcium uptake by lettuce; and

(6) calcium may restrict the uptake of potassium in beans and carrots.

B. Sources of salts

why are digsolved solid concentrations in irrigation return
flows higher than those in applied waters? Supplementary'water applied
to crops acts as a solvent and transport mechanism for nutrients,
maintains plant turgidity, and serves as a coolant in the prgcess of
transpiration. While“the consumptively-used water>lost from the soil-
plant system is pure, the imported irrigation water contains varying
amounts of salt dissolved during intimate contact Qith geologic material.
Only a portion of the applied salt 1is removed by crops. For example,
Praft and Chapman (1961) féund that about one~fourth of the salt that
they added in low salinity wat to lysimeters was remgved by bafley and
~ Sudan grass. The substantial quantity of salt added to the soil in
irrigation water is fﬁrther concentrated iﬁ the soil by évapotranspiration
(Rhoades and Bernstein, 1971), and is only partially removed by crop
growth. Repeated water appliéation and gvapdfranspiration result in a
salt build-up in the soil.‘ Because the maintenance of viable‘irrigated
‘laﬁés requires the removal of accumulated salts from soii (Bouwer, 1969;
Scofield, 1940; Wilcox,‘l963), irrigation watef is applied at some
fraction over-and-above crop needs in order to "wash out" the imported
salts. This saline leachihg fraction percolates below the root zone
into natural or artificial drainage systems and re-enters éurface or
groﬁnd watér supplies. 'Said in other words,.the'saliné leaching water

becomes return flow.



Dissolution of salts in soil (Bower, 1974), miscible displace~-
ment of soil solutions by irrigation water (Sadler et al., 1965),
weathering of soil-siliéate minerals (Rhoades et al., 1968), decreased
leaching fraction (Rhoades‘g£.3£L, 1973), decreased rate and increased
frequency of water‘application (Keller and Alfaro, 1967), and little
dilution from non-percolating water (Bower, 1974) all contribute to an
increase in the total dissolved salt concentration of drainagé water.
Precipitation of‘salts (Rhoades_gg al., 1974) and removal of soil
solutes by crops (Bower, 1974) are processes which reduce salt loads.
However, much less than one-half of the salts can be effectively-
reﬁoved in this manner. Some leaching of salts remains necessary.

Salts iﬁ irrigation return flo& may also var§ qualitatively
froﬁ applied irrigation water. Of particular interest is the.iﬁcrease
of Na+ relative to Ca++ and Mg++ since Na+ plays a major role dn the
‘deterioration of soil physical properties. éoils having an exchangeéble
sodium content in excess of 15 percent of the total cation exghange
capacity, that ;s, an exdhangeable sodium percentage (ESP) greater than
15, are termed aikali soils (Upited States Salinity Laboratory Staff,
1954). 1Increases in ESP values in soil are indicative of conditions
which. cause nrtritional deficiencies and diminished air and water
permeabilic. . (Eaton g£.§lL, 1967; van Schaik, 1967).

Increased ESP values can result from two processes: (1) Fhe
precipiﬁatioh of cglcium and magnesium salts as their solubility limits.
are exceeded; (deium salts are highly soluble ;;d.therefore remain in
solution at "norﬁal" sbil c0nceﬁtratioﬂs; whereas the solubility limits
of magnesium siliéétes, calcium fulfate, and calcium and magnesium

carbonates are often exceeded In soil selutions. This causes an



40

effectual increase in Na+ concentration. At higher concentratior Na
replaces more Ca++ and Mg++ from the exchange complex resulting i:.
higher ESP values.) and (2) the addition of irrigation water having a
high sédium to calcium-plus-magnesium ratio, that is say having a
high sodium-~adsorption-ratio (SAR). (Since adsorbed ions are in "dynamic"
‘equilibrium with the 1ons in thefadded irrigation water, the SAR of the
imported solution ultimately controls the soil ESP values after prolonged
water additions, as explained by Babco;i et al., 1959.)
The sodium ion concentration in irrigation return flows may
be drastically altéred_és the water passes through geologic strata. !
Geological deposits of marine origin are high in sodium salts, aﬁd
depe;ding on the geocﬁemicg} abundancé of these salts, the duration of
.the contact time of water with salt, and the length of the flow path
(Edmunds, 1976), the process of solution can add sqbstantial quantities
of Na+ to the percolating refurn flow. Sodium concentrations can also
be increased byvex;hange phenomena in which the geologic material a “s
.as a semipermeable membrane. This occurs because calcium and magnesium
have.a greater affinity for exchange sites than does sodium —- the
calcium‘and magneéium are removed from solution ag they replace the
adsorbed sodium. Obviously, the sodium concentration in the percolating
water increases.
* In summary, the proceéses associated with lea%?ing can result
in significant specific and/or total salt'additions to irrigation return
flows, whicﬁ, when discharged into a wate} supply, often hamper bene- ‘
ficial water use.

The data in Table 6 portray the extent of salt increases in

irrigation return flow. The following are conclusions derived from the



41

‘813AT1 JUulA18091 03 uiniail Jo 3rT1od By
01 UOISI8AIp jo JuTod ayjy woa3y ‘LA1aajioadssa SaWy3l ¢ 03 4 :
‘unypos pus S31€S paATossIp B30I uj agea1du] pue samy3 7g°*y (ZL61) pueaaeiy

*ioyine syl wu 3uypioodoe 1ajem pPa31i13Afp
SE 31BS yodnuw Se sawyl (] uailjo pue sawyy .
£ 3837 3B urPIUOD SMOTJ uanijaz uorjedyiay sawWy3 Q1 03 ¢ (£y61) 238p1apry
‘818jem uoylBgrill
JO 3BYI Ssawyl ¢z*y A193ewyxoadde  suoy3eijuan

~uod 17eS [EB30]1 pey S1ajem s3evujeap 33ejansqng " saumyy GZ°2
"Oyep1 uy
19813 uoT3iEdT117 alie] e wo1j 3ndino [ejo03 19N BY/] H°7 (IL6T) 1231E)

(*eiep £37AT30NpUOD IR S SRER E
UBAT3 wWolj paje[ndTed a3iam sanTea wdd 17vy)

*8961 ‘i193em Jjouni UT UOTJIBIJUSDUOD UBIY . 622 )
. ‘8961 ‘1921em paridde ur UCTIBIJUIDUOD UBIY mwm
*[961 ‘133em jjouna ug UOTIBIJU3DUOD UueIY 642
*[96T ‘193em par1dde uy uorjzeajusduod ueap 947
9961 ‘193eMm yjouni ug UOTIBIJUSDUOD uea)y 9€¢
‘9961 ‘193em parrdde Ul UO0TIBIJUIDUOD uesp . H\wa.omm , (1¢£61) 3ueanpuog
’ UOTIEWIOJU] [BUOTITPPY | : , Amvm:HNV ’ - (syasyoaeasay

. 3TeS paATossIq

*siajem mwmdﬁmuv PUB UOTIBITIIT YITM PaIBII0SSE SITES paafossiq” ‘g vanmw.v



42

" *9seai1duf 8yl Jo juadiad ¢/ 031 Q¢ 103
junodoe jydjw - -uoyiedyixy ieyi lieadde pinom 37,

*8puely OTY 9yl JO _yYyo233138 (TwW
QG%) WY K7/ B 13A0 SPITOS PIA[OSSTIP Ul 3sealrdur’

*123em 3adeujeap

a3yl ul wnipos jo aseaiduy Jeuoriiodoad pue
A1antioadsai ‘i1ajem pajidde o031 paiedwod iojem
28euTER1p 90BJANSQNS U EMIPOS JO UOTIEIIUIOUOY

*SMOTJ uInial uorledjilil Aq painqliiuod sem eyl
12ATY WPR{B)L 19MOT 3yl uj 31TBS 2yl jo uoyiiodoiy

*si1odax 4
wWoOlj paAfliap se lajem uol1edfiiy o3 3dedsar yiim
SMOTJ UuInial jo san{ea K1JUJ[BS U] 3SEIIDU] UBIY

%60 03 0S

5

sawyl g

samyl 76
‘7/bow 1y pue gg

296

sawyl °f

(Z961) XO0OTIM

(£961) woorqeas pue 133SIATAS

~
/ (8961) -Laynenoy

UOTIPWIOJUT TEUOTITPPVY

(s)antep
11BS P3aATOSsI(

(s)a9yda1easay

(panuyjuo)) ‘g atae



43

data:

1. Irrigation return flows can and often do carry vast guantities of
dissolved salts to ﬁatural receiving waters.

2. Salt concentrations are not substanﬁially increased in surface
rﬁnoff; leaching and draiﬁage are the proéesses by which substantial
salt loads return to water supplies.

3. The degrxee of increase in.salt loads in returned Qaters varies from
district to district, and river to river,

4., Downstream usefs will have more extenslve salt proBlems than up-

stream users.

v

C. Infantile nitrate poisoning (methemoglobinemia)

‘ Nitrate poisoning 6f infants can occur at NO3— concentrations
of 45 mg/l- (Utah State University Foundation, 1969). This level is
approximately equivalent to 10 ppm NO3-N. The factors governing the
amount of NO3-N in water supplies have been previously discussed‘in

some detail under the section on eutrophication in this review and will
not be repeated here. As witnessed by the data in Table 4, NO3-N levels
in excess of critical levels .are not common in irrigation return flows.
At a few individual sites, ground water recharge by percolating waters
has_;ncreased nitrate concentrations past permissibli levels. The closer
that a water source is to a concentrated nitrate supply, with respectito
both space and time, the greatér the chance of nitrate proslems. Ex-
cessively high nitrate concehtrations do not appear to be a problem in
irrigation return flow except where high rateé of nitrate fertilizer

application and subsequent leaching are the norm. Judicious use of

fertilizer and water can alleviate nitrate problems.



Thermal Pollution

Fish kills can result from répid fluctuations in water temper-—
atures. Also, various species of fish and their associated biota are
adapted to relatively narrow, specific temperature ranges (National
Technical Advisory Comm;ttee,_l968). Depending on the temperature of
the water source, irrigation can elther increase of décrease water
ﬁemperatu;e, that is, the process of irrigétion has a temperature-

moderating effect on return waters., Few data are available on the

effect of irrigation agriculture on this type of pollution.

Pesticides

Some pesticides are resistant to biochemical degradation and
as such persist in ;he environment ana may be found in irrigation
.return flows. An ac;umulation of these occurs in the food chain in a
progressive manner as the ultimate consumer ig approached. The
accumulation of besticides in organisms to toxic levels i; the point of
_concern. Other pesticides aré rapidly'degraded and are of little
ecological significance. '"The rapia increase in‘the use-of lesé
persistent pesticides such as the organophosphates and carbonate
.compounds has not led»t? an increase in their occurrence in the major
streams of éhe United Stgtes" (Merkle and Bovey, 1974).

Bailey and Hannum (1967)’made a stuc/ ¢f che occurrence of
_ié pesfieides in surface watefs, agricultural cra'na.., sediment;, and
aquatic organisms in California. In drainage waters from s;x irrigated

areas they found a maximum of 1.867 ug/l, a minimum of 0.010 ug/l, and

a mean of 0.402 ug/l for total identified pesticides. In the overall
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study area, concentrations of pesticides in sediments reached values
th orders of magnitude greater than those found in the drainage water,
and concentrations in aquatic organisms reached values four orders of
magnitude greater. Except for one maximum, all the leveis of the
monitored pesticides in the drainage waters were lower than the toxicity
values for fresh water organisms as given by the National Technical
Advisory Committee (1968); but concentratioﬁs'in sediments exceeded
those toxicity values in tﬁé majorit; of cages. Information on the
pesticide;gupplying power of sedimengs,to water systems would Be useful,
However, the-pesticide levels in the drainééebwaters indicate th;s
supplying capacity to be minimal.-

Values given by the Inland Water Directorate (1975) for 22

pesticides at a point downstream from the return flow study sites are

- all minute. The study areds do not appear to be significant sources

of pestici&es.

Water Qﬂanti;%rgs it Affects Quality

When conéidering‘electrolytes, it is obvious that mixing
waters of differing quality will result in aspolution’which has
characteristics intermediate to the two solutions mixed. Thus, water of

low quality can be improved by addition of water having higher quality.

Thomas and Barfield (1974) demonstrated this to be important in a study

“of nitrate losses in drainage waters. They found that tile effluents

had NO3-N concentratibns of 15 ppm whereas the NO3—N concentration for

total seepage water (tile effluent plus non-tile seepage) was 3 ppm.

Bower (1974) points out that the quality of drainage water is also

45
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affected by the amount of runoff removed by drains -- runoff water
quality 1s generally much better than that of seepage water.

Quality éan also be affected by the total amount of flow in a
channel., Increased flow usually results in a decrease in the ratio bf
water volﬁme ;o bed-surface area, that 1s, there is more water flowing
in the channel per unit area éf water~earth contact; Thus, thefe ig a
decrease in potential dissolved solids per unit of water fldéw. Also,
any polluting discharges into é river will not be increased by increased
river flow, Instead; the dilution factor will be increased. These are
the factors that led the Biology Department, Heidelberg Coliege (1971)
to determine whether water quality could be controlled through flow
augmentation. While concentratioﬁs of compounds, generally spegking,_éanﬂ
be controlled in this manner, net exports are inéréaéed by flow aug-
mentation.

In terms of dilution it is interestiné to note that thg total
"apparent return flow" from the B.R.I;D. is 1in the orﬁer of 300 ﬁa—cm/
hour (594 cfs) as estimated by the data given by Kerber (1975); and the
méan discharge of the receivingiwaters 1s approximately 7,060 ha-cm/hour
(6,867 cfs) as given by the Research Council of Alberta (1970).

Water Quality Criteria

Action to control return flow constituents must be preceded by
both a categorical inventory and a comparison of findings to céiteria.
The cfiteria must serve as a basis for judgement of pollution potential
of the constituent in question. Matters would be simplified 1f specific
criteria applicab{F to a broadispectrum of uses could be developed, but

7
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specific criteria usually'suit specific situations. To illustrate the
point, the needs of a trout do not correspond one-to-one with the needs
~ of a pre-mix concrefe industry. Quality control objectives can be
summarized by two generaliéétions, however: (1) discharged water should
not cause rapid, extensive, or extreae fluctuations in Qater quality
typicai of natural cgnditions found in the receiving body; and (2) water
quality control must be designed to protect the most sensitive user.

The information given by thevNational Technical Adviéory
Commitéee (1968) and an updated version of the same report by the
National Academy of Scieices (1973) are excellent reviews on water
qgality.criteria. From these two publications and from the information
gilven by the Uniféd States Salinity Laboratory Staff (1954), the water
qualiﬁy criteria presented in Table;7 were derived. Criteria listed
under "industrial" are suitable for the~mosf sensitive iﬁdust;ies (food
processing) found in fhe downstreambcity of Medicine Hat.

There is some danger in using such criteria as standardg; The
- values do not have universal application and are guildelines rather ;han
regulations, They are useful, howevgr, inasmuch as these criteria.do

form a basis for assesshent of quality degradation.

mmary of Literature Review

Figure 1 dep{gts a general overview of quality changes and
problems assotlated wij ifriéationvreturn £ 16w, Leaching is the main
mechanism that insgdages the total dissolved salt, nitrate, and sodium
content in waters returning from irrigated lands; while erosion, which

is mainly attributable to surface runoff, is responsible. for the Vast
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majority of sedim= =, total phosphorus, gnd pesticide ¥n drainage waters.
Beneficial downstream uses including recreational, giological, municipal,
indust%ial, and agricultural activities may be impaired by the quality
fluctuations imposed on water supplies by irrigation return flow.

Inventory of these quality fluctuations and comparison with desirable

criteria are initial steps in water quality management.




MATERIALS AND METHODS

Physiography of the Hays and Vauxhall Study Areas

Location and Size

As. depicted in Fiéures 2 and 3, the study areas are loﬁated in
the central portion of southern Alberta bet&een the Bow and Blgman Rivers
near their confluence to form the South- Saskatchewan River. Tﬁe ﬁéys
study area includes 3,010 ha locatéd in Townships 11 and 12, Ranges 13

égd 14, west of the 4th Meridian. The Vauxhall area encompassesﬁl,350 ha

in Township 14, Range 16, west of the 4th Meridian.

Climate

All data on climate except wind speed and cloud cover are
téken directly, or éélculated from the data given by the Committee of
the Canad; Department of Agriculture (1960).& The othe~ data were
extrapolated from gr;phs by Lonéley (1972).

This portion of the province has a. semi-arid climaﬁe.FJWith a
mean annual precipitation of only 31.2 cm (12.3 in), the average moisture
deficiency for this region is 27.2 ecm (10.7 in). Precipitation extremes
inciude the valqes of 19.1 cm (7.5 in) and 61.7 cm (24.3 in), with the
majority of years being droughty. The distfibution of precipitation is

L d
favorable for agriculture since 54 percent falls during the 4-month

period of May through August., Average temperature for the year is only
4.2°c (39.5°F) due to a lengthy winter,ubht the length of the growing

season is about 152 days with an average of 3,492 degree-days (6,286

degree-days using the Fahrenheit scale) above 0°c.
4
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Figure 2. Location of the stuciy areas in southern Alberta.
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Figure 3.
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Mean average temperature for the summer season of June through August
is 16.9OC (62.50F). Wind speed and cloud cover both decrease in the
summer months to minimum values in July of 19.3 to 20.9 lkm/hr (12 to

13 mph) and 4.3 tenths, resgfctively.

Vegetation

The/June grass (Koegziia cristata), blue grama grass (Bouteloua

gracilis), common spesT-greds (Stipa comata), and western wheat grass

. (Agropyron Emithii), dominating the natural vegetation in areas of

loamy soil, are %oterspersed with sage (Artemisia sp.). Common spear

grass (Stipa oomagg) dominates the sandy soil regions with smatterings

of sage (Artemisia sp.) and prairie roses (Rosa sp.) adding variety
-

The sighting of various cacti (Opuntia polyacantha and Opuntia neoman—

iiaria) ig not uncommon in drier -reas wgser and Kjearsgaard, 1952).

The vast majority of the landsc:pe in the two areas is covered

with cultivated vegetetion. Alfa “a, bai.ey, wheat; po&gtoes, and

Pl -
f;sugar beets are the dominant crops wulle some corn, peas, rapeseed, flax,

oats, and beans can be found.

Wl

Topographx

The vast majority of the Hays area has nearly level (0 to 0.5
percent slope) to gently ‘undulating topography (0 5+ to 2. o percent slope),
but the small,nonarrigated portionvpn the eastern edge is undulating (2+
to 3 percent slope) . There is d/;eneral easterly §lope. Except for

about l"kmz, the Vauxhall area is all nearly level to gently undulating

,/.1;,17.:‘

Vi with an overall, northerly slope.

i



®
Bedrock Geology

Though less th;n 30 km (18.6 mi) separate the Hays and
‘Vauxhall areas, the tills at these twc Jocations are underlain by
different bedrock formations. The Foremost formation consisgting of gray
and pale browp sandstone, gray and green siltstone, green and gray shale,
carbonaceous shale, ironstone ana occaslonal coa' c-ams 18 found in the
Hays area. This formation, which varies‘ﬁn’thicknr:' {rom &S‘to 120 5
(150 to 400 ff), is qon-mariné in origin. A younger formation, tﬁe
Oldman, underlféq thé‘Vauxhall area. Thi;?formation, ranging in thick-
netbﬂfromfﬁp tov180 m (300 to 600 ft), is also non-marine in origin. It
cogtisﬁ? éf‘masaive, crossbedded medium to course-grained sandstone,

y N
gray %}ayéy siltstone, green and gray shale, and ironstone cohcretionary
beds,iﬂThevGéological Survey of Canada»(l97l) and Jackéon (1975) give
é%e,abbve information 1in piégoféi and verbal form.

Surficial Geology . 1
Yo

Bayroék and Jones (1963) and Bowsér and Kjearsgaard (1952),

respectively, describe the surficial geology of the Vauxhall and Hays
'study areas. The . :ial till deposits in this‘portion of the province
;re of Wisconsin glacial age, deposited by a Keewatin glacier which
advanced from a northerly direction. In the Hays area, the resultant
© till layer varies in thickness‘fr?m,9 to iS o (30 to 50 ft). There is
little variability of ;he loam to c;;y loam text;re of the till with
depfh,‘yThe water permeabiiity of the till is favorable for irrigation
‘practices and thé&§alt content is low. Post-glacial action haé resulted

. N ’
in deposition of aeolian, alluvial, and alluviaf-lacustrine materials in

depths from 30 cm (1 ft) to 2 m (6 ft) or more.



Glaclo-lacustrine material is found over the entire Vauxhall
study-area except for the ground moraine in the southwestern tip. The
ice-marginal lacustrine deposit 1s more clayey near the surface than at
depth. A large percentage of very fine sand and silt may be found below
the solum. The underlying till in the Vauxhall region varies from 6 m
(20 ft) to 12 m (40 °., 1. ~hickness.
fotla | . w gy

As depicted in Figures 4 and 3, Orthic ﬁrown Chernozems
typically found in the short-grass prairie fegions of the province
dominate the soils of botﬁ the Hays and Vauthll areas. In the Hays
portion, a strip of Regosolic soil bordere,thé Oldman River; but the
remainder of the.area is Chernozemic. Tongues of soil mapping units,

. which include'two Eluviated Brown Chernozems, a Solodic Brown Chernozem,

A

and a Brown :folonetz in their associlations, dip into the Vauxhall area.
'1;‘ ¢

12 .
i

brief description of the predominant soil series, all of which.are'Orthic
- Brown Chernozéms. More detailed information on tl:. soils may be found
in reports by Boyser and Kjearsgaard (1%?2).and Bowser et al. (1963).

The irrigatioh ofbthese areaé‘ﬂgs moved considerable salt
from the lower portions of the soil profiles to greétef depths and cor-
responding SAR values have decreased (Committee of the Canada Department
of Agriculture, 1960). Howgver, hydraulic conductivities of soils in

irrigated regions are lower than their dryland counterparts.

Distribution Systems and Farm Practices in the Study Areas ' -

L

The Hays project is quite‘unique inasmuch as -the entire

Again the remainder of the area is Chernozemic. Table 8 cont%ins a” v
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Soils of the ﬂays study area.

(See Table 8 for key to soils.)
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Table 8. Predominant soil series in the study area.

Typical Horizon Former
Series Type Material Horizons* Depth* Name
Bingville Sandy loam  Alluvial Ah 0-10 cm  Cavendish
(Bv) aeolian (0- 4 in) sandy loam
AB 10-18 cm
(4= 7 1in)
Bm 18-50 cm
(7-20 %n)
BC 50-100 cm
(20- 40 in)
Cca at 100 cm
- (40 in)
Ck at 125 cm
(50 in)
. .ok .
Cavendish " Loamy sand Alluvial (Very similar. to -—=
. (cd) aeolian ) Bingville).
Chin Loam, silt Lacustrine'v Ah 0-10 cm —=
(Ch) loam (0- 4 in)
’ ) " Btj 10-20 cm
(4- 8 in)
B 20-38 cm
- (8-15 1in)
. Cca ~ 38-66 cm
- ‘ , (15-26 in)
‘ 53 .
: ;i&é‘ Csk at 120 cm
o (48 1in)
c g -
Maleb _ Loam Glacial till Ah 0-10 em ——
(Mb) . ' S (0- 4 1in)
‘ - Bt 10-30 cm
* P (4-12 in)
K Cca 30-45 cm
£ (12-18%1in)
Csk © 45-60 cm
4 (18-24 in)
C at 90 cm
Purple Loamy sand Aeolian (Similar to Bingville but Shallow
Springs : - . overlay contact with till is at Cavendish
(P1) : - : about 90 cm) loamy sand

* Information from Bowser et al. (1963).

£k
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irrigation system is designed specifically for flood-type irrigation,
The water distribution and drainage network, even the roads, in this area
follow contour lines. Thefe is a built-in recycling mechanism for
surface runoff waters wﬁich spill into downhill laterals add can be
utilized again. Fields ar. long with a small artificially-leveled or
natural gradient. Point rows are a‘common characteristic. As a result,
all of the area until rgcently has been flood~irrigated; and as of 1976,
only three farmers were using sprinklers. Crops are typically alfalfa, ™
V barley, and soft wheat with row crop Acreage increasing propdttionateély }
to sprinkler irrigation, 7

In the gro&ing season, sprinkler systems traverse the Vauxhall
. fields. Less than 120 ha (300 ac)_are flood irrigatéd. The potato is
"king" here in the "Potato Capital oflfhe West" but sugar beets for the

Taber sugar factory and alfalfa for the dehydration plant at Vauxhall

OCC&py substantial acr§§8é}'\50me barley and softtwheat are also grown.

Sites and Instrumentation

Irrigation and Drainage Water

Water quality data by itself is often insufficient for useful
interpretation unless corfesponding water quantity data are also provided.
For this reason water level recorders were maintained - at key locations
to complement the chemical data obtained from water sample analyses,

THe names, locations, and instrumentations are giver for each site in
Table 9. Their relation to the distribution and drainage network can be

seen in Figures 6 and 7.



Table 9, Water monitoring sites,
Name Location Instrumentation
Haxs

Lateral R In
Cudrak Supply

Cudrak Drain
(Drain 231, upper)

Drain 231 (ilower)
Drain C

Lateral R Out
Drain T-A

Vauxhall

Lateral C6
Pump Bypass

Lateral C6CA
(Before Lagoons)

Lateral C6CA
(After Lagoons)

Lateral E4
Lateral C6E
Lateral C6G1
Drain E Jnct.
La&eral C6C4
Drain E

v

NE
NE
SW

%z

Sw
SW
NW

238

SW

1/4=24-12-14
1/4=14-12-14

1/4-13-12-14

1/4- 2-12-14
1/4-21-11-13
1/4-17-11-13
1/4-16-11-13

1/4-10-14~16
1/4-11-14~16
1/4-11~14-16

1/4-11-14-16

1/4-14-14-16

1/4-14=14~16

1/4=14=14~16
1/4-23-14-16
1/4-26-14-16
1/4-26-14-16

Water sample
Water sampie

Recorder and water

Recorder and water
Recorder and water
Recorder and water

Recorder and water

Water samp;g
Recorder

Recorder and water

Water sample

. Recorder

Recorder
Recorder
RS
Water sample
Recorder and water

Recorder and water

sample

‘sample

sample

'sample

sample

sample

sample

sample
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Water monitoring sites with respect to the distribution
and drainage network in the Hays study area.
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¢

~ - «
Each site ﬁgd a defjnimégp;. ose, as follows:”

Hays

Lateral R In -- Water samples were taken here to determine the
quality of the supply water as it entered the area. Quality char-
acteristics downstream which differ from the supply may be attributed
to point or diffuse water uses. The supply water, thércLore, serves
as a standard for comparison purposes. Because the supply of
recorders was limited the flow was not mcnitored at this site. A

large portion of this water does not enter the study area but is’

‘diverted northward. Because of the distribution system design, four

recorders would be required to monitor the flow from Lateral R to

the study area. Flow capacity of this lateral is approximately

300 ha-cm/hour (almost 300 cfs). : e

Cudrak Supply and Cudrak Drain — Ti.. «pper portion o 231
colleéts the surface runoff from parts of Mr. F. Cudragis farm. By
compéring water samples of surface runoff and those taken at the
point of farm supply, water quality changes attributable to flood-
irrigation may be assessed at the individual farm level.

Drain 231 -~ This drain services 9 fields covering some 500 ha (about
2 sections). Data here represent surface runoff, in terms of both
quality and quantity, frbm a relatively large area. Because‘the
laterals rather than drains collect the runoff'in nearly every other
portion of the Hays area, the proportién of delivery water that wiil
appear as surface runoff is difficult to assess. Data from this drain

are useful in estimating water application efficiency for the Hays

area.
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Drain C -- Past this point runs all the bypass water (spill water)
and surface runoff watér that was originally diverted from Lateral

R for irrigation purposes. Drain C spills into Drain T~A, but part
of the Drain C netﬁork is a small, shalléw reservolr with a controlled
discharge. 1In order to assess the water quality and quantity dis-
charged from the irrigated area via Drain T-A, without the influénce
of the reservoir, sampling was necessary at this site.

Lateral R Out -- Flow passing this site is bypass water which has
not been diverted for irrigation purposes. Quality fluctuations
relative to the supply water are therefore solely the result of
transport; the‘lateral receives no surface rumioir " because it is
located on topographic highs, pf;bably . :elves _ittle r no seepage

water.

Drain T-A ~- This is the point of discharge of surface~transported

irrigation return flow to the Oldman iver. When data from this site

are compared with the supply water, quality fluctuations attributable

¢

‘to 1rrigation practices (mainly flood-irrigation) can be determined;

t

»

and the impact of the return flow on downstream use can be predicted.

a

Vauxhall

Lateral -C6 -- As in the Hays study, the quantity of supply wéter to
the Vauxhall area is difficult to monitor. Quality was regularly
monitored here to. serve as a standard when assessing quality fiucfu—
ations in the rest of the area. |

Pump Bypass -- Maintaining -flow'to a pump in excess éf the rate of
pumping is necessary to avoid the loss of pump-prime. -When air enters

the intake pipe, pumping will cease. The excess water, supplied



h

over—and~above pump needs 1is sometimes spille§ into a surface Q&ain.
This site monitors the quantity of such a fluowv. -

Before Lagoons (Lateral C6CA) -~ Similarly to the pump bypass
described above, water is spilled at Ehis site when supplied in

excegs of pump needs. The water in the surface drain then runs_ past

2 hog-sewage lagoons situated some 20 feet t. * west. The amount

of irrigation water spllled is of interest «: .ne quality of the

water before the lagoons. Both were mc ored.

After Lagoons (Lateral C6CA) ~- Approximately 500 m (1/3 mi) down-
stream from the Before Lagoons site, water éuality samples wéfe
taken to determine whether any effect of the sewage ponds on the
passing spill water was noticeable; in particular to what degree
the nutrientﬂstatus of the drainage water was enhanced by this
potential point source.

Lateral E4 ~~ This site also monitored pump bypass water. Though

the ditch was large, the flow was small and the site was abandoned

in 1976.

Lateral C6E -- Bypass water entered the surface drainage network at

the tail end of this supﬁly lateral. A recorder was used in monitor-

ing the flow thaé épilled into the drain.

Lateral C6Gl -- The situation at this site is comparable to that of
Lateral C6E. .

Lateral C6C4 -- A portion'of the supply water, which was diverted .

: ] .
from Lateral C6 to service the farms along the eastern border of the

study area, exceeds fafm demands. The unutilized flow ruuns pést this

point to spill into Drain E. Very little to no surface i1unoff water

3

or drainage water is transported with the bypass water. Comparable

67
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to Lateral R Ogt, Hays, w%ger quality at this gite is expected to
differ only slightly from that of the supply. Differencés would
be attributable to processes associlated with tran;port -- not |
drainage.
9. Drain E Jnct. (the Junction of Drain E and Léteral C6C4)
collective surface runoff, subsurface flow to open drains, arn.
spill Qater from previously mentioned Vauxhall sites passes here.
Quality was monitored directly; .uantity was determined by différence
betweer Drain E and Lateral C6C4 flows., |
10. Drain E -- Water passing this site 1s the collective surface return
flow from the Vauxhall study area. The Bow River is the receiving
water body. When the quality of the Drain E flow is compared with
the supply water, iﬁaligy fluctuations attributable to irrigatién

practices (mainly sprinkler-irrigation) can be assessed. The impact

of the return flow on downstream use can be estimated.

Precipitation o

e’

Rain gauges were installed at the north and south ends of both
study arégh.r Each area had one Canadian standard rain gauge and one
improvised rain gauge of near standard diame Precipitation was . .

recorded weekly.

Fertilizer Application

Rates of fertilizer application were determined by interview-
ing each farmer. Actual N and actual P values were calculated from

reportedzweights and analyses.



Crops

Estimates of the areal extent of th& various crops were

obtained by on-farm interviews.

P Sampling and Sample Preparation

P

e

Water ' i
— f _— ©oaxl?

Except for the examination of surface runoff from the Cudrak
farm, all Vater samples were taken biweekly. Hﬁlf—liter polyethylene
bottles were filled by the single vertical dip method. The runoff water
' from the ‘Cudrak farm was sampled eadhbyear of the study over a sub-

staﬁtiai portion of a dey’at hourly intervals. The cofresponding supbly

water was also sampled but less frequently "n 1976, several samples
of this runoff water were taken farther d ¢ udrak Drain (whichwis
: actually the upper reach of'Drain 231) to & » the effect oquhe downi

»

$tream aquatic growth and slow ffansﬁdrt found in Dgn 23l on wafer
’ - . G :

o

quality.. These samplee were tékenvjust“no%th of th @gular Drain 231

site so as to avoid mixlng with waters coming from other - fields to the

i

) G . i O
sogthwest. T “é"‘*” s
o ey s,
At each site, water samples were taken in dupllcate. One of

the sameles was immediately filtered througr 2 0.45 um filter. Two

droés of toluene were added to each bottle to inhibit biological ectivity.
The eamples were i ~ placed in ‘a contdiner for transport. In~l976,:an
ice—cooled chest was used, whefeas in lQli‘no artificial‘ce\igngbwas
supplied;f‘The samples were‘traneported to the laboratory and kept at a .~

temperature of approximately 4°c. Nitrate-nitrogen and ortho-phosphorus

- - -

were determined during the first and second day of storage, respectively.

Other analyses were run as soon as possible®:
&
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. ‘\,\ « .

Soll samplea were taken in the spring of 1975 before fields
were planted, and at”corresponding locations in the fall of 1976 after
flields were harvested. Samples were taken with the aid of a coring
truck; most werg“cores, but many of the holes during the l975 sampling
had toﬁpenﬂugered The 801l sampling locations are indicated on

5. Becauae harvesting was not yet completed in all areas, -

two of t %)samples in the Vauxhall area could not be repeated in 1976.

Samples for chemical determinationa -were taken at each aite by

finizsgenta of depth: O to\ 30. S cm (0 to 1 ft), 30.5 to 61 cm (1 to 2 ft),

¥

61 to 9l.5 cm (2 to 3 ft) ; and 91.5 to 183 cm (3 to 6 ft). One sample

from 183 to 244 ém\(e to 8 ft) was g%ken per soil mapping unit Samples -
N ‘ q« 4 1
X

for pgyaical-analyées were taken by horiggna in che fall of 1976 In

F‘w

: }
1975 the samples were oven dried at 105 C eAs a reSult the ammonium and
¢ -)

available phoaphorua data preseﬂfbd for 1975 are expected to be high

i

In 1976 the 801l samples were air ‘dried. Barker (1974) in a paper on

[

nitrate determination stateaathat "oven-drying may' Be acceptable for

«

,cﬁ.soilsﬁ . .” but that air-drying iﬁ}preﬁerred Some. of. the nitrate
_ . e i
associated with organic compoundsatg the soil would be lost on oven- . ;

! \
Fl @ “ o
o drying, but'brthic Brown Chernﬁzems have low organic content (See Appen-

2N

dix I, for results of these analyses.) N 7 ‘5\

N

Analytical Methods !?' o ¢

Chemicat =~ ' . R o by
. ) . .. " -~
R Table 10 gives the analytical methods used in this study for
éthe examination of the water and soil chemistry. Further comment is s P

r . -
3 N «

needed to clarify some pointa. Because of\exttgmely low nitrate ‘contents

4
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in the surface waters encountered, the nitrate electrode was operared to
S
determiﬁgiconcentrations just below recommended limits. The author feels
that the relative nitrate concentrations are well represented by the
derived data and that_quantitatively, the data are quite accurate,
The perchlofic acid method for total-P determination in water samples
was employed in 1976 becaﬁsé of suggestions that the persulfate digespion
method :as lesg efficient in the recovery of particulate-P (0'Connor and
Syers, 1975). To maintain continuity the persulfate’method'was élsp
pqﬂtinued, and a relatiopship of total-P by persulfate to total-P by
» : \

‘%%5chloric acid was obtained by regression analysis (Appendix.II). '

A large portion f the chemical analyses Qere performed by

the Soil Science Service Labszatory Staff.

e

Physical"

A, Water ‘ R e N

Rating Q‘xr\‘re's w% ugilized to extrapdlate dischargés from W

yere

B N
L

»~ 5 : : .
- tlnuous water level data, At‘eQthgite where water level reco

installed, flows were measured at various times, moré impbrtaﬁtly at
different water heights above a datum. . These measured heights were
. B -

plotted against flows to provide 'a ‘standard height-discharge turve. -- a*

f

A . i
rating‘%urve. Mean daily heilghts were  determined for each site by means
of a planimeter, and flo&s.were‘extrapolated from the rating curve., .
X . A ,

Water Survey of Canadé providea the flow records for Drain T-A and

) -
Y

~

Drain E.
Suspended load was determined by filtration. 400-to 500 ml RPNV
’;‘\ . ) ' - '=--§,¢-?"

. r )
.were drawn through a previously weighed, 0.45 um filter. Each filter

- - -
,kgwqeuplaced In.a, separate.carrying container. The, increased dry weight
. AN ; con R ¥ A 7 R )

<
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r’~'h~‘~ - . o o *
_‘%quality,'were calculated toﬁé%ﬁ)ih the assessmént of causal relationshlps,

’ . . Ly
before being mounted on a cons it fiead apparatus.:
- . L '

P ; o

74
of the filter paper was attributed to the suspended load. The water
volume of each filtered sample was measured at the laboratory.
Suspended load was determined in 1976 only.
Water temperatures were taken to the nearest 0.5°C at the
time of sampling. . ;}
B. Soil "5

1/3-bar and 15-bar percentages were determined as described

\
by the United States Salinity Laboratory Staff (1954). Dry bulk densifye '
L. ‘
of the solls was determined by oven drying and wgighing a known volume i
of the core samples. A peroxide pretreatment and the use of pure Naw-
; _ %&

hexametaphosphate instead of calgon were variations from Day's method

(}965), in‘ﬁerforming the particle size analysis for tﬁis study Follow—

® !

ing the theory presented by Klute (1965), ‘disturbed hydraulic conduc-

tivities were determined on soil ground to pass a 2 mm sieve, Soil

columns wereﬂge;mpw'cally'tamped 200 times, then saturated under vacuuif

¥

o

1S

Statistical Analyses

v

To determine whether there were any statistically significant

i 4

differences between total dissolved salt’concentrations of the supply

l

water and those of the corresponding retupn flow, t-tests were applied -

*—cf 8‘

to colpare mean velues. Student's t—tests were also applied in assessing

whether there were any real differences in salt content between the 1975

<

and 1976 soil sampllngs at matchlng depthss Corrélation eoefficients,

7 ’

for the linear correlatlon of flow with the studied components of water

4

n
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Statistical procedures as.outlined by Zalik (1975) were used in the .
above determinations.
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(RESULTS AND DISCUSSION

o

® Water

.. : .

Potential Pollution from Eutrophication

A. Phosphorus S &
(a) HaXs area

Tables 11 and 12 present data onhphosphorus discharges from

the Hays area. Tables 13 and 14, respectively, give results for the J

1975 and 1976 studies at the Cudrak farm. For convenience, nitrate

) .
values are also contained in the tables. -The total-P concentration

in the runoff from the Cudrak fa;m in the 1975 study was 3 times that

)
of the supply water, in 1976 it was 13 times. Though the  data are

o %
scant, 1t would 4 ﬁyﬂ “that the concentration of the supply watef has
: 2 A

Y

: .oF
little effect on ;concentration in the runoff water. Rather, an -

equilibrium of soil and sediment’ phosphorus with the applied irrigation

*

ﬁeter cohtrols the total-P concentration in surface runoff_at this

site. )

In iight‘of the fact that runoff from the study farm had
" totdl-P concentrations near 0.18Q_ppm in both 1975 and 1976, it is

surprising that the correspondiﬁgiﬁotal—P concentrations in the return
A

w -

flow from the entire Hays study anea :were only 0.069 and 0.061 ppm.
Whyuﬁﬁe “the total—P concentrations greater on an individual farm bagis

than those from the entire area? These low values noted in the discharge

o

to the Oldman Ri&er are a result of two factors: (1) the settling of
phosphorus—ﬂearing_sediments,‘and>(2) the dilution of phosphorus in

oy

76
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runoff waters by purer bypass water. DownstreaQQSamples of the runoff
from the Cudrak farm (taién just north of the‘ushal Drain 231 site)

bore results that showed a significant decrease in both total-P and
gsuspended load wilth fespect to the upstream flows. Since flow velocities
in Drain 231 are in the order of 25 to SQ cm/sec and depths of flow equal
15 to 20 cm roughly, there is ample time for the seétling of suspended
materials along the 2,5 km stretch of drain. There is little turbulence
to maintain the suspension of goil particles; suspended load and hence
total-P therefore deéreése. Runoff water from the stu@y farm eventually

8pills into a supply‘l!!%ral as does all runoff in the Hays area, and
-

81

cheﬁ%ial constituerits are diluted by the relativély pﬁre recelving stream.

As a result, toﬁalfP concentrations are decreased though the phosphorus

. .load 1s not decreaaed; 'Thus,'P;éonceﬁtrations from point sources may be
: : . : v

high while at thie same time gross.exports may B unexpectedly low;

Less tbén 0.2 kg of total-P/cultivated ha/yr was"discharged

to the Oldman'Riyer from the Hays area in the Drain T-A return flow.

8 pnexpectedly low value reﬁresents 1.1 perce . of the gross yeérly
- e ] J.. ) l‘l ) )
phospﬁﬁkgs ifiputs ‘to theA%réa~@gross-inputs equal total-P in supply
A . '."4: . ".' .

e
water plUB>fertil§zerJé applications,.Tab}es 12. and lSj. The phosphorus
concentration’ in, the reﬁurn flow was found to be gréaper than that in F
the'supply water, 1.3:fold in 1975 and 2.0 fold in 1976, but because

. the qhantitiesjofﬂreturn water were lessvthan supply quéntfiies, total
phoséhbrus exports'from the Hays area amounted to‘léss than the total
phosphorué importéd in the supply Gater. ‘Of the 500 or so.kiloggims-Pf
'total—P exporte&.from the Hays érea, 23 percent in 1975 and 50 percent‘

in 1976, had‘a different origin than. that of the supply water. ‘These

h
s

s
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figures rep?esent maximum coﬁtribution; possible from any one source
such as fertilizers.

Some researchers estimate fertilizer P cdntributions to
d;ainage waters by.the relative‘increase 1n-ortho—P. The 1975 and
1976 increases in the irrigation return flow over—and-above supply con-
centrations averaged 0.003 ppm both years ;— a small fpaction of the

.

total-P increases. On this basis, little phosphorus/of fertilizer origin

N

i1s discharged into the Oldman River from this area.

(b) Vauxhall area

-

from the

Tables 16 and 17 present phosphorus discharge
>, ' ! :

Vauxhall area.. The tabulations show some surprising rgsults in the .

"~ study of‘nutrient.levels of spill water at the.Befor_ and After Lagoons
sites in the Vauxhall area."In 1975 total-P éoncq rations at the
ménitoring point downstream from the lagoons ranged from 1.24 to 16.5
times those of the upstream site. The wide‘var ation may be attributed
in the main to differences in flow r;tes at the time of sampling.
However, thé data indicate a definite increé?é in total phosphorus.
The average increase in total-P concentratio& of 2.0 fold, as determined
in 1976, was obtained without any sampling aL low flows.

A . Tt .

Because the polyethylene lined lagoons are some 7 meters from

the drainage channel, and because the sewage 1s not discharged into the
drain but rather is used for irrigation of an adjacent field, ar 1crease

i

in phosphorus in the passing water was not expected. Calculated values
showed an increased total-P 71:-d of approximately 60 kg in 1975 and 30 kg
in 1976 for the respective . v ition seasons. Since hog feed is

supplemented with phosphorus to maintain the proper calcium to phosphorus
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1

ratio required for boné developmer', the sewage effluent was expected to
be high in phosphorus. A small leak could cause the discovered results
thouéh no surface flow Qas aprarent. To add to the enigma, the suspended
load was consistently lower at the After Lagoons site.

Though the lagoons mace noticéable contributions to the P

budget of the Vauxhall study area, the total phosphorus exports from the
entire tract remained low as was expected: 1975 and 1976 exports were
1ess than 0.3 kg/ha/yr. Surface runott ¢ sasprinkler—applied water was
minimal, in fact never was noticed by.the author during the two-year
study. Consequently, only a minute amount of eroded phosphorus—riéh
sediment 1in drainage channels was anticipated. This assumption, however,
81d not account for wind erosion which partially filled the eastern
channels of ' he Vauxhall trast with topsoil during the early parts of
1976. Thus, the 1976 total—Pvexports of 350 kg were found to be.

1.4 t%mes those of the corresponding }975 period. These expérgs amount
to <0.9 perceﬁt of the g.oss inputs into the area fgom irrigation and
fertilization. Imports iﬁ the supply water exéeeded exports in the
flow past the Drain E monitoring_site: As was the case in the Hays

4
AN
study basin, . 2ly a fraction of the P*Hischarge1may be attributable to y

‘\)
fertilizer usage in 1975, Ortho-P accounted for 20 of the 29 ppb total-
P increase in 1976. Again, this increase is m#inly attributable to
phosphorus rich surfaceprsoils wﬁich were wind-deposited in the distri-

bution network. There was.no increase of ortho~P in the return flow

concentration over the supply water in 1975. : ;>
. - : 5 4
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(¢) Algal biomass equivalence

What would Be the poteetial production of algal bio?ass per
bic meter of river flow as a result of the return flows from\the two
areas? To help answer that question, a new term (and caiculation) is
goined here -~ the ”algel biomass equivalence.f This caiculation glives

3

an estimate of the maximum primary pro¢uctipq arising from the dis-
charged P. Using an avergge percent P (0.42 percent on anleven—dry
basis) for the phosphorus contene of algae equal to the mean percentage
of 15 speciesies g}ven.by the National Technical Advisory Committee
(1968), and assuming that all the total-P is converted to algal biomass,
then one can calculate the maximum biomass that cauld be prodtced from
e'certain.quantity of nutrient P, The algal biomass equivalence of the
P discharged from the Haye area 1s approximately 120 t of algae, wh%le
that from the Vauxhall area wouid be approximately 70 t on a dry weight
basis. | |

From the mean flow of the receiving waters, this algal biomass
equivalence can be converted to a maximum increase in algae per ‘cubic
metef of receiving water. Using the l97l=l975 mean flows from May
through September for the Oldman and Bow Rivers (Water Survey of Canada,
1971-1975 inclusive), the increase in algae 1in the receiving riversp
would be 0.05 g7m3 and 0.04 g/m3 for the Ofdman<§q§ Bow, respectively,
as a result of the phosphorus in the studied irrigation return flows.
.Usieb @ata from Lake Sebasti ook, Maine as cited by Mackenthun (1969),
a total aléal weiéht of 12,5 g/m3 can be calculated as follows for the
leke's polluted waters. Jﬁést let us assume a‘bulk density of algae
eJuaI to that of water. The water contained‘on the average 600 cells/ml

¢ ‘>

and 15 ppr on a volume basis. Mackenthun uSed 500 cells/ml as a division
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for polluted and non-polluted waters. Since on a dry weight basi

algae weigh aéproximately 1/10 their wet weighf, a cubic meter of water
with a cell count of SQO/ml would contain 1.04 g of ;Igae on a dry weight
basis, or 10.4 g/m% on a Qet weight basis, and the 600 cells/ml would
thus correspond to 12.5'g/m3.

The algal biomass equivalence values indicate that only smaly
increases over-and-ab$ve'natural levels in Algal growth couldvresult
from the irrigation return flows. The average concentration of total-
P discharged from the study areas are lo%er than those required tg
avoid nuisance algal growths (Tables 7, 11, and 16). Thus, the
phosphorus discharged in the irrigation return flow from the Hays and
Vauxhall study areds are minimal and'shbuld not be considered as

adversely eutrophic.

B, Nitrate nitrogen

(a) Hays area

The data on N are presented in Tables 11 and 12. As in the

case of phosphates, but more dramatically, the nitrate load of the

. ‘ . I
surface runoff from the Cudrak farm decreased as the water flowed 2.5 km

down Drain 231. Though NO3—N concentrations in the surface runoff from
the étudy farm averaged 1.60 ppm in 1976, corresponding concentrations
of the water déwnstream averaged 0.26 ppm -~ close to the yearly average

of 0.21 ppm for Drain 231. Similar results were found in 1975 for the

)

farm runoff and the yearly average nitrate concentration for Drain 231.

Q

Because of the large interface between the channel and the flowing

water, fransformations of the NO3—N to a reduced form possibly occurred

LRI
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in the sediments, as the liperaeuée would 1 ate is possiﬁle. Further
study would be necessary to expiain the n.trate\losses. - h

Again, the point source supply of a nufrient element may- be

<

high while from the overall area, concentrations,are low. - In 1375 the
NO3—N contentration ;n Drain T~-A waters averaged 0.115 ppm and in 1976,
0.194 Bpm. Nitrate exports amountedvto 0.4 k;‘of N/ha in 1975 and
0.6 kg N/ha in 1976. These values'are equivalent to <1.0 percent of

the 1975 gross inputs and <€1.6 pefcentlof the 1976 gross inputs.

(b) Vauxhall area

Data for N in the Vauxhall area are éiveniin Tables 16 and 17.
The lagoons that were mentioned ie.the phosphorus section also acted as
a source of N03-N This was expected; andeas the primary reason for
studying the water quality at tﬂe Before and After Lagoons sites.
Concentrations of N03—N at the After Lagoons site were 4.3 times those
of the Before Lagoons site in 1975 and 1.3 times greater in 1976 Again,
flow volumes made the primary difference in noted concentrations.

The'calcelated values of total N03-N exports from the entire
Vauxhall study area amounted to <€1.0 percent of total inputs in 1975 and‘

<2.2 percent in 1976. In both years;'imports in the supply water were

in excess of exports in the surface return flows.

(c) Algal biomaes equiveience
_ Using the procedure described in the previous section on”
phospﬁofus, the potential algal biomass produced from a given amount of
nitrate may be calculated.‘ Average N contept of algae equals 4.2 percent
on a gry weight Eaeis,.as calculated from data given by the Naeional

‘Technical Advisory Cemmitﬁee (1968). For the Hays’area, the 914 kg of

&
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N

NOB—N discharged into the Oldman River {is thus equivalent to a potential
22 t of algae. The 1976 equivalence for the Hays afea equals 36 t. TFor |,
the average flow of the Oldman River (183 ma/secj from May through
September, the 1975 NOB—N discharge is.equivalent to 0.009 ¢ ofxalgae/m3;
for 1976, 0.015 g/mj. The algal biomass equivalence of the exported.
NOB—N in the Drain E return flow equals 11 t for the 1975 irrigation
season and 27 t in 1976. These amounts of algae equal 0.006 g/m3 and
0.014 g/m3 of flow in the Bow River. Nitrate discharged in‘the irrigation

return flow from the Vauxhall and Hays study areas should not therefore

be considered as adversely eutrophic.

Potential Pollution from Sediment c, .

A. Hazs aresa

The supply watér for the Hays area comes from Reservoir'#l
which has a capacity of some 12 million‘cubic m&ters (Research Council
:8% Alberta, 1970). The water discharged from Lhe reservoir into
Lateral R is relatively free of suspended materials, averaging 8.5 mg/1
in 1976 (Table 18). 1In the surface runoff from the Cudrak farm, tye
. p

mean concentration of suspended materials was 86.4 mg/l in, the 1976
study. A 10-fold increase in suspended load concent;ation ié not sur-
prising for a flood~irrigated area. However, the suspendeds-load from
the entire Hays study area was lower than from this point source.. As
depicted in Figure 8, the maximuﬁ suspended load in Dfain T-A was

64 mg/1l in late May; the average for the irrigation year was 33.5 mg/1.

This concentration is significantly lower than th2t in the surface

runoff from the Cudrak farm.



Table 18. Suspended load of irrig:

in the Hawys areas, l976kj:

N

drainage waters

Site ‘Landard
and Mean Deviation
Description (mg/ 1) (mg/1)
Lateral R In
(supply water) 8.5 3.7
Drain T-A
(return flow) 34 17
Lateral R Out
(a bypass water) 25 11
¢ /l\

Drain 231 N
(a runoff water) 14 9.4
Drain C
(bypass + runoff) 35 15
Cudrak Supply )
(a supply water) 11 —=%
Cudrak Drain ( o
(a runoff water) 86 ) 29
Cudfak Drain /
Downstream !
(a runoff water) 38 // C -

* Only two samples.

()l
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70 #———*-Drain T-A\ ;
'w—~— —® Lateral R\’In\ .
60 o) - O\%?teral R OU(\Q'
- N ! D
4e=-=-~=A Drain C
50
Suspended
Load
(mg/1) 0
30
20
10°
0
Figure 8. Sediment concentrations in the irrigation and drainsB8€ waters

in the Hays study area, 1976.
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Both the settling of particulate matter and the dilution of
runoff with bypass water decrease the suspended load concentration.
Some 2.5 km from the point of runoff, the suspended load of the surface
drainage water from the Cudrak farm averaged 38 mg/l, indicating that
over half of the particulate material had settled out of suspension,
Spillage of - surface drainage water into the more pure bypass water
would result in further dilution of the suspended load.

.It was éxpected that the small pond connecting Drain C,;nd
Drain T-A (Fi urél6) would cause,a significant reduction in sediment
loads in Draiﬁ T-A. This was generally not the case as noted by the
relative sediment corftentrations depicted in Figure 8. 1In fact there 1is
less tﬁan 2 perce;t differencc in thé Drain C an& Drain T-A mean va%?es.

Either the pond had a poor sediment trap efficiency or the suspended

materials were fine enough to be maintained in suspension by Brownian

e
K}

motion. Both are definite possibiliﬁies. .
Compared to the quality criteria in Table 7, the suspended

load concentration from the Hays area offers ; relatively high level of

protection for the growth of desirable fresnwater life. However, water

treatment would be required before the return flow could be used by S

food-processing industries and municipalities. /

Although subjective in nature, the following group of obser- (\_
vations seem important.' i "1 but one of the 1976 sampling trips, the
Oldman River appeared m *~ vid than the Drain T-A flow as the river

passed over a broad shoal near the mouth of the drain. Peak turbidity
in the river occurred shortly after heavy rains the first week of

August, 1976. Even the Waterton and Belly Rivers, which are tributaries



of the Oldman, appea.ed brown at thls p§riod though they are situated

far upstream from major return flow sites. Pertaf-{ng to recreation

"

and wildlife, the fish that enjoy the small fresh water crustacea

the return flow attract a continual flow of locai fishermen. The

small sediment load seems to Lother neither the fish nor the fishermen.
Thus, the sediment load discharged in the irrigation return

flow does not seem detrimental to the use of the Oldman River. On the

contrary, when considering sediment loads, the return water appears to

enhance the quality of the river.

B, Vauxhall area

Considering the fact that the Vauxhall area is nearly all
sprinkler-irrigated while the Hays area is almost all.flood—irrigated,
4t was surprising to find that exports of suspended materials from the
Vauxhall tract (195 kg/ha) weré nearly 2 times those from ipe Hays a%ea
per cultivated hectare. This apparent contradiction does have a well
defined basis, however. The supplying reservoir for the Vauxhall region
is some 50 km from ﬁhe area. Bank sloughing and erosion, and soil
drifting, would be expected to add to th; suspended load of the sufply
canal. This would explain why épproximately 900 t (840 kg/ha) of
sediment, was imported into the Vauxhall area. Theré was a net acc;mula—
tion of 700 t of sediment in the Vauxhall area in 1976, while in the Hays
area there was a small net export —-— the sfrinkler—irfigated area
"filtered out' a large portion of the sediment while the flood-irrigated
area added to -the suspended load. Comparing supply and return flow

concentrations (Table 19), all of the sequent discharged in the return

flow from the Vauxhall area cculd have originated in the supply water



ralnage wates s

lavle 19. Suspended iovad of irr! .tion and in
the Vauxhall area.
Lite S.andard
and Mean : Deviat lon
Description (mg/1) mg/Ll)
Lateral C6
(supply water) 49 L2
Drain E
(return flow) A 20
) ;
Lateral C6C4
(a bypass water) 48 88 *
Drain E Jnct,
(bypass + seepage) 39 2/
Before Lagoons 24 11
! .
After Lagoons 12

15

* Excluding one exceptionally high value, the standard

deviation would equal 12 mg/l.
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whereas most of the sediment in the Havs return flow came from some
other source -- presumably surface runoff.

Two other factors played a role in increasing the suspended
load of the return flow from the Vauxhall study area. The maximum
sugpended load occurred in Lateral C6C4 (Figure 9), a channel which has
low flow velocity and receives little to no drainage water. This
surprising high concentration of 311 mg/l, measured on the first
sampling trip in May, was a result of windblown topsoil accumulations
in the lateral. The second factor was @redging of Drain E just before
its junction with Lateral C6C4, which increased post-July 12 suspended
loads as monitored at the Drain E JvnctiQ\\site (Figure 9).

Comparing the Drain E suspended ﬂoad concentration of 43 5 mg/l
with the water quality criteria, the sediment content of the water falls
between high and moderate levels of protection for aquatic life.
Municipalities and foodt-processing industries require clearer water
than that diséharged in the Drain [ return flow. Somé water treatment

prior to use would be required by these users.

Potential Pollution from Dissolved Salts

A. Total dissolved s-'‘ =

(a) Hays rea

The 1975 & 1 1. "¢ lata on total dissolved salts - he Hays area
are contained in Tabi+ = and 21. Specific salt data .are also included
for ¢onvenience. With respecﬁ té the toéal dissolved séits,“;-tjtest

showed no significant difference between the supply water and the

irrigation return flow in 1975. However, in 1976 there was a significant
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increase in total dissolved salts in the Drain T-A flow compared to that
in the supply (significant at the 1 percent leyel). Though the.dif~
ferences were not always statistically sign%ficant, the concentration of
‘salts‘in the return flow was consistently higher than that of the
corresponding'supply water; the average in 1975 andki976 being 1,09 and
1.16 times greater, respectively.

The_increases though small cannot be explained solely‘on the
basis of diffusion of ifone from the earthen conveyance structures or
evaporation. The concentration in water monifored at Lateral R Out
showed a slight decrease in total salts compared with that in Lateral
R In flows even though the bypass wager travelled some 18 km through
earthen conveyance structures and had ample surface exposure to sun and
wind. The increases in total dissolved salt concentration in the return
flow‘from‘the Hays area was found to be in the same order as those at
the Cudrak farm. The increase in totél dissolved salt concentration in é
the farm runoff compared to supply watef was 1.10 fold in 1975 and 1.06
Zold in 1976, respectively.

On a weight basis much more salt was imported in the supply
water than was exported in the return flow. Calculations for 1975 (in
.whiéh the “low of supply water was eétimated by the relationship:

Sup;.. - Vater = 3,3 x Return Flow, as found by Kerber (1975) for the Bow

River Trrigat.c. District) show a net import of 1.68 t/ha while for
1976 the ne. . Te -amounted to 2.04 t/ha.

Comy .o 2 quality criteria in Table 7, the concentration
of total dissc ¢ n the surface irrigation return flow from the

Hays area would .. - -se of the discharged water.
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. . . .
\\\\ (b) Vauxhall area ) $\\
TSEET~désﬁzlved salt concentrgtiggg‘for the Vauxhall area gre
P -

given in Table 22, and corresponding salt loads are found in Table 23.

Specific salt data are again i&cluded for convenience. Two t-tests,
compari?g the means of the total dissolved salt concentrations'in water
entering the area with those of water leaving via the Drain E return
flow, showed no significant difference at the 5 percent level for

either year. As in ;he Hays area, howgver, concentrations in the return:
flow alwayé e#ceeded those in the supply water. The 1975 and 1976
increases were on the average 1.10 and 1.07 fold, respectively for

samplity/;;:iods. On the last sampling trip there was no flow in

Lateral C6 while some drainage water still flowed in Drain E -- about
0.01 m3/sec. Consequently, Drain E was sampled while Lateral C6 was not.
Including the salt concentration of 870 mg/l determined in this final

sample increases the'yearly mean from 306 mg/l to 377 mg/l for Drain E.
\ .

The mean excluding this odd sample was used in calculating concentration °

increases.
Surprisingly, there was essentially no increase of total

dissolved salts in the supply water as it passed through the area to

the Lateral C6C4 monitoring site.  The higher values for the salt

concentration in the return flow is preSumaBlfJattributable to subsurface
drainage~water_that percolates to nearby surface dréins, not to diffusion
of~ion; from conveyance structures or evaporation. A small portidn of

the salt in the riiirn flow may have the hog sewage lagoons as its origin.
The apparently spectgcular increase 'of 638 mg/l in the average total

dissolved salt content\ of water passing ﬁﬁf lagoons during 1975 .was

H
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N

maiﬁly a result of one sample taken at a time of negligible flow. The

éBr{Sﬁponding stﬁndard deviation of 1,446 mg/1 for the After Lagoons

- samples indicates the variability in results. No samples were taken at

negligible flow periods in 1976 and consequently the increases in con-

centration of 44 mg/l —— 1,16 times =- for that }mxnjLepresents more

precisely the effect of the sewage pond4/on the passing water. The mean

\

was 316 mg/l and the standard deviation BQ mg/l for the After Lagoon site.
| On the basis of a totél salt budéet (calculated as before),

much more salt was impo¥ted into c<iae Vagﬁﬁall study area via the supply

water than ;:s exported in the return flow. A net of 2.56 t/ha was

imported during the 1975 irrigation season, while the 1976 net impofts

amounted to 2.76 t/ha. ' - )

——

\\\ Comparing the total dissolved salt concentrations in the

sukxface return flow from the Vauxhal£/area'with the criteria in Table 7,

—

P N T \‘\‘ .
the return water. can be consideréd to be of high quality except for the

low flow period at the end of the 1975 season.

LY

B. MHardness

Hardness,'though not well defined, is %i\i;iiiii;/measure of
] ~ .
the capacity of ‘water to form insoluble depc . te id P 5 and supply
polyvalent cations which precipitate soap fr ‘olution. It is expressed

as mg/l of C:CO3 and is sometimes referred to as "hardness as CaCOB”
or "calcium + magnesium hardness.'" According to the classification
presented by Hem (1970), a hardness of 0 - 60 mg/1l constitutes soft

water; 61 - 120, moderately hard; 121 - 180, hard; and more than 180,

very hard.



I'scept for the Drain E flow during 1975, all means of the
supply and return flow wdter fall into the "hard" category. None of the
balues for the supply water to the two areas excceded 180 mg/l. On an
individual gample basls 6 of the 19 samples from Drain E exceeded 180

mg/l of Cacoj; 3 out of 18 samples at Drain T-A were "very hard". The

'

bypass water in thbxprain i2 basin showed almost no increase in haxdness,
but samples of the watef;flowing past the Drain E Jnct. site had hard-

I A
negs values exceeding 180 mg/1 11 out of 18 times. Since the Drain E

{

N A A . i \
-~ .Jdet./ flow comsists of bypass.plus seepage water, the amount of sub-
! .
{ AN
surface drainage seems to be thelcontrolling factor in the increase of

hardness.
Compared to the water quality qfiteria in Table 7, all water
¢ .
samples exceeded the desirable hardness for municipal use -- even the

>ly water. In only one instance, the lastvsample‘from Drain E in
1975, did the hardness of any of the determined values exceed the maximum

desirable level for industrisl use.

C. Specific dissolved salts

The previously mentioned Tables 20, 21, 22, and 23 present data
on specific dissolved salts, Tables 20 and 21 for the Hays area, Tables

22 and 23 for the Vauxhall area. -

~ (@) \Chloride
J .
There were no samples taken for this study that had chioride
‘concentrations in excess of limits in Table xcept for one sample at
tHe After Lagoons site. With theﬁone exception, determined ;élues for

Cl” were all less than 1 meq/l (35.5 mg/l).

109
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(b)  Sultuate

cwoosamples taken during the study woere polluted with respect
to SOA“ content, that i{s they exceeded 5.2 meq/l. In 1975 when a flow

3 : < < :
was 0.003 m™/sec at the After Lagoons site and in 1976 when a flow was

L3, .
0.001 m™/sec at the Drain 231 site, samples contained sulfate concen-
ol ,

tratioms of 8.8 meq/l and 9.1 meq/1, respectivelv. Though the concen-
trations were high, the tlows were low; hence total exports were low,
Corresponding sulfate concentrations in the total return flows for
corresponding sampie periods werc 1.2 meq/l and 1.8 meq/l. All other
samples taken in the study had sulfate levels less than those in Table 7
(250 mg/1 which equates to 5.2 meq/1) and would therefore be classed as

having high quality with respect to sulfate content.

(¢) Nitrate

Though discussed under the topic of eutrophication, nitrates
may pose another problem -~ infantile nitrate poiscning., However, there
were no ;amples taken in the entiré study which exceeded the maximum

permissible level of 10 ppm NOB—N. The closest concentration was

2.92 ppm in one sample of surface runoff from the Cudrak farm.

(d) Phosghaﬁcs

Like nitrates, excessive phoéphutvs can canse more problems
than those associated with cutrophication. Water with total-P concen-
trations in cxcess of 0.100 ppm inhibit the flocculation process in
weter treatment. Turbidity due to sediment is therefore more difficult
to reduce in high phosphate waters, and subsequent cost of water treat-—

ment is increased.



*

In the rerdwation return tlow from both the Hays and Vauxhall

fiied total-=P concentrations exceeded the maximum

areas, the detern
y 3

desi able %yxtf/ql 0.100 ppm once cach year, namely the first sample

‘
period fn each studv vear.

Means averaged 0,003 ppm oand 0.039 ppm rfor the Hays and Vauxhall
aredas, respectively. Thesc values are surpri ingiv low for the flood-
irrigated area since total-P in runoff from tne study farm in that arca
exceeded 0.100 ppm in nearly every sgmple. Factors c&usingllow total-P
concentrations in the return flow were discussed In the section on

eutrophication. , I

-
(¢} Sodium °
High sadium concentratiqns relative to calcium plus magnesium
(high SAR's) in irrig7t{;n waters result in a deéreaéc in the stability
of'soil aggregafes of fhe receiving lands. Accoraing to the United
States Salinity Labovatory Staff (1954), use of waters having SAR values
of 4 and above present a very high potential for the alkalization of
‘soils; 3 to 4 a high potential; 2 to 3‘a medium potential; and 1 a low
potential. The maximum permissible SAR'S of 8 to 18 in Table 7 are those
that‘directly aﬁfect plant growth adversely.
The highest mean SAR ¢f the return tlow was 1.02, determined
the Drain T-A area in 1976. SAR values in runoff from’the studyv farm
in that area were less than 1.0 in both years. For one low flow * i975;
Drain E-had one S5AR %aiue in excess of 1.0, but all other samplii. iﬁ.
‘both vears at that site Qere»less. |

Average increase in the sodium concentration of waters dis-

charging intc the rivers compared to supply water was 5 percent for the



-

-

Hays watershed, and 20 percent for the Vauxhall area. Nevertheless,
with respect to sodium content, the surface return tlow from the study

areas can be said to be of high quality.

H(f) Eﬁfbonatc and bLéZEbonatc

Bocavse of the precipitation ot CaCO3 from solution, SAR values
of the scil solution may be increased. Wntefs ﬂigh in bicarbonate and
carbonate lous hévc been found to cause alkali conditions in rec2iving
soi%s. As recorded in Table 7, the maximum permissiblellevel of re-

in irrigation waters ts 1.25 meq/1l. Residual N%CO3 is

++ , !
+ Mg ), whev concentrations are

sidual N32C03

defined as (HCO, + co.) - (ca*t

in meq/1l.

N

ag
0f all the sites monitored in both the Havs and Vauxhall areas,

only two gave positive yalues for residual Nazcoq. These were 0.06 meq/1l
for Lateral C6 in 1976 and 0.04 for Drain T-A in 1976.” There was no
carbenate found in any of the analyses.

—Essentially, there is no residual Na2C03 in the irrigation or

return flow waters from the Hays and Vauxhall study areas.

Alkalinity

Cbmbining the various criteria in Table 7, a range in pH of
7.0 to 8.3 1is accep;able for all stated water uses. Most pH values in
the study fall between 7.0 to 8.5. The)ibwest value in the study, 7.0,
was determined in che surface runoff from tﬁe Cudrﬁk farm; the highest,
9.2, was determined on a water sample from the Lateral R In site. High
pH values in the Drain T-A waters correspbnded with high values in the

supply water. Runoff from the Cudrak farm and from the nine farms
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N
contributing to Drain 231 showed cénsistent;y low Qalues relative to the
supply water, indicating that the contact bcthou the applied water and

o

the frrigated land lowered high pH's.

The pH of the return f]ow“water from both study areas was
frequently in excess of maximum desirable levels for recreational, muni-
cipal, industrial, and agricultural use. However, high pB values in the
return fldw corresponded with high values in {;c supply water. The
application of this alkaline 1irrigation water and subscquent contact
Qith the land resulted in improved water quality with respect ﬁo pH.

&

Temperature

Measured water tem?ératureb for ﬁrain T-A and Drain E nevér
exceeded the 30°¢ maximum stipulated in Table 7.. THis was the case for
all monitored sites -- even the surface runoff from the Cudrak farm.
Water temperature of surface runoff corresponded closely to air temper-
atures with expected lags due to the differing thermal capacities of air
and water. Temperatures below the leC miniiu@ for irrigation were
reached in the month of September for most sites, but little water is
applied to crops a: this_time. Most irrigation in September is for
supplementing winter precipitation te ensure adequate moisture in the
spring.

Water temperature was often positively and significantly
correlated with flow volume. This indicates that maximum féturn flows
occur at maximum air temperatures, more correctly, at maximum periods

oI water demand.
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Some Important Factors Affecting Return Flow Quality

A. Flow volume

Though not specifically'stated} it has been implied in préQious
sections that at luwuflows the concentration of dissolved constituents
in the surface drainage water tend to be relatively high, while at
higher flows concentrations decrease., This is based on the premise that
the supply of counstituents affecting quality femains.constant for any
total.flow. Ditution thﬁn, is the controllingyfactor in the resultant
concentration. Conversely, suspended load tend§§¢o increase with in-
creases la flow volume and veiocity. 0f course these are generalizations.
For exémple, an in;rease in the conﬁentration of salinity constituents
in the bypasg water rélativ: to thc“supply water would be expected be-
cause the much fBQer flows encountered in the bypass water would increase
the éurfacc‘area contacts bethen water and bed surface, and water and
evaporative forces per unit volume of flow. This was not the case as
mentioned previously. Rather, the concentrétions in the bypasses re-
4mained relatively “rnstant from the points of supply to the points of
spillage.

On the other hand, the above premise is well supporﬁed by some
of the correldtign coefficients in Table 24, most noticeably for tle
Cudrak farm study in 19764 -

*

Correlations of salinity, nutrients, and suspended load with

: . + .
flow were cften significant at the 5 percent level, EC x 106, SAR, Na ,

++ ++ ++ = - =
Ca + Mg , Mg++, Ca , K+, SO4 P HCO3 , C1 , NO3—N, and ortho-P were

all negatively correlated; that is, the more water flowing off the field,

the more dilute the concentrations. Suspended load and total-P both-
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~7 N
Table 24. Correlation coefficients, "r'", for linear correlation of flow
with studied components of water quulity at a few sites.
Drain T-A Cudrak Drain Drain E
Component 1975 1976 1975 1976 1575 1976
EC x 10° 0.26 -0.66%  ~0.51  -0.93%k  -0.67  ~0.67%
SAR 0.81%%  ~0.33 ~0.13 - -0.75%  -0.54  -0.50
pH 0.73%*% -0.01 0.30 0.33 -0.38 0.43
Na® 0.3 -0.65%  -0.17  -0.91%%  -0.68 -0.57
* — ~0.99%%* - ~0.85%* - ~0.53
cat+mgtt ~0.67  -0.35 -0.06  -0.61 ~0.73%  -0.61*
c1” 0.77% 0.27 _0.32 -0.29 -0.05 -0.09
'5903“ -0.67 -0.59‘ -0.70%  -0.22 -0.82%  -0.18
soa= -0.13  -0.23 -0.21  -0.64 -0.52  -0.56
NO,-N 0.68 -0.40 =0.73*% -0,70% 0.04 -0.53
Total-P
by persulfate 0.23 + -0.51 -0.04 0.46 0.07 -0.47
Total-P .
by perchloric - ~-0.01 - 0.72% - -0.11
Ortho-P - 0.28 0.03 0.23 -0.37 0.77%  -0.51
igigeééEQ K::) — 0.02 - 0.69% - 0.29
Water | i ,
temperature 0.40 0.99*% = - 0.34 0.40

* Significant at the 5 percent level.

*% Significant at the 1 percent level.
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{ncreased with increasing flows. These findings match the previously
diecussed relationship of flow and quality constituent concentrations.
The rest of the data in the rtable, though usually positiﬁely or nega—
tively correlated where expected refute the idea that flow is the mainA
controller of fon and sediment concentrations in the return flow,
correlations of quality with flow are rarely significant. Because of

™
the lack of significance, it is obvious that there are othegﬁiggo;;;nt—-’\\///\

factors affecting water quality besides flow.

B. Inherent qualigy of the supply water

Ihe most important factor in determining the quality of the
return flow from the study areas is the concentration of components
'affecting quality in the supply water. As discussed throughouc other
sections, there is only a smell increase.in eoncentrations over—-and-
above those in the supply water. Thus, the quality of the return flon
is closely releted to the\quality of -the supply water.

From the original point of contact with the earth, the supply

water has equilibrated with transported sediments and channel beds of

small creeks, streams, rivers, reservoirs, and canals. Results obtained
foflbypass water quafity in Bpth areas during both years lead to the
observation that the transoor of the supply water ﬁhrough an additional
few kilometers'ofilateral results in essentially no change in the total
dissolved salt concentratio of that water —— regardless of flow. There- '
fore, the quallty of that porkion of the total return flow which has
bypass origin, is not correlated w1th flow but rather with th inherent

quality of the supply water.
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C. The relative proportions of subsurface drainage, surface runoff,

and bypuass water

Subsurface and surface drainage water have a much —eater
water-soll interface than does the bypass water in a hydraulically
efficlent lateral, and ;onsequently can be expected to have higher
dissolveqﬁsalt concentrations. The time of.contact between soil and
water 1s maximized in the case of subsurface flow. This can be illps—
trated by the total dissolved sait concegtrations qf the three surfagé
return flow components above supply water concerntration: 600 mg/1l for
subsurface flow (as determined in the "drain out' period for Drain E
- when no supply water entered the area in October), about 20 mg /1 for
surface runoff (as determined in the Cudrak farm study), and O mg/l for

) .
bypass waters (as derermined in Lateral C6C4 and Lateral R Out both

a

years).
| The data in iables 25 and 26 are indicative of the relative

contributions actual and estimated, from fhese three sources to the

total flow and to the salt content of the return flow. The salt con-

centrations of subsurface drainage, surface runoff, and bypass water,

when weighted by the flow volumes, result in total dissolved séit

increases of 21 mg/l and 22 mg/l'for Drain E, 1975 and 1976, respectively;

and 38 mg/l and 40 mg/l in Drain T-A for the two years. Corresponding

measured increases o;er supply wa ef covcentrations were 27, 26, 23,

and 40 mg/1, respectively —- very close to the eStimated ones. Without

subsurfgce flows the estimated concentration increases would equal 0.1,

0.1, 7, and 11 mg/l -~ far from the measured omnes. Though subs;rface flows

are small, it would appear that most of the salt increase in the return

water over supply water concentrations is attributable to. this source.
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P

Table 25, Volumes of subsurface flow, surface runoff, and
bvpass Wwater in the Hays and Vauxhall areas.

Subsurface Surface Bypass o
Flow* Runoff** Water*#*x
Year (ha-m) (ha~m) . (ha-m)
Hays -
1975 30 193 N
1976 . 39 422 : 3
Vauxhall
1975 9.0 1.2 " 249
1976 12 1.2 325

* Estimated from base flows measured at the end of the
" irrigation seasons when no water was delivered to the
study areas.

*% Hays area —-- estimated from the relationship surface runoff )
= 0.3 x delivery water, as determined for 9 farms contributing
to Drain 231.

Vauxhall area -- estimated from point measurements at:2 of
the 3 flood-irrigated fields in the study area.

**%% Measured.
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D. Proximity to a nutrient. source

As discdssed in the section on eutrophication, the nutrient
status of the runoff water from the Cudrak farm changed dramaéically as
it passed through a 2.5 km stretch of drain. In 1975, downstream flow’
from the farm was not éampled. However, it was noted in that year that
the nutrient status of the Drain T-A discharge did not reflect the

surface runoff quality. The 1976 sampling revealed a drop in the

\\\ugitrate concentratlion to 1/10 the original level over the 2.5 km stretch,

and a dfop to 1/2 the originai total-P concentration. The question as
to what biological, chemical, and/or physical processes were responsible
for this change was not totaliy answered by this study, but the follow-
ing facts can serve as guides for further investigation: (1) the
aquatic vegetation in the drain required nutrients for growth; (2)

N03—N can be reduced to NHa—N in the anaerobic portion of channel beds;

“and (3) suspended phosphorus-bearing sediments settle with time. These

factors may be important in demonstrating why, on a regional basis,

the nutrient status of water bodies are rarely correlated with fertilizer
use on-nearby agricultural land. A logical hypothesis with regard to
nutrie.ts may be implied from the data: the farther with respect to

both time and space that nutrients travel from their source, the greater
will be the fluctuations in the nutrient status of the transporting

water, ’ -

Changes in Receiving Stream Quality as Affected by Return Flow

Previous to this section the return flow quality has been

judged on the basis that this water is to be the_ direct source of supply



for various uses. However, the irrigation return flow from the study
sites discharges into two rivers and subsequent dilution occurs. The
phrase "dilution %s not the solution to pollution' conveys the reasoning
for assessing the return flow on its own herit rather than making return-
flow-plus~-river quality the primary consideration. The quality of the
receiving stream is an importang consideration in return flow studies,
however, and cannot be overlooked.

Table 27, unppblished data from Dr. Qosterveld's study, give
mean values of river quality data consisting of four samples at gach
site. Corresponding 1976 data fo% the study drains are also given for
comparison, as are the concentfations of constituents in river water
that would result from the additions of the réEurn flow to the river;
Due &o the high flow in the rivers relative to the drains, the efféct
of the irrigation return flow quality on rivef water is in essence

: —_—
negligible. If concentrations in the return water were higher, or the
return flow sites more numerous, then discharged nutrients, salts and

L

sediments could impailr water quality in the rivers involved.

Soil

A Donor of Pollutants

Setting aside all other considerations and estimating the
quality of the return flow from the study areas on the basis of concen-
trations .of nutrients and salts in surrounding soils, the return flow
from the Vauxhall area should have had a phosphorus content in the order

of 2.2 times that of the Hays return flow, a nitrate content 3.8 times,



Table 27. Water quality in Drain T-A, Drain E, the Oldman River, and the
Bow River, and corresponding flow-weighted concentrations in
river-plus-return-flow water, 1976.

Water J Drain T-A Drain E

Quality Drein 0ldman plus Bow plus
Component T-A River 0ldman River Drain E River Bow River
pH 8.6 8.0 8.0 8.5 7.7 7.7
SAR 1.0 0.41 0.41 0.8 0.37 0.37
TDS* 300 197 197 290 207 207
(mg/1)
Hardness 160 130 130 175 138 138
(mg/1) (i
Nat 1.3 0.47 0.47 1.1 0.43 0.43
(meq/1)
catt + Mgt 3.2 . 2.59 2.59 3.5 2.75 2.75
(meq/1)
c1” 0.14  0.06 0.06 0.13 0.03 0.08
(meq/1) .
HCO.,~ 3.3 2.57 2.57 3.2 2.33 2.33
(meq/1) .
soa= 2.0 0.92 0.92 1.8 0.97 0.97
(meq/1) : ) .
NO_~N . 0.19 0.20 0.20 - 0.28 Q.42 0.42
(ppm) B

\

Total-Phs 0,061 0.072 0.072 0.076 0.158 0.158
(ppm) "
Ortho-P 0.010 0.007 0.007 0.027 0.028 0.028 a
(ppm) ]
Suspended Load 34 29.8 29.8 44 15.9 ©16.0

(mg/1) 5

* Denotes total dissolved salts.

** Total-P by the persulfate method.
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_centrations in the drains.

and a salt content l}g‘timcs greater.  Estimating the return fl6w qualfty
on the premise that all the fertilizer that was applioa in the Hays area
entered the return tlow over the growing scasoit, NOB—N concentrations
discharged from the study basin to the river would be about 10 ppm in

the return flow, and P levels nbouL‘5 pph. The corresponding N and P
valuesg for Vauxhéll would be 10 ppm and 8 ppm, respectively. Actual
values were not even near these "predicted" ones. Though the previous
calculations are a bit absurd, they do illustrate a key point: though
botential pollutants are contained within a solil, they are not necessarily
transported to a neighboring water body. The soil 1s a reservoir of
pollutants, but transport to a recelving water body‘is necessary before
pollution will occur. The transport of potential pollutants by dif-
fusion, surface runoff, subsurface flow, and soil dritting have been
discussed in previous sections. Subsurface flow with a concentration
between 800 and 900 ppm seemed the major contributor of dissolved salts
to the return flow in this study; erosion by surface flow and by wind
were responsible ﬁPr major increases in suépended loads in the return

flows from the study areas; and all three contributed to nutrient con-

-

A Receiver of Pollutants

‘A. Salinization

(a) An attempted salt balance study

In the proposal of project objectives “ormulated in 1975, it
was decided that a soil salt balance should be attempted. The goals

were to determine whether anv change in salt content due to the two



seasons of irrigation could be detected, and to relate such changes to
quality of itrigation water and retgrn tlow. The r.. .ults, as will be
discussed in more detail shortly, show this was not feasible. Salt
concentrations were consistently lower in the 1976 fall-sampliné than in
the 1975 spring sampling in /8 or thc‘suﬁples. The t-tests applied
showed significant decreas significant at the 1 percent level) for
the three sampling depths in the top 90 cm of the Hays areca. The level
of signif _cance never exceeded the 7 percent level for any of the
sampling depths in the Vauxhull area. On the basis of these findings,
it 1is suggested that the time of year, in particular with respect to the
irrigation season, 1is very important in scheduling soil sampling for
salt balance studiés. Yearly saﬁples should be taken at the same time
period each year of the study, ané samples ;aken during the year would
generate data which could increase understa: !ing of processes affecting

the studied salts.

(b) Salt imports and leaching losses and their potential

effeét on plant growth ,)

- 3
Discussion pf some information from the salt balance is war-

ranted, however. The net salt imports of- about 2.6 t/ha/yr

into the Hays and Vauxhall areas, respectively, are definitwm threats to
53crop production unless the salts are removed from the rootzon
means. Assuming no loss of the\salts added in the irrigation
soil galinity of a 120 cm rootzone would be increased 100 and 150
in the study areas. Using the nomograph given by the United States
Salinity Laboratory Staff (1954,. p. li) which relates the percent salt

in a soil (having a known saturation percentage) to the osmotic pressure

of the saturation extract, the osmotic pressure caused by the added salt
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can be estimated. For the average Hays soil,iafter a salt addition of

100 pﬁﬁ tor 10 yeard, ﬁhe increased salinity in the top 50 cm vou.d
, .

exert an osmotic teééion of 3.5£ atmosphercs at field capacity. Lxtra-—
polating from a plot of pressure versus water content (a so0il moisture
curve) a reduced pla- -available molsture level can be determined for
the estimated ésmotic pressure. This osmotic pressure, 3.54 atmospheres,
would effectively reduce the available moisture 74.6, percent in ﬁhe top
30 cm of soil in the Hays area. for the rest of the rootzone, the
decrease would be-about 65 percent. In Vauxhall, the salt additions of
150 ppm/yr to the rootzone would inhibié plant uptake of about 80 percent
of the moistu;e in the top 30 cm of soil and about 76 pércent in the
remaining 90 cm after 10 years. On this basis, a%ter the 56 years of
irrigation at Vauxhall and about 25 years at Hays, there should be 1lttle
crop growth in either afea.

However, this is definitely not the case,. In fact, the opposite
seems true -- irrigation_apﬁears to have reduced the salt content of
the soll between spring, 1975, and fall, 1976. The 1975 and 1976 sampling
showed a large decrease iﬁ salts between sb;ing of 1975 and fall of
1976 (Table 28), Figure 10 depicts the perceﬁtage of salt content de-
creased over the two irrigation seasons. From the determinéd electrical
conductivity values, lo.t/ha of salt was leached from the 240 cm depth
in theVHays area; from the Vauxhall area there was a ﬁet loss of 6.1 t/ha
from the same depth. At thi; rate of salt loss, the previous years of
irrigation would have removed almost all the soluble salts from a
é40 cm depth in the two areas’. This obvidusly is not true as seen in
thé Spring and fall sample analyses, but the previously discussed data

do show that there is a favourable salt balance with respect to plant



126

09 vz Zv-o vz - 5z 6°S T 8T 6°2 6€°Y 3 9.6T
L9 .1Ue . 6L°0 14 (44 6°¢2 (44 £°% 06°Vv L SL6T
: . wus opZ-081
6t £°C 06°0 81 ST 9°¢t ¢TI 0°¢€ S1°¢ BT 9Le6t
(4% 1% - 1870 0z 1 ¢4 8°¢ v b1 Lt . LAV 4 81 _SLeT
: - WO 0BT-06
0°s [ 15°0 9 0°¢Z ST m.n £°Z Z8°0 mﬁ ‘ L9L61
ST 39 LL"0 L L L8 % L9 6°¢ 61 - 81 SL61
’ . ' w> 06-09
0°¢ v e - L6°0 [Ar4 §°z 9 1 . 9°C LT 99°0 81 9Le6T
8°¢L ¥ 8 0870 8°¢ 6°8 6°Y 6°Y RN 4 81 SL6T
- wo 09yhe
S° ¢ cs Ly°0 ¢ % 7S 0°¢ £°1 61 9L6T1
. ! ]
€T A 68°0 56 BT 9°¢ vy v°1 Z1°2 61 SL6T
. wo 0E-0
sAeyq
(1/bsw)  (1/bau)’ Aw\voev (t/baw) (7/bawm) (1/bau) {1/bau) qvs WOH x gatdwes B
=vos . _toou -10 +45H =+ | 4+ BN olct 3o
IaqunN
"9L6T ‘TTe3 pue ‘greT ‘burads ayx ut syerasjew juaxed
butA1aspun pue STTO08 Tieyxnea pue sieyg ayj uy Yyidap y3m 3uU23ju0d Jyes a[qnIos ueay "g8Z 819qelL



127

L9 871 1°2 sz 0z’ 0°9 62 B°6 82°S v 96T
€6 L 0°¢ 1e 61 6°€ Ly v'g Lot b Stel
WS OyZ-081
Z6 8°1 £°€ 9¢ 1z v°s £ s7¢ £8°9 v 9L61
69 0"y 12 12 81 'y €€ A2 Zv°s 91 SL61
WS> 081-06
65 5z z°2 14 v 0°¢ 1€ z°9 6% v vT 9L61
zL z's 81 zz 97 L'y 62 1°9 Lzs 91 SLET”
W 06-09
g€ 0°¢ 66°0 97 €1 1°C LT S°€ 80°¢ AS 96T
09 z°8 £8°0 . 12 o€ v°s 0z 9°¢ 9L b 971 SL6T
. W3 09-0¢
v 0"y L6°0 546 11 L€ 0°6 vz 11°2 1 9161
€Y £ ¢8°0" 1 6¢ 0°s €1 vz z6°¢ 971 SL6T
w5 0¢-0
TTeUxaes
(T/baw)  (1/bew) (1/bow) (1/bem)  (1/Bow)  (1/bow) ° (1/bow)  wys 01 x  serdues
b
_vos _toon _T0 4+ PH 42 W +BN o3 ummmsz
7
, penuT3uod

‘82 2T1qel



128

--——~3st

60t R 4 A Vauxhall

Decrease

(%)
40

30
20

10

o, A a

0 30 60 90 120 150 180 210 240
' Depth (cm)

Figure 10.. Decrease in the soluble salt content of the studied |
Hays and Vauxhall soils from the spring, 1975, to
the fall, 1976. )
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growth between spring, the time before salt imports in the irrigation’
water, and fall, ;ge end of seasonal salt imports. \

- Though not studied in detail, some leaching of soluble salts
from the upper soil horizons may occur in early spring when soll moisture
leve}s are high,”evapotranspiration minimal, and rainfall plentiful. Of
the 13 cm of prgcipitation recorded in the Hays area during 1975 4in tne
months of June through August, 8 cm/fell during June, 7 cm of which came
in one week. The Vauxhall area received 8 cm of precipitation that same
week..“Conéideridg the 1975 soil moisture levels as determined in the
latter part of May and the water holding capacitiés of thé.Vauxhall apd
Hays soils,‘the June precipitation could have raised éoil moilsture con—.
tents above 1/3 bar petcentages in both the Ap ana Bm horizons of the
‘study areas. The'resul;ant gravitational water, 1 cm in the Hays area
and 2 cm in the Vauxhall.area, Qould rapidly percolaté to the C horizon
where it would be retained."The'Cca ho?izon in both areas. could hold

20 cm more water before reaching field capaéity (at the timé of the May
soil sampling). Thus, rainfﬁ&i may account for some éf the leaching of
salts from the upper poftions of soil profiles in the study areas.

Explaining why the $o0il salt content ;n~the spring of 1975 could
be at the determined leyel is another matter., The author would conjecture’
that salts move up from thelground water to the soii profiie during .the
period of late fall-to early spriﬁg. The following statement from van
Schaik aqd'Rapp (1970)'adds credence té tﬂe hypothesis: "In irrigated
areas, the translocatibn of water during the wintei from shallow water
tables to £he freézing zone is important. For example, thérmally induced '
moisture flow may pfansfer salts upward and salinize the surface‘éoil."

Groundwater in the Vauxhall area contains about 7,000 ppm dissolved -salt -



130

(unpublished data, Lethbridge Research Stagibﬁ&, The deposition of salts
from 8.7 cm of ground water into the Vauxhall ;oils would raise the
soluble salt content in the 240 cm depth from the fall (1976) to tﬁe
spring -(1975) level. Similarly, 14.3 cm of ground water contain as

much salt as that lést from a 240 cm depth in the Hays area over the

1975 éo 1976 sampling period. b

(c¢) Salinity status of the Hays and Vauxhall soils

Some saline soils were found in the study areas. Table 29

ves the number of samples in which the electrical conductivity values
of the saturation exiract exceeded 4.0 mﬁios/cm. Both 1975 and 1976 sam-
Pling periods were included in the table. The 1976 frequencies were
slightly less than’ﬁhose in i975. No;igeablf, the salt tontent of the
Hays soils to a depth of 90 cm rarely exceeded the 4.0 mmhos/cm division
betwegn saiine and non-saline soils. At the sampling debth of 90 to
180 cm the incidence,pf high salt content increased sharply rising from
less than 10'percent of the samples in the 60 to 90 cm.deﬁth to greater
than 40,per2§nt of the samples in the 90 to 180 ?mrdepth. At wa deng of
180 to 240 cﬁ, 64 percen£ of the soil samples were saline. '

A greater frequéncy of saline soils was found in the Vauxhall
area, Of pafticular.concern is the Qbservafion that over 25 perceﬁt of
the sampling sites in this area had saliné rootzones. These high salt
contents would seem critical, for this area has an average waﬁer holdfng
capacity of only 19 percent of which jusf 11 percent is available for
plant usé. Therpractice'of‘continualiy operating sprinklgr systems
duriﬁg the irrigation season, except for short périods, is pé:haps well

advised. These frequent irrigations as well as the medium to high salt

tolerance of the major crops in the area, wheat, potatoes, barley and
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Table 29. Frequency of electrical conductivity values in excess of
4 mmhos/cm for the Hays and Vauxhall soils.

Hays Vauxhall
Depth % ‘ %
(cm) Occurrence Occurrence Occurrence Occurrence
0- 30 T1/37% 3. 8/30 27
' 30- 60 1/37 3 9/30 30
60~ 90 3/37 8 14/30 . 47
90-180 - 16/37 43 | 21/30 70
180-240 9/14 - 64 6/8 75
w :

* For example, 1/37 means that of 37 samples, 1 had an EC x lO3 value
greater than 4.0 mmhos/cm. : '
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‘sugar beets, may account fof what appearslto be excellent crop growth
there.  Unfortunately, no yield information was sought in the farm
interviews,

Several factors may contribute to the difference in salﬁ
content of the two areas. First, there was a greater water application
in the Hays area where an average of 80 ha-cm of water was delivered
to the farms during the two seasoes, while a total of 73 ha-cm of water
was delivered to Vauxhall. farms for the corresponding time period
Secondly, the hydraulic conductivity is greater in the Hays soiLs_ﬁer"/n\\\\
all~pedogenic divisions, though water movement in the'Vauxhall.soils
should not be restricted. The lowest mean value of hydraulic conduc-
tivities determined for the Vauxhall area was 2.7 cm/hr for the Cﬁ\
horizon. Hydraulic conductiviﬁies in the till were higher. A third
possible cause is theugreater depth to the water table in the Hays area.
van Schaik and Rapp (1970) found the water table at a site in the
Vauxhall study area to recede to about 220 cm in winter monehs. Irr
tion raised the water table to within 60 cm of the soil surface. Fr
a map of depth to water table in the Hays region (Lethbridge Research
Station), the water table in the Hays study area lies below a 300 cm
depth. The study of the effect of the above three factors on soil
saiinity levels was not part of this project and will not be discussed

further. ‘ o

B. Alkalization

Few sample sites in either area had exchangeable-sodium-

percentages in excess of 15 at any depth. From the data in Table 30, it
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may be inferred that there i1s little problem of ;oil alkalization in
the study areas. This condition 1s probably a reflection of the high
quality of\irrigation @ater imported into this region; SAR values
were usually lesg than 1.0 and‘residual sodium bicarbonate content was
essengially,nil.

(Note: .Raw déta, iqcluding fléw data ahd”éhemical and

physical analyses, are on file at the Agriculture Research Station,

Lethbridge, Albefta.)
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Table 30. Freduency of exchangeable-sodium-percentages in excess of
15 for the Hays and Vauxhall areas.

Hays : . Vauxhall
Depth % ' : %
(em) ' Occurrence Occurrence Occurrence Occurrence
0- 30 - 0/18% o 0/16 0
30- 60 0/18 0 ‘ 1/16 6-
60- 90 0/18 | 0 Co2/16 13
90-180 0/18 0 2/16 13

180-240 1/7 14 : 1/4 25 .

AN

* For example, 0/18 means that of 18 samples, 0 had an exchangeable-
sodium~ rcentage greater than 15.
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SUMMARY AND ' CONCLUSIONS AN

Irrigation return flow has the potential to contribute sub-
stantial quantities of pollutants Lo natural water bodies. At polluting
levels, nutrients, total and specific dissolved sal;s, and sediments
impair recreational, mﬁnicipal, industrial, and agricultural use of
water, ﬁischarges of return flow to natural water bodies may also cause
'shifts in the aquatic ecosyétem of the receiving water. Algal blooms
and fish kills are two major concerns.

fo determine the quantities and sources of watef, nutrients,
salté, and sediments discharged to the Bow and Oldman Rivefs from parts
of the Bow River Irrigation District, two waterShedg were monitored at
key locations as to surface water quantity and quality during the 1975

}and 1976 irrigation seasons. One watershed, the Drain T-A or Hays are;?)
consisting of 2,560.cultivated hecta:r ., is flood—i;rigated and dis-
charges return flow to the Oldma% River. The other 1,090 hectare water-

;shed, Drain E or the Vauxﬁall area, is spriﬁkler—irrigated. Return flow
from thié latpér area'discharges into the Bow River.

.It was expectedvthat nutrient levels would be significantly
.increased in the return flow, particularly the phosphorus content of
‘the flood-irrigated area and the nitrate content of the sprinkler—
irrigated areé. The total~P and NO3—N concentration; of surface runoff
downstreém from a study farm decreéased substantially over a 2.5 km
distance from the source. The P decrease to one—half the original level
was attributed to a 55 percent reduction in suspended load due to
settling of the previég;ly eroded soil parﬁicles. This portion of the

study helped to explain the low nutrient levels found in the return flow

135
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from the t@o areaé. Phosphorus discharges amounted to <0.2 kg/ha/yr from
the Hays area; <0,3 kg/ha/yr was discharged in the surface return flow
from the Vauxhall tract. With respect to the amount of algae that could
be produced from these P discﬁarges per cubic meter of receiving water,
the Hays discharge cén be equated to an algal biomass of about 0.05 g/m3
and the Vauxhall P discharge can be equated to 0.04 g/ﬁ3. The corres-
ponding weights of NO3—N were <0.6 kg/ha/yr frém the Hays area and
<1,03 kg/ha/yr from the Vauxhall area. These values can be equated to
an algal biomass équivalence of about 0.015 g/m3 in the 0Oldman River,
and about 0.014 g/m3 in the Bow River, Though a group of return flow
sites may raise nutrient levels of the recelving streams to adversely
eutrophic levels, the disch;rges from these two areas alone_would not be
clasged as polluting.
Surprisingly, the highest mean sediment concentfation, other

than in the surface runo%f collected as it ran'off a fieldvin the
stﬁdy farm, was found in the return flow from the sprinkler-irrigated
area, not from the flon~irrigated area. This resulted frqm a deposit
of windblown topsoil which had accumulated in the eastern channels of
the Vauxhall area. Genﬁle channel Eed slopes in the Hays area; whose
distribution and inage network is on contours, result in the sedi-
mentation of much of the suspended material derived from farm runoff.
" The suspen&ed loads for ;hevHa;g and Vauxhall areas were respectively
33.5 and 43.5 mg/l on the average. At these concentrations aquatic
organisms, particularly sport fish, are subjected to a.moderételyAhigh
level of protecgiqn. V

| Total dissolved salt content of the return flow was not in-

creased substantially over that of.the supply water, averaging 27.5mg/1
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for all site-years. Salt increases were slightly higher Ia the Hays
area. The majority of salt increasc :u both areas can be attributed te
a small amount of subsurface flow which had a total dissolved content
of about 800 to 900 mg/l. Farm runofr, having passed over so0il
surface, had only slightly higher dissolved salt content than corres-
ponding applied water; an average of 22.5 mp/1 was determined for two
studiés at a farm site in Hays. No increase in the total dissolved salt
content of bypass water occurred 1;_either are: elther year. These low
salt increases as well as inherent good quality of the supply water when
compared to quality criteria lead to the conclusion that the total
dissolvea_content of the return flow would not impair downstream use of
that water.

O

Both supply and return flow water in the study areas are hard.
Hardness was always increased in the return flow, pafticularly in the
Drain E waters. Though no problem to industry, some municipal users
would prefer softer watef.

Chloride, sulfate, nitrate, phosphate, SAR, caqunate and
bicarbonate levels were all found at acceptable levels for municipal,
industrial and agricultural uses of water. ﬂ

‘The pH values determined in the return flow samples were

frequently 1n excess of acceptable levels. High pH in the return flow

corresponded with high levels in the supply water and was usually less,

AN

B ‘thus\xepresenting an improvement'in'quality.

Water temperatures were positively correlated with flow’
volume. This indicates.that peak return flows occurfed at times of
high air temperatures which in turn corfesponded to times o% high

water demands. Water temperatures were not increased over the maximum
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limit for use. ,

Considering the dilution of the return flows by the receiving
waters,rthere were essentially no increases in the nutrient, dissolved
salt, or suspended load concentfations in the Bow and Oldman Rivers as
a result of the discharge from the study areas. ®

Becaﬁse of the vast quaﬁtities of potential pollutants held
within the soill, agriculture has often been cited as a major source of
pollutants into natural waters. This study has shown that though con-
centrations are high in the soil, pollutant concentrations ?n return
flow are not necessarily so. The transport of pollutants from the soii
to a water'body is néééssary before pollution will occur. Leaching can
move substantial amounts of dissolved salts,.including nitrates, to a
neighboring water body. Surface runoff and soil drifting can transport
both substantial quantities of sediment and associated phosphorus to
a drainage channel discharging into a natural sink. The extent of tﬁis
transport ;n the surface return flow ‘from tbe Drain T-A and'DrainﬁE
study'aréas seems to be minimal.

A study of salt balance in the soil between the spring of-
1975 and the fall of 1976 failed its original intent. Rather than béing
able to account for the increase in salt itported in the irrigatiSR\QPd
rain waters, a substantial decrease in soluble salts was noted foF that
‘time period in'a 240 cm depth. These decreases amounted to 10 t/ha from
the Hays area and 6 t/ha from(the Vauxhall area over the two irrigation
seasons. This information helps explain wﬁy the soils in ﬁhese areas,

though they receive salt impbrts of about 1.7 to 2.8 t/ha/yf, generally

do not have excessively saline rootzones. Ground water having a

YRR
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concentration of about 7,000 ppm may replenish much of the leached salts
during the non-irrigation season.
Though the Hays area was not found to haye any extensive salt

problems, concern 1is expressed over the findings in t hall area.

bout 25 percent of this area does have a soluble salt content that
ifﬁlwéuld impair growth of sensitive plants. The practices of maintaining
high -o0il moisture levels and growing less sensitive crops are factérs
that have lead to successful agricultural endeavors in this area.
ESP values rarely exceeded‘IS percent 1n either area in the
sampled 240 cm depth. This was attributed to the low SAR’ of the in-
coming irrigation water. The problems.associated with alkalization
should not be as evident as‘the problems assoclated with salinization
in these two are. -.
Pgrtainiﬁg to this study, oée important conclusion about the
employed research procedures was reached: salt balance studies of an
irrigated -area must include soll samples t;ken at the same time of year,
more accurately at the same timé relative to the irrigation season.
This study has railsed seQefalainteresting questions. Research
to answer the following would be beneficial: )
~
1. WQ§t processes are responsible for the large decrease in N03-N con-~
tent‘noted in surface runoff water as it flowed 2.5 km in a small
drainage canal?

2. Could as much as 10 tons of dissolved sal;s per heétare be trans-
ferred t; ground water suﬁpligs from overiying soil and tills, or
vice versa, during a one and one-half year periad? -

3 © - much salt moves from these irrigated areas to nearby rivers via

' © -ercolation?
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Statistics. . .,
Correlation (r) = 0,89 r squared = 0,79
Significance = 0,01 . Std. Err. of Est, = (0,027
Interce. “a) = 0,021 Slope (b) = 0,497

“

Appendix II. The relationship of total phosphorus by perchloric acid
digestion to total phosphorus by persulfate digestion,
determined on water samples from the study areas.
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