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PREFACE

Task 103 was established in conjunction with the Canada-
British Columbia Basin Agreement to provide quantitative
estimates of Future Loadings of phosphorus and nitrogen

to the Okanagan main valley lake system. The authors have
relied on information found in Task 105 (Estimate of Pres-
ent Loadings for Nutrients and Other Parametersvto the

~ Okanagan Lake System), Task 206 (Various Economic Growth
Projections) and Task 103 (Preliminary Estimate of Future

Loadings to the Okanagan System).
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INTRODUCTION

In conjunction with the Joint Federal-Provincial Okanagan
Basin Study, Task 103 "Estimate of Future Loadings of Phosphor-
us and Nitrogen to the Okanagan Lake System'", has been estab-
lished to provide an estimate of the overall loadings of total
nitrogen, total phosphorus and orthophosphorus to the main
valley lakes for the years 1980, 2000 and 2020. This report
outlines the various methods and procedures used to calculate

the projected loadings.

The method used to calculate the future loadings is
based on historic trends of various socio-economic parameters,
and assumes that the water supply is not a limiting factor.
Task 105 (Estimate of Present Loadings for Nutrients and
Other Parameters to the Okanagan Lake System) and Task 206
(Various Economic Growth Projections) provide a basis for the

projected loadings for nitrogen and phosphorus.

The calculated phosphorus and nitrogen loadings represent
a range of population and development patterns as well as

several degrees of treatment.




DETERMINATION OF PRESENT LOADING

Data collected under Task 105 was used in the calculation of

orthophosphorus, total phosphorus and total nitrogen. Data used

in the calculation of orthophosphorus loadings are included at the
end of this section in Tables 2 to 7.

To be consistent with previous Tasks, such as 105, the entire

study area has been subdivided into eight major lake regions (see

Figure 1) namely:

1
2)
3)
4)
5)
6)
7
8)

Wood

Kalamalka
Okanagan - North
Okanagan ~ Central
Okanagan - South
Skaha

Vaseux

Osoyoos (Canadian)

The loading sources for both nitrogen and phosphorus have been

. broken down inte a number of categoriles, as follows:

1) Minor tributaries

2) Main Valley streams

3) Municipal

4) Industrial

5) Storm sewers

6) Dustfall and Precipitation
7) Groundwater - Agriculture
8) -~ Septic Tank
9) ~ Other

10) - Natural
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Streams

The stream sampling program under Task 131 included

only those streams tributary to the main valley lakes. A
comparison of the drainage area of streams sampled and total
regional drainage area indicates that the drainage area of
streams not considered (Table I) in the survey is considerable.
To provide an estimate of the total input of nitrogen and
phosphorus into each main valley lake for all streams, an
estimate of the input from the unmeasured streams was required.
A pro-rating procedure (Tables 2 to 7) based on tons of load-
ing per sqguare mile of drainage area was used to account for

the drainage area not monitored.

No attempt has been made to give a range for loadings
from streams; however, locad variations do occur. For example,
the total nutrient input to Wood Lake has been found to very
by an order of magnitude of 10 from a dry year to a wet year.

This information will be included in the technical supplement.

Municipal

At this time, there are six municipalities within the
Okanagan Basin which discharge treated effluent into surface
water. Discharges of phosphorus and nitrogen have been monit-
ored and described in detail in Task 130 (Outfall Discharge Study).

Industrial

Based on data collected on positive industrial discharges
(Task 130) the mean N and P concentrations, as well as mean
annual discharge, were determined for each industry (see Task
105).

Storm Sewers

A study on the types and amounts of impurities reaching
receiving waters from storm sewers at Vernon, Kelowna and
Penticton was carried out by the Faculty of Applied Science,
the University of British Columbia under Task 133 (Storm Qual-
ity Discharge).



TABLE 1

Drainage Areas of Streams Tributary

to Each Respective Main Valley Lake

Lake Total Drainage Area | Total Drainage Area | Monitored
of Streams Sampled of Region Total
within Region
(Miz) (Miz) (percent)
Wood 40, 78. 51
Kalamalka 79. 139, 57
Okanagan N 435, 529, 82
Okanagan C’ 796. 904, 88
Okanagan S 393, 530. 74
Skaha 204, 280. 73
Vaseux 35. 54. 65
Osoyoos 75. 144, 52




The storm sewer study included the sampling of three
storm sewers in each city during periods of snowmelt and rain-
fall in the spring and summer of 1972. An estimate of the
total amount of impurities reaching Okanagan surface waters
via storm sewers was made based on measured concentration of
contaminants from snowmelt and spring rain, the rates of flow,
precipitation, snow removal data, and areas of commercial and

residential land use for the three cities.

Dustfall and Precipitation

Quantitative information on the amount of nitrogen and
phosphorus reaching the mainstem Okanagan Lakes from dustfall
and precipitation was provided from Task 134 (Dustfall and
Precipitation Study). In this study, 23 sampling sites were
established adjacent to the various main valley lakes. Samples
were collected for monthly periods from October, 1971 to
November, 1972, and analyzed for soluble Kjeldahl, nitrite and
nitrate nitrogen, soluble phosphate and total dustfall.

The areal distribution of nitrogen and phosphorus was
calculated from precipitation and dustfall collected at each

station and expressed as a flux (tons/mi2 - mon).

Groundwater

For the case of nutrient contribution to receiving waters
via groundwater, the total estimate was calculated and explain-
ed in detail in Task 139. (An Estimate of Nutrient Contribu-
tion to Receiving Waters from Agricultural Source Via Ground-
water Transport and Estimate of Total Nutrients reaching Rec-
eiving Waters in Groundwater) prepared by the Faculty'of App-
lied Science at the University of British Columbia. Although
reported as total phosphorus, generally groundwater phosphorus

is in the ortho form (W. Stumm).

The estimate of nutrient contribution to receiving
waters via groundwater was arrived at by two methods. The

first method involves the summation of individual sources of



nutrient contributions in pounds to receiving waters. The
nutrient contributions to groundwater were estimated in the
"vicinity of the source'" and then subjected to multiplying
factors in order to arrive at an estimate of the final contrib-
ution in pounds to receiving waters. In the second method,
the groundwater quantity reaching the receiving water is es-
timated. This includes an estimate of quantity of flow for
agriculture, septic tanks, and "other sources'", as well as

an estimate of natural or virgin groundwater flow. Calcul-
ation of these quantities involves the use of multiplying
factors which reflect the action of the transporting pathways
between source and receiving waters. This final quantity
rate reaching the receiving waters was then multiplied by the
final gquality of the grbundwater'adjacent to the receiving
waters. Direct and weighted averages were taken of the
nutrient contributions from the two methods. The natural

groundwater component is the same for both methods.
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ESTIMATE OF FUTURE LOADINGS

For the purpose of this report, loading sources were considered to
be either controllable or uncontrollable. It is recognized that some
sources classified as uncontrollable may in fact be indirectly control-
lable. Only municipal sources are considered controllable and as a

result directlyv treatable.

It is not known at this time to what extent land-use activities add
to natural background nutrient levels in the surface waters. Consequently,
the degree of possible control has not been determined, but will be dis-
cussed further in Task 102B (Future Water Quality Under Selected Water
Management Alternatives). Furthermore, the amount Qf water which will be
diverted from the streams is not known. Therefore, although the concen-
trations of solids in the streams may increase, the loading has been

assumed not to.

Similarly, it is not known at this time to what extent the forestry
industry, for example, contributes to dustfall loadings within the study
area. The literature indicates that the variation of dustfall loading
for the Okanagan will not increase significantly considering the expected

soclo-economic growth.

The projected nitrogen and phosphorus loadings and the base loadings
for each scenario are summarized in the appendix. In each projection the
loadings are estimated for the degree of municipal waste treatment for

each sub~region of the Okanagan Basin.
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METHOD OF CALCULATING PROJECTIONS

Nitrogen and phosphorus loading projections (in Appendix) for 1980,
2000 and 2020, Scenarios I, II and III are derived from preliminary
projections to 2020 of population, irrigated acreage and manufacturing
output by sub-regions for the Okanagan Basiﬁ. The estimated inputs (in
tons) of total phosphorus and nitrogen for 1969-71 were used as the base

case.,

Constant Loadings

The following inputs were assumed constant, the predictable var-
iation of these sources being relatively insignificant with the exception

of major streams.

1) Streams
2) Groundwater -~ Natural

3) Dustfall and Precipitation

Municipal
Municipal projection of phosphorus loadings to 2020 are based on

the degree of treatment and a per capita loading of phosphorus influent
of 0.008 1b/capita~day (A.E. Zanoni).

Municipal nitrogen loadings per capita for the three scenarios
are estimated to remain the same as presently calculated from population

growth rate and output of the existing plants.

The projected loadings for the present degree of treatment are cal-
culated from population ratios (Table 8). Phosphorus removal varies
from plant to plant presently. Therefore, ratios based on population
effectively take into account the degree of removal., Tertlary treat-
ment loading projections are based on an estimated influent loading

calculated from population contributions (Table 9).
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Carryover

Phosphorus and nitrogen carryover from Skaha Lake, to Vaseux Lake

and Osoyoos Lake has been calculated based on the following assumptions:

1) Depletion of phosphorus occurs with time below the major source.
2) The variables, stream flow, time, and distance are interchangeable,

3) Under present conditions the river has assimilated total phosphorus

and nitrogen to a minimal level. Any loading higher than present
(1969-71) conditions is represented by a parallel curve
(see Figures 2 and 3).

4) Any loading less than present (1969-71) is estimated by interpolation
between the present and natural state curve,

5) The minimal lpading possible increases to a maximum ten percent under
zero municipal input,

6) The input from Okanagan Lake is relatively constant,

The model (Figures 2 and 3) developed is not complex and deviation
from present conditions does give errors; however, for the purposes of

this report, the model is assumed to be adequate.

Industrial

The loadings from industry were projected on thebasis of dollar
value and pounds or tons of product. Unfortunately, the socio-economic
information does not consider the effects of inflation and other compli-

cating factors.

In the calculation of industrial loadings, the industries in each

of the regions have been broken down into the following categories:

a) TFruit and Vegetable Canners

b) Wineries, Distillers and Soft Drinks
¢) Sawmills and Plywood Mills

d) Fruit Packers

e) Pulpmill (Scenario I1)

f) Rink and Fish Hatcheries
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290 300 310

ANNUAL STREAM RUNOFF (1,000's Ac. Ft.)

MEASURED PHOSPHORUS LOADING (14.45 TONS MUNICIPAL SOURCE)
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—— .. —— LOADING WITH 20 TONS MUNICIPAL SOURCE

e im— o — ..« ASSUMED NATURAL STATE LOADING (NO MUNICIPAL LOAD)

————— LOADING WITH 7.23 TONS MUNICIPAL. SOURCE

Fig. 2 PHOSPHORUS CARRYOVER IN THE OKANAGAN RIVER SYSTEM
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100

50+

290 300 310 320

ANNUAL STREAM RUNOFF (1,000's Ac. Ft.)

MEASURED NITROGEN LOADING (5é.09 TONS MUNICIPAL SOURCE)
—_—— — —— CUMULATIVE NATURAL INPUT
———— .« ——— LOADING WITH 96.I TONS MUNICIPAL SOURCE
e ASSUMED NATURAL STATE LOADING (NO MUNICIPAL SOURCE)
~~~~~ LOADING WITH 28.05 TONS. MUNICIPAL SOURCE

Fig.3 NITROGEN CARRYOVER IN THE OKANAGAN RIVER SYSTEM
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The projection of both total nitrogen and total phosphorus-fbr a),"
b) and c) are on the basis of dollar values, the projection for d) is
based on the tons of product; the projection for e) is based on tons of
product assuming typical values of nitrogen and phosphorus from a second-

treatment plant; and for f) ﬁhe loadings are assumed constant.

Storm Sewers '

The projection of loadings from storm sewers is based on the pop-

ulation of the major centers of Vernon, Kelowna and Penticton.

Groundwater

The projected contribution of phosphorus and nitrogen from agricul-
ture by way of groundwater is based on land expansion. Tables of projected
land available are found in the preliminary projections from Bjonback,

Task 206.

The projected septic tank contribution of nitrogen and phosphorus

to the mainstem lakes is based on projected rural population expansion.

Similarly the projected increase from other groundwater sources is
based on the total population expansion in the sub regions of the

Okanagan.,
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Table 9 - Projected Total Phosphorus Loading from Municipal Sources

& é <’ e
a2 @ @ .- & &
1969-71 ]
Influent P 19.90 29,10 0.90 27.20 2.40
Effluent P 17.77 20.42 0.82 14.45 2.03
Percent Removal 11% 30% 9% 477 15%
Effluent [ 38.16 57.77 1.73 56.09 4,05
SCENARIO 1
1980
Influent P 25,40 39.80 4,12 35.10 2.70
Present Removal 22.60 27.90 3.75 18.60 2.30
80% Removal 5.08 7.96 0.82 7.05 0.54
95% Removal 3.81 7.45 0.62 5,28 0.41
Efflunt N 48.5 79.00 2.93 72.50 4,58
2000
Influent P 34.20 : 56.90 7.28 48.10 3.22
Present Removal 30.40 39.80 6.64 25.50 2.74
807% Removal 6.35 11.30 1.46 9.65 0.64
95% Removal 5.15 8.54 1.09 7.24 0.48
Effluent N 65.2 112.5 5.17 98.70 5.44
2020
Influent P 48.60 84.50 13,80 69.30 4.12
Present Removal 43/20 i 59.20 12.60 36.70 3.50
80% Removal 9,74 | 16.90 2,76 13.90 0.82
"957% Removal 7.30 12.69 2.08 10.40 0.62
Effluent N 93,5 167.3 9.55 1142.50 6.98
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Continued
\&
wﬁp
J? cgy
7 Q@ Q%
SCENARIO II | |
3 i
: [
2000 ’

Influent p 4.43 37.40 | 61.90 7.97 53.00 3.46
Present Removal 3.71 ¢ 33.30 | 43,25 7.25 28.05 2.94
' 807 Removal 0.85 ¢ 7.49 i 12.39 1.59 16.00 0.69
957 Removal 0.65 5.62 9.29 1.19 7.95 0.52
Effluent N 9.40 71.40 ; 122,10 5.64 |108.80 5.84
!

2020 : _

Influent P 6.23 53.60 f 93.50 14.88 77.00 4.35
| Present Removal 5.23 47.70 | 65.40 13.50 40.80 3.70
: 802 Removal 1.25 10.70 i 18.70 2.98 15.40 0.87

957 Removal 0.93 . 8.05 : 14,04 2,23 11.55 0.66

E?§%9¢nt,N”, N 13.20 j102.00 184.50 10.55 158.00 7.39
o ST T T T A W= West- Pen-

strong | Vernon | Kelowna | bank ticton Oliver
SCENARIO III
2000

Influent P 3.98 32.90 55.60 7.13 46.20 3.23

Present Removal 3.34 29,30 38.90 6.49 24.40 2.74

80% Removal 0.80 6.59 11.12 1,43 9.24 0.65

95% Removal 0.60 4,94 8.50 1.07 6.94 0.48

Effluent N 8.40 63.00 | 110.00 5.05 94.90 5.48

2020

Influent P 4,13 35.80 | 63.50 10.05 51.40 3.45

Present Removal 3.46 31.90 { 44,40 9.14 27.20 2.93

80% Removal 0.83 7.17 { 12.71 2,01 10.29 0.69

957 Removal 0.62 5.37 ¢ 9,53 1.50 7.71 0.52

Effluent N 8.62 68.30 2125.00 7.12 105.20 5.84
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DISCUSSION OF LIMITATION OF PROJECTED LOADINGS

‘Several shortcomings relative to providing projections with our
limited knowledge have been noted in this report. These shortcomings
have resulted in the use of several assumptions, which provide a first

order approximation of loadings for the future.

In the absence of industrial intake water quality data, it is
impossible to determine exactly how an industrial process alters intake
water quality, and hence contaminant and nutrient loading levels. In
most cases the original nutrient content is insignificant relative to

the change in concentration.

For the purposes of these projections it has been assumed that
there would be no increased treatment of industrial effluents. Realisti-
cally, this cannot be assumed in view of present developments and possible
Provincial requirements. For example, an industrial waste treatment
plant is being built at Kelowna. The outfalls from Okanagan Beverage
Ltd., Kelowna Wines., Kelowna Growers Exchange, and Sun-Rype No. 2 in
1969-1971 discharged large waste loadings to Brandt's Creek. The
total phosphorus loadings from these industries is 335 pounds per year,
which is relatively insignificant. These wastes will be directed to
the new Brandt's Creek activated sludge treatment plant scheduled for
completion in 1973. The new treatment plant will add approximately 550
pounds of "P" per year over and above the present "P'" loading. Similarly
Dutch Dairies Ltd., in Armstrong, will be serviced with an activated
sludge plant by 1973. Presently 5.5 million gallons of milk wastes are
discharged annually to Deep Creek,which flows into the north arm of
Okanagan Lake. :
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APPENDIX 1

TOTAL PHOSPHORUS, ORTHOPHOSPHORUS AND
NITROGEN LOADINGS (1969-1971)
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APPENDIX 2

SCENARIO I -~ ESTIMATED TOTAL NITROGEN LOADINGS
TO MAIN VALLEY LAKES
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APPENDIX 3

SCENARIO 1 - ESTIMATED TOTAL PHOSPHORUS

LOADINGS TO MAIN VALLEY LAKES
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APPENDIX 4
SCENARIO II - ESTIMATED TOTAL NITROGEN

LOADINGS TO MAIN VALLEY LAKES"
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APPENDIX 5

SCENARIO II - ESTIMATED TOTAL PHOSPHORUS

LOADINGS TO MAIN VALLEY LAKES
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APPENDIX 6
SCENARIO III - ESTIMATED TOTAL NITROGEN

LOADINGS TO MAIN VALLEY LAKES
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APPENDIX 7
SCENARIO III - ESTIMATED TOTAL PHOSPHORUS.-~:-

LOADINGS TO MAIN VALLEY LAKES
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