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CHAPTER 8

Nutrient Loading and the Trophic State
of the Main Valley Lakes.

GENERAL

The classic terns of Aigotrophic, nesotrophic and eutrophic are usefu
for describing the character of |akes, but they do not allow quantitative
conparisons to be made. The rate at which nutrients enter a | ake allows for
di rect conparison anmong | akes fromw dely scattered geographi cal regions and
provides a nore quantitative basis for evaluating the trophic state of |akes
(Vol I enwei der, 1969).

The total phosphorus |oad to each Ckanagan main vall ey | ake was consi dered
the nost reliable indicator of current trophic state, for there was a strong
rel ati onshi p between the concentrations of total phosphorus in | ake water at
spring overturn and the anmount of chlorophyll-a. in the photic zone in md-
summer (Figure 8.1). This relationship of phosphorus |oad to |ake prinary
productivity will, in nost cases, extend to alt trophic |evels.

Wil e total phosphorus load is a reliable trophic state indicator
gathering valid data to use is by no nmeans a sinple task. The |large vol une of
nost of the main valley |akes and the conparatively short |length of the study
period further hanpered the collection of precise data. The extrene
variations of tributary streanflows fromyear to year in the basin nmake any
single years' data questionable, if long termnean values are to be used in
planning. This is particularly the case in Ckanagan Lake where val ues may
vary by a factor of several times annually (see Technical Supplenent 1V).

Several different approaches were used to gain an indication of phosphorus
loading rates to the main valley lakes. Actual field neasurenents were
obt ai ned during the period 1969 to 1972. The length of tinme the various
sources were nonitored varied. Streams and outfalls, the two mgjor sources,
were nonitored continuously. These data are presented in Table 8.1. A second
nmet hod used was based on theoretical soil characteristics and popul ati on-
dependent - phosphor us- export (Vol |l enwei der, 1969), to calculate the total
phosphorus loads to all main valley | akes except Vaseux. As a check on this
met hod, the chenmical nutrient data of O arke and Al cock (1968) were used to
comput e |l oads. A conparison of these data and other research data is
summari zed in Table 8. 2.

The data from actual measurenment and that cal cul ated according to
Vol | enwei der' s

criteria were conputed on an areal basis (gTP/nﬁ for the years of data and

plotted as a function of |ake nmean depth over water residence tinme (Figure
8.2). This provides a basis for determining the current trophic state of the
Ckanagan main val |l ey | akes.



TABLE 8.

1

MAJOR NUTRI ENT LOADI NGS TO THE MAIN VALLEY LAKES

ESTIMATED ANNUAL INPUT OF TOTAL PHOSPHORUS INTO THE MAIN VALLEY LAKES -1971

|

ANNUAL LOCAL WATERSHED LOADINGS - POUNDS PER YEAR 1969-1971

2 MUNICIPAL DUSTFALL CONTRIBUTED FROM|TOTAL LOADING
TRIBUTARY TREATMENT AND GROUNDWATER OTHER *] UPSTREAM. LAKE TO LAKE
LAKE STREAMS PLANTS PRECIPITATION | SEPTIC TANKS SOURCES SUBTOTAL OUTFLOW (1b/yr) (1b/Yr)
WooD 800 - 140 1,660 720 3,320 - 3,320
KALAMALKA 3,600 - 600 940 40 5,180 - 5,180
North 19,480 39,680 5,900 1,560 920
OKANAGAN Central 29,800 42,480 4,960 4,840 2,620 185,720 1,600 187,320
South 18,600 - 8,740 4,660 1,480
SKAHA 4,200 28,900 1,660 2,600 500 37,860 10,600 48,460
VASEUX 260 - aQ 280 120 700 18,800 19,500
05S0Y00S (Canada) 800 4,060 980 8,560 380 15,380 22,140 37,520
[ SUB TOTALS 77,540 115,120 23,020 25,100 7,380 248,160 53,140 301,300

P~ *1 Includes Industrial OQutfalls, Storm Sewers, and Groundwater from Agricultural Land and Natural Sources.
~ *2 Includes Natural and Diffuse Loadings to streams.from Agriculture and Septic Tank Sources
ESTIMATED ANNUAL INPUT OF TOTAL NITROGEN INTO MAIN VALLEY LAKES - 1971
ANNUAL LOCAL WATERSHED LOADINGS - POUNDS PER YEAR (MEAN VALUES)
2 MUNICIPAL DUSTFALL %3 CONTRIBUTED FROM|TOTAL LOADING
TRIBUTARY* TREATMENT AND GROUNDWATER OTHER UPSTREAM LAKE TO LAKE
LAKE STREAMS PLANTS PRECIPITATION | SEPTIC TANKS|AGRICULTURE [SOURCES |SUBTOTALS{OUTFLOW (1b/Yr) (1b/Yr)
WOGoD 20,000 - 3,800 17,160 9,860 3,760 54,580 - 54,580
KALAMALKA 79,000 - 9,200 10,220 4,340 840 103,700 - 103,700
North 87,820 86,720 48,600 18,160 12,560 4,880
OKANAGAN Central 322,400 119,000 56,800 56,600 43,980 12,960) 1,142,760 40,400 1,183,160
South 86,000 - 65,400 56,200 36,520 29,160
SKAHA 22,200 112,180 22,600 27,560 15,480 7,640 207,660 181,600 389,260
VASEUX 9,600 - 3,600 2,980 4,920 2,220 23,320 268,800 292,120
0S0Y00S (Canada 1,720 8,100 6,000 86,400 64,600 17,580 184,400 317,800 502,200
l SUB TOTALS 628,740 326,000 216,000 274,280 192,260 78,800 [1,716,420 808,600 2,525,020

3

Includes Industrial Qutfalls, Storm Sewers, and Groundwater from Natural Sources.
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TABLE 8.2

VALUES OF THE TOTAL PHOSPHORUS LOADI NGS TO THE OKANAGAN LAKES AND OTHER PARANMETERS

OF | MPORTANCE IN THE CALCULATI ON OF THE TOTAL LOAD.*1

PERCENT
WATER TOTAL PHOSPHORUS LOAD TOTAL PHOSPHORUS LOAD TOTAL PHOSSHORUS LOAD {RETENTION OF PHOSPHORUS
RESIDENCE (Kilograms per vyear) (g/m? Lake Surface/Year) FROM LAKE ABOVE IN THE LAKE IN RELATION
LAKE TIME 1969 1970 1971 [ 1969 7970 1971 (gm/m? per year) TO PHOSPHORUS LOAD
0S0Y00S 0.5% |19,3669 | 12,7008 | 45,3596] 2.0¢ | 1.28 4.50 1.564 --
1.0¢ {25,176% | 12,2009 | 16,9009 2.6° 1.23 1.71
AVERAGE: 21,950 AVERAGE: 2.22
VASEUX 0.15% | 9,710" 5,4438 [ 10,8868 1.86"| 1.05 2.09 1.840 120
AVERAGE : 8,680 AVERAGE: 1.67
SKAHA 1.2% 27,4309 | 16,3296 | 22,6796| 1.4¢ 0.81 1.13 0.33 65
1.0¢ {43,104°% 13,4008 | 15,4009| 2.2°% 0.66 0.76
14,700 0.73
AVERAGE: 21,863 AVERAGE: 1.09
OKANAGAN 57.0% 129,610% |162,386% B21,8408] 0.38¢| 0.47 22 0.0 95
60.0% 133,021% | 49,0009 535,0009 0.39%| o0.12 0.68
AVERAGE: 188,476 AVERAGE: 0.54
KALAMAL KA 100.0% | 8,288° 8909 | 3,2209] 0.32%| 0.034 0.12 0.02 90
115-71% 7459 | 2,6109 0.028 0.10
AVERAGE : 2,625 AVERAGE: 0.10
WooD 30-100% | 4,650° 1459 6029 0.50%| 0.015 0.065 0.01 90
20-109*
AVERAGE : 1,805 AVERAGE: 0.19
WOOD/KAL AMALKA 6,3506 | 9,072¢ 0.18 0.25
Combined
AVERAGE : 7,711 AVERAGE: 0.21

aLerman, 1972

d

of Corrigan,
early data interpretation,
(See Table 8.1 and Technica

Stockner,
Stockner-Koshinsky,
Patalas,
Patalas,

Ler man,

unpublished data
unpublished data
1972 (data of Clarke and Alcock, 1968)
1972 (Vollenweider criteria)

NOTE: The esti mates shown in the above tabl e,
St ockner and Koshi nsky,
much of which was
Suppl erent

6Corrigan, 1972
hLerman, 1972; Streams and outfalls onl

Stockner,
Skaha (Patalas,

.(Corrigan, 1972

Stockner-Koshinsky,

particularly that

was based on
| ater revised.

V).

unpublished data- assumes 9,600 from
1972), and 110 from Shuttleworth

Wood/Kalamalka Report




In all cases (Figure 8.2) the values cal cul ated are higher than those
estimated from study nmeasurements. It is suggested that in this regard a
conservative approach, which nmeans considering the nmaxi muns as perhaps a
high extrene, is nost appropriate. Wth this attitude in nmind, all the main
val | ey | akes are receiving phosphorus at excessive |levels. Even using the
| ower estimates, all main valley lakes - with the possible exception of
Kal amal ka Lake - are receiving phosphorus inputs at or near dangerous
| evel s, thus unnaturally speeding the process of eutrophication

8.2 NUTRI ENT SOURCES
8.2.1 Osoyoos Lake
Al nost 60 percent of the total annual phosphorus | oad cones fromthe
Ckanagan River which drains Skaha and Vaseux Lakes above. Only about 30-35%
of the river |oad comes from Skaha or Vaseux Lakes, while the renainder
apparently conmes from surface and sub-surface agricultural return flows and
fromseptic tanks | ocated near the river. The Oiver Sewage Treatnment Pl ant
contributes about 1,500 to 2,000 kg/year to OGsoyoos Lake. Present evidence
i ndi cates that the renmainder cones from sub-surface flows fromagricultura
| ands and septic tank fields surrounding the | ake. Hence, a large part of
the load to Gsoyoos Lake is fromsources which are difficult to control.
8.2.2 Vaseux Lake
The average total phosphorus |oad cones fromthe Okanagan Ri ver which
drai ns Skaha Lake above. Any reduction of phosphorus |oad in Skaha Lake
will accordingly reduce |oads to Vaseux Lake, and as such represents the
only feasible neans of nutrient control for this |ake.
8.2.3 Skaha lLake
The average annual total phosphorus |oad to Skaha Lake is about 22,000
kg/ year About 60 percent of this total comes fromthe Penticton Sewage
Treatnment Plant and the remai nder fromthe Ckanagan Ri ver draini ng Ckanagan
Lake, and from other surface and sub-surface flows to the south of the Cty
of Penti cton.
8.2.4 (Ckanagan Lake
The average annual phosphorus |oad to Ckanagan Lake is 85, 000
kg/ year. About 45% of this total is attributable to sewage treat nment
plant effluent; 35%to tributary streans draining a variety of
| anduse regions; and the balance to septic tanks (6%, dustfall and
precipitation (10%, and other sources (3%.
8.2.5 Kal amal ka Lake
The average annual |oad to Kal anal ka Lake is about 2,500 kg/year. No in-
dustrial or municipal outfalls enter this lake. The najority of the phosphorus
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Figure 8.2

THE ANNUAL TOTAL PHOSPHORUS LOAD TO THE MAI N VALLEY LAKES OF
1969- 1971.

ANNUAL LOADING OF TOTAL PHOSPHORUS -GRAMS/SQUARE METER

THE OKANAGAN BASI N,



. 2.

6

load is from Col dstream Creek and sub-surface return flows. About 20% of

the total phosphorus |oad conmes from Wod Lake, which has a small inflow
to the lake in the south basin.
Wod Lake

The average annual |oad to Wod Lake is about 1,500 kg/year. Recent
estimates indicate that about 25% of this total comes from Vernon Creek
whil e the renmmi nder conmes from sub-surface return flows from septic tanks
(509 and from agricultural lands (209, which represent the predom nant
| anduse practice on the watershed. Two fruit packing plants with
outfalls discharging to the | ake also contribute a small anount of
phosphorus to this |ake.



