
- 1 - 

Revision: November 1, 2016 

ESTIMATES OF EXTERNAL PHOSPHORUS LOADS TO 

ST. MARY LAKE, BRITISH COLUMBIA 

Prepared for 
Salt Spring Island Watershed Protection Authority 

Technical Working Group 

Prepared by 
Donald O. Hodgins, Ph.D., P.Eng. 

Project Manager, SSIWPA 2014/16 Monitoring Program 

October 2016 

 

Abstract 

The phosphorus load into St. Mary Lake from runoff and rainfall, and the total export by discharge and 
withdrawals, were estimated for a 9-yr monthly time-series spanning 2007-2016.  The methods involved 
determining water inflow and export using a water balance hydrological calculation multiplied by measured 
concentrations of phosphorus at multiple points around and in the lake.  Precipitation loading was estimated 
by measuring phosphorus concentrations in rainfall over the winter of 2015-2016, which were then 
multiplied by total precipitation.  The principal findings are: 

1. Net external total phosphorus loads to St. Mary Lake are highly variable from year to year, ranging 
from about 70 kg/yr to 300 kg/yr.  The net loading averages approximately 140 kg/yr based on a 
little over 9 years of data. 

2. When soluble reactive phosphorus (SRP) is considered as the load from storm water runoff, the net 
external load is reduced to a range of about –20 kg/yr to 125 kg/yr with an average of 45 kg/yr.  In 
some years, the external load is about balanced by the amount exported; in others, there is a net 
positive contribution to the lake. 

3. Since no significant change in phosphorus content has been detected over the past 150 years, or so, 
the net positive external load must be cycled to bottom sediments through internal lake processes. 

4. Variations in the total amount of phosphorus also vary substantially, both seasonally and inter-
annually.  Typical rates of change in the mass of P range up to several hundred kilograms each 
month, and greatly outweigh the net rate of external loading (~20 to 60 kg/mo).  Rapid, large 
changes in the mass of P are uncorrelated with high rates of external input; thus, external loading is 
not a prime driver of changes in P-content of the lake. 

5. P removal from storm water runoff would have little impact on the phosphorus dynamics of the lake.  
Moreover, it would be difficult with so many points of entry, and removal efficiencies are not yet 
established.  Any benefit would need to be carefully quantified to ensure that it is worth the effort 
and expenditure. 

 



- 2 - 

Revision: November 1, 2016 

Preamble 

The SSIWPA 2014-2016 monitoring program was conceived in late 2013 after formation of the Technical 
Advisory Committee.  At that time, a prolonged cyanobacteria bloom, with accompanying toxicity, was 
approaching its third year in St. Mary Lake.  Algal blooms were the central issue to be addressed, and it was 
assumed, conventionally, that inorganic phosphorus would be the limiting factor governing algal abundance.  
Accordingly, the storm water monitoring program focussed primarily on the sources of phosphorus (P) to the 
exclusion of other possible parameters that one could consider.  This report deals with the measurements and 
conclusions about the rates of external P loading to the lake, in relation to the amount and rates of change of 
the total amount of phosphorus within the lake.  It does not consider other nutrients, nor the influence of 
suspended particulate matter in runoff or rainfall.  Measurement of such parameters fell outside the scope of 
the project, although that is not to say they are unimportant. 
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1.0 INTRODUCTION 

Estimates of the external phosphorus1 (P) loads to St. Mary Lake (Fig. 1.1), British Columbia, and the export 
of nutrients through outflow and water withdrawals, are important terms in the nutrient balance for the lake.  
In particular, it is important to understand the relative magnitude of the external sources to internal processes 
involved in nutrient cycling so that a realistic assessment can be made of effectiveness of possible 
interventions aimed at reducing the nutrient content of the lake. 

The loads associated with storm water runoff and rainfall, are estimated in this report along with the exports 
due to the outflow into Duck Creek and by licensed water withdrawals.  Potential phosphorus loads 
associated with on-site sewage treatment systems are described in a separate report, which summarizes that 
component of the 2014-16 monitoring program (Hodgins, 2016). 

Input loads were estimated by combining measured P concentrations from a number of discrete storm water 
drains, at their points of entry to the lake, with storm water runoff volumes calculated using a water balance 
model.  This model provides the hydraulic basis for the loading calculation – it is described in Hodgins, 
2015a.  The same study yielded estimates of the outflow and water withdrawal volumes from the lake.  These 
values were combined with measured concentrations in the lake itself to estimate the export quantities. 

                                                        
1 I will use the symbol P to represent “phosphorus”.  When a distinction between TP and SRP is warranted then those 
particular abbreviations will be used. 

 

Figure 1.1 Aerial photograph of St. Mary Lake. 

 

 

 

 

 

 

 

 

 

Watershed area 645 ha 
Lake surface area: 182 ha 
Lake volume 16,600 dam3 
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As shown in Fig. 1.1, the lake is surrounded by roads with the exception of the northwest corner, and a sub-
watershed containing Epron Creek extending northwest from the upper end of the lake.  Epron Creek is the 
only distinct inflowing creek.  It provides flow to the lake from about December to May and is dry during the 
other months.  Otherwise, storm water is channelled by the ditches along the roads and flows into the lake at 
approximately 23 discrete points. 

The loading calculations were carried out monthly from January 2007 to March 2016, the period for which 
outflows to Duck Creek are known, and as a result, the period for which the water balance model can be 
solved with reasonable confidence.  It is recognized that the nine-year record length is too short to draw 
general conclusions about the influence of variations in meteorology and precipitation on the balance of 
nutrients in the lake.  This is particularly so because the P-stock of the lake in 2009-2010 was modified by 
aeration.  On the other hand, the quality of the hydrological information provided by the water balance 
calculation warrants careful use of the inflow data derived from it. 

The input of P from precipitation was obtained by measuring concentrations in rainwater and combining 
these with precipitation measured at the St. Mary Lake water treatment plant.  The P concentration 
measurements were obtained over the fall and winter of 2015-2016.  No attempt was made to quantify the 
amount of P entering the lake from dust fall.  This may be significant at certain times of the year, but its 
magnitude is unknown. 

The water balance model and key results are briefly reviewed in Section 2.  Information on P measurements 
is presented in Section 3, with reference to data collected by Nordin et al. (1983) in 1981/82, and the new 
data collected in 2015-16.  Estimation of P loads is discussed in Section 4, followed by the assessment of net 
loading rates to the lake in Section 5.  Conclusions are presented in Section 6. 
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2.0 HYDROLOGY 

2.1 Water Balance Model and Results 

The water balance model for St. Mary Lake is expressed by the ordinary differential equation: 

 dh/dt + q(h) + ( (I + GW) - (W + E) )/A = 0 (1) 

where A = surface area of the lake (assumed constant over the range of change in h) 
 h = water level 
 t = time 
 I = total inflow from direct rainfall and storm water runoff 
 q = Q/A, Q = volume out Duck Creek, which is a function of water level 
 W = withdrawal by all license holders 
 E = evaporation  
 GW = loss/gain to or from ground water. 

Further details about the model and the solution method are presented in Hodgins (2015a).  Equation (1) was 
solved for the period 2007-2016 with an approximately one week time step to give the total inflow I.  No 
reliable information was available (at least known to me) on shallow ground water flows, either amounts or 
even whether they are into or out of the lake.  Accordingly, the term GW is subsumed into I; that is, the total 
inflow is the sum of both surface inflow (including direct rainfall) and ground water, if any.   

In order to estimate the external loads due to storm water runoff (SW) and rainfall (R), it is necessary to 
separate these two contributions to I.  This is easily done using the measured rainfall and the area of the lake, 
specifically: 

 SW = I – R (2) 

where R = precipitation, pr, in mm/1000 × A (1.82 × 106 m2). 

Thus, the term storm water inflow (SW) is the sum of surface inflow and ground water and that sum is used 
to calculate the runoff phosphorus load.  The only other reference to ground water with respect to a water 
balance is contained in Nordin et al. (1983), who assumed, based on quite limited information, that ground 
water flow into the lake accounted for about 5% of the total inflow.  They estimated the P contribution from 
ground water separately from surface flow, using a rough estimate of [P] in ground water. 

The numerical solution for I is shown in Fig. 2.1.  The monthly totals are plotted in Fig. 2.2 together with 
total monthly precipitation – the two series are clearly correlated, noting that the inflow can sometimes lag 
the precipitation by a month for high rainfall periods.  This is partly an artefact of the summation to yield 
monthly totals, which may artificially separate a high rainfall event near the end of one month from the 
corresponding runoff, which arrives at the lake early in the succeeding month. 

The monthly time-series for R and SW are shown in Fig. 2.3.  These series form the basis for estimating the 
seasonal and inter-annual variations in these two external loads.  The annual statistics are summarized in 
Table 2.1. 
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Figure 2.1 Solution to equation (1) for total inflow I.  Note this is the numerical solution where the units 
are dam3/Δt, where Δt is the time step of integration.  Mostly but not always Δt is about 6 or 7 
days; occasionally it is less.  
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Figure 2.2 Total inflow I in dam3/mo, calculated from the results shown in Fig. 2.1.  Monthly rainfall totals 
are shown for comparison. 
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Figure 2.3 Monthly time-series of R (upper panel) and SW (lower panel).  Note the change in scale 
between these two graphs.   
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Table 2.1 Annual totals for I, pr, R and SW.  The values are calculated for a hydrological year spanning 
August 1 – July 31.  Note: the sums are incomplete for 2015-2016 since the program ended in 
March; however, precipitation through April-July was particularly low in 2016 and so the totals 
are low by a small amount. 

 annual annual annual annual 
winter of inflow I precip pr rain fall R runoff SW 

 (dam^3) (mm) (dam^3) (dam^3/yr) 

2007-08           2,950              832            1,515                 1,470  
2008-09           2,684              733            1,334                 1,409  
2009-10           6,442            1,194            2,173                 4,341  
2010-11           4,494            1,078            1,961                 2,575  
2011-12           2,913              860            1,565                 1,379  
2012-13           4,180            1,024            1,864                 2,441  
2013-14           3,105              824            1,499                 1,669  
2014-15           3,697              904            1,645                 2,263  
2015-16           5,886              932            1,696                 4,293  

mean           4,039              931            1,695                 2,427  
std dev           1,355              144              262                 1,163  
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3.0 WATER CHEMISTRY DATA 

3.1 1980-81 Epron Creek Data from Nordin et al. (1983) 

Nordin et al. measured nutrients in two tributaries to the lake, Epron Creek at the northwest corner, and an 
un-named drainage creek at the northeast corner.  Epron Creek provides substantially more flow than the 
northeast creek.  The authors list their measurements of TP in the report, but do not report the values for total 
dissolved P and ortho-P (SRP).  (I did not have access to original data, only what could be extracted from 
their hardcopy report.)  One plot of all three parameters, for the northeast creek, shows that SRP tends to be a 
small fraction of TP (roughly 20% by eye).  The TP data are plotted in Fig. 3.1 for the time-periods of 
collection.
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Figure 3.1 TP for the two tributaries monitored by Nordin et al. in 1979-81.

The authors mention that concentrations did not 
correlate with stream flow rates.  I have extracted 
the flow rates from the water balance calculation 
(representing an average flow for the few days to 
weeks for which the water balance provides an 
inflow value) and compared these with the 
reported concentrations (Fig. 3.2).  Indeed, there 
is little variation in concentration once the flows 
exceed about 0.05 m3/s.  At lower flows the higher 
concentrations may result from higher turbidity 
and hence a greater proportion of particulate 
phosphorus than at larger discharge rates. (This 
sounds a bit counter-intuitive, but I noticed this 
behaviour during the 2015 sampling.) 
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Figure 3.2 [TP] versus estimated inflow Q for 
the 1979-1981 data. 
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3.2 2015-2016 Data from the SSIWPA Monitoring Program 

Storm water runoff around the lake is captured and directed by ditches along side of the roads.  It enters the 
lake at approximately 23 discrete points – through culverts or open channels.  In addition, Epron Creek 
provides seasonal flows derived from rainfall on the northwest sub-.catchment area.  Beginning in 2008 the 
CRD measured storm water chemistry at a number of these locations (Fig. 3.3 – red dots, yellow diamonds), 
primarily in February or March.  In January 2015, SSIWPA began measurements at several of the same 
locations, shortly after reasonably heavy rainfall events.  These newer measurements continued through the 
fall of 2016, aiming to sample the first flush through the watershed, and the following winter period of large 
flows.  The available phosphorus data from these two sources are presented in Table 3.1 (TP) and Table 3.2 
(SRP).  The analytical protocols are described in Appendix A.  Intrepid sampling is shown in Fig. 3.4. 

 

Figure 3.3 Map of runoff sampling locations (red dots) monitored by CRD and SSIWPA. 
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Table 3.1  Total phosphorus (TP) measurements at storm water inflow locations to St. Mary Lake. 

Site Name CRD Site No. Zone 09-Mar-09 27-Jan-15 10-Feb-15 16-Mar-15 24-Mar-15 14-Apr-15 25-May-15 03-Sep-15

Epron Creek mid station SML03 1 55.9 78.5 35.6 106.0
Epron Creek at lake - 1
NERD2 SML01 10 63.6 57.6 49.3 82.3 126.0
- SML01A 11a 52
Giles (137 Langs Rd.) - 11a 50.7 80.6 112.0 46.5
Dodds (Dodds Rd.) - 11b 79.7 48.0
Maycock (ft. Maycock Rd.) - 11b 148.0
Marsh (343 Langs Rd.) SML02 9a 70.1 97.8
Langs411 - 9b 153.0
Tripp4 (30 yd south turnaround) SML04 2 51.4

SML05 3
SML06 3

SML06A 3
SML06B 3

Tripp-WTP (50 yd north WTP) SML06C 3 30.1 65.2
Tripp301 (50 yd south resort) - 4a 184.0 213.0
Tripp191 (191 Tripp Rd.) 4c 53.4 93.5 133.0 67.1
Duck Creek weir SML07 36.5 28.2 26.2 47.8
- SML07C 5
- SML07D 5 32
Church-L (culvert to Cottage Res) SML07E 5 28.3 82.8 79.4
Brad (north end Bradbury Rd.) SML07G 6 83.0 75.8 38.0
NERD1 SML08 7 75.1

SML09 8
SML10 8

Fairv (foot Fairview Rd.) SML11 8 65.9
- SML12 10

count of observations 2 3 11 14 2 6 3 1
mean of observations microg/L 42.0 44.1 79.1 99.7 47.7 40.6 78.7 126.0

TP (microg/L)
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Table 3.1 continued. 

zone zone n =
Site Name CRD Site No. Zone 09-Nov-15 13-Nov-15 17-Nov-15 06-Dec-15 13-Dec-15 18-Jan-16 21-Jan-16 16-Feb-16 average stdev

Epron Creek mid station SML03 1 46.3 60.9 90.1 51.5 26.0 18.1 73.5 42.6 52.8 29.5 13
Epron Creek at lake - 1
NERD2 SML01 10 35.5 34.5 45.5 33.5 37.5 33.4 39.1 76.1 51.7 28.6 14
- SML01A 11a
Giles (137 Langs Rd.) - 11a 59.5 63.4 105.0 71.5 61.4 40.1 86.0 80.0 69.9 22.0 13
Dodds (Dodds Rd.) - 11b 83.7 161.0 65.7 51.0 39.7 99.0 72.4
Maycock (ft. Maycock Rd.) - 11b 188.0 153.0 165.0 104.2 51.6 13
Marsh (343 Langs Rd.) SML02 9a 74.6 42.0 80.6 74.0 84.0 19.6 2
Langs411 - 9b 153.0 1
Tripp4 (30 yd south turnaround) SML04 2 45.0 31.2 62.1 71.0 43.8 24.7 6

SML05 3
SML06 3

SML06A 3
SML06B 3

Tripp-WTP (50 yd north WTP) SML06C 3 68.7 30.9 17.7 39.2 36.4 23.9 7
Tripp301 (50 yd south resort) - 4a 305.0 324.0 260.0 183.0 118.0 198.0 187.0 219.1 65.5 9
Tripp191 (191 Tripp Rd.) 4c 164.0 245.0 123.5 67.3 47.3 92.5 90.0 107.0 57.9 11
Duck Creek weir SML07
- SML07C 5
- SML07D 5
Church-L (culvert to Cottage Res) SML07E 5 74.6 44.9 38.3 86.4 76.1 57.3 29.0 9
Brad (north end Bradbury Rd.) SML07G 6 74.0 102.0 124.0 93.6 81.7 37.9 91.8 109.0 76.4 33.7 12
NERD1 SML08 7 40.1 51.7 98.3 54.4 34.7 5

SML09 8
SML10 8

Fairv (foot Fairview Rd.) SML11 8 52.6 69.4 53.9 35.8 30.7 45.2 21.7 7
- SML12 10

count of observations 4 8 9 11 14 12 11 12
mean of observations microg/L 53.8 108.3 150.2 95.4 67.4 41.2 87.3 84.6

TP (microg/L)
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Table 3.2  Soluble reactive phosphorus (SRP) measurements at storm water inflow locations to St. Mary Lake. 

Site Name
CRD Site 

No. Zone 27-Jan-15 10-Feb-15 16-Mar-15 24-Mar-15 14-Apr-15 25-May-15 03-Sep-15 09-Nov-15

Epron Creek mid station SML03 1 38.5 3.5 5.8 5.9 10.1
Epron Creek at lake - 1
NERD2 SML01 10 46.8 2.9 6.1 4.6 7.6 7.4
- SML01A 11a
Giles (137 Langs Rd.) - 11a 12 60.3 12.3 6.1 12.7
Dodds (Dodds Rd.) - 11b 8.4 9.3
Maycock (ft. Maycock Rd.) - 11b 16.3
Marsh (343 Langs Rd.) SML02 9a 66.7 18.0
Langs411 - 9b 20.6
Tripp4 (30 yd south turnaround) SML04 2 36.9

SML05 3
SML06 3

SML06A 3
SML06B 3

Tripp-WTP (50 yd north WTP) SML06C 3 22.1 4.8
Tripp301 (50 yd south resort) SML06D 4a 76.0 54.8
Tripp191 (191 Tripp Rd.) SML06E 4c 16 42.4 19.2 16.7
Duck Creek weir SML07 5 0.6 3.6 8.9 2.1
- SML07C 5
- SML07D 5
Church-L (culvert to Cottage Res) SML07E 5 23 72.1 24.7
Brad (north end Bradbury Rd.) SML07G 6 62.0 2.9 8.4 15.2
NERD1 SML08 7 54.7

SML09 8
SML10 8

Fairv (foot Fairway Dr.) SML11 8 11.1
- SML12 10

count of observations 3 11 14 2 6 3 1 4
mean of observations microg/L 17.2 52.6 15.3 16.7 7.2 5.3 7.6 11.4

SRP (microg/L)
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Table 3.2 continued 

Site Name CRD Site No. Zone 13-Nov-15 17-Nov-15 06-Dec-15 13-Dec-15 18-Jan-16 21-Jan-16 16-Feb-16
zone 

average
zone 
stdev n =

Epron Creek mid station SML03 1 13.0 14.7 19.7 11.0 4.5 12.3 9.9 10.8 9.6 13
Epron Creek at lake - 1
NERD2 SML01 10 3.1 7.4 9.4 12.5 3.8 9.8 13.0 10.3 11.0 14
- SML01A 11a
Giles (137 Langs Rd.) - 11a 15.3 25.5 28.2 25.5 9.5 27.2 20.8 21.3 14.4 14
Dodds (Dodds Rd.) - 11b 14.8 39.0 24.5 25.5 5.7 43.6 19.2
Maycock (ft. Maycock Rd.) - 11b 73.1 63.8 40.6 29.5 21.3 15
Marsh (343 Langs Rd.) SML02 9a 51.2 16.3 46.4 27.8 37.7 20.2 6
Langs411 - 9b 20.6 1
Tripp4 (30 yd south turnaround) SML04 2 34.2 16.4 31.8 28.7 25.0 13.3 6

SML05 3
SML06 3

SML06A 3
SML06B 3

Tripp-WTP (50 yd north WTP) SML06C 3 46.3 23.4 5.9 16.2 12.2 15.2 7
Tripp301 (50 yd south resort) SML06D 4a 165.0 175.0 175.0 130.0 44.2 105.0 102.0 114.1 50.4 9
Tripp191 (191 Tripp Rd.) SML06E 4c 75.3 103.0 63.2 46.5 20.3 38.7 28.7 42.8 27.9 11
Duck Creek weir SML07 5
- SML07C 5
- SML07D 5
Church-L (culvert to Cottage Res) SML07E 5 35.2 31.2 14.9 28.1 23.5 28.6 18.6 9
Brad (north end Bradbury Rd.) SML07G 6 19.8 21.4 39.8 44.4 10.9 35.3 41.9 25.7 18.6 12
NERD1 SML08 7 32.8 27.5 15.0 27.4 18.3 5

SML09 8
SML10 8

Fairv (foot Fairway Dr.) SML11 8 30.2 30.6 45.5 34.9 16.0 25.2 13.8 7
- SML12 10

count of observations 8 9 11 14 12 11 12 14
mean of observations microg/L 42.1 54.4 50.1 38.8 14.0 36.9 28.9 30.8

SRP (microg/L)
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3.3 Flow Measurements 

In order to provide some idea of the quantity of water discharged at the largest of the ditches and culverts, 
velocity measurements were carried out using a hand-held probe (FP111 Global Flow Probe).  These 
observations were converted to discharge, in units of L/min, using measurements of cross-section area.  
Figure 3.5 shows Lisa Rodgers taking a reading along Tripp Road.  Details and calibration of the flow probe 
are provided in Appendix B.  The results are listed in Table 3.3.

 

Figure 3.4 Collecting samples at points of discharge 
to St. Mary Lake – sometimes challenging. 

 

Figure 3.5  Lisa Rodgers using the FP111 
flow probe in the field. 

These data provide, at best, a relative comparison between the different discharge points to the lake.  
Individual measurements are unlikely to be much more accurate than ± 10 to 15%.  Error arises from two 
sources: the probe error, both its instrumental accuracy and from having only a point measurement in the 
cross-section; second, from the estimates of cross-sectional area.  The latter error is largest for ditches given 
the difficulty of getting reliable measurements for the variations in depth.  Culvert flows are the most 
accurate because the area is well defined by a single depth measurement and the flow probe could be 
accurately placed in the flow. 
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Table 3.3  Flow measurements in ditches and culverts around St. Mary Lake 

average average calibrated channel channel channel channel
speed speed speed width depth area area discharge discharge discharge

Date site fps cm/s cm/s (inches) (inches) (in^2) (cm^2) (cm^3/s) (m^3/s) (L/min)

09-Nov-15 EPRON 0.5 15.2 13.88 20 2 40 258 3583 0.0036 215
09-Nov-15 NERD2 0.7 21.3 19.31 18 1.9 34.2 221 4261 0.0043 256
09-Nov-15 BRAD 1.4 42.7 38.30 12 1.75 21 135 5190 0.0052 311
09-Nov-15 BRAD 1.5 45.7 41.02 12 1.75 21 135 5557 0.0056 333

13-Nov-15 GILES 1 30.5 27.45 9 1.25 11.25 73 1992 0.0020 120
13-Nov-15 EPRON 1.4 42.7 38.30 16 4 64 413 15816 0.0158 949
13-Nov-15 NERD2 1.2 36.6 32.88 28 2.5 70 452 14848 0.0148 891
13-Nov-15 BRAD 1.8 54.9 49.16 7 2 14 90 4440 0.0044 266
13-Nov-15 301 TRIPP 4 SEC 8OZ 3.4

06-Dec-15 MAYCOCK 9L/MIN 9
06-Dec-15 DODDS 5L/MIN 5
06-Dec-15 GILES 1.6 48.8 44 11 3 33 213 9310 0.0093 559
06-Dec-15 EPRON 1.6 48.8 44 17 7.5 127.5 823 35972 0.0360 2158
06-Dec-15 NERD2 0.4 12.2 11 17 2.5 42.5 274 3063 0.0031 184
06-Dec-15 FAIRV 2.6 79.2 71 6 3 18 116 8229 0.0082 494
06-Dec-15 BRAD 1.8 54.9 49 17 3 51 329 16174 0.0162 970
06-Dec-15 CHURCH 1 30.5 27 11 3.5 38.5 248 6818 0.0068 409
06-Dec-15 191 TRIPP E 1.1 33.5 30 6 4 24 155 4671 0.0047 280
06-Dec-15 191 TRIPP W 1 30.5 27 6 2 12 77 2125 0.0021 128
06-Dec-15 301 TRIPP 14.8 SEC 2L 0.0001 8
06-Dec-15 TRIPP WTP 0.6 18.3 17 4 2.5 10 65 1071 0.0011 64

13-Dec-15 MAYCOCK 10 SEC 2L 0.0002 12
13-Dec-15 DODDS 0.8 24.4 22 12 4 48 310 6820 0.0068 409
13-Dec-15 GILES 2.5 76.2 68 15 2 30 194 13190 0.0132 791
13-Dec-15 NERD2 3 91.4 82 21 4 84 542 44285 0.0443 2657
13-Dec-15 FAIRV 2.3 70.1 63 4 1.5 6 39 2428 0.0024 146
13-Dec-15 NERD1 2.5 SEC 2L 0 0 0 0.0008 48
13-Dec-15 BRAD 1.6 48.8 44 22 4 88 568 24828 0.0248 1490
13-Dec-15 CHURCH 1.7 51.8 46 17 4 68 439 20375 0.0204 1223
13-Dec-15 191 TRIPP 3.4 103.6 93 15 3.5 52.5 339 31354 0.0314 1881
13-Dec-15 301 TRIPP 0.7 SEC 2L 0.0029 171
13-Dec-15 TRIPP WTP 0.6 18.3 17 12 3.5 42 271 4497 0.0045 270
13-Dec-15 TRIPP 4 1.9 57.9 52 8 2 16 103 5354 0.0054 321
13-Dec-15 EPRON 1.7 51.8 46 11 23 253 1632 75808 0.0758 4548  
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Table 3.3 continued 

average average calibrated channel channel channel channel
speed speed speed width depth area area discharge discharge discharge

Date site fps cm/s cm/s (inches) (inches) (in^2) (cm^2) (cm^3/s) (m^3/s) (L/min)

18-Jan-16 MARSH 0.8 24.384 22 9 2 18 116 2558 0.0026 153
18-Jan-16 DODDS ND ND ND ND ND ND ND ND
18-Jan-16 GILES 1.5 45.72 41 8 2.25 18 116 4763 0.0048 286
18-Jan-16 EPRON 2.8 85.344 76 13 9.5 123.5 797 60786 0.0608 3647
18-Jan-16 NERD2 2.2 67.056 60 22 2.25 49.5 319 19165 0.0192 1150
18-Jan-16 FAIRV 1 30.48 27 22.11 143 3916 0.0039 235
18-Jan-16 BRAD 1.85 56.388 51 14 2.25 31.5 203 10266 0.0103 616
18-Jan-16 CHURCH 2.4 SEC 4L NA NA NA NA NA 0.0017 100
18-Jan-16 TRIPP 4 1.3 39.624 36 4 0.75 3 19 689 0.0007 41
18-Jan-16 TRIPP WTP 0.9 27.432 25 10 1.75 17.5 113 2793 0.0028 168
18-Jan-16 301 TRIPP 5 SEC 4L NA NA NA NA NA 0.0008 48
18-Jan-16 191 TRIPP 1.2 36.576 33 10 2.25 22.5 145 4772 0.0048 286

21-Jan-16 BRAD 2.5 76 68 26 5.8 150.8 973 66304 0.0663 3978
21-Jan-16 CHURCH 3.7 113 101 51.75 334 33626 0.0336 2018
21-Jan-16 NERD2 4.3 131 117 131.81 850 99485 0.0995 5969
21-Jan-16 EPRON 2.9 88 79 283.41 1828 144454 0.1445 8667
21-Jan-16 DODDS 1.6 49 44 70.85 457 19990 0.0200 1199
21-Jan-16 NERD1A 5 152 136 33.00 213 28952 0.0290 1737
21-Jan-16 MARSH 3.8 116 103 12.6 3.6 45.36 293 30266 0.0303 1816
21-Jan-16 GILES 8.4 256 228 10 2 20 129 29450 0.0294 1767  
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4.0 EXTERNAL PHOSPOROUS LOADING 

4.1 Estimates from the Nordin et al. (1983) Report 

Nordin et al. followed the same procedure used in this investigation.  They estimated the total inflow to the 
lake using a calculation equivalent to equation (1) and then assumed that the runoff in each tributary was 
proportional to the fraction of the sub-watershed area to the total watershed area.  The fractions used were 
28% for Epron Creek and 2% for the northeast creek, representing 30% of the watershed.  I have reproduced 
their calculations and multiplied the flows by the concentrations to obtain the loads with time – shown in Fig. 
4.1.  The annual totals are about 31 and 35 kg P (as TP).  The first number would be low because sampling 
missed the first few weeks of rain in 1979.  In their report, these numbers are rounded to a “not to exceed 40 
kg”.  As noted in section 2, these estimates are thought not to include ground water, which Nordin et al. 
assumed would contribute another 20 kg annually, but do include rainfall. 

If one scales the larger value up to account for the other 70% of the watershed, the total runoff load becomes, 
roughly, 117 kg each year.  By separating ground water from surface inflow, they arrived at an additional 20 
kg/yr of P from ground water, for a total of about 137 kg.  Both years had relatively wet winters with total 
precipitation of 1199 mm (1979-80) and 1148 mm (1980-1981), and thus a relatively “high” load would be 
expected. 
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Figure 4.1 Phosphorus load (as TP) derived from the 1979-1981 TP measurements and discharge calculated 
from a water balance model. 

4.2 Runoff Estimates from In-creek P Concentration Measurements 

4.2.1 Method 

The runoff P load estimates are based on the equation 

 LP = Σ {[Pi] × SWi }, i = 1, 14 (3) 

where LP = total P load to the lake (kg), 

 [Pi] = average P concentration (µg/L) for each zone i, 

 SWi = storm water runoff for each zone i, 
 i = zone index. 
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Fourteen zones (Fig. 4.2) were used in (3); each represents, roughly, a sub-watershed within which storm 
water appears to be diverted and collected into one, or at most a few entry points to the lake.  To a reasonable 
extent, the zones tend to discriminate between land use or land cover in the case of the western shore 
dominated by second growth forest. 

 

Figure 4.2 Zone map illustrating the 15 zones delineating sub-watersheds.  4b and 4c were ultimately 
combined, yielding the 14 zones used for estimating LP. 

There are two problems to be addressed in this process.  First, storm water runoff to the lake is known, on a 
monthly basis, only as a gross number applicable to the whole watershed.  These time-series must be broken 
down between the 14 zones.  This was done by allocating SW in proportion to the area of each zone to the 
total watershed area, adjusted to account for obvious differences in discharge as measured in 2015-2016. 



- 20 - 

Revision: November 1, 2016 

Figure 4.3 illustrates the difference between the proportional area allocation, and an allocation based on the 
flow measurements.  The largest differences are for: 

• Zone 10, which drains the creek along Ensilwood Drive and which by visual observation, was clearly 
a large flow, that began early in the fall and dried up late in spring; 

• Zone 2, which drains the area around Key Byron’s farm and the wooded slope south of his land, and 
by observation provided a low flow to the lake; 

• Zone 6, which drains the farm land around the south-eastern end of the lake through a creek at the 
northern end of Bradbury Road (visibly large flows relative to the other culverts and ditches in 
adjoining areas.  

In each of these zones, the weighting was shifted to the flow proportion, and the other zones were based on 
an average of area and flow weighting.  The final zone weights are also shown in Fig. 4.3. 
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Figure 4.3 Weights assigned to the 14 sub-watershed zones. 

This type of allocation is quite approximate because it assigns runoff flows to all 14 zones whenever SW > 0, 
which is understood to be unrealistic – some discharge points commence flowing, or dry up well before 
others.  However, it is not as bad as it sounds because that water must reach the lake somehow, and the 
consequence is only that the assigned value for [Pi] may not be completely representative of the sub-
watershed where the runoff does flow.  By way of an example, the TP zone values range from about 40 to 
over 200 µg/L (Table 3.1); however, the concentrations for zone 1 (Epron Creek) and zone 10 (Ensilwood) 
tend to be amongst the lowest, but account for 53% of the total flow.  The highest values are associated with 
zones having the lowest weighting.  Thus, a few high values do not have a disproportionate influence on the 
calculated load. 

The storm water runoff P-load LP was calculated from (3) using the time-series of SWi (Fig. 2.3 lower panel) 
and the zone averages shown in Table 3.1 (for TP), or Table 3.2 (for SRP).  The calculations span the period 
January 2007 to March 2016. 
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4.2.2 Results for Total Phosphorus 

The time-series for LP is shown in Fig. 4.4; as expected there is a strong seasonal variation in runoff loading 
tied to the precipitation cycles.  The wet winters of 2009-10 and 2015-16 contribute the highest loads.  In 
most years, there is no loading during summer since the inflowing streams have dried up2.  Annual totals 
(hydrological year Aug 1 to July 31) (Fig. 4.5 and Table 4.1) range from about 90 kg to 270 kg in the winter 
of 2009-10.  The annual total for 2015-16 is under-estimated because the time-series ends in March. 
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Figure 4.4 Monthly runoff P load based on zonal averages of TP (grey bars) and SRP (blue line). 
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Figure 4.5 Annual runoff P load based on measured TP (grey bars) and SRP (blue bars).  Note the annual 
value for 2015-16 is low because the summation ends in March rather than July.

                                                        
2 There are small non-zero loads in some summer months because SW>0, which may result from error in the water 
balance calculation due to inaccuracies in the other terms in the equation (withdrawals or evaporation), or may in fact 
reflect some influence of shallow ground water. 
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Table 4.1  Annual runoff P loads based on in-creek measurements of TP and SRP. 

 TP SRP 
winter of (kg/yr) (kg/yr) 
2007-08 91 33 
2008-09 88 31 
2009-10 270 96 
2010-11 160 57 
2011-12 86 31 
2012-13 152 54 
2013-14 104 37 
2014-15 141 50 
2015-16 267 95 

Mean 151 54 
Stdev 72 26 
Min 86 31 
Max 270 96 

 

Based on the measurements of TP in the runoff streams, the average P load is, roughly, 150 kg/yr; however, 
the range is large, from a low of 86 kg/yr to 270 kg/yr.  The Nordin et al. scaled-up load (137 kg) is similar to 
the 9-yr average value from this calculation, but under-estimates the high end of the range.  This is 
unexpected since their measurements were made in high-rainfall years, but may reflect the fact that their field 
program spanned only a few wet months each year and not the entire year. 

4.2.3 Results for Soluble Phosphorus 

It is interesting to consider the runoff load of soluble phosphorus (SRP), since this is the most readily bio-
available form for algae in the lake.  Figure 4.6 shows the variation of the ratio SRP/TP by zone for all of the 
observations.  The ratios were computed using the sample data in Tables 3.1 and 3.2, and then averaged 
across time.  The grey bars show the zone weights (Fig. 4.3), and by inference the relative volume of runoff 
in each zone.  We can see that for Epron Creek and the Ensilwood Drive drain, the ratio is approximately 
20% to 30%, in rough agreement with the Nordin et al. data.  Since these two zones account for over half of 
the runoff, then we anticipate that the SRP loads should show a similar relationship to the TP loads. 

The time-series for LP-SRP is also shown in Fig. 4.4 for comparison with its TP counterpart, and the annual 
totals are plotted in Fig. 4.5 and listed in Table 4.1.  In this case, the P loads range from approximately 30 
kg/yr to about 96 kg/yr, and vary month-to-month in the same manner as the TP load series.  The average 
SRP/TP ratio is 36%. 

The seasonal variation in the SRP/TP ratio is shown in Fig. 4.7: during wet months the ratio ranges from 
about 50% to 70% - that is, about one-half to three-quarters of the runoff contains soluble reactive PO4.  Over 
the dry season the ratio falls below 20%.  A cautionary note is required, however.  The number of sampling 
points is small between April to September (from one to 6) since many of the other creeks and ditches have 
dried up or not resumed flowing. 
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Figure 4.6 Variation of the SRP/TP ratio by zone, and zone weights used for allocation runoff flow 
between zones. 
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Figure 4.7 Seasonal variation in the mean SRP/TP ratio compared with precipitation.  Note: these are the 
column totals for SRP/TP for each date in Tables 3.1 and 3.2.  The number of observations 
contributing to each mean value is variable (n = 1 to n = 14). 

4.2.4 Accuracy 

As with most geophysical datasets, the differences between observations are large.  In the case of TP, one-
sigma ranges from about 25% to over 50% of the zone mean values.  Moreover, the measurements made in 
Epron Creek were well up in the watershed (~ 770 m) and downstream flows enter the lake through marshy 
wetlands.  Conceivably the P concentrations are modified by this process.  A similar situation applies to 
Bradbury (127 m), although to a lesser extent than for Epron Creek.  Thus, when combined with the error in 
estimates of SW, it is likely that the monthly values presented above for P runoff contain considerable 
uncertainty.  I have not attempted to quantify confidence intervals associated with the time-series of LP; 
however, my opinion is that the absolute values are probably no better than ±20%.  On the other hand, the 



- 24 - 

Revision: November 1, 2016 

inter-annual variations are expected to be more reliable and should reflect the relative range of loads that 
occur due to changes in precipitation from year to year. 

4.3 Phosphorus Load from Rainfall 

Nordin et al. (1983) attempted to measure aerial input of nutrients to the lake (TP, SRP, NO3) from both dust 
fall and rain.  However, based on their measurements in 1981 the derived loading estimates were considered 
far too high (of the order of 365 kg/yr for SRP and 600 kg/yr for TP).  They could not point to a specific 
cause for such high values, and the results were excluded from their nutrient budgets. 

During the SSIWPA monitoring program, rainwater samples were collected on 11 occasions through the 
winter of 2015-2016, and analyzed for TP and SRP (Table 4.2).  The sampler is shown in Fig. 4.8.  Samples 
were collected in 250 mL sterile bottles, which were allowed to overflow during rainstorms.  Thus, each 
sample is a kind of composite over many hours of rainfall. 

The first three samples were obtained at my own residence, proximate to several large fir trees.  The first two 
yielded very high total phosphorus concentrations (> 250 µg/L).  After November 1st the sampler was 
relocated to the end of a dock at the north end of the lake, providing clear exposure to winter storms (Fig. 
4.9).  The subsequent P concentrations are variable, but with values much lower than the first two.  Until 
March 21st when relatively high values were measured again.  I do not have an explanation for the large 
range of measured concentrations, and in particular the three high values – there is no obvious correlation 
with westerly winds and possible, episodic contributions from the pulp mill at Crofton.  Nordin et al. noted 
the same lack of correlation. 

Table 4.2 Measurements of TP and SRP in rainfall events near and at St. Mary Lake 

Date Sampling location Sample ID TP TP-MDL SRP SRP-MDL 
   (microg/L) (microg/L) (microg/L) (microg/L) 
       

12-Oct-15 666 Lower Ganges Rd Rain1 274 0.066 211 0.099 
19-Oct-15 666 Lower Ganges Rd Rain2 289 0.066 80.8 0.099 
01-Nov-15 666 Lower Ganges Rd Rain3 33.7 0.066 2.72 0.099 
12-Nov-15 St. Mary Lake Rain4 17.6  3.28  
14-Nov-15 St. Mary Lake Rain5 11.9  4.71  
03-Dec-15 St. Mary Lake Rain6 59.1  4.88  
05-Dec-15 St. Mary Lake MB Labs Rain7a 27.6 0.066 1.36 0.099 
05-Dec-15 St. Mary Lake duplicate 

Maxxam 
Rain7b 19.7 5 11.2 2 

05-Jan-16 St. Mary Lake Rain8 85.1 0.066 30.8 0.099 
11-Jan-16 St. Mary Lake Rain9 11.5 0.066 1.97 0.099 
18-Jan-16 St. Mary Lake Rain10 19.8 0.066 8.22 0.099 
18-Feb-16 St. Mary Lake Rain 11 34.3 0.066 8.12 0.099 
21-Mar-16 St. Mary Lake Rain13 134 0.066 55.3 0.099 
       
Mean   41.3  12.1  
std deviation   37.9  16.55  
 

MDL stands for method detection limit as reported by the laboratory. 
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Figure 4.8 Rainfall sampler. 

 

 

 

 

Figure 4.9 Sampler installation at the north end 
of St. Mary Lake. 

To estimate the phosphorus loads from rainfall, the average concentrations, excluding the first two 
observations in October, were multiplied by the total monthly rainfall to yield the load.  The average 
concentrations are 41 ± 38 µg/L for TP and 12 ± 17 µg/L for SRP (n=10).  The monthly load time-series is 
shown in Fig. 4.10, and the annual totals listed in Table 4.3.  The y-axis limit in the graph is the same as in 
Fig. 4.4 to allow visual comparison – clearly the rainfall load is less than the runoff load, roughly 10-20 
kg/mo during winter vs 30-90 kg/mo for runoff. 
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Figure 4.10 Monthly rainfall P load based on the average TP concentration measured during 2015-16.
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Table 4.3  Annual rainfall P loads based on the observed means (n=11) of TP and SRP measured in 2015-
16. 

 TP SRP SRP/TP 

winter of (kg/yr) (kg/yr)  

2007-08 63 18 29% 

2008-09 55 16 29% 

2009-10 90 26 29% 

2010-11 81 24 29% 

2011-12 65 19 29% 

2012-13 77 22 29% 

2013-14 62 18 29% 

2014-15 68 20 29% 

2015-16 70 20 29% 

mean 70 20 29% 

Stdev 11 3  

Min 55 16  

Max 90 26  

 

4.4 Total External Load from Precipitation 

The total external load is shown in Fig. 4.11, formed from the sum of the runoff and rainfall time-series.  
The annual statistics are presented in Table 4.4. 
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Figure 4.11 Monthly total precipitation P load (sum of runoff and rainfall). 
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Table 4.4  Annual precipitation P loads. 

 runoff rainfall total 
 TP TP TP 

winter of (kg/yr) (kg/yr) (kg/yr) 
2007-08 91 63 154 
2008-09 88 55 143 
2009-10 270 90 360 
2010-11 160 81 241 
2011-12 86 65 150 
2012-13 152 77 229 
2013-14 104 62 166 
2014-15 141 68 209 
2015-16 267 70 337 

mean 151 70 221 
stdev 72 11 81 
min 86 55 143 
max 270 90 360 

 

A check on the total average load is as follows.  The watershed area is approximately 645 ha, of which the 
lake area is 182 ha.  If we assume an average rainfall of 900 mm annually, and P concentrations of ~40 
µg/L for rain and ~67 µg/L (zone weighted average) for runoff, the simple product of the land catchment 
runoff (55% runoff factor) times the runoff P-concentration, plus the lake area times the rain P-
concentration yields 219 kg/yr.  This compares favourably with 221 kg/yr for the detailed calculation. 

4.5 Independent Estimates for External P Load 

In 1980, Reckow et al. (1980) published a manual containing export coefficients for phosphorus loading 
to lakes.  While crude, the coefficients are based on empirical evidence and provide, at least, a rough 
guide to what one might expect for St. Mary Lake.  In terms of the relevant land use/cover, three 
categories pertain to most of the watershed (Table 4.5), in addition to the lake surface itself.  The 
calculation is shown in Table 4.6 where the export coefficient EC has units of kg/(ha.yr).  The coefficients 
are listed for a “low” estimate, a most-probable (mp) estimate, and a “high” estimate. 

The totals range from 158 kg/yr for the most probable level, to a high of 372 kg/yr, which agrees well 
with the range estimated in this study, 143 – 360 kg/yr.  This comparison is presented to lend support to 
the fact that precipitation loads of total phosphorus, derived from the 2014-16 monitoring program, which 
are much higher than reported previously, fall into the same ranges noted by others in different locations 
(greater than 100 kg/yr and less than 1000 kg/yr). 
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Table 4.5  Land use/cover categories for St. Mary Lake. 

percentage of 
watershed by 

land use 

young coniferous forest 46%
rural residential - low density 14%
agriculture - pasture 12%
lake surface area 28%  

Table 4.6  Estimates of total phosphorus load based on Reckhow et al.’s export coefficients. 

 

 

 

 

land sfc area 
(ha) EC low EC mp EC high

annual P 
load low 

(kg/a)

annual P 
load mp 

(kg/a)

annual P 
load high 

(kg/a)

young coniferous forest 297 0.08 0.12 0.20 24 36 59
rural residential 90 0.30 0.70 2.00 27 63 181
agriculture - pasture 77 0.10 0.30 1.00 8 23 77
lake surface area 181 0.13 0.20 0.30 23 36 54

chk sum 645 82 158 372  
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5.0 NET P GAIN FROM EXTERNAL SOURCES 

5.1 Net Rate of P Loading to St. Mary Lake 

The net gain (or loss) of P from external inputs, and how this varies from year to year, was computed by 
subtracting the amount of P exported from the lake from the total precipitation load.  The export of P, EP , 
was estimated from: 

 EP = [TP] × (Q + W) (4) 

where Q+W = volume of lake water flowing out Duck Creek and withdrawn by all license holders (Fig. 
5.1 – red line), and [TP] is the concentration of P in the epilimnion.  It is clear that the export of 
phosphorus depends not only on the flow rate Q+W, but also the P concentration present in the lake (Fig 
5.1 – grey bars).  The EP function is plotted in Fig. 5.2, where the combination of high outflow and high 
P-concentrations in 2015-16 yielded high export of P, contrasting other years when either [TP] was lower, 
or Q+W was lower. 
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Figure 5.1 Time-series of Q+W and [TP] based on an average of the 1 m and 5 m observations. 
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Figure 5.2 Estimate of the monthly export of phosphorus from St. Mary Lake. 
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In this calculation, the average value for [TP] from observations at 1 and 5 m was used for the shallow 
intake for NSSWD, the Fernwood-Highlands intake and all other licensed users.  The average for 5 m and 
10 m was used for the NSSWD deeper intake. 

The net gain function GP is thus: 

 GP = LP - EP (5) 

GP is plotted in Fig 5.3 for runoff based on the TP in-creek measurements + rainfall TP – this is Fig. 4.11 
minus Fig. 5.2.  The annual statistics are listed in Table 5.1. 
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(b) 

Figure 5.3 (a) Net gain function GP for total phosphorous TP, and (b) for SRP in storm water runoff and 
TP in rainfall.
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Table 5.1  Annual net loads. 

 net load net load 
 TP SRP runoff 

winter of (kg/yr) (kg/yr) 

2007-08 118 59 

2008-09 108 51 
2009-10 299 125 
2010-11 162 59 
2011-12 68 13 
2012-13 104 7 
2013-14 121 54 
2014-15 147 57 
2015-16 155 -17 

mean 142 45 

stdev 65 41 

min 68 -17 

max 299 125 

 

Obviously, precipitation provides a net positive loading of total P to the lake, which is variable from year 
to year, linked in part to the variations in total precipitation.  For this reason the great majority of P enters 
the lake during the wet fall-winter season (November to March) when loading rates typically vary from 
~10 to 80 kg/month.  The net loading averages about 140 kg/yr, but ranges from a low of perhaps 70 
kg/yr, to about 300 kg/yr depending upon rainfall and the amount of P bound up in algae which are then 
exported through Duck Creek and withdrawals. 

If the gain function is evaluated with SRP for storm water runoff, but retaining TP for the rainfall input, 
the result is shown in Fig. 5.3b.  The annual totals are listed in Table 5.1.  The net loading to the lake is 
lower for obvious reasons – perhaps about one-third, on average, of the load based on TP only.  In three 
years, one could say the external input of P is about balanced by the export; in other years with high 
rainfall the net loading could exceed 100 kg/yr. 

5.2 Discussion 

These results show that on a year-over-year basis more P is added to the lake than is removed by outflow 
and withdrawals.  Since it has been demonstrated in a companion paper (Hodgins, 2015b) that there is no 
long-term net increase in the total phosphorus content of the lake waters (at least over the last 150 years), 
then internal cycling within the lake must be responsible for sequestering excess P in bottom sediments.  
As shown in Fig. 5.4 the total P content of the lake is highly variable.  The large peaks in 2007 and 2008 
coincide with the mixing of phosphorus in the hypolimnion, released over the preceding summer, at the 
time of turnover in November.  The suppression of such peaks in 2009 and 2010 is due to aeration of the 
hypolimnion, which significantly reduced the release of sediment P during those summers.  The 
prolonged periods of large P-stock from 2011-2013 and 2015-16 coincided with sustained algal blooms.  
The important point is that month-to-month and seasonal variations in P-stock (and [TP]) are large, 
ranging up to 500-1000 kg/mo, and greatly outweigh P contributions from runoff and rain (typically ~20 
to 60 kg/mo).  With some exceptions, the spikes in runoff and rain (Fig. 5.4) are not correlated with large 
changes in P stock. 
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Fig. 5.4 Monthly variations in total P stock in the lake, and net P load from runoff and rainfall. 

These characteristics, together with the highly distributed inflow pattern around the lake, suggest that 
little benefit would be realized by attempting to reduce the P content in storm water runoff.  Runoff P, by 
itself, does not appear to be a primary driver of phosphorus content in St. Mary Lake. 
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6.0 CONCLUSIONS 

The principal findings are: 

1. Net external total phosphorus loads to St. Mary Lake vary considerably from year to year, 
ranging from a low of perhaps 70 kg/yr, to about 300 kg/yr depending upon rainfall and the 
amount of P bound up in algae which is then exported to Duck Creek and to withdrawals.  The 
net loading averages about 140 kg/yr based on a little over 9 years of data. 

2. When soluble reactive phosphorus is considered as the load from storm water runoff, the net 
external load is reduced to a range of about –20 kg/yr to 125 kg/yr with an average of 45 kg/yr.  
In some years, the external load is about balanced by the amount exported; in others, there is a net 
positive contribution to the lake. 

3. Since no significant change in phosphorus content has been detected over the past 150 years, or 
so, the net positive external load must be cycled to bottom sediments through internal lake 
processes. 

4. Variations in P-stock3 also vary substantially, both seasonally and inter-annually.  Typical rates of 
change in P-stock range up to several hundred kg each month (~500 to 1000 kg/mo), greatly 
outweigh the net rate of external loading (~20 to 60 kg/mo), and are uncorrelated with high rates 
of external input.  Thus external loading is not a prime driver of changes in P-content of the lake. 

5. P removal from storm water runoff would have little impact on the phosphorus dynamics of the 
lake.  Moreover, it would be difficult with so many points of entry, and removal efficiencies are 
not yet established.  Any benefit would need to be carefully quantified to ensure that it is worth 
the effort and expenditure. 

This last point is important: any further study of reducing P in the drainage ditches and creeks must be 
quantitative, establishing both the expected P-reduction at each of the remediation sites, and how much 
effect that will have on phosphorus concentrations in the lake. 
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3 P-stock refers to an estimate of the total amount of phosphorus contained in the lake.  It is calculated using 
measurements of [TP] at one location, over several depths, multiplied by the layer volume corresponding to each of 
those depths. 
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APPENDIX A – ANALYTICAL METHODS FOR TP AND SRP 

All water samples collected from the creeks and ditches, and rain water samples, were analyzed for 
phosphorus by MB Laboratories Ltd. in Sidney, British Columbia.  The analytical protocols were: 

Total phosphorus (TP) – Standard Methods 4500P-Stannous Chloride auto/Standard Methods 3120B, 

Soluble reactive phosphorus (SRP) – Standard Methods 4500-PD (method detection limit 10 µg/L); US 
Environmental Protection Agency EPA 365.1 (method detection limit 0.1 µg/L). 

This approach provided consistency with the methods used for lake samples collected by the North Salt 
Spring Waterworks District over the past decade. 
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APPENDIX B – CALIBRATION MEMO PROVIDED TO DALE GREEN 

To: Dale Green, CRD 
From: Don Hodgins, TWG - SSIWPA 
Subject: Calibration of FP111 Flow Probe 
Project: St. Mary Lake 
Date: November 3, 2015 
Copies: Shawn Ternan, Hoskins Scientific 
 

The flow probe (see manufacturer’s description attached) was calibrated on Oct 30, 2015, in the Fluid 
Mechanics Lab at the University of British Columbia.  The calibration was carried out by comparing the 
output of the probe with simultaneous readings from a Swoffer 3000 current speed meter. 

The measurements were made in the small flume (Fig. 1).  Adjusting the pump speed, and/or the overflow 
gate, provided a range of speeds from zero to about 55-60 cm/s.  This range should cover flow speeds to 
be encountered in field operations. 

 

Figure 1 Small flume in the UBC fluids lab. 

The Swoffer 3000 (Fig. 2) is a more precise instrument than the FP111, with a precision of 0.001 m/s or 
0.1 cm/s.  The precision of the FP111 is 0.1 feet per second (fps), or 0.1 m/s, if the units are changed to 
metric.  Readings from the FP111 were recorded in fps and converted to metric units afterward.  All 
measurements used an averaging time of 20 s (automatic in the Swoffer 3000), or slightly longer in the 
case of the FP111.
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Figure 2  Swoffer 3000 current 
meter. 
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Figure 3  FP111 calibration curve. 

The recorded data are contained in the accompanying Excel spreadsheet.  The calibration curve is shown 
in Fig. 3, and is well enough determined by a linear fit: 

 speed (cm/s) = 0.89 × FP111 reading (cm/s) + 0.32 (1) 

Some of the scatter about the best-fit line is a result of the low precision of the FP111 reading.  Given this 
low precision, it is recommended to record the measurement using fps and convert to cm/s by multiplying 
by 30.48, and then apply the calibration equation (1). 

Threshold: it appears that the working threshold of the FP111 is 0.5 fps, and not 0.3 fps as stated by the 
manufacturer.  I found that at speeds below about 13 cm/s (0.43 fps) the propeller motion became erratic, 
stalling out from time to time, which invalidated the averaging process.  The recommended minimum 
flow speed for the FP111 is 0.5 fps. 

Note: field work was carried out on November 9, 2015, with the flow probe and it appears that successful 
measurements were made with minimum readings of 0.3 fps, yielding a 20-s average of 0.4 or 0.5 fps.  
So, perhaps, the threshold is actually closer to 0.3 fps, and the above criterion of 0.5 fps is a bit severe. 
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Calibration of FP111 Global Flow Probe   
30-Oct-15      

Conducted at the UBC Fluid Mechanics Laboratory small flume  
Reference instrument Swoffer Model 3000 current meter  
averaging time 20 seconds   
precision   0.1 cm/s   
conversion factor 30.48 fps-cm/s   
Sample  Swoffer FP111 FP111  
#  3000    

  (cm/s) (fps) (cm/s)  
1  5.2 n.r. -  
2  13.5 0.5 15.2  

2.1  13.8 0.5 15.2  
3  19.9 0.8 24.4  

3.1  19.9 0.8 24.4  
4  25.3 1.0 30.5  

4.1  25.0 0.9 27.4  
5  35.0 1.3 39.6  

5.1  35.3 1.3 39.6  
6  42.5 1.4 42.7  

6.1  42.5 1.3 39.6  
7  49.7 1.7 51.8  

7.1  51.2 1.8 54.9  
8  54.9 2.1 64.0  

8.1  54.8 2.0 61.0  
9  56.4 2.2 67.1  

9.1  55.8 2.2 67.1  
10  52.0 1.8 54.9  

10.1  51.4 1.9 57.9  
11  43.9 1.6 48.8  
12  33.7 1.2 36.6  
13  22.3 0.8 24.4  
14  16.6 0.6 18.3  
15  13.8 0.5 15.2  
16  11.4 0.5 15.2  

      
      

Recommended procedure for FP111    
read computer in units of feet per second   
precision is 0.1 fps     
convert readings to cm/s     
calibrate reading in cm/s to final value using   

      
value = 0.89 * reading (cm/s) + 0.32    

      
multiply value/100 by area in m^2 to give discharge in m^3/s  

      
example:      
average value from field reading is 1.3 fps   
uncalibrated value =  39.6    

      
correct value  35.6 cm/s   
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area =  0.004 m^2   

      
discharge =   0.00125 m^3/s   
or  75 L/min   

 

 


