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I 
ABSTRACT 

1 Several lakes throughout the Cariboo Region were chosen for environmental monitoring 
in 1998 and 1999. These lakes were chosen on the basis of past knowledge of water 

1 

I quality in the lakes or because of local public concern about their water quality. The 
main focus of monitoring on the lakes was to obtain Secchi disk data on lake water clarity 
and spring overturn water chemistry data. Most of the Secchi disk data was collected on 

1 lakes within the Bridge Creek Basin, however a number of other Cariboo lakes also had 
i Secchi data collected on them. Overturn water chemistry was collected on a total of 14 
I 

lakes, six in the Bridge Creek Basin and 8 in other regions of the Cariboo. 

As observed in previous years, Secchi disk readings varied greatly among lakes sampled 
in 1998 and 1999 (ranging from 0.25m to 13.0m). Audits conducted in 1998 and in 1999 
to assess the reliability of volunteer readings found there to be a mean absolute 
percentage difference of 4.56% (1998) and 4.03%(1999) between volunteers and Ministry 
of Environment Lands and Parks (MELP) readings. Recommendations for further Secchi 
disk monitoring on lakes includes increased frequency of readings for some lakes and 
continuation of sampling on lakes lacking data. 

spring overturn water samples that were collected on Cariboo lakes in 1998 were 
analyzed for several parameters. Of these, an essential plant nutrient, phosphorus , is 
discussed in detail. Total phosphorus (TP) levels varied from 0.007 mg/L to 0.044 mg/L. 
TP levels are used to evaluate trophic status and determine lake sensitivity ratings. 
Comparing TP levels from 1998 to historical data, lake trends vary. In general, 1998 TP 
values on most lakes were lower than in previous years (the lowest on record for some 
lakes). However, some lakes have little or no historical data available making conclusions 
on phosphorus trends difficult or impossible. For this reason, continued yearly monitoring 
will prove beneficial in determining baseline levels. Three years of data collection with 
quality assurance built into sampling programs is considered by MELP to be a minimum 
to adequately reflect baseline conditions. Of the lakes monitored in 1998, Mons, Till and 
Rose do not meet this criteria and will require additional monitoring to determine 
baseline nutrient levels. Lakes monitored by Secchi disk in 1999 requiring overturn 
sampling are Mcleese, Ten Mile, Dragon, Bouchie, Milburn, and Puntchesakut. 
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1.0 INTRODUTION 

Lakes in the Cariboo Region are of great importance to residents and to the 
economy. They are of significant value as sources of drinlung water and also as 
popular areas for summer and winter recreation. Consequently, water quality has 
long been a concern and has led to the commissioning of several studies by the 
B.C. Ministry of Environment, Lands and Parks (MELP). A study of several lakes 
throughout the Cariboo region was conducted in 1998 and in 1999 to assess lake 
water quality. Secchi disk readings as well as spring overturn water chemistry 
were the main focus of the monitoring of the lakes. Overturn sampling and weekly 
Secchi measurements give a good overall indication of lake water quality. 

Due to staffing and time constraints within the MELP, volunteers have become key 
participants in assessing lake water quality. In 1998, 13 lakes in the Bridge Creek 
Basin of the Cariboo were monitored as part of the Volunteer Lake Monitoring 
Program (VLMP). Secchi data was collected on all 13 lakes, however, overturn 
water chemistry analysis was only done on 6. In 1999, 12 lakes in the Bridge 
Creek Basin were monitored as part of the VLMP. Secchi data was collected on 
all 12, however no overturn water chemistry analysis occurred. Due to budget cuts 
within the Ministry in 1999, the student hired to head the overturn water chemistry 
sampling program was laid off at the end of April, 1999. 

In addition, several lakes outside the Bridge Creek Watershed were monitored and 
overturn data collected on them. In 1998, Secchi data was only collected on 3 lakes 
outside the Bridge Cr. Basin but overturn water chemistry data was collected on 8. 
In 1999, Secchi data was collected on 10 lakes outside the Bridge Cr. Basin and 
overturn water chemistry data was only collected on 1 lake. 

The Secchi disk is an instrument used to determine water transparency. It is a key 
instrument in most volunteer lake monitoring programs (Ripley, 1993). It is an 
inexpensive, low maintenance and easy to use instrument yet the information it 
collects is very useful. Information on lake transparency can be used as a long 
term indicator of water quality and is a good relative measure of water quality 
differences between lakes (Liebe and Zirnhelt, 1996). 

Spring overturn data is useful in determining the nutrient status and trophic status 
of lakes. Several parameters were analyzed including various forms of nitrogen 
and phosphorus. Nitrogen and phosphorus are key limiting nutrients that can affect 
plant and algal growth. Temperate lakes, such as those in the Cariboo, are usually 
phosphorus limited whereas adequate amounts of nitrogen are usually available 
naturally. Nitrogen can be supplied by rainfall, but phosphorus has no gaseous 
phase, thus rainwater usually contains little phosphorus. Phosphorus is usually 



held in its biologically unavailable form by particles in lake water, plant roots and 
soil particles. This report discusses phosphorus in two main forms, total 
phosphorus (TP) and total dissolved phosphorus (TDP). TP includes all soluble 
and particulate fractions. TP concentrations are directly related to chlorophyll a 
concentrations and are useful in determining lake trophic status. TDP correlates 
well with biologically available phosphorus as a measure of algal growth (Di 
Tomaso and Zirnhelt, 1998). 

This document summarizes data collected from April through November of 1998 
and April through November of 1999 on several lakes within the Cariboo. The 
report represents data collected for the third and fourth consecutive years of 
volunteer monitoring on several Bridge Cr. Basin lakes as well as data collected on 
newly sampled lakes in the Cariboo. It should be noted that many lakes other than 
the ones discussed in this report have been monitored in earlier years, therefore 
this report is not a comprehensive summary of all lakes that have been sampled in 
the Cariboo. 

The objectives of this report are to: 

1) update data summarized by DiTomaso and Zirnhelt (1997) which provided 
Secchi data collected in the second year of the VLMP, and summarized spring 
overturn water chemistry data related to water quality of lakes in the Bridge Cr. 
Basin. 

2) summarize data collected in 1998 and 1999 on Cariboo lakes outside the 
Bridge Cr. Basin and compare lake water quality throughout the Cariboo. 

3) produce a document illustrating the usefulness of water transparency data that 
can be given to volunteers. 

4) identify potential trends in the nutrient status of lakes over the past sampling 
history of Cariboo Lakes. 



2.0 METHODS 

2.1 1998-99 Secchi Measurements 

Lakes were chosen for Secchi disk monitoring in 1998 and 1999 on the basis of 
volunteer availability and the need for water clarity data. Thirteen Bridge Creek 
Basin lakes were chosen for water transparency monitoring in 1998 and twelve 
lakes in this area were monitored in 1999. Outside of this watershed, data was 
collected on three lakes in 1998: Chimney, Felker and Williams. In 1999, ten 
lakes outside of the Bridge Creek Basin were monitored by volunteers. 

Secchi readings were taken weekly on most lakes, weather and volunteer 
permitting. The period over which readings began varied for each lake but usually 
began about one week after 'ice off' and continued for several months, the last 
readings being taken in early November. The equipment used in taking water 
clarity measurements was a standard 20 cm Secchi disk with alternating black and 
white quadrants. Readings were taken under standard conditions (clear sky; sun 
directly overhead ( between 1000 and 1400 hrs.); protected side of the boat; under 
a sunshade; minimal waves or ripples ) when possible. Weekly readings were 
taken as close as possible to the same time as previous week's readings. Weather 
and water conditions as well as any departure from standard conditions were noted. 
In addition, surface temperatures were taken at the time of each Secchi reading. 

The procedure followed in using the Secchi disk involved lowering the disk into 
the water, noting the depth at which it disappeared (to the nearest 0.01 m), then 
raising the disk and noting the depth at which it reappeared (to the nearest 0.01 m). 
The average of the 2 depths was recorded as the Secchi depth. 

? 

In 1998, an audit was conducted by Jennifer Simpson, MELP staff member, on 
July 23, 26 and 28, 1998, on the Bridge Cr. Basin lakes. Of the 13 Bridge Cr. 
Basin lakes monitored in 1998, 9 of these and their respective volunteers were 
audited. Chimney and Felker Lakes were audited by MELP staff on Sept. 10, 
1998. In 1999, an audit was conducted by Jill Savege, MELP staff member, on 
August 18,19,20 and September 4, 7,8, 10 and 13, including Bridge Cr. Basin 
lakes and other lakes being monitored in the Cariboo. Twenty of the twenty-two 
lakes being monitored in 1999 were audited. The purpose of these audits was to 
ensure that proper protocols were being followed and to provide duplicate readings 
for comparison. Audit data can be viewed in Table 3 and Table 4. 

Bathymetric maps of each of the lakes monitored are included in Appendix 1. 
Sample calculations used to determine the flushing period of lakes with enough 
data collected to prepare Lake Sensitivity Ratings are included as Appendix 2. 



2.2 1998-99 Overturn Water Chemistry 

2.2.1 Sampling and Lab Analysis 

Water chemistry samples were taken during or shortly after overturn1 on a number 
of Cariboo lakes, only six of these being in the Bridge Cr. Basin. Fourteen lakes in 
total were sampled for overturn water chemistry in 1998. Samples were taken 
using a Kemmerer bottle at fixed lake sampling sites. Temperature (T) and 
dissolved oxygen concentrations (DO) were measured using a Model 840 Orion 
DOf l  meter. This device recorded DOf l  data from the surface to the lake bottom 
at approximately 1 m increments. This data was used to create DOfl  profiles 
(Figure 58) which in turn were used to determine whether the lakes had turned 
over. In addition, a Hydrolab (equipped with Datasonde 3 casing and Scout 2 
display) was used to support the Orion DOItemperature profiles and lab analysis on 
8 of the lakes. The Hydrolab is a device that measures multiple parameters such as 
redox, DO, turbidity, temperature, conductivity, pH and depth. Hydrolab data was 
collected at fewer depths than the Orion DOItemperature data. The Hydrolab 
readings can be found in Appendix 3. 

Water chemistry samples were shipped overnight to Pacific Environmental Science 
Centre laboratories in Vancouver for analysis. Standard laboratory procedures 
were followed. Samples were analyzed for colour, conductivity, nitrogen (NH3, 
NO2- , both NO2- and NO<, and total N), pH, phosphorus (orthophosphorus, total 
phosphorus, and total dissolved phosphorus), filterable and non-filterable residue, 
silica (reactive), and turbidity. Initial sample analysis that was received back for 
Horse Lake and Lac La Hache was unusually low, hence the samples were 
reanalyzed. The results of reanalysis are used in the tables and figures of this 
report. j 

2.2.2 Quality Assurance1 Quality Control 

As a quality control measure (QC), water chemistry samples were taken by well 
trained MELP staff members. Standard sampling techniques were used. As a 
quality assurance (QA) measure, replicates, Kemmerer blanks (Kem) and 
deionized water (DI) blanks were taken (Table 5, Appendix 4). 

1 See Section 3.1 for a discussion of spring overturn 



2.2.3 Calculations 

Using the DOItemperature profiles as a guide, and determining which values were 
not representative of the entire lake, mean total phosphorus (TP), total dissolved 
phosphorus (TDP) and total nitrogen (N) concentrations were calculated for the 14 
lakes. Replicates were averaged together before inclusion in the complete mean 
calculations. For calculation purposes, detection limit values were assigned to data 
points having values below the lab detection limit. 

3.0 RESULTS AND DISCUSSION 

3.1 1998-99 Secchi Readings/Spring Overturn Water Chemistry 

Lakes of the Cariboo region are temperate zone lakes. They generally mix twice a 
year, making them dimictic. Mixing occurs once in spring and once in fall with 
stratification occurring throughout the rest of the year. Direct thermal stratification 
occurs in the summer and inverse stratification occurs in the winter. Some lakes 
may show only partial mixing and may instead be meromictic. These few lakes are 
either very deep or chemically stratified (Home, 1994). 

As thermal stratification occurs, the formation of three zones in the water column 
results. These are the epilimnion, metalimnion and hypolimnion. The epilimnion 
is the uppermost layer. It is also the warmest. The metalimnion is the middle layer 
and is the region of greatest thermal discontinuity. It is representative of the parent 
thermocline or boundary layer between the epilim&on and hypolimnion. The 
hypolimnion is the deepest layer and also .the coldest layer. Water in the 
hypolimnion is generally undisturbed. 

Thermal stratification of the water column occurs due to differences in water 
density as water temperature changes. Warmer water is less dense and tends to 
float near the surface. As water gets colder, it becomes more dense and sinks to 
the lake bottom. Water is at its greatest density at 4°C. Between the warmer and 
colder layers of water, there is a zone of rapidly changing density called the 
thermocline. In spring, as ice melts off the lake, surface wind may cause mixing 
resulting in the stratified structure being lost. The lake becomes homothermous 
(has a uniform temperature from top to bottom). As temperatures continue to 
increase into the summer, stratification is again restored as colder water occupies 
the lake bottom and warmer surface waters float above. 

Lakes may also be chemically stratified with different distributions of gases or 
other chemicals such as carbon dioxide, oxygen, or phosphorus. Chemical 
stratification is seasonal and highly dependent on thermal stratification to create 



stable zones. Temperature is specifically important to regulating oxygen 
concentration. Oxygen concentrations also depend on factors such as plant 
photosynthesis and respiration of lake organisms. Dissolved oxygen (DO) and 
temperature (T) are discussed below with regard to the state of mixing in a lake at 
overturn. 

In the short and long-term, DO variation in a lake can also be a good measure of its 
trophic state. Oligotrophic lakes generally show little variation in DO 
concentrations and are saturated throughout. Eutrophic lakes may range from 
anoxic conditions in the hypolimnion to supersaturation in the epilimnion. The 
oxygen deficit in the hypolimnion is of particular concern. When the DO in this 
zone reduces to less than 1 ppm, chemical reactions occur within the lake bottom 
sediments. Most importantly, phosphorus is released from its association with 
iron bound to the sediment. This phosphorus then moves freely into the overlying 
waters. As mixing of lake water occurs and the stratified profile is lost, the 
phosphorus that was present in the hypolimnion becomes free to travel into the 
epilimnion where it is used as a nutrient by plants and algae. Plant and algal 
growth can thus be accelerated by this internal nutrient loading, possibly causing 
problems associated with eutrophication (Di Tomaso and Zirnhelt, 1998). 

Of the lakes discussed in this report, only those that were sampled for overturn 
water chemistry have DO/T profiles available. These profiles vary for each lake 
(Figure 58). Some had a relatively uniform profile, such as Felker Lake, which 
had high DO concentrations from surface to bottom. This indicated that mixing 
had occurred. Other lakes, such as Rose Lake, showed definite stratification with 
a sudden drop in DO concentration at a certain depth. In some cases, different 
trends appeared within the same lake. For example, at Bridge Lake, the west end 
profile shows stratification, the east end profile shows partial mixing and the north 
end and deepest point profiles indicate that mixing has occurred. This may have 
been the result of different morphological characteristics present at each site that 
could affect wind exposure or other factors that aid mixing. Hydrolab readings 
were taken at several of the lakes. Data obtained from the Hydrolab compared 
well to that obtained by the Orion DO/T meter on all lakes. 

As discussed, phosphorus concentrations in a lake can be of considerable 
importance since phosphorus is a limiting plant nutrient. This parameter is a 
primary focus of the water chemistry sampling that took place on several lakes. 
Data for all water chemistry parameters can be viewed in Appendix 5.  Mean total 
phosphorus (TP) concentrations varied greatly among Cariboo lakes sampled in 
1998. The means ranged from 0.007 mg/L to 0.044 mg/L indicating both 
oligotrophic and eutrophic lakes. Total dissolved phosphorus (TDP) 
concentrations were also variable and ranged from 0.002 mg/L to 0.024 mg/L. 



Figures 5 1-68 compare mean TP and TDP concentrations for lakes sampled in 
1998 and 1999 (only Chimney Lake) and also compare this data to historical TP 
and TDP concentrations for these lakes. 

It may be necessary to consider that some of the lakes may be meromictic. If a 
lake is meromictic, the TP concentrations may be of little use in estimating 
summer chlorophyll a concentrations. Meromictic lakes separate into two zones, 
one with low dissolved mineral concentrations and one with very high dissolved 
mineral concentrations. High salinity in the lower layer contribute to increasing 
the density of the layer such that it resists mixing by wind action. Meromictic 
lakes may also be very deep and if the dense bottom layer is below the euphotic 
zone (region of light penetration) then only the TP concentration in the less dense 
region should be considered (Di Tomaso and Zirnhelt, 1998). This is due to the 
fact that nutrients in the lower layer will not be available for use by plants and 
algae. To actually determine meromixis in a lake, further monitoring and 
assessment would be required. 

In some cases, it may be that a lake does not turn over every year, but rather some 
years. D O n  data can be used to help interpret multiple depth sampling results i.e. 
for calculation of mean TP or TDP. 

Of the 16 lakes that were monitored for water transparency in 1998, mean Secchi 
depths were quite variable. The lowest mean depth was obtained on West Twin 
Lake with a value of 1.70 m. The highest mean depth was obtained on Sulphurous 
Lake with a value of 10.13m. In 1999, 22 lakes were monitored and the mean 
Secchi depths varied between 1.73 m on Whitley Lake to 10.15 m measured on 
Sulphurous Lake. Larger, deeper lakes generally showed greater transparency than 
lakes with a lesser volume. A larger mean depth alldws for a greater assimilation 
capacity of nutrients or chemicals that could affect water clarity. Water clarity can 
also be affected by other factors such as flushing period. Flushing period is a 
measure of how quickly natural inflow into a lake replaces the lake volume. Short 
retention times allow additional nutrient loading without large changes in lake 
clarity or trophic status. 

While taking Secchi depth measurements on lakes, volunteers also recorded the 
lake surface water temperature. Algal growth rates do tend to increase with 
increasing temperatures, however, lakes may show algal blooms at many different 
times in the year depending on which species of algae are present. Therefore, low 
Secchi depths may be recorded from spring through to early fall, not only in the 
warm summer months. Figures 10 through 53 compare surface water temperatures 
to Secchi depths throughout the monitoring period of the lakes in 1998 and 1999. 
In 1998, trends were not obvious on most of the lakes, although Chimney, Felker 



and Williams Lakes did show an obvious relationship between water temperature 
and clarity, with the lowest Secchi depths (lowest clarity) being measured during 
the warmest temperatures. It may be that in more nutrient rich lakes such as these, 
temperature is more of a determining factor due to the dominance of blue green 
algae in the phytoplankton community. In 1999, trends were even less obvious 
than 1998. Due to a cooler, wetter summer and a drier, warmer fall, the Secchi 
depths measured in September and October were shallower than usual. The 
conditions during these months were still favorable for many species of algae to 
survive and compete. The algae blooms that occurred in 1999, were evident later 
in the season than normal. 

Volunteer monitoring in 1998 and 1999 has been quite successful. Procedure 
among the volunteers was good. The mean percentage difference between the 
volunteers and the MELP staff Secchi readings was 4.56% in 1998 and 4.03 % in 
1999 . Both the 1998 and 1999 means are very close to the 1997 MELP:Volunteer 
percentage difference of 4.46%, giving an indication of the consistency of the 
volunteers. Most of the volunteers followed proper protocol while taking readings, 
however, a few took readings on the sunny side of the boat rather than the shady 
side and some didn't use their anchors all the time. 

3.2 Individual Lake Data 

Note: All data presented was collected in 1998 (DO, Temperature, phosphorus and 
Secchi) unless it is labeled 1999. 

3.2.1 Bouchie Lake 

DO and Temperature 

An attempt was made to obtain a dissolved oxygen profile for Bouchie Lake at the 
time of overturn sampling. However, due to problems with the DO/T meter, the 
profile is not valid. 

Phosphorus 

Water chemistry samples were obtained for depths of 0.5 m, 3.0 m and 5.0 m from 
the centre of the lake. The lake had a mean TP concentration of 0.0428 mg/L and 
a mean TDP concentration of 0.01 17 mg/L. These values are comparable to 
historical phosphorus concentrations for Bouchie Lake except for 1983 data which 
was unusually low. There does not appear to be any increasing or decreasing trend 
in phosphorus. In comparison to the other 13 lakes sampled at overturn in 1998, 
Bouchie ranks 2nd in terms of highest TP concentration. 



Bouchie lake has been monitored for overturn water chemistry four times. There 
is some question as to the validity of the 1983 data as the original data can not be 
located. With the 1998 data included, Bouchie Lake now has enough data to 
establish baseline concentrations (three years). However, because of public 
concern and evidence of entrophication, further sampling will be required to 
determine if levels of nutrients in the lake are increasing or decreasing. 

Secchi Readings 

Twenty-three Secchi disk readings were taken between May 15 and October 17 
1999 (Figure 10). The maximum, minimum and mean Secchi depths for Bouchie 
Lake were 5.85m, 0.25m and 2.59m respectively. The only other year that Secchi 
depths have been recorded was in 1996 between August and September. The 
maximum, minimum and mean Secchi depths for 1996 were 1 .69m, 1.45m, and 
1.64m respectively. The range between the maximum and minimum Secchi depth 
in 1996 was very small due to the short monitoring period and limited number of 
Secchi depths measured (only 7). This is less than the required 12 Secchi depths 
per year to be able to establish baseline clarity levels (Di Tomaso and Zirnhelt, 
1998). With such limited data points from 1996, another 2 years of Secchi depth 
monitoring is highly recommended. 

In 1999 the shallowest Secchi depth was measured on August 7 and coincides with 
the warmest water temperature in the lake. The Secchi depths increase after 
August 21 and normally would be expected to continue to increase in depth or at 
least maintain a similar depth. This was not the casd in 1999 because in early 
September the Secchi depths became relatively shallow once again and remained 
this way for the remainder of the monitoring period. This may be due to the 
unseasonably warm fall which allowed algae to proliferate for a longer period than 
usual. In comparison to the other lakes monitored in 1999 Bouchie lake ranks 3rd 
in terms of lowest mean Secchi depth. It is a fairly shallow and nutrient rich lake 
with low clarity. 

Bouchie Lake has a history of re-occurring algae blooms through the summer 
months (Bouchie Lake Data File at MELP office). This summer was no exception, 
an algal bloom was apparent when the minimum Secchi depth of 0.25m was 
recorded. In 1999, residents around Bouchie Lake complained of algal blooms and 
a perceived decrease in water quality. MELP biologist, Norm Zirnhelt made a 
presentation to approximately 50 residents on lake quality in October, 1999. It was 
recommended that they continue to take Secchi disk readings for at least 2 more 



years, and that inlet streams could be sampled by volunteers in the Spring with 
guidance from MELP. It was also suggested that weekly temperature profiles and 
monthly multiple depth water chemistry data would help in understanding the 
lake's nutrient cycling. 

3.2.2 Bridge Lake 

DO and Temperature 

DOR profiles were taken for four sites on Bridge Lake. Some variability was 
observed in the state of mixing present among the sites. The west end was the only 
site to show definite stratification while the other sites showed a small decline in 
dissolved oxygen from the surface to the lake bottom. This decline was more 
gradual for the north end and deepest point sites as opposed to the east end site. 
Overall, this lake can be interpreted as being well mixed. Even though .the west 
end site is stratified, it represents a small portion of the lake and probably did not 
mix as a result of it being a small bay sheltered from high winds. The state of 
mixing in 1998 is approximately the same as what was observed in 1996 and 1997. 

Phosphorus 

Water chemistry samples were obtained for all four sites. The lake had a mean TP 
concentration2 of 0.022 mg/L and a mean TDP concentration of 0.0125 mg/L. 
These values are slightly lower, but comparable to.the 1997 concentrations of 
0.026 mg/L for TP and 0.014 mg/L for TDP. As observed in Figure 29, the 1997 
values were also lower than the 1996 values (0.03 1 mg/L for TP and 0.021 mg/L 
for TDP), which were in turn lower than values from 1982 (0.035 mg/L for TP). 
This could be an indication of a decreasing trend in phosphorus concentrations in 
Bridge Lake, however since little historical data is available before 1996, it is 
difficult to conclude that a trend is present. In comparison to the other 13 Cariboo 
lakes sampled in 1998, Bridge Lake ranks 6th in terms of highest TP concentration. 

Bridge Lake has adequate baseline data for phosphorus (more than three years). 
Future sampling would be required to determine increasing or decreasing trends in 
data. 

2 Data obtained for site E22287 1 at 39m, and for site E222872 at 22m, are not included in the mean values 
as they represent small portions of the total lake volume and they would have a large bias on the means. In 
addition, the 22m sample was taken in an anoxic portion of the lake. 



Secchi Readings 

Twelve Secchi disk readings were taken for the east end between June 8 and 
September 28, 1998. Sixteen readings were taken for the west end between May 
20 and September 27, 1998. The means of the two sites varied by more than one 
and a half metres. This variability was not observed in 1997. The mean depths for 
the sites varied only by 0.04 m in 1997. It is not clear why the variability was so 
much larger in 1998 as the volunteers were the same for both years. 

The summary of 1998 Secchi readings for this lake can be viewed in Figure 11 
(east) and Figure 12 (west). The maximum, minimum and mean Secchi depths for 
the east end were 9.85m7 6.87m and 8.41m respectively. For the west end, these 
values were 7.75m7 5.80m and 6.8m respectively. The overall mean Secchi depth 
for the lake was 7.61m. This value is about one metre greater than the 1997 mean 
Secchi depth of 6.63m . There was no obvious increasing or decreasing trends in 
the 1998 data sets for either site. Compared to 15 other Cariboo lakes monitored in 
1998, Bridge Lake ranks 12" with respect to lowest mean Secchi depth. It is 
relatively clear compared to other lakes. 

Twelve Secchi disk readings were taken for the east end between June 17 and 
September 27, 1999. Eighteen readings were taken for the west end between June 
7 and October 24, 1999. The means of the two sites varied by only 0.29m 
compared to over a metre and a half in 1998. 
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The summary of 1999 Secchi readings for this lake can be viewed in Figure 13 
(east) and Figure 14 (west). The maximum, minimum and mean Secchi depths for 
the east end were 7.68m7 6.55m and 7.20m respectively. For the west end, these 
values were 8.30m7 5.70m and 6.91m respectively. The overall mean Secchi depth 
for the lake was 7.06m. This mean is shallower than in 1998 but similar to the 
mean in 1997, there is no obvious increasing or decreasing trends in the 1999 data 
sets for either site. Compared to 22 other Cariboo lakes monitored in 1999, Bridge 
Lake ranks 3rd with respect to deepest mean Secchi depth. It is a very clear lake. 

Bridge Lake now has adequate baseline clarity data (four years), however further 
monitoring would help identify potential increasing or decreasing trends in the 
clarity of the lake. 



3.2.3 Burn Lake 

Secchi Readings 

Seven Secchi disk readings were taken for Burn Lake between June 19 and 
September 9, 1998. Data was not collected at regular intervals of 7 days, instead 
there are gaps in the data set of up to 19 days between readings. The maximum, 
minimum and mean Secchi depths were 4.32m, 2.65m and 3.57m respectively 
(Figure 15). The 1998 mean depth is less than the 1997 mean of 4.43m. With so 
few points for the 1998 data set, it is difficult to determine if a trend in clarity is 
present throughout the monitoring period. However, the readings do appear to 
reach their maximum depths in the month of July. Compared to the 15 other 
Cariboo lakes monitored in 1998, Bum lake has the 6" lowest mean Secchi depth. 

Twelve Secchi disk readings were taken for Burn Lake between June 6 and 
September 29, 1999. The maximum, minimum and mean Secchi depths were 
3.38m, 2.2 1 m and 2.84m respectively (Figure 16). The 1999 mean depth is less 
than both the previous years. From 1997 to 1999 it would appear that the mean 
Secchi depth is decreasing however, with so few data points in the 1998 data set, it 
is still difficult to determine if a trend in clarity is present. A different volunteer 
monitored the lake in 1999 which could have some bearing on the variability in the 
data sets between 1998 and 1999. Compared to 22 other Cariboo lakes monitored 
in 1999, Burn Lake has the 61h lowest mean Secchi depth. 

Although Bum Lake has four years of data, more information is required to 
establish baseline clarity levels. In 1996 only four readings were taken and in 
1998, only seven readings were taken. A further year of monitoring is required 
with at least twelve readings being recorded. 

3.2.4 Chimney Lake 

DO and Temperature 

The dissolved oxygen and temperature profiles indicated that the lake was 
relatively well mixed at the time of sampling. The north-west end was well mixed 
with high DO concentrations from top to bottom. The south-east end also showed 



relatively good mixing although showed a small drop in DO toward the lake 
bottom. There was no DOfl  profile available for the site near lake centre. The 
temperature profiles showed relatively constant temperature throughout the lake at 
both the north-west and south-east sites. 

The dissolved oxygen and temperature profile taken near the centre of Chimney 
Lake indicates that the lake was not well mixed. The temperature is relatively 
constant throughout the profile and only decreases slightly near the bottom. 
Whereas the oxygen profile decreases significantly from 11 m to 14 m. 

Phosphorus 

Overturn water chemistry samples were obtained for all three sites. The lake had a 
mean TP concentration of 0.023 m g L  and a mean TDP concentration of 0.006 
mgL.  These values are the lowest concentrations since 1996 but are not 
necessarily evidence of a decreasing trend as they are higher than concentrations 
measured in the early 1980's. Of the 14 Cariboo lakes sampled at spring overturn, 
Chimney Lake ranks 5th in terms of highest TP concentration for 1998. 
1999 

Overturn water chemistry samples were obtained from all three sites. The lake had 
a mean TP concentration of 0.019 m g L  and a mean TDP concentration of 0.010 
mgL. This TP value is the lowest since 198 1, and the TDP was slightly higher 
than in 1998. This was the only lake sampled for okrturn chemistry in 1999. 

Chimney Lake has several years of historical data that have been used to establish 
baseline levels. Further sampling of this lake is recommended due to concern 
about changing water quality in the lake. 

Secchi Readings 

Twenty-four Secchi disk readings were taken from April 21 to November 1, 1998. 
The maximum, minimum and mean Secchi depths were 4.3 lm, 1.34m and 2.76m 
respectively. There is an obvious trend in lake clarity for 1998 (Figure 17). Secchi 
depths decreased with increases in temperature until late July. The readings then 
increased in depth with decreasing temperatures until November. There were few 



departures from this trend in the data set. In comparison to historical data, the 
1998 mean Secchi depth is very similar to that of previous years. There is no 
increasing or decreasing trend in clarity evident, however, it should be noted that 
clarity data prior to 1995 is incomplete in that relatively few readings were taken. 
In comparison to the 15 other Cariboo lakes monitored in 1998, Chimney Lake has 
the 4Ih shallowest mean Secchi depth. It is quite turbid compared to other lakes. 

Eighteen Secchi disk readings were taken from April 28 to October 21, 1999. The 
maximum, minimum and mean Secchi depths were 4.92m, 2.22m, and 3.23m 
respectively. There are no obvious trends in the 1999 data set (Figure 18). The 
mean Secchi depth recorded in 1999 is the deepest one on record. The difference 
in the mean annual Secchi depths between 1994 to 1999 is 0.73m (Figure 55). 
There is a small trend of increasing Secchi depths on Chimney Lake but this trend 
could also be due to natural variation in the environmental conditions. Chimney 
Lake has the gth shallowest Secchi depth in 1999, which is an improvement from 
last year. Further monitoring is recommended to help identify trends in water 
clarity, and a comprehensive water quality study is currently underway on this 
lake. 

3.2.5 Deka Lake 

DO and Temperature 

The DOm profiles indicate that different states of mixing were present for the 
north and south basins of Deka Lake at the time of sampling. The two sites at the 
north end were clearly well mixed, and actually had'slightly higher DO 
concentrations toward the lake bottom. The temperature profile at these sites 
showed a steady decrease from the surface to about 10m followed by uniform 
temperature to lake bottom. 

The DO profile for the south basin indicates that definite stratification was 
present, with DO concentrations approaching zero at lake bottom The 
temperature profile at this site was similar to those observed in the north basin. 

Phosphorus 

The north basin mean TP concentration was 0.009 mg/L and the mean TDP 
concentration was 0.006 mg/L. 



The south basin had a mean TP concentration' of 0.009 mg/L and a mean TDP 
concentration of 0.004 mg/L 

The overall mean TP concentration for the lake was 0.009 mg/L and the overall 
mean TDP concentration was 0.005 mg/L 

These phosphorus concentrations are low in comparison to other 1998 TP 
concentrations for lakes in the Cariboo. Of the other 13 lakes sampled in 1998, 
Deka Lake has the second lowest mean TP concentration. This is the first year that 
the two basins of Deka Lake had the same mean TP concentration at spring 
overturn. Of the historical TP data available for Deka Lake, 1998 has the lowest 
mean on record by a large margin. This does not appear to be evidence of a 
decreasing trend as several other lakes in the area showed similarly low results for 
1998. 

Both the north and the south basin of Deka Lake have three years of overturn 
sampling. Therefore, they have adequate data to establish baseline nutrient levels. 
Further sampling would be beneficial in identifying changing trends in nutrient 
levels. 

Secchi Readings 

Nine readings were taken on the south basin between May 23 and July 23, 1998 
and seventeen readings were taken on the north basin between June 25 and 
October 14, 1998. The maximum, minimum and mean Secchi depths for the south 
basin were 6.7m, 6.0m, and 6.38m respectively ( ~ i ~ b r e  19). The maximum, 
minimum and mean Secchi depths for the north basin were 10.90m, 7.45m, and 
8.73m respectively (Figure 20). The mean value for the southern basin was similar 
to 1996 and 1997 means. However, the range of data for 1998 was narrow 
compared to previous years data. This is probably due to the fact that more 
readings were taken in previous years, and these readings were taken over a longer 
time period. In the northern basin the mean Secchi depth was very similar to the 
8.86m measured in 1997. Compared to other lakes monitored in 1998, Deka Lake 
has very clear water with an overall mean Secchi depth of 7.80m which ranks 1 3 ' ~  
out of 16 in terms of shallowest mean Secchi depth. 

Data obtained for a depth of 27m at this site was not included in the mean as it was large in comparison to 
other lake values and represented a very small portion of overall lake volume. 



Seventeen readings were recorded on the southern basin between June 16 and 
October 13, 1999. The northern basin was not monitored due to difficulty of access 
for volunteers. The maximum, minimum and mean Secchi depths for the south 
basin were 5.59m, 3.23m, and 4.70m respectively (Figure 21). Contrary to what 
might be expected the deepest Secchi depths were measured during the warmest 
water temperatures. The mean value in 1999 is substantially shallower than the 
mean in 1998 and 1997. Even with a decrease in the mean Secchi depth Deka (S) 
is ranked 15" out of 22 in terms of shallowest mean Secchi depth and has good 
water clarity. 

The northern basin of Deka Lake requires one more year of at least twelve Secchi 
disk readings to establish baseline clarity levels. The southern basin has four years 
of data but the number of readings taken in 1998 fall short of the required 
minimum of twelve readings. Further monitoring would help identify increasing 
or decreasing trends in the clarity of the lake. 

3.2.6 Dragon Lake 

Secchi Readings 

Sixteen readings were recorded at Robert's Roost and 16 readings were taken at a 
location near Legion Beach between June 16 and October 3, 1999. The maximum, 
minimum and mean Secchi depths for Robert's Roost were 8.30m, 2.80m, and 
5.40m respectively. The maximum, minimum and mean Secchi depths for the 
location near Legion Beach were 5.50m, 3.20m, and 4.88m, respectively. The 
mean Secchi depth for the entire lake was 5.04m. The maximum Secchi depth 
near Legion Beach of 5.50 m was actually the maximum depth i.e. the disk was on 
the bottom of the lake. Therefore these measurements were not used in the 
calculation of the lake's overall mean Secchi depth. The general trend between the 
two locations is similar. Both figures 22 and 23 demonstrate a slow decrease in 
Secchi depth from the start of the monitoring season until the end of July, then 
there is an abrupt increase that slowly decreases until mid August. After this the 
Secchi depth continues to increase for the remainder of the monitoring period. 
Dragon Lake is ranked 1 7 ' ~  out of 22 in terms of shallowest mean Secchi depth. 

This is the first year that Dragon Lake has been monitored since 1994. Compared 
to historical data the mean Secchi depth has varied from the lowest mean Secchi 
depth in 1984 of 4.99m to the deepest mean Secchi depth of 6.24m in 1985 Figure 



56. Figure 56 demonstrates that there has been no real increase or decrease in the 
clarity of Dragon Lake over the years. Further monitoring would help identify 
increasing or decreasing trends in the clarity of the lake, but is not necessary at this 
time. 

3.2.7 Eugene Lake 

Secchi Readings 

Ten Secchi disk readings were taken between June 5 and November 10,1998. The 
maximum, minimum and mean Secchi depths were 8.5m, 7.35m and 7.82m 
respectively. There are large date gaps in the data set making determination of a 
seasonal clarity trend difficult (Figure 24). August, however, does appear to be 
representative of the time of least clarity. It is not clear if this coincides with the 
highest seasonal temperatures as no temperature measurements were taken after 
August 1. The 1998 mean Secchi depth is comparable to means obtained in 1996 
(7.46 m) and 1997 (7.21 m). Compared to other lakes sampled in 1998, Eugene 
Lake has very clear water, ranking 13" out of 16 in terms of lowest mean Secchi 
depth. It is relatively clear in comparison to other lakes sampled in 1998. 

As of 1998, Eugene Lake has adequate amounts of Secchi data to establish 
baseline clarity levels. The lake would benefit in the future from further 
monitoring to identify any changing trends in nutrient levels. 

3.2.8 Fawn Lake 

Secchi Readings 

Twelve readings were taken between July 8 and October 2, 1999. The maximum, 
minimum and mean Secchi depths were 4.65m, 3.45m and 4.25m respectively 
(Figure 25). The mean Secchi depth is deeper in 1999 than it was in 1996 or 1997. 
Data collection started in July which is relatively late in the season. This could 
explain the small variance between the maximum, minimum and mean Secchi 
depths. Large fluctuations in the Secchi depth may have occurred in May or June 
which would influence the overall mean Secchi depth. This is also likely the cause 
of the deeper mean Secchi depth recorded in 1999. Fawn Lake ranks 1 3 ' ~  out of 22 
in terms of shallowest mean Secchi depth. 



Three years of secchi data has been collected, and this is enough to establish 
baseline water clarity levels. More monitoring is not necessary but would be 
useful to develop any trends in the water clarity of Fawn Lake. 

3.2.9 Felker Lake 

DO and Temperature 

The DO/T profiles indicate that the lake was well mixed at the time of sampling. 
DO concentrations at both sites were relatively constant throughout, with a slight 
decrease in concentration near the bottom. The temperature profiles indicate a 
homeothermous state throughout the lake. 

Phosphorus 

Felker Lake had a mean TP concentration of 0.024 mg/L and a mean TDP 
concentration of 0.006 mg/L. In comparison to other lakes sampled in 1998, 
Felker ranks 3'd for highest mean TP concentration. In comparison to recent years, 
the 1998 data does not appear to be unusually high or low, however, mean 
concentrations obtained in the 1990s generally appear to be higher than means 
obtained in the early 1980s. It should be noted that there is no data available 
between 1982 and 1993. 

Felker Lake has seven years of overturn water chemistry data. This is adequate to 
establish baseline nutrient levels although the lake would benefit from further 
sampling to identify trends in nutrient levels. Further sampling is recommended as 
there has been concern about changing water quality in this lake. 

1 

SecchiReadings 

Twenty Secchi disk readings were taken between May 20 and October 24, 1998. 
The maximum, minimum and mean Secchi depths were 3.79m, 2.1 lm, and 2.95m 
respectively. The Secchi depths decreased from May to July and remained 
relatively constant until August when they began to increase (Figure 26). 
Decreases in clarity appeared to coincide with periods of higher temperatures. 
Compared to other lakes sampled in 1998, Felker ranks 5' out of 16 with respect 
to shallowest mean Secchi depth. It is relatively turbid in comparison to other 
lakes. In comparison to historical data, the water clarity for Felker Lake has 
remained relatively constant since 1994. Before this, data is only available for 



1979 and gives no indication that the lake water clarity has changed. It should be 
noted, however, that relatively few readings were taken prior to 1995. 

Seventeen Secchi disk readings were taken between June 23 and October 31, 1999. 
The maximum, minimum and mean Secchi depths were 4.31m, 2.05m, and 2.70m 
respectively. In 1999 the Secchi depths decreased from June to July and then 
stayed relatively constant for the rest of the monitoring season ( ~ i ~ u r e  27). These 
shallower Secchi disk readings in late August, September and October may be due 
to the unseasonably warm fall which allowed algae to survive for a longer period 
than usual. These readings contributed to the decrease in the total mean Secchi 
depth in 1999 compared to 1998. 

Compared to other lakes monitored in 1999, Felker ranks 5th out of 22 with respect 
to the shallowest mean Secchi depth. Further monitoring would aid in identifying 
trends in water clarity and is recommended. 

3.2.10 Hathaway Lake 

Secchi Readings 

Twenty-one Secchi disk readings were taken from May 25 to October 12, 1998. 
The maximum, minimum and mean Secchi depths were 11.2m, 6.5m and 8.57m 
respectively. The readings were greater in May and June but decreased in July and 
remained relatively constant throughout the rest of the monitoring period (Figure 
28). Historical clarity data for this lake is available only for 1996 and 1997. The 
1998 mean Secchi depth is higher than both years but does not appear to be too 
unusual. Compared to other Cariboo lakes monitored in 1998, Hathaway Lake has 
very clear water, ranking 1 4 ~ ~  out of 16 for shallowest mean Secchi depth. 

Twenty Secchi disk readings were taken from June 3 to October 16, 1999. The 
maximum, minimum and mean Secchi depths were 9.70m, 6.50m and 7.79m 
respectively. The deepest Secchi depths were recorded in June similar to 1998, 
then they decreased until the end of August and then gradually started to increase 
again for the duration of the monitoring period (Figure 29). The mean Secchi 
depth in 1999 is shallower than in 1998 but still deeper than both 1996 and 1997, 



therefore no apparent water clarity trend is present. Hathaway Lake ranks 2nd out 
of 22 for the deepest mean Secchi depth. It has very good water clarity. 

As of 1999, Hathaway Lake has adequate water clarity data to establish baseline 
levels. Further monitoring is not necessary at this time, but would be useful. 

3.2.11 Henley Lake 

Secchi Readings 

Twenty Secchi disk readings were taken between May 30 and October 11, 1998. 
The maximum, minimum and mean Secchi depths were 4.9m, 2.5m, and 3.71m 
respectively. The relationship between water clarity and lake water temperature 
was almost inverse to what might have been expected (Figure 30). The time of 
maximum clarity corresponded with near maximum temperatures, and the lowest 
reading of transparency coincided with near minimum temperatures for the 
monitoring period. The 1998 mean depth was greater in comparison to mean 
depths from 1996 (2.93 m) and 1997 (2.92 m) means. This may be due to natural 
fluctuation or due to a greater number of sampling dates in 1998 compared to the 
two previous years. In comparison to other Cariboo lakes monitored in 1998, 
Henley Lake ranks 71h out of 16 in terms of lowest mean Secchi depth. 

Fifteen Secchi disk readings were taken between June 6 to October 2, 1999. The 
maximum, minimum and mean Secchi depths were 4.30m, 2.80m, and 3.40m 
respectively. The Secchi depths were deeper during June through to August with 
some variability, then in September and the beginning of October the Secchi 
depths were the shallowest (Figure 31). The shallow Secchi depths observed in 
September may have been caused by the unseasonably warm fall. The mean 
Secchi depth was 0.30m shallower than the mean Secchi depth in 1998 but the 
1999 mean Secchi depth was deeper than 1997 and 1996. No obvious water clarity 
trend is present. Henley Lake ranks 9'h out of 22 lakes in terms of lowest mean 
Secchi depth. 

With the 1998 and 1999 data, Henley Lake now has adequate information to 
establish baseline water clarity levels. Further monitoring would be useful in 
identifying trends in water clarity. 



3.2.12 Horse Lake 

DO and Temperature 

The DOIT profiles indicate that the lake was relatively well mixed at the time of 
sampling. DO concentrations for both the west end and the east end are relatively 
constant from top to bottom. These sites are well mixed. The deepest point site 
shows high DO concentrations to a depth of about 25m, where concentrations 
begin to gradually decrease toward lake bottom. Therefore, this site showed some 
degree of stratification. At all sites, the temperature profile showed an initial 
decrease followed by nearly uniform temperature to the lake bottom. 

Phosphorus 

The lake had a mean TP concentration4 of 0.014 mg/L and a mean TDP 
concentration of 0.005 mg/L. In comparison to the other 13 lakes sampled for 
overturn water chemistry in 1998, Horse Lake ranked 9th in terms of highest TP 
concentration. In comparison to historical data, the 1998 mean TP concentration is 
the lowest on record. Previous years data indicated that TP levels in Horse Lake 
were increasing, causing some question about the validity of the 1998 data which 
was then checked. The 1998 mean is much lower than the previous three years. 

Horse Lake has nine years of overturn water chemistry data between 1979 and 
1998. Further sampling is recommended as the water quality of this lake has been 
of some concern. 

3.2.13 Knight Lake 

Secchi Readings 

Seventeen Secchi disk readings were taken between May 27 and October 16,1998. 
The maximum, minimum and mean Secchi depths were 5.18m, 2,78m and 4.13m 
respectively. The Secchi depths increased gradually until early August and 
decreased gradually for the remainder of the monitoring period with minor 
increases and decreases in this general trend (Figure 32). Compared to the other 
lakes monitored for clarity in 1998, Knight Lake ranked gth out of 16 in terms of 

4 Data obtained for site 0603100 at 33m was not included in the mean as it is near the bottom in anoxic 
water and large in comparison to other values. Also, data obtained for site 0603106 at 0.5m was not 
included in the means as it was unusually high for a surface value and may have been influenced by surface 
inflow. 



lowest mean Secchi depth. In comparison to past data collected on water clarity in 
this lake, 1998 data is very consistent with 1996 and 1997 data. There is no 
evidence that the clarity of the lake is changing. 

Seventeen Secchi disk readings were taken between May 22 to October 4, 1999. 
The maximum, minimum and mean Secchi depths were 5.10m, 2.10m and 3.55m 
respectively. The Secchi depths gradually increased until the end of August and 
then decreased until the end of the monitoring period (Figure 33). This is a 
similar trend in the data from 1998. Knight Lake ranked 11" out of 22 in terms of 
the lowest mean Secchi depth. The 1999 mean Secchi depth is shallower than in 
1996, 1997 and 1998. The previous three years were very consistent and even 
though the mean Secchi depth is shallower in 1999 there is no real evidence that 
the clarity of this lake is changing 

With the 1998 and 1999 data set, Kmght Lake has four years of water clarity data 
which is adequate to establish baseline levels. Further monitoring is not necessary 
at this time but would help identify changing trends in water clarity. 

3.2.14 Lac Des Roches 

Secchi Readings 

Fourteen Secchi disk readings were taken between June 8 to September 20, 1999. 
The maximum, minimum and mean Secchi depths were 6.66m, 3.74m and 5.29m 
respectively (Figure 34). There is no obvious trend in the 1999 data set. The 
Secchi depths fluctuated fairly randomly throughout the monitoring season. There 
is no historical Secchi data available for Lac De Roche. This lake ranks 1 8" out of 
22 in terms of the shallowest mean Secchi depth. The water clarity on this lake is 
good. 

In order to use this data for establishing baseline levels, two more years of at least 
twelve Secchi disk readings each year is recommended. 



3.2.15 Lac La ÿ ache 

DO and Temperature 

The DO/T profiles indicate that the lake was almost completely mixed. At both 
sites, there was a relatively uniform DO concentration from the lake surface to 
near the bottom. In the bottom metre of each site, there was a significant drop in 
DO concentration to near 0 mg/L. Aside from this narrow bottom section, the 
remainder of the lake was high in DO. The temperature profile for both sites were 
fairly uniform with surface temperatures being just above 4°C and bottom 
temperatures just below 4°C. 

Phosphorus 

The lake had a mean TP concentration of 0.007 mg/L and a mean TDP 
concentrationS of 0.002 mg/L. Compared to the other 13 lakes sampled for 
overturn water chemistry in 1998, Lac La Hache had the lowest mean TP 
concentration. Historical mean TP is available for this lake from 1979 to 1998 
(Figure 59). The 1998 mean is the lowest on record. In general, TP concentrations 
appear to have remained constant or have slightly decreased over the last 20 years 
in this lake. 

Lac La Hache has many consecutive years of overturn water chemistry data. 
Figure 59 indicates there is a trend of decreasing TDP and TP from 1978 to 1998. 
The decreasing trend is more pronounced in the TP concentrations. Baseline 
levels were established in the late 1970s and early 1980s. Further sampling will 
add to this data set and facilitate future identification of nutrient trends, and is 
warranted given the high recreational use and concern. 

3.2.16 Mcleese Lake 

Secchi Readings 

Twenty-five Secchi disk readings were taken between May 2 and November 12, 
1999. The maximum, minimum and mean Secchi depths were 6.35m, 2.45m and 
4.32m respectively. The Secchi depths increased gradually throughout the 

' Most of the TDP concentrations for 1998 were below the detection limit of 0.002 mgL.  Because of this, 
the detection limit itself was used where TDP was below the detection limit to calculate the mean TDP 
concentration. Also, because of very low levels of phosphorus reported by the lab, reanalysis was requested 
on all samples. 



monitoring period with minor increases and decreases in this general trend (Figure 
35). Most of the low readings were in May, suggesting sediment rather than algal 
induced turbidity. There is no historical Secchi data on Mcleese lake. Mcleese 
lake ranks 1 4 ' ~  out of 22 in terms of lowest mean Secchi depth. 

Three years of Secchi data is required in order to use this data for establishing 
baseline levels. Therefore two more year of at least twelve Secchi disk readings 
each year is recommended for Mcleese Lake. 

3.2.17 Milburn Lake 

Secchi Readings 

Twenty Secchi disk readings were taken between May 16 and October 30, 1999 at 
three different locations on Milburn Lake. The maximum, minimum and mean 
Secchi depths for the North End were 4.33m, 0.93m, and 2.97m respectively. The 
South end has 2 bays (east and west) the maximum, minimum, and mean were 
5.27m, 2.09m, and 3.98m in the West Bay and 5.66m, 2.41m, and 4.13m in the 
East Bay. The overall mean Secchi depth for Milburn Lake was 3.69m. Each 
location monitored represents an isolated section of the lake connected by 2 
relatively narrow passages (see bathymetric map in Appendix 1). The seasonal 
water clarity trend is similar in all three bays as shown in Figures 36, 37 and 38. 
Contrary to what might be expected the deepest Secchi depths are measured during 
the warmer water temperatures. The mean Secchi depth in the North end is 
shallowest, and this is where most of the residential development has occurred. 
The other two bays are more secluded and likely don't receive as much human 
contact. There is no historical Secchi data recorded for Milburn Lake. Milburn 
Lake ranks 1 2 ' ~  out of 22 lakes in terms of shallowest mean Secchi depth. 

Three years of Secchi data is required in order to use this data for establishing 
baseline levels. Therefore two more years of at least twelve Secchi disk readings 
each year is recommended for Milburn Lake. 

3.2.18 Mons Lake 

DO and Temperature 

The DO/T profiles indicate a partially mixed lake. The DO concentrations at the 
south east end were relatively constant from top to bottom, while the DO 
concentrations at the deepest point indicated minor stratification present. The 



temperature profile at the south east end showed a gradual decline in temperature 
toward the lake bottom whereas the temperature profile for the deepest point 
indicated a point of marked decrease coinciding with the drop in DO. 

Phosphorus 

The lake had a mean TP concentration of 0.01 8 mg/L and a mean TDP 
concentration of 0.007 mgL. Compared to other lakes sampled for overturn water 
chemistry in 1998, Mons has neither very high nor vely low TP and ranks 7' out 
of 14 lakes for lowest mean TP concentration. 1998 was the first year of overturn 
sampling for Mons Lake. At least two further years of overturn sampling would 
be required to establish baseline nutrient levels. 

3.2.19 Otter Lake 

DO and Temperature 

The DOm profiles do not indicate good mixing in this lake. The west end profile 
indicates a well mixed lake with constant DO and temperature from surface to 
bottom. However, the deep end profile indicates definite stratification occurring. 
Since the west end site only reaches a depth of 2m, it may not give a good 
indication of overall lake mixing. Therefore, conclusions on state of mixing are 
weighted, toward the deep end profile which indicates stratification. 

Phosphorus 

The lake had a mean TP concentration6 of 0.013 mg/L and a mean TDP 
concentration of 0.009 mg/L. Compared to other lakes sampled for overturn water 
chemistly in 1998, Otter Lake ranked 4th out of 14 in terms of lowest mean TP 
concentration. Compared to historical data available for this lake (1983, 1996 and 
1997), 1998 has the lowest mean TP concentration. There is a large difference 
between the mean TP from 1997 (0.036 mg/L) and 1998 mean value. It is unclear 
why such a large decrease occurred in 1998 as both 1997 and 1998 sampling 
events took place under similar states of mixing in this lake. Other lakes were 
reanalysed in 1998, causing this data to be questionable. 

As of 1998, Otter Lake has four years of overturn water chemistry data. Further 
monitoring would be useful in identifying any trends in nutrient levels, especially 
given the unusually low values obtained in 1998. 

The deepest point IOm and 13m concentrations were excluded from the means as they were unusually high 
and would have presented a large bias to the mean T P  and TDP concentrations. 



Secchi Readings 

Twelve Secchi disk readings were taken between June 21 and September 30, 1998. 
The maximum, minimum and mean Secchi depths were 4.94m, 3.38m and 4.21m 
respectively. Lake clarity decreased into July and increased again into August and 
September (Figure 39). Compared to other lakes monitored in 1998, Otter Lake 
ranked 9th out of 16 in terms of lowest mean Secchi depth. Compared to historical 
data available for this lake, 1998 had greater water clarity than 1996 (3.29 m) and 
1997 (3.4 m). This information agrees with the decrease in TP concentration for 
1998. Less phosphorus available could mean less algal growth and greater water 
clarity. 

Ten Secchi disk readings were taken between June 23 and October 17, 1999. The 
maximum, minimum and mean Secchi depths were 4.44m, 2.94m and 3.48m 
respectively. This data set is not representative of the entire monitoring period. 
With only 10 data points and a large gap between August 8 and September 9 
(Figure 40) where no readings were recorded, large l-luctuations in the Secchi 
depth may have been completely missed. This would affect the mean Secchi depth 
for 1999. The mean Secchi depth was shallower in 1999 than in 1998 (4.21 m) but 
fairly consistent with the mean Secchi depths from 1996 and 1997. Otter Lake 
ranked loth out of 22 in terms of the lowest mean Secchi depth. 

Including the 1999 data, Otter Lake has four years of water clarity data. However, 
the 1997 and 1999 data sets had only ten Secchi disk readings each, which falls 
short cif the required twelve readings. In order to use the data for establishing 
baseline levels, one more year of at least twelve Secchi disk readings is 
recommended. 

3.2.20 Puntchesakut Lake 

Secchi Readings 

Sixteen Secchi disk readings were taken between May 30 and September 27, 1999. 
The maximum, minimum and mean Secchi depths were 3.70m, 2.00m and 3.20m 
respectively. The Secchi depths increased from May to early July and then 



remained relatively constant throughout the rest of the monitoring period (Figure 
41). There is no historical Secchi data recorded on Puntchesakut Lake. 

Two more years of at least twelve Secchi disk readings each year is recommended 
for Puntchesakut Lake in order to use this data for establishing baseline levels.. 

3.2.21 Roe Lake 

Secchi Readings 

Fourteen Secchi disk readings were taken between May 10 and October 4, 1998. 
The maximum, minimum and mean Secchi depths were 6.0m, 4.0m and 5.09m 
respectively. Water clarity appeared to increase gradually from May to August and 
decreased into September (Figure 42). Compared to other lakes monitored in 
1998, Roe Lake ranked 10" out of 16 in terms of shallowest mean Secchi depth. 
Compared to mean depths for 1996 (4.93 m) and 1997 (4.95), the 1998 data was 
similar but slightly higher. 

Twelve Secchi disk readings were taken between May 23 and September 19, 1999. 
The maximum, minimum and mean Secchi depths were 6.60m, 4. 10m and 5.12m 
respectively. The Secchi depths gradually increased from May until the end of 
August then slightly decreased in September (Figure 43). The mean Secchi depth 
is very similar to the one measured in 1998. The water clarity in Roe Lake is very 
consistent from 1996 to 1999, indicating that no ch&ges are occurring. Roe Lake 
ranks 16 '~  out of 22 lakes monitored in terms of shallowest mean Secchi depth. 

As of 1999, Roe Lake has four complete years of Secchi disk readings. This is an 
adequate amount of information to establish baseline water clarity levels. Further 
monitoring is not necessary at this time but would help identify changing trends in 
water clarity for this lake. 

3.2.22 Rose Lake 

DO and Temperature 

The DO/T profiles at both sites indicate that the lake was stratified at the time of 
sampling. Both the temperature and DO are constant to about 6 m, then drop off 
significantly and become constant again after about 8m. 































Figure 1. Cariboo Region Lakes Monitored in 1998 & 1999 
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Abosolute Percent Difference Between MELP and Volunteer Secchi Disk Readings 

Figure 8. Frequency histogram of the absolute percent difference between Secchi readings taken by MELP staff members and volunteers. 
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Figure 10. Bouchie Lake Secchi disk readings, 1999. Data collected by Bob Lebeck 
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Figure 11. Bridge Lake (East) Secchi disk readings, 1998. Data collected by John Kirby. 
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Date Time Weather conditions Water conditions Secchi Depths (m) Water T e m ~  ("C) 

!atistics Bridge Lake (West), 1998 

JNumber of Readings 16 

I 
I 

Bridge Lake (West) Secchi Data, 1998 
Sample Date 

- -  
D e p t h  (rn) 

+Temp ("C) - 
-Mean Depth 0.0 

Figure 12. Bridge Lake (West) Secchi disk readings, 1998. Data collected by John Bianchi. 





Date Time Weather Conditions Water Cc Secchi D e ~ t h  (m) Water Temo PC! 

atistics: Bridae Lake (West). 1999 

I 

Bridge Lake west) Secchi Data, 1999 I 
Sample Date 

Figure 14. Bridge Lake (West) Secchi disk readings, 1999. Data collected by Anne Paas and Karl Schmitz 























99/07/24 1 1 :00 overcast rippled 4.42 19 
99/07/31 10:00 clear rippled 4.05 19 
99/08/06 9:55 clear calm 4.50 20.5 

:atistics:Fawn Lake, 1999 

[Number of Readlnas 12 I 

Fawn Lake Secchi Data, 1999 
Sample Date 

+Temp ("C) 
M e a n  Depth 

lL.: 
Figure 25. Fawn Lake Secchi disk readings, 1999. Data collected by Bob Fechtner. 
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itatistics Felker Lake, 1999 

Felker Lake Secchi Data, 1999 
Sample Date 

- -  
3.0 -- 

Figure 27. Felker Lake Secchi disk readings, 1999. Data collected by Ron Stromberg. 



98/06/22 10:00 overcast 
98/06/28 9:30 overcast 
98/07/108 10:00 sunny 
9810711 4 9:OO partly cloudy 
98/07/21 9:30 sunny 
98/07/27 10:15 sunny 
98/08/03 10:45 sunny 
98/08/10 10:15 overcast 
98/08/17 10:30 overcast 
98/08/24 10:15 sunny 
98/08/30 10:OO sunny 
98/09/07 10:35 sunny 
98/09/14 10:00 sunny 
98/09/21 10:20 sunny 
'98/09/28 10:30 sunny L 
98/10/05 10:OO overcast 

..".", I V."" 

11.10 

rippled 
rippled 7.90 18.0 
calm 7.60 18.0 

I - - 

calm 7.90 21 .O 
rippled 7.80 21.5 
rippled 8.10 20.0 
rippled 8.00 19.0 
small ripples 8.10 18.5 
small ripples 8.10 18.5 

rippled 8.00 18.0 

rimed 7.60 17.0 
rippled 7.40 16.0 
calm 7.20 14.0 

I riwled 6.90 12.0 

latistics: Hathaway Lake, 1998 

Hathaway Lake Secchi Data, 1998 

Sample Date 

Figure 28. Hathaway Lake Secchi disk readings, 1998. Data collected by Jack Walry. 
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Figure 29. Hathaway Lake Secchi disk readings, 1999. Data collected by Jack Walry. 
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I Date Time Weather conditions Water conditions Secchi Depth (rn) Water Temo I°C) 
sunny,sornec~ouas 2.90 17.5 
sunny rippled 3.55 18.0 
overcast, rain rippled 3.45 18.0 
sunny, some clouds rippled 4.55 18.5 
overcast rippled 4.15 17.5 
overcast 4.35 

itatistics: Henley Lake, 1998 

Lake Secchi Data, 

Sample Date 

Figure 30. Henley Lake Secchi disk readings, 1998. Data collected by Thomas Schmid. 



Date Time Weather Conditions Water Conditions Secchi D e ~ t h  (m) Water Temp ("C 

99/09/24 1 12: 15 1 partly cloudy 3.05 16 
99/10/02 1 12:30 lsunny 1 calm I 2.85 I 12 

INummr of Readings 15 I 
Henley Lake Secchi Data, 1999 

Sample Date 

+Temp ("C) 
M e a n  Depth 

5 0 

Figure 31. Henley Lake Secchi disk readings, 1999. Data collected by Thomas Schmid. 
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'06106 13:OO cloudy rippled 3.85 18.0 
98/06/13 13:30 windy wavey 3.51 21 .O 
98/06/21 11:OO sunny calm 4.20 17.0 
'98/06/29 10:30 sunny calm 4.15 18.0 
98/07/06 13:OO sunny rippled 3.95 20.0 
98/07/13 9:30 sunny calm 4.57 19.0 

JNumber of Readings 17 I 
I 

98/08/03 9:30 sunny 5.1 0 22.0 

Knight Lake Secchi Data, 1998 
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Figure 32. Knight Lake Secchi disk readings, 1998. Data collected by Irene Borter. 
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Figure 33. Knight Lake Secchi disk readings, 1999. Data collected by Irene Borter. 
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Lac De Roche Secchi Data, 1999 
Sample Date 
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Figure 34. Lac De Roche Secchi disk readings, 1999. Data collected by Duncan Cameron. 



1 Date Time Weather Conditions Water Conditions Secchi Depth (m) Temperature (C) 

99/09/11 1 13:45 I m y  I 5.00 I 16.8 

99/09/26 1 1 :00 light overcast calm 5.45 14.3 
99/1W03 12:37 sunny, windy wavey 6.20 12.3 
9911 OM4 11:30 sunny choppy 5.80 9.1 
9911 1112 13:15 sliaht overcast liaht c b  5.40 6.4 

tatistics:Mcleese Lake. 1999 

Mcldese Lake Secchi Data, 1999 

Sample Data 

+Temp ("C) 

Figure 35. Mcleese Lake Secchi disk readings, 1999. Data collected by Martin Oets. 
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Statistics: Milburn Lake (North End), 1999 I 
Itdean Depth (m) 2.97 I 

Milburn Lake (North End) Secchi Data, 1999 

Sample Date 

+Temp ("C) 

Mean Depth 

Figure 36. Milburn Lake (North End) Secchi disk readings, 1999. Data collected by Doug Crick and David Law. 
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Figure 38. Milburn Lake (S. End, East Bay) Secchi disk readings, 1999. Data collected by Doug Crick and David Law. 



I Date Time - Weather conditions Water conditions Secchi Depth (m) Water Temp ("C) 
98/06/21 I 16:00-nny lcalm I 4.60 I 18.5 
98/06/29 1 13:W Icloudv. overcast lri~ded 3.72 17.5 1 

1 98/07/21 1 15:W Isunnv I rippled I 3.75 I 20.0 I 

- - , . .  . 
98/09/08 1 12:OO Isunny, windy 1 wavey I 4.61 I 17.5 

98/08/04 
98/08/10 
98/08/25 

BaM9l30 1 13:OO Idoudy, windy 1 rippled I 4.60 I 14.5 1 

Otter Lake Secchi Data, 1998 

Sample Date 

11:W 
15:00 
1300 

- Depth (m) 
+Temp ("C) 

Figure 39. Otter Lake Secchi disk readings, 1998. Data collected by Joanne Perrier. 
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Figure 40. Otter Lake Secchi disk readings, 1999. Data collected by Rod Hanzel, 
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Date Time Weather Conditions Water Conditions Secchi Deoth (m) Water Temp (OC) 

99/6/13 12:00 sunny calm 2.80 17 
99/6/20 14~00 overcast rippled 2.70 18 

99/6/27 12:OO overcast 2.60 18 - 
99ff14 12:OO 3.30 20 
99/7/10 1200 sunny rippled 3.30 20 

99/09/27 13:OO overcast 0 16 

991711 8 
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99/08/22 
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Figure 41. Puntchesakut Lake Secchi disk readings, 1999. Data collected by Brian and Gail Barnes. 
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Figure 42. Roe Lake Secchi disk readings, 1998. Data collected by Dennis McCoy. 
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Figure 52.Williams Lake Secchi disk readings, 1998. Data collected by Spruce Lee Construction. 
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Figure 53. Williams Lake Secchi disk readings, 1999. Data collected by SpruceLee Construction. 
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Secchi Disk Readings for Felker Lake 
Center (0603105) 

* n = number of readings used to calculate the 

Figure 55a. Maximum, minimum and mean Secchi disk data for Felker Lake, 1979-1999. 
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Williams Lake Secchi Data, 1977 to 1999 
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Figure 57. Maximum, minimum and mean Secchi disk data for Williams Lake, 1977 to 1999. 











Chimney Lake: April 27. 1999 @ Cenne (0603098) 
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Total Phosphorus and Total Dissolved Phosphorus measured at Spring Overturn in Lac La 
Hache from 1978 to 1998 

*- 
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Figure 59. Total Phosphorous and Total Dissolved Phosphorous on Lac La Hache from 1978 to 1998. 



I I Total Phosphorus and Total Dissolved Phosphorus Measured at Overturn in Williams 
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'*' denotes vertical composite 
'!' value derived from reanalysis of unpresewed samples 
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Figure 60. Total Phosphorus and Total Dissolved Phosphorus measured at Spring Overturn on Williams Lake from 1977 to 1998 
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Mean TP and TDP for Bridge Basin Lakes, 1998 
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Figure 62. Spring overturn mean total phosphorus (TP) and total dissolved phosphorus (TDP) concentrations for Bridge Cr. Basin lakes 
sampled, 1998. 
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Figure 63. Spring overturn total phosphorus (TP) concentrations for high priority lakes in the Bridge Creek Basin (1981 -1998) 
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Table 1.1998 Volunteer Information 
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Table 3. 1998 Audit Data 
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Table 7. Bouchie Lake Evaluation Summary 

Base Information 

Area: 130 ha 
Perimeter: 52,000 m 
Elevation: 750 m 
Ownership: 100 % private 
Other: Mixture of farming and residential development around the lake, 

except at south tip marshy area. Gentle terrain sloping to lakeshore. 

Lake Classification Factors - Water Quality 
I. Trophic State: eutrophic (chlorophyll a = 9.8 mg/m5) 

11. Flushing Period: 3 years (limited data) (average additional nutrient assimilation rating) 

111. Mean Depth: 4.0 m (low additional nutrient assimilation rating) 

IV. Volume: 5,200,000 m3 - 
V. Water Quality Indicators: 

Dissolved Oxygen -. 

pH 
[Nitr0gen1Total 
-p - - - - -. - - - - - - 

[ P h ~ ~ ~ h ~ ~ ~ l T o t a l  - - -- -- - 

-. - 
Nitrogen:Phosphorus - - - -. - . - . 

Water Clarity 

7.9 -- 

0.99 mg/L (1998) 

0.043 mg/L ( 1998) 
23.0 : 1 (phosphorus limiting) - -. - - - - - -. - - -- - 
Secchi depth = 0.9 

VI. Watershed Characteristics: 
Watershed Area = 4 134.5 ha 
Low-lying forest with considerable clearing, thinning and logging, several 
agricultural operations. 

Rating: high sensitivity 

Summary: 
Relatively smalllake, shallow. eutrophic state, small watershed with high activity therefore 
high sensitivity.The original lake evaluation classified this lake as oligotrophic, 
based on 1983 phosphorus levels. Further data suggests that 1983 was an unusually 
low year and the lake is actuallyquite nutrient rich. However, due to the amount of activity 

around the lake, the rating remains as high sensitivity. 



Table 8. Bridge Lake Evaluation Summary. 

Base Information 

Area: 1,376 ha 
Perimeter: 47,000 m 
Elevation: 1.128 m 
Ownership: private - 95 %, crown - 5 % 
Other: very irregular shoreline, heavily utilised for fishing 

Lake Classification Factors - Water Quality 
I. Trophic State: borderline mesotrophic to slightly eutrophic (chlorophyll a = 7.1 mg/m3) 

11. Flushing Period: 62.2 years (low additional nutrient assimilation rating) 

111. Mean Depth: 17.0 m (high additional nutrient assimilation rating) 

IV. Volume: 595,000,000 m3 

V. Water Quality Indicators: . Dissolved Oxygen 

pH 
[NitrOgenl~oml 

. [ P ~ ~ ~ O T U S ] ~ ~ ~ ~ ,  . Nitrogen:Phosphorus . Water Clarity 

well mixed at spring overturn. 
winter profile - anoxic in some areas. 
8.18 , 

0.543 mg/L (eutrophic) - 
0.03 1 mg/L 
17.5: 1 (phosphorus limiting) 
Secchi depth = 7.17 m 

VI. Watershed Characteristics: . Watershed Area = 15,900 ha . Low lying, poorly drained forests of interior douglas-fir have been subject to 
logging and clearing. South and west shores contain most of the housing 
development. New development occurring along south shore. Agricultural 
activity on north and west shores. 

Rating: high sensitivity 

Summary: 
Borderline mesotrophic to slightly eutrophic state, but water clarity relatively high. Has 

relatively long flushing period, but mean depth is quite high allowing for moderate 
assimilation of additional nutrients. High sensitivity, particularly in localized areas along the 
shoreline, such as in  isolated bays. 



Table 9. Bum Lake Evaluation Summary. 

Base Information 

Area: 24.40 ha 
Perimeter: 2,670 m 
Elevation: 1,160 m 
Other: 1 resort, 1 residence 

Lake Classification Factors - Water Quality 
3 I. Trophic State: mesotrophic (chlorophyll a = 5.2 mglm ) 

n. Flushing Period: 4.7 years (average additional nutrient assimilation rating) 

111. Mean Depth: 3.6 m (low additional nutrient assimilation rating) 

IV. Volume: 874,543 m' 

V. Water Quality Indicators: . Dissolved Oxygen 

pH . [Nitr~gen]~,,, 
-p-ppp-p 

• [ P ~ O S P ~ O N S ] ~ , , ~  . - Nitrogen:Phosphorus . Water Clarity 

stratified profile showing deficiency near the bottom. 
7.99 
0.638 m g 5  
-- 

0.023 mg/L 
28.0: 1 (phosphorus limiting) 
Secchi depth = 4.43 m 

VI. Watershed Characteristics: . Watershed Area = 3 10 ha 

Rating: moderate sensitivity 

Summary: 
Small, mesotrophic lake. Rates fair in ability to assimilate additional nutrients. 



Table 10. Chimney Lake Evaluation Summary 

Base Information 

Area: 430 ha 
Perimeter: 13,300 m 
Elevation: 9 15 m 
Ownership private - 50 %, Crown - 50 % 
Other: 40 cottages, 20 UREP reserves developed, 2 UREP reserves undeveloped, 

4 forest service recreation sites, 1 commercial resort. 

Lake Classification Factors - Water Quality 
I. Trophic State: mesotrophic (chlorophyll a = 3.8 mg/m3) 

11. Flushing Period: 16.8 years (low additional nutrient assimilation rating) 

111. Mean Depth: 8.7 m (moderate additional nutrient assimilation rating) 

IV. Volume: 37,500,000 m3 L 

V. Water Quality Indicators: 
. Dissolved Oxygen 

pH 
[Nitr~gen]~,,, 
[Phosphor~~]~,,~ 

~- Nitrogen:Phosphorus 
Water Clarity 

fairly well mixed 
8.65 
1.20 mg/L 

~p 

0.020 mg/L 
p~ --- 

60: 1 (phosphorus limiting) 
Secchi depth = 2.76 m 

VI. Watershed Characteristics: 
Watershed Area = 6080.9 ha . 2 inlets, 1 outlet; 50 % shoreline is forested; 50 90 is rangeland, biogeo- 
climatic zone is Interior Douglas Fir. 

Rating: high sensitivity 

Summary: 
Mesotrophic state, long flushing period, moderate depth. At critical transition period - 
therefore high sensitivity. 



Table 11. Deka Lake (northern and southern basins) Evaluation Summary. 

Base Information 

Area: 1,153.78 ha 
Perimeter: 34,094 m 

Elevation: 1,113.43 m 
Ownership: private - 23 %, crown - 77 % 
Other: heavily concentrated development on north and west shores of south arm. 

, 

Lake Classification Factors - Water Quality 
I. Trophic State: borderline oligotrophic / mesotrophic (chlorophyll a = 3.9 mg/mJ) 

n. Flushing Period: 45.2 years (low additional nutrient assimilation rating) 

111. Mean Depth: 21.64 m (high additional nutrient assimilation rating) 

IV. Volume: 250,000,000 m3 

V. Water Quality Indicators: . Dissolved Oxygen 

~- .-. 

spring overturn - well mixed in northern basin, 
stratification in southern basin. 
winter profile - well mixed at northern basin, slight 
anoxia i n  southern basin. 

pH . [Ni t r ~ g e n ] ~ ~ ~ ~ ~  0.278 mg/L (mesotrophic) 
[Phosphorus]ToIal 

Nitrogen:Phosphorus 

- - -. . - - 

0.0 17 mg/L 
- 

16: 1 (phosphorus limiting) . Water Clarity Secchi depth = 10.4 1 m (northern basin) 
Secchi depth = 6.19 m (southern basin) 

VI. Watershed Characteristics: - Watershed Area = 9,200 ha - Deka Lake is divided into two basins seperated by a shallow, narrow channel. 
Heavily forested watershed, sloping steeply into the lake; some logging activity. 
Most housing development is in southern basin. 

Rating: high sensitivity 

Summary: 
All water quality indicators support borderline oligotrophic / mesotrophic state. 

Concentrated development in southern basin increases sensitivity in this area. Logging 
activity in watershed also increases sensitivity. 



Table 12. Deka Lake (northern basin) Evaluation Summary. 

Base Information 

Area: 765.65 ha 
Perimeter: 19,5 19.7 1 m 
Elevation: 1,113.43 rn 

Lake Classification Factors - Water Quality 
I. Trophic State: mesotrophic (chlorophyll a = 3.9 mg/m3) 

11. Flushing Period: UNDER REVIEW 
111. Mean Depth: 41.42 rn (high additional nutrient assimilation rating) 

IV. Volume: 229,532.9 12 m' 

V. Water Quality Indicators: 

pH . [NitrogenITaal 
. [Phosphor~s]~~ ,~ ,  

. Nitrogen:Phosphorus . Water Clarity 

8.12 -- 

0.256 mg/L 

0.017 mg/L 

15.2: 1 (phosphorus limiting) 
Secchi depth = 8.86 m 

VI. Watershed Characteristics: . Watershed Area = 5,980 ha . Shoreline almost completely undeveloped but logging pressures exist (Liebe 
and Zirnhelt, 1996). 

Rating: high sensitivity 

Summary: 
Mesotrophic basin. Assumed to have poor capacity to assimilate additional nutrients 

because of uncertainty over flushing rate. 



Table 13. Deka Lake (southern basin) Evaluation Summary. 

Base Information 

Area: 36 1.87 ha 
Perimeter: 14,342.06 m 
Elevation: 1,113.43 m 

I- 

Lake Classification Factors - Water Quality 
I. Trophic State: mesotrophic (chlorophyll a = 4.9 mg/m3) 

XI. Flushing Period: UNDER REVIEW 
m. Mean Depth: 13.88 m (moderate additional nutrient assimilation rating) 

N. Volume: 20,473,978 m3 

V. Water Quality Indicators: 
Dissolved Oxygen 

pH - 

• [Nitrogenl~otal -- 
- 

[ P ~ O S P ~ O ~ S ~ T O ~ ~ I  
a Nitrogen:Phosphorus 
• Water Clarity 

stratified. 
- - . -. - - 

- 7.92 
- -- 

0.39 mg/L - 

0.021 m g k  

18.3: 1 (phosphorus limiting) 
Secchi depth = 5.68 m 

VI. Watershed Characteristics: 
Watershed Area = 6,060 ha 
Largely developed with significant recreational use. Pressure from logging also 
present (Liebe and Zirnhelt, 1996). 

Rating: high sensitivity 

Summary: 
Mesotrophic basin that rates moderate in its ability to buffer nutrient loading. However, a 

great amount of pressure primarily from development of the surrounding watershed, makes 
this basin more vulnerable. There is presently uncertainty over the flushing rate. 



Table 14. Eugene Lake Evaluation Summary. 

Base Information 

Area: 129.43 ha 
Perimeter: 7,225 m 
Elevation: 1,166 rn 

Lake Classification Factors - Water Quality 
I. Trophic State: UNDER REVIEW 

11. Flushing Period: 22.4 years (low additional nutrient assimilation rating) 

111. Mean Depth: 6.8 m (moderate additional nutrient assimilation rating) 

IV. Volume: 8,766,894 m3 

V. Water Quality Indicators: 
. Dissolved Oxygen 

. pH 
[NitrogenITotal 

[Phosphorusl~otal . Nitrogen:Phosphorus 

. Water Clarity 

prohe showing stratification and low levels in the 
bottom half. 
8.15 
0.507 mg/L i 
0.079 mg/L (particulate contamination suspected) 
6.4: 1 (co-limitation or no limitation) 

Secchi depth = 7.2 1 m 

VI. Watershed Characteristics: . Watershed Area = 650 ha . Little recreational use and low developmental pressure (Liebe and Zirnhelt, 
1996). 

Rating: moderate sensitivity 

Summary: 
Total phosphorus was 0.079 mg/L. however total dissolved phosphorus was only 

0.004 rng/L. The lake's high transparency suggests an oligotrophic state. Rates fair in its 
ability to assimilate additional nutrients. Little developmental pressure. 



Table 15. Felker Lake Evaluation Summary 

Base Information 

Area: 227 ha 
Perimeter: 8839 m 
Elevation: 883.9 m 

Lake Classification Factors - Water Quality 
I. Trophic State: mesotrophic (chlorophyll a = 5.49 mg/m3) 

11. Flushing Period: 5.3 years (average additional nutrient assimilation rating) 

111. Mean Depth: 5.06 m (moderate additional nutrient assimilation rating) 

IV. Volume: 1 1,600,000 m3 , 
V. Water Quality Indicators: 

Dissolved Oxygen 

PH 
[NitrogenITod 

[ P ~ o s ~ ~ o I ' U S ] ~ , ~  
Nitrogen:Phosphorus 
Water Clarity 

fairly well mixed 
8.84 
1.04 mglL 

0.024 mg/L 
43.3: 1 (phosphorus limiting) 
Secchi depth = 2.0 m 

VI. Watershed Characteristics: 
Watershed Area =1930.9 ha 
Interior Douglas Fir biogeoclimatic zone; 2 inlets, one outlet; some forest, 
some recreational area, some grazing and agriculture and some permanent 
and summer residences. 

Rating: moderate sensitivity (under review - water quality study pending) 

Summary: 
This is a small and moderately shallow lake with average flushing rate. Its condition is 
mesotrophic. Chimney Lake upstream provides some buffering effect on incoming 
nutrients, therefore we assume a moderate water quality sensitivity rating and an 
overall high sensitivity lake rating. 



Table 16. Hathaway Lake Evaluation Summary. 

Base Information 

. Area: 152 ha 
Perimeter: 8.729 m 
Elevation: 1,152 m 
Other: 1 resort, 9 residences 

Lake Classification Factors - Water Quality 
I. Trophic State: eutrophic (chlorophyll a = 7.6 mg/m3) 

II. Flushing Period: 45.2 years (low additional nutrient assimilation rating) 

III. Mean Depth: 19.7 m (high additional nutrient assimilation rating) 

IV. Volume: 29,953,000 m' 

V. Water Quality Indicators: . Dissolved Oxygen 

pH . [NitrogenlToU, 

[Phosphorus1To~l -. . Nitrogen:Phosphorus . Waterclarity 

stratified. 
7.99 
0.385 mg/L 

0.033 tng/L 
11.5: 1 (co-limitation or no limitation) 
Secchi depth = 7.25 m 

VI. Watershed Characteristics: . Watershed Area = 1,100 ha 

Rating: high sensitivity 

Summary: 
Chlorophyll a concentration of 7.6 mg/m3 predicts a eutrophic state. Water cl&ty, 

however, is excellent. High volume allowing for increased dilution of nutrients is counter- 
balanced by long flushing period. The outlet of the lake flows into Sulphurous Lake. 
Pressure from development is minimal. 



Table 17. Henley Lake Evaluation Summary. 

Base Information 

Area: 33.9 ha 
Perimeter: 2,700 m 
Elevation: 1,160 m 

- 
Lake Classification Factors - Water Quality 

I. Trophic State: mesotrophic (chlorophyll a = 5.6 mg/m3) 

11. Flushing Period: 11.4 years (low additional nutrient assimilation rating) 

111. Mean Depth: 3.8 m (low additional nutrient assimilation rating) 

IV. Volume: 1,298,000 m3 

V. Water Quality Indicators: 
. Dissolved Oxygen 

- -- pH 
[Nitrogenl~otal 

. [ P ~ o s ~ ~ o I u s ] ~ ~ , ~  

. Nitrogen:Phosphorus 
- -- . Water Clarity 

stratified. 
8.19 - -- 
0.632 m g L  

-- - - -- 

0.024 m g L  
-- .- - 

26.0.1 (phosphorus limiting) - 

Secchi depth = 2.92 m 

VI. Watershed Characteristics: . Watershed Area = 190 ha 

Rating: high sensitivity 

Summary: 
Small, mesotrophic lake with little ability to buffer nutrient loading. 



Table 18. Horse Lake Evaluation Summary. 

Base Information 

Area: 1,160 ha 
Perimeter: 3 1,000 m 
Elevation: 991 m 
Ownership: private - 79 %, crown - 21 % 

Lake Classification Factors - Water Quality 
I. Trophic State: mesotrophic (chlorophyll a = 8.4 mg/m3) 

11. Flushing Period: 3.5 years (average additional nutrient assimilation rating: 

111. Mean Depth: 15.2 m (high additional nutrient assimilation rating) 

IV. Volume: 174,600,000 m3 

. Dissolved Oxygen 

pH . [Nitrogen],,,, 
• [ P ~ o s ~ ~ o R J s ] ~ , , ~  . Nitrogen:Phosphorus 

we!l mixed at spring overturn. 
winter profile - slight oxygen deficit. 
8.09 
0.4 14 mg/L (mesotrophic) 
0.037 mg/L 

-- - 

11.2: 1 (borderline between phosphorus limitation and 
co-urntation) 

Water Clarity Secchi depth = 6.66 m 

VI. Watershed Characteristics: . Watershed Area = 83,000 ha . Horse Lake is quite close to 100 Mile House and approximately 88 % of the 
residents are permanent (Petch and Zirnhelt, 1996). There are six inflow creeks 
and one major outflow, Bridge Creek. The south shore contains most of the 
housing development, and except for at the west end, the north shore has little 
development. 

Rating: high sensitivity 

Summary: 
Mesotrophic state, but water clarity is relatively high. Has an average flushing period, a 

high mean depth, and a moderate ability to assimilate additional nutrients. The lake is rated 
as high priority for further monitoring largely because of its high recreational value and the 
large degree of permanent residents. As well, due to its downstream position in the 
watershed, Horse Lake receives runoff from many land uses upstream. These factors 
combined with data indicating phosphorus levels may be increasing, makes the lake high 
sensitivity. 



Table 19. Knight Lake Evaluation Summary. 

Base Information 

Area: 14.92 ha 
Perimeter: 1,606 m 
Elevation: 1,184 m 

Lake Classification Factors - Water Quality 
I. Trophic State: eutrophic (chlorophyll a = 8.3 mg/m3) 

II. Flushing Period: 4.8 years (average additional nutrient assimilation rating: 

111. Mean Depth: 4.4 m (low additional nutrient assimilation rating) 

IV. Volume: 662,798 m3 

V. Water Quality Indicators: I . Dissolved Oxygen 

pH . [Nitr~gen]~,,, . [ P ~ o s P ~ o ~ ~ s ] ~ , , ~  
. Nitrogen:Phosphorus . Water Clarity 

profile showing stratification and sharp decline to 
low levels near the bottom. 
8.07 
0.9 15 m g L  

0.037 m g k  
25.0: 1 (phosphorus limiting) 
Secchi depth = 4.19 m 

VI. Watershed Characteristics: . Watershed Area = 230 ha 

Rating: moderate sensitivity 

Summary: 
Small, eutrophic lake that has a fair ability to buffer nutrient loading. Pressure from 

development is minimal. 



Table 20. Lac La Hache Evaluation Summary 

Base Information 

Area: 2300 ha 
Perimeter: 42600 m 
Elevation: 808 m 
Ownership private - 78%, Crown - 20%, Reserve - 2% 
Other: 354 lots, 124 cottages, 12 commercial resorts, 2 Provincial Parks (Class 11), 

7 undeveloped.UREP sites 

Lake Classification Factors - Water Quality 
I. Trophic State: mesotrophic (chlorophyll a = 3.8 mg/m3) 

11. Flushing Period: greater than 12 years (low additional nutrient assimilation rating) 

JII. Mean Depth: 14.6 m (moderate additional nutrient assimilation rating) 

IV. Volume: 336,000,000 m3 

V. Water Quality Indicators: i . Dissolved Oxygen 

pH . [Nitr~gen],,,~ . 
. Nitrogen:Phosphorus . Water Clarity 

well mixed but very bottom is oxygen deficient 
8.5 
0.54 mg/L (1998) 

0.007 mg/L (1998) 
77.1 : 1 (phosphorus limiting) 
Secchi depth = 4.9m 

VI. Watershed Characteristics: . Watershed Area = 1 15 834.3 ha . 3 inlets and 1 outlet; biogeoclimatic zone is Interior Douglas Fir. 

Rating: high sensitivity 

Summary: 
mesotrophic state, long flushing period, moderate depth, agricultural land use along 
major inlet stream, heavily developed as residential and summer cottages, overturn 
phosphorus should be closely monitored on an annual basis due to apparent 
increasing trend. 



Table 21. Mons Lake Evaluation Summary 

Base Information 

Area: 134.8 ha 
Perimeter: 8961.1 m 
Elevation: 1 127.8 m 

Lake Classification Factors - Water Quality 
I. Trophic State: mesotrophic (chlorophyll a = 4.13 mg/m3) 

II. Flushing Period: 8.64 years (moderate additional nutrient assimilation rating) 

111. Mean Depth: 5.0m ( moderate additional nutrient assimilation rating) 

IV. Volume: 6,740,000 m3 

V. Water Quality Indicators: 
. Dissolved Oxygen 
. p H  --- . [Nitr~gen]~,,, 

-- 
. [Pho~phorus]~,,, 

-- . Nitrogen:Phosphorus 
- . Water Clarity 

well kixed @ SE Bay but stratified @ Deepest Pt. 
8.04 
0.46 mg/L 

- - . -. . - 

0.018 mg/L 
- 

25.6: 1 ( p h f i  -- 

Secchi depth = 4.53 m 

VI. Watershed Characteristics: . Watershed Area = 8052.9 ha 

Rating: moderate sensitivity 

Summary: 
Mesotrophic state 



Table 22. Otter Lake Evaluation Summary. 

Base Information 

Area: 53.18 ha 
Perimeter: 5,029 m 
Elevation: 1,158.24 m 
Other: relatively little development on lake at present 

Lake Classification Factors - Water Quality 
I. Trophic State: mesotrophic (chlorophyll a = 5.9 mg/m3) 

11. Flushing Period: 4.5 years (average additional nutrient assimilation rating) 

III. Mean Depth: 4.30 m (low additional nutrient assimilation rating) 

IV. Volume: 2,278,000 m' 

V. Water Quality Indicators: 
Dissolved Oxygen 

pH 
[NitrogenITold 
[Phosphor~s]~, ,~ 

- 

Nitrogen:Phosphorus 
Water Clarity 

spring overturn - stratification and considerable oxygen 
depletion at deep end, well mixed at west end. 
winter profile - major oxygen deficit at deep end, well 
mixed and moderate oxygen depletion at west end. . 

7.8 
0.436 mg/L (mesotrophic) 

0.026 mg/L 
-- -. . . . 

16.8: 1 (phosphorus limiting) 
- - - - - - -- - 

Secchi depth = 3.9 m 

VI. Watershed Characteristics: 
Watershed Area = 850 ha 
Small, gently sloping watershed with surrounding forests of interior douglas-fir. 
Lake is small and sheltered with large swamp at one end. 

Rating: high sensitivity 

Summary: 
Small mesotrophic lake. West end of lake is very shallow with aquatic plant growth, 

especially along the shoreline. 



Table 23. Roe Lake Evaluation Summary 

Base Information 

Area: 51.7 ha 
Perimeter: 3,400 m 
Elevation: 1.1 12 m 
Other: 100 % privately owned shoreline. 15 residences 

Lake Classification Factors - Water Quality 
I. Trophic State: mesotrophic (chlorophyll a = 5.2 mg/m3) 

11. Flushing Period: 0.4 years (high additional nutrient assimilation rating) 

111. Mean Depth: 7.6 m (moderate additional nutrient assimilation rating) 

IV. Volume: 3,943,000 m3 , 

1 
Dissolved Oxygen 
pH -- 
[Nitr~gen]~,,, 
[Phosphorus],,,, 

-- . Nitrogen:Phosphorus 
• water Clarity 

stratified profile showing deficiency near the bottom. 
8.17 
0.383 mg/L 

- - 

0.023 mg/L 
. - 

17.0: 1 (phosphorus limiting) - -- - - 

Secchi depth = 4.95 m 

VI. Watershed Characteristics: 
Watershed Area = 16,030 ha 

Rating: moderate sensitivity 

Summary: 
Mesotrophic state with relatively good capacity to assimilate additional nutrients. 

Developmental pressure fairly high. 



Table 24. Rose Lake Evaluation Summary 

Base Information 
- - - - - - 

Area: 230 ha 
Perimeter: 1 1,300 m 
Elevation: 994 m 

Ownership: private - 80% , Crown - 20 % 

Other: very irregular shoreline, forest or grasslands down to lakeshore, some swampy shore 
North shore - cottages, South shore - cottages and farming, East shore- forested, 
West shore - farming and cottages 

-- - - -- - 

Lake ~lassi f ica~on Factors - Water Quality 
- 

11. Trophic State: slight eutrophic (chlorophyll o = 7.5 mg/m3) 
- -- - - 

ne Per~od: l~kelv long flushing ~ e n o d  u - -. 
m. Mean Depth: 6.1 m (moderate additional nutrient assimilation rating) - 

IV. Volume: 14,000,000 m3 

. Dissolved Oxygen Irapid oxygen deficit, stratified 
I . DH 17.4 - 7.9 

. [Nitrogen],,,, 0.73 mg/L (1998) 

. [Phosphorus]-roml 0.02 1 mg/L (1998) . Nltrogen.Phosphorus 34.8: 1 (phosphorus limiting) . Water Clarity Secchi depth = 2.25 m 

VI. Watershed Characteristics: . Watershed Area = 4361.3 ha . intermittent spruce forests and ; considerable agricultural activity in 
immediate vicinity of the lake; cabins located mostly on West and North shores 

Rating: high sensitivity 

Summarv: 
slightly eutrophic, small watershed with significant activity, shallow, likely long flushing period 
therefore highly sensitive 



Table 25. Sheridan Lake Evaluation Summary. 

Base Information 

Area: 1,659 ha 
Perimeter: 39,600 m 
Elevation: 1,115 m 
Ownership: private - 68 %, crown - 32 % 
Other: very irregular.shoreiine, heavily utilised for fishing 

Lake Classification Factors - Water Quality 
I. Trophic State: mesotrophic (chlorophyll a = 5.7 mg/m3) 

11. Flushing Period: 24.9 years (low additional nutrient assimilation rating) 

111. Mean Depth: 7.32 m (moderate additional nutrient assimilation rating) 

IV. Volume: 12 1,154,000 m3 L 

V. Water Quality Indicators: . Dissolved Oxygen 

- . pH . [Nitrogen],,,, 
. [ P ~ O S ~ ~ O I U S ] ~ , , ~  

--- ~ Nitrogen:Phosphoms . Water Clarity 

well mixed at spring . overturn. - 

8.5 (1992) - - -. 

0.754 mg/L (eutrophic) 
~~ 

0.025 mg/L 
. - . - - - - - .- .- - -- 

30.2: 1 (phosphorus limiting) 
Secchi depth = 9.66 m 

VI. Watershed Characteristics: 
Watershed Area = 8,100 ha 
Gentle rolling terrain with low levels of water entering and leaving the lake. 
Considerable logging and clearing, some agriculture, scattered lakeshore 
development-- potential high impact on water quality. 

Rating: high sensitivity 

Summary: 
Mesotrophic lake with very long flushing period. Relatively shallow depth. High 

sensitivity, particularily in localized areas. 



Table 26. Sulphurous Lake Evaluation Summary 

Base Information 

Area: 380.8 ha 
Perimeter: 14,198 m 
Elevation: 2,944.37 m 
Ownership: private - 38 %, crown - 62 % 
Other: heavily concentrated development on north shore, one commercial resort. 

Lake Classification Factors - Water Quality 
I. Trophic State: oligotrophic (chlorophyll a = 2.8 mg/m3) 

JJ. Flushing Period: 38.4 years (low additional nutrient assimilation rating) 

111. Mean Depth: 15.36 m (high additional nutrient assimilation rating) 

IV. Volume: 58,442,000 m3 L 

V. Water Quality Indicators: . Dissolved Oxygen 

pH . [ N i t r ~ g e n ] ~ , ~ ~  - 

[Phosphoru~]~,,, 
Nitrogen:Phosphorus 
Water Clarity 

spring overturn -stratification. 
winter profile - slight oxygen depletion at greater depths. 
8.12 
0.339 mg/L (mesotrophic) 
0.012 mg/L 
28.2: 1 (phosphorus limiting) 
Secchi depth = 8.66 m 

VI. Watershed Characteristics: 
Watershed Area = 2,530 ha . Small watershed with surrounding forests of interior douglas-fir. Outlet flows 
into Deka Lake. Concentrated development on north shore of lake. 

Rating: high sensitivity 

Summary: 
Medium-sized, oligotrophic lake. Relatively high Secchi disk readings with low estimated 

chlorophyll a concentration. Potential for localized problems in concentrated development 
area. 



Table 27. Till Lake Evaluation Summary 

Base Information 

Area: 78.5 ha 
Perimeter: 7095.7 m 
Elevation: 963.2 m 

Lake Classification Factors - Water Quality 
I. Trophic State: mesotrophic (chlorophyll a = 4.59 mglm3) 

11. Flushing Period: EXTREMELY LONG ( low additional nutrient assimilation rating) 

111. Mean Depth: 7.8 m ( moderate additional nutrient assimilation rating) 

IV. Volume: 6 1.49 1,876 m3 

V. Water Quality Indicators: . Dissolved Oxygen - PH . [NitrogenITad 

. [ P ~ o s ~ ~ o ~ L I s ] ~ , , ~  

. Nitrogen:Phosphorus . .Water Clarity 

stratified - 

8.99 
1.09 mg/L 

0.020 mg/L 

54.5: 1 (phosphorus limiting) 
Secchi d s h  = 2.54 

VI. Watershed Characteristics: . Watershed Area = 2353.3 ha 

Rating: moderate sensitivity 

Summary: 
Mesotrophic state, very infrequent outflow 



Table 28. West Twin Lake Evaluation Summary. 

Base Information 

Area: 19.34 ha 
Perimeter: 2,283 m 
Elevation: 1,193 m 

Lake Classification Factors - Water Quality 
I. Trophic State: strongly eutrophic (chlorophyll a = 12.4 mg/m3) 

11. Flushing Period: 4.5 years (average additional nutrient assimilation rating: 

111. Mean Depth: 2.4 m (low additional nutrient assimilation rating) 

'IV. Volume: 464,162 m3 

V. Water Quality Indicators: (. . Dissolved Oxygen 

. pH . [Nitr~gen],,,~ . [Phosphor~s]~,,~ 

. Nitrogen:Phosphorus 
Water Clarity 

stratified profile showing deficiency near the bottom. 
8.48 
1.4 mg/L 

0.055 mg/L 

{ 
Secchi depth = 2.10 m 

VI. Watershed Characteristics: 
Watershed Area = 170 ha 

Rating: moderate sensitivity 

Summary: 
Small, eutrophic lake that rates fair in its ability to buffer nutrient loading. Low clarity 

coincides with trophic state. 



Table 29. Whitley Lake Evaluation Summary. 

Base Information 

Area: 34.30 ha 
Perimeter: 4,250 m 
Elevation: 1,187 m 

Lake Classification Factors - Water Quality 
I. Trophic State: strongly eutrophic (chlorophyll a = 12.0 mg/m3) 

11. Flushing Period: 3.2 years (average additional nutrient assimilation rating) 

111. Mean Depth: 3.1 m (low additional nutrient assimilation rating) 

IV. Volume: 1,076,807 m3 

V. Water Quality Indicators: . Dissolved Oxygen 

pH . [Nitr~gen]~,,, 
[Phosphorus]~,,~ 

. Nitrogen:Phosphorus . Water Clarity 

stratified profile showing deficiency near the bottom. 
8.7 1 
1.1 m& 

0.053 m& -- 

20.8: 1 (phosphorus limiting) 
Secchi depth = 1.17 rn 

VI. Watershed Characteristics: . Watershed Area = 630 ha 

Rating: moderate sensitivity 

Summary: 
Small, strongly eutrophic lake with fair ability to assimilate additional nutrients. Clarity 

very low and coincides with trophic state. 



Table 30. Williams Lake Evaluation Summary 

Base Information 

Area: 723 ha 
Perimeter: 19,108 m 
Elevation: 562 m 
Ownership: private - 90%, reserve - 10% 
Other: extensive development on perimeter of lake 

Lake Classification Factors - Water Quality 
I. Trophic State: highly eutrophic (chlorophyll a = 9.9 mg/m3) (summer 1998) 

11. Flushing Period: 1.5 years (high additional nutrient assimilation rating) 

111. Mean Depth: 12.2 m (moderate additional nutrient assimilation rating) 

IV. Volume: 88,200,000 m3 

V. Water Quality Indicators: 
Dissolved Oxygen 

PH 
[Nitrogenl-ro,,~ 

[ P ~ O S P ~ O ~ S I T O ~ ~ I  
Nitrogen:Phosphorus . Water Clarity 

fairly well mixed but very bottom is oxygen deficient 
7.6 - 9.35 
0.82 mg/L (1998) 

0.044 mg/L (1998) 
18.6: 1 (phosphorus limiting) - 

Secchi depth = 1.9 + l .O m 

VI. Watershed Characteristics: 
Watershed Area = 224,000 ha 
1 outlet and inlet, Interior Douglas Fir biogeoclimatic zone; 
Watershed activities include cattle ranching, some logging 
There is extensive residential development on the north and south slopes of the 
lake. 

Rating: high sensitivity 

Summary: 
Due to severe water quality problems, the MOE Lake Classification Committee (Cariboo) 
considers this lake highly sensitive, requiring stringent nutrient management to reverse its 
trophic status from eutrophic to mesotrophic in keeping with MOE Water Quality 
Objectives set for this lake in December of 1987. 



Table 31. Forest Practice Code (FPC) Lake Classifications. 

Table 32: Summary of Lake Sensitivity Ratings 
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APPENDIX 1 
BATHYMETRIC MAPS 
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APPENDIX 2 
SAMPLE FLUSHING PERIOD CALCULATIONS 



Sulphurous 
Till 
West Twin 
Whitley 
Williams 

2,530 
2,353 
170 
630 

224,000 

5 8,442,000 
6 1,49 1,876 

464,162 
1,076,807 

88,200,000 

1.523E+06 
1.106E+07 
1.023E+05 
3.792E+05 
5.880E+07 

3 8.4 
20.3 
4.5 
2.8 
1.5 



The flushing period for Bum Lake is given by 

where F, VL, and D represent flushing period, lake volume, and volume discharged 
per year (flow rate), respectively. 

For lakes outside of the Bridge Creek Basin, Horse Lake could not be used 
to determine flow rates. Instead, flow rates were obtained for the nearest 
hydrometric station to the lkke in question and, correcting for differences in 
drainage area or watershed area, the approximate flow rate for the lake was 
determined. 

Eg. Mons Lake: 

A representative hydrometric station (08MB0 1 1 : Puntzi Cr. above Puntzi 
Lake)near Mons Lake had a mean annual flow rate of '0.156 m3/sec (1988- 
1997). The drainage area for this hydrometric station is 2508 km2, and the 
watershed area for Mons Lake is 80.529 km2. 

The approximateJow rate of Mons Lake is therefore: 

And the Jlushing period of the lake is: 

6,740,000 m3 (volume of Mons Lake) 1779,855.95 m3Iyr = 8.64 years. 

' ' These numbers were taken from: Dong, C. 1998. Cariboo Region S(reamjlow Estimation (Drafr). 
Ministry of Environment, Lands and Parks. Williams Lake B.C. 



Flushing Period Calculations: 

Flushing periods for several of the lakes in this report were previously 
calculated. An example of how flushing periods were calculated in the 
Bridge Creek Basin is given below: 

I )  Horse Lake Flushing Period Calculations: 

The flushing period for Horse Lake is given by 

where F, V,, V,, and D represent flushing period, lake volume, volume of 
permitted withdrawals, and wlume discharged per year, respectively. 

D = 1.584 m3s-1 X (60 s 1 1 min) X (60 min / 1 hr) X (24 hr 1 1 day) 
X (365 days / 1 yr) 
= 4.995 X 10' m3yr-' 

2) Burn Lake Flushing Period Calculations: 

This lake was arbitrarily chosen to illustrate how flushing periods were calculated 
for the remaining lakes. These lakes do not have a flow station like Horse Lake 
and consequently flow rates could not be measured. Since Horse Lake is in a 
similar geographical area and experiences similar precipitation it is reasonable to 
use its flow rate to predict flow rates for the rest of the lakes. This is done by 
dividing the flow rate of Horse Lake by its watershed area and then by multiplying 
by the watershed area of the lake who's flow rate is in question. 

flow rateHone Lake / watershed areaHone Lake 

= 4.995 X 107 1n3~r-l  183.000 ha 
= 601.8 m3yr-'ha-' 

flow r a t e ~ u r n  Lake 

= (flow rateHorsc Lake / watershed areaHorse X watershed areaBurn Lake 

= 601.8 1n3~r lha -1  X 310 ha 
= 1.866 X 10' m3yr-' 



APPENDIX 3 
1998 HYDROLAB DATA 



Station: Bridge Lake @ East End 

EMS Number: E222869 Water Conditions: ripply 

Date: 98/05/20 Weather: sunny with clouds 

Crew: 
Time 

(24 hour clock) 

11:18:50 

11:21:00 

1 1 :23:00 

1 1:25:55 E 
JS, BM Secchi: 6.7 m @ 11:15 am 

Depth pH Temp Dissolved Conductivity Salinity Redox 

(m) ("C) 02(mgL) (uS/cm) ( N m  

0.5 8.34 12.14 10.33 20 1 0.1 112 

Station: Bridge Lake O, West End 

EMS Number: E222872 Water Conditions: ripply 

Date: 98/05/20 Weather: sunny with clouds 

Crew: JS, BM Secchi: 7.4 m @ 12:40 pm 

Station: Bridge Lake @ North End 

EMS Number: E222871 Water Conditions: ripply 

Date: 

Time 

(24 hour clock) 

13: 14:37 

13: 1659  

13:20:50 

13:24: 10 

13:28:00 

Crew: 

(24 hour clock) 

15:34:08 

15:37:05 

15:39:22 

15:42:00 

Temp 
L 
("C) 

12.89 

9.02 

5.78 

3.76 

3.56 

98/05/20 

JS. BM 

Depth 

Depth 

(m) 

0.5 

5 

10 

15 

22 

Weather: sunny with clouds 

pH 

8.34 

8.35 

7.97 

7.67 

7.35 

Secchi: 7.7 m @ 15:OO 

pH Temp Dissolved Conductivity Salinity Redox 

("C) o2(mg/L) (uS/cm) (NTU) 

8.36 14.66 9.92 204 0.1 96 

Dissolved 

Oz(mg/L) 

10.24 

11.14 

8.44 

2.04 

0.32 

Station: Bridge Lake @ Deepest Pt 

EMS Number: E222870 Water Conditions: ripply 

Date: 98/05RO Weather: sunny with clouds 

Salinity 

( N m )  

0.1 

0. I 

0.1 

0.1 

0. I 

Conductivity 

(uSIcm) 

204 

207 

217 

223 

228 

Crew: JS, BM Secchi: 7.lm @ 10:OO am 

Redox 

116 

115 

126 

133 . 
-30 

Time 

(24 hour clock) 

10:21:21 

10:23:58 

10:25:55 

10:28:52 

10:3 1 :30 

Depth 

(m) 
0.5 

10 

20 
30 

32 

pH 

8.01 

8.17 

7.96 
7.85 

7.8 1 

Temp 

("C) 
12.01 

4.94 

4.3 

1.03 

3.97 

Dissolved 

O2 (mg/L) 
10.5 

10.13 

8.89 

8.07 

7.71 

Conductivity 

(uSlcm) 

20 1 

214 

217 

218 

219 

- 
Salinity 

(NW) 
0.1 

0.1 

0.1 

0. I 
0.1 

Redox 

92 

100 

106 

109 

111 



Station: Deka Lake @ Centre 

EMS Number: E222867 Water Conditions: ripply 

Station: Deka Lake @) South End 

EMS Number: E222862 Water Conditions: ripply 

Date: 9810512 1 Weather: sunny with high clouds 

Crew: JS, BM Secchi: 7.4 m @ 15:00 

Time 

(24 hour clock) 

15:35:02 

15:36:43 

15:37:52 

15:40:35 

15:42: 15 

Station: Deka Lake @ Deepest Point 

EMS Number: E222866 Water Conditions: calm 

Date: 9810512 1 Weather: sunny with high clouds 

Crew: JS, BM Secchi: 10.3 m @ 13:40 

Date: 9810512 1 

Crew: IS, BM 

Time 

(24 hour clock) 

14: 10:45 

14:12:18 

14: 14:05 

14: 15:40 

14: 16:Jj 

Weather: 
Secchi: 

Depth 

(m) 

0.5 

5 

10 

20 ' 

27 

sunny with high clouds 

11.4 m 0. 12:OO 

I Time I Depth I pH 

pH 

8.39 

8.3 I 

7.81 

7.16 

7.33 

Dissolved 

OZ(mg/L) 

10.14 

1 1.24 

6.69 

2.85 

1.44 

Depth 

(m) 

0.5 

10 

20 

30 

3 8 

l2:47:49 i! ;:Bi 

12:50:00 

1255:  10  

12:59:30 PM 97.7 7.82 

'reading taken after hitting bottom of lake 

Temp 

("C) 

15.06 

9.22 

5.76 

4.76 

4.58 

Salinity 

0.I-W 
0. I 

0. I 

0. I 

0.1 

0.1 

Conductivity 

(uS1cm) 

178 

182 

187 

190 

193 

Temp 

("C) 

13.08 

5.42 

4.27 

3.98 

3.9 

pH 

8.2\ 

8.3 1 

8.21 

8.14 

8.1 

Temp I Dissolved I Conductivity I Salinity I Redox 

Redox 

113 

114 

127 

136 

79 

Redox 

103 

105 

107 

109 ' 

110 

Dissolved 

0, (mg/L) 

10.34 

12.09 

1 1.65 

11.4 

11.12 

Conductivity 

(uSlcm) 

162 

161 

162 

162 

161 

Salinity 

(NTU) 
0.1 

0. I 

0. I 

0.1 

0. I 



Station: Horse Lake 0 Deepest Point 

EMS Number: 0603 100 Water Conditions: calm 

Date: 98/04/30 Weather: sunny 

Crew: JS. LW Secchi: 4.69 m 

Station: Horse Lake @ East End 

EMS Number: 0603 106 Water Conditions: 
5 

ripply 

98/04/30 Weather: Date: sunny 

Crew: JS, LW Secchi: 3.02 m 

Time 

(24 hour clock) 

1 1 :20:39 

1 1 :23:40 

1 1 :24:20 

1 1 :23:50 

1 1 :26:30 

1 1 :28:50 

1 1 :30:50 

Station: Horse Lake @ West End 

Depth 

(m) 

surface 

5 

10 

I5 

20 

25 

30 

EMS Number: 0603099 

Date: 98/04/30 

Time 

(24 hour clock) 

13:05:50 

13:08:30 

13:10:40 

13:13:30 

13:14:50 

13:16:50 

Water Conditions: calm 

Weather: sunny 

pH 

8.3 1 

8.2 

8.2 

8.19 

8.17 

7.94 

7.72 

pH 

8.13 

8.23 

8.12 

7.97 

7.9 

7.84 

Depth 

(m) 

surface 

5 

10 

I5 

20 

23 

Crew: JS, LW Secchi: 5.19 m 

(24 hour clock) 

Temp 

("0 
9.64 

5.58 

5.16 

4.66 

4.52 

j.89 

3.49 

Temp 

(OC) 

9.4 

5.36 

4.37 

3.85 

3.67 

5.58 

Dissolved 

0, (mglL) 
11.68 

12.28 

11.95 

1 1.89 

11.67 

9.58 

6.9 

Dissolved 

0, (mg/L) 

1 1.38 

12.28 

11.2 

10.13 

9.47 

8.86 

Conductivity 

(uS/cm) 

268 

266 

267 

27 1 

274 

Redox 

128 . 

124 

127 

130 

132 

133 

Conductivity 

(uS/cm) 

250 

27 1 

27 1 

274 

278 

279 

Conductivip 

(uSlcm) 

27 1 

269 

346 

27 1 

272 

278 

284 

Salinity 

(NW) 

Salinity 

(NTU) 

Redox 

129 

127 

125 

125 

125 

Salinity 

(NW) 

Redox 

117 

115 

114 

114 

114 

120 

126 



Station: Mons Lake @ Deepes~ Poinl 

EMS Number: E231820 Water Conditions: calm 

Date: 98/05/06 Weather: sunny and warm 

Crew: JES. JAA Secchi: 4.75 m @ l2:02 

Station: Mons Lake Gj SE Bay 

EMS Number: 
Date: 
Crew: 

Time 

(24 hour clock) 

12:42:00 

12:44:00 

E23 1822 Water Conditions: ~ ~ P P I Y  

98/05/06 

JES. JAA 

Weather: 
Secchi: 

sunny and warm 

4.3 m (i3. 12:25 - 
Depth 

(m) 

surface 

PH 

8.27 

Temp 

("C) 

13.67 

Dissolved 

0, (mg/L) 

9.57 

Conductivity 

(~S lcm)  

188 

Salinity 

WTU) 

Redox 

131 



Station: Otter Lake @ West End 

EMS Number: 0803013 Water Conditions: ripply 

Date: 98/05/27 Weather: sunny with clouds, windy 

Station: Otter Lake @ Deep End 

EMS Number: 0803012 Water Conditions: ripply 

Date: 98/05/27 Weather: sunny with clouds, windy 

Crew: JS. BM Secchi: 4.8 m 0 1  1:30 

Crew: JS. BM Secchi: bottom @ 2. lm @ 12:25 

Dissolved 

Time 
(24 hour clock) 

12:36:00 

12:38:00 

12:40:00 

Conductivity 

Depth 

(m) 
0.5 

1 

1.5 

pH 

Temp 

P C )  

17.12 

I5 

9.02 

5.84 

4.16 

4.16 

pH 

8.51 

8.2 

8.01 

7.45 

7.13 

7.0 1 

Time 

(24 hour clock) 

12:O 1 :38 

12:06:3 1 

12:04:50 

12:08:05 

12: 10:35 

12:13:24 

Depth 

(m) 

0.5 

3 

4 

5 

10 

13 

Temp 

("C) 

Dissolved 

02(mgL) 

8.38 16.81 

8.45 16.79 

8.15 j 16.8 

Conductivity 

(uS/cm) 

9.64 

9.56 

9.5 1 

158.2 

138.3 

138.3 

Salinity 

(NTU) 

Redox 

0. I 

0.1 

0. I 

65 

60 

58 



Station: Rose Lake @ Centre 

EMS Number: E216926 

Date: 98/06/03 

Crew: JS. BM 

Water Conditions: ripply 

Weather: cloudy 

Secchi: 4.1 m @ 12:lO 

Station: Rose Lake @ West End 

EMS Number: E216927 Water Conditions: ripply 

Date: 98/06/03 Weather: sunny with clouds 

Crew: JS. BM I' Secchi: 4.0 m Q 11:OO 

Time 

(24 hour clock) 

12:38:32 

12:40:25 

12:42: 18 

12:43:38 

12:44:40 

Depth 

(m) 

0.5 

4 

8 

12 

16 

Time 

(24 hour clock) 

1 1 :33:38 

11:37:15 

1 1 :40:20 

1 1 :42:05 

Depth 

(m) 

0.5 

4 

8 

I2 

pH 

8.57 

8.35 

7.6 

7.52 

7.44 

Temp 

ccC) 

17.73 

15.31 

6.99 

6.18 

6.06 

Dissolved 

0 2 ( m f l )  

9.23 

8.58 

0.86 

0.45 

0.35 

pH 

8.74 

8.54 

7.59 

7.48 

- 

Temp 

('C) 

17.19 

15.58 

6.64 

6.23 

Conductivity 

(uS/cm) 

277 

277 

274 

274 

277 

Salinity 

(NTU) 

0.1 

0.1 

0. I 

0.1 

0. I 

Dissolved 

O?(mfl)  

9.5 

8.72 

0.54 

0.42 

Redox 

73 

77 

98 

102 

-2 

Salinity 

(NTU) 

0.1 

0. I 

0.1 

0.1 

Conductivity 

(uS/cm) 

276 

277 

274 

277 

Redox 

98 

95 

119 

-2 



Station: Sulphurous Lake @ Deepest PI. 

EMS Number E222874 Water Conditions: ripply 

Date: 98/06/04 Weather: sunny with clouds 

Crew: JS, BM 

Time I Depth I pH 

(24 hour clock) (rn) 

13:05:50 0.5 8.5 l 

Secchi: 8.0 rn @ 12: I2 

Temp Dissolved Conductivity Salinity Redox 

('C) 0, (rng'L) (uS/crn) (NTU) 

15.94 9.59 235 0. I 98 

L Station: Sulphurous Lake @ West End 

EMS Number E222873 Water Conditions: ripply 

Date: 98/06/04 Weather: sunny with clouds 

Crew: JS, BM .Secchi: 8.4 rn Q 10:30 

Time 

(24 hour clock) 

ll:12:13 

11:14:30 

1 1:17:30 

I l:19:17 

ll:21:15 

1 1 :23:44 

Depth 

(rn) 

0.5 

10 

I5 

20 

25 

30 

pH 

8.54 

8.57 

8.05 

7.79 

7.66 

7.56 

Temp 

( " C )  

15.61 

6.42 

4.89 

4.3 l 

4. I2 

4.03 

Dissolved 

O,(rn@L) 

9.69 

11.12 

6.78 

3.66 

2.7 

1.5 l 

Redox 

87 

9 1 

103 

110 

113 

11 1 

Conductivity 

(uS/crn) 

235 

244 

246 

247 

248 

248 

Salinity 

(NTU) 

0. I 

0. I 

0. I 

0.1 

0. I 

0.1 



Station: Sheridan Lake O, East Bay 

EMS Number: E216932 Water Conditions: ripply 
Date: 981051 19 Weather: cloudy 

Crew: JS. BM Secchi: 9.7 m (2 13:55 

Station: Sheridan Lake @ South Bay 

- 

EMS Number: E21693 1 Water Conditions: ripply 

Time 

(24 hour clock) 

Date: 98105119 Weather: cloudy 

Depth 

(m) 

0.5 

5 

10 

15 ' 

Station: Sheridan Lake @ Centre 

EMS Number: E216929 Water Conditions: ripply 

Date: 981051 19 Weather: cloudy 

Crew: JS, BM Secc hi: visible on bottom 7.9 m @ 14:30 

pH 

8.6 

8.68 

8.48 

8.26 

Station: Sheridan Lake O, West Bay 

EMS Number: E216930 Water Conditions: ripply 

Date: 981051 19 Weather: sunny with clouds 

Time 

(24  hour clock) 

Crew: JS, BM Secchi: 11.4 m @  11:30 

Temp 

("C) 

12.68 

11.67 

5.62 

5.08 

Depth 

(m) 

0.5 

Dissolved 

0, (rng/~)  

10.7 

Time 

(24 hour clock) 

12: 15:OO 

12:17:10 

12: 18:OO 

12:19:55 

12:22: 10  

Crew: JS, BM Secchi: visible on bottom 9.7 m @ 12:45 

Dissolved 

0 2 ( m g L )  
10.58 

10.58 

7.52 

5.67 

Conductivity 

( u ~ l c m )  

392 

Salinity 

( W )  

Depth 

(m) 

0.5 

5 

10 

20 

30 

pH 

8.5 1 

8.6 

8.52 

8.31 

8.19 

pH 

8.68 

Redox 

92 

T ime  

(24 hour clock) 

Conductivity 

(uSlcm) 

392 

392 

429 

428 

Temp 

(063 
12.96 

Temp 

("C) 

12.49 

11.88 

7.5 

5.28 

4.86 

Depth 

(m) 

0.5 

6 

Redox 

92 

92 

pH 

8.68 

8.73 

Salinity 

m) 
Redox 

88 

83 

92 

97 

Redox 

83 

79 

83 

89 

91 

Dissolved 

O2 (mg/L) 

10.52 

10.55 

10.34 

7.08 

5.24 

Temp 

("C) 

12.96 

10.69 

Conductivity 

(uSlcm) 

390 

391 

418 

427 

429 

Dissolved 

O Z ( ~ & )  

10.7 

12.69 

Salinity 

(NTU) 

Conductivity 

(uSlcm) 

392 

406 

Salinity 

( W )  



APPENDIX 4 
WATER QUALITYIQUALITY ASSURANCE 

EVALUATION 



' ~ u a l i t y  Assurance/QualiQ Control 

During the 1998 overturn field sampling program. a number of quality assurancelquality 
control samples were collected to assess the overall quality of the data. One equipment 
blank, one de-ionized water blank, and one set of surface replicate samples were collected 
at each of the lakes. 

DATA QUALITY OBJECTIVES 

Field blanks 

Blanks were analyzed to determine if method detection limits (MDL) were exceeded for 
any parameter. Five percent or more of the blanks exceeding the MDL for a specific 
parameter is an indication that contamination has occurred. If environmental levels are 
ten times the level of the blanks, contamination is not a concern as the level of 
contamination is too small to affect environmental levels. 

Analysis of the blanks indicated very little difference between the equipment values and 
de-ionized water values. Therefore, all blanks were included in the calculations of the 
system detection limit (SDL! and the system limit of quantification (SLQ). The SDL 
refers to the concentration at which the method of analysis will likely report a.true 
positive and the SLQ refers to the concentration above which the method of analysis will 
report values within + 30% of the true value2. The following equation is used to 
determine the SDL: 

SDL = mean field blank + 3 * SD offield blanks 

Two different equations were used to determine the system limit of quantification. For 
parameters with blanks reporting values in excess of their method detection limit (MDL) 
the following equation was used to calculate the SLQ. 

SLQ = mean offield blanks + 10 * SD offield blanks 

For parameters with no exceedances of their MDL , the following equation was used to 
calculate their SLQ: 

SLQ = 3.3 * SDL 

' Much of this section was taken from: Zirnhelt. N. and R. Petch. 1997. Water Qualitv,Luke Sensitiviry 
Ratings, and Septic Seepage S~rn.e?.s of Six Lakes in the Bridge Creek Basin. Ministry of Environment. 
Lands and Parks. Williams Lake. B.C. and from: DiTomaso, L. and N. Zirnelt. 1998. Bridge Creek 
Watershed Volunteer Luke Secchi Disk Monitoring Program and Spring Overturn Water Chenzistry 1997. 
Ministry of Environment, Lands and Parks. Williams Lake, B.C. 
' Pomrnen, L. 1997. Monitoring and Evaluation Specialist. Water Quality Branch. Ministry of Environment. 
Lands and Parks. Victoria, B.C. Personal Communication. 



exceed ten times the MDL therefore contamination may have affected environmental 
levels. For TDP, environmental levels exceeded ten times the MDL on Rose Lake but not 
on Otter Lake; therefore. contamination may have affected environmental levels of TDP 
on Otter Lake. Finally, for silica. environmental levels exceeded ten times the MDL on 
Otter, Rose, Sheridan and Sulphurous Lakes but not on Deka Lake; therefore 
contamination may have affected environmental levels of silica on Deka Lake. 

To assess confidence in the reported environmental values, SLQs are examined. Cases 
where minimum environmental levels are larger than the SLQ have the greatest 
confidence. An exception to this is where more than 5 % of the blanks exceeded the MDL 
and environmental levels were not greater than ten times the MDL. 

The following table summarizes which lakes and parameters had mean environmental levels 
above the SLQ. An X indicates that minimum, maximum and mean environmental levels 
exceed the SLQ. If mean is written in the box, only the mean and maximum environmental 
levels exceed the SLQ. If max is written, only the maximum environmental levels exceed the 
SLQ. Empty boxes refer to cases where the SLQ was not exceeded by environmental levels. 
Parameters where greater than 5% of the blanks exceeded the MDL but environmental levels 
were not greater than ten times the MDL have decreased confidence and are highlighted in the 
table by grey shading. 

True Colour 

The environmental levels for most lakes did not exceed the SLQ for this parameter 
therefore confidence in their true colour data is poor. Three lakes did have some 
environmental levels greater than the SLQ therefore they have greater confidence than the 
other lakes for this parameter. The maximum environmental level for Rose Lake 
exceeded the SLQ, and the mean and maximum environmental levels for Williams Lake 
exceeded the SLQ. The only lake that had minimum environmental levels exceed the 
SLQ for true colour was Otter Lake. Therefore the confidence in the values for this lake is 
high. 



Conductivity, Total Nitrogen, Total Pltosphorus and Filterable Residue 

For these parameters mean environmental levels at all lakes exceeded the SLQ for each 
parameter. The coniidence in these parameters is high. However, rninimun environmental 
levels did not exceed the SLQ for conductivity and total phosphorus at Sulphurous Lake 
and total phoshphorus at Deka Lakes (although the maximum and mean environmental 
levels did). Therefore there is slightly lower confidence for these lakes for the parameters 
identified. 

Ammonia 

Confidence in ammonia concentrations for Chimney, Felker, Mons, Otter, Rose, and 
Sheridan Lakes is high as all environmental levels exceeded the SLQ. Confidence is 
slightly lower for Bridge Lake, Lac La Hache, Sulphurous and Till Lakes as only the 
mean and maximum environmeptal levels exceeded the SLQ for ammonia. Only 
maximum environmental levels lor Deka and Williams Lakes did not exceed the SLQ for 
ammonia making confidence in their values low. For Horse Lake, confidence in the 
values for this parameter are low as no environmental levels exceeded the SLQ. Bouchie 
lake was not analyzed for this parameter. 

Nitrite 

For this parameter, only Chimney lake had all environmental levels exceeding the SLQ. 
Only the maximum environmental level was exceeded for Bridge Lake while all other 
lakes showed all environmental levels below the SLQ. Therefore, most of the lakes have 
poor confidence with respect to environmental nitrite values. In addition, Greater than 5% 
of the blanks exceeded the MDL for this parameter and all were less than ten times its 
MDL making contamination a possibility and further decreasing the confidence in this 
parameter. Bouchie Lake was not analyzed for this parameter. 

Nitrite and Nitrate 

Only Chimney Lake and Williams Lake have high confidence for this parameter as all 
their environmental levels exceeded the SLQ. Mean environmental concentrations for this 
parameter exceeded the SLQ for Sheridan and Sulphurous Lakes but the minimum 
environmental levels did not. Both mean and minimum environmental levels failed to 
exceed the SLQ for Bridge, Deka and Rose Lakes. The confidence in nitrite and nitrate 
for these lakes is low. Confidence in the rest of the lakes (Felker, Horse, Lac La Hache, 
Mons and Otter) is even lower as no environmental levels exceeded the SLQ for nitrite 
and nitrate. Bouchie Lake was not analyzed for nitrite and nitrate. 



Only Williams Lake had all environmental levels exceed the SLQ for this parameter. 
Concentration for all other lakes is low, although maximum environmental levels did 
exceed the SLQ for Bridge, Deka, Horse, Rose, and Sulphurous Lakes. No environmental 
levels exceeded the SLQ for Chimney, Felker, Lac La Hache, Mons, Otter, Sheridan and 
Till Lakes. In addition, more than 5 % of the blanks exceeded the MDL for this parameter 
and none of the environmental levels exceeded ten times the MDL. Therefore, 
contamination may have affected environmental levels, making confidence in the 
environmental values for this parameter decrease. Bouchie Lake was not analyzed for this 
parameter. 

Total Dissolved Phosphorus 

Confidence in the TDP concentrations for Bouchie, Bridge, Otter and Williams Lakes is 
high. However, more than 5 % of the blanks for this parameter exceeded the MDL. For 
Otter Lake, the environmental concentrations did not exceed more than ten times the 
MDL making confidence in thcvalues for this lake decrease. Confidence in Lac La 
Hache TDP concentrations is low as no environmental levels exceeded the SLQ. For 
Chimney, Deka, Felker, Horse. Sheridan, Sulphurous, and Till Lakes, only the maximum 
environmental TDP concentration exceeded the SLQ, giving these lakes low confidence 
for this parameter. Mean and maximum environmental concentrations exceeded the SLQ 
for Mons and Rose Lakes. 

Non-Filterable Residue 

Confidence for environmental levels of non-filterable residue is low for all lakes. No 
environmental levels exceeded the SLQ for this parameter on any of the lakes monitored 
in1998. 

Silica 

Only Bouchie Lake had no environmental levels exceeding the SLQ for silica. All other 
lakes had all environmental concentrations exceeding the SLQ except for Deka Lake and 
Rose Lake. Minimum environmental levels of silica failed to exceed the SLQ for these 
two lakes. For this parameter, more than 5 % of the blanks exceeded the'MDL. For Deka 
Lake, the environmental levels failed to exceed ten times the MDL giving lower 
confidence to the silica values for Deka Lake as contamination may have occurred. All 
other lakes with environmental levels exceeding the MDL had environmental levels 
greater than ten times the MDL. 

Turbidity 

Confidence in the environmental values for this parameter is high for Bouchie, Felker, 
Rose, Till, and Williams Lakes. These lakes had all environmental values exceeding the 
SLQ for turbidity. Minimum environmental values failed to exceed the SLQ for 
Chimney, Horse, and Sulphurous Lakes while both minimum and mean environmental 

- 



values failed to exceed the SLQ for turbidity in Bridge, Deka, Lac La Hache, Mons and 
Sheridan Lakes. These lakes have decreased confidence for this parameter. Cofidence is 
low for Otter Lake which had no environmental values for turbidity exceeding the SLQ. 

Analysis of Replicates 

Only one of the 14 sets of replicates was greater than five times the MDL for true colour. 
The relative percent difference for this set was zero which is well below the allowable 
25% difference. Therefore; the precision of these replicate sets is high. 

Thirteen of the 14 sets of replicates were greater than five times the MDL for 
conductivity. Only one replicate set had a relative percent difference exceeding 25%. This 
set was for Sheridan Lake with a difference of 41%. This parameter lacks precision for 
Sheridan Lake. 

Three sets of replicates exceedkd five times the MDL for ammonia. Of these, only Otter 
Lake had a high relative percentage difference (36%) that exceeds the allowable 25%. 
This parameter lacks precision on Otter Lake. One replicate set exceeded the MDL by 
more than five times for nitrite. However, the relative percent difference was zero ; 
therefore precision for these replicate sets is high. Two replicate sets exceeded the MDL 
by more than five times for nitrite and nitrate; however, these sets both had relative 
percent differences well below 25%. The precision for these replicate sets is high. All 
replicate sets exceeded the MDL by more than five times for total nitrogen. However, 
only the set for Deka Lake exceeded 25%, with a difference of 28%. Total nitrogen data 
therefore lacks precision for Deka Lake. 

Only one set of replicates exceeded the MDL by more than five times for ortho- 
phosphate. This set did not have a relative recent difference of more than 25%, therefore, 
precision for ortho-phosphate data is high. Nine sets of replicates exceeded the MDL by 
more than 25% for total phosphorus. Two of these sets had relative percent differences of 
greater than 25%. These were Bouchie Lake with a difference of 27% and Mons Lake 
with a difference of 45%. The precision in the total phosphorus data for these lakes is 
low. Three of the 14 replicate sets exceeded the MDL by more than five times for total 
dissolved phosphorus. Of these, the relative percent difference of Bouchie Lake (67%) 
exceeded the allowable 25%. Therefore, total phosphorus data for this lake lacks 
precision. 

All 14 replicate sets exceeded the MDL for filterable residue by more than five times. Of 
these, no sets had relative percent differences in excess of 25% , therefore precision for 
these sets of replicates is high. No replicate sets exceeded the MDL by more than five 
times for filterable residue. 

Twelve replicate sets exceeded the MDL for silica by more than five times. Of these, all 
had relative percent differences of less than 25 %. All 14 replicate sets exceeded the 



MDL by more than five times for turbidity. Of these. the relative percent differences for 
Deka Lake (41%) and Sulphurous Lake (52%) exceeded the allowable difference of 25%. 
Therefore, the precision of turbidity data for these two lakes is low. 

Sammarv nf 1.akes With Greater Than 2S0/n Percent nifference 

TDP = total dissolved phosphorus 
TP = total phosphorus '. 
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APPENDIX 5 
RAW OVERTURN WATER CHEMISTRY DATA 







APPENDIX 6 
FOREST PRACTICES CODE LAKE 
CLASSIFICATION DESCRIPTIONS 



Intent is to provide for the protection of those lakes which may have significant 
ecological importance and should be maintained in their current state. 

Access may vary. 
No land development. 
No commercial quotas. 
Restricted fishing regulations. 

2) Harvesting Guidelines for Lake Classes 

The Timber Harvesting Guidelines apply to the Lakeshore Management Zone 
(LMZ). The LMZ is a site specific area which will vary according to the unique 
features of each lake. 

CLASS 

A - Preservation 

No new harvesting. 
Natural ecological processes predominate. 

B - Retention 

Forest management activities may be present, but are not noticed by the casual 
viewer as being different from the existing natural landscape. 
Selection harvesting preferred. 

C - Partial Retention 

Management activities remain visually subordinate to the characteristic 
landscape. 

D - Modification 

Forest management activities are immediately noticed, but repeat naturally 
occurring line and form. 



The following lake classification information was extracted from Ministry of 
Forests (1 994). 

1) Lake Management Objectives 

CLASS 

G - General Lakes 

Intent is to provide for lakes primarily used for public recreation in a 
predominantly rural and natural setting. 

Access is generally good two wheel drive. 
Land development m'ay vary from none to restricted. 

Q - Quality Lakes 

Intent is to provide areas with natural features where limited development may 
occur. 

Access may vary. 
Pristine surroundings. 
Limited or no commercial development. 

Q/W - Quality Wilderness Lakes 

Intent is to provide undisturbed areas with natural features having non- 
motorised access. 

Hike or fly in only. 
Pristine surroundings. 
Limited or no commercial land development. 
Special fishery regulations. 

R - Refugea Lakes 



E - Maximum Modification 

Forest management acti~.ities are highly visible. 

3) Visual Sensitivity of Vie wsit ed 

Determine if landscape assessments or computer assessments are required-- or 
if viewshed is unimponant. 

CLASS 

S1 - Full Assessment - Landscape 

S2 - Visually Sensitive - Full Assessment may or may not be Required 

S3 - Visual Sensitivity but of Less Concern 

4) Boating Regulations 

CLASS 

G - General 

N.P.B. - No Power Boats 

# H.P. - Maximum Horse Power 

E.M.O. - Electric Motors Only 




