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1

Review of Ray Blackport Memo (from December 10, 2013) 

1. Why the extended trendline “did not pass through the 7Q20 point”?
The linear regression equation Q10th Line = A*Q8th Line – B describes the relationship 
between flows at 8th Line (independent variable) and flows at 10th Line (dependent 
/response variable). The unknown parameters A and B in a linear regression model were 
estimated using the least squares approach. This method minimizes the sum of squared 
vertical distances between the observed responses in the data set and the responses 
predicted by the linear approximation. 

The above mentioned equation was developed for the 2013 summer - fall flow conditions, 
which could be considered a wetter than average year. Daily stream flows for this period 
were considerably higher than the 7Q20 value established for the West Credit River at 8th

Line based on historical WSC gauge data.

2. How much the lower portion of this line (rating curve at 10th Line) could change 
with additional low flow data? 

As stated in the CVC October 31st 2013 memo: 
 “a preliminary rating curve for the West Credit River at 10th Line was developed by 
Civica Infrastructure Inc. based on spot flow measurements collected by CVC staff. 
Efforts were focused on measuring flows during dry conditions, however generally 
wet conditions have persisted throughout 2013 and flows measured in summer 2013 
were higher than typical summer low flows. 
A curve fit equation was used for conversion of continuous water level data to a 
continuous flow record. As the range of measured discharge rates is limited, the 
rating curve may require further calibration when more measurements are available, 
however it is a reasonable fit based on the available data.”

3. Review of Scatter Plots provided in the Ray Blackport Memo 
a. Figures 5, 7, 10, 11 and Table of findings – exponential trendline:

Exponential regression produces an exponential curve that best fits a set of data that 
does not change linearly with time; i.e., exponential functions describe how things grow 
or decay as time passes (exponential growth and exponential decay).  It is widely used 
in physics, chemistry, mathematical biology, economics, and sociology.  

However, our goal is to describe the relationship between flows at 8th Line 
(independent variable) and flows at 10th Line (dependent /response variable) and to 
obtain a best-fit trend line. The available data definitely suggest a straight line and 
hence a linear relationship between variables was established. However, if exponential 
regression is applied to the available flow values, a minimum flow of 0.211 m3/sec will 
be computed when there is no flow at 8th Line (i.e. by placing a value of X = 0, which is 
not possible). Also, if it is assumed that flow at 8th Line equals to 1 m3/sec, the 
computed exponential flow value at 10th Line equals ~ 5 m3/sec, which seems 
unrealistic. For more details refer to the Table 1. 
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Table 1: Summary of flow values at 10th Line estimated by exponential trendline 

b. Adding of measured low flow data from 2000 (2 data points)

Ray Blackport proposal to add low flow data from the summer of 2000 CVC survey (2 
data points) to the current data set looks rational. Discharges in the year 2000 were 
measured at almost the same locations as 2013 discharges. Acceptable current meters 
(Price A, calibrated in WSC center) and methodology were used by CVC staff. 

Figure 1 (same as Figure 6 in the Ray Blackport Memo) demonstrates that linear 
regression has improved through the addition of two low flow data points to the 2013 
data set. Moreover, the linear trend line passes very close to the 7Q20 data point. The 
value of 7Q20 at 10th Line calculated by using the developed linear regression equation 
will be 0.217 m3/sec, slightly higher than 7Q20 value proposed in the October 31st 2013 
memo. For more details refer to the Table 2. 

Table 2: 7Q20 at 10th Line estimated by linear regression equation 
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Scatter graph of daily flows (m3/sec) for the West Credit River (July - October 2013) 
with added two low flow data points from year 2000 CVC survey

y = 1.9184x - 0.0213
R2 = 0.710
R = 0.843
8th Line: 7Q20 = 0.124 m3/sec
10th Line: 7Q20 = 0.217 m3/sec
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Figure 1: CVC scatter plot with added two data points for low flow in 2000 and 
Linear Trend Line 

4. Conclusion
CVC recomends to use a value of 7Q20 = 0.217 m3/sec for the West Credit River at 10th

Line. This value is consistent with methodology and data used by CVC and simultaniously 
reflect a rational approach proposed by Ray Blackport.
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MEMO 

Date: November 7, 2013 
From: Alexander Pluchik, Water Resources Specialist, CVC 
To: Craig Fowler, Surface Water Specialist, MOE (West-Central Region)

John Kinkead, Deputy CAO and Director, Water Resources Management and 
Restoration, CVC
Dan Banks, Senior Manager - Water Operations and Geoscience, CVC 
Neelam Gupta, Manager - Hydrology and Hydraulics, CVC 

Cc: 

Jennifer Dougherty, Manager – Water Quality Protection 
Re: West Credit River Low-flow Assessment – Assimilative Capacity Study, Erin 

SSMP   

I’m forwarding the additional details surrounding CVC’s determination of a recommended low-
flow value for the West Credit River in response to the request you made at last Friday’s meeting 
in Guelph. 

The following notes help explain each of the attached files.  
       
1. 7Q20 calculation spreadsheet

a. “WSC_7-day minimum” worksheet
• Minimum annual 7-day flows were extracted from the annual daily discharge tables 

for the 8th Line Water Survey of Canada (WSC) Gauge # 02HB020 (Table 1).
• 2012 flow data are still considered “provisional” (i.e. subject to revision by WSC).
• The Cunnane plotting-position formula was used to estimate the empirical 

exceedance probability (Table 1). This formula is in use by Environment Canada as 
described in “Low Flow Frequency Analysis Package – LFA” (Environment Canada, 
September 1988).  

• The low-flow frequency analysis was performed using the Gumbel III distribution. 
This distribution has been recommended by Environment Canada as the best fit for 
extreme value analysis of low flows in the streams of Ontario (Condie, Cheng, "Low 
Flow Frequency Analysis”, 1987). 

• The results of low flow frequency analysis are presented in Table 2 and Figure 2. 
The Gumbel III and Cunnane frequency curves show very good fit, as can be seen 
from Figure 2. Re-examination of the 8th Line data following Friday’s meeting 
supports use of a 7Q20 value of 0.124 m3/sec at this location based on the Gumbel 
III distribution. This is only marginally different than the 7Q20 value of 0.120 m3/sec 
mentioned in my Oct 31st memo.  
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b. “Flow-correlation” worksheet
• Description of the development of a preliminary rating curve and of the methodology 

used for the calculation flows at the new 10th Line gauge has been provided in the 
Oct 31st memo. 

• 2013 flow data for the 8th Line gauge are also still “provisional”. 
• Real-time flows with a time interval of 15 min were converted to daily flows. 
• Daily flows at 8th Line (WSC gauge) were paired with corresponding flows at the 

10th Line. 
• Daily flows at both 8th and 10th Lines were sorted by flows at 8th Line in ascending 

order. 
• A scatter graph of daily flows was plotted (Figure 3). Streamflow values not 

exceeding 0.468 m3/sec (at 8th Line), and corresponding flows at 10th Line were 
chosen for the regression analysis, based on a visual analysis of the scatter graph 
(Figure 3). 

c. “Correlation-plot” and “Regression” worksheets
• A correlation analysis was performed to explore the relationship between stream 

flows at 8th Line (WSC gauge) and 10th Line (CVC gauge). The linear regression 
equation (linear bivariate regression) developed (see plot in “Correlation-plot” 
worksheet) shows a correlation coefficient (R) equal of 0.79. A correlation 
coefficient higher than 0.7 indicates the relationship between variables is significant 
(see Hydrology National Engineering Handbook, Chapter 18, USA, 2000).  

• The quality of the regression equation was examined using the following indices: 
standard deviation of the criterion variable and standard error of estimate, coefficient 
of determination and F-test (“Regression” worksheet). The regression was again 
deemed to be significant give that the computed F-test is greater than F value 
extracted from the F values distribution table, i.e. an 0.05 level of significance 
(respectively 25.1 vs 4.00) [source: Hydrology National Engineering Handbook, 
Chapter 18, USA, 2000]. 

d. “Summary”  

Low Flow Indicator 
(m3/sec) Date 

8th Line (WSC 
Gauge) (*) 

10th Line (CVC 
Gauge) (**) 

Lowest single day 31-Aug-1989 0.071 0.088
Lowest 7-day average Late Sept 1999 0.092 0.130
7Q20   0.124 0.195

          (*)       Based on period of record (1983-2012)
          (**)     Based on the regression equation: Q10th Line = 2.0152*Q8th Line- 0.0549  

2. Development of Open Channel Rating Curve  

• See attached Civica Infrastructure Inc. memo to CVC dated October 16, 2013. 
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I trust this encompasses the information you are looking for in order to assess and affirm support 
for the approach used by CVC staff in arriving at a suggested 7Q20 value for the West Credit in 
the vicinity of 10th Line. If you require additional information please contact me at your 
convenience. 



Credit Valley Conservation 1255 Old Derry Road, Mississauga, ON L5N 6R4 
Phone: 905-670-1615  Fax:905-670-2210    www.creditvalleyca.ca 

Informational Memo: installing the real-time streamflow and WQ stations 
   

1

MEMORANDUM 

Date: October 31, 2013 
From: Alexander Pluchik, Water Resources Specialist
To: Neelam Gupta, Manager - Hydrology and Hydraulics 

Jennifer Dougherty, Manager – Water Quality Protection 
Dan Banks, Senior Manager - Water Operations and Geoscience 

CC: 
CC: 
CC: John Kinkead, Deputy CAO and Director, Water Resources Management and 

Restoration
RE: Low flow assessment for the Erin SSMP   

Introduction 
This memo summarizes the assessment of low flows for the West Credit River at the location of 
a proposed waste water treatment plant (WWTP) with effluent discharge directed to the West 
Credit.  This assessment has been completed in support of the Town of Erin Servicing and 
Settlement Master Plan (SSMP) study. 
Accordingly to the Ontario Ministry of the Environment (MOE) report (“Deriving Receiving-
Water Based, Point-Source Effluent Requirements for Ontario Waters”, July 1994) the low flow 
statistic 7Q20 should be “used as the basic design flow for the receiving stream.” This value can 
be calculated from the data collected by the Water Survey of Canada (WSC). However, the 
drainage area of the closest WSC gauge at 8th Line represents only 37% of the West Credit River 
watershed at the proposed WWTP location (downstream of the 10th Line and upstream of 
Winston Churchill Blvd as shown on Figure 1). 

Background 
An initial West Credit River Assimilative Capacity Study (ACS) was completed in 1995 by 
Triton Engineering. The report included a frequency analysis of low flow data at 8th Line (WSC 
Gauge). The resulting 7Q20 value of 0.172 m3/sec at 8th Line was transposed to a potential 
downstream effluent discharge location using the catchment area method (factor of ~ 2.5). A 
standard transposition formula of Qy=Qx(Ay/Ax)n, where Qy is the flow at site y with drainage 
area Ay, Qx and Ax are the corresponding quantities at site x, and n is an exponent (n=0.842) 
(developed for the South-Western Ontario by Moin and Shaw [1985]) was applied. 
Subsequently, CVC completed the “Phase I - Environmental Component – Existing Conditions 
Report” in May 2011 (CVC, Aquafor Beach, and Blackport Hydrology), which reflects a more 
recent low flow analysis conducted by CVC (i.e., 7Q20 flow at the 8th Line - WSC Gauge = 
0.120 m3/s based on 1983-2008 flow data). 
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Figure 1: West Credit River watershed relative to the Assimilative Capacity Study limits 
for the Erin SSMP 

B. M. Ross completed a draft ACS for the Erin SSMP in February 2013. The low flow 
information provided in the May 2011 Phase 1 report was analyzed and the 7Q20 value of 
0.120 m3/sec at 8th Line was accepted. For transposition of the data to the 10th Line, a similar 
approach was used as in the 1995 ACS Report (i.e. based on catchment areas).  
CVC reviewed the draft B. M. Ross ACS report in April 2013. The 7Q20 value of 0.120 m3/sec
reported at 8th Line was considered conservative and consistent with the results of the low flow 
analyses which utilized the updated historical series with the inclusion of 2009-2012 data.  
However, the transposition of the 7Q20 flow from 8th Line to 10th Line has been over simplified 
by using the catchment area upscaling method. Due to the hydrogeological dissimilarities of the 
West Credit, the presented 7Q20 = 0.311 m3/sec at 10th line is believed to be an over estimate of 
low flow conditions. 
It was therefore suggested to establish a new continuous flow monitoring gauge at 10th Line to 
enhance the accuracy of transposition of the data from the WSC gauge site to the proposed 
WWTP location.  
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CVC Analysis 

The new CVC real-time streamflow gauge became active and fully operational from July 23, 
2013. The gauge is designed to operate remotely year round and consists of the following 
components: 
• Small enclosure with data logger, air bubbler system (level sensor) and battery; 
• Single solar panel and small cellular antenna mounted to the pole; and 
• Bubbler tubing, which is buried below grade and positioned between the enclosure and the 

watercourse, where it exits the stream bank below the water level. 

A sketch of a typical real-time streamflow gauge is presented in Figure 2. 

Conversion of continuous water level data to a continuous discharge record is based on a 
correlation between water level and discharge called the stage-discharge relationship or rating 
curve. To develop this relationship, discharge measurements are obtained at the gauging station 
over the maximum possible range of stream levels. Each discharge measurement and 
corresponding stage is plotted, and a smooth curve is drawn that best represents these points. To 
develop and maintain the rating curve, a minimum of 10 discharge measurements per year, well 
distributed through the range of flows, is recommended (Hydrometric Field Manual -
Measurement of Streamflow, prepared by Inland Waters Directorate Water Resources Branch, 
1981). 

Figure 2: General set up for a real-time water level / streamflow gauge 
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A preliminary rating curve for the West Credit River at 10th Line was developed by Civica 
Infrastructure Inc. based on spot flow measurements collected by CVC staff (see Table 1).  
Efforts were focused on measuring flows during dry conditions, however generally wet 
conditions have persisted throughout 2013 and flows measured in summer 2013 were higher than 
typical summer low flows. 

Table 1: Measured flows of the West Credit River at 10th Line (CVC Gauge) and 
corresponding flows at 8th Line (WSC Gauge) 

Date Measured 
Discharge 
(m3/sec) – 10th

Line 

Measured 
Discharge (m3/sec) 
– 8th Line Ratio = Q10Line / 

Q8Line
July 24, 2013  13:00 0.720 0.354 2.03 
July 29, 2013  10:30 0.760 0.398 1.91 
August 13, 2013  13:15  0.620 0.344 1.80 
August 13, 2013  10:45 0.580 0.326 1.78 
September 23, 2013  10:00 1.550 0.582 2.66 
October 7, 2013  10:35 2.630 0.529 4.97 

A curve fit equation was used for conversion of continuous water level data to a continuous flow 
record. As the range of measured discharge rates is limited, the rating curve may require further 
calibration when more measurements are available, however it is a reasonable fit based on the 
available data. A memo prepared from Civica Infrastructure on the development of the 
preliminary rating curve is provided in Appendix A for reference.  

Available water level data at 10th Line (ongoing from July 23, 2013) were converted to 
streamflow rates and compared to corresponding flows at 8th Line (WSC gauge location). A 
regression equation was established based on this comparison and describes the relationship 
between streamflow data at 8th Line and 10th Line (depicted on Figure 3). This equation was 
developed for the 2013 summer - fall flow conditions, which was considered as a year with 
wetter than average conditions.  



Credit Valley Conservation 1255 Old Derry Road, Mississauga, ON L5N 6R4 
Phone: 905-670-1615  Fax:905-670-2210    www.creditvalleyca.ca 

Informational Memo: installing the real-time streamflow and WQ stations 
   

5

Scatter graph of daily flows (m3/sec) for the West Credit River (July - October 2013)
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Figure 3: Scatter graph of daily flows (m3/sec) for the West Credit River (July -October 2013)  

Daily stream flows for the period from July to October 2013 were considerably higher than the 
7Q20 value established for the West Credit River at 8th Line based on historical WSC gauge data, 
as shown on Figure 4. Even the lowest average summer month flow value, which is considered 
by the Province as the streamflow indicator of low water conditions (Ontario Low Water 
Response, July 2003) is less than the minimum daily flow value observed during the summer-fall 
period this year (see Figure 4). Additionally, observed historical values of the annual minimum 
daily streamflow and annual minimum 7-day streamflow were significantly lower than stream 
flows recorded this summer at 8th Line (see Figures 5 and 6). 
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Hydrographs for the West Credit River at 10th Line (CVC gauge ) and 8th Line (WSC gauge) 
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Figure 4: Hydrographs for the West Credit River at 10th Line (CVC Gauge) and 8th Line 
(WSC Gauge) during July-October 2013  

Figure 5: Minimum annual daily discharges for the West Credit River at 8th Line - WSC 
gauge (1983-2012) 
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Figure 6: Minimum 7-day discharges for the West Credit River at 8th Line - WSC gauge 
(1983-2012) 

Comparative results of the 7Q20 calculation for the West Credit River at 8th Line (WSC Gauge) 
and 10th Line are presented in the Table 2. 

Table 2: Comparative results of the 7Q20 calculation for the West Credit River 

7Q20 (m3/sec) 

Month / 
Year 

Observation 
period at 
8th Line 

8th 
Line - 
WSC 

gauge
10th 
Line 

Ratio = 
Q10Line / 
Q8Line Report (Agency / Consultant) 

May-95 1983-1993 0.172     
West Credit River Assimilative Capacity Report, 
Triton Engineering 

1998 1983-1994 0.177     West Credit Subwatershed Study, CVC 

May-11 1983-2008 0.12 0.271 2.26 

Phase 1 - Environmental Component - Existing 
Conditions Report, CVC, Aquafor Beach, and 
Blackport Hydrology 

Feb-13 1983-2008 0.12 0.313 2.61 Draft Assimilative Capacity Study, B. M. Ross 

Oct-13 1983-2012 0.12 0.187 1.56 
Memo - Low flow assessment for the Erin 
SSMP, CVC 

Minimum 7-day discharges for the West Credit River above Erin WSC 
station 02HB020 (1983-2012) 

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

1980 1985 1990 1995 2000 2005 2010 2015

M
in

im
um

 7
-d

ay
 fl

ow
 (m

3 /s
ec

)

Q=0.092 m3/sec 
End of Sep 1999



Credit Valley Conservation 1255 Old Derry Road, Mississauga, ON L5N 6R4 
Phone: 905-670-1615  Fax:905-670-2210    www.creditvalleyca.ca 

Informational Memo: installing the real-time streamflow and WQ stations 
   

8

Comparison to Groundwater Flow Modelling Results 

As a mean of obtaining an independent alternative assessment of low flow conditions in the West 
Credit between the 8th Line WSC gauge and 10th Line, CVC contracted Matrix Solutions to 
undertake an analysis of the groundwater discharge rates simulated by the groundwater flow 
model for the Credit River.  As summarized in their draft memo dated October 25, 2013, Matrix 
Solutions modified the existing watershed-scale groundwater flow model for the Credit River 
(which is an update of the model that was peer reviewed for the accepted Tier 2 Integrated Water 
Budget Report for Source Water Protection) to allow for a transient simulation of groundwater 
discharge to the West Credit.  Historical climate data were used from nearby meteorological 
stations to develop a time series for monthly groundwater recharge rates for the period from 1960 
to 2005, and the memo summarizes the simulated groundwater discharge rates for the period 
from 1965 to 2005 (the first five years of the simulated results were omitted from the analysis to 
avoid bias from the set initial groundwater levels).  Matrix Solutions notes that the simulated 
groundwater discharge (or baseflow) at the 8th Line WSC gauge is a reasonable match for the 
observed baseflow rates at the gauge.  Simulated groundwater discharge at the 8th Line WSC 
gauge ranges from less than 0.1 m3/s to approximately 0.5 m3/s, with lower flows corresponding 
to dry years and higher flows corresponding to wetter years.  The simulated groundwater 
discharge at 10th Line ranges from approximately 0.1 m3/s to more than 1 m3/s, with annual and 
seasonal fluctuations generally matching conditions at 8th Line. 

The simulated groundwater discharge data indicate that the ratio of groundwater discharge at 10th

Line and 8th Line increases during wetter conditions and decreases during drought conditions. 
 The Matrix Solutions memo notes that while the contributing catchment area for the West Credit 
at 10th Line is approximately 2.7 times the contributing catchment area for the 8th Line WSC 
gauge, the simulated average monthly groundwater discharge at 10th Line is approximately 
double the simulated groundwater discharge at 8th Line.  This is in part due to the fact that 
recharge that occurs in the north-eastern part of the West Credit catchment appears to contribute 
to groundwater flow towards the main Credit River to the east rather than to the West Credit. 
Matrix Solutions notes that the difference in simulated groundwater discharge between the two 
locations could be as low as 0.02 m3/s during very dry years, however, it is also noted that the 
groundwater flow model does not simulate interflow, which could contribute to a somewhat 
greater flow difference between the two locations. 

Conclusions: 

• The 7Q20 flow value at 10th Line that was derived from the regression equation with the 7Q20 
flow at 8th Line (0.120 m3/sec) is estimated to be 0.187 m3/sec.  This is a reasonable 
estimation based on the currently available data from the 10th Line gauge.  Further refinement 
of the estimated 7Q20 would require longer term measurement of flows.

• The estimated 7Q20 flow value at 10th Line, and the ratio of low flows between 10th Line and 
8th Line, is generally supported by the assessment of simulated groundwater discharge 
completed by Matrix Solutions. 
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Recommendations 

• A climate change sensitivity assessment could be completed on the estimated 7Q20 values in 
order to determine if a more conservative value would be appropriate for future applications. 

• Collection and processing of streamflow data for both sites (8th Line and 10th Line) should be 
continued in order to refine the rating curves and estimates of 7Q20 flows. 

• The regression equation presented in this memo should be refined and confirmed based on 

new low flow data 

• Historical series of daily streamflows at 10th Line should be created using the established 
regression equation 

• The Low Flow Frequency Analysis of the historical flow series at 10th Line should be 
conducted based on the Gumbel III and Cunnane frequency distributions.  
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MEMO
DATE:  October 16, 2013 

TO:  Credit Valley Conservation 
1255 Old Derry Road 
Mississauga, ON L5N 6R4 

ATTN: Alexander Pluchik, P.Eng., P.Geo. 
Water Resources Specialist  

cc:  Neelam Gupta, Tim Kuntz

FROM: Edward Graham, M.A.Sc.Eng., P.Eng. 

RE: Analysis – Development of Open Channel Rating Curve #6 

This memo summarizes the development of a open channel rating curve for West Credit River at 10th

Line, north of Wellington Rd.  

Attaining Calibration Points 

Calibration points have been collected by CVC staff which relate depth measurements at the gauge at 
the bubbler line the approximate time the area velocity flow measurement. The results were as follows: 

Date Measured
Depth
(m)

Measured
Flow (L/s)

Hec RAS
Input Flow

(L/s)

Hec RAS Predicted
Depth (L/s)

% Diff.
Measured
vs Model

Jul 24, 2013 13:00 0.37 720 720 0.38 2.7%
Jul 29, 2013 10:30 0.369 760 720 NA NA
Aug 13, 2013 13:15 0.354 620 630 0.35 +1.1%
Aug 19, 2013 10:45 0.348 580 610 0.35 0.6%
Sep 23, 2013 10:00 0.468 1550 1550 0.47 0.43%
Oct 7, 2013 10:35 0.586 2630 2630 0.58 1.0%

Differences between measured depth and measured flow during the July 29 visit as compared with the 
July 24 visit suggest this may be an outlier. This measurement has been removed from the rating curve 
development. It is recommended that measurements be taken at two separate cross sections during 
each site visit. If the water level at the sensor does not vary during that time, the confidence will 
increase. This will increase the confidence in the rating curve values.  

Hec-Ras Model 

The Hec-Ras model has been developed and calibrated to match the measurements obtained within 
the range of depth captured during the field measurement periods. The updated calibrated Depth vs 
Flow relationship is shown in Figure 1. 



October 16, 2013  MEMO
Credit Valley Conservation  
Development of Open Channel Rating Curve #6 

Civica Infrastructure Inc.  Page 2

Figure 1: Oct 16 2013 Updated Rating Curve  

Note that the polynomial Trend Line equation applies for the range of depth shown (0-0.8 m Head). For 
higher accuracy during higher flow events, it is recommended that future measurements continue with a 
24, 48 and 72 hour interval following significant wet-weather event, particularly those during ‘wet’ 
antecedent moisture conditions such as those following consecutive events or during the fall or spring 
seasons.

The rating curve is shown at different scales in Appendix A. The full rating curve provides the best flow 
estimate possible at the maximum extrapolated depth measurements. If you have any questions, 
please contact me at egraham@civicainfrastructure.com or Adrian Dieleman at 
adieleman@civicainfrastructure.com, or at our office telephone: (905) 532-9011. 

Sincerely,

Civica Infrastructure Inc. 

Edward Graham, M.A.Sc.Eng., P.Eng. 
President 
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Depth (m) Flow (L/s) Depth (m) Flow (L/s)

Flow0 0 0
Flow100 0.22 100
Flow350 0.3 350
Flow450 0.32 450

19/08/2013 0.348 580 0.348 580
13/08/2013 0.354 620 0.354 620
24/07/2013 0.37 720 0.375 720
23/09/2013 0.468 1550 0.47 1550
07/10/2013 0.583 2630 0.58 2630
Flow3000 0.62 3000
Flow5000 0.81 5000
Flow10000 1.09 10000
Flow15000 1.26 15000
Flow30000 1.6 30000
2 Year 2.21 47300
5 Year 2.24 67500
10 Year 2.54 92600
25 Year 2.89 131600
50 Year 3.13 169700
100 Year 3.62 231900

MeasurementsDate Hec Ras
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DATA AND SUMMARY VALUES

Data analysis up to 2008 as prepared by the CVC
Updated by BMROSS to Include Data into 2013

APPENDIX B
WATER QUALITY DATA
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Sample Total
Phosphorus Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

17-Sep-96 0.012 0.012
15-Oct-96 0.004 0.004
17-Dec-96 0.036 0.036
23-Jan-97 0.058 0.058
18-Dec-97 0.002 0.002
24-Feb-98 0.008 0.008
24-Mar-98 0.016 0.016
23-Apr-98 0.018 0.018

21-May-98 0.014 0.014
17-Jun-98 0.016 0.016
22-Jul-98 0.012 0.012

20-Aug-98 0.004 0.004
25-Sep-98 0.006 0.006
27-Oct-98 0.014 0.014
24-Nov-98 0.006 0.006
18-Dec-98 0.006 0.006
25-Jan-99 0.026 0.026
01-Mar-99 0.018 0.018
29-Mar-99 0.008 0.008
19-Apr-99 0.008 0.008

27-May-99 0.008 0.008
23-Jun-99 0.008 0.008
23-Jul-99 0.006 0.006

24-Aug-99 0.006 0.006
30-Sep-99 0.016 0.016
01-Nov-99 0.004 0.004
25-Nov-99 0.022 0.022
04-Jan-00 0.044 0.044
03-Feb-00 0.016 0.016
29-Feb-00 0.032 0.032
30-Mar-00 0.006 0.006
04-May-00 0.008 0.008
30-May-00 0.008 0.008
28-Jun-00 0.020 0.020
26-Jul-00 0.010 0.010

30-Aug-00 0.008 0.008
28-Sep-00 0.004 0.004
29-Nov-00 0.012 0.012
03-Jan-01 0.006 0.006
30-Jan-01 0.008 0.008
27-Feb-01 0.014 0.014
29-Mar-01 0.008 0.008
30-Apr-01 0.008 0.008

24-May-01 0.022 0.022
26-Jun-01 0.008 0.008
25-Jul-01 0.014 0.014

29-Aug-01 0.008 0.008
26-Sep-01 0.012 0.012
25-Oct-01 0.018 0.018
29-Nov-01 0.016 0.016
03-Jan-02 0.016 0.016
24-Jan-02 0.014 0.014
04-Mar-02 0.016 0.016
05-Jun-02 0.012 0.012
26-Jun-02 0.028 0.028
31-Jul-02 0.018 0.018

28-Aug-02 0.010 0.010
26-Sep-02 0.009 0.009
30-Oct-02 0.008 0.008
07-Jan-03 0.007 0.007
30-Jan-03 0.012 0.012
27 Mar 03 0 018 0 018

Raw Data Monthly concentrations of Total Phosphorus in mg/L 

27-Mar-03 0.018 0.018
01-May-03 0.016 0.016
22-May-03 0.017 0.017
26-Jun-03 0.013 0.013
31-Jul-03 0.010 0.010

28-Aug-03 0.006 0.006
30-Sep-03 0.013 0.013
30-Oct-03 0.007 0.007
27-Nov-03 0.007 0.007
08-Jan-04 0.008 0.008
25-Feb-04 0.037 0.037
30-Mar-04 0.029 0.029
28-Apr-04 0.011 0.011

26-May-04 0.015 0.015
29-Jun-04 0.014 0.014
28-Jul-04 0.010 0.010

31-Aug-04 0.021 0.021
23-Sep-04 0.008 0.008
27-Oct-04 0.006 0.006
30-Nov-04 0.008 0.008
10-Jan-05 0.007 0.007
27-Jan-05 0.015 0.015
24-Feb-05 0.015 0.015
31-Mar-05 0.025 0.025
28-Apr-05 0.016 0.016

26-May-05 0.014 0.014
29-Jun-05 0.018 0.018
28-Jul-05 0.010 0.010

31-Aug-05 0.026 0.026
29-Sep-05 0.013 0.013
27-Oct-05 0.016 0.016
30-Nov-05 0.024 0.024
05-Jan-06 0.013 0.013
26-Jan-06 0.015 0.015
22-Feb-06 0.009 0.009
30-Mar-06 0.004 0.004
27-Apr-06 0.002 0.002

25-May-06 0.006 0.006
29-Jun-06 0.016 0.016
27-Jul-06 0.013 0.013

31-Aug-06 0.006 0.006
28-Sep-06 0.023 0.023
25-Oct-06 0.007 0.007
28-Nov-06 0.006 0.006
04-Jan-07 0.006 0.006
31-Jan-07 0.009 0.009
28-Feb-07 0.008 0.008
28-Mar-07 0.024 0.024
25-Apr-07 0.011 0.011

30-May-07 0.011 0.011



Sample Total
Phosphorus Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Raw Data Monthly concentrations of Total Phosphorus in mg/L 

26-Jun-07 0.012 0.012
25-Jul-07 0.012 0.012

29-Aug-07 0.009 0.009
26-Sep-07 0.011 0.011
31-Oct-07 0.005 0.005
26-Nov-07 0.005 0.005
03-Jan-08 0.010 0.010
31-Jan-08 0.008 0.008
27-Feb-08 0.004 0.004
26-Mar-08 0.007 0.007
29-Apr-08 0.010 0.010

28-May-08 0.007 0.007
25-Jun-08 0.012 0.012
30-Jul-08 0.019 0.019

27-Aug-08 0.003 0.003
30-Sep-08 0.012 0.012
29-Oct-08 0.004 0.004
26-Nov-08 0.011 0.011
07-Jan-09 0.008 0.008
29-Jan-09 0.013 0.013
25-Feb-09 0.010 0.010
25-Mar-09 0.007 0.007
29-Apr-09 0.010 0.010

27-May-09 0.022 0.022
24-Jun-09 0.014 0.014
29-Jul-09 0.020 0.020

26-Aug-09 0.009 0.009
30-Sep-09 0.013 0.013
28-Oct-09 0.003 0.003
25-Nov-09 0.010 0.010
06-Jan-10 0.005 0.005
24-Feb-10 0.006 0.006
31-Mar-10 0.007 0.007
28-Apr-10 0.008 0.008

26-May-10 0.015 0.015
30-Jun-10 0.016 0.016
28-Jul-10 0.017 0.017

25-Aug-10 0.007 0.007
29-Sep-10 0.033 0.033
27-Oct-10 0.033 0.033
24-Nov-10 0.013 0.013
05-Jan-11 0.009 0.009
23-Feb-11 0.040 0.040
30-Mar-11 0.008 0.008
27-Apr-11 0.012 0.012

25-May-11 0.014 0.014
29-Jun-11 0.011 0.011
27-Jul-11 0.006 0.006

31-Aug-11 0.007 0.007
28-Sep-11 0.009 0.009
26-Oct-11 0.029 0.029
30-Nov-11 0.033 0.033
25-Jan-12 0.011 0.011
29-Feb-12 0.007 0.007
28-Mar-12 0.007 0.007
25-Apr-12 0.015 0.015

30-May-12 0.005 0.005
27-Jun-12 0.013 0.013
25-Jul-12 0.007 0.007

29-Aug-12 0.007 0.007
26-Sep-12 0.007 0.007
31 Oct 12 0 002 0 00231-Oct-12 0.002 0.002
28-Nov-12 0.009 0.009
30-Jan-13 0.039 0.039
26-Feb-13 0.009 0.009
27-Mar-13 0.008 0.008
24-Apr-13 0.012 0.012

29-May-13 0.032 0.032
26-Jun-13 0.056 0.056
07-Aug-13 0.012 0.012
28-Aug-13 0.011 0.011
25-Sep-13 0.005 0.005

# of Samples 183 24 14 17 13 17 17 15 17 17 14 15 3
AVE 0.013 0.015 0.015 0.013 0.011 0.014 0.017 0.012 0.009 0.012 0.011 0.012 0.015
MIN 0.002 0.005 0.004 0.004 0.002 0.005 0.008 0.006 0.003 0.004 0.002 0.004 0.002
MAX 0.058 0.058 0.040 0.029 0.018 0.032 0.056 0.020 0.026 0.033 0.033 0.033 0.036
50th 0.016 0.0105 0.0095 0.008 0.011 0.014 0.014 0.012 0.008 0.012 0.007 0.01 0.006
10th 0.007 0.0063 0.0063 0.0066 0.008 0.0066 0.0098 0.0064 0.0052 0.0056 0.0033 0.0054 0.0028
25th 0.012 0.008 0.008 0.007 0.008 0.008 0.012 0.01 0.006 0.008 0.00425 0.0065 0.004
75th 0.0160 0.0150 0.0158 0.0180 0.0120 0.0160 0.0160 0.0155 0.0100 0.0130 0.0155 0.0145 0.0210
90th 0.03 0.0351 0.0355 0.0244 0.0158 0.022 0.0232 0.0186 0.0156 0.0188 0.0257 0.0232 0.03



Sample
Date Nitrate Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

17-Sep-96 1.58 1.58
15-Oct-96 0.95 0.95
17-Dec-96 1.69 1.69
23-Jan-97 1.21 1.21
18-Dec-97 2.66 2.66
24-Feb-98 2.23 2.23
24-Mar-98 1.84 1.84
23-Apr-98 1.66 1.66

21-May-98 1.66 1.66
17-Jun-98 1.59 1.59
22-Jul-98 1.36 1.36

20-Aug-98 1.49 1.49
25-Sep-98 1.80 1.80
27-Oct-98 1.88 1.88
24-Nov-98 2.31 2.31
18-Dec-98 2.37 2.37
25-Jan-99 2.14 2.14
01-Mar-99 2.12 2.12
29-Mar-99 1.54 1.54
19-Apr-99 1.68 1.68

27-May-99 1.21 1.21
23-Jun-99 1.28 1.28
23-Jul-99 1.39 1.39

24-Aug-99 1.31 1.31
30-Sep-99 1.21 1.21
01-Nov-99 1.95 1.95
25-Nov-99 1.84 1.84
04-Jan-00 2.09 2.09
03-Feb-00 2.98 2.98
29-Feb-00 1.69 1.69
30-Mar-00 1.56 1.56
04-May-00 1.53 1.53
30-May-00 1.59 1.59
28-Jun-00 1.07 1.07
26-Jul-00 1.81 1.81

30-Aug-00 1.72 1.72
28-Sep-00 1.79 1.79
29-Nov-00 1.76 1.76
03-Jan-01 2.66 2.66
30-Jan-01 2.55 2.55
27-Feb-01 1.56 1.56
29-Mar-01 1.84 1.84

Monthly concentrations of Nitrates in mg/L Raw Data

30-Apr-01 1.98 1.98
24-May-01 1.14 1.14
26-Jun-01 1.64 1.64
25-Jul-01 1.56 1.56

29-Aug-01 1.74 1.74
26-Sep-01 1.50 1.50
25-Oct-01 1.42 1.42
29-Nov-01 1.83 1.83
03-Jan-02 2.68 2.68
24-Jan-02 2.45 2.45
04-Mar-02 1.72 1.72
05-Jun-02 1.80 1.80
26-Jun-02 0.87 0.87
31-Jul-02 1.57 1.57

28-Aug-02 2.03 2.03
26-Sep-02 2.01 2.01
30-Oct-02 2.34 2.34
07-Jan-03 2.82 2.82
30-Jan-03 3.38 3.38
27-Mar-03 1.55 1.55
01-May-03 1.71 1.71
22-May-03 1.65 1.65
26-Jun-03 1.83 1.83
31-Jul-03 1.79 1.79

28-Aug-03 1.80 1.80
30-Sep-03 1.72 1.72
30-Oct-03 1.85 1.85
27-Nov-03 2.09 2.09
08-Jan-04 2.43 2.43
25-Feb-04 2.89 2.89
30-Mar-04 1.46 1.46
28-Apr-04 2.04 2.04

26-May-04 1.25 1.25
29-Jun-04 2.18 2.18



Sample
Date Nitrate Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Monthly concentrations of Nitrates in mg/L Raw Data

28-Jul-04 1.82 1.82
31-Aug-04 1.40 1.40
23-Sep-04 2.16 2.16
27-Oct-04 2.47 2.47
30-Nov-04 2.17 2.17
10-Jan-05 2.22 2.22
27-Jan-05 3.02 3.02
24-Feb-05 2.73 2.73
31-Mar-05 1.22 1.22
28-Apr-05 1.41 1.41

26-May-05 2.06 2.06
29-Jun-05 1.68 1.68
28-Jul-05 1.78 1.78

31-Aug-05 1.31 1.31
29-Sep-05 1.33 1.33
27-Oct-05 2.12 2.12
30-Nov-05 0.94 0.94
05-Jan-06 1.72 1.72
26-Jan-06 2.10 2.10
22-Feb-06 2.10 2.10
30-Mar-06 1.90 1.90
27-Apr-06 1.60 1.60

25-May-06 1.80 1.80
29-Jun-06 2.02 2.02
27-Jul-06 1.65 1.65

31-Aug-06 2.09 2.09
28-Sep-06 1.14 1.14
25-Oct-06 1.75 1.75
28-Nov-06 2.18 2.18
04-Jan-07 2.14 2.14
31-Jan-07 2.97 2.97
28-Feb-07 3.15 3.15
28-Mar-07 1.11 1.11
25-Apr-07 1.47 1.47

30-May-07 1.88 1.88
26-Jun-07 1.90 1.90
25-Jul-07 1.63 1.63

29-Aug-07 1.65 1.65
26-Sep-07 1.50 1.50
31-Oct-07 2.11 2.11
26-Nov-07 2.37 2.37
03-Jan-08 2.63 2.63
31-Jan-08 2.33 2.33
27-Feb-08 2.40 2.40
26-Mar-08 2.31 2.31
29-Apr-08 1.80 1.80

28-May-08 2.07 2.07
25-Jun-08 1.60 1.60
30-Jul-08 1.71 1.71

27-Aug-08 2.02 2.02
30-Sep-08 1.82 1.82
29-Oct-08 1.97 1.97
26-Nov-08 2.17 2.17
07-Jan-09 2.38 2.38
29-Jan-09 2.65 2.65
25-Feb-09 2.53 2.53
25-Mar-09 2.11 2.11
29-Apr-09 1.12 1.12

27-May-09 1.66 1.66
24-Jun-09 1.55 1.55
29-Jul-09 1.19 1.19

26-Aug-09 1.37 1.37
30-Sep-09 1.04 1.04
28-Oct-09 1.74 1.74
25-Nov-09 2.00 2.00
06-Jan-10 2.61 2.61
24-Feb-10 2.59 2.59
31-Mar-10 1.51 1.51
28-Apr-10 1.35 1.35

26-May-10 1.59 1.59
30-Jun-10 1.07 1.07
28-Jul-10 1.41 1.41

25-Aug-10 1.57 1.57
29-Sep-10 0.90 0.90
27-Oct-10 1.13 1.13
24-Nov-10 1.63 1.63



Sample
Date Nitrate Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Monthly concentrations of Nitrates in mg/L Raw Data

05-Jan-11 2.00 2.00
23-Feb-11 2.10 2.10
30-Mar-11 1.91 1.91
27-Apr-11 0.97 0.97

25-May-11 1.25 1.25
29-Jun-11 1.43 1.43
27-Jul-11 1.54 1.54

31-Aug-11 1.43 1.43
28-Sep-11 1.41 1.41
26-Oct-11 0.96 0.96
30-Nov-11 0.71 0.71
25-Jan-12 1.87 1.87
29-Feb-12 2.32 2.32
28-Mar-12 1.68 1.68
25-Apr-12 1.18 1.18

30-May-12 1.45 1.45
27-Jun-12 1.32 1.32
25-Jul-12 1.48 1.48

29-Aug-12 1.22 1.22
26-Sep-12 1.54 1.54
31-Oct-12 1.04 1.04
28-Nov-12 2.20 2.20
30-Jan-13 1.62 1.62
26-Feb-13 1.69 1.69
27-Mar-13 1.86 1.86
24-Apr-13 1.57 1.57

29-May-13 0.77 0.77
26-Jun-13 0.32 0.32
07-Aug-13 1.39 1.39
28-Aug-13 1.36 1.36
25-Sep-13 1.36 1.36

# of Samples 183 24 14 17 13 17 17 15 17 17 14 15 3
AVE 1.777 2.361 2.354 1.720 1.525 1.546 1.480 1.579 1.582 1.518 1.695 1.877 2.240
MIN 0.324 1.210 1.560 1.110 0.968 0.774 0.324 1.190 1.220 0.901 0.950 0.709 1.690
MAX 3.380 3.380 3.150 2.310 2.040 2.070 2.180 1.820 2.090 2.160 2.470 2.370 2.660
50th 1.720 2.405 2.360 1.720 1.570 1.590 1.590 1.570 1.490 1.500 1.800 2.000 2.370
10th 1.182 1.765 1.690 1.364 1.132 1.182 0.989 1.372 1.310 1.100 0.983 1.216 1.826
25th 1.440 2.098 2.100 1.540 1.350 1.250 1.280 1.445 1.370 1.330 1.203 1.795 2.030
75th 2.095 2.653 2.695 1.900 1.680 1.710 1.800 1.745 1.740 1.790 2.075 2.175 2.515
90th 2.930 2.757 2.400 2.034 1.898 1.960 1.955 2.028 2.170 2.316 2.367 2.370 2.602



Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

24-May-01 0.008 13.4 8.08 9.62 0.0279 0.223 0.223
26-Jun-01 0.002 17.1 7.96 9.50 0.0280 0.056 0.056
25-Jul-01 0.008 18.1 7.96 9.47 0.0301 0.241 0.241

29-Aug-01 0.002 15.4 8.16 9.56 0.0386 0.077 0.077
25-Oct-01 0.004 9.6 7.95 9.75 0.0156 0.062 0.062
29-Nov-01 0.014 3.4 8.00 9.97 0.0107 0.149 0.149
03-Jan-02 0.012 0.9 8.17 10.06 0.0128 0.154 0.154
24-Jan-02 0.008 1.7 8.12 10.03 0.0122 0.098 0.098
04-Mar-02 0.002 3.9 8.13 9.95 0.0149 0.030 0.030
05-Jun-02 0.002 12.6 7.80 9.65 0.0140 0.028 0.028
26-Jun-02 0.009 20.2 8.20 9.40 0.0592 0.533 0.533
31-Jul-02 0.002 20.2 7.88 9.40 0.0293 0.059 0.059

28-Aug-02 0.006 16.8 8.01 9.51 0.0306 0.184 0.184
26-Sep-02 0.002 14.4 8.00 9.59 0.0251 0.050 0.050
30-Oct-02 0.002 4.5 8.15 9.93 0.0164 0.033 0.033
27-Nov-02 0.007 1.3 8.16 10.04 0.0129 0.091 0.091
07-Jan-03 0.007 6.0 8.20 9.87 0.0207 0.145 0.145
27-Mar-03 0.042 3.0 7.59 9.98 0.0040 0.170 0.170
01-May-03 0.012 9.3 8.07 9.76 0.0200 0.240 0.240
22-May-03 0.016 11.0 8.16 9.70 0.0279 0.446 0.446
26-Jun-03 0.002 21.0 8.32 9.38 0.0809 0.162 0.162
31-Jul-03 0.011 17.3 8.23 9.49 0.0516 0.568 0.568

28-Aug-03 0.020 14.6 8.28 9.58 0.0475 0.950 0.950
30-Sep-03 0.004 8.6 8.22 9.78 0.0265 0.106 0.106
30-Oct-03 0.003 7.0 8.36 9.84 0.0321 0.096 0.096
27-Nov-03 0.002 3.2 8.16 9.97 0.0151 0.030 0.030
08-Jan-04 0.009 6.1 8.14 9.87 0.0182 0.164 0.164
25-Feb-04 0.013 0.4 8.19 10.08 0.0129 0.167 0.167
30-Mar-04 0.022 5.1 8.02 9.91 0.0128 0.282 0.282
28-Apr-04 0.010 5.7 8.08 9.89 0.0154 0.154 0.154

26-May-04 0.009 12.9 7.96 9.64 0.0205 0.185 0.185
29-Jun-04 0.003 13.8 8.17 9.61 0.0351 0.105 0.105
28-Jul-04 0.002 15.5 8.13 9.55 0.0364 0.073 0.073

31-Aug-04 0.003 15.3 8.12 9.56 0.0351 0.105 0.105
23-Sep-04 0.004 13.7 8.18 9.61 0.0357 0.143 0.143
27-Oct-04 0.002 9.1 8.09 9.77 0.0206 0.041 0.041
30-Nov-04 0.002 2.7 8.11 9.99 0.0130 0.026 0.026
10-Jan-05 0.012 1.6 8.51 10.03 0.0292 0.350 0.350
27-Jan-05 0.031 0.3 7.76 10.08 0.0048 0.148 0.148
24-Feb-05 0.006 0.1 8.04 10.09 0.0089 0.053 0.053
31-Mar-05 0.022 1.7 7.78 10.03 0.0056 0.124 0.124
28-Apr-05 0.004 6.1 7.97 9.87 0.0124 0.050 0.050

26-May-05 0.002 13.7 7.99 9.61 0.0233 0.047 0.047
29-Jun-05 0.002 20.2 8.52 9.40 0.1162 0.232 0.232
28-Jul-05 0.002 15.6 7.31 9.55 0.0057 0.011 0.011

31-Aug-05 0.002 17.6 7.18 9.48 0.0049 0.010 0.010
29-Sep-05 0.010 12.7 7.48 9.65 0.0068 0.068 0.068
27-Oct-05 0.002 6.4 7.99 9.86 0.0133 0.027 0.027
30-Nov-05 0.002 2.6 7.45 10.00 0.0028 0.006 0.006
05-Jan-06 0.020 1.6 7.76 10.03 0.0053 0.106 0.106
29-Jun-06 0.004 16.3 7.68 9.53 0.0140 0.056 0.056
27-Jul-06 0.011 19.2 7.34 9.43 0.0080 0.088 0.088

31-Aug-06 0.002 14.0 7.57 9.60 0.0092 0.018 0.018
28-Sep-06 0.013 12.2 7.75 9.66 0.0121 0.157 0.157
25-Oct-06 0.002 5.8 7.88 9.88 0.0099 0.020 0.020
28-Nov-06 0.016 6.9 7.79 9.84 0.0088 0.140 0.140
04 J 07 0 005 2 7 8 09 9 99 0 0124 0 062 0 062

NH3 (ug/L) 
Monthly concentrations of NH3 in ug/L (PWQO = 20 ug/L)

Date
T. Ammonia 

NH3+NH4  

(mg/L)

Field Water 

temperature
Field pH pKa f

04-Jan-07 0.005 2.7 8.09 9.99 0.0124 0.062 0.062
31-Jan-07 0.024 0.8 7.89 10.06 0.0067 0.161 0.161
28-Feb-07 0.021 2.0 7.94 10.02 0.0083 0.174 0.174
28-Mar-07 0.018 3.0 7.83 9.98 0.0070 0.126 0.126
25-Apr-07 0.022 9.1 7.98 9.77 0.0161 0.353 0.353

30-May-07 0.013 15.5 8.03 9.55 0.0291 0.379 0.379
26-Jun-07 0.020 18.4 8.08 9.46 0.0402 0.803 0.803
25-Jul-07 0.002 16.6 8.07 9.52 0.0345 0.069 0.069

29-Aug-07 0.007 18.2 8.14 9.46 0.0452 0.316 0.316
26-Sep-07 0.002 16.9 8.04 9.51 0.0330 0.066 0.066
31-Oct-07 0.002 8.5 8.06 9.79 0.0184 0.037 0.037
26-Nov-07 0.005 3.1 7.96 9.98 0.0095 0.048 0.048
03-Jan-08 0.012 0.1 8.88 10.09 0.0586 0.703 0.703
31-Jan-08 0.005 0.7 7.59 10.06 0.0033 0.017 0.017
27-Feb-08 0.002 0.7 7.79 10.06 0.0053 0.011 0.011
26-Mar-08 0.002 2.1 7.70 10.01 0.0048 0.010 0.010
29-Apr-08 0.003 7.6 7.43 9.82 0.0041 0.012 0.012

28-May-08 0.002 10.8 7.76 9.71 0.0111 0.022 0.022
25-Jun-08 0.002 15.2 7.88 9.56 0.0204 0.041 0.041
30-Jul-08 0.010 16.5 7.44 9.52 0.0082 0.082 0.082

27-Aug-08 0.010 13.4 7.82 9.62 0.0155 0.155 0.155
30-Sep-08 0.013 12.6 7.71 9.65 0.0114 0.148 0.148
29-Oct-08 0.010 4.4 7.76 9.93 0.0067 0.067 0.067
26-Nov-08 0.011 2.5 8.08 10.00 0.0119 0.131 0.131
07-Jan-09 0.018 7.47 8.08 9.82 0.0177 0.319 0.319
29-Jan-09 0.033 7.58 8.08 9.82 0.0179 0.590 0.590
25-Feb-09 0.019 7.88 8.08 9.81 0.0183 0.348 0.348
25-Mar-09 0.012 7.49 8.08 9.82 0.0178 0.213 0.213
29-Apr-09 0.006 7.87 8.08 9.81 0.0183 0.110 0.110

27-May-09 0.015 8 8.08 9.81 0.0185 0.277 0.277
24-Jun-09 0.017 8.16 8.08 9.80 0.0187 0.318 0.318
29-Jul-09 0.022 7.84 8.08 9.81 0.0183 0.402 0.402

26-Aug-09 0.002 8.17 8.08 9.80 0.0187 0.037 0.037
30-Sep-09 0.011 8.03 8.08 9.80 0.0185 0.204 0.204
28-Oct-09 0.002 7.98 8.08 9.81 0.0185 0.037 0.037
25-Nov-09 0.012 8.04 8.08 9.80 0.0185 0.222 0.222
06-Jan-10 0.026 7.93 8.08 9.81 0.0184 0.478 0.478
24-Feb-10 0.020 8.01 8.08 9.80 0.0185 0.370 0.370
31-Mar-10 0.014 7.65 8.08 9.82 0.0180 0.252 0.252
28-Apr-10 0.010 8 8.08 9.81 0.0185 0.185 0.185

26-May-10 0.018 8.13 8.08 9.80 0.0187 0.336 0.336
30-Jun-10 0.037 8.04 8.08 9.80 0.0185 0.686 0.686
28-Jul-10 0.025 8.2 8.08 9.80 0.0188 0.469 0.469

25-Aug-10 0.019 8.09 8.08 9.80 0.0186 0.354 0.354
29-Sep-10 0.014 7.8 8.08 9.81 0.0182 0.255 0.255



Jan Feb Mar Apr May Jun Jul Aug Sep Oct NovNH3 (ug/L) 
Monthly concentrations of NH3 in ug/L (PWQO = 20 ug/L)

Date
T. Ammonia 

NH3+NH4  

(mg/L)

Field Water 

temperature
Field pH pKa f

27-Oct-10 0.018 7.74 8.08 9.81 0.0181 0.326 0.326
24-Nov-10 0.016 7.82 8.08 9.81 0.0182 0.292 0.292
05-Jan-11 0.032 8.27 8.08 9.80 0.0189 0.604 0.604
23-Feb-11 0.037 8.18 8.08 9.80 0.0187 0.693 0.693
30-Mar-11 0.025 8.09 8.08 9.80 0.0186 0.465 0.465
27-Apr-11 0.030 8.06 8.08 9.80 0.0186 0.557 0.557

25-May-11 0.019 12.38 8.08 9.66 0.0259 0.491 0.491
29-Jun-11 0.013 8.14 8.08 9.80 0.0187 0.243 0.243
27-Jul-11 0.024 8.07 8.08 9.80 0.0186 0.446 0.446

31-Aug-11 0.016 8.19 8.08 9.80 0.0188 0.300 0.300
28-Sep-11 0.002 8.16 8.08 9.80 0.0187 0.037 0.037
26-Oct-11 0.020 7.95 8.08 9.81 0.0184 0.368 0.368
30-Nov-11 0.017 7.85 8.08 9.81 0.0183 0.310 0.310
25-Jan-12 0.031 8.12 8.08 9.80 0.0187 0.578 0.578
29-Feb-12 0.012 7.92 8.08 9.81 0.0184 0.220 0.220
28-Mar-12 0.005 7.69 8.08 9.82 0.0180 0.090 0.090
25-Apr-12 0.013 7.62 8.08 9.82 0.0179 0.233 0.233

30-May-12 0.010 7.97 8.08 9.81 0.0184 0.184 0.184
27-Jun-12 0.013 7.94 8.08 9.81 0.0184 0.239 0.239
25-Jul-12 0.021 7.97 8.08 9.81 0.0184 0.387 0.387

29-Aug-12 0.010 7.85 8.08 9.81 0.0183 0.183 0.183
26-Sep-12 0.016 7.96 8.08 9.81 0.0184 0.295 0.295
31-Oct-12 0.019 7.74 8.08 9.81 0.0181 0.344 0.344
28-Nov-12 0.020 8.05 8.08 9.80 0.0186 0.371 0.371
30-Jan-13 0.097 7.76 8.08 9.81 0.0181 1.759 1.759
26-Feb-13 0.070 7.85 8.08 9.81 0.0183 1.279 1.279
27-Mar-13 0.011 7.95 8.08 9.81 0.0184 0.202 0.202
24-Apr-13 0.017 7.85 8.08 9.81 0.0183 0.310 0.310

29-May-13 0.021 7.7 8.08 9.82 0.0181 0.379 0.379
26-Jun-13 0.117 7.94 8.08 9.81 0.0184 2.152 2.152
07-Aug-13 0.035 7.96 8.08 9.81 0.0184 0.645 0.645
28-Aug-13 0.030 8.01 8.08 9.80 0.0185 0.555 0.555
25-Sep-13 0.023 8.12 8.08 9.80 0.0187 0.429 0.429

# of Samples 134 134 134 134 17 9 11 9 12 14 12 14 12 12 12
AVE 0.014 8.836 8.011 0.258 0.379 0.368 0.179 0.218 0.267 0.404 0.241 0.278 0.163 0.121 0.151
MIN 0.002 0.1 7.18 0.006 0.017 0.011 0.010 0.012 0.022 0.028 0.011 0.010 0.037 0.020 0.006
MAX 0.117 21 8.88 2.152 1.759 1.279 0.465 0.557 0.491 2.152 0.568 0.950 0.429 0.368 0.371
50th 0.011 7.99 8.08 0.172 0.164 0.220 0.170 0.185 0.259 0.236 0.164 0.183 0.145 0.052 0.136
10th 0.002 2.03 7.753 0.030 0.083 0.045 0.030 0.042 0.060 0.045 0.060 0.024 0.052 0.027 0.026
25th 0.00325 6.525 7.963 0.067 0.145 0.167 0.107 0.110 0.185 0.068 0.072 0.084 0.067 0.036 0.043
75th 0.019 12.545 8.080 0.347 0.578 0.370 0.232 0.310 0.379 0.479 0.413 0.344 0.216 0.154 0.240
90th 0.0257 16.57 8.167 0.556 0.643 0.810 0.282 0.394 0.439 0.768 0.467 0.618 0.291 0.342 0.309



Sample

Total 
Kjeldahl 
Nitrogen 

(TKN)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

17-Sep-96 0.44 0.44
15-Oct-96 0.30 0.30
17-Dec-96 0.58 0.58
23-Jan-97 0.68 0.68
18-Dec-97 0.18 0.18
24-Feb-98 0.32 0.32
24-Mar-98 0.36 0.36
23-Apr-98 0.38 0.38

21-May-98 0.38 0.38
17-Jun-98 0.38 0.38
22-Jul-98 0.36 0.36

20-Aug-98 0.30 0.30
25-Sep-98 0.22 0.22
27-Oct-98 0.28 0.28
24-Nov-98 0.28 0.28
18-Dec-98 0.24 0.24
25-Jan-99 0.52 0.52
01-Mar-99 0.44 0.44
29-Mar-99 0.40 0.40
19-Apr-99 0.34 0.34

27-May-99 0.36 0.36
23-Jun-99 0.28 0.28
23-Jul-99 0.32 0.32

24-Aug-99 0.28 0.28
30-Sep-99 0.42 0.42
01-Nov-99 0.30 0.30
25-Nov-99 0.32 0.32
04-Jan-00 0.60 0.60
03-Feb-00 0.28 0.28
29-Feb-00 0.60 0.60
30-Mar-00 0.32 0.32
04-May-00 0.40 0.40
30-May-00 0.40 0.40
28-Jun-00 0.74 0.74
26-Jul-00 0.34 0.34

30-Aug-00 0.30 0.30
28-Sep-00 0.28 0.28

Raw Data Monthly concentrations of TKN in mg/L 

p
29-Nov-00 0.42 0.42
03-Jan-01 0.24 0.24
30-Jan-01 0.28 0.28
27-Feb-01 0.44 0.44
29-Mar-01 0.38 0.38
30-Apr-01 0.28 0.28

24-May-01 0.64 0.64
26-Jun-01 0.40 0.40
25-Jul-01 0.40 0.40

29-Aug-01 0.30 0.30
26-Sep-01 0.32 0.32
25-Oct-01 0.44 0.44
29-Nov-01 0.32 0.32
03-Jan-02 0.30 0.30
24-Jan-02 0.32 0.32
04-Mar-02 0.36 0.36
05-Jun-02 0.36 0.36
26-Jun-02 0.50 0.50
31-Jul-02 0.42 0.42

28-Aug-02 0.28 0.28
26-Sep-02 0.29 0.29
30-Oct-02 0.27 0.27
07-Jan-03 0.26 0.26
30-Jan-03 0.26 0.26
27-Mar-03 0.43 0.43
01-May-03 0.41 0.41
22-May-03 0.39 0.39
26-Jun-03 0.35 0.35
31-Jul-03 0.31 0.31



Sample

Total 
Kjeldahl 
Nitrogen 

(TKN)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Raw Data Monthly concentrations of TKN in mg/L 

28-Aug-03 0.28 0.28
30-Sep-03 0.38 0.38
30-Oct-03 0.36 0.36
27-Nov-03 0.36 0.36
08-Jan-04 0.32 0.32
25-Feb-04 0.53 0.53
30-Mar-04 0.44 0.44
28-Apr-04 0.37 0.37

26-May-04 0.50 0.50
29-Jun-04 0.29 0.29
28-Jul-04 0.38 0.38

31-Aug-04 0.43 0.43
23-Sep-04 0.27 0.27
27-Oct-04 0.21 0.21
30-Nov-04 0.33 0.33
10-Jan-05 0.33 0.33
27-Jan-05 0.31 0.31
24-Feb-05 0.32 0.32
31-Mar-05 0.41 0.41
28-Apr-05 0.35 0.35

26-May-05 0.34 0.34
29-Jun-05 0.44 0.44
28-Jul-05 0.26 0.26

31-Aug-05 0.37 0.37
29-Sep-05 0.50 0.50
27-Oct-05 0.49 0.49
30-Nov-05 0.55 0.55
05-Jan-06 0.36 0.36
29-Jun-06 0.40 0.40
27-Jul-06 0.41 0.41

31-Aug-06 0.24 0.24
28-Sep-06 0.62 0.62
25-Oct-06 0.45 0.45
28-Nov-06 0.32 0.32
04-Jan-07 0.28 0.28
31-Jan-07 0.31 0.31
28-Feb-07 0.26 0.26
28-Mar-07 0.42 0.42
25-Apr-07 0.44 0.44

30-May-07 0.34 0.34
26-Jun-07 0.35 0.35
25-Jul-07 0.37 0.37

29-Aug-07 0.25 0.25
26-Sep-07 0.33 0.33
31-Oct-07 0.22 0.22
26-Nov-07 0.30 0.30
03-Jan-08 0.33 0.33
31-Jan-08 0.39 0.39
27-Feb-08 0.27 0.27
26-Mar-08 0.37 0.37
29-Apr-08 0.39 0.39

28-May-08 0.31 0.31
25-Jun-08 0.47 0.47
30-Jul-08 0.41 0.41

27-Aug-08 0.35 0.35
30-Sep-08 0.37 0.37
29-Oct-08 0.36 0.36
26-Nov-08 0.33 0.33
07-Jan-09 0.35 0.35
29-Jan-09 0.36 0.36
25-Feb-09 0.26 0.26
25-Mar-09 0.29 0.29
29-Apr-09 0.42 0.42

27-May-09 0.56 0.56
24-Jun-09 0.35 0.35
29-Jul-09 0.49 0.49

26-Aug-09 0.35 0.35
30-Sep-09 0.45 0.45
28-Oct-09 0.32 0.32
25-Nov-09 0.31 0.31



Sample

Total 
Kjeldahl 
Nitrogen 

(TKN)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Raw Data Monthly concentrations of TKN in mg/L 

06-Jan-10 0.24 0.24
24-Feb-10 0.22 0.22
31-Mar-10 0.31 0.31
28-Apr-10 0.30 0.30

26-May-10 0.40 0.40
30-Jun-10 0.50 0.50
28-Jul-10 0.39 0.39

25-Aug-10 0.30 0.30
29-Sep-10 0.74 0.74
27-Oct-10 0.50 0.50
24-Nov-10 0.47 0.47
05-Jan-11 0.33 0.33
23-Feb-11 0.66 0.66
30-Mar-11 0.29 0.29
27-Apr-11 0.34 0.34

25-May-11 0.43 0.43
29-Jun-11 0.42 0.42
27-Jul-11 0.32 0.32

31-Aug-11 0.29 0.29
28-Sep-11 0.32 0.32
26-Oct-11 0.61 0.61
30-Nov-11 0.54 0.54
25-Jan-12 0.40 0.40
29-Feb-12 0.31 0.31
28-Mar-12 0.30 0.30
25-Apr-12 0.36 0.36

30-May-12 0.39 0.39
27-Jun-12 0.38 0.38
25-Jul-12 0.30 0.30

29-Aug-12 0.28 0.28
26-Sep-12 0.27 0.27
31-Oct-12 0.26 0.26
28-Nov-12 1.80 1.80
30-Jan-13 0.58 0.58
26-Feb-13 0.59 0.59
27-Mar-13 0.58 0.58
24-Apr-13 0.03 0.03

29-May-13 0.62 0.62
26-Jun-13 0.65 0.65
07-Aug-13 0.16 0.16
28-Aug-13 0.43 0.43
25-Sep-13 0.63 0.63

# of Samples 178 23 13 16 12 16 17 15 17 17 14 15 3
AVE 0.383 0.363 0.389 0.381 0.333 0.429 0.427 0.365 0.305 0.403 0.362 0.463 0.333
MIN 0.03 0.24 0.22 0.29 0.03 0.31 0.28 0.26 0.16 0.22 0.21 0.28 0.18
MAX 1.8 0.68 0.66 0.58 0.44 0.64 0.74 0.49 0.43 0.74 0.61 1.8 0.58
50th 0.36 0.33 0.32 0.375 0.355 0.4 0.4 0.37 0.3 0.37 0.34 0.33 0.24
10th 0.267 0.26 0.26 0.295 0.282 0.34 0.326 0.304 0.246 0.27 0.232 0.3 0.192
25th 0.3 0.29 0.27 0.3175 0.33 0.375 0.35 0.32 0.28 0.29 0.2725 0.315 0.21
75th 0.420 0.375 0.530 0.423 0.383 0.448 0.470 0.405 0.350 0.450 0.448 0.445 0.410
90th 0.553 0.568 0.598 0.44 0.417 0.59 0.56 0.416 0.394 0.624 0.497 0.546 0.512



Sample BOD5 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

17-Sep-96 0.8 0.80
15-Oct-96 0.4 0.40
17-Dec-96 1.2 1.20
23-Jan-97 4.8 4.80
18-Dec-97 1 1.00
24-Feb-98 0.2 0.20
24-Mar-98 0.6 0.60
23-Apr-98 0.4 0.40

21-May-98 0.8 0.80
17-Jun-98 0.4 0.40
22-Jul-98 0.6 0.60

20-Aug-98 0.6 0.60
25-Sep-98 0.4 0.40
27-Oct-98 0.6 0.60
24-Nov-98 0.4 0.40
18-Dec-98 0.2 0.20
25-Jan-99 1 1.00
01-Mar-99 0.8 0.80
29-Mar-99 1.6 1.60
19-Apr-99 0.6 0.60

27-May-99 1.4 1.40
23-Jun-99 0.8 0.80
23-Jul-99 0.6 0.60

24-Aug-99 0.8 0.80
30-Sep-99 1.4 1.40
01-Nov-99 0.6 0.60
25-Nov-99 1 1.00
04-Jan-00 0.8 0.80
03-Feb-00 3.2 3.20
29-Feb-00 0.6 0.60
30-Mar-00 1.6 1.60
04-May-00 1.2 1.20
30-May-00 0.2 0.20
28-Jun-00 1 1.00
26-Jul-00 0.6 0.60

30-Aug-00 0.4 0.40
28-Sep-00 0.6 0.60
29 N 00 0 6 0 60

Raw Data Monthly concentrations of BOD5 in mg/L 

29-Nov-00 0.6 0.60
03-Jan-01 0.4 0.40
30-Jan-01 0.4 0.40
27-Feb-01 0.2 0.20
29-Mar-01 0.4 0.40
30-Apr-01 0.2 0.20
26-Jun-01 0.2 0.20
29-Aug-01 0.4 0.40
26-Sep-01 0.8 0.80
25-Oct-01 0.6 0.60
29-Nov-01 1 1.00
03-Jan-02 0.6 0.60
24-Jan-02 0.4 0.40
04-Mar-02 1.6 1.60
05-Jun-02 0.8 0.80
26-Jun-02 0.2 0.20
31-Jul-02 0.3 0.30

28-Aug-02 0.2 0.20
26-Sep-02 0.8 0.80
30-Oct-02 0.3 0.30
07-Jan-03 0.2 0.20
30-Jan-03 1.2 1.20
27-Mar-03 1.5 1.50
22-May-03 0.6 0.60
26-Jun-03 0.7 0.70
31-Jul-03 0.6 0.60

28-Aug-03 0.4 0.40
30-Sep-03 0.3 0.30
30-Oct-03 0.9 0.90
27-Nov-03 1.1 1.10



Sample BOD5 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Raw Data Monthly concentrations of BOD5 in mg/L 

08-Jan-04 3.1 3.10
25-Feb-04 0.2 0.20
30-Mar-04 0.5 0.50
28-Apr-04 0.2 0.20

26-May-04 0.8 0.80
29-Jun-04 0.6 0.60
28-Jul-04 0.4 0.40

31-Aug-04 0.4 0.40
23-Sep-04 0.9 0.90
27-Oct-04 0.4 0.40
30-Nov-04 0.3 0.30
10-Jan-05 0.3 0.30
27-Jan-05 0.2 0.20
24-Feb-05 0.7 0.70
31-Mar-05 1.6 1.60
28-Apr-05 0.7 0.70

26-May-05 0.9 0.90
29-Jun-05 1 1.00
28-Jul-05 0.6 0.60

31-Aug-05 0.9 0.90
29-Sep-05 0.6 0.60
27-Oct-05 0.4 0.40
30-Nov-05 0.7 0.70
05-Jan-06 0.8 0.80
26-Jan-06 0.5 0.50
22-Feb-06 0.5 0.50
30-Mar-06 0.5 0.50
27-Apr-06 0.5 0.50

25-May-06 0.5 0.50
29-Jun-06 0.7 0.70
27-Jul-06 0.5 0.50

31-Aug-06 0.5 0.50
28-Sep-06 0.9 0.90
25-Oct-06 0.3 0.30
25-Apr-07 0.3 0.30

30-May-07 0.6 0.60
26-Jun-07 0.6 0.60
25-Jul-07 0 9 0 9025 Jul 07 0.9 0.90

29-Aug-07 0.4 0.40
26-Sep-07 0.4 0.40
31-Oct-07 0.8 0.80
26-Nov-07 0.4 0.40
03-Jan-08 1.9 1.90
31-Jan-08 0.5 0.50
27-Feb-08 0.2 0.20
26-Mar-08 0.5 0.50
29-Apr-08 0.8 0.80

28-May-08 0.7 0.70
25-Jun-08 0.7 0.70
30-Jul-08 0.2 0.20

27-Aug-08 0.5 0.50
30-Sep-08 0.5 0.50
29-Oct-08 0.4 0.40
26-Nov-08 0.2 0.20
07-Jan-09 0.2 0.20
29-Jan-09 0.2 0.20
25-Feb-09 0.3 0.30
25-Mar-09 0.5 0.50
29-Apr-09 0.2 0.20

27-May-09 1.1 1.10
24-Jun-09 0.9 0.90
29-Jul-09 0.6 0.60

26-Aug-09 0.4 0.40
30-Sep-09 0.7 0.70
28-Oct-09 0.5 0.50
25-Nov-09 1 1.00
06-Jan-10 0.6 0.60
24-Feb-10 0.7 0.70
31-Mar-10 0.5 0.50
28-Apr-10 0.8 0.80



Sample BOD5 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Raw Data Monthly concentrations of BOD5 in mg/L 

26-May-10 3.2 3.20
30-Jun-10 0.9 0.90
28-Jul-10 0.2 0.20

25-Aug-10 0.2 0.20
29-Sep-10 1.5 1.50
27-Oct-10 1 1.00
24-Nov-10 1.5 1.50
05-Jan-11 1.2 1.20
23-Feb-11 0.9 0.90
30-Mar-11 0.2 0.20
27-Apr-11 0.6 0.60

25-May-11 0.5 0.50
29-Jun-11 0.3 0.30
27-Jul-11 0.6 0.60

31-Aug-11 1.8 1.80
28-Sep-11 0.9 0.90
26-Oct-11 1 1.00
30-Nov-11 0.2 0.20
25-Jan-12 1.1 1.10
29-Feb-12 1.7 1.70
28-Mar-12 1.5 1.50
25-Apr-12 0.8 0.80

30-May-12 1.1 1.10
27-Jun-12 0.2 0.20
25-Jul-12 0.4 0.40

29-Aug-12 0.2 0.20
26-Sep-12 0.3 0.30
31-Oct-12 0.2 0.20
28-Nov-12 1.4 1.40
30-Jan-13 2.2 2.20
26-Feb-13 1.1 1.10
27-Mar-13 0.5 0.50
24-Apr-13 0.4 0.40

29-May-13 1.5 1.50
26-Jun-13 1.2 1.20
07-Aug-13 1.5 1.50
28-Aug-13 1 1.00
25-Sep-13 1.1 1.10

# of Samples 175 22 13 16 13 15 17 14 17 17 14 14 3
AVE 0.751 1.027 0.808 0.900 0.500 1.007 0.659 0.507 0.624 0.759 0.557 0.743 0.800
MIN 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.2 0.2 0.2
MAX 4.8 4.8 3.2 1.6 0.8 3.2 1.2 0.9 1.8 1.5 1 1.5 1.2
50th 0.6 0.6 0.6 0.55 0.5 0.8 0.7 0.6 0.4 0.8 0.45 0.65 1
10th 0.2 0.2 0.2 0.45 0.2 0.5 0.2 0.23 0.2 0.36 0.3 0.23 0.36
25th 0.4 0.4 0.2 0.5 0.3 0.6 0.4 0.4 0.4 0.5 0.4 0.4 0.6
75th 0.900 1.175 0.900 1.525 0.700 1.150 0.900 0.600 0.800 0.900 0.750 1.000 1.100
90th 1.46 2.17 1.58 1.6 0.8 1.46 1 0.6 1.2 1.22 0.97 1.31 1.16



Sample E. coli Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

17-Sep-96 108 108.00
15-Oct-96 12 12.00
17-Dec-96 128 128.00
23-Jan-97 124 124.00
18-Dec-97 16 16.00
24-Feb-98 20 20.00
24-Mar-98 4 4.00
23-Apr-98 20 20.00

21-May-98 32 32.00
17-Jun-98 160 160.00
22-Jul-98 92 92.00

20-Aug-98 60 60.00
25-Sep-98 56 56.00
27-Oct-98 4 4.00
24-Nov-98 4 4.00
25-Jan-99 52 52.00
01-Mar-99 40 40.00
29-Mar-99 4 4.00
19-Apr-99 20 20.00

27-May-99 24 24.00
23-Jun-99 48 48.00
23-Jul-99 92 92.00

24-Aug-99 28 28.00
30-Sep-99 556 556.00
01-Nov-99 8 8.00
25-Nov-99 16 16.00
04-Jan-00 168 168.00
03-Feb-00 4 4.00
29-Feb-00 4 4.00
30-Mar-00 80 80.00
04-May-00 24 24.00
30-May-00 20 20.00
28-Jun-00 16 16.00
26-Jul-00 56 56.00

30-Aug-00 32 32.00
28-Sep-00 16 16.00
29-Nov-00 8 8.00
03-Jan-01 4 4.00
30-Jan-01 10 10.00
27-Feb-01 20 20.00
29-Mar-01 12 12.00
30-Apr-01 12 12.00

24-May-01 110 110.00

Raw Data Monthly concentrations of E. coli in cts/100mL 

26-Jun-01 120 120.00
25-Jul-01 100 100.00

29-Aug-01 92 92.00
26-Sep-01 160 160.00
25-Oct-01 64 64.00
29-Nov-01 300 300.00
03-Jan-02 4 4.00
24-Jan-02 8 8.00
04-Mar-02 8 8.00
05-Jun-02 160 160.00
26-Jun-02 100 100.00
31-Jul-02 140 140.00

28-Aug-02 48 48.00
26-Sep-02 40 40.00
30-Oct-02 4 4.00
07-Jan-03 4 4.00
30-Jan-03 4 4.00
27-Mar-03 4 4.00
01-May-03 220 220.00
22-May-03 4 4.00
26-Jun-03 140 140.00
31-Jul-03 36 36.00

28-Aug-03 32 32.00
30-Sep-03 52 52.00
30-Oct-03 36 36.00
27-Nov-03 12 12.00
08-Jan-04 4 4.00
25-Feb-04 190 190.00
30-Mar-04 76 76.00
28-Apr-04 16 16.00

26-May-04 110 110.00
29-Jun-04 110 110.00
28-Jul-04 190 190.00

31-Aug-04 230 230.00
23-Sep-04 120 120.00



Sample E. coli Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Raw Data Monthly concentrations of E. coli in cts/100mL 

27-Oct-04 12 12.00
30-Nov-04 20 20.00
10-Jan-05 16 16.00
27-Jan-05 4 4.00
24-Feb-05 4 4.00
31-Mar-05 80 80.00
28-Apr-05 12 12.00

26-May-05 48 48.00
29-Jun-05 410 410.00
28-Jul-05 100 100.00

31-Aug-05 720 720.00
29-Sep-05 210 210.00
27-Oct-05 36 36.00
30-Nov-05 300 300.00
05-Jan-06 100 100.00
26-Jan-06 10 10.00
22-Feb-06 10 10.00
30-Mar-06 10 10.00
27-Apr-06 50 50.00

25-May-06 20 20.00
29-Jun-06 170 170.00
27-Jul-06 240 240.00

31-Aug-06 130 130.00
28-Sep-06 450 450.00
25-Oct-06 230 230.00
28-Nov-06 100 100.00
04-Jan-07 24 24.00
31-Jan-07 4 4.00
28-Feb-07 4 4.00
28-Mar-07 4 4.00
25-Apr-07 60 60.00

30-May-07 56 56.00
26-Jun-07 110 110.00
25-Jul-07 120 120.00

29-Aug-07 120 120.00
26-Sep-07 760 760.00
31-Oct-07 28 28.00
26-Nov-07 52 52.00
03-Jan-08 12 12.00
31-Jan-08 8 8.00
27-Feb-08 4 4.00
26-Mar-08 32 32.00
29-Apr-08 52 52.00p

28-May-08 32 32.00
25-Jun-08 40 40.00
30-Jul-08 820 820.00

27-Aug-08 72 72.00
30-Sep-08 500 500.00
29-Oct-08 16 16.00
26-Nov-08 12 12.00
07-Jan-09 4 4.00
29-Jan-09 20 20.00
25-Feb-09 8 8.00
25-Mar-09 24 24.00
29-Apr-09 28 28.00

27-May-09 280 280.00
24-Jun-09 44 44.00
29-Jul-09 140 140.00

26-Aug-09 44 44.00
30-Sep-09 300 300.00
28-Oct-09 20 20.00
25-Nov-09 52 52.00
06-Jan-10 4 4.00
24-Feb-10 4 4.00
31-Mar-10 4 4.00
28-Apr-10 32 32.00

26-May-10 76 76.00
30-Jun-10 60 60.00
28-Jul-10 96 96.00

25-Aug-10 64 64.00
29-Sep-10 930 930.00
27-Oct-10 60 60.00
24-Nov-10 52 52.00
05-Jan-11 4 4.00
23-Feb-11 12 12.00
30-Mar-11 4 4.00
27-Apr-11 64 64.00

25-May-11 76 76.00



Sample E. coli Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Raw Data Monthly concentrations of E. coli in cts/100mL 

29-Jun-11 150 150.00
27-Jul-11 160 160.00

31-Aug-11 48 48.00
28-Sep-11 56 56.00
26-Oct-11 240 240.00
30-Nov-11 380 380.00
25-Jan-12 28 28.00
29-Feb-12 60 60.00
28-Mar-12 28 28.00
25-Apr-12 60 60.00

30-May-12 56 56.00
27-Jun-12 88 88.00
25-Jul-12 130 130.00

29-Aug-12 64 64.00
26-Sep-12 32 32.00
31-Oct-12 160 160.00
28-Nov-12 24 24.00
30-Jan-13 110 110.00
26-Feb-13 56 56.00
27-Mar-13 88 88.00
24-Apr-13 8 8.00

29-May-13 1400 1400.00
26-Jun-13 96 96.00
07-Aug-13 72 72.00
28-Aug-13 130 130.00
25-Sep-13 72 72.00

# of Samples 182 24 14 17 13 17 17 15 17 17 14 15 2
Geomean 39.69 12.49 11.79 15.34 26.95 57.64 94.36 125.44 76.88 139.23 31.40 34.86 45.25
MIN 4.00 4.00 4.00 4.00 8.00 4.00 16.00 36.00 28.00 16.00 4.00 4.00 16.00
MAX 1400.00 168.00 190.00 88.00 64.00 1400.00 410.00 820.00 720.00 930.00 240.00 380.00 128.00
50th 49.00 9.00 9.00 12.00 28.00 56.00 110.00 120.00 64.00 120.00 32.00 24.00 72.00
10th 4.00 4.00 4.00 4.00 12.00 20.00 42.40 70.40 32.00 36.80 6.40 8.00 27.20
25th 13.00 4.00 4.00 4.00 16.00 24.00 60.00 94.00 48.00 56.00 13.00 12.00 44.00
75th 110.00 25.00 20.00 40.00 52.00 110.00 150.00 150.00 120.00 450.00 63.00 76.00 100.00
90th 219.00 107.00 58.80 80.00 60.00 244.00 164.00 220.00 170.00 637.60 209.00 300.00 116.80



Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

24-May-01 0.008 0.008
26-Jun-01 0.002 0.002
25-Jul-01 0.008 0.008

29-Aug-01 0.002 0.002
25-Oct-01 0.004 0.004
29-Nov-01 0.014 0.014
03-Jan-02 0.012 0.012
24-Jan-02 0.008 0.008
04-Mar-02 0.002 0.002
05-Jun-02 0.002 0.002
26-Jun-02 0.009 0.009
31-Jul-02 0.002 0.002

28-Aug-02 0.006 0.006
26-Sep-02 0.002 0.002
30-Oct-02 0.002 0.002
27-Nov-02 0.007 0.007
07-Jan-03 0.007 0.007
27-Mar-03 0.042 0.042
01-May-03 0.012 0.012
22-May-03 0.016 0.016
26-Jun-03 0.002 0.002
31-Jul-03 0.011 0.011

28-Aug-03 0.020 0.020
30-Sep-03 0.004 0.004
30-Oct-03 0.003 0.003
27-Nov-03 0.002 0.002
08-Jan-04 0.009 0.009
25-Feb-04 0.013 0.013
30-Mar-04 0.022 0.022
28-Apr-04 0.010 0.010
26-May-04 0.009 0.009
29-Jun-04 0.003 0.003
28-Jul-04 0.002 0.002

31-Aug-04 0.003 0.003
23-Sep-04 0.004 0.004
27-Oct-04 0.002 0.002
30-Nov-04 0.002 0.002
10-Jan-05 0.012 0.012
27-Jan-05 0.031 0.031
24 F b 05 0 006 0 006

Monthly concentrations of T. Ammonia in mg/L
Date

T. Ammonia 
NH3+NH4  

(mg/L)

24-Feb-05 0.006 0.006
31-Mar-05 0.022 0.022
28-Apr-05 0.004 0.004
26-May-05 0.002 0.002
29-Jun-05 0.002 0.002
28-Jul-05 0.002 0.002

31-Aug-05 0.002 0.002
29-Sep-05 0.010 0.010
27-Oct-05 0.002 0.002
30-Nov-05 0.002 0.002
05-Jan-06 0.020 0.020
29-Jun-06 0.004 0.004
27-Jul-06 0.011 0.011

31-Aug-06 0.002 0.002
28-Sep-06 0.013 0.013



Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Monthly concentrations of T. Ammonia in mg/L
Date

T. Ammonia 
NH3+NH4  

(mg/L)
25-Oct-06 0.002 0.002
28-Nov-06 0.016 0.016
04-Jan-07 0.005 0.005
31-Jan-07 0.024 0.024
28-Feb-07 0.021 0.021
28-Mar-07 0.018 0.018
25-Apr-07 0.022 0.022
30-May-07 0.013 0.013
26-Jun-07 0.020 0.020
25-Jul-07 0.002 0.002

29-Aug-07 0.007 0.007
26-Sep-07 0.002 0.002
31-Oct-07 0.002 0.002
26-Nov-07 0.005 0.005
03-Jan-08 0.012 0.012
31-Jan-08 0.005 0.005
27-Feb-08 0.002 0.002
26-Mar-08 0.002 0.002
29-Apr-08 0.003 0.003
28-May-08 0.002 0.002
25-Jun-08 0.002 0.002
30-Jul-08 0.010 0.010

27-Aug-08 0.010 0.010
30-Sep-08 0.013 0.013
29-Oct-08 0.010 0.010
26-Nov-08 0.011 0.011
07-Jan-09 0.018 0.018
29-Jan-09 0.033 0.033
25-Feb-09 0.019 0.019
25-Mar-09 0.012 0.012
29-Apr-09 0.006 0.006
27-May-09 0.015 0.015
24-Jun-09 0.017 0.017
29-Jul-09 0.022 0.022

26-Aug-09 0.002 0.002
30-Sep-09 0.011 0.011
28-Oct-09 0.002 0.002
25-Nov-09 0.012 0.012
06-Jan-10 0.026 0.026
24 F b 10 0 020 0 02024-Feb-10 0.020 0.020
31-Mar-10 0.014 0.014
28-Apr-10 0.010 0.010
26-May-10 0.018 0.018
30-Jun-10 0.037 0.037
28-Jul-10 0.025 0.025

25-Aug-10 0.019 0.019
29-Sep-10 0.014 0.014
27-Oct-10 0.018 0.018
24-Nov-10 0.016 0.016
05-Jan-11 0.032 0.032
23-Feb-11 0.037 0.037
30-Mar-11 0.025 0.025
27-Apr-11 0.030 0.030
25-May-11 0.019 0.019
29-Jun-11 0.013 0.013
27-Jul-11 0.024 0.024

31-Aug-11 0.016 0.016
28-Sep-11 0.002 0.002
26-Oct-11 0.020 0.020
30-Nov-11 0.017 0.017
25-Jan-12 0.031 0.031
29-Feb-12 0.012 0.012
28-Mar-12 0.005 0.005
25-Apr-12 0.013 0.013
30-May-12 0.010 0.010
27-Jun-12 0.013 0.013
25-Jul-12 0.021 0.021

29-Aug-12 0.010 0.010
26-Sep-12 0.016 0.016
31-Oct-12 0.019 0.019
28-Nov-12 0.020 0.020



Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Monthly concentrations of T. Ammonia in mg/L
Date

T. Ammonia 
NH3+NH4  

(mg/L)
30-Jan-13 0.097 0.097
26-Feb-13 0.070 0.070
27-Mar-13 0.011 0.011
24-Apr-13 0.017 0.017
29-May-13 0.021 0.021
26-Jun-13 0.117 0.117
07-Aug-13 0.035 0.035
28-Aug-13 0.030 0.030
25-Sep-13 0.023 0.023

# of Samples 134 17 9 11 9 12 14 12 14 12 12 12
AVE 0.014 0.022 0.022 0.016 0.013 0.012 0.017 0.012 0.012 0.010 0.007 0.010
MIN 0.002 0.005 0.002 0.002 0.003 0.002 0.002 0.002 0.002 0.002 0.002 0.002
MAX 0.117 0.097 0.070 0.042 0.030 0.021 0.117 0.025 0.035 0.023 0.020 0.020
50th 0.011 0.018 0.019 0.014 0.010 0.013 0.007 0.011 0.009 0.011 0.003 0.012
10th 0.002 0.006 0.005 0.002 0.004 0.003 0.002 0.002 0.002 0.002 0.002 0.002
25th 0.003 0.009 0.012 0.008 0.006 0.009 0.002 0.002 0.002 0.004 0.002 0.004
75th 0.019 0.031 0.021 0.022 0.017 0.017 0.016 0.021 0.018 0.013 0.012 0.016
90th 0.026 0.032 0.044 0.025 0.024 0.019 0.032 0.024 0.027 0.016 0.019 0.017



Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

24-May-01 8.08 8.080
26-Jun-01 7.96 7.960
25-Jul-01 7.96 7.960

29-Aug-01 8.16 8.160
25-Oct-01 7.95 7.950
29-Nov-01 8 8.000
03-Jan-02 8.17 8.170
24-Jan-02 8.12 8.120
04-Mar-02 8.13 8.130
05-Jun-02 7.8 7.800
26-Jun-02 8.2 8.200
31-Jul-02 7.88 7.880

28-Aug-02 8.01 8.010
26-Sep-02 8 8.000
30-Oct-02 8.15 8.150
27-Nov-02 8.16 8.160
07-Jan-03 8.2 8.200
27-Mar-03 7.59 7.590
01-May-03 8.07 8.070
22-May-03 8.16 8.160
26-Jun-03 8.32 8.320
31-Jul-03 8.23 8.230

28-Aug-03 8.28 8.280
30-Sep-03 8.22 8.220
30-Oct-03 8.36 8.360
27-Nov-03 8.16 8.160
08-Jan-04 8.14 8.140
25-Feb-04 8.19 8.190
30-Mar-04 8.02 8.020
28-Apr-04 8.08 8.080
26-May-04 7.96 7.960
29-Jun-04 8.17 8.170
28-Jul-04 8.13 8.130

31-Aug-04 8.12 8.120
23-Sep-04 8.18 8.180
27-Oct-04 8.09 8.090
30-Nov-04 8.11 8.110
10-Jan-05 8.51 8.510
27-Jan-05 7.76 7.760
24 F b 05 8 04 8 040

Monthly concentrations of pH
Date Field pH

24-Feb-05 8.04 8.040
31-Mar-05 7.78 7.780
28-Apr-05 7.97 7.970
26-May-05 7.99 7.990
29-Jun-05 8.52 8.520
28-Jul-05 7.31 7.310

31-Aug-05 7.18 7.180
29-Sep-05 7.48 7.480
27-Oct-05 7.99 7.990
30-Nov-05 7.45 7.450
05-Jan-06 7.76 7.760
29-Jun-06 7.68 7.680
27-Jul-06 7.34 7.340

31-Aug-06 7.57 7.570
28-Sep-06 7.75 7.750
25-Oct-06 7.88 7.880
28-Nov-06 7.79 7.790
04-Jan-07 8.09 8.090
31-Jan-07 7.89 7.890



Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Monthly concentrations of pH
Date Field pH

28-Feb-07 7.94 7.940
28-Mar-07 7.83 7.830
25-Apr-07 7.98 7.980
30-May-07 8.03 8.030
26-Jun-07 8.08 8.080
25-Jul-07 8.07 8.070

29-Aug-07 8.14 8.140
26-Sep-07 8.04 8.040
31-Oct-07 8.06 8.060
26-Nov-07 7.96 7.960
03-Jan-08 8.88 8.880
31-Jan-08 7.59 7.590
27-Feb-08 7.79 7.790
26-Mar-08 7.7 7.700
29-Apr-08 7.43 7.430
28-May-08 7.76 7.760
25-Jun-08 7.88 7.880
30-Jul-08 7.44 7.440

27-Aug-08 7.82 7.820
30-Sep-08 7.71 7.710
29-Oct-08 7.76 7.760
26-Nov-08 8.08 8.080
07-Jan-09 7.47 7.470
29-Jan-09 7.58 7.580
25-Feb-09 7.88 7.880
25-Mar-09 7.49 7.490
29-Apr-09 7.87 7.870
27-May-09 8 8.000
24-Jun-09 8.16 8.160
29-Jul-09 7.84 7.840

26-Aug-09 8.17 8.170
30-Sep-09 8.03 8.030
28-Oct-09 7.98 7.980
25-Nov-09 8.04 8.040
06-Jan-10 7.93 7.930
24-Feb-10 8.01 8.010
31-Mar-10 7.65 7.650
28-Apr-10 8 8.000
26-May-10 8.13 8.130
30 J 10 8 04 8 04030-Jun-10 8.04 8.040
28-Jul-10 8.2 8.200

25-Aug-10 8.09 8.090
29-Sep-10 7.8 7.800
27-Oct-10 7.74 7.740
24-Nov-10 7.82 7.820
05-Jan-11 8.27 8.270
23-Feb-11 8.18 8.180
30-Mar-11 8.09 8.090
27-Apr-11 8.06 8.060
25-May-11 12.38 12.380
29-Jun-11 8.14 8.140
27-Jul-11 8.07 8.070

31-Aug-11 8.19 8.190
28-Sep-11 8.16 8.160
26-Oct-11 7.95 7.950
30-Nov-11 7.85 7.850
25-Jan-12 8.12 8.120
29-Feb-12 7.92 7.920
28-Mar-12 7.69 7.690
25-Apr-12 7.62 7.620
30-May-12 7.97 7.970
27-Jun-12 7.94 7.940
25-Jul-12 7.97 7.970

29-Aug-12 7.85 7.850
26-Sep-12 7.96 7.960
31-Oct-12 7.74 7.740
28-Nov-12 8.05 8.050
30-Jan-13 7.76 7.760
26-Feb-13 7.85 7.850
27-Mar-13 7.95 7.950
24-Apr-13 7.85 7.850



Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Monthly concentrations of pH
Date Field pH

29-May-13 7.7 7.700
07-Aug-13 7.96 7.960
28-Aug-13 8.01 8.010
25-Sep-13 8.12 8.120

# of Samples 133 17 9 11 9 12 13 12 14 12 12 12
AVE 7.989 8.014 7.978 7.811 7.873 8.353 8.068 7.870 7.968 7.954 7.971 7.956
MIN 7.18 7.470 7.790 7.490 7.430 7.700 7.680 7.310 7.180 7.480 7.740 7.450
MAX 12.38 8.880 8.190 8.130 8.080 12.380 8.520 8.230 8.280 8.220 8.360 8.160
50th 7.99 8.090 7.940 7.780 7.970 8.015 8.080 7.965 8.050 8.015 7.965 8.020
10th 7.626 7.586 7.838 7.590 7.582 7.780 7.816 7.350 7.645 7.714 7.742 7.793
25th 7.820 7.760 7.880 7.670 7.850 7.968 7.940 7.740 7.878 7.788 7.850 7.843
75th 8.120 8.170 8.040 7.985 8.000 8.093 8.170 8.085 8.155 8.130 8.068 8.088
90th 8.19 8.366 8.182 8.090 8.064 8.157 8.296 8.193 8.184 8.178 8.144 8.155



Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

24-May-01 13.4 13.400
26-Jun-01 17.1 17.100
25-Jul-01 18.1 18.100

29-Aug-01 15.4 15.400
25-Oct-01 9.6 9.600
29-Nov-01 3.4 3.400
03-Jan-02 0.9 0.900
24-Jan-02 1.7 1.700
04-Mar-02 3.9 3.900
05-Jun-02 12.6 12.600
26-Jun-02 20.2 20.200
31-Jul-02 20.2 20.200

28-Aug-02 16.8 16.800
26-Sep-02 14.4 14.400
30-Oct-02 4.5 4.500
27-Nov-02 1.3 1.300
07-Jan-03 6 6.000
27-Mar-03 3 3.000
01-May-03 9.3 9.300
22-May-03 11 11.000
26-Jun-03 21 21.000
31-Jul-03 17.3 17.300

28-Aug-03 14.6 14.600
30-Sep-03 8.6 8.600
30-Oct-03 7 7.000
27-Nov-03 3.2 3.200
08-Jan-04 6.1 6.100
25-Feb-04 0.4 0.400
30-Mar-04 5.1 5.100
28-Apr-04 5.7 5.700
26-May-04 12.9 12.900
29-Jun-04 13.8 13.800
28-Jul-04 15.5 15.500

31-Aug-04 15.3 15.300
23-Sep-04 13.7 13.700
27-Oct-04 9.1 9.100
30-Nov-04 2.7 2.700
10-Jan-05 1.6 1.600
27-Jan-05 0.3 0.300
24 F b 05 0 1 0 100

Monthly field water temperature (Celsius)
Date

Field Water 

temperature

24-Feb-05 0.1 0.100
31-Mar-05 1.7 1.700
28-Apr-05 6.1 6.100
26-May-05 13.7 13.700
29-Jun-05 20.2 20.200
28-Jul-05 15.6 15.600

31-Aug-05 17.6 17.600
29-Sep-05 12.7 12.700
27-Oct-05 6.4 6.400
30-Nov-05 2.6 2.600
05-Jan-06 1.6 1.600
29-Jun-06 16.3 16.300
27-Jul-06 19.2 19.200

31-Aug-06 14 14.000
28-Sep-06 12.2 12.200
25-Oct-06 5.8 5.800
28-Nov-06 6.9 6.900



Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Monthly field water temperature (Celsius)
Date

Field Water 

temperature
04-Jan-07 2.7 2.700
31-Jan-07 0.8 0.800
28-Feb-07 2.0 2.000
28-Mar-07 3.0 3.000
25-Apr-07 9.1 9.100
30-May-07 15.5 15.500
26-Jun-07 18.4 18.400
25-Jul-07 16.6 16.600

29-Aug-07 18.2 18.200
26-Sep-07 16.9 16.900
31-Oct-07 8.5 8.500
26-Nov-07 3.1 3.100
03-Jan-08 0.1 0.100
31-Jan-08 0.7 0.700
27-Feb-08 0.7 0.700
26-Mar-08 2.1 2.100
29-Apr-08 7.6 7.600
28-May-08 10.8 10.800
25-Jun-08 15.2 15.200
30-Jul-08 16.5 16.500

27-Aug-08 13.4 13.400
30-Sep-08 12.6 12.600
29-Oct-08 4.4 4.400
26-Nov-08 2.5 2.500
07-Jan-09 1.5 1.500
29-Jan-09 1.1 1.100
25-Feb-09 1.4 1.400
25-Mar-09 3.2 3.200
29-Apr-09 5.5 5.500
27-May-09 11.7 11.700
24-Jun-09 17.2 17.200
29-Jul-09 16.9 16.900

26-Aug-09 16.7 16.700
30-Sep-09 10.7 10.700
28-Oct-09 9 9.000
25-Nov-09 7.3 7.300
06-Jan-10 1 1.000
24-Feb-10 1.8 1.800
31-Mar-10 5.2 5.200
28 A 10 8 1 8 10028-Apr-10 8.1 8.100
26-May-10 17.8 17.800
30-Jun-10 14.4 14.400
28-Jul-10 18.4 18.400

25-Aug-10 15.5 15.500
29-Sep-10 12.5 12.500
27-Oct-10 10.4 10.400
24-Nov-10 3.7 3.700
05-Jan-11 0.8 0.800
23-Feb-11 0.1 0.100
30-Mar-11 2.4 2.400
27-Apr-11 8.3 8.300
25-May-11 12.4 12.400
29-Jun-11 14.4 14.400
27-Jul-11 16.8 16.800

31-Aug-11 15.1 15.100
28-Sep-11 15.3 15.300
26-Oct-11 7.4 7.400
30-Nov-11 3.5 3.500
25-Jan-12 0.9 0.900
29-Feb-12 1.5 1.500
28-Mar-12 6.5 6.500
25-Apr-12 4.9 4.900
30-May-12 13.7 13.700
27-Jun-12 14.5 14.500
25-Jul-12 15.1 15.100

29-Aug-12 14.1 14.100
26-Sep-12 12.1 12.100
31-Oct-12 6.7 6.700
28-Nov-12 1.5 1.500
30-Jan-13 1.3 1.300
26-Feb-13 1.2 1.200



Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

Monthly field water temperature (Celsius)
Date

Field Water 

temperature
27-Mar-13 2.1 2.100
24-Apr-13 8.2 8.200
29-May-13 12.7 12.700
07-Aug-13 15.8 15.800
28-Aug-13 17.5 17.500
25-Sep-13 9 9.000

# of Samples 133 17 9 11 9 12 13 12 14 12 12 12
AVE 9.155 1.712 1.022 3.473 7.056 12.908 16.562 17.183 15.714 12.558 7.400 3.475
MIN 0.1 0.100 0.100 1.700 4.900 9.300 12.600 15.100 13.400 8.600 4.400 1.300
MAX 21 6.100 2.000 6.500 9.100 17.800 21.000 20.200 18.200 16.900 10.400 7.300
50th 9 1.100 1.200 3.000 7.600 12.800 16.300 16.850 15.450 12.550 7.200 3.150
10th 1.22 0.540 0.100 2.100 5.380 10.820 13.920 15.510 14.030 9.170 4.630 1.600
25th 3 0.800 0.400 2.250 5.700 11.525 14.400 16.275 14.725 11.750 6.250 2.575
75th 15.100 1.600 1.500 4.500 8.200 13.700 18.400 18.175 16.775 13.875 9.025 3.550
90th 17.18 4.020 1.840 5.200 8.460 15.320 20.200 19.120 17.570 15.210 9.550 6.580



Sample DO Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2002-01-03 13.70 13.70
2002-01-24 12.70 12.70
2002-03-04 12.30 12.30
2002-06-05 9.90 9.90
2002-06-26 9.60 9.60
2002-07-31 9.70 9.70
2002-08-28 11.00 11.00
2002-09-26 10.40 10.40
2002-10-30 12.20 12.20
2002-11-27 14.40 14.40
2003-01-07 12.40 12.40
2003-03-27 13.70 13.70
2003-05-01 11.20 11.20
2003-05-22 11.90 11.90
2003-06-26 10.83 10.83
2003-07-31 10.99 10.99
2003-08-28 11.88 11.88
2003-09-30 12.28 12.28
2003-10-30 14.28 14.28
2003-11-27 14.00 14.00
2004-01-08 14.97 14.97
2004-02-25 15.19 15.19
2004-03-30 12.40 12.40
2004-04-28 12.72 12.72
2004-05-26 10.52 10.52
2004-06-29 10.95 10.95
2004-07-28 10.75 10.75
2004-08-31 10.72 10.72
2004-09-23 11.20 11.20
2004-10-27 12.34 12.34
2004-11-30 12.70 12.70
2005-01-27 12.50 12.50
2005-02-24 16.50 16.50
2005-03-31 11.90 11.90
2005-04-28 11.30 11.30
2005-05-26 10.80 10.80
2005-06-29 9.28 9.28
2005-07-28 8.14 8.14
2005-08-31 9.99 9.99
2005-09-29 10.61 10.61
2005-10-27 13.29 13.29
2005-11-30 15.36 15.36
2006-01-05 13.10 13.10
2006-06-29 10.03 10.03
2006-07-27 9.91 9.91
2006-08-31 11.92 11.92
2006-09-28 10.69 10.69
2006-10-25 13.31 13.31
2006-11-28 12.00 12.00
2007-01-04 14.52 14.52
2007-01-31 15.63 15.63
2007-02-28 15.92 15.92
2007-03-28 14.65 14.65
2007-04-25 12.45 12.45
2007-05-30 11.12 11.12
2007-06-26 10.06 10.06
2007-07-25 10.74 10.74
2007-08-29 10.47 10.47
2007-09-26 10.27 10.27
2007-10-31 10.92 10.92
2007-11-26 11.02 11.02
2008-01-03 14.01 14.01
2008-01-31 15.84 15.84
2008-02-27 16.01 16.01
2008-03-26 14.86 14.86
2008-04-29 12.32 12.32
2008-05-28 12.31 12.31
2008-06-25 11.01 11.01
2008-07-30 9.42 9.42
2008-08-27 11.34 11.34
2008-09-30 11.22 11.22
2008-10-29 13.93 13.93
2008-11-26 12.90 12.90
2009-01-07 13.83 13.83
2009-01-29 13.89 13.89
2009-02-25 13.42 13.42
2009-03-25 14.44 14.44

Raw Data Monthly concentrations of DO in mg/L 



Sample DO Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Raw Data Monthly concentrations of DO in mg/L 

2009-04-29 10.90 10.90
2009-05-27 10.56 10.56
2009-06-24 10.53 10.53
2009-07-29 9.68 9.68
2009-08-26 10.92 10.92
2009-09-30 11.19 11.19
2009-10-28 11.56 11.56
2009-11-25 11.47 11.47
2009-01-07 13.83 13.83
2009-01-29 13.89 13.89
2009-02-25 13.42 13.42
2009-03-25 14.44 14.44
2009-04-29 10.90 10.90
2009-05-27 10.56 10.56
2009-06-24 10.53 10.53
2009-07-29 9.68 9.68
2009-08-26 10.92 10.92
2009-09-30 11.19 11.19
2009-10-28 11.56 11.56
2009-11-25 11.47 11.47
2010-01-06 14.84 14.84
2010-02-24 15.03 15.03
2010-04-28 11.40 11.40
2010-03-31 13.91 13.91
2010-05-26 10.38 10.38
2010-06-30 13.00 13.00
2010-07-28 13.02 13.02
2010-08-25 11.59 11.59
2010-09-29 10.59 10.59
2010-10-27 11.01 11.01
2010-11-24 13.78 13.78
2011-01-05 14.80 14.80
2011-02-23 14.40 14.40
2011-04-27 11.63 11.63
2011-03-30 14.32 14.32
2011-05-25 10.75 10.75
2011-06-29 10.76 10.76
2011-07-27 9.30 9.30
2011-08-31 11.29 11.29
2011-10-26 11.60 11.60
2011-09-28 8.16 8.16
2011-11-30 10.53 10.53
2012-01-25 14.71 14.71
2012-02-29 15.68 15.68
2012-03-28 14.27 14.27
2012-04-25 12.96 12.96
2012-05-30 9.64 9.64
2012-06-27 9.76 9.76
2012-07-25 9.54 9.54
2012-08-29 9.11 9.11
2012-09-26 9.73 9.73
2012-10-31 11.15 11.15
2012-11-28 12.70 12.70
2013-01-30 12.73 12.73
2013-02-26 13.01 13.01
2013-03-27 12.95 12.95
2013-04-24 10.61 10.61
2013-05-29 9.70 9.70
2013-08-07 9.23 9.23
2013-08-28 8.35 8.35
2013-09-25 10.48 10.48

# of Samples 138 18 10 12 10 12 13 12 14 13 12 12
AVE 11.99 13.99 14.86 13.68 11.72 10.79 10.48 10.07 10.62 10.62 12.26 12.69
MIN 8.14 12.40 13.01 11.90 10.61 9.64 9.28 8.14 8.35 8.16 10.92 10.53
MAX 16.50 15.84 16.50 14.86 12.96 12.31 13.00 13.02 11.92 12.28 14.28 15.36
50th 11.56 13.89 15.11 14.09 11.52 10.66 10.53 9.69 10.92 10.61 11.90 12.70
10th 9.70 12.64 13.38 12.31 10.87 9.77 9.63 9.31 9.15 9.84 11.02 11.07
25th 10.61 13.25 13.67 12.81 11.00 10.49 9.90 9.51 10.11 10.40 11.46 11.47
75th 13.42 14.78 15.86 14.44 12.42 11.14 10.83 10.74 11.33 11.19 13.30 13.84
90th 14.67 15.17 16.06 14.63 12.74 11.83 11.00 10.97 11.79 11.22 13.87 14.36



Sample TSS / RSP Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

17-Sep-96 3 3.00
15-Oct-96 2 2.00
17-Dec-96 26 26.00
23-Jan-97 24 24.00
18-Dec-97 1.5 1.50
24-Feb-98 1.5 1.50
24-Mar-98 3.5 3.50
23-Apr-98 2.5 2.50
21-May-98 3 3.00
17-Jun-98 5 5.00
22-Jul-98 2 2.00
20-Aug-98 1.5 1.50
25-Sep-98 0.5 0.50
27-Oct-98 1.5 1.50
24-Nov-98 1.5 1.50
18-Dec-98 1.5 1.50
25-Jan-99 14 14.00
01-Mar-99 10.5 10.50
29-Mar-99 2 2.00
19-Apr-99 2 2.00
27-May-99 7 7.00
23-Jun-99 2.5 2.50
23-Jul-99 2 2.00
24-Aug-99 1.5 1.50
30-Sep-99 3 3.00
01-Nov-99 1 1.00
25-Nov-99 1 1.00
04-Jan-00 10 10.00
03-Feb-00 9 9.00
29-Feb-00 5.5 5.50
30-Mar-00 2 2.00
04-May-00 2.5 2.50
30-May-00 2 2.00
28-Jun-00 4 4.00
26-Jul-00 1.5 1.50
30-Aug-00 1.5 1.50
28-Sep-00 1 1.00
29-Nov-00 1.5 1.50
03-Jan-01 2.5 2.50
30-Jan-01 3 3 00

Raw Data Monthly concentrations of TSS in mg/L 

30 Jan 01 3 3.00
27-Feb-01 3.5 3.50
29-Mar-01 2 2.00
30-Apr-01 3 3.00
24-May-01 5.5 5.50
26-Jun-01 2.5 2.50
25-Jul-01 2.5 2.50
29-Aug-01 3 3.00
26-Sep-01 2 2.00
25-Oct-01 2 2.00
29-Nov-01 3 3.00
03-Jan-02 2.5 2.50
24-Jan-02 1 1.00
04-Mar-02 4.5 4.50
05-Jun-02 5.2 5.20
26-Jun-02 13.5 13.50
31-Jul-02 3.5 3.50
28-Aug-02 1.1 1.10
26-Sep-02 0.5 0.50
30-Oct-02 1 1.00
07-Jan-03 2 2.00
30-Jan-03 3.3 3.30
27-Mar-03 4 4.00
01-May-03 6.3 6.30
22-May-03 2.3 2.30
26-Jun-03 2.3 2.30
31-Jul-03 2.1 2.10
28-Aug-03 0.8 0.80
30-Sep-03 1.8 1.80
30-Oct-03 1.2 1.20
27-Nov-03 1.3 1.30
08-Jan-04 2.1 2.10
25-Feb-04 18.1 18.10



Sample TSS / RSP Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Raw Data Monthly concentrations of TSS in mg/L 

30-Mar-04 9.9 9.90
28-Apr-04 2.2 2.20
26-May-04 4.5 4.50
29-Jun-04 1.8 1.80
28-Jul-04 1.7 1.70
31-Aug-04 4.8 4.80
23-Sep-04 0.5 0.50
27-Oct-04 0.6 0.60
30-Nov-04 1.6 1.60
10-Jan-05 1.9 1.90
27-Jan-05 5.6 5.60
24-Feb-05 5.8 5.80
31-Mar-05 6.9 6.90
28-Apr-05 3.2 3.20
26-May-05 2.9 2.90
29-Jun-05 7.4 7.40
28-Jul-05 1.7 1.70
31-Aug-05 5.9 5.90
29-Sep-05 3.5 3.50
27-Oct-05 0.6 0.60
30-Nov-05 9.9 9.90
26-Jan-06 3 3.00
22-Feb-06 1 1.00
30-Mar-06 1 1.00
27-Apr-06 3 3.00
25-May-06 1 1.00
29-Jun-06 2.8 2.80
27-Jul-06 5.8 5.80
31-Aug-06 1.1 1.10
28-Sep-06 8.2 8.20
25-Oct-06 1.1 1.10
28-Nov-06 1.2 1.20
04-Jan-07 1.4 1.40
31-Jan-07 2.3 2.30
28-Feb-07 2.1 2.10
28-Mar-07 3.6 3.60
25-Apr-07 3.1 3.10
30-May-07 3.2 3.20
26-Jun-07 3.3 3.30
25-Jul-07 2 2 2 2025 Jul 07 2.2 2.20
29-Aug-07 1.3 1.30
26-Sep-07 2.1 2.10
31-Oct-07 0.6 0.60
26-Nov-07 0.9 0.90
03-Jan-08 3.9 3.90
31-Jan-08 3.7 3.70
27-Feb-08 1.8 1.80
26-Mar-08 1.7 1.70
29-Apr-08 2.2 2.20
28-May-08 2.2 2.20
25-Jun-08 3.6 3.60
30-Jul-08 7.0 7.00
27-Aug-08 1.3 1.30
30-Sep-08 2.2 2.20
29-Oct-08 0.7 0.70
26-Nov-08 3.4 3.40
07-Jan-09 1.1 1.10
29-Jan-09 5.0 5.00
25-Feb-09 2.3 2.30
25-Mar-09 1.2 1.20
29-Apr-09 3.5 3.50
27-May-09 6.4 6.40
24-Jun-09 4.2 4.20
29-Jul-09 4.4 4.40
26-Aug-09 1.1 1.10
30-Sep-09 2.1 2.10
28-Oct-09 1.0 1.00
25-Nov-09 1.6 1.60
06-Jan-10 2.1 2.10
24-Feb-10 1.3 1.30
31-Mar-10 2.5 2.50
28-Apr-10 2.1 2.10



Sample TSS / RSP Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Raw Data Monthly concentrations of TSS in mg/L 

26-May-10 5.1 5.10
30-Jun-10 4.4 4.40
28-Jul-10 2.7 2.70
25-Aug-10 0.9 0.90
29-Sep-10 8.8 8.80
27-Oct-10 3.8 3.80
24-Nov-10 2.1 2.10
05-Jan-11 1.5 1.50
23-Feb-11 12.8 12.80
30-Mar-11 1.9 1.90
27-Apr-11 4.3 4.30
25-May-11 5.0 5.00
29-Jun-11 3.9 3.90
27-Jul-11 2.9 2.90
31-Aug-11 1.1 1.10
28-Sep-11 2.0 2.00
26-Oct-11 8.1 8.10
30-Nov-11 8.0 8.00
25-Jan-12 7.3 7.30
29-Feb-12 2.0 2.00
28-Mar-12 3.2 3.20
25-Apr-12 4.8 4.80
30-May-12 2.7 2.70
27-Jun-12 2.0 2.00
25-Jul-12 2.3 2.30
29-Aug-12 1.5 1.50
26-Sep-12 1.4 1.40
31-Oct-12 7.0 7.00
28-Nov-12 0.7 0.70
30-Jan-13 29.9 29.90
26-Feb-13 5.8 5.80
27-Mar-13 3.0 3.00
24-Apr-13 2.3 2.30
29-May-13 30.3 30.30
26-Jun-13 5.1 5.10
07-Aug-13 1.1 1.10
28-Aug-13 1.8 1.80
25-Sep-13 0.8 0.80

# of Samples 182 23 14 17 13 17 17 15 17 17 14 15 3
AVE 3.794 5.787 5.179 3.729 2.938 5.406 4.324 2.953 1.841 2.553 2.229 2.580 9.667
MIN 0.500 1.000 1.000 1.000 2.000 1.000 1.800 1.500 0.800 0.500 0.600 0.700 1.500
MAX 30.300 29.900 18.100 10.500 4.800 30.300 13.500 7.000 5.900 8.800 8.100 9.900 26.000
50th 2.300 3.000 2.900 3.000 3.000 3.200 3.900 2.300 1.300 2.000 1.150 1.500 1.500
10th 1.000 1.420 1.360 1.500 2.120 2.120 2.180 1.700 1.020 0.500 0.600 0.940 1.500
25th 1.500 2.050 1.850 2.000 2.200 2.500 2.500 2.000 1.100 1.000 0.775 1.100 1.500
75th 4.150 5.300 5.800 4.000 3.200 5.500 5.000 3.200 1.500 3.000 2.000 2.550 13.750
90th 7.270 13.200 11.660 8.100 4.140 6.640 6.080 5.240 3.720 5.380 6.040 6.160 21.100



APPENDIX C
MODEL CALCULATIONS

FINAL MIXED CONCENTRATIONS
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APPENDIX D
MIXING ZONE ANALYSIS



Review of Mixing Zone:






