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The Investigation to Support the Development of Nutrient Criteria Based on Recreational Uses of Reservoirs is a collaborative effort to identify the level at which algal growth is objectionable to recreational users of reservoirs in Texas.  A representative range of Texas reservoirs was selected for the two-year study, which is being conducted during the summers of 2003 and 2004.  Participants in the study are as follows:  Brazos River Authority, Guadalupe-Blanco River Authority, Lower Colorado River Authority, Sabine River Authority, San Antonio River Authority, and the Tarrant Regional Water District. Consultants assisting in the effort are William W. Walker, Jr., and Alan Plummer Associates, Inc.

STUDY DESIGN

Eight reservoirs were selected for the study.  These reservoirs represent a wide range of conditions with respect to size, drainage area, trophic status, primary uses, and ecoregion location.  The eight reservoirs are Lake Bridgeport, Canyon Lake, Cedar Creek Reservoir, Lake Fork Reservoir, Lake Georgetown, Lake Granger, Lake Livingston, and Lake Travis.  Figure 1 shows the locations of the study reservoirs. 

Each reservoir is sampled at two locations (a mainbody site and a cove or headwaters site) twice each month during the summer. Maps of each reservoir showing the location of each sampling site are presented in Appendix A.  During 2003, samples were collected during the months of June through September.  In 2004, samples will be collected during the months of April through September.  Samples are analyzed for nitrogen, phosphorus, chlorophyll-a, pheophytin, turbidity, and suspended solids.  Field measurements are performed for dissolved oxygen, temperature, pH, Secchi disc depth, and specific conductivity.

Each day that water quality samples are collected, some of the reservoir users are asked to complete a survey documenting their perception of the amount of algae that is present and their 

Figure 1

opinion of the suitability of the water for recreational uses.  In addition, two members of the field staff complete recreational user surveys for each sampling site.

The objective of the study is to compare the user responses to the chlorophyll-a measurements in order to determine the algal concentrations at which uses are considered to be impacted and the extent of the impact.   It is hoped that the target, or criteria, for chlorophyll can be established as a mean summer concentration in order to facilitate determinations of whether a waterbody is compliant with water quality standards.  (It should be noted that, throughout this report, references to chlorophyll-a should be considered to mean the sum of the chlorophyll-a and pheophytin measurements, whether explicitly stated or not.) 

This report presents the first, preliminary evaluation of study results.  Interpretation of the data is still in progress.

RECREATIONAL USER SURVEYS

The target for the number of completed surveys at each site for each sampling event is seven.  Towards the end of the summer in 2003, however, it was difficult to locate the target number of users to complete the surveys at some sites. 

A copy of the survey form is included in Appendix B.  The two main questions presented in the survey are as follows:

1) Please circle the one response that best describes the physical condition of the lake water today:

a) No algae, or crystal clear water

b) A little algae visible

c) Definite algal greenness

d) Very green; some scum present and/or mild odor apparent

e) Pea-soup green with one or more of the following:  massive floating scums on lake or washed up on shore, strong foul odor, or fish kill

2) Please circle the one response that best describes your perception of how suitable the lake water is for recreation and aesthetic enjoyment today:

a) Beautiful, could not be any nicer

b) Very minor aesthetic problems; excellent for swimming, boating enjoyment

c) Swimming and aesthetic enjoyment slightly impaired

d) Desire to swim and level of enjoyment of the lake substantially reduced

e) Swimming and aesthetic enjoyment of the lake nearly impossible

The survey also asks how many times a year the respondent visits the lake and their primary recreational activity for that day.  During the summer of 2003, a total of 789 surveys were completed by recreational users and water sampling staff at the eight study reservoirs.

PRELIMINARY DATA ANALYSIS

The preliminary analysis of the study data has focused on the following:

· A comparison of the mean Secchi disc depth (transparency) at each site.

· A comparison of mean summer chlorophyll-a+pheophytin concentrations between reservoirs and between cove/headwaters and mainbody sites at each reservoir.  

· A comparison of chlorophyll-a+pheophytin concentrations to the recreational 
user survey responses to Questions 1 and 2 on the survey form.  

· A comparison of laboratory measurements for chlorophyll-a+pheophytin that were obtained for duplicate samples and for split samples.

Comparison of Sample Site Transparencies 

The mean summer Secchi disc depth for each site at each reservoir is presented in Table 1. It is believed that, for some evaluations, it may be useful to group the reservoirs based on the mean transparency value at the mainbody site in each lake.  The proposed groups, as shown in 
Table 1, are based on mean summer Secchi disc depths and are as follows:  less than 1.0 meter (m), 1.0m to 2.5m, and greater than 2.5m. 

	Table 1

Transparency

Mean Summer Secchi Disc Depths (meters)

	Category
	Reservoir
	Mainbody

Station
	Cove/Headwaters

Station

	< 1 meter
	Granger

Livingston

Cedar Creek
	0.50

0.70

0.88
	0.30

0.42

0.45

	1 meter – 2.5 meters
	Bridgeport

Lake Fork
	1.62

1.84
	0.83

1.40

	
	Georgetown
	2.10
	1.23

	>2.5 meters
	Canyon

Travis
	2.61

2.82
	1.84

2.31


Mean Secchi disc depth values were also calculated based on historical data for all four seasons.  Although the results are slightly higher, the groupings and the order of the reservoirs within each category remain the same for the eight study reservoirs.  It should be noted that it is believed that the low transparency measured at Lake Granger is due to inorganic suspended solids, and not high algal levels, since the chlorophyll-a measurements are consistently low. 
Comparison of Mean Chlorophyll-a+Pheophytin Results

Evaluations have been performed to compare the concentrations of chlorophyll-a+pheophytin between the two sites in each reservoir; between reservoirs; and between the three groups of reservoirs (the groups are based on transparency).  The comparisons of 
chlorophyll-a+pheophytin concentrations at the mainbody versus the cove/headwater site for each reservoir are presented graphically on Figure 2.  The headwaters site in Lake Livingston exhibited the highest mean summer concentration of chlorophyll-a+pheophytin of any of the sites sampled. 


[image: image1.wmf]Figure 2:  Mean Summer Chlorophyll-a + Pheophytin Concentration by Site
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In Figure 2, the reservoirs are grouped according to their transparency category.  The reservoirs with the least transparency are grouped on the left side of the chart, and the reservoirs with the most transparency are grouped on the right side of the chart.  Although Lake Granger has the lowest transparency of the eight reservoirs, the mean summer chlorophyll-a+pheophytin concentration in Lake Granger is less than one-tenth of the mean values for the other two reservoirs in this transparency category.  

Figure 3 illustrates the mean, maximum, and minimum values for each of the mainbody sites.  Once again, Lake Granger and Lake Georgetown exhibit very low levels of 
chlorophyll-a+pheophytin, in comparison to the other reservoirs in their respective transparency categories.  Cedar Creek Reservoir has the highest mean and maximum concentrations at the mainbody site of any of the study reservoirs.
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Figure 4 presents the mean, maximum, and minimum summer concentrations of 
chlorophyll-a+pheophytin at the cove/headwaters sites.  Lake Granger, Lake Georgetown, Canyon Lake, and Lake Travis exhibited extremely low concentrations at the cove sites. The highest minimum, mean, and maximum concentrations occurred at the headwaters site in 
Lake Livingston.  
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Comparison of User Survey Responses  and Concentrations of 
Chlorophyll-a+Pheophytin

Substantial additional evaluation is needed to compare the user responses to the measured concentrations of chlorophyll-a+pheophytin adequately.  Examples of factors that may warrant further evaluation include the following:

· At least in some cases, there may be significant differences in responses received from the water quality samplers and the recreational users. 

· Whether there are differences in response based on the frequency of visits to the specific reservoir has not been assessed.

· The data have not been evaluated to determine if data points should be rejected when there is a severe discrepancy between the responses to Question 1 and Question 2, and a factor other than algae has not been identified as the cause of the discrepancy.

However, preliminary evaluations have been conducted.  Prior to conducting these evaluations, all “c” and “d” responses where factors other than algae (boat traffic, muddiness, trash, etc.) were identified as the cause of recreational impairment were removed from the data set. The results of the evaluations are summarized below.

The chlorophyll-a+pheophytin concentration for each sampling event has been compared to the frequency of a response of “a,” “b,” “c,” “d,” or “e” to Question 1 and Question 2 during that sampling event.  The data for all sampling events at a specific reservoir have been aggregated and displayed graphically.  The results are presented in Appendix C. The data for each reservoir are presented three ways:  a comparison for the mainbody site, a comparison for the cove/headwaters site, and a comparison using combined data for both sites. 

In addition, the data were evaluated to determine the lowest concentration of chlorophyll-a+pheophytin at each reservoir site that produced three or more “c”, or higher responses to Question 2 (“c” signifies “Swimming and aesthetic enjoyment slightly impaired”). The results are summarized in Table 2.  Prior to conducting these evaluations, the responses of the water quality samplers at Lake Fork Reservoir were removed from the data set because they were substantially different from the responses of the recreational users.  The appropriateness of this modification of the data set is still under review.  Data for the other reservoirs have not yet been critically reviewed to determine if a similar condition exists for those reservoirs.  Also, Lake Granger was not included in this evaluation because it is believed that Lake Granger users responded primarily to the naturally turbid condition of the reservoir, not the algal concentration.  The maximum chlorophyll-a+pheophytin concentration reported for Lake Granger was 9 ug/L. This will be researched further during the coming year.  

	Table 2

Instantaneous Concentrations of Chlorophyll-a+Pheophytin 
that Produce Responses “C” and “D” to Survey Question 2



	Reservoir
	Mainbody Site
	Cove/Headwaters Site

	Lake Travis
	>5 ug/L
	>6 ug/L

	Canyon Lake
	>6 ug/L
	8 ug/L

	Lake Georgetown
	>2 ug/L
	>2 ug/L

	Lake Fork Reservoir
	>16 ug/L
	24 ug/L

	Lake Bridgeport
	7 ug/L
	37 ug/L

	Cedar Creek Reservoir
	56 ug/L
	53 ug/L

	Lake Livingston
	28 ug/L
	44 ug/L


A comparable table to summarize the lowest chlorophyll-a+pheophytin concentration that generally produced a significant number of “d” responses was not prepared because only Lake Fork Reservoir had three “d” responses (“d” signifies “Desire to swim and level of enjoyment of the lake substantially reduced”). The Lake Fork value for which there are three responses is 
27 ug/L.  

No threshold value for a “c” response was identified for Lake Travis or Lake Georgetown.  The highest measured concentration of chlorophyll-a+pheophytin at either of these lakes was 6 ug/L. These preliminary results suggest that, in those reservoirs that have naturally (or historically) low transparency, higher concentrations of algae are acceptable.  Users of reservoirs with high transparency prefer lower algal levels. The perceived level at which algal growth constitutes a nuisance in reservoirs with a mean transparency of less than 1m may be in the range of 30-to-60 ug/L.  In reservoirs with a mean transparency greater than 2.5m, the nuisance level may be in the range of 10-to-20 ug/L.  However, additional data analysis and data collection are needed to develop more reliable estimates of user preferences.  These preliminary results do suggest that an appropriate basis for grouping reservoirs in order to identify numeric criteria may be the mean summer Secchi disc depth.

Comparison of Split Sample and Field Duplicate Analyses for Chlorophyll-a

There are concerns with respect to using chlorophyll as a water quality standard because there are uncertainties regarding the reliability of the analytical method.  It is believed that the approved method may not adequately constrain specific steps in the sample collection/analysis process. In fact, TCEQ has contracted with the Sabine River Authority for a study to determine whether there are steps in the sampling/analysis process that need to be more rigorously controlled and, if so, which steps those are.

In recognition of this, at the outset of this study, all existing information on sampling and analytical conditions that may need to be more rigorously controlled was compiled, and protocols for those conditions were established.  The types of refinements applied to the approved method for this study include the following:

· Samples are field-filtered.  The filters are frozen with dry ice and maintained in a frozen state until analyzed.

· The acidification period is limited to 90 seconds.

· A micropipette rather than an eyedropper is used to acidify the samples.  

All samples used in the data evaluations were analyzed by one laboratory, the Lower Colorado River Authority (LCRA) laboratory, in order to reduce analytical variability.

During the course of the study, two types of data were collected to determine the potential variability of analytical results:

· To determine the effects on sample results attributable to variations in sampling and analytical variability at LCRA, duplicate field samples were collected and analyzed, periodically.

· To determine if different laboratories could achieve comparable results by following the refined method, some samples were split and analyzed by both LCRA and one of the other agency laboratories.

The results of these procedures are summarized below.

Variability of Field Duplicate Samples

Table 3 presents the results of the analyses of duplicate field samples by LCRA.  These results meet the data quality objectives for this project. The variations between the duplicate samples are within the expected precision of the method.

	Table 3

Analysis of Field Duplicate Samples
by LCRA Laboratory

Chlorophyll-a+Pheophytin (ug/L)



	Sample 1
	Sample 2
	
	|Sample 1 – Sample 2|

	39.8
	38.6
	
	1.2

	33.4
	30.0
	
	3.4

	34.3
	33.1
	
	1.2

	37.4
	38.5
	
	1.1

	62.4
	64.7
	
	2.3

	13.7
	15.6
	
	1.9

	52.2
	52.7
	
	0.5

	Average
	
	1.7


Inter-laboratory Variability

During the course of the study, as other laboratories tried to reproduce the LCRA results, the importance of the method refinements became clearer.  After the other laboratories refined their methods, the variability of the results between laboratories was reduced.

Table 4 presents data that illustrate how the method refinements produce a more reasonable agreement between the results obtained by different laboratories.  For the first three samples in Table 4, LCRA and the other laboratory had significantly different results.  These differences were concluded to be due to the fact that LCRA used a micropipette to acidify the samples, and Laboratory 2 used a dropper.  Samples 5 through 8 were obtained after the second laboratory implemented all of the refined protocols used by LCRA.  As shown in Table 4, substantially better agreement in the analytical results was obtained after those changes were made.  

	Table 4

Analyses of Split Samples

by

LCRA and a Second Laboratory

Chlorophyll-a+Pheophytin (ug/L)



	Sample Number
	LCRA
	Laboratory 2
	
	(Laboratory 2 – LCRA)

	1*
	13.5
	19.7
	
	6.2

	2*
	13.0
	24.2
	
	11.2

	3*
	9.0
	48.6
	
	39.6

	4
	15.6
	15.7
	
	0.1

	5
	12.7
	17.3
	
	4.6

	6
	12.3
	16.5
	
	4.2

	7
	19.0
	21.2
	
	2.2

	8
	18.2
	20.3
	
	 2.1

	*Prior to Method Refinement
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		Nutrient Criteria

		Chlorophyll-a + Pheophytin Summary

		LCRA Laboratory Data Only

				Mainbody Sites														Cove Sites

				Mean Secchi (meters)		Mean Chla+Pheo (ug/L)		Max Chla+Pheo (ug/L)		Min Chla+Pheo (ug/L)		Chla+Pheo 10th percentile		Chla+Pheo 90th percentile				Mean Secchi (meters)		Mean Chla+Pheo (ug/L)		Max Chla+Pheo (ug/L)		Min Chla+Pheo (ug/L)		Chla+Pheo 10th percentile		Chla+Pheo 90th percentile

		Granger		0.50		3.60		9.29		2.00		2.00		6.50				0.30		3.07		7.19		2.00		2.00		4.75

		Livingston		0.70		36.14		43.60		28.90		32.00		40.59				0.42		66.19		130.60		39.83		42.29		98.02

		Cedar Creek		0.88		45.55		65.62		13.00		16.78		57.45				0.45		56.72		73.52		36.42		44.44		69.31

		Mean		0.69		28.43		39.50		14.63		16.93		34.85				0.39		41.99		70.44		26.08		29.58		57.36

		Bridgeport		1.62		5.83		7.41		3.62		4.65		7.40				0.83		13.78		36.95		6.20		8.90		20.04

		Lake Fork		1.84		14.90		18.95		11.10		12.24		18.55				1.40		20.16		28.10		9.04		11.60		27.68

		Georgetown		2.10		2.00		2.00		2.00		2.00		2.00				1.23		2.00		2.00		2.00		2.00		2.00

		Mean		1.85		7.58		9.45		5.57		6.30		9.32				1.15		11.98		22.35		5.75		7.50		16.57

		Canyon		2.61		4.46		5.90		2.81		3.33		5.42				1.84		6.54		7.97		3.38		4.89		7.80

		Travis		2.82		4.00		5.00		2.00		3.09		5.00				2.31		4.67		5.57		2.00		3.99		5.20

		Mean		2.72		4.23		5.45		2.41		3.21		5.21				2.08		5.61		6.77		2.69		4.44		6.50

				Mean Chla+Pheo Values (ug/L) by Secchi depth grouping														Mean Chla+Pheo Values (ug/L) by Secchi depth grouping

		< 1.0 m		40.85		(28.43 with Granger included)												61.46		(41.99 with Granger included)

		1.0 - 2.5 m		7.58														11.98

		> 2.5 m		4.23														5.61
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Main vs. Cove

				Mainbody Concentration		Cove/Headwaters Concentration

		Granger		3.60		3.07

		Livingston		36.14		66.19

		Cedar Creek		45.55		56.72

		Bridgeport		5.83		13.78

		Lake Fork		14.90		20.16

		Georgetown		2.00		2.00

		Canyon		4.46		6.54

		Travis		4.00		4.67
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Figure 4:  Mean Summer Chlorophyll-a + Pheophytin Concentration (Cove/Headwater Sites)
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Cove

				Mean Concentration		Maximum Concentration		Minimum Concentration

		Granger		3.07		7.19		2.00

		Livingston		66.19		130.60		39.83

		Cedar Creek		56.72		73.52		36.42

		Bridgeport		13.78		36.95		6.20

		Lake Fork		20.16		28.10		9.04

		Georgetown		2.00		2.00		2.00

		Canyon		6.54		7.97		3.38

		Travis		4.67		5.57		2.00
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Figure 2:  Mean Summer Chlorophyll-a + Pheophytin (Mainbody Sites)
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Figure 3:  Mean Summer Chlorophyll-a + Pheophytin Concentration (Mainbody Sites)
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Mainbody

				Mean Concentration		Maximum Concentration		Minimum Concentration

		Granger		3.60		9.29		2.00

		Livingston		36.14		43.60		28.90

		Cedar Creek		45.55		65.62		13.00

		Bridgeport		5.83		7.41		3.62

		Lake Fork		14.90		18.95		11.10

		Georgetown		2.00		2.00		2.00

		Canyon		4.46		5.90		2.81

		Travis		4.00		5.00		2.00






_1136378629.xls
Sheet1

		Nutrient Criteria

		Chlorophyll-a + Pheophytin Summary

		LCRA Laboratory Data Only

				Mainbody Sites														Cove Sites

				Mean Secchi (meters)		Mean Chla+Pheo (ug/L)		Max Chla+Pheo (ug/L)		Min Chla+Pheo (ug/L)		Chla+Pheo 10th percentile		Chla+Pheo 90th percentile				Mean Secchi (meters)		Mean Chla+Pheo (ug/L)		Max Chla+Pheo (ug/L)		Min Chla+Pheo (ug/L)		Chla+Pheo 10th percentile		Chla+Pheo 90th percentile

		Granger		0.50		3.60		9.29		2.00		2.00		6.50				0.30		3.07		7.19		2.00		2.00		4.75

		Livingston		0.70		36.14		43.60		28.90		32.00		40.59				0.42		66.19		130.60		39.83		42.29		98.02

		Cedar Creek		0.88		45.55		65.62		13.00		16.78		57.45				0.45		56.72		73.52		36.42		44.44		69.31

		Mean		0.69		28.43		39.50		14.63		16.93		34.85				0.39		41.99		70.44		26.08		29.58		57.36

		Bridgeport		1.62		5.83		7.41		3.62		4.65		7.40				0.83		13.78		36.95		6.20		8.90		20.04

		Lake Fork		1.84		14.90		18.95		11.10		12.24		18.55				1.40		20.16		28.10		9.04		11.60		27.68

		Georgetown		2.10		2.00		2.00		2.00		2.00		2.00				1.23		2.00		2.00		2.00		2.00		2.00

		Mean		1.85		7.58		9.45		5.57		6.30		9.32				1.15		11.98		22.35		5.75		7.50		16.57

		Canyon		2.61		4.46		5.90		2.81		3.33		5.42				1.84		6.54		7.97		3.38		4.89		7.80

		Travis		2.82		4.00		5.00		2.00		3.09		5.00				2.31		4.67		5.57		2.00		3.99		5.20

		Mean		2.72		4.23		5.45		2.41		3.21		5.21				2.08		5.61		6.77		2.69		4.44		6.50

				Mean Chla+Pheo Values (ug/L) by Secchi depth grouping														Mean Chla+Pheo Values (ug/L) by Secchi depth grouping

		< 1.0 m		40.85		(28.43 with Granger included)												61.46		(41.99 with Granger included)

		1.0 - 2.5 m		7.58														11.98

		> 2.5 m		4.23														5.61
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Figure 1:  Mean Summer Chlorophyll-a + Pheophytin by Site
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Figure 2:  Mean Summer Chlorophyll-a + Pheophytin Concentration by Site
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Figure 2:  Mean Summer Chlorophyll-a + Pheophytin Concentration by Site
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Main vs. Cove

				Mainbody Concentration		Cove/Headwaters Concentration

		Granger		3.60		3.07

		Livingston		36.14		66.19

		Cedar Creek		45.55		56.72

		Bridgeport		5.83		13.78

		Lake Fork		14.90		20.16

		Georgetown		2.00		2.00

		Canyon		4.46		6.54

		Travis		4.00		4.67
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Figure 2:  Mean Summer Chlorophyll-a + Phoephytin (Mainbody Sites)
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Figure 3:  Mean Summer Cholophyll-a + Pheophytin (Cove Sites)
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Figure 3:  Mean Summer Chlorophyll + Pheophytin (Cove Sites)
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Figure 4:  Mean, Maximum, and Minimum  Summer
Chlorophyll-a + Pheophytin Concentration (Cove/Headwater Sites)
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Cove

				Mean Concentration		Maximum Concentration		Minimum Concentration

		Granger		3.07		7.19		2.00

		Livingston		66.19		130.60		39.83

		Cedar Creek		56.72		73.52		36.42

		Bridgeport		13.78		36.95		6.20

		Lake Fork		20.16		28.10		9.04

		Georgetown		2.00		2.00		2.00

		Canyon		6.54		7.97		3.38

		Travis		4.67		5.57		2.00
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Figure 2:  Mean Summer Chlorophyll-a + Pheophytin (Mainbody Sites)
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Figure 3:  Mean Summer Chlorophyll-a + Pheophytin Concentration (Mainbody Sites)
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Mainbody

				Mean Concentration		Maximum Concentration		Minimum Concentration

		Granger		3.60		9.29		2.00

		Livingston		36.14		43.60		28.90

		Cedar Creek		45.55		65.62		13.00

		Bridgeport		5.83		7.41		3.62

		Lake Fork		14.90		18.95		11.10

		Georgetown		2.00		2.00		2.00

		Canyon		4.46		5.90		2.81

		Travis		4.00		5.00		2.00
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		Nutrient Criteria

		Chlorophyll-a + Pheophytin Summary

		LCRA Laboratory Data Only

				Mainbody Sites														Cove Sites

				Mean Secchi (meters)		Mean Chla+Pheo (ug/L)		Max Chla+Pheo (ug/L)		Min Chla+Pheo (ug/L)		Chla+Pheo 10th percentile		Chla+Pheo 90th percentile				Mean Secchi (meters)		Mean Chla+Pheo (ug/L)		Max Chla+Pheo (ug/L)		Min Chla+Pheo (ug/L)		Chla+Pheo 10th percentile		Chla+Pheo 90th percentile

		Granger		0.50		3.60		9.29		2.00		2.00		6.50				0.30		3.07		7.19		2.00		2.00		4.75

		Livingston		0.70		36.14		43.60		28.90		32.00		40.59				0.42		66.19		130.60		39.83		42.29		98.02

		Cedar Creek		0.88		45.55		65.62		13.00		16.78		57.45				0.45		56.72		73.52		36.42		44.44		69.31

		Mean		0.69		28.43		39.50		14.63		16.93		34.85				0.39		41.99		70.44		26.08		29.58		57.36

		Bridgeport		1.62		5.83		7.41		3.62		4.65		7.40				0.83		13.78		36.95		6.20		8.90		20.04

		Lake Fork		1.84		14.90		18.95		11.10		12.24		18.55				1.40		20.16		28.10		9.04		11.60		27.68

		Georgetown		2.10		2.00		2.00		2.00		2.00		2.00				1.23		2.00		2.00		2.00		2.00		2.00

		Mean		1.85		7.58		9.45		5.57		6.30		9.32				1.15		11.98		22.35		5.75		7.50		16.57

		Canyon		2.61		4.46		5.90		2.81		3.33		5.42				1.84		6.54		7.97		3.38		4.89		7.80

		Travis		2.82		4.00		5.00		2.00		3.09		5.00				2.31		4.67		5.57		2.00		3.99		5.20

		Mean		2.72		4.23		5.45		2.41		3.21		5.21				2.08		5.61		6.77		2.69		4.44		6.50

				Mean Chla+Pheo Values (ug/L) by Secchi depth grouping														Mean Chla+Pheo Values (ug/L) by Secchi depth grouping

		< 1.0 m		40.85		(28.43 with Granger included)												61.46		(41.99 with Granger included)

		1.0 - 2.5 m		7.58														11.98

		> 2.5 m		4.23														5.61
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Figure 1:  Mean Summer Chlorophyll-a + Pheophytin by Site
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Figure 1:  Mean Summer Chlorophyll-a + Pheophytin by Site

3.6

3.07

36.14

66.19

45.55

56.72

5.83

13.78

14.9

20.16

2

2

4.46

6.54

4

4.67



Fig1

		Granger		Granger

		Livingston		Livingston

		Cedar Creek		Cedar Creek

		Bridgeport		Bridgeport

		Lake Fork		Lake Fork

		Georgetown		Georgetown

		Canyon		Canyon

		Travis		Travis



Mainbody Concentration

Cove/Headwaters Concentration

Reservoir

ug/L

Figure 2:  Mean Summer Chlorophyll-a + Pheophytin Concentration by Site
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Figure 2:  Mean Summer Chlorophyll-a + Pheophytin Concentration by Site
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Main vs. Cove

				Mainbody Concentration		Cove/Headwaters Concentration

		Granger		3.60		3.07

		Livingston		36.14		66.19

		Cedar Creek		45.55		56.72

		Bridgeport		5.83		13.78

		Lake Fork		14.90		20.16

		Georgetown		2.00		2.00

		Canyon		4.46		6.54

		Travis		4.00		4.67
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Figure 2:  Mean Summer Chlorophyll-a + Phoephytin (Mainbody Sites)
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Figure 3:  Mean Summer Cholophyll-a + Pheophytin (Cove Sites)
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Fig3A
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Figure 4:  Mean Summer Chlorophyll-a + Pheophytin Concentration (Cove/Headwater Sites)
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Cove

				Mean Concentration		Maximum Concentration		Minimum Concentration

		Granger		3.07		7.19		2.00

		Livingston		66.19		130.60		39.83

		Cedar Creek		56.72		73.52		36.42

		Bridgeport		13.78		36.95		6.20

		Lake Fork		20.16		28.10		9.04

		Georgetown		2.00		2.00		2.00

		Canyon		6.54		7.97		3.38

		Travis		4.67		5.57		2.00
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Figure 2:  Mean Summer Chlorophyll-a + Pheophytin (Mainbody Sites)
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Fig2A
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Figure 3:  Mean, Maximum, and Minimum Summer 
Chlorophyll-a + Pheophytin Concentration (Mainbody Sites)

3.6

9.29

2

36.14

43.6

28.9

45.55

65.62

13

5.83

7.41

3.62

14.9

18.95

11.1

2

2

2

4.46

5.9

2.81

4

5

2



Mainbody

				Mean Concentration		Maximum Concentration		Minimum Concentration

		Granger		3.60		9.29		2.00

		Livingston		36.14		43.60		28.90

		Cedar Creek		45.55		65.62		13.00

		Bridgeport		5.83		7.41		3.62

		Lake Fork		14.90		18.95		11.10

		Georgetown		2.00		2.00		2.00

		Canyon		4.46		5.90		2.81

		Travis		4.00		5.00		2.00






