



Nutrient Criteria for Reservoirs
Water Quality Standards Workgroup – September 6, 2007

TCEQ Staff DRAFT
The Basics:
What nutrient regulations or controls are currently in place in Texas?

· Narrative nutrient criteria in the Surface Water Quality Standards §307.4(e).
· There are 8 “watershed rules” that typically specify nutrient controls or other restrictions on wastewater discharges.
· There are well over 30 permits have effluent limits for phosphorus.
· In the 2006 Water Quality Inventory, many water bodies are listed with nutrient related concerns.

· The North Bosque River is the only listing for nutrient impairment in the 303(d) list.
How did this all start, and what has been happening?
· In 2001 EPA mandated that states demonstrate progress in developing numerical nutrient standards by 2004.
· EPA required that states submit a development plan. (See the following link for the latest plan from TCEQ: http://www.tceq.state.tx.us/permitting/water_quality/stakeholders/nutrient_criteria_group.html#plans.)
· The state of Texas and EPA now have a plan that they have both agreed upon.
· Texas is developing reservoir criteria first.
· The TCEQ worked with USGS in developing a data base, calculating criteria, and performing data analyses for reservoirs and streams and rivers.

· Other approaches have been presented and considered.

· A nutrient criteria development workgroup was formed and has provided input into the process.  This group has been incorporated into the Water Quality Standards Advisory Workgroup.
· The Nutrient workgroup requested that numeric criteria be developed for all reservoirs with “sufficient data.”
· An ACCESS relational data base with values for a variety of constituents exists for reservoirs and streams and rivers.

· Data was taken from TCEQ’s TRACS and USGS’s NWIS data bases.  Data base creation and data manipulation can be found in handout titles “Nutrient Data Base Development”
· This data base has been QA’d.
· Criteria/screening values for chlorophyll a, total phosphorus (TP), and total nitrogen have been calculated for all reservoirs with sufficient data.

· The criteria have been compared against the historical data using “what-if” scenarios as if the data was being assessed for the 305(b)/303(d) report.  The results of these comparisons with means, medians, criteria at 99th, 95th, and 90th confidence intervals, and TPWD’s criteria (least impacted only), for most reservoirs are posted on the website.  How this was accomplished is found in handout “5 Year Assessment” dated May 16, 2007.”
· The final deliverables of data analysis done by USGS which includes trends analysis was received in May 2007 and have been reviewed.  Other analyses have yet to be examined in detail.
Criteria:

How is TCEQ proposing to set numerical nutrient criteria?

· The TCEQ is proposing that chlorophyll a be the primary numerical criteria.

· A methodology similar to that used for total dissolved solids has primary consideration,

· pooled 2 sample t-test.  For the formula see the handout “Development of Nutrient Criteria in the Texas Surface Water Quality Standards”
· historical data
· Based on comments from the Nutrient Criteria Development Advisory Workgroup, TCEQ is proposing chlorophyll a criteria for all reservoirs that are assessed for trophic status in the TCEQ Water Quality Inventory, except for those with insufficient data points.  

· Use the same station as the reservoir trophic state assessment.  

· Include criteria/screening values for total phosphorus and total nitrogen.  See Appendix A.

How many data points are “sufficient” for setting criteria?
When USGS originally calculated criteria using EPA’s methodology, there had to be at least 6 data points over three years before the reservoir was included.  When USGS calculated criteria using the pooled 2 sample t-test there had to be at least 15 data points over the period of record (1970-2003).
1. Set a cut off for the minimum number of data points required before criteria are assigned.

· 30

· 35
2. Based on current assessment procedures, some reservoirs with less than 35 data points would not be assessed for standards compliance.

· Current assessment procedures require that at least half of the samples (five) must be collected within the last five years even though the number of samples required for assessment can include up to ten years ago.  Based on this procedure, a number of reservoirs using data from the Reservoir data base, which extends up to 2003, would not be assessed.  See the table below and Appendix B for a comparison of less than 35 data points vs. less than 5 data points from 1999 to 2003.
Issue:

· Some reservoirs at the main pool site near the dam have few data points.  Those with less than 30, which is the typical sample size required for site-specific criteria, are listed below.  It may be appropriate to raise the required number to 35, where there is a small break in the frequency distribution when total numbers of data points are plotted.
· There are 25 reservoirs with less than 30 data points at the dam location.  (36 with 35 and less).  
Options:

· Propose criteria for all reservoirs irregardless of the number of data points.

· Not propose criteria for reservoirs with less than x number of data points.

· Look for and, if present, add other open water stations.

· Look for and, if present, add any data that exists that was not included in TRACS or NWIS.

· Change the station against which the criteria is developed or the assessment is conducted.
	Reservoirs with less than 35 data points



	Reservoir
	No. of data points

	B. A. Steinhagen Reservoir
	26

	Brady Creek Reservoir
	29

	Cox Lake
	22

	Ellison Creek Reservoir
	11

	Fin Feather Lake
	16

	Granger Lake
	29

	Grapevine Lake
	3

	Hubbard Creek Reservoir
	30

	Joe Pool Lake
	14

	Lake Amon G. Carter
	30

	Lake Bob Sandlin
	20

	Lake Georgetown
	30

	Lake Graham
	29

	Lake Limestone
	25

	Lake Mexia
	26

	Lake Palo Pinto
	30

	Lake Tanglewood
	29

	Lake Texana
	15

	Lake Theo
	3

	Lake Wichita
	18

	O.H. Ivie Reservoir
	17

	Oak Creek Reservoir
	29

	Palo Duro Reservoir
	20

	Pat Cleburne Reservoir
	27

	Sam Rayburn Reservoir*
	25


	Reservoirs with 30-35 data points

	Aquilla Reservoir
	34

	Choke Canyon Reservoir
	32

	Diversion Lake
	34

	Lake Cherokee
	31

	Lake Cisco
	35

	Lake Crook
	32

	Lake Cypress Springs
	32

	Lake Granbury
	34

	Lake Kickapoo
	32

	Possum Kingdom Reservoir*
	31

	White Rock Lake
	32


Frequency distribution of data points
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	Reservoirs that would not be assessed

	
	

	Brady Creek
	

	Buffalo Springs
	

	Ellison Creek Reservoir
	

	Falcon Lake
	

	Fort Phantom Hill

	data to 1998

	Grapevine
	

	Joe Pool Lake
	

	Lake Arlington 

	data to 1994

	Lake Cherokee

	data to 1994

	Lake Colorado
	

	Lake Conroe
	

	Lake Crook
	

	Lake Kickapoo
	

	Lake Lavon


	data to 1995

	Lake Limestone
	

	Lake Sweetwater
	

	Lake Texana 
	

	Lake Texoma


	data to 1994

	Lake Whitney
	

	Lake Wichita
	

	Millers Creek
	

	Pat Cleburne
	

	Pat Mayse
	

	Possum Kingdom
	

	White Rock Lake

	data to 1994


Should there be a minimum value for reservoir criteria?

A minimum limit to reservoir criteria appears to be appropriate to minimize sampling quantification problems.  5 μg/L is an appropriate cutoff, since (1) this is a typical Ambient Water Reporting Limit (AWRL) for chlorophyll a, and (2) this concentration is relatively low for Texas reservoirs (15th percentile of the reservoir criteria).

The following reservoir criteria are below 5.00 µg/L:

	Reservoir Name
	Chlorophyll a criteria

	Amistad
	3.02

	Belton Reservoir
	4.27

	Canyon Lake
	3.10

	Greenbelt Reservoir
	3.78

	Joe Pool Lake
	3.38

	Lake Austin
	4.05

	Lake Brownwood
	4.94

	Lake Cisco
	2.90

	Lake Jacksonville
	4.60

	Lake Mackenzie
	4.85

	Lake Meredith
	3.56

	Lake Texana
	4.78

	Lake Travis
	4.10

	Medina Lake
	4.00

	Sam Rayburn Reservoir
	4.32

	White River Lake
	3.93


Should secondary criteria be established to augment procedures for (1) evaluating wastewater discharge permits and (2) for assessing standards compliance?

· Consider a secondary set of criteria for each reservoir for total phosphorus (TP), calculated from historical data using the same procedures as for chlorophyll a (Appendix A).  As discussed below, TP criteria would facilitate (1) weight-of-evidence approaches for assessing monitoring data, and (2) assessing the impacts of nutrient loading.
· Consider a similar secondary set of criteria for each reservoir for nitrate, as a partial surrogate for total nitrogen, since inadequate data exists for total nitrogen for the majority of reservoirs.
Trends:
USGS conducted statistical trend analyses on individual reservoirs using Statistica.  Chlorophyll a, total phosphorus, and total nitrogen data were log transformed before the analyses were conducted.  Some reservoirs showed an increasing trend that was statistically significant.  At least eight reservoirs showed decreasing trends in either chlorophyll a or total phosphorus.  See the tables below.
USGS also plotted the historical data over time for each reservoir and included linear fit lines.  R2 values were included.  
The exercise of comparing the criteria to 5 year blocks of data in a “what-if” scenario to mimic the 305(b)/303(d) assessment, revealed that at least six reservoirs had means and medians that were increasing over time.  This scenario also shows the assessment periods that the means and averages would exceed the criteria for a number of reservoirs.  See the handout “Reservoir Trends and Exceedances.”
	Trends in chlorophyll a – Statistical 



	USGS statistical analysis of correlations of date vs. chl a.

	· Buffalo Springs – because of high chlorophyll a values, the criteria is the highest in the state using available data.

	· Lake Colorado City

	· Lake Worth

	· Lake Lyndon B. Johnson.  Though the trend is statistically significant, there were very few data points in early years.  Most of the data points are later and are all higher than the earlier data points.

	· Lake Marble Falls – see LBJ

	· Granger Lake – decreasing trend

	· Lake Brownwood – decreasing trend

	· Lake Buchanan – decreasing trend

	· Lake Stamford – decreasing trend

	Increasing trends in chlorophyll a – Assessment scenario

	Based on increasing variability, increasing means and medians over time, and increasing linear trend lines.

	· Inks Lake

	· Eagle Mountain

	· Lake Tawakoni

	· Toledo Bend

	· Town Lake

	· Cedar Creek Reservoir


	Trends in TP – Statistical 



	From USGS statistical analysis of correlations of date vs. TP.

	· Lake Austin

	· Falcon

	· Lake Colorado City

	· Lake Conroe

	· Lake Corpus Christi

	· Lake Crook

	· Lake Fort Phantom Hill

	· Lake Palestine

	· Lake Waco

	· Lake Whitney

	· OC Fisher Reservoir

	· Richland Chambers

	· Sam Rayburn, not sure which station was used

	· Somerville Lake

	· Town Lake

	· Twin Buttes

	· White River Lake

	· Fin Feather – decreasing trend

	· Lake Kickapoo – decreasing trend

	· Lake Lavon – decreasing trend

	· Lake Livingston – decreasing trend

	· Lake Tanglewood – not enough data points in early years to really tell if increasing

	Increasing trends in TP – Assessment scenario

	· Canyon Lake – data collected in the 70’s is lower as a group than data collected since the early 90’s

	· Cedar Creek Reservoir slight increase and linear trend upward r2=.0835

	· Falcon – fewer data points after 1990 and most of them are higher than those collected in the 70’s and 80’s

	· Inks

	· Lake Arrowhead

	· Lake Austin

	· Lake Colorado City

	· Lake Livingston – downward trend

	· Lake Travis

	· Lake Waco

	· Lake Whitney

	· OC Fisher Reservoir

	· Somerville Lake

	· Toledo Bend

	· Twin Buttes


	Other trends

	· Proctor Lake

	· TP going up

	· Chl a going down


Options to Assess Compliance with Nutrient Criteria:
· Measure compliance in the main pool of the reservoir, at the reference station used to set criteria, with flexibility to switch to comparable areas and pool stations where appropriate.

· Base compliance on long-term average of monitoring data (5-years) compared to the chlorophyll a criterion.

· Define a water body as impaired for nutrients only if an exceedance of the chlorophyll a criterion is also confirmed by an exceedance of a secondary criterion (TP).

· Compare the criteria with the median of monitoring data, rather than with the mean, as a measure of “average” concentration.  Use of the median reduces the impact of outlier data, but it can also fail to address temporary elevations caused by real algal blooms.

· Require additional statistical confirmation that exceedances are different from the historical conditions in the reservoir.  One approach is to compare the data over the 5-year period of record against historical data using a pooled-t test.

· Increase the averaging time for assessment.  For examples, (1) require that a reservoir exceed criteria for two consecutive assessment periods before listing it as impaired for nutrients; or (2) increase the assessment period to 10 years (instead of 5). 

Options to Implement Nutrient Criteria in Wastewater Permitting:
For numerical criteria in the main pool of a reservoir:

· Estimate the permitted contribution of a wastewater discharge to the concentration of TP in the main pool of the reservoir, using a simple steady-state, and completely mixed “model.”  

· Compare the estimated concentration of TP with the secondary criterion for TP.

· Or, estimate the effects of increases in TP and TN on chlorophyll a using empirical relationships derived from historical data for large groups of reservoirs (regression equations).

· For the antidegradation review of proposed permitted increases in nutrient loading, check to see if the increase in load could utilize a significant (non-negligible) portion of the remaining assimilative capacity for TP.  [One expression of assimilative capacity is TP criterion minus historically average (median) TP in the main pool.]

· Examples of additional factors to consider for antidegradation review:

Magnitude of proposed increase in discharge loading.

Distance of the proposed increase from the reservoir.

Existence of reported water quality problems in the area of the discharge.

Cumulative impacts of other sources of nutrient loading.

To evaluate localized impacts under the narrative nutrient criterion: 

· For typical discharges to coves and backwater areas with restricted circulation, evaluate the anticipated increase in local TP with a completely mixed, steady state model of the restricted area, using a maximum area of [10 acres].
· For narrow transition zones that are subject to evaluation by QUAL-TX, evaluate the relative contribution of effluent TP linearly along the discharge route.
· For the antidegradation review of proposed increases in nutrient loading, weigh the following factors to determine the potential need for an effluent limit for TP:
Relative contribution of effluent to TP in the affected area, or at a specified distance [200 feet] into the reservoir from the wastewater source.

Amount of the proposed increase in discharge.

Existence of reported, observed, or measured nutrient impacts in the area of the discharge.

Distance of the discharge from the edge of the reservoir.

Cumulative impacts of additional permitted sources of nutrients.

· Develop more explicit examples of potential degradation from nutrient increase in the Standards Implementation Procedures.  [For example, a projected increase in phosphorus concentration greater than __(x)__ at a distance of __(y)__  into a reservoir.]

· Evaluate available data from reservoir peripheries to (1) establish screening criteria as concentrations of nutrients/chlorophyll a for transition zones, coves; (2) improve application/calibration of models to predict localized impacts.

Additional watershed protection? :

· TCEQ currently has watershed rules for 15 reservoirs (in 30 TAC 311) that apply various additional protective measures in wastewater permits.

· Should TCEQ consider additional watershed rules (30 TAC 311) that require effluent limits for TP for discharges to reservoirs that have concerns such as the following?
Recent or projected increases in wastewater discharges and population growth in the watershed.

Trend of increasing concentration of nutrients and/or chlorophyll a.

Observations of nutrient-related water quality problems.

Evidence of sensitivity to nutrient additions.

Other local concerns.

Appendix A: 
Nutrient Criteria

Chlorophyll a, Total Phosphorus, Total Nitrogen

May 16/Sept 6, 2007
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	Lake Name
	Site ID
	Segment No.
	Chl criteria
	TP criteria
	TN criteria (mg/L)

	
	
	
	((g/L)
	Count
	(mg/L)
	Count
	

	Amistad Reservoir
	13211
	2305
	3.02
	118
	0.036
	165
	

	Aquilla Reservoir
	12127
	1254
	9.52
	34
	0.058
	36
	

	B. A. Steinhagen Reservoir
	10582
	0602
	9.3
	26
	0.094
	29
	

	Bardwell Reservoir
	10979
	0815
	16.07
	43
	0.054
	41
	

	Belton Reservoir
	11921
	1220
	4.27
	42
	0.024
	44
	

	Benbrook Lake
	15151&
11046
	0830
	21.19
	71
	0.062
	63
	

	Brady Creek Reservoir
	12179
	1416
	19.60
	29
	0.039
	26
	

	Buffalo Springs Lake
	11529
	 
	83.77
	58
	0.330
	58
	

	Caddo Lake
	10283
	0401
	15.6
	77
	0.065
	71
	0.764

	Canyon Lake
	12598
	1805
	3.1
	111
	0.054
	190
	0.841

	Cedar Creek Reservoir
	10982
	0818
	23.47
	63
	0.068
	64
	0.995

	Choke Canyon Reservoir
	13019
	2116
	12.0
	32
	0.064
	35
	

	Country Club Lake
	11792
	1209
	
	
	0.977
	17
	

	Cox Lake
	12514
	2454
	14.77
	22
	0.462
	23
	

	Diversion Lake
	10157
	0215
	10.3
	35
	0.043
	33
	

	E.V. Spence Reservoir
	12359
	1411
	9.94
	44
	0.025
	48
	

	Eagle Mountain Reservoir
	10945
	0809
	14.83
	122
	0.067
	126
	

	Ellison Creek Reservoir
	14473
	0404
	5.77
	11
	0.032
	11
	

	Falcon Lake
	13189
	2303
	11.23
	50
	0.046
	60
	

	Farmers Creek Reservoir
	10139
	0210
	6.1
	42
	0.037
	34
	

	Fin Feather Lake
	11798
	1209
	16.83
	16
	0.750
	20
	

	Granger Lake
	12095
	1247
	7.53
	29
	0.051
	31
	

	Grapevine Lake
	16113
	0826
	11.91
	3
	
	89
	

	Greenbelt Reservoir
	10173
	0223
	3.78
	86
	0.025
	50
	

	Houston County Lake
	10973
	0813
	10.2
	52
	0.033
	26
	

	Hubbard Creek Reservoir
	12002
	1233
	5.5
	30
	0.091
	28
	0.719

	Inks Lake
	12336
	1407
	11.7
	182
	0.033
	205
	0.699

	Joe Pool Lake
	11073
	0838
	3.38
	14
	0.026
	18
	

	Lake Amon G. Carter
	11063
	0834
	9.7
	32
	0.072
	32
	

	Lake Arlington
	11040
	0828
	15.00
	40
	0.039
	100
	

	Lake Arrowhead
	10142
	0212
	10.19
	40
	0.146
	41
	

	Lake Austin
	12294
	1403
	4.05
	256
	0.029
	258
	

	Lake Bob Sandlin
	10329
	0408
	8.0
	20
	0.034
	20
	

	Lake Bridgeport
	10970
	0811
	6.3
	87
	0.044
	88
	0.468

	Lake Brownwood
	12395
	1418
	4.94
	47
	0.021
	49
	

	Lake Buchanan
	12344
	1408
	7.5
	182
	0.043
	213
	0.637

	Lake Cherokee
	10445
	0510
	8.23
	31
	0.057
	29
	

	Lake Cisco
	12005
	1234
	2.9
	37
	0.019
	36
	

	Lake Coleman
	12398
	1419
	6.08
	44
	0.019
	43
	

	Lake Colorado City
	12167
	1412
	15.71
	52
	0.046
	54
	

	Lake Conroe
	11342
	1012
	18.77
	43
	0.052
	102
	

	Lake Corpus Christi
	12967
	2103
	14.6
	80
	0.190
	85
	

	Lake Crook
	10137
	0208
	6.80
	32
	0.246
	32
	

	Lake Cypress Springs
	10312
	0405
	11.5
	33
	0.040
	33
	

	Lake Fork Reservoir
	10458
	0512
	13.63
	118
	0.039
	103
	

	Lake Fort Phantom Hill
	12010
	1236
	8.48
	50
	0.066
	53
	

	Lake Georgetown
	12111
	1249
	5.1
	31
	0.032
	35
	0.788

	Lake Graham
	11979
	1231
	5.41
	29
	0.083
	29
	

	Lake Granbury
	11860
	1205
	11.60
	34
	0.035
	37
	

	Lake Houston
	11204
	1002
	8.85
	49
	0.208
	81
	

	Lake Jacksonville
	10639
	0614
	4.6
	58
	0.019
	56
	

	Lake Kemp
	10159
	0217
	8.37
	50
	0.043
	50
	

	Lake Kickapoo
	10143
	0213
	6.06
	32
	0.089
	32
	

	Lake Lavon
	11020
	0821
	10.31
	51
	0.075
	53
	

	Lake Limestone
	12123
	1252
	18.5
	26
	0.044
	23
	0.958

	Lake Livingston
	10899
	0803
	24.95
	210
	0.178
	378
	

	Lake Lyndon B. Johnson
	12324
	1406
	8.02
	205
	0.053
	209
	0.769

	Lake Mackenzie
	10188
	0228
	4.85
	73
	0.027
	76
	

	Lake Marble Falls
	12319
	1405
	8.6
	177
	0.036
	207
	0.592

	Lake Meredith
	10036
	0102
	3.56
	92
	0.050
	94
	

	Lake Mexia
	14238
	1210
	26.38
	26
	0.221
	24
	

	Lake Murvaul
	10444
	0509
	33.
	54
	0.073
	49
	

	Lake Nasworthy
	12418
	1422
	18.07
	76
	0.051
	75
	

	Lake O'The Pines
	10296
	0403
	11.21
	91
	0.079
	91
	

	Lake Palestine
	16159
	0605
	15.57
	70
	0.031
	130
	

	Lake Palo Pinto
	11977
	1230
	5.1
	31
	0.080
	29
	

	Lake Ray Roberts
	11075
	0840
	
	
	
	61
	0.929

	Lake Stamford
	12006
	1235
	15.65
	63
	0.068
	40
	

	Lake Sweetwater
	12021
	1237
	18.11
	40
	0.040
	31
	

	Lake Tanglewood
	10192
	0229
	30.38
	29
	1.468
	167
	

	Lake Tawakoni
	10434
	0507
	17.89
	176
	0.058
	17
	

	Lake Texana
	12529
	1604
	4.78
	15
	0.227
	37
	1.259

	Lake Texoma
	10128
	0203
	10.01
	39
	0.065
	202
	

	Lake Theo
	10079
	 
	2.00
	3
	
	43
	

	Lake Travis
	12302
	1404
	4.1
	186
	0.048
	54
	0.426

	Lake Tyler
	10637
	0613
	7.9
	58
	0.035
	54
	

	Lake Tyler Midlake east
	10638
	0613
	
	
	0.040
	63
	

	Lake Waco
	11942
	1225
	9.85
	64
	0.094
	135
	

	Lake Waxahachie
	10980
	0816
	6.06
	40
	0.053
	41
	

	Lake Weatherford
	11061
	0832
	10.93
	38
	0.059
	36
	

	Lake Whitney
	11851
	1203
	7.20
	49
	0.021
	51
	

	Lake Wichita
	10163
	0219
	42.50
	18
	0.182
	21
	

	Lake Worth
	10942
	0807
	17.20
	45
	0.050
	43
	

	Leon Reservoir
	11939
	1224
	9.06
	45
	0.034
	47
	

	Lewisville Lake
	11027
	0823
	17.11
	39
	0.079
	53
	

	Medina Lake
	12826
	1904
	4.0
	67
	0.027
	71
	0.320

	Millers Creek Reservoir
	11679
	 
	18.48
	38
	0.175
	40
	

	Navarro Mills Reservoir
	10981
	0817
	12.25
	42
	0.065
	41
	

	O.C. Fisher Reservoir
	12429
	1425
	27.2
	48
	0.089
	48
	

	O.H. Ivie Reservoir
	12511
	1433
	8.87
	17
	0.035
	16
	

	Oak Creek Reservoir
	12180
	 
	6.11
	29
	0.033
	31
	

	Palo Duro Reservoir
	10005
	0199
	17.51
	20
	0.266
	20
	

	Pat Cleburne Reservoir
	11974
	1228
	12.65
	27
	0.149
	28
	

	Pat Mayse Reservoir
	10138
	0209
	13.36
	40
	0.055
	40
	

	Possum Kingdom Reservoir
	11865
	1207
	6.35
	31
	0.059
	33
	

	Proctor Lake
	11935
	1222
	29.58
	54
	0.063
	55
	

	Red Bluff Reservoir
	13267
	2312
	20.3
	71
	0.044
	72
	

	Richland-Chambers Reservoir
	15168
	0836
	15.03
	63
	0.037
	63
	

	Sam Rayburn Reservoir
	14906
	0610
	4.32
	25
	0.097
	128
	

	Somerville Lake
	11881
	1212
	30.10
	47
	0.061
	50
	

	Stillhouse Hollow Lake
	11894
	1216
	1.9
	42
	0.018
	44
	0.595

	Toledo Bend Reservoir
	10402
	0504
	9.51
	167
	0.040
	162
	

	Town Lake
	12476
	1429
	6.86
	248
	0.049
	253
	

	Twin Buttes Reservoir
	12422
	 
	12.92
	48
	0.051
	53
	

	White River Lake
	12027
	1240
	3.93
	58
	0.031
	63
	

	White Rock Lake
	11038
	0827
	31.78
	32
	0.103
	32
	

	Wright Patman Lake
	10213
	0302
	21.4
	44
	0.103
	40
	1.384


*Nutrient criteria were calculated for reservoirs using the formula in Moore & McCabe, Pooled two-sample t procedures. pp 542-549. In Introduction to the practice of statistics.  W. H. Freeman and Company, New York.  Degrees of freedom are (n1+n2 -2).  n1is the count of the baseline data, n2 is always 10.
Appendix B. Reservoirs that would be excluded because of few data points for criteria development and would not be assessed because of fewer than 5 data points in the last 5 years of sampling.  Shaded reservoirs meet both conditions.

	Reservoir
	No. of data points
	Less than 5 data points

	Aquilla Reservoir
	34
	

	B. A. Steinhagen Reservoir
	26
	

	Brady Creek Reservoir
	29
	Brady Creek Reservoir

	Choke Canyon Reservoir
	32
	Buffalo Springs

	Cox Lake
	22
	

	Diversion Lake
	34
	

	Ellison Creek Reservoir
	11
	Ellison Creek Reservoir

	Fin Feather Lake
	16
	Falcon Lake

	Granger Lake
	29
	Fort Phantom Hill

	Grapevine Lake
	3
	Grapevine Lake

	Hubbard Creek Reservoir
	30
	

	Joe Pool Lake
	14
	Joe Pool Lake

	Lake Amon G. Carter
	30
	Lake Arlington 

	Lake Bob Sandlin
	20
	

	Lake Cherokee
	31
	Lake Cherokee

	Lake Cisco
	35
	Lake Colorado

	
	
	Lake Conroe

	Lake Crook
	32
	Lake Crook

	Lake Cypress Springs
	32
	Lake Kickapoo

	Lake Georgetown
	30
	Lake Lavon

	Lake Graham
	29
	

	Lake Granbury
	34
	

	Lake Kickapoo
	32
	

	Lake Limestone
	25
	Lake Limestone

	Lake Mexia
	26
	Lake Sweetwater

	Lake Palo Pinto
	30
	

	Lake Tanglewood
	29
	

	Lake Texana
	15
	Lake Texana

	Lake Theo
	3
	Lake Texoma

	
	
	Lake Whitney

	Lake Wichita
	18
	Lake Wichita

	O.H. Ivie Reservoir
	17
	Millers Creek

	Oak Creek Reservoir
	29
	

	Palo Duro Reservoir
	20
	

	Pat Cleburne Reservoir
	27
	Pat Cleburne Reservoir

	
	
	Pat Mayse

	Possum Kingdom Reservoir*
	31
	Possum Kingdom Reservoir


	Sam Rayburn Reservoir*
	25
	

	White Rock Lake
	32
	White Rock Lake
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