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Introduction

This report was prepared by the Florida Department of Environmental Protection (FDEP) in support of a petition for a Site Specific Alternative Criterion (SSAC) for dissolved oxygen (DO) in Turkey Creek and the South Prong of the St. Marys River in Baker County, Florida.  The SSAC was requested to apply in Turkey Creek from County Road 121 to the confluence with the South Prong of the St. Marys River, and in the South Prong of the St. Marys River between the I-10 and US 90 bridge crossings (Figure 1).  FDEP staff evaluated the proposal, including a field visit to the systems, and concluded that the low DO conditions within the two systems were due to the extensive wetlands which are characteristic of the headwaters of the streams. 
The observed natural and biological conditions were similar and comparable in stream segments from the headwaters of Turkey Creek (including tributaries) to the confluence with the South Prong of the St. Marys River, and in the South Prong of the St. Marys River (including tributaries) from its headwaters to U.S. Route 90.  DEP staff found that the headwaters of the requested SSAC waters were comparable to the references sites analyzed and therefore determined it was appropriate to expand the SSAC to include these headwaters and tributaries.  A figure showing the full spatial extent of the SSAC is shown at the end of this document in Figure 10. 
The designated use of these Class III waters is recreation, propagation, and maintenance of a healthy, well-balanced population of fish and wildlife (Rule 62-302.400).  The proposal was to establish a Type I SSAC, which must be based on a demonstration that naturally low DO levels are present in minimally disturbed portions of these systems, and that the DO concentrations in the SSAC will support and protect the designated use.  

This demonstration had been previously made for Turkey Creek in 1984, and there currently exists a SSAC for dissolved oxygen of “3.3 mg/L as a minimum from May 1 through September 30”.  DO concentrations in Turkey Creek and the South Prong of the St. Marys River often fall below the existing SSAC (3.3 mg/L during the summer) and the current Class III freshwater criterion (5.0 mg/L) during all portions of the year.  

Additional data have been collected since the original SSAC was approved. These data demonstrate that low DO concentrations in these minimally disturbed systems are associated with sluggish to stagnant flows, and overall low re-aeration (due to the flat slopes of the basin, presence of beaver dams, etc.).  Additionally, biological sampling has shown that Turkey Creek has healthy biological communities (based on Stream Condition Index samples).  
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Figure 1.
Map showing extent of requested and existing Site Specific Alternative Criteria for dissolved oxygen.
SSAC Requirements (Rule 62-302.800, FAC)

For DEP to approve a Site Specific Alternative Criterion (SSAC) for DO, a petition must demonstrate that an alternative criterion is more appropriate for a specified portion of waters of the state.  The petition needs to:

A. Document that the proposed alternative DO concentrations that are less than the otherwise applicable Class III exist because of natural background conditions.

B. Establish the levels and duration of the naturally-occurring low DO concentrations, and other parameters or conditions that may affect it.

C. Describe the historical and existing biology, including variations that may be affected by the DO levels.

D. Show that normal fluctuations of DO above these levels are being maintained.

E. Show that the designated use is being attained and not adversely affecting adjoining waters.
Technical Demonstration

Physiography and Morphology

Both Turkey Creek and the South Prong of the St. Marys River lie within the Sea Islands Flatwoods area of the Southern Coastal Plain ecoregion (denoted as Ecoregion 75f by Griffith et al. 1994).  This region is characterized by broad coastal barrier islands and salt marshes at the coast, and flat plains, pine flatwoods, and swamps in the vicinity of the study area.  Extensive marsh and swamp systems adjacent to the stream systems contribute large amounts of leaf litter, which in turn causes the waters to contain high amounts of organic tannins, lignins, and other humic acid substances.  The decomposition of these organic materials in water results in coloration of water that commonly occurs in swamplands and in “blackwater” streams.  The mean color in Turkey Creek and the South Prong is 140 PCU, which is relatively high, and greater than approximately 80% of all the streams in Florida.  High color values generally indicate decreased biological productivity in the stream and less littoral zone because of less light penetration.  Due to the abundance of organic acids, the pH values in these systems are normally low.

Turkey Creek receives water from Barber Bay and from the New River Swamp in eastern Baker County.  The South Prong of the St. Marys River originates in Mud Lake Swamp in southwest Baker County. The riparian zones of both Turkey Creek and the South Prong consist of forest and floodplain swamp, which typically extends more than 100 m from the stream which results in both systems being heavily shaded by an extensive canopy of trees.  Additionally, these systems are subject to periodic sluggish to stagnant flows, due to the presence of flat slopes in the basins and natural impoundments caused by beaver activity.  

Land Use, Habitat, and Field Verification

Both land use observations and stream habitat assessment measures substantiate that the stream reaches selected to characterize natural background water quality (“reference areas”) represent minimally affected conditions, and that low DO is a natural occurrence.  Human land uses in the reference areas of both systems are very benign ecologically, as demonstrated by the low Landscape Development Intensity Index scores (LDI) (Brown and Vivas 2003).  Habitat quality at both systems scored in the optimal category on the habitat assessment procedure.   Both of these measures are described below. 

The LDI consists of coefficients based on the intensity of the land use in the surrounding area ranging from one to ten, with one consisting of natural land uses, and ten consisting of very intense human land uses.  The LDI is calculated as an areal weighted average of LDI coefficients within a 100 m buffer on either side of a river system, including any upstream open water areas (e.g., lakes).  Several studies demonstrate that when a water body has a LDI score of around 2 or lower, there is an expectation of healthy, well balanced aquatic communities and minimal human disturbance (FDEP 2008).  

The LDI scores in the South Prong (1.77) and Turkey Creeks (1.35) demonstrate a predominance of natural conditions and a lack of land uses in the basin that would significantly contribute to human induced reductions of the DO regime.  The LDI scores were based on 2004 land use data from the St. Johns River Water Management District.  Aerial photographs from 2007 were examined to assess more recent watershed land use and provided additional support that the upstream land use is predominately natural (i.e., forested; Figure 2).  Further, there are no permitted point sources in the basin that could contribute oxygen-demanding substances (with the exception of the Macclenny WWTP, which is downstream of the reference area in Turkey Creek).
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Figure 2.
Digital Ortho-Quad 2007 aerial photograph of Turkey Creek upstream of State Road 121 (natural background station 1) showing watershed vicinity and land use.

Overall there have been minimal changes in land use activities since the original SSAC in Turkey Creek was adopted in 1984.  Comparing the land uses of 1984 to 2000, the South Prong LDIs calculated based on entire drainage basins increased from 1.80 to 1.84, and the Turkey Creek LDI increased from 1.99 to 2.05.  While this change is small, the resulting effect on stream water quality may be even smaller.  The recent land use changes in the Turkey Creek drainage basin include a few commercial or retail establishments for which the SJRWMD required construction of storm water management systems.  These storm water systems are designed to reduce potential detrimental water quality impacts.  The LDI assessment does not include adjustments for stormwater treatment or for Best Management Practices (forestry for example), making these recent watershed-wide LDI values very conservative.  LDI values adjusted for stormwater treatment and Best Management Practices would be lower indicating even less human effect.
Field observations by FDEP staff corroborated the LDI scores.  On September 9, 2008, staff from the Standards and Assessment Section surveyed all watersheds involved, including field verification of land uses, measurement of physical-chemical variables, and assessment of stream habitat.
To measure habitat condition, FDEP biologists routinely calculate a Habitat Assessment (HA) index whenever stream macroinvertebrate samples are collected (see DEP SOP FT 3000 and FT 3100).  The index evaluates substrate condition and availability, water velocity, habitat smothering (e.g., by sand and silt), channelization, bank stability, and the width and condition of riparian vegetation.  Values above 120 (out of a possible score of 160) have been demonstrated to be indicative of minimally disturbed conditions (Fore et al. 2007).

Habitat quality at both stream systems scored in the optimal category on the habitat assessment procedure. Turkey Creek upstream of the Macclenny WWTP scored 130 points and the South Prong of the St. Marys River received 128 points upstream of the confluence with Turkey Creek (Figure 3).  Both systems were characterized by extensive riparian buffer zones, with major flora consisting of Taxodoium distichum, Cyrilla racemiflora, Fraxinus carolina, Nyssa aquatica, Liquidambar stryaciflua, Acer rubrum, and Quercus virginiana.  Except for some areas (bridge crossings, and some small areas of human activity) these forested buffers tended to be continuous for about 100 m from the edges of the streams.  

Approximately two weeks prior to the field verification, Tropical Storm Fay had deposited over 10 inches of rain, so water levels and velocities were relatively high.  Despite this, DO was still quite low at the reference areas (2.1 mg/L at the Turkey Creek reference area and 3.5 mg/L at the South Prong).  This situation provided an independent and quality assured confirmation that dissolved oxygen levels are commonly naturally low these streams.  Figures 4 through 8 are photographs of areas typical of these systems.
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Figure 3.
Digital Ortho-Quad 2007 aerial photograph of the South Prong of the St. Marys River upstream of the confluence with Turkey Creek (Natural Background Station 3), showing watershed vicinity and land use.
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Figure 4.
Turkey Creek downstream of State Road 121 (Natural Background Station 1).  Note beaver dam and impounded area near top of photo.
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Figure 5.
Turkey Creek Natural Background Station 1.  Despite flow over beaver dam and subsequent aeration, dissolved oxygen was 2.1 mg/L on 9-8-08.
[image: image10.wmf]
Figure 6.
Hardwood swamp typical of those draining into Turkey Creek and the South Prong of the St. Marys River.
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Figure 7.
South Prong of the St. Marys River (Natural Background Site 3) downstream of Interstate 10.
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Figure 8.
South Prong of the St. Marys River (Natural Background Site 3).  Dissolved oxygen was measured to be 3.5 mg/L on 9-8-08.
Biological Confirmation

In 1999, FDEP conducted a biological assessment study of Turkey Creek to provide information to be used in review of the City of Macclenny’s NPDES permit renewal.  Two stream sampling stations were established for this study, and sampling was performed according to DEP SOP FS 7320. The Control Site was located approximately 200 meters upstream of the discharge in Turkey Creek.  This site represented the minimally disturbed nature of the watershed and was also upstream of any stress induced by the discharge.  This Control Site is in the same stream reach that is considered to be the reference area of Turkey Creek.  The Test Site was located in Turkey Creek approximately 200 meters downstream of the Macclenny outfall.  

Habitat scores of 137 for the Control Site and 131 for the Test Site indicated optimal habitat conditions at both sites.  Note that these scores were extremely similar to the scores determined in 2008 (130 and 128, respectively).  These scores indicate that these sites have very little human disturbance, have changed little from 1999 to 2008, and are in a natural condition biologically.

The biological assessment consisted of Stream Condition Index (SCI) sampling.  This is a multi-metric index that uses attributes of invertebrate community structure and function to definitively indicate the status and health of the stream biota (Fore et al. 2007).  The version of the SCI prior to 2004 was composed of seven metrics of community health, and included taxa richness, the Ephemeroptera-Plecoptera-Trichoptera Index, % Diptera, % filter-feeders, the Florida Index, the number of chironomid taxa, and the % contribution of the dominant taxon.  In the pre-2004 version of the SCI, these seven metrics were converted into a unit-less score, where 7-13 points was classified as “severely degraded”, 14- 19 was “poor”, 20 – 25 was “good”, and 26-31 was “excellent”.  Both the Control Site and the Test Site scored 29 on the SCI, which was in the “excellent” category.   These results, including the presence of sensitive macroinvertebrates at both the control and test sites, further demonstrate the minimally disturbed nature of the watershed, and that despite the naturally low DO, the designated use is clearly being attained. 

Summary of Dissolved Oxygen at Reference Sites

The petitioner for the SSAC provided extensive documentation of the DO levels and fluctuations including sampling over an extended time period.  The DO sampling took place in areas characteristic of minimal human disturbance in Turkey Creek and the South Prong of the St. Marys River, and included:
· Quarterly stream water quality monitoring performed by City of Macclenny WWTF personnel (focusing on the particularly robust data set from 2000-2007), including data collected within natural background areas and upstream of the WWTF discharge in the St. Marys River and Turkey Creek
; 
· The Water Quality Based Effluent Limit field study in June 2006, which showed the entire stream system to have DO below the standard.  This sampling effort took place during low-flow conditions in a period of drought when stream flows matched or were below 7-day, 10-year (7Q10) low-flow conditions.

Observations during these studies indicated that reduced stream DO closely corresponded to low velocity or stagnant flow conditions when re-aeration is minimal.  All data used to assess the natural background conditions in Turkey Creek and the South Prong of the St Marys River are presented in Table 1.  Available data were analyzed and summarized in Table 2 and on Figure 9.

Data from the two reference sites were compared statistically (via a two sample t-test) to evaluate if the data could be pooled.  Results in Table 3 indicate a lack of statistically significant differences between the two reference site data sets, therefore they were combined for the final SSAC determination.

Table 1.
Daily DO data from reference sites in the Turkey Creek and South Prong of the St. Marys River.  Data were used to establish representative natural background DO conditions.
	Date
	Turkey Creek DO (mg/L)
	South Prong DO (mg/L)

	4/30/00
	2.00
	1.11

	7/31/00
	5.90
	---

	10/31/00
	2.80
	1.70

	1/31/01
	2.50
	1.80

	4/30/01
	3.80
	9.10

	7/31/01
	2.20
	1.30

	10/31/01
	3.57
	2.16

	1/31/02
	2.83
	5.23

	7/31/02
	1.07
	3.70

	10/31/02
	1.40
	2.70

	3/10/03
	1.70
	3.20

	6/2/03
	3.80
	2.50

	9/15/03
	3.30
	2.70

	11/17/03
	2.00
	2.60

	2/9/04
	3.87
	5.50

	6/14/04
	4.70
	3.86

	11/1/04
	3.37
	3.64

	3/8/05
	5.53
	4.20

	6/28/05
	6.00
	3.73

	9/28/05
	2.50
	4.10

	12/14/05
	6.60
	6.10

	2/23/06
	5.14
	5.05

	6/7/06
	3.00
	3.01

	9/8/06
	2.30
	1.70

	11/9/06
	1.90
	1.90

	1/29/07
	5.65
	6.95

	2/20/07
	5.30
	7.35

	3/27/07
	5.45
	4.60

	4/24/07
	2.07
	4.07

	5/31/07
	0.97
	6.15

	6/27/07
	1.65
	4.20

	9/11/07
	1.73
	4.40

	10/16/07
	2.90
	4.80

	N
	65

	Mean
	3.61

	Standard Deviation
	1.759

	10th Percentile
	1.35


SSAC Derivation

Quarterly data (monthly beginning in 2007) from reference reaches of Turkey Creek and the South Prong of the St. Marys River were used to establish the distribution of natural background DO levels within the SSAC Area.  Using these data, the SSAC was calculated based on both an annual average expectation and a predicted lower limit not to be exceeded in more than 10 percent of the individual samples.  Taken together these two components are meant to ensure continued maintenance and protection of the existing natural background condition by characterizing the background DO frequency distribution as depicted by the reference sites. The annual average DO limit of 3.0 mg/L was calculated as the lower 95% confidence interval of the annual mean DO concentrations as shown in Table 2.  The lower 95% confidence interval was used to take into consideration inherent natural variability around the long-term average condition.  Furthermore, it represents a level below which it is statistically certain that an average concentration is lower than the existing background.  Conversely, annual average values above the lower 95% confidence interval are not statistically lower than the background condition and would therefore be accurately characterized as consistent with the reference distribution. 
The 10 percent exceedance limit of 1.35 mg/L was derived using a 10th percentile DO concentration calculated based on a normal distribution
 using the observed long-term mean and standard deviation of DO data collected at the reference sites (Table 1).  Calculation of the 10th percentile in this manner provides an accurate estimation of the true long-term 10th percentile of the natural background condition, taking into consideration natural variability and error inherent in sampling and testing, against which attainment of the SSAC can be assessed with statistical certainty.  Furthermore, it provides a more predictive estimate of the true long-term 10th percentile than a simple empirical percentile, which would merely describe the existing dataset without an accurate consideration of variability or statistical error.  Inclusion of a lower threshold with a 10 percent exceedance rate reflects natural DO fluctuations within these systems and protects against allowing DO concentrations to routinely fall below values characteristic of the distribution.  Absent this SSAC provision, DO levels could conceivably go to 0 mg/L for protacted periods, up to 50% of the time, provided the remainder of the samples make up an annual average of 3.0 mg/L.  Allowing very low DO concentrations (.i.e., below the 1.35 mg/L 10 percent exceedance limit) to occur for extended periods does not reflect the natural variability nor is it protective of the designated use. 

Table 2.
Summary statistics for yearly average DO data that are the basis of the Site Specific Alternative Criterion.
	Station
	Turkey Creek
	South Prong
	Combined Data

	Number of Observations (Years)
	8
	8
	16

	Annual Mean

DO (mg/L)
	3.31
	3.59
	3.45

	Standard Deviation (mg/L)
	0.99
	1.22
	1.08

	Significance
	0.05
	0.05
	0.05

	t 0.05(1),15
	1.89
	1.89
	1.75

	Lower 95% C.L. (mg/L)
	2.6
	2.8
	3.0
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Figure 9.
Time series of daily dissolved oxygen concentrations (mg/L) in minimally disturbed reference segments of Turkey Creek and the South Fork of the St. Marys River.  
	Table 3
Two sample t-test of reference site DO data, assuming unequal variances (annual means).

	
	
	

	Statistic
	Station 1
	Station 3

	Mean
	3.31
	3.58

	Variance
	0.97
	1.49

	Observations
	8
	8

	Hypothesized Mean Difference
	0
	

	df
	13
	

	t Stat
	-0.502
	

	P(T<=t) one-tail
	0.311
	

	t Critical one-tail
	1.770
	

	P(T<=t) two-tail
	0.623
	

	t Critical two-tail
	2.160
	


	Statistic
	Variable 1
	Variable 2

	Mean
	3.31
	3.90

	Variance
	2.59
	3.52

	Observations
	33
	32

	Hypothesized Mean Difference
	0
	

	df
	61
	

	t Stat
	-1.362
	

	P(T<=t) one-tail
	0.089
	

	t Critical one-tail
	1.670
	

	P(T<=t) two-tail
	0.178
	

	t Critical two-tail
	1.999
	


Conclusions and Recommendations

Based on the documentation and analysis, FDEP concludes that the low DO levels within the South Prong of the St. Marys Rivers and Turkey Creek are a natural characteristic of these systems.  All available information support development of a Site Specific Alternative Criterion for these systems.  Further, since water from swampy headwaters is the source of the low DO, the SSAC for DO should apply to stream segments from the headwaters of Turkey Creek (including tributaries) to the confluence with the South Prong of the St. Marys River, and in the South Prong of the St. Marys River (including tributaries) from its headwaters to U.S. Route 90 bridge crossing (see Figure 10).  The SSAC for DO is a minimum annual average DO of 3.0 mg/L, with no more than 10% of the individual measurements below 1.35 mg/L on an annual basis.  The 10% exceedance rate allowed for individual measurements is not intended to be compounded with an additional 10% rate based on the binomial assessment methodology applied by in Florida’s Impaired Waters Rule (i.e., Paragraphs 62-303.320(1) and 62-303.420(2)). 

Implementation

The FDEP Standards and Assessment Section recommends to the FDEP Domestic Wastewater Program that ongoing monitoring to assess discharge compliance with this SSAC be conducted on a monthly basis, at a minimum.   DO  should be  monitored  concurrently at representative stations within the  minimally disturbed portions of the South Fork of the St. Marys River and Turkey Creek (e.g., at the background stations sampled in this document).  These additional data should be used to evaluate the ongoing natural variability of DO in the system, particularly within the context of extreme low flow or drought conditions.  Extreme low flow or drought conditions should be considered when evaluating discharge compliance monitoring results.  
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Figure 10.
Map showing spatial extent of the proposed SSAC for dissolved oxygen.  The SSAC is only intended to apply to stream segments within the area shown, which drain into either Turkey Creek or the South Prong of the St. Marys River, including Turkey Creek and the South Prong of the St. Marys River.

Literature Cited

Brown, M.T. and M.B. Vivas.  2003.  A Landscape Development Intensity Index.  Center for Environmental Policy, Department of Environmental Engineering Sciences, University of Florida.  Technical Report Submitted to the Florida Department of Environmental Protection.

FDEP. 2008.  State of Florida Numeric Nutrient Criteria Plan.  Bureau of Assessment and Restoration Support.  Division of Environmental Assessment and Restoration. Florida Department of Environmental Protection. 68 pp.

Fore, L. S., R. Frydenborg, D. Miller, T. Frick, D. Whiting, J. Espy, and L. Wolfe.  2007.  Development and Testing of Biomonitoring Tools for Macroinvertebrates in Florida Streams (Stream Condition Index and Biorecon): Final Report to the Florida Department of Environmental Protection.  110 pp.

Griffith, G.E., J.M. Omernik, C.M. Rohm, and S.M. Pierson.  1994.  Florida Regionalization Project.  Environmental Research Laboratory, United States Environmental Protection Agency, Corvallis, OR.

� Quarterly stream sampling was conducted by WWTF personnel in 1999 but proper quality control procedures were not firmly in place.   Additionally, the record for 1999 is incomplete because data were either not recorded or collected for several of the stations during several of the quarters.  Therefore, data collected prior to 2000 were not used to evaluate or establish the SSAC presented herein.


�Calculated as the mean minus 1.282 standard deviations.  Eighty percent of a normal distribution lies within ±1.282 standard deviations of the mean value; i.e., the 10th and 90th percentiles.
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