SPRINGS INITIATIVE MONITORING NETWORK TREND ASSESSMENTS 2010
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A.  General Information

The Wakulla Spring stations were initially selected to connect various portions of the springshed with the water flowing from the spring.  There have been an extensive number of studies that involve the various lakes, disappearing streams, storm water runoff and the Tallahassee sprayfield and possible connections with the spring.  Minimum flows and levels have not been established for Wakulla Spring or the river but NWFWMD has proposed a MFL for 2012.  NWFWMD recently announced at the Wakulla Springs working group that they will not be doing the MFL for Wakulla Spring.  This report will only include those stations in our network that are currently being sampled on a quarterly basis shown in an additional map below.

B.  Water Quality

We are monitoring water quality at the spring vent and 6 tunnels (see maps below).  
Tunnel B – 0.945 nitrate - primarily gw flows from northeast (sprayfield) consistently high in nitrates

Tunnel C -  0.89 nitrate

Tunnel A/K – 0.42 nitrate - flows from south of spring northward and is lower in nitrates

Tunnel K – 0.41 nitrate - traced from northeast of spring - Black Hole, Fisher Sink to Emerald Sink, Upper River Sink, Turner Sink, 

Tunnel D – 0.87 nitrate - tracer Sally Ward, Ames Sink and Indian Spring/Cave

Tunnel A/D –0.50 nitrate - tracer Sally Ward, Indian Spring/Cave (Tunnel A has tannic acide fluxes – links to Leon Sinks Cave System but we are not sampling this tunnel.)

Wakulla Vent – 0.665 nitrate

NWFWMD is monitoring Wakulla Spring vent on a quarterly basis.  The Woodville Karst Plain Project had 7 cave metering equipment stations installed at all of the tunnels listed above and are collecting velocity (direction and magnitude), temperature and conductivity.  These meters log data at 15 minute intervals and are serviced by the divers.  We need to find out if these meters are still in use and collecting data.  The data should be sent so that we can put it in our comprehensive springs database.
It is well known that there are many different ground water sources that contribute to the flow at Wakulla Spring.  Those conduit and vent stations that are sampled as part of this network were analyzed for similarities and differences.  There is little variation between the stations for temperature, alkalinity and specific conductance.  The iron, pH and turbidity is highly variable with fluctuations between 7-8 indicating that fresh recharge water (surficial aquifer, sinks/swallets, sinking streams) is somewhat mixed with Floridan ground water before exiting at the spring vent.  Wakulla Spring has a median nitrate level of 0.70 mg/L and 60 percent (81 samples out of 137) of the samples are over 0.60 mg/L.  The lowest levels of nitrate are found in Tunnels A and A/K that are still above the proposed nutrient criteria threshold of 0.35 mg/L.  The highest nitrate levels are found in Tunnels B, D and C.  Nitrates are highly variable in Tunnel A/D and range from 0.34 to 0.90 mg/L.  Since 2001, nitrate has been generally declining in the spring vent while most tunnels remained at fairly stable levels.  Only Tunnel D shows an increasing nitrate trend that seems to start around 2004.  Ammonia and organic nitrogen is found at variable levels with fluxes at the spring vent, Tunnel K and Tunnel A/K and an increasing trend in the spring vent.  Orthophosphate is highly variable in Tunnel D and the spring vent.
Both the spring and ground water stations have similar levels of nitrate, orthophosphate, phosphorus, total dissolved solids, fluoride, magnesium, sulfate and calcium.  Dissolved oxygen for Wakulla Spring is at low levels with sulfate and total dissolved solids at typical levels for the Floridan aquifer.  There are some episodic fluxes of color and total organic carbon at the spring vent, Tunnel K, and Tunnel A/K and chloride, sodium and potassium fluctuations in the spring vent and Tunnel C;  high variability in pH (between 7-8) and turbidity in the vent and the various tunnels; and fairly stable specific conductance, temperature, and alkalinity that is similar at all stations; all of which indicate there are some fluxes of fresh recharge waters that may enter the spring through sinking streams, sink holes or other short flow paths related to karst features.  The variability may be related to flooding events in the springshed during high flow.

While it appears that all of the tunnels are mostly Floridan ground water, they are individually transporting nitrates of varying concentrations from different source water areas.  Tunnels K and A/K have had fluxes of color, total organic carbon and ammonia-organic nitrogen (greatest at 8/11/05) indicating a greater episodic flux (30 day lag time) perhaps from major precipitation events (e.g., Hurricane Dennis 7/11/05) and subsequent surface water influence via the various swallets/sinks to conduits.  Nitrate, orthophosphate and postassium concentrations did not spike (or dilute) in association with the discharge spike and increased precipitation during the Hurricane Dennis event in August 2005.  In lieu of major storm events, it would appear that generally the overall primary transport mechanism for nitrates is the ground water that has less interaction with surface water rather - runoff to swallets/sink holes/sinking streams.  Tunnels B, C and D seems to be representing the source water of most concern since they have higher nitrates and in the case of Tunnel D there is an increasing nitrate trend.  
[image: image2.emf]WAKULLA SPRING DISCHARGE - USGS STATION 2327000   

0.00

500.00

1000.00

1500.00

2000.00

2500.00

1/0/19006/22/190512/13/19106/4/191611/25/19215/18/192711/7/19324/30/193810/21/19434/12/194910/3/19543/25/19609/15/19653/8/19718/28/19762/18/19828/11/19871/31/19937/24/19981/14/20047/6/2009

discharge

Wakulla Springr

Poly. (Wakulla Springr)


[image: image3.emf]WAKULLA RIVER @ CR 365 DISCHARGE - USGS STATION 02327022

0.00

500.00

1000.00

1500.00

2000.00

2500.00

8/1/200411/9/20042/17/20055/28/20059/5/200512/14/20053/24/20067/2/200610/10/20061/18/20074/28/20078/6/200711/14/20072/22/20086/1/20089/9/200812/18/20083/28/20097/6/200910/14/2009

discharge

wakulla river

Linear (wakulla river)


[image: image4.emf]WAKULLA NETWORK CHART (2001-2008) 

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

1.80

2.00

4/19/2001 12/25/2001 9/1/2002 5/9/2003 1/14/2004 9/20/2004 5/28/2005 2/2/2006 10/10/2006 6/17/2007 2/22/2008 10/29/2008 7/6/2009

nitrate

WAKULLA SPRING

WAKULLA K

WAKULLA A/K

WAKULLA C

WAKULLA D

WAKULLA A/D

WAKULLA  B

Poly. (WAKULLA K)

Poly. (WAKULLA SPRING)

Poly. (WAKULLA A/K)

Poly. (WAKULLA D)

Poly. (WAKULLA C)

Poly. (WAKULLA A/D)

Poly. (WAKULLA  B)


[image: image5.emf]WAKULLA NETWORK CHART (2001-2008) 

0.00

0.01

0.02

0.03

0.04

0.05

0.06

4/19/2001 12/25/2001 9/1/2002 5/9/2003 1/14/2004 9/20/2004 5/28/2005 2/2/2006 10/10/2006 6/17/2007 2/22/2008 10/29/2008 7/6/2009

ortho

WAKULLA SPRING

WAKULLA K

WAKULLA A/K

WAKULLA C

WAKULLA D

WAKULLA A/D

WAKULLA  B

Poly. (WAKULLA K)

Poly. (WAKULLA SPRING)

Poly. (WAKULLA A/K)

Poly. (WAKULLA D)

Poly. (WAKULLA C)

Poly. (WAKULLA A/D)

Poly. (WAKULLA  B)


[image: image6.emf]WAKULLA NETWORK CHART (2001-2008) 

0.00

5.00

10.00

15.00

20.00

25.00

30.00

4/19/2001 12/25/2001 9/1/2002 5/9/2003 1/14/2004 9/20/2004 5/28/2005 2/2/2006 10/10/2006 6/17/2007 2/22/2008 10/29/2008 7/6/2009

temp

WAKULLA SPRING

WAKULLA K

WAKULLA A/K

WAKULLA C

WAKULLA D

WAKULLA A/D

WAKULLA  B

Poly. (WAKULLA K)

Poly. (WAKULLA SPRING)

Poly. (WAKULLA A/K)

Poly. (WAKULLA D)

Poly. (WAKULLA C)

Poly. (WAKULLA A/D)

Poly. (WAKULLA  B)


[image: image7.emf]WAKULLA NETWORK CHART (2001-2008) 

0.00

20.00

40.00

60.00

80.00

100.00

120.00

140.00

160.00

180.00

200.00

4/19/2001 12/25/2001 9/1/2002 5/9/2003 1/14/2004 9/20/2004 5/28/2005 2/2/2006 10/10/2006 6/17/2007 2/22/2008 10/29/2008 7/6/2009

alkalinity

WAKULLA SPRING

WAKULLA K

WAKULLA A/K

WAKULLA C

WAKULLA D

WAKULLA A/D

WAKULLA  B

Poly. (WAKULLA K)

Poly. (WAKULLA SPRING)

Poly. (WAKULLA A/K)

Poly. (WAKULLA D)

Poly. (WAKULLA C)

Poly. (WAKULLA A/D)

Poly. (WAKULLA  B)


[image: image8.emf]WAKULLA NETWORK CHART (2001-2008) 

0.00

5.00

10.00

15.00

20.00

25.00

4/19/2001 12/25/2001 9/1/2002 5/9/2003 1/14/2004 9/20/2004 5/28/2005 2/2/2006 10/10/2006 6/17/2007 2/22/2008 10/29/2008 7/6/2009

oxygen

WAKULLA SPRING

WAKULLA K

WAKULLA A/K

WAKULLA C

WAKULLA D

WAKULLA A/D

WAKULLA  B

Poly. (WAKULLA K)

Poly. (WAKULLA SPRING)

Linear (WAKULLA A/K)

Poly. (WAKULLA D)

Poly. (WAKULLA C)

Poly. (WAKULLA A/D)

Poly. (WAKULLA  B)


[image: image9.emf]WAKULLA NETWORK CHART (2001-2008) 

0.00

50.00

100.00

150.00

200.00

250.00

300.00

4/19/2001 12/25/2001 9/1/2002 5/9/2003 1/14/2004 9/20/2004 5/28/2005 2/2/2006 10/10/2006 6/17/2007 2/22/2008 10/29/2008 7/6/2009

TDS

WAKULLA SPRING

WAKULLA K

WAKULLA A/K

WAKULLA C

WAKULLA D

WAKULLA A/D

WAKULLA  B

Poly. (WAKULLA K)

Poly. (WAKULLA SPRING)

Poly. (WAKULLA A/K)

Poly. (WAKULLA D)

Poly. (WAKULLA C)

Poly. (WAKULLA A/D)

Poly. (WAKULLA  B)


[image: image10.emf]WAKULLA NETWORK CHART (2001-2008) 

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

4/19/2001 12/25/2001 9/1/2002 5/9/2003 1/14/2004 9/20/2004 5/28/2005 2/2/2006 10/10/2006 6/17/2007 2/22/2008 10/29/2008 7/6/2009

potassium

WAKULLA SPRING

WAKULLA K

WAKULLA A/K

WAKULLA C

WAKULLA D

WAKULLA A/D

WAKULLA  B

Poly. (WAKULLA K)

Poly. (WAKULLA SPRING)

Poly. (WAKULLA A/K)

Poly. (WAKULLA D)

Poly. (WAKULLA C)

Poly. (WAKULLA A/D)

Poly. (WAKULLA  B)


[image: image11.emf]WAKULLA NETWORK CHART (2001-2008) 

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

18.00

20.00

4/19/2001 12/25/2001 9/1/2002 5/9/2003 1/14/2004 9/20/2004 5/28/2005 2/2/2006 10/10/2006 6/17/2007 2/22/2008 10/29/2008 7/6/2009

magnesium

WAKULLA SPRING

WAKULLA K

WAKULLA A/K

WAKULLA C

WAKULLA D

WAKULLA A/D

WAKULLA  B

Poly. (WAKULLA K)

Poly. (WAKULLA SPRING)

Poly. (WAKULLA A/K)

Poly. (WAKULLA D)

Poly. (WAKULLA C)

Poly. (WAKULLA A/D)

Poly. (WAKULLA  B)


[image: image12.emf]WAKULLA NETWORK CHART (2001-2008) 

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

90.00

4/19/2001 12/25/2001 9/1/2002 5/9/2003 1/14/2004 9/20/2004 5/28/2005 2/2/2006 10/10/2006 6/17/2007 2/22/2008 10/29/2008 7/6/2009

calcium

WAKULLA SPRING

WAKULLA K

WAKULLA A/K

WAKULLA C

WAKULLA D

WAKULLA A/D

WAKULLA  B

Poly. (WAKULLA K)

Poly. (WAKULLA SPRING)

Poly. (WAKULLA A/K)

Poly. (WAKULLA D)

Poly. (WAKULLA C)

Poly. (WAKULLA A/D)

Poly. (WAKULLA  B)


[image: image13.emf]WAKULLA NETWORK CHART (2001-2008) 

0.00

5.00

10.00

15.00

20.00

4/19/2001 12/25/2001 9/1/2002 5/9/2003 1/14/2004 9/20/2004 5/28/2005 2/2/2006 10/10/2006 6/17/2007 2/22/2008 10/29/2008 7/6/2009

sulfate

WAKULLA SPRING

WAKULLA K

WAKULLA A/K

WAKULLA C

WAKULLA D

WAKULLA A/D

WAKULLA  B

Poly. (WAKULLA K)

Poly. (WAKULLA SPRING)

Poly. (WAKULLA A/K)

Poly. (WAKULLA D)

Poly. (WAKULLA C)

Poly. (WAKULLA A/D)

Poly. (WAKULLA  B)


