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I. INTRODUCTION

Title: Flow Interaction Monitoring Along SR9336 in Everglades National Park

Date of proposal

Proposed starting date: Feb 1, 2004
Proposed ending date:  March 1, 2005
Investigators

Raymond W. Schaffranek (USGS/WRD), National Center MS 430, Reston, VA 20192, rws@usgs.gov / (703) 648-5891 / (703) 648-5484;

Marc Stewart (USGS/WRD), 9100 N.W. 36th St., Suite 107, Miami, FL 33178, mastewar@usgs.gov / (305) 717-5847 / (305) 717-5801;

Ami L Riscassi (USGS/WRD), National Center MS 430, Reston, VA 20192, rariscass@usgs.gov / (703) 648-5891 / (703) 648-5484
**Additional team member has not been hired yet
Abstract

This study has been initiated to help investigate the influence of the main park road (SR 9336) in Everglades National Park (ENP) on the exchange of surface water between Shark Slough and Taylor Slough basins. The study will focus on collecting hydrologic information along SR 9336 using acoustic flow meters, water level sensors, and salinity meters to help document the hydrologic conditions. This data collection effort will provide baseline information on flow exchanges along the western edge of Taylor Slough and the southeastern edge of Shark Slough prior to implementation of the Florida Bay, Florida Keys Feasibility Study, and other CERP projects, which should be highly beneficial to evaluating the effects of restoration efforts.  The information and data will used by the USGS’s (PES funded) Tides and Inflows to the Mangroves of the Everglades (TIME) project and will provide additional insight to other efforts to predict the effects of restoration scenarios on flow and circulation in western Florida Bay.  The data will also be used to compliment additional work being completed by Hydrogage Inc. Hydrogage is under contract by SFWMD to study “Florida Bay Flow Monitoring Assistance - Flow Interaction Monitoring Along SR9336 in Everglades National Park”
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II. OVERVIEW 

A.  Scope of Study:

The principal objective of this investigation is to determine the influence of the main park road (SR 9336) in Everglades National Park (ENP) on the exchange of surface water between Shark Slough and Taylor Slough basins. SR9336 enters the ENP at the park’s main entrance, located west of Homestead and Florida City in South Dade (Fig 1). From the entrance, SR9336 heads west following the northern edge of the Long Pine rock ridge until it reaches the Pay-hay-okee visitor vista.  Along this northern section of SR9336, the main outlet for flow is water flowing though bridges and culverts at Taylor Slough and from culverts near some smaller sloughs that cut though the pinelands.  From Pa-hay-okee SR9336 heads southwest until it reaches the Mahogany Hammock visitor vista.  Shortly after Mahogany Hammock SR 9336 heads due south until it reaches the Nine Mile Pond vista. From Nine Mile Pond the road heads southwest until it ends in Flamingo. About halfway between Nine Mile Pond and Flamingo is the West Lake visitor vista.  The study will focus on flow though culverts under laying the roadway south of the turnoff from the Pay-hay-okee visitor vista to the northern access road for the West Lake canoe trail.  Historical insight offered by Craighead (1966), measured culvert flows in 1997 and 1998 reported in Tillis (2001), and data collected by the National Park Service (NPS) in 1997 and summarized in Stewart (2002), suggest that the predominant flow direction along the stretch of road between Pay-hay-okee to Nine Mile Pond is westward into Shark Slough.  The data presented in Tillis (2001) reported almost equally significant (but variable) outflows between the Pa-hay-okee to Mahogany Hammock segment as between Mahogany Hammock and Nine Mile Pond.  These “outflows” from Tillis (2001) were supported by the NPS 1997 data that show significant flow rates at selected culverts in areas north and south of Mahogany Hammock.  However, these measurements are synoptic in nature and offer no insight into the behavior of local flows in the adjacent wetlands, including the potential for lateral movement along the roadway.  This project will improve our knowledge beyond the historical culvert-flow data sets by collecting continuous flow data in both the culverts and the wetlands and making supplemental intermittent culvert measurements at un-gauged culverts in the study area.  These later measurements will be used to develop statistical correlations to extend the continuous data and thereby provide a more complete understanding of the total exchange of water across SR 9336 in the study area.  
B.  Literature summary

See Overview –Scope of Study.

C. Intended use of results

The monitoring work is an important part of regional water resource network. The results will be used to assess the hydrological & ecological well-beings of the Everglades, as well as used by USGS and SFWMD for model calibration. 

III. OBJECTIVES

The specific project objectives are to: 1) collect continuous hydrologic parameters to characterize the flow exchange processes, 2) examine seasonal exchange patterns with a major focus on a complete wet season, 3) collect ancillary hydrologic data (wind, salinity, etc.) to assist in understanding the mechanisms that drive flow exchanges, and 4) provide field data to other scientists and modelers in order to help improve their project and modeling efforts in the study area.  Fulfillment of these objectives will provide baseline information on flow exchanges along the western edge of Taylor Slough and the southeastern edge of Shark Slough prior to implementation of the Florida Bay, Florida Keys Feasibility Study, and other CERP projects, which should be highly beneficial to evaluating the effects of restoration efforts.  The information and data will used by the USGS’s (PES funded) Tides and Inflows to the Mangroves of the Everglades (TIME) project and will provide additional insight to other efforts to predict the effects of restoration scenarios on flow and circulation in western Florida Bay.

IV. METHODS

A. Description of study area:
The project is to monitor water flow across the culverts along SR 9336 in the Everglades. The majority of fieldwork will be implemented along the highway. 
B.  Major Task/ Procedures:

Task 1: Discontinuous monitoring of culverts for flow and salinity:
Measurements will be made up to four times over the 2004 wet season.  Over a one or 2-day period, several crews will measure flow at selected culverts using portable velocity meters and portable salinity meters.  For these measurements, no fixed instruments of any time will attached to the culverts. Some trimming of vegetation at a number of the culverts may be necessary to access culvert for measurements.  If this is the case, the ENP we be notified which culverts will need to be trimmed before this is completed. The GPS coordinates of all the culverts to be monitored are listed below:  
	Culvert ID
	X COORD
	Y COORD

	1
	542458.95
	2808668.63

	3
	542337.57
	2808611.48

	4
	542196.02
	2808555.64

	5
	542065.67
	2808512.33

	6
	541947.57
	2808483.35

	7
	541797.01
	2808458.07

	8
	541419.01
	2808467.96

	9
	541253.43
	2808467.63

	10
	541107.33
	2808514.58

	11
	540851.84
	2808610.54

	12
	540716.68
	2808681.43

	13
	540583.75
	2808756.71

	14
	540462.92
	2808825.18

	15
	540321.29
	2808906.19

	16
	540184.77
	2808982.53

	17
	540052.84
	2809057.79

	18
	539921.02
	2809132.76

	20
	539703.47
	2809254.08

	22
	539257.76
	2809505.56

	23
	539100.15
	2809596.34

	25
	538994.22
	2809656.82

	26
	538758.08
	2809796.10

	27
	537489.40
	2810509.70

	28
	536202.74
	2811021.52

	29
	535137.33
	2810983.43

	30
	533859.40
	2810967.83

	31
	532586.63
	2811349.75

	32
	532199.98
	2811588.06

	33
	530217.24
	2813096.87

	34
	529445.83
	2813200.77

	35
	528659.15
	2813100.16

	36
	527107.12
	2812782.49

	37
	525835.24
	2812710.56

	38
	525275.50
	2812775.18

	39
	525115.16
	2812795.30

	40
	524810.50
	2812804.05

	41
	524506.63
	2812784.00

	42
	524174.43
	2812726.50

	43
	523909.87
	2812649.24

	44
	523600.70
	2812522.40

	45
	523357.44
	2812393.78

	46
	523104.33
	2812221.28

	47
	522872.21
	2812026.20

	48
	522655.03
	2811805.27

	49
	522471.75
	2811570.90

	50
	522304.32
	2811309.76

	51
	522180.17
	2811083.63

	52
	522029.56
	2810820.82

	53
	521857.91
	2810533.84

	54
	521694.93
	2810276.63

	55
	521525.23
	2810023.61

	56
	521349.12
	2809776.30

	57
	521162.31
	2809534.38

	58
	520969.88
	2809297.20

	59
	520768.27
	2809063.84

	60
	519864.96
	2808099.38

	61
	519171.62
	2807212.96

	62
	518690.92
	2806431.05

	63
	518340.06
	2805689.48

	64
	518087.15
	2805000.68

	65
	517981.81
	2803830.98

	66
	518060.77
	2803502.00

	67
	518166.09
	2803231.09

	68
	518342.25
	2802923.66

	69
	518497.62
	2802703.55

	70
	518714.16
	2802484.67

	71
	518947.57
	2802293.71

	72
	519216.34
	2802140.05

	73
	519441.25
	2802014.31

	74
	519715.09
	2801800.74

	75
	519920.99
	2801576.79

	76
	520080.96
	2801326.29

	77
	520184.13
	2801068.98

	78
	520254.57
	2800772.84

	79
	520269.47
	2800505.88

	80
	520267.96
	2800152.84

	81
	520266.79
	2799864.66

	82
	520269.10
	2799557.98

	83
	520269.56
	2799251.39

	84
	520267.84
	2798946.87

	85
	520269.41
	2798643.62

	86
	520268.32
	2798336.80

	87
	520268.61
	2798032.88

	88
	520267.91
	2797729.95

	89
	520265.71
	2797418.11

	90
	520272.82
	2797119.41

	91
	520269.01
	2796816.69

	92
	520270.36
	2796507.03

	93
	520268.97
	2796200.18

	94
	520271.45
	2795896.44

	95
	520268.63
	2795596.02

	96
	520268.84
	2795421.61

	97
	520270.82
	2795293.85

	98
	520270.07
	2795137.61

	99
	520270.79
	2794989.21

	100
	520271.13
	2794681.48

	101
	520269.63
	2794538.26

	102
	520270.12
	2794377.55

	103
	520269.91
	2794205.20

	104
	520270.12
	2794080.53

	105
	520269.49
	2793920.97

	106
	520269.75
	2793771.53

	107
	520269.28
	2793616.48

	108
	520266.65
	2793439.97

	109
	520270.82
	2793281.96

	110
	520270.49
	2793125.87

	111
	520266.66
	2793011.22

	112
	520270.64
	2792868.07

	113
	520274.82
	2792732.69

	114
	520268.39
	2792569.57

	115
	520237.51
	2792402.63

	116
	520184.98
	2792261.53

	117
	520108.59
	2792133.35

	118
	520008.37
	2792012.94

	119
	519891.74
	2791918.79

	120
	519765.08
	2791834.20

	121
	519637.29
	2791749.40

	122
	519505.31
	2791661.09

	123
	519360.64
	2791565.26

	124
	519271.20
	2791499.81

	125
	519092.97
	2791384.47

	126
	518954.48
	2791287.98

	127
	518890.40
	2791247.67

	128
	518753.61
	2791154.82

	129
	518664.10
	2791096.97

	130
	518542.86
	2791013.44

	131
	518361.12
	2790890.48

	132
	518240.43
	2790810.94

	133
	518176.07
	2790767.44

	134
	518054.26
	2790688.31

	135
	517875.20
	2790566.61

	136
	517730.74
	2790471.68

	137
	517626.95
	2790400.29

	138
	517490.36
	2790304.74

	139
	517378.72
	2790230.55

	140
	517237.27
	2790136.26

	141
	517108.86
	2790050.13

	142
	516984.47
	2789969.92

	143
	516855.64
	2789882.73

	144
	516742.27
	2789802.04

	145
	516624.18
	2789724.69

	146
	516476.62
	2789625.41

	147
	516352.67
	2789540.40

	148
	516227.61
	2789452.73

	149
	516098.82
	2789369.15

	150
	515975.32
	2789284.55

	151
	515846.05
	2789200.77

	152
	515720.35
	2789115.92

	153
	515469.53
	2788943.95

	154
	515594.33
	2789028.71

	155
	515339.36
	2788860.70

	156
	515157.57
	2788735.55

	157
	515101.71
	2788700.80

	158
	514936.85
	2788588.42

	159
	514759.11
	2788469.24

	160
	514683.38
	2788417.54

	161
	514582.11
	2788350.61

	162
	514456.44
	2788266.11

	163
	514331.17
	2788180.20

	164
	514203.64
	2788095.86

	165
	514078.59
	2788010.48

	166
	513825.23
	2787839.00

	167
	513571.15
	2787671.07

	168
	513317.27
	2787501.81

	169
	513065.77
	2787329.77

	170
	512819.68
	2787149.68

	171
	512572.61
	2786973.64

	172
	512324.96
	2786795.17

	173
	512074.35
	2786622.30

	174
	511826.99
	2786446.79

	175
	511575.67
	2786273.88

	176
	511323.66
	2786098.26

	177
	511100.26
	2785895.13

	178
	510883.22
	2785680.20

	179
	510677.73
	2785449.72

	180
	510482.94
	2785220.05

	181
	510304.97
	2785012.90


Task 2 - Installation of Staff gauges
Staff gages will be installed at selected culverts to provide discontinuous data on water level differences across SR 9336. Staff gage installation will consist of driving a 1” stainless steel pipe 2 -3 feet into the ground. Then a faceplate will be attached with numbers to the front of this pipe so water level can be noted. Below or a list of proposed culverts to be equipped with staff gages:  Note at the time installation it may be necessary due to field conditions to choose another nearby culvert instead of the one selected below.  If this is, the case park personnel will be consulted prior to installation.  
	Culvert Number

	24

	31, 32 or 33

	43

	59

	72

	89

	110

	141, 142 or 143

	168, 169, or 170



*Note: A maximum of nine pairs of staff gages will be installed.

Task 3 - Installation of Continuous Water Level Sensors
The USGS will construct and install monitoring stations that are instrumented to monitor and collect continuous water level data.  These water level recorders will be installed at the following locations and will complement information currently being collected as part of on-going USGS efforts and NPS efforts.


Water Level Gage Pairs

(1) One on each side of road near culvert #43, South of Pa-hay-okee Rd

(2) One on each side of road near culvert #76
*Note: 4 gages total

Task 4 - Establishment of Reference Elevations: 
Staff gauges, water level recorders and other points of interest along SR 9336 will need to be surveyed in. This will be completed by USGS and SFWMD staff. The park will be provided names of personnel before the work begins.

Task 5 - Installation of continuous culvert flow meters (method 1)
Flow meters will be installed for the duration of the study about two feet inside the selected culverts.  The flow meter is designed not to restrict the flow of the culvert or to block it in any way. The flow meter will not be visible from the road but a small power/data cable will run from the culvert to a fiberglass housing mounted on a 1.5” diameter pipe. The pipes will be driven 3 feet into the local bed material (limestone/peat/marl etc) using a manual pipe hammer.  

Task 6 - Installation of continuous culvert flow meters (method 2)

ADV Flow meters will be used for the duration of the study just outside of the culvert, in the flow way.  This is necessary to monitor flow at southern culverts that typically do not carry enough water (depth) to use the preferred equipment listed in Task 5.  The flow meter and power supply will be mounted on two pipes driven into the ground about 3 feet.  Vegetation will help cover the equipment from most visitors
Task 7 - Installation of ADV Marsh Flow Meters
The station consists of a tripod with each leg made up of 1.5” diameter pipe.  An additional vertical pipe will be installed to support the fiberglass shelter (for power and recording equipment). All pipes will be driven 3 feet into the local bed material (limestone/peat/marl etc) using a manual pipe hammer.  The support pipe for the monitoring equipment will be installed approximately 10 feet away for the instrument support tripod to help minimize disturbance in the area of interest.  The following are the proposed sites:
1. A ADV, Co-located with Bill Loftus fish trap #6, between culverts 32 and 33

2. Two ADVs, one located on each side of SR9336 road near NPS gages SR1 and SR2, between culverts 57 and 58.  *Note these gage may end up being 300- 500 feet off the road.
Task 8 - Installation of salinity probes
Salinity meters will be used for the duration of the study to assist with monitoring of surface water movement in the along the southern stretch of the road. The meters will be self contain units housed in a 2” PVC pipe pushed into the muck.  The pipes will be camouflage with paint to help them blend into the environment. 

Two sites have been selected for salinity measurements:

1. Nobel Hammock Canoe Trailhead (off to the side)
2. Hells Bay Canoe Trailhead (off to the side)
Task 9 - Monitoring Station Operation and Maintenance 

The USGS will service and maintain the water level, salinity probes, ADVs, and culvert flow meters in good working order and a manner conducive to producing quality data. Calibration flow measurements in addition to the measurements listed in Task 1 will be made on a weekly basis at a small number of culverts during the wet season.
Task 10 – Removal of sites
Upon completion of the project, all pipes and equipment will be removed from the site location unless they are identified to be used under another active permit for ongoing studies.

C. Collections

Stage and flow monitoring data will be collected from the study site. No specimens or material will be collected, sampled or captured from the site.

D. Analysis
All the data collected from field will be analyzed using standard USGS protocol.
E. Schedule
The fieldwork will be mostly conducted in year 2004 and 2005 with a focus on wet season data collection (May- November). Field monitoring work at the frequency of about 2-3 days per week will be carried out along SR 9336. The staff level of field monitoring will be in teams of one or two people each time with the possible exception of surveying crews may be made up of teams of up to four people. The project is expected to be completed in early 2005.
F. Budget
The total expense associated with this project is around $200,000. The funding body of the project is South Florida Water Management District and the USGS PBS program.
IV. Products
A. Publications and reports

Periodic work reports will be generated. Technical reports of data analysis results & rating curve development will also be created at certain stages.

B. Collections

No specimen is related to this project.

C. Data and other materials

Some photographs may be taken from the monitoring sites to demonstrate the set up of flow measurement instruments. Copies of these photographs will be available upon request.  Collected data will be available upon request as processed.
V. LITERATURE CITED

See Overview section
VI. SUPPORTING DOCUMENTATION AND SPECIAL CONCERNS

A. Safety
No potentially hazardous activity is related to this project.

B. Access to study sites
Daytime access is needed during business hours via standard vehicle on SR9336.

C. Use of mechanized and other equipment
Construction equipment will be kept to minimum.  Data collection equipment will consist of data loggers, water level sensors, salinity meters, a wind gage and flows meter
D. Chemical use

No chemical will be used in this project.

E. Ground disturbance

Every effort will be made to minimize ground disturbance. Ground Disturbance will occur from foot traffic will installing and servicing equipment.
F. Animal welfare

No animal handling activity will be conducted in this project.

G. NPS assistance
No NPS assistance is required in this project
H. Wilderness “minimum requirement” protocols
All monitoring work except the ADV flow meters (Task VI) will be done in or near the culverts under SR 9336 and corresponding side roads between the Visitors Center and Flamingo. Wilderness “minimum requirement” protocols will be well respected and adhered to during the project duration. In order to use the minimum tool for site installation no power equipment is going to be used to install pipes in the ground.  They will be installed using hammers and human power.
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