
CHAPTER 4
WATER QUALITY IN THE NORTHERN PALM BEACH COUNTY REGION


4.1 OVERVIEW

Providing water of the proper quantity, quality, timing, and distribution to environmental areas is one of the considerable challenges of CERP.  The operational and regulatory complexity of supplying water of the proper quantity, quality, timing, and distribution to provide substantive environmental enhancement is challenging.  The water supplied for environmental enhancement must consider both the regulatory restrictions imposed by the Florida Watershed Restoration Act and the anti-degradation policy (described below) and the practical limitations imposed by the quality, quantity, and location of available water, the availability of locations for substantive storage reservoirs, and the ability to collect the available water and deliver it to the areas of demand. 

· The anti-degradation policy (found in 62-302.300) allows for protection of water quality above the minimum required for a classification.  The anti-degradation policy has noteworthy significance because the C-18 Canal is designated as a Class I water body.  In addition, the Northwest Fork of the Loxahatchee River (designated as a special water in 62-302.700) receives a considerable portion of its dry weather flow from the C-18 Basin (though the G-92 structure).

· The Florida Watershed Restoration Act also known as the TMDL Bill was enacted in 1999.  A Total Maximum Daily Load (TMDL) is a calculation of the maximum amount of a pollutant that a water body can receive and still meet water quality standards and an allocation of that amount to the pollutant's sources.    The Florida Watershed Restoration Act (TMDL Bill) (SB 2282) of 1999 Chapter 403.067 F.S. describes the responsibilities of various agencies [Florida Department of Environmental Protection (FDEP), Florida Department of Agriculture and Consumer Services (FDACS) and the Water Management Districts (WMDs)].  

The creation of substantive storage (e.g. 48,000 acre-feet) in the L-8 basin can provide water of the sufficient quantity to meet a substantial portion of the predicted agricultural, environmental and urban water needs.  In the Northern Palm Beach County Region, numerous man-made channels divert water for a variety of purposes.  Of importance to this study are the L-8 Canal which is adjacent to the pits, and connected to Lake Okeechobee, the M-Canal which conveys source water to the West Palm Beach Water Treatment Plant for potable supply, and the C-18 Canal which empties into the Loxahatchee River.  

Dredging and stabilization of the Jupiter Inlet and sea level rise greatly increased the salinity in the lower portions of the NWFLR (estimated to have a combined effect of moving the toe of the 2 part per thousand area approximately 2 miles upstream).  In addition, the Loxahatchee Slough historically drained into the NWFLR providing an essential source of water.  Drainage alterations, by the construction of canals, have reduced the quantity and quality of water in the river.  The C-18 canal, constructed in 1958 to improve drainage and provide flood protection for adjacent lands, drains the Loxahatchee Slough and discharges to the Southwest fork of the river.  The development (residential and agricultural) within the watershed reduced the available storage thereby increasing the peak flow rates and reducing the dry season flow rates..  The reduction of surface flows in the Northwest fork of the river contributed to saltwater intrusion.  The G-92 water control structure has since been constructed to divert water from the C-18 into the NWFLR via the C-14 of Jupiter Farms (SIRWCD) when conditions permit, to increase flows in the NWFLR.

Due to the complex interaction of canals and natural water bodies in northern Palm Beach County, water quality is a delicate issue.  Degradation of one supply most certainly affects others and understanding the influences between them is a challenging assignment.  This study includes an extensive analysis of water quality in this region for water supply planning and environmental protection in the northern Palm Beach County region.    

4.2 SCOPE OF WORK

To provide information to assist the evaluation of how best to supply water to the environmental areas a water quality assessment was required.  The assessment compared the level of monitored water quality parameters in the pit waters with the standards for available users in the area.  The following objectives were used for the analysis.

· Description of the water quality demonstrated during the L-8 Reservoir Testing Project (Testing Project) for L-8 Storage and the changes expected due to structural and operational changes
· Obtain water quality standards for areas potentially supplied by the mined areas 

· Compare the water quality observed in the mined areas to the standards for both the existing and expected water quality.
· Provide a list of suggested users based on present water quality

4.3
DATA COLLECTION
4.3.1
Water Quality Monitoring in Pits

Water quality sampling data from November 2001 to June 2002 suggested that sixteen parameters were measured.  The data were obtained from the South Florida Water Management District (SFWMD) for Pits A and B, the L-8 Canal, and the M-Canal.  Appendix IV shows a map of the Pit locations and sampling points (Map 1).  The sixteen parameters that were measured and their respective units are provided in Table 4.1.  

Grab sampling was performed weekly on the surface water bodies in the study area for some of the parameters while others were collected either on a monthly or quarterly basis.  Table 4.1 shows the number of dates measured for each parameter along with the maximum, minimum, and average values of each constituent sampled in Pits A and B, with the exception of Gross Alpha which was reported as a range of measurement.

4.3.2 GWP, Loxahatchee Slough and the NWFLR
Extensive water quality sampling has also been performed for 29 stations in the multiple forks of the Loxahatchee River (Map 2 in Appendix IV).  Data on several of these stations were analyzed to determine water quality trends in the three major river forks (Northwest, North, and Southwest).  The number of samples available for analysis at these stations is summarized in Table 4.2 for the respective water quality parameters.  These sites were monitored for 10 years from 1991 to 2001.  The complete results of water quality trends for the NWFLR are presented in Appendix IV (Lox Charts 1, 2 and 3).

Sampling data was not available for sites located in the Loxahatchee Slough. The C-18 canal, constructed in 1958, drains the slough and outfalls into the Southwest Fork of the Loxahatchee River.  The C-18 Canal is classified as a Class I water body.

4.3.3 Water Quality Standards

Criteria for surface water quality classifications were obtained from the Florida Administrative Code (Ch. 62-302), that provides standards for defined water classes.  Table 4.3 summarizes these criteria for each of the applicable water classes. It is noted that the background level of conductivity was well below 1275 mhos/cm. The average conductivity concentration at several locations along the L-8 and M-Canals during a 1996–2000 study period are shown in Table 4.4. The average of these locations gives a 50% above background value of 741mhos/cm. This confirms that 1275 mhos/cm should be used as the standard for conductivity in this region.
4.4 WATER QUALITY ANALYSIS

Potential users of the stored water include the City of West Palm Beach for water supply, cooling water for a potential power plant, Aquifer Storage and Recovery (ASR), agriculture, the Loxahatchee National Wildlife Refuge through the designated Stormwater Treatment Areas (STAs), the GWP, the Loxahatchee Slough, and the NWFLR.  Possible sources of flow to the Storage Area include flood discharges from the L8 basin which includes a large portion of the Indian Trail Improvement District and the J.W. Corbett Wildlife Management Area and releases from Lake Okeechobee.  The potential users are presented in Table 4.4 with a description of their connection to the Storage Area water.  This table also shows the water classes assigned to each potential user.  Knowing the standards for each of these users (Table 4.3), a detailed analysis was conducted to determine if the Storage Area water could be used in these potential areas. 

Table 4.1: Summary of Pit Water Quality
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Table 4.2:  Loxahatchee River Sample Counts (1991-2001)
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4.4.1 Storage Area Water Quality Trends

The standards presented in Table 4.3 were plotted against the measured data from Pits A and B.  For comparison purposes sampling data from the L-8 Canal, M Canal, and their junction were also included.  Figure 4.1 presents Dissolved Oxygen trends for these sampling locations with the corresponding standards for each class of water.  The remaining figures for each sampled parameter are shown in Appendix IV (Storage Area WQ Charts).  It is observed from these plots that several of the parameters exceeded the standards for the potential users on certain dates of measurement for the limited portion of L-8 Testing Project data used for this analysis (November 2001 through June 2002).  It should be noted that the L-8 Testing Project is a 3-year effort and that analysis of additional data over a longer period of time under a larger range of operational scenarios may provide a better assessment of the water quality trends.  Table 4.5 shows the parameters as compared to the standards.  Because of this variability, statistical analysis was performed on the data to identify the users that could receive the Storage Area water with some degree of confidence.  It should be noted that the trends demonstrated are for storage of water in the Storage Area.  The actual water quality is expected to be considerably better for long term operation of the full size reservoir (e.g. 600 acres for the North Storage Area and 300 acres for the South Storage Area) due to the following factors:

· The mining of adjacent Storage Areas will not occur after 2008.  Dewatering waters containing chlorides are stored in the pits not being actively mined or used for the Testing Project.  During the draw down phase of the Testing Project it was impossible to prevent seepage from these pits into the pits being tested.  This will not occur in the full scale operation as all the pits (storage cells) will be filled with surface water from the L-8 Canal.  

· The process pit will not be operational once mining is complete.  This pit is located on the south side of the pits used during the testing of the pits.  Unfortunately, the northern levee of the process pit is quite narrow and may have been impacted from mining operations (i.e. blasting).

· The seepage rate is expected to be considerably less as a percent of the storage volume when all the pits are combined and operated as reservoir.  Specifically, the pits where the water quality data was collected will be interconnected and operated as a single 600 acre reservoir.  
· The CERP – North Palm Beach County – Part 1 authorizes the evaluation and construction of two (2) 640 acre STAs to provide water quality treatment.  While the specific location is still undetermined, the STAs may be located in areas that will provide treatment for the Storage Area water prior to be used by the entities in Table 4.4.
· One of the goals of the NPBC-Part 1 is to reduce the amount of water withdrawn from Lake Okeechobee for the project area for water supply needs.  This will increase the overall quality of water in this area by storing L-8 water (primarily high quality water from J.W. Corbett WMA and ITID) during the wet season and using this water for various needs during the dry season.
4.4.2 Statistical Analysis

The statistical analyses were conducted on the parameters that did not have all data points meet the standards.  Using Minitab software, Kolmogorov-Smirnov testing was performed on the sets of data to check for normality in their distributions.  Assuming normality for all parameters, Interval Estimation was then performed.  Confidence intervals of 90 and 95% were constructed using the following expression.
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Table 4.3:  Criteria for Surface Water Classifications
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Table 4.4: Summary of Background Conductivity

[image: image5.wmf]Average

Minimum

Maximum

Standard 

Deviation

1

477

190

900

160

2

599

350

1050

162

3

488

200

875

144

4

501

200

800

154

5

470

380

650

93

5S

468

125

850

169

6

528

382

825

97

7

420

120

1250

220

Average:

494

WQ 

Monitoring 

Station

Conductivity (µmhos/cm)


Table 4.5: Potential Uses of Storage Area Water
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Figure 4.1:  Dissolved Oxygen Trends for Pits and Nearby Canals

Table 4.6:  Comparison of Parameters with the Water Quality Standards
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One or two-sided confidence intervals were used depending on the standards for each parameter.  For example, Class I criterion for turbidity is no greater than 29 NTU, thus a one-sided (t(/2) interval is used.  Testing whether the turbidity in Pit A (
[image: image9.wmf]x

 = 9.73 and s = 5.85) met this standard, using a 95% confidence interval (( = 0.05) a t-value of 1.699 is determined for 28 degrees of freedom.  Using this t-value in the interval expression an upper limit of 11.54 NTU is calculated.  Since this value is below the standard of 29, turbidity in Pit A is said to meet the criteria for a Class I water with 95% confidence.  This method was employed for all the parameters that had a least one point of exceedence.  Table 4.6 summarizes the statistical analysis using confidence intervals of 90 and 95%.  All parameters that did not meet the standards within 95% confidence also failed to meet them with 90% confidence.

 To determine whether the ITID can discharge stormwater runoff into the L-8 Canal for possible passage into the Pits, its water quality was compared to that of Pit A and B.  Minitab was also used to test the variances between both pits and the ITID discharge point (before mixing) to determine if the distributions of each sampled parameter were similar using a 95% confidence.   

Table 4.7: Summary of Interval Estimation Testing
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4.4.3 Loxahatchee River Water Quality Trends

Analysis of water quality in the Loxahatchee River was divided into three major reaches: the North, Northwest, and Southwest forks of the river.  From available data, the parameters measured were plotted over time to determine trends at several stations along each reach.  These trends are plotted in Appendix IV.  

To help understand the effects of saltwater intrusion in the NWFLR, salinity trends were also plotted.  Figure 4.2 shows the contrasting levels of salinity for Stations 40, 60, and 62 in the Northwest fork during the dry season (1991-2001).  As expected the level of salinity decreases with the upstream distance but is still evident in significant concentrations.

4.5
RESULTS

4.5.1 Storage Area water quality vs. Standards

The results of the statistical analysis suggest whether or not the parameters for the limited portion of L-8 Testing Project data used for this analysis (November 2001 through June 2002) met the standards.  Table 4.7 summarizes these results for both Pit A and B.  Several conductivity measurements in Pit A exceeded 1275 micromhos/cm.  Class I standards were exceeded several times for total dissolved solids and chlorides in this Pit.  The results from Pit B show that dissolved oxygen levels were below the standard for Classes I, II, and III periodically.  Also for Pit B, total dissolved solids exceeded Class I standards and fecal coliforms exceeded Class II standards.

4.5.2 Storage Area vs. Loxahatchee River

Since portions of the three major forks of the Loxahatchee River are considered Class II waters, potential input of Storage Area water must meet these standards.  As summarized previously, both Pits A and B had several parameters that periodically did not meet Class II standards.  

4.5.3
Storage Area vs. Indian Trail Improvement District

Table 4.8 summarizes the results of this analysis.  With 95% confidence, five of the 13 tested parameters did not yield similar distributions between the ITID and at least one of the Pits.  Both Pits had different distributions of turbidity, total dissolved solids, and chloride measurements than those of the ITID.  Pit A’s conductivity and Pit B’s total coliform concentrations were also statistically different than the ITID. Where the water quality concentrations were dissimilar, however, the ITID was superior in quality compared to the pit water.
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Figure 4.2:  Salinity Trends for Northwest fork of Loxahatchee River

Table 4.8: Pit Water that Meets Standards (from Statistical Analysis)
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4.6 DISCUSSION AND CONCLUSIONS

Since most of the water quality parameters sampled did not completely match the water quality criteria for the potential users, a statistical analysis was performed to provide a level of confidence to recommend possible users.  With both 90 and 95% confidence, four of the measured parameters did not meet the standards for Class I water in at least one of the Pits.  Similarly, three parameters exceeded Class II standards in both Pits.  Conductivity in Pit A and Dissolved Oxygen in Pit B were the only parameters to statistically not meet the criteria for Classes III.  Class IV standards were exceeded solely by Conductivity in Pit A and no parameter exceeded Class V standards.  

These conclusions apply only to the pits tested under the unfavorable operational conditions of active mining (adjacent pit filled with either process water or dewatering effluent or both).  The information is provided to assist in the evaluation of the reservoir including how best to design and operate the reservoir to increase the ability to supply all potential users including the environmental areas.  As demonstrated by the water quality observed in Pits A and B the water quality of these pits can be impacted by mining operation in adjacent pits (e.g. seepage for the process water pit or seepage from pits filled with dewatering effluent).  The use of these pits for water supply (especially for environmental demands) will need to consider the potential impacts of mining should it exist.
The actual water quality is expected to be considerably better for long term operation of the full size reservoir (e.g. 600 acres for the North Storage Area and 300 acres for the South Storage Area) due to the following factors:

· The mining of adjacent Storage Areas will not occur after 2008.  Dewatering waters containing chlorides are stored in the pits not being actively mined or used for the Testing Project.  During the draw down phase of the Testing Project it was impossible to prevent seepage from these pits into the pits being tested.  This will not occur in the full scale operation as all the pits (storage cells) will be filled with surface water from the L-8 Canal.  

· The process pit will not be operational once mining is complete.  This pit is located on the south side of the pits used during the testing of the pits.  Unfortunately, the northern levee of the process pit is quite narrow and may have been impacted from mining operations (i.e. blasting).

· The seepage rate is expected to be considerably less as a percent of the storage volume when all the pits are combined and operated as reservoir.  Specifically, the pits where the water quality data was collected will be interconnected and operated as a single 600 acre reservoir.  

· The CERP – North Palm Beach County – Part 1 authorizes the evaluation and construction of two (2) 640 acre STAs to provide water quality treatment.  While the specific location is still undetermined, the STAs may be located in areas that will provide treatment for the Storage Area water prior to be used by the entities in Table 4.4.

· One of the goals of the NPBC-Part 1 is to reduce the amount of water withdrawn from Lake Okeechobee for the project area for water supply needs.  This will increase the overall quality of water in this area by storing L-8 water (primarily high quality water from J.W. Corbett WMA and ITID) during the wet season and using this water for various needs during the dry season.

The following water quality enhancing features should be considered:

· The outflow pump station should be designed to provide aeration during discharge.

· The final pump station should have sufficient capacity to turn over the water if necessary to reduce any temporary chlorides rises associated with the initial operation of the Reservoir.  Specifically, the inflow and outflow locations should be located to allow circulation (e.g. the intake structure at the North end and the outflow pump station at the South end); water can inflow while water is being discharged if desired. 

· Consider structural improvements and operational protocol that allow the pits to be filled with the highest water quality possible.  For example maximize the water stored from J.W. Corbett WMA water and ITID.

· At least during the first five years of operation consider operation rules to proactively fill the pits using water from the J.W. Corbett WMA water and ITID.
· The reservoir system should be designed to maintain velocities below 1 foot per second at the maximum flow rates to enhance settling and thereby increase water quality improvement including turbidity reduction.

· Any use of the pit for cooling by a power plant should prohibit the discharge of concentrate into the pits (closed loop cooling with no exchange of water with the pits).
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Table 4.10:  Possible Users of Pit Water
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Since the Pit waters met the standards for Class III water, nearby lakes and canals that receive water from the Pits should also be allowed to supply water to the pits, depending on flood conditions and water levels. Table 4.10 summarizes the sources recommended to supply water back to Pits A and B.  

Table 4.11:  Recommended Discharges Back into Pits
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