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SECTION  1 
 

INTRODUCTION 
 

 This report provides a summary of surface water quality monitoring conducted in Lake 

Hancock by Environmental Research & Design, Inc. (ERD) from March 2004-February 2005 for 

Parsons Engineering Services (Parsons).  This monitoring was performed in support of the Lake 

Hancock Outfall Treatment System Evaluation, funded by the Southwest Florida Water 

Management District (SWFWMD), and is designed to provide a more thorough understanding of 

the physical and chemical characteristics of the surface water in Lake Hancock, including both 

seasonal and diurnal variability.  This characterization data provides input for selection of a cost-

effective treatment system for the Lake Hancock outfall and to evaluate disposal options for 

particulate matter which may be removed by the treatment system. 

 The monitoring program performed by ERD includes three primary objectives.  First, 

surface water monitoring was performed at three potential treatment system intake sites in Lake 

Hancock over a 12-month period to evaluate seasonal variability in water quality characteristics.    

Second, intensive diurnal water quality monitoring was performed at two sites in Lake Hancock 

on a quarterly basis to evaluate fluctuations in vertical water quality characteristics over a 24-

hour cycle.  Finally, particle fractionation studies were performed on a quarterly basis to 

characterize the sizes of particulate matter in Lake Hancock water and associated physical and 

chemical characteristics of identified particle size ranges.  
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SECTION  2 
 

FIELD  METHODOLOGY 
 

2.1  Routine Surface Water Quality Monitoring 

 Surface water quality monitoring was conducted in Lake Hancock by ERD from March 

2004-February 2005 at the locations indicated as Site 1, Site 2, and Site 3 on Figure 2-1.  Each of 

the three monitoring sites is located near potential water intake locations for the proposed outfall 

treatment systems currently under consideration.  Water quality monitoring was conducted at 

each of the three sites twice monthly during the wet season (June-September) and monthly 

during the dry season (October-May).  However, the two wet season monitoring events 

scheduled for June 2004 could not be performed due to large floating mats of vegetation which 

blocked the mouth of Saddle Creek which was used as the access point for the lake.  Beginning 

in July 2004, access into the lake was obtained through a parcel adjacent to the P-11 Structure 

which is owned by SWFWMD.  Fourteen separate monitoring events were conducted during the 

12-month monitoring program. 

 Surface water samples were collected at each of the three monitoring sites from a depth 

of 0.5 m using a battery-powered submersible pump constructed of plastic and stainless steel.  

Sample collection procedures followed methods outlined in ERD’s FDEP-approved 

Comprehensive Quality Assurance Plan (No. 870322G/S).  Collected samples were preserved in 

the field, filtered as appropriate for specific parameters, placed on ice, and returned to the ERD 

Laboratory.  The collected samples were analyzed for general parameters, nutrients, biological 

parameters, and demand parameters.  A summary of analytical methods used by ERD for field 

and laboratory measurements is given in Table 2-1. 
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Figure 2-1. Surface Water Monitoring Sites in Lake Hancock.
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 TABLE  2-1 
 
 ANALYTICAL  METHODS  AND  DETECTION  LIMITS 
 FOR  FIELD  AND  LABORATORY  ANALYSES  CONDUCTED 
 BY  ENVIRONMENTAL  RESEARCH  AND  DESIGN,  INC. 

 

MEASUREMENT 
PARAMETER 

METHOD LOCATION 
METHOD  

DETECTION 
LIMITS  (MDLs)1

1.  Field Parameters
     Hydrogen Ion (pH) 
     Temperature 
     Dissolved Oxygen 
     Specific Conductivity 

 
EPA-832, Sec. 150.1/Manf. Spec.3

EPA-83, Sec. 170.1/Manf. Spec. 
SM-194, Sec. 4500-O G. 

EPA-83, Sec. 120.1/Manf. Spec. 

 
Field 
Field 
Field 
Field 

 
NA 
NA 

0.2 mg/l 
0.3 μmho/cm 

2.  General Parameters
     Alkalinity 
     BOD5

     Calcium 
     Chloride 
     Color 
     TSS 
     Turbidity 

 
EPA-83, Sec. 310.1 
SM-19, Sec. 5210 B. 
EPA-83, Sec. 215.1 
EPA-83, Sec. 325.3 
EPA-83, Sec. 110.3 
EPA-83, Sec. 160.2 
EPA-83, Sec. 180.1 

 
Lab 
Lab 
Lab 
Lab 
Lab 
Lab 
Lab 

 
0.6 mg/l 
2.0 mg/l 
10 μg/l 
1 mg/l 

1 Pt-Co Unit 
0.7 mg/l 
0.1 NTU 

3.  Biological Parameters
     Chlorophyll-a 

 
SM-19, Sec. 10200 H.3 

 
Lab 

 
0.1 mg/m3

4.  Nutrients
     Ammonia-N (NH3-N) 
     Nitrate + Nitrite (NOx-N) 
     Organic Nitrogen 
     SRP 
     Total Phosphorus 

 
SM-19, Sec. 4500-NH3 F. 

EPA-83, Sec. 353.2 
Alkaline Persulfate Digestion5

EPA-83, Sec. 365.1 
Alkaline Persulfate Digestion5

 
Lab 
Lab 
Lab 
Lab 
Lab 

 
0.005 mg/l 
0.005 mg/l 
0.03 mg/l 
0.001 mg/l 
0.001 mg/l 

 
1  .MDLs are calculated based on the EPA method of determining detection limits. 
2  .Methods for Chemical Analysis of Water and Wastes, EPA 600/4-79-020, Revised March 1983. 
3.  Subject to manufacturer's specifications for test equipment used. 
4.  Standard Methods for the Examination of Water and Wastewater, 19th Ed., 1995. 
5.  FDEP-approved method. 
 
 

 Field measurements of pH, dissolved oxygen, water temperature, specific conductivity, 

TDS, oxidation-reduction potential (ORP), and turbidity were performed at each of the three 

monitoring sites using a Hydrolab H20 water quality monitor.  Field measurements were 

performed at a depth of 0.25 m and at 0.5 m below the water surface, extending at 0.5-m 

intervals through the water column to the bottom.  Measurements of Secchi disk depth (water 

column transparency) were also conducted at each site. 
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2.2  Diurnal Water Quality Monitoring

 Diurnal water quality monitoring was conducted in Lake Hancock on a quarterly basis 

during the period from March 2004-February 2005.  A total of four separate events were 

conducted, with events performed on April 15, July 20, and October 2004, and on January 31, 

2005.  Diurnal monitoring was conducted at two sites, indicated as Site 2 on Figure 2-1 and 

immediately upstream from the P-11 Structure.  During each diurnal event, separate surface 

water samples were collected at each of the two sites once every six hours at a depth of 0.5 m 

from the water surface and 0.5 m from the lake bottom for a period of 24 hours.  In addition, 

vertical field profiles of pH, temperature, specific conductivity, dissolved oxygen, and ORP were 

conducted every two hours at the water surface and at 0.5-m intervals to the bottom at each site.  

Each of the collected samples was preserved and/or filtered in the field as appropriate, placed on 

ice, and returned to the ERD Laboratory where each of the samples was analyzed for the same 

parameters included in the 12-month surface water quality monitoring program, listed in Table 2-

1. 

 

2.3  Particle Fractionation Studies

 In addition to the routine surface water quality monitoring program and the diurnal 

monitoring program described previously, particle fractionation studies were also conducted on 

bulk surface water from Lake Hancock twice during wet season conditions and twice during dry 

season conditions.  Composite bulk surface water samples, formed by combining equal amounts 

of water collected 0.5 m from the surface and 0.5 m from the bottom, were collected from Site 2 

and upstream from the P-11 Structure during each of the four fractionation events.  

Approximately 25 gallons of bulk surface water were collected from each of the two sites during 

each of the four fractionation events.   

 Suspended particles were separated from the Lake Hancock water samples using a series 

of nylon net filters manufactured by Millipore.  A sequential series of filtration was performed 

using the net filters with pore sizes of 180 μm, 140 μm, 100 μm, 60 μm, 30 μm, and 11 μm. 
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 Filtration of the samples was performed using a standard 47 mm glass filter holder mounted 

on top of a 12-liter polycarbonate carboy.  Four carboys were used for the test.  When one became 

filled with the filtrate, it was replaced with a rinsed empty carboy.  The filtration was performed 

with very low or no applied vacuum to avoid embedding the particles into the filters.  When the 

flow rate through the filters became too slow, the filter was removed and placed in a 250-ml 

polycarbonate bottle and labeled with the filter pore size.  For larger pore sizes, only one or two 

filters were necessary to filter the entire sample.  However, for the smaller pore sizes, more filters 

were needed.  The filtrate from the 11 μm filter was filtered through a 1 μm glass fiber suspended 

solids filter. 

 The filters were segregated by pore size and placed in 250-ml polycarbonate bottles labeled 

with the appropriate pore size.  Deionized water (50 ml) was added to each bottle and shaken for 

fifteen minutes on a shaker table to resuspend the sediment particles from the filters.  The 

resuspended particulate solution was then analyzed for total suspended solids, volatile suspended 

solids, and total phosphorus.   

 Settling rates for the particle fractions were calculated using Stokes Law: 

 

 
1000  )   (18

D  )    -  (  9.8
   =   v

2
pOHpart

s
2

μ
ρρ

 
 

 

where: 

 ρpart = particle density 

 ρH2O = density of water (at 20 oC, 0.9982 g/cm3) 

 Dp = particle diameter 

 μ = dynamic viscosity of water (at 20 oC, 1003 N-sec/m2) 
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 Estimates of particle densities were calculated based on the relative ratios of the volatile 

and non-volatile portions of the suspended matter.  The volatile fraction is assumed to represent 

organic matter, with a typical density of 1.05 g/cm3.  The non-volatile fraction is assumed to be 

inert soil/sediment material suspended in the water column, with a typical density of 2.2 g/cm3.  

The particle fraction density is calculated by: 

 

Particle  Fraction  Density (g/cm3) = (V x 1.05) + (NV x 2.2) 

 

where: 

 V = volatile solids fraction (decimal) 

 NV = non-volatile solids fraction (decimal) 
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SECTION  3 
 

RESULTS 
 

 A summary of the field and laboratory results obtained during the routine surface water 

quality monitoring program, diurnal water quality monitoring, and particle fractionation studies 

is given in the following sections. 

 

3.1 Routine Water Quality Monitoring 

A monthly surface water quality monitoring program was conducted in Lake Hancock by 

ERD from March 2004-February 2005 at three designated monitoring locations.  Water quality 

monitoring was conducted at each of the three sites twice monthly during the wet season and 

monthly during dry season conditions.  The monitoring program included collection of surface 

water samples and vertical field profiles at each of the three monitoring sites. 

 

3.1.1 Field Profiles 

Field measurements of pH, dissolved oxygen, water temperature, specific conductivity, 

TDS, oxidation-reduction potential (ORP), and turbidity were performed at each of the three 

monitoring sites during each monthly monitoring event using a Hydrolab H20 Water Quality 

Monitor.  Field measurements were performed at a depth of 0.25 m and at 0.5 m, extending at 

0.5-m intervals through the water column to the bottom.  A complete listing of physical-chemical 

profiles collected in Lake Hancock as part of the routine surface water quality monitoring 

program is given in Appendix A. 

 

 

 

 

3-1 



HANCOCK\WATER  QUALITY  EVALUATION 

3-2 

 

3.1.1.1  Site 1 

A compilation of vertical depth profiles for temperature, pH, conductivity, and dissolved 

oxygen at Site 1 in Lake Hancock from March 2004-February 2005 is given in Figure 3-1.  As 

indicated on Figure 2-1, Site 1 is located in the southwestern portion of Lake Hancock near the 

entrance  to  the  outflow canal.  Measured water depth at Site 1 ranged from 0.9-1.8 m during 

the monitoring program. In general, temperature profiles at Site 1 appear to be relatively uniform 

for most of the monitoring dates. Changes in water column temperature from the surface to the 

bottom were found to be less than 1oC on 12 of the 14 monitoring dates illustrated on Figure 3-1.  

Thermally stratified conditions were observed at Site 1 on November 30, 2004 and May 18, 

2004.  Measured temperatures at Site 1 ranged from approximately 16-31oC during the 

monitoring program. 

Vertical pH profiles for Site 1 are also indicated on Figure 3-1.  In general, Lake Hancock 

is characterized by a relatively elevated pH, with 12 of the 14 monitoring dates exhibiting pH 

values between approximately 8.5-10.0.  In general, measured pH profiles in Lake Hancock 

appear to be relatively uniform within the water column, with the exception of profiles 

performed on July 9, August 6, and August 20, 2004.  Rapid decreases in pH were observed on 

each of these dates after a water depth of approximately 1 m.  A pH change of approximately 2-3 

units was observed on each of these three dates between surface and bottom portions of the water 

column. 

Relatively uniform conductivity values were observed throughout the water column at 

Site 1 for approximately 10 of the 14 monitoring dates.  Measured specific conductivity values at 

this site ranged from approximately 170-300 μmho/cm.  However, substantial increases in 

specific conductivity were observed after a depth of approximately 1 m during July and August 

2004.  Conductivity values on these dates increased by approximately 50-100% between surface 

and bottom measurements.  The observed increases in specific conductivity near the water-

sediment interface on these dates is a strong indication of significant internal recycling within the 

lake during these monitoring events. 
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Figure 3-1. Compilation of Vertical Depth Profiles Collected at Site 1 in Lake Hancock from 
March 2004-February 2005. 



HANCOCK\WATER  QUALITY  EVALUATION 

3-4 

 

Vertical dissolved oxygen profiles at Site 1 in Lake Hancock are illustrated in the final 

graph on Figure 3-1.  In general, dissolved oxygen concentrations in Lake Hancock were found 

to be highly variable, ranging from approximately 4 mg/l to >20 mg/l.  A slight to pronounced 

decrease in dissolved oxygen was observed with increasing depth during each monitoring event.  

Dissolved oxygen concentrations in excess of 5 mg/l were observed throughout the water column 

at Site 1 during 13 of the 14 monitoring events. 

 

3.1.1.2  Site 2 

A compilation of vertical depth profiles collected at Site 2 in Lake Hancock from March 

2004-February 2005 is given in Figure 3-2.  Measured water depth at this site ranged from 

approximately 1.2-2.3 m during the monitoring program.  Relatively uniform temperature 

profiles were observed in Lake Hancock during 10 of the 14 monitoring events, indicating 

relatively well mixed conditions within the lake during these events.  However, monitoring 

events performed during May, September, October, and November 2004 appear to have a rapid 

decrease in temperature with increasing water depth.  Temperature differences between top and 

bottom measurements on these dates were generally 2-4oC or more. 

Relatively uniform pH profiles were observed at Site 2 in Lake Hancock during 

approximately half of the monitoring events, with relatively sharp decreases in pH with 

increasing water depth observed on the remaining monitoring dates.  Measured pH values at Site 

2 range from < 7 to > 10 units throughout the monitoring program, with the vast majority of 

measured values ranging from approximately 8.5-10.0 units.  Events which appear to exhibit 

decreases in pH with increasing water depth were observed in Lake Hancock during summer and 

fall 2004.  The variability in pH values observed in Site 2 appear to be substantially greater than 

that observed in Site 1. 

Measured specific conductivity profiles at Site 2 in Lake Hancock are also illustrated on 

Figure 3-2.  In general, measured surface conductivity values in Lake Hancock range from 

approximately  160-260  μmho/cm.   Substantial  increases  in  specific  conductivity values were 
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Figure 3-2. Compilation of Vertical Depth Profiles Collected at Site 2 in Lake Hancock from 
March 2004-February 2005. 
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observed with increasing water depth on virtually all of the monitoring dates, particularly at 

water depths in excess of 1.5 m.  These profiles indicate the presence of significant internal 

recycling in bottom areas at Site 2, and combined with the pH profiles, suggest that Site 2 is 

substantially less well mixed than observed at Site 1. 

Dissolved oxygen profiles at Site 2 in Lake Hancock are also illustrated on Figure 3-2.  A 

high degree of variability is apparent in measured dissolved oxygen levels at this site, with 

values ranging from <1 mg/l to >20 mg/l.  Approximately half of the monitored events  exhibited  

dissolved  oxygen  concentrations <5 mg/l, particularly in lower portions of the water column.  A 

general trend of decreasing dissolved oxygen is apparent with increasing water depth for all 

monitored events.  The high degree of variability in dissolved oxygen concentrations observed at 

Site 2 also suggests that this site is not as well mixed as Site 1. 

 

3.1.1.3  Site 3

 A compilation of vertical depth profiles collected at Site 3 in Lake Hancock from March 

2004-February 2005 is given in Figure 3-3.  Water depth at Site 3 ranged from approximately 

1.0-1.9 m during the monitoring program.  In general, the water column at Site 3 was found to 

exhibit a relatively uniform temperature profile on a majority of the monitoring dates.  However, 

decreases in temperature with increasing water depth were observed on 5 of the 14 monitoring 

dates, with temperature differences between surface and bottom layers ranging from 

approximately 2-3oC. 

 Measured temperature profiles at Site 3 in Lake Hancock appear to be highly variable, 

with measured values ranging from approximately 6.3 to >10 units.  Relatively uniform pH 

conditions were observed throughout the water column on approximately half of the monitoring 

dates, with substantial decreases in pH observed with increasing water depth on the remaining 

dates, most of which occurred during summer and fall 2004.  Measured pH differences range 

from 3-4 units between top and surface layers of the lake during many of these events. 
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Figure 3-3. Compilation of Vertical Depth Profiles Collected at Site 3 in Lake Hancock from 
March 2004-February 2005. 
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 Measured conductivity profiles at Site 3 in Lake Hancock appear to be relatively uniform 

for half of the events, with the remaining events exhibiting substantial increases in conductivity 

with increasing water depth.  Specific conductivity values near the lake bottom are 

approximately 100-200% greater than measured surface values.  These increases in specific 

conductivity suggest recycling of ions within the lake from the highly organic sediments. 

 Measured dissolved oxygen profiles at Site 3 in Lake Hancock are also illustrated on 

Figure 3-3.  Surface dissolved oxygen concentrations during the monitoring program ranged 

from 5-17 mg/l.  In general, a trend of decreasing dissolved oxygen with increasing water depth 

was observed during each monitoring event. However, a majority of events were found to exhibit 

dissolved oxygen concentrations <5  mg/l  at  depths  below  1  m.  Dissolved oxygen 

concentrations <2 mg/l were observed in the water-sediment interface during 6 of the 14 

monitored events.  Based upon the profiles presented in Figure 3-3, it appears that Site 3 exhibits 

a higher level of stratification than observed at either Site 2 or Site 1. 

Variations in Secchi disk measurements performed in Lake Hancock from March 2004-

February 2005 are illustrated on Figure 3-4.  In general, water column transparency in Lake 

Hancock was extremely poor throughout the monitoring program, with measured Secchi disk 

depths ranging from 0.09-0.35 m.  Secchi disk measurements appear to be similar between the 

three sites with the exception of the final monitoring date performed on February 28, 2005.  On 

this date, Site 3 was characterized by a Secchi disk depth of 0.26 m, while the remaining two 

sites had Secchi disk depths ranging from 0.11-0.12 m. It appears that water quality 

characteristics at Site 3 may have been heavily impacted by inflow into Lake Hancock from the 

adjacent strip mine reclamation area located east of Site 3.  This site was also characterized by 

substantially lower pH values and higher conductivity values than measured at the remaining 

sites. 
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Figure 3-4.   Secchi Disk Measurements in Lake Hancock from March 2004- 

             February 2005. 

 

 

3.1.2 Lab Analyses 

A complete listing of laboratory analyses performed on routine water quality monitoring 

samples collected at each of the three monitoring sites in Lake Hancock from March 2004-

February 2005 is given in Appendix B.  Also included in Appendix B are summary statistics for 

measurements performed at the three sites, including minimum value, maximum value, mean, 

standard deviation, and coefficient of variation (CV).  Selected summary statistics for surface 

water samples collected in Lake Hancock are given in Table 3-1.  This table includes the mean 

value for each laboratory parameter at each of the three monitoring sites, as well as the range of 

values measured for each parameter and site during the 12-month monitoring program. 
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 TABLE  3-1 
 
 SUMMARY  STATISTICS  FOR  SURFACE 
 WATER  SAMPLES  COLLECTED  IN  LAKE  HANCOCK 
 FROM  MARCH  2004-FEBRUARY  2005 
 

SITE  1 SITE  2 SITE  3 PARAMETER 
 UNITS 

MEAN RANGE MEAN RANGE MEAN RANGE 

Alkalinity mg/l 63.9 47.7-80.2 63.2 49.5-80.0 61.0 33.7-82.8 
NH3 μg/l 230 12-1613 146 10-760 146 12-594 
NOx μg/l 24 <5-171 23 <5-147 27 <5-237 

Diss. Org. N μg/l 914 188-1416 1221 115-3237 1022 316-1750 
Particulate N μg/l 2914 1590-5544 2451 192-4713 2478 555-4384 

Total N μg/l 4082 2386-7090 3840 2291-6398 3673 1414-5591 
SRP μg/l 102 1-358 99 <1-357 117 <1-374 

Diss. Org. P μg/l 22 5-62 20 6-58 19 4-47 
Particulate P μg/l 353 140-691 326 121-604 285 90-569 

Total P μg/l 477 153-716 445 133-630 420 113-592 
Turbidity NTU 27.9 11.2-52.2 27.4 9.7-46.7 22.2 8.1-44.5 

TSS mg/l 71.3 16.0-164 66.9 14.4-150 52.4 13.3-157 
COD mg/l 137 53-278 132 51-294 117 55-224 
BOD mg/l 14.9 5.8-27.4 14.7 5.4-24.1 12.1 4.6-20.8 
Color Pt-Co 78 38-159 78 41-139 111 41-267 

Chlorophyll-a mg/m3 383 103-800 369 119-747 265 60.7-462 
Calcium mg/l 22.7 17.8-27.2 22.7 16.5-26.7 22.4 16.5-27.9 
Chloride mg/l 16.1 3.9-22.6 14.8 4.6-22.9 15.6 4.2-22.5 

 

 

3.1.2.1 General Parameters 

 In general, water in Lake Hancock appears to be low to moderately well buffered, with 

measured alkalinity values ranging from approximately 33.7-82.8 mg/l during the monitoring 

program.  Mean alkalinity values for the three monitoring sites appear to be relatively similar, 

ranging from 61.0-63.9 mg/l. 

 Measured concentrations of turbidity and TSS in Lake Hancock were found to be both 

elevated in value and highly variable between individual monitoring events.  Mean turbidity and 

TSS values in Lake Hancock from March 2004-February 2005 are approximately 10 times 

greater  than  values  commonly observed in urban lakes for these parameters.  The highest mean 
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concentrations of turbidity and TSS were observed at Site 1, with the lowest concentrations 

observed at Site 2.  Variability in measured concentrations of turbidity covered a factor of 

approximately 5 between minimum and maximum values, with a factor of 10 observed between 

minimum and maximum values for TSS. 

 In general, measured color concentrations in Lake Hancock were found to be somewhat 

elevated compared with values commonly observed in urban lakes.  Mean color concentrations 

of 78 Pt-Co units were observed at Sites 1 and 2, with a somewhat higher mean of 111 Pt-Co 

units observed at Site 3.  Measured color concentrations were also found to be highly variable, 

with a factor of 4-5 between minimum and maximum values. 

 Measured concentrations of calcium and chloride in Lake Hancock were found to be 

relatively low in value, with substantially less variability in measured concentrations than 

observed for many of the other measured parameters.  Mean calcium concentrations are virtually 

identical at each of the three monitoring sites, with a slightly higher mean chloride concentration 

observed at Site 1. 

 

 3.1.2.2  Nutrients

 An extremely high degree of variability was observed in measured concentrations of all 

nitrogen species, particularly for ammonia and particulate nitrogen.  Variability in measured 

values for ammonia cover approximately two orders of magnitude at the three monitoring sites, 

with approximately one order of magnitude between minimum and maximum values for 

particulate nitrogen at the three sites.  In general, concentrations of measured nitrogen species 

appear to be relatively similar between the three sites, although Site 1 appears to have somewhat 

higher levels of ammonia, particulate nitrogen, and total nitrogen than observed at the remaining 

sites.  Measured total nitrogen concentrations, which range from 3673-4082 μg/l between the 

three monitoring sites, appear to be extremely elevated, with values 2-3 times greater than 

commonly observed in Central Florida lakes. 
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 A statistical comparison of variability in nitrogen species in Lake Hancock from March 

2004-February 2005 is given in Figure 3-5.  A graphical summary of data at each site is presented 

in the form of Tukey box plots, also often called "box and whisker plots".  The bottom line of the 

box portion of each plot represents the lower quartile, with 25% of the data points lying below this 

value.  The upper line of the box represents the 75% upper quartile, with 25% of the data lying 

above this value.  The horizontal line within the box represents the median value, with 50% of the 

data lying both above and below this value.  The vertical lines, also known as "whiskers", represent 

the 5 and 95 percentiles for the data sets.  Individual values which lie outside of the 5-95 percentile 

range, sometimes referred to as “outliers”, are indicated as red dots. 

 As seen in Figure 3-5, a higher degree of variability is apparent in ammonia concentrations 

measured at Site 1 than at the other two sites.  Variability in measured NOx concentrations between 

the three sites appear to be relatively similar.  A higher degree of variability is apparent in 

concentrations of dissolved organic nitrogen at Site 2 compared with Sites 1 and 3.  The apparent 

variability in particulate nitrogen appears to be similar between the three sites, although a higher 

mean concentration for particulate nitrogen is observed at Site 1.   

 A comparison of dominant nitrogen species in Lake Hancock from March 2004-February 

2005 is given in Figure 3-6.  Particulate nitrogen is clearly the most dominant nitrogen species 

observed at each of the three sites, comprising 64-71% of the nitrogen present.  The second most 

dominant species appears to be dissolved organic nitrogen, which comprised 22-32% of the total 

nitrogen measured at the three sites.  Substantially smaller contributions were observed for 

ammonia (4-6% of total nitrogen) and NOx (1% of total nitrogen).   

 A relatively high degree of variability was also observed in measured concentrations of 

phosphorus species during the 12-month monitoring program, with differences in measured 

values covering approximately 2-3 orders of magnitude for SRP, one order of magnitude for 

dissolved organic phosphorus, and less than 1 order of magnitude for particulate phosphorus and 

total phosphorus.  Site 1 was observed to have the highest mean concentrations for particulate 

phosphorus and total phosphorus, with the lowest values for these parameters measured at Site 3. 
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Figure 3-6. Comparison of Dominant Species of Nitrogen and Phosphorus in Lake 

Hancock from March 2004-February 2005. 
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Mean total phosphorus concentrations, which ranged from 420-477 μg/l at the three sites, are 

extremely high in value, compared with concentrations typically observed in Central Florida 

lakes. 

 A graphical comparison of dominant species of phosphorus in Lake Hancock is also 

given in Figure 3-6.  Particulate phosphorus appears to be the dominant phosphorus species 

observed at each of the three monitoring sites, comprising 68-74% of the total phosphorus 

measured at each site.  SRP is the second most dominant phosphorus species measured in Lake 

Hancock, comprising 21-28% of the total phosphorus measured.  Dissolved organic phosphorus 

contributed approximately 4-5% of the total phosphorus measured at each site. 

A statistical comparison of variability in phosphorus species in Lake Hancock from 

March 2004-February 2005 is given in Figure 3-7.  Measured variability in SRP and dissolved 

organic  phosphorus  values  appears  to  be  relatively  similar.  A similar degree of variability is 

apparent for particulate phosphorus, although a higher mean value was measured at Site 1 than at 

Sites 2 and 3. 

 

3.1.2.3  Demand Parameters 

As seen in Table 3-1, measured concentrations of both BOD and COD in Lake Hancock 

were found to be substantially elevated compared with values commonly observed in urban lake 

systems.  Mean BOD concentrations at the three sites range from 12.1-14.9 mg/l, which is 

approximately five times greater than values commonly observed in lakes.  These substantially 

elevated BOD values create a continuous oxygen demand in the lake which is capable of quickly 

deleting oxygen levels within the water column when algal productivity decreases.  The elevated 

COD values observed within the lake appear to be related to the suspended solids and particulate  

matter within the water column which represents recalcitrant organic compounds. Although these 

compounds can be broken down under the rigorous digestion procedures in the COD test, the 

majority of this material is not decomposed over the 5-day period involved in BOD 

measurements. 
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3.1.2.4 Chlorophyll-a 

Extremely elevated concentrations of chlorophyll-a were observed in Lake Hancock, with 

measured values approximately 10 times greater than commonly observed in urban lakes.  Mean 

chlorophyll-a concentrations measured in Lake Hancock appear to be 3-4 times greater than 

concentrations commonly measured in hypereutrophic lakes such as Lake Apopka and Lake 

Jessup.  Chlorophyll-a concentrations were also highly variable at each of the three monitoring 

sites, with a factor of approximately 8 between minimum and maximum chlorophyll-a values 

measured at each site. 

 

3.1.3 Seasonal Variability 

 A graphical presentation of seasonal variability of nitrogen species in Lake Hancock at 

each of the three monitoring sites from March 2004-February 2005 is given in Figure 3-8.  

Measured concentrations of ammonia within Lake Hancock appear to be relatively stable, with 

the exception of large peaks in ammonia concentration, presumably associated with Hurricanes 

Frances and Jeanne.  These increases in ammonia concentrations may be related to disturbance 

of the bottom sediments which likely contain substantially elevated levels of ammonia. 

 Measured concentrations of dissolved organic nitrogen in Lake Hancock appear to be 

relatively stable, with the exception of a substantial peak in concentration observed at Site 2 

following Hurricane Jeanne.  A gradual decrease in concentrations of dissolved organic nitrogen 

was observed between Hurricanes Charley and Frances which may be related to dilution of lake 

water by increased flows from tributaries. 

 Unlike the trends observed for ammonia and dissolved organic nitrogen, particulate 

nitrogen in Lake Hancock appears to be highly variable.  Increases in particulate nitrogen within 

the lake were observed between April and July 2004, followed by a substantial decrease in 

particulate nitrogen between Hurricanes Charley and Jeanne.  Particulate nitrogen concentrations 

began increasing following Hurricane Jeanne, ultimately reaching concentrations similar to those 

near the start of the monitoring program. 
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Figure 3-8. Seasonal Variability in Nitrogen Species in Lake Hancock from March 
2004-February 2005. 
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 Measured concentrations of total nitrogen in Lake Hancock also appear to be highly 

variable and follow the general trend exhibited by particulate nitrogen.  Concentrations of total 

nitrogen appear to increase between April-July 2004, with decreases observed during the 

hurricane period, followed by a gradual increase to levels similar to those near the start of the 

monitoring program.  The decreases in concentrations for total nitrogen may be related to 

dilution from increased tributary flows following the hurricanes. 

 A graphical presentation of seasonal variation in phosphorus species in Lake Hancock 

from March 2004-February 2005 is given in Figure 3-9.  Concentrations of SRP in Lake 

Hancock were found to be extremely low in value prior to the hurricane season.  Concentrations 

increased substantially during the hurricane season, with a gradual decrease over a period of 5-6 

months.  The rapid increase in SRP may also be related to disturbance of bottom sediments 

which likely contain substantially elevated concentrations of SRP.  Concentrations of dissolved 

organic phosphorus in Lake Hancock were also found to be relatively low in value prior to the 

rapid increase in concentrations observed following Hurricane Jeanne.  Concentrations of 

dissolved organic phosphorus then appear to decrease gradually over a period of 5-6 months, 

approaching values near the start of the monitoring program. 

 Concentrations of particulate phosphorus in Lake Hancock appear to be highly variable, 

ranging from approximately 200-700 μg/l from March-August 2004.  A substantial reduction in 

particulate phosphorus was observed during the hurricane period, with a gradual increase in 

concentration observed following the hurricane period.  The observed decreases in particulate 

phosphorus may also be related to flushing and dilution by increasing tributary flow during the 

hurricane period. 

 Total phosphorus concentrations in Lake Hancock appear to mimic closely the trend 

observed for particulate phosphorus, with elevated but highly variable values prior to the 

hurricane season.  A decrease in total phosphorus is observed following Hurricane Charley, with 

increases observed following Hurricanes Frances and Jeanne.  A gradual decrease in total 

phosphorus is apparent over a 5-6 month period following Hurricane Jeanne. 
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Figure 3-9. Seasonal Variability in Phosphorus Species in Lake Hancock from March 
2004-February 2005. 
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 Seasonal variability in TSS, BOD, color, and chlorophyll-a in Lake Hancock from March 

2004-February 2005 is illustrated in Figure 3-10.  Prior to the hurricane season, concentrations of 

TSS were highly variable in Lake Hancock, ranging from approximately 30-160 mg/l.  A similar 

pattern was observed for BOD, with pre-hurricane concentrations ranging from 5-25 mg/l.  A 

sharp decrease in concentrations of both TSS and BOD was observed during the hurricane 

season, with a gradual increase in both species following the end of the hurricane season. 

 Measured color concentrations in Lake Hancock were found to be relatively stable prior 

to August 2004.  A rapid increase in color was observed during the hurricane season, presumably 

due to additional inputs of high colored tributary flow.  A gradual decrease in color within the 

lake was observed following the hurricane season. 

 Prior to the hurricane season, measured concentrations of chlorophyll-a were highly 

variable, ranging from approximately 150-800 mg/m3.  Chlorophyll-a concentrations decreased 

substantially to around 100 mg/m3 during the hurricane season, with a gradual increase in 

concentration after the hurricane season.  The substantial reduction observed during the 

hurricane season is likely related to increased flushing and dilution by tributary inflows. 

 

3.2  Diurnal Monitoring 

 Diurnal water quality monitoring was conducted in Lake Hancock on a quarterly basis 

during the period from March 2004-February 2005, with events performed on July 15, July20, 

and October 25, 2004, and on January 31, 2005.  Diurnal monitoring was conducted once every 

six hours at two separate sites within the lake, with water samples collected at both surface and 

bottom  locations.  Vertical  field  profiles  of  pH,  temperature,  specific conductivity, dissolved 

oxygen, and ORP were conducted every two hours at 0.5 m intervals.  A discussion of the results 

of the diurnal monitoring program is given in the following sections. 
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Figure 3-10. Seasonal Variability in TSS, BOD, Color, and Chlorophyll-a in Lake 
Hancock from March 2004-February 2005. 
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3.2.1 Field Profiles 

A complete listing of vertical physical-chemical profiles collected during the diurnal 

monitoring events is given in Appendix C.  Profiles collected at Site 2 are summarized in 

Appendix C.1, while profiles collected at the P-11 Structure site are included in Appendix C.2.  

Locations of the Site 2 and P-11 monitoring sites are indicated on Figure 2-1.  For presentation 

purposes, the data were transformed into 3-D plots which include the variables of time, depth, 

and the measured parameter. 

A summary of mean daily discharge from the P-11 Structure on the diurnal monitoring 

dates is given in Table 3-2.  Although discharges at the outfall structure are unlikely to affect 

diurnal measurements performed at Site 2, discharge through the P-11 Structure may have a 

considerable impact on the characteristics of samples collected upstream of the P-11 Structure, 

particularly under high flow conditions.  In general, mean daily discharge from the P-11 

Structure was low in value on April 15, 2004 and January 31, 2005, with mean daily discharge 

rates ranging from 0.01-2.1 cfs.  Higher flow conditions were present during the events 

conducted on July 20 (61 cfs) and October 25, 2004 (249 cfs). 

 
 
 TABLE  3-2 
 
 MEAN  DAILY  DISCHARGE  FROM  THE  P-11 
 STRUCTURE  ON DIURNAL  MONITORING  DATES 
 

DATE 
MEAN  DAILY  DISCHARGE 

AT  P-11  STRUCTURE 
(cfs)1

April 15, 2004 0.01 

July 20, 2004 61 

October 25, 2004 249 

January 31, 2005 2.1 
 
1.  SOURCE:  USGS 
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 3.2.1.1  Temperature

A graphical presentation of diurnal variations in temperature at Site 2 and the P-11 

Structure on April 15, July 20, and October 25, 2004 and on January 31, 2005 is given in Figures 

3-11, 3-12, 3-13 and 3-14, respectively.  During the April 15, 2004 monitoring event, the water 

column at Site 2, located in an open portion of the lake, appeared to be relatively well mixed 

with no evidence of significant thermal stratification.  However, thermal stratification was 

observed on this date at the P-11 Structure, with a substantial warming of the upper portions of 

the water column during daylight hours.  The flow through the P-11 Structure on this date was 

essentially negligible, creating relatively isolated conditions within the outfall canal. 

During the July 20, 2004 monitoring event, relatively well mixed conditions were 

observed at Site 2, with a temperature difference of less than 0.5oC between surface and bottom 

sites.  A slight warming of upper portions of the water column was apparent during the daylight 

hours.  However, a substantially higher degree of warming during daylight hours is apparent at 

the P-11 Structure, which extended from the top to the bottom of the water column.  Flow 

through the outfall structure on this date was approximately 61 cfs which created sufficient 

movement within the outfall canal to create relatively uniform temperature conditions within the 

water column at any given time throughout the day. 

During the October 25, 2004 event, discharges through the outfall structure had increased 

to approximately 249 cfs.  Under these conditions, virtually uniform temperature regimes were 

observed at the P-11 Structure during each of the monitoring events.  A slight variability in 

temperature is apparent throughout the daylight hours due to normal thermal warming of the 

water column.  In contrast, a pronounced thermal stratification was observed at Site 2 which is 

located in the open portion of the lake.  A substantial warming of upper portions of the water 

column on this date during daylight hours, with relatively consistent temperatures near the lake 

bottom throughout the day. 
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Figure 3-11.   Diurnal Variations in Temperature at Site 2 and the P-11 Structure on April 15, 
2004. 
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Figure 3-12.   Diurnal Variations in Temperature at Site 2 and the P-11 Structure on July 20, 
2004. 
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Figure 3-13.   Diurnal Variations in Temperature at Site 2 and the P-11 Structure on October 25, 

2004. 
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Figure 3-14.   Diurnal Variations in Temperature at Site 2 and the P-11 Structure on January 31, 
2005. 
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During the January 2005 event, discharges through the outfall canal had decreased to 

approximately 2.1 cfs.  Under these conditions, a slight thermal stratification was observed at 

Site 2 resulting from warming of surface layers of the water column during daytime hours.  

Temperature conditions near the bottom at this site remained relatively constant throughout the 

day.  In contrast, relatively uniform temperature conditions were observed at the P-11 Structure, 

with normal daily warming patterns apparent during the afternoon hours. 

 

 3.2.1.2  pH

 Diurnal variations in pH at Site 2 and the P-11 Structure on April 15, July 20, and 

October 25, 2004 and on January 31, 2005 are illustrated in Figures 3-15, 3-16, 3-17, and 3-18, 

respectively.  During the April 15, 2004 monitoring event, conducted during negligible flow 

conditions at the P-11 Structure, substantial increases in daytime pH values were observed at the 

P-11 site in portions of the water column <1-1.5 m.  Measured pH values ranged from 

approximately 9-9.5 during this period.  However, a rapid decrease in pH was observed during 

night conditions, with values returning to approximately 7-7.5.  No significant variation in pH 

was observed in bottom portions of the water column at Site P-11, with values ranging from 

approximately 7-7.5. 

 In contrast, relatively consistent and elevated pH levels were observed at Site 2, 

particularly in upper portions of the water column where the pH value was approximately 9.5.  

This elevated pH value was maintained at Site 2 throughout the diurnal cycle.  Substantial 

reductions in pH were observed in lower portions of the water column at Site 2 during nighttime 

conditions, with values ranging from approximately 6-6.5.   

 During the July 2004 event, relatively consistent pH conditions were observed at the P-11 

site, with only a slight increase of approximately 0.5 units observed during daytime conditions.  

Measured pH values in lower portions of the water column ranged from approximately 6-8.  A 

similar pattern was observed at Site 2, although the afternoon increase in pH is more pronounced 

at this station than at the P-11 site. 
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Figure 3-15.  Diurnal Variations in pH at Site 2 and the P-11 Structure on April 15, 2004. 
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Figure 3-16.  Diurnal Variations in pH at Site 2 and the P-11 Structure on July 20, 2004. 
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Figure 3-17.  Diurnal Variations in pH at Site 2 and the P-11 Structure on October 25, 2004. 
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Figure 3-18.  Diurnal Variations in pH at Site 2 and the P-11 Structure on January 31, 2005. 



HANCOCK\WATER  QUALITY  EVALUATION 

3-34 

 

 During the October 2004 monitoring event, when flow through the P-11 Structure had 

increased substantially, relatively uniform pH profiles were observed at the P-11 site at any 

given time throughout the diurnal cycle.  However, in contrast to the trends normally observed, 

pH values appear to decrease during daytime conditions with increased observed at night. 

 A similar pattern was observed at Site 2 during the October 2004 event, with relatively 

uniform pH conditions observed within the water column at a given measurement time.  

However, minimum pH conditions appear to occur during daylight hours, with maximum pH 

conditions occurring at night. 

 During the January 2005 monitoring event, relatively well mixed conditions were 

observed at Site 2, with a minimal pH increase observed in upper portions of the water column 

during daylight hours.  Other portions of the water column at this site appear to be relatively well 

mixed with respect to pH. 

 A more pronounced variability in pH was observed at the P-11 Structure, with elevated 

afternoon pH values of approximately 9.5.  Lower portions of the water column at this site 

appear to be relatively well mixed, with pH values ranging from 8.0-8.5. 

 

 3.2.1.3  Dissolved Oxygen

 Diurnal variations in dissolved oxygen at Site 2 and at the P-11 Structure on April 15, 

July 20, and  October  25,  2004  and on January 31, 2005 are illustrated on Figures 3-19, 3-20, 

3-21, and 3-22, respectively.  During the April 2004 event, highly stratified dissolved oxygen 

conditions were observed at the P-11 Structure, with supersaturated concentrations in upper 

portions of the water column during daylight hours.  Lower portions of the water column, at 

depths deeper than 1.5 m, maintained relatively low dissolved oxygen levels between 2-4 mg/l 

throughout the day. 

 Relatively uniform dissolved oxygen conditions were observed at Site 2, with above-

saturation values present throughout the diurnal cycle.  A slight decrease in dissolved oxygen 

was observed in lower portions of the water column, although concentrations still exceeded 8-10 

mg/l. 
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Figure 3-19.   Diurnal Variations in Dissolved Oxygen at Site 2 and the P-11 Structure on April 
15, 2004. 
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Figure 3-20. Diurnal Variations in Dissolved Oxygen at Site 2 and the P-11 Structure on July 
20, 2004. 
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Figure 3-21. Diurnal Variations in Dissolved Oxygen at Site 2 and the P-11 Structure on 
October 25, 2004. 
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Figure 3-21. Diurnal Variations in Dissolved Oxygen at Site 2 and the P-11 Structure on 
January 31, 2005. 
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 During the July 2004 event, characterized by a discharge of 61 cfs at the P-11 Structure, 

relatively low dissolved oxygen levels were observed at the P-11 site at all water depths with the 

exception of the top 1 m of the water column during afternoon conditions when concentrations 

increased to approximately 8-12 mg/l.  However, below this depth, concentrations range from 

approximately 2-4 mg/l. 

 Substantially more stratified dissolved oxygen conditions were observed at Site 2, with 

supersaturated conditions observed during afternoon hours in the top 1 m of the water column.  

In lower portions of the water column, and at times other than mid-afternoon, dissolved oxygen 

concentrations were observed to be substantially lower. 

 During the October 2004 event, characterized by high discharge rates at the P-11 

Structure, relatively uniform dissolved oxygen concentrations were observed within the water 

column at the P-11 site during each monitored event.  A slight variability in dissolved oxygen 

concentrations was observed throughout the day, although uniform conditions existed within the 

water column at any given time. 

 Substantially stratified dissolved oxygen conditions were observed at Site 2 during the 

October 2004 event, with supersaturated conditions occurring during afternoon hours at depths 

above 0.8 m.  Below this depth, and at times other than mid-afternoon conditions, lower levels of 

dissolved oxygen were measured, ranging from 5-10 mg/l. 

 During the January 2005 monitoring event, characterized by relatively low discharge 

through the P-11 Structure, highly stratified dissolved oxygen concentrations were observed at 

the P-11 site.  Supersaturated dissolved oxygen levels were observed during afternoon hours in 

upper portions of the water column.  At lower portions of the water column, and during 

nighttime conditions, levels of dissolved oxygen decrease substantially. 

 A similar pattern was observed at Site 2, although the diurnal variability is not as great as 

observed at the P-11 Structure.  In general, relatively good dissolved oxygen concentrations were 

maintained throughout the water column at Site 2, with supersaturated concentrations near the 

water surface and concentrations ranging from 4-8 mg/l near the lake bottom. 
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 3.2.1.4  Specific Conductivity

 Diurnal variations in specific conductivity at Site 2 and the P-11 Structure on April 15, 

July 20,  and  October  25,  2004  and on January 31, 2005 are illustrated in Figures 3-23, 3-24, 

3-25, and 3-26, respectively.  During the April 2004 monitoring event, conductivity 

measurements were relatively uniform throughout the water column at the P-11 Structure.  

However, at Site 2, upper portions of the water column were found to be relatively uniform with 

respect to conductivity, but substantial increases in conductivity were observed in lower portions 

of the water column, particularly during nighttime conditions.  The increased levels in 

conductivity observed in lower portions of the water column at Site 2 are approximately twice as 

high as values measured near the water surface. 

 During the July 2004 monitoring event, relatively uniform conductivity conditions were 

observed at the P-11 site throughout most of the diurnal cycle, with an increase in conductivity 

observed at depths in excess of 1 m during afternoon conditions.  A similar pattern is apparent 

for conductivity measurements collected at Site 2, with relatively uniform conditions in upper 

portions of the water column and increase near the lake bottom during nighttime and early 

morning conditions. 

 During the October 2004 monitoring event, relatively uniform specific conductivity 

values were observed at the P-11 Structure at all depths during the diurnal cycle.  Flow rates at 

the outfall structure were extremely high during this monitoring event, and it appears that the 

water column was well mixed.  Relatively similar conductivity values were observed in upper 

portions of the water column at Site 2, with a substantial increase in conductivity observed in 

lower portions of the water column during late afternoon and nighttime conditions.   

 During the January 2005 event, conductivity values in the water column at the P-11 site 

were found to be relatively uniform throughout the diurnal cycle.  However, substantially more 

variability is apparent in conductivity values measured at Site 2, with relatively uniform 

concentrations in upper portions of the water column and more elevated values observed during 

nighttime and early morning conditions. 



3-41 
 

200

250

300

350

400

5

10

15

0.5
1.0

1.5
2.0

2.5

C
on

du
ct

iv
ity

 (µ
m

ho
/c

m
)

Tim
e

Depth

April 2004 - Conductivity

P-11

200 
250 
300 
350 
400 

200

250

300

350

400

5

10

15

20

0.4
0.6

0.8
1.0

1.2
1.4

1.6
1.8

2.0

C
on

du
ct

iv
ity

 (µ
m

ho
/c

m
)

Tim
e

Depth

Site 2

200 
250 
300 
350 
400 

 
 

Figure 3-23. Diurnal Variations in Specific Conductivity at Site 2 and the P-11 Structure on 
April 15, 2004. 
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Figure 3-24. Diurnal Variations in Specific Conductivity at Site 2 and the P-11 Structure on 

July 20, 2004. 
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Figure 3-25. Diurnal Variations in Specific Conductivity at Site 2 and the P-11 Structure on 
October 25, 2004. 
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Figure 3-26. Diurnal Variations in Specific Conductivity at Site 2 and the P-11 Structure on 
January 31, 2005. 
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3.2.2 Laboratory Parameters

 During the diurnal monitoring program, separate surface water samples were collected at 

Site 2 and at the P-11 Structure once every six hours at a depth of 0.5 m from the water surface 

and 0.5 m from the lake bottom.  Each of the collected samples was analyzed for the same 

parameters included in the 12-month surface water quality monitoring program.  The results of 

laboratory analyses conducted on the collected samples are presented in the following sections. 

 

 3.2.2.1  General Parameters 

 Diurnal variations in alkalinity at Site 2 and the P-11 Structure during the four monitoring 

events are summarized on Figure 3-27.  No significant variability is apparent in measured 

alkalinity concentrations throughout the diurnal cycle or in the top and bottom samples. 

 Diurnal variations in measured TSS concentrations at Site 2 and the P-11 Structure are 

summarized in Figure 3-28 for each of the four monitoring events.  In general, TSS 

concentrations appear to be greatest in lower portions of the water column during each of the 

monitoring events, presumably resulting from resuspension of flocculent solids near the 

sediment-water interface.  Peaks in TSS concentrations are also apparent during afternoon 

conditions for several of the diurnal events, suggesting that afternoon wind action may increase 

concentrations of TSS within the water column.  This phenomenon has been visually observed 

by ERD within Lake Hancock on numerous occasions.   

 Diurnal variations in turbidity measurements at Site 2 and the P-11 Structure are  

illustrated on Figure 3-29 for each of the four monitoring events.  Similar to the trend observed 

for TSS, turbidity measurements in lower portions of the water column appear to be higher than 

measurements performed near the water surface.  This phenomenon is also related to the 

presence of highly flocculent sediments within the lake which are easily disturbed by even light 

wind activity.  Turbidity concentrations appear to increase during afternoon conditions for 

several of the monitoring events, suggesting that wind activity may be increasing suspended 

solids and turbidity within the water column. 
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 Diurnal variations in color concentrations at Site 2 and the P-11 Structure during the four 

monitoring events are illustrated in Figure 3-30.  A general trend of increasing color 

concentrations during afternoon conditions is apparent on several of the monitoring dates, 

suggesting that wind action may circulate high organic water from the lake sediments into the 

overlying water column.  Several of the events appear to have more elevated color 

concentrations near the lake bottom, with more elevated concentrations observed in surface 

samples on other dates. 

 Diurnal variations in calcium concentrations at Site 2 and the P-11 Structure are 

illustrated on Figure 3-31 for each of the four monitoring events.  No significant variability is 

apparent in measured calcium concentrations over the monitored diurnal cycle.  However, 

several of the samples indicate higher calcium concentrations near the bottom of the water 

column than observed near the top of the water column, suggesting that a slight groundwater 

influence may be impacting concentrations near the lake bottom. 

 A graphical presentation of diurnal variations in chloride concentrations at Site 2 and the 

P-11 Structure for the four monitoring events is given in Figure 3-32.  No significant variability 

is apparent in measured chloride concentrations throughout the diurnal cycle or between top and 

bottom measurements. 

 

 3.2.2.2  Nutrients 

 A graphical presentation of diurnal variations in ammonia concentrations at Site 2 and the 

P-11 Structure during the four diurnal monitoring events is given in Figure 3-33.  In general, 

peaks in ammonia concentrations are apparent in afternoon or early evening conditions during 

three of the four monitored events.  In addition, ammonia concentrations appear to be greater in 

bottom samples collected near the P-11 Structure, with higher concentrations observed in surface 

samples at Site 2 for many of the evaluated samples. 
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 Diurnal variations in measured NOx concentrations at Site 2 and the P-11 Structure 

during the four diurnal events are illustrated in Figure 3-34.  Measured NOx concentrations 

during July 2004 and January 2005 were found to be extremely low in value, with no apparent 

diurnal trends.  A relatively high degree of variability is apparent in measured NOx 

concentrations during the remaining two events, although there do not appear to be any similar 

patterns between these two dates. 

 Diurnal variations in dissolved organic nitrogen concentrations at Site 2 and the P-11 

Structure are illustrated on Figure 3-35 for each of the four monitoring events.  Many of the 

collected samples appear to have higher dissolved organic nitrogen concentrations near the lake 

bottom than near the water surface.  Several of the sites also appear to exhibit increases in 

dissolved organic nitrogen under afternoon conditions, although this relationship appears to be 

relatively weak. 

 Diurnal variations in particulate nitrogen concentrations at Site 2 and the P-11 Structure 

are illustrated on Figure 3-36 for each of the four monitoring events.   In general, particulate 

nitrogen concentrations appear to be highly variable within the lake throughout each of the 

measured diurnal cycles.  Particulate nitrogen concentrations appear to be greatest in lower 

portions of the water column on some dates, while higher concentrations were observed in upper 

portions of the water column on other dates.  Three of the monitored diurnal cycles appear to 

indicate increasing particulate nitrogen concentrations during afternoon and evening conditions, 

which would be consistent with wind-driven resuspension of particulate matter within the lake.   

 Diurnal variations in total nitrogen concentrations at Site 2 and the P-11 Structure are 

illustrated on Figure 3-37 for each of the four monitoring events.  In general, total nitrogen 

concentrations appear to be highly variable within the lake throughout each of the diurnal cycles, 

with a majority of the monitoring events indicating higher total nitrogen concentrations near the 

lake bottom than observed at the water surface.  Increases in total nitrogen concentrations are 

apparent in afternoon and early evening conditions for three of the four monitoring events and 

appear to mimic trends exhibited by particulate nitrogen. 
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 Diurnal variations in soluble reactive phosphorus (SRP) at Site 2 and the P-11 Structure 

during the four diurnal monitoring events are illustrated on Figure 3-38.  For many of the 

monitoring events, SRP concentrations appear to be greater at the P-11 Structure than observed 

at Site 2.  Several of the monitoring events appear to exhibit SRP values which are greater near 

the lake bottom, while others exhibit highest concentrations near the water surface.  Peaks in 

SRP concentrations are apparent during late-morning to early-evening conditions during three of 

the four monitoring events, suggesting that SRP may be released from bottom sediments by 

internal recycling under certain conditions. 

 Diurnal variations in dissolved organic phosphorus at Site 2 and the P-11 Structure are 

illustrated on Figure 3-39 for each of the four diurnal events.  Dissolved organic phosphorus 

concentrations appear to be somewhat variable throughout the day, with a slight increase in 

concentration observed during late-afternoon and early evening conditions on three of the four 

monitoring dates.  Measured concentrations of dissolved organic phosphorus appear to be 

relatively similar at P-11 and Site 2. 

 Diurnal variations in particulate phosphorus concentrations at Site 2 and the P-11 

Structure are illustrated on Figure 3-40 for each of the four monitoring events.  In general, 

particulate phosphorus concentrations appear to be greater in bottom samples than in surface 

samples for most of the monitoring events.  This trend is consistent with the trend observed for 

particulate nitrogen, which suggests that lower portions of the water column may contain more 

particulate matter as a result of resuspension of the loose flocculent sediments.  Particulate 

phosphorus concentrations appear to be somewhat greater at the P-11 Structure than observed at 

Site 2 during three of the four events. 

 Diurnal variations in total phosphorus concentrations at Site 2 and the P-11 Structure are 

illustrated on Figure 3-41 for each of the four monitoring events.  In general, total phosphorus 

concentrations appear to be greater near the lake bottom than observed near the surface, with 

higher concentrations of total phosphorus concentrations observed at the P-11 site than at Site 2.  

Total phosphorus concentrations appear to increase during afternoon conditions for some events, 

while decreasing during afternoon conditions for the remaining events. 
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 3.2.2.3  Chlorophyll-a

 Diurnal variations in chlorophyll-a concentrations at Site 2 and the P-11 Structure are 

illustrated in Figure 3-42 for each of the four monitoring events.  In general, chlorophyll-a 

concentrations were found to be higher at Site 2 during two of the monitoring events, with higher 

concentrations observed at Site P-11 during another event and similar concentrations at the two 

sites observed during the final event.  A general trend of increasing chlorophyll-a concentrations 

during afternoon and early-evening conditions is apparent in most of the data, corresponding to 

increases in algal production during daylight hours. 

 

 3.2.2.4  Demand Parameters

 Diurnal variations in BOD concentrations at Site 2 and the P-11 Structure are illustrated 

in Figure 3-43 for each of the four monitoring dates.  In general, BOD concentrations within the 

lake appear to be highly variable, with slightly higher values measured at the P-11 Structure 

during two of the four events.  Increases in BOD concentrations are observed during several 

events during daylight conditions compared with nighttime conditions.  These increases in BOD 

values are likely due to increases in algal production and resuspension of organic matter by wind 

activity during afternoon conditions. 

 Diurnal variations in COD concentrations at Site 2 and the P-11 Structure are illustrated 

in Figure 3-44 for each of the four monitoring events.  In general, COD concentrations appear to 

be greater in bottom samples than in samples collected near the water surface.  A general trend of 

increasing COD concentrations is apparent during afternoon conditions for several of the events.  

The increases in COD observed during afternoon conditions is likely related to resuspension of 

organic sediments by afternoon wind activity. 
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3.3  Particle Fractionation Studies 

Particle fractionation studies were conducted on bulk surface water samples from Lake 

Hancock collected during April, July, and December 2004 and during February 2005.  Vertical 

composite bulk surface water samples were collected from Site 2 and upstream from the P-11 

Structure at 6-hour intervals during each of the four fractionation events.  Particulate matter 

within the water was fractionated using a series of nylon net filters and evaluated for physical 

and chemical characteristics.   

 

3.3.1 Site 2 

 A summary of the physical and chemical characteristics of the various particle fractions 

collected at Site 2 during each of the four monitoring events is given in Table 3-3.  

Characterization studies were performed on seven different fraction sizes which were each 

analyzed for nutrients, solids (volatile and non-volatile), organic content, density, and settling 

velocity. 

 Total suspended solids concentrations in the bulk water samples were found to be highly 

variable between the four sample dates, ranging from 25.3-184 mg/l, with an overall average of 

113 mg/l.  The particulate matter in Lake Hancock water was primarily organic in nature, with 

organic material comprising 62-98% of the suspended solids measured during the four 

monitoring events, with an overall mean of 85.8%. 

 The vast majority of suspended solids collected from Site 2 in Lake Hancock was 

comprised of particles <11 μm in diameter.  Particles <11 μm in size comprised 58-98% of the 

total solids measured in the four bulk water samples and averaged 93.8% overall.  It appears that 

particles <11 μm comprise a larger percentage of the total particle composition during spring and 

summer months than during fall and winter months.  Particles <11 μm in size also appear to be 

the dominant contributor to volatile suspended solids in Lake Hancock, contributing 59-98% of 

the total solids measured in the four bulk water samples and averaging 94.8% overall.  With the 

exception  of samples  collected  on  December  22,  2004, concentrations of TSS and VSS in the 



HANCOCK\WATER  QUALITY  EVALUATION 

3-69 

 
 

 
TABLE  3-3 

 
 RESULTS  OF  PARTICLE  FRACTIONATION 
 ON  LAKE  HANCOCK  WATER  SAMPLES 
 COLLECTED  AT  SITE  2 
 

DATE 
PARTICLE 

SIZE 
(μm) 

TSS 
(mg/l) 

VSS 
(mg/l) 

ORGANIC 
CONTENT 

(%) 

DENSITY 
(g/cm3) 

TOTAL 
P 

(μg/l) 

TOTAL 
N 

(μg/l) 

SETTLING 
VELOCITY 

(m/s) 

4/23/04 > 180 0.80 0.64 80.2 1.28 10 100 6.1 x 10-3

 140-180 0.41 0.32 77.6 1.30 2 28 4.2 x 10-3

 100-140 1.04 0.82 78.2 1.29 5 76 2.3 x 10-3

 60-100 1.84 1.31 71.1 1.38 10 156 1.3 x 10-3

 30-60 1.26 0.80 64.1 1.47 15 186 5.2 x 10-4

 11-30 2.76 1.92 69.7 1.40 68 1027 9.2 x 10-5

 < 11 176 140 79.5 1.29 635 6961 3.9 x 10-6

 Total 184 146 -- -- 746 8534 -- 

7/26/04 > 180 0.87 0.80 92.0 1.14 9 73 3.1 x 10-3

 140-180 0.17 0.14 82.4 1.22 18 63 3.0 x 10-3

 100-140 0.43 0.35 81.4 1.26 6 79 2.1 x 10-3

 60-100 1.02 0.89 87.5 1.20 9 54 6.9 x 10-4

 30-60 0.36 0.32 89.1 1.18 7 69 1.9 x 10-4

 11-30 0.88 0.87 98.9 1.07 17 219 1.5 x 10-5

 < 11 172 169 98.2 1.07 452 6448 9.8 x 10-7

 Total 176 172 -- -- 517 7004 -- 

12/22/04 > 180 0.58 0.26 44.7 1.68 3 34 1.5 x 10-2

 140-180 0.27 0.18 68.7 1.43 2 25 6.0 x 10-3

 100-140 0.44 0.26 59.6 1.52 3 38 4.1 x 10-3

 60-100 2.46 1.67 67.6 1.42 12 152 1.5 x 10-3

 30-60 1.69 1.02 60.0 1.51 7 86 5.6 x 10-4

 11-30 5.26 3.16 60.0 1.51 28 200 1.2 x 10-4

 < 11 14.6 9.26 63.4 1.47 189 1885 6.4 x 10-6

 Total 25.3 15.8 -- -- 244 2419 -- 
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 TABLE  3-3 -- CONTINUED 
 
 RESULTS  OF  PARTICLE  FRACTIONATION 
 ON  LAKE  HANCOCK  WATER  SAMPLES 
 COLLECTED  AT  SITE  2 
 

DATE 
PARTICLE 

SIZE 
(μm) 

TSS 
(mg/l) 

VSS 
(mg/l) 

ORGANIC 
CONTENT 

(%) 

DENSITY 
(g/cm3) 

TOTAL 
P 

(μg/l) 

TOTAL 
N 

(μg/l) 

SETTLING 
VELOCITY 

(m/s) 

2/2/05 > 180 0.21 0.21 100 1.05 3 16 1.1 x 10-3

 140-180 0.17 0.14 85.5 1.25 1 8 3.5 x 10-3

 100-140 0.39 0.35 88.5 1.17 3 20 1.3 x 10-3

 60-100 0.97 0.75 76.7 1.31 9 46 1.1 x 10-3

 30-60 1.29 1.02 78.7 1.29 12 49 3.2 x 10-4

 11-30 3.03 1.68 55.5 1.56 48 284 1.3 x 10-4

 < 11 59.7 49.4 82.6 1.25 430 3536 3.4 x 10-6

 Total 65.8 53.5 -- -- 506 3959 -- 

> 180 0.62 0.48 79.2 1.29 6 55 6.3 x 10-3Mean 
Values 

140-180 0.25 0.20 78.2 1.30 6 31 4.2 x 10-3

 100-140 0.57 0.44 77.3 1.31 4 53 2.5 x 10-3

 60-100 1.57 1.15 75.9 1.33 10 102 1.2 x 10-3

 30-60 1.15 0.79 73.0 1.36 10 98 4.0 x 10-4

 11-30 2.98 1.91 70.9 1.38 40 433 8.8 x 10-5

 < 11 106 91.9 81.0 1.27 427 4708 3.7 x 10-6

 Total 113 96.9 -- -- 503 5480 -- 
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remaining particle fractions >11 μm comprise approximately 2% or less of the overall solids 

content.  A graphical comparison of fractionation of TSS and VSS in water samples collected at 

Site 2 is given in Figure 3-45. 

 Measured concentrations of total nitrogen in samples collected at Site 2 were found to be 

highly variable, ranging from 2419-8534 μg/l between the four monitoring dates, with an overall 

average of 5480 μg/l.  The vast majority of the total nitrogen measured in Lake Hancock water 

was contained in particles <11 μm in size, which contributed 78-92% of the total nitrogen 

measured on each of the four monitoring dates and averaged 85.9%.  Particles in the 11-30 μm 

range comprise the second largest concentrations for total nitrogen, contributing 3-12% of the 

total nitrogen measured, with an average of 7.9%.  Contributions of total nitrogen from other 

individual particle fraction ranges comprise approximately 4% or less of the total nitrogen 

measured within the lake. 

 Measured concentrations of total phosphorus in Lake Hancock water were also found to 

be highly variable, ranging from 244-746 μg/l, with an overall average of 503 μg/l.  The largest 

accumulation of phosphorus within the lake appears to be in particles <11 μm in size which 

contribute 77-87% of the total phosphorus measured within the lake, with an overall average of 

84.9%.  Particle fraction sizes >11 μm typically represent approximately 1% or less of the 

overall total phosphorus measured within the lake.  A graphical comparison of fractionation of 

total nitrogen and total phosphorus in water samples collected at Site 2 is given in Figure 3-45. 

 Calculated densities for particles collected at Site 2 during the four monitoring events 

appear to be low in value, ranging from 1.05-1.68, and are indicative of the highly organic nature 

of the particles present within the water column. Calculated settling velocities for particle 

fractions in Lake Hancock appear to be extremely low in value, ranging from approximately 1 x 

10-3 to 1 x 10-6.  The dominant particle fraction, comprised of particles <11 μm in size, exhibits a 

typical settling velocity of approximately 1 x 10-6 m/s.  At a settling rate of 1 x 10-6 m/s, a 

particle can be expected to settle approximately 8.6 cm/day under quiescent conditions.  Under 

conditions of continual turbulence and resuspension, particles in this size range can be expected 
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to remain in suspension indefinitely, which may account for the high percentage of small 

particles present within the water column. 

 A graphical comparison of particle densities and settling velocities in water samples 

collected at Site 2 in Lake Hancock is given in Figure 3-46.  Particle densities appear to be 

relatively similar between the seven particle size fractions.  This supports the conclusion that the 

particles within the water column are primarily organic in nature, regardless of particle size. 

Calculated settling velocities for particles collected at Site 2 vary considerably, depending on the 

particle size fraction, with exponentially decreasing settling velocities with decreasing particle 

size.  The lowest settling velocities occur in particles <11 μm in size, which comprise the vast 

majority of particles present. 

 

3.3.2  Site P-11 

 The results of particle fractionation studies performed on water samples collected at the 

P-11 Structure are summarized in Table 3-4.  Measured concentrations of TSS in the four bulk 

water samples were found to be highly variable, ranging from 18.4-335 mg/l, with an overall 

mean of 141 mg/l.  The overwhelming majority of suspended solids collected at the P-11 

Structure are <11 μm in size, contributing 65-95% (average of 93.6%) of the total solids 

measured in the four bulk samples.  Contributions of TSS by the remaining particle fractions 

represent approximately 2-3% of the total solids measured or less.  

 Suspended solids collected near the P-11 Structure appear to be primarily organic in 

nature, with organic matter contributing 49-81% of the total solids present, with an overall mean 

of 66.4%.  The organic portion of the solids measured at the P-11 Structure appears to be 

somewhat lower than the organic fraction observed at Site 2.  This suggests that portions of the 

organic matter may settle out within the more quiescent conditions which are typically present in 

the outfall canal.  A graphical presentation of TSS and VSS concentrations as a function of 

particle size is given in Figure 3-47. 
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Figure 3-46. Fractionation of Density and Settling Velocity in Water Samples 

Collected at Site 2 in Lake Hancock. 
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 TABLE  3-4 
 
 RESULTS  OF  PARTICLE  FRACTIONATION 
 ON   LAKE  HANCOCK  WATER  SAMPLES  COLLECTED 
 AT  THE  P-11  STRUCTURE 
 

DATE 
PARTICLE 

SIZE 
(μm) 

TSS 
(mg/l) 

VSS 
(mg/l) 

ORGANIC 
CONTENT 

(%) 

DENSITY 
(g/cm3) 

TOTAL 
P 

(μg/l) 

TOTAL 
N 

(μg/l) 

SETTLING 
VELOCITY 

(m/s) 

4/23/04 > 180 0.22 0.15 68.8 1.42 7 45 9.1 x 10-3

 140-180 0.17 0.09 55.2 1.59 4 9 8.2 x 10-3

 100-140 0.59 0.17 29.3 1.87 8 19 6.8 x 10-3

 60-100 0.70 0.45 65.3 1.46 34 177 1.6 x 10-3

 30-60 1.12 0.32 28.5 1.87 95 188 9.6 x 10-4

 11-30 4.57 1.86 40.7 1.73 331 686 1.7 x 10-4

 < 11 161 80 49.7 1.63 1757 4991 8.6 x 10-6

 Total 168 83 -- -- 2234 6115 -- 

7/26/04 > 180 1.27 0.96 75.2 1.33 64 107 7.2 x 10-3

 140-180 0.41 0.26 62.8 1.47 31 20 6.6 x 10-3

 100-140 2.19 0.98 44.8 1.69 94 70 5.4 x 10-3

 60-100 3.11 1.16 37.4 1.77 271 91 2.7 x 10-3

 30-60 3.86 1.14 29.5 1.86 233 97 9.5 x 10-4

 11-30 7.04 3.84 54.5 1.57 668 808 1.3 x 10-4

 < 11 317 236 74.3 1.34 2865 10,509 4.7 x 10-6

 Total 335 244 --  4226 11,702 -- 

12/22/04 > 180 0.24 0.09 38.9 1.77 4 60 1.7 x 10-2

 140-180 0.26 0.21 80.5 1.27 2 26 3.8 x 10-3

 100-140 1.27 1.07 84.3 1.23 3 41 1.8 x 10-3

 60-100 1.14 0.92 81.0 1.27 14 134 9.5 x 10-4

 30-60 0.96 0.82 85.8 1.22 8 93 2.4 x 10-4

 11-30 2.61 1.74 66.8 1.43 32 283 9.9 x 10-5

 < 11 11.9 7.94 66.6 1.43 260 2950 5.9 x 10-6

 Total 18.4 12.8 -- -- 323 3587 -- 
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TABLE  3-4 -- CONTINUED 
 
 RESULTS  OF  PARTICLE  FRACTIONATION 
 ON  LAKE  HANCOCK  WATER  SAMPLES  COLLECTED 
 AT  THE  P-11  STRUCTURE 
 

DATE 
PARTICLE 

SIZE 
(μm) 

TSS 
(mg/l) 

VSS 
(mg/l) 

ORGANIC 
CONTENT 

(%) 

DENSITY 
(g/cm3) 

TOTAL 
P 

(μg/l) 

TOTAL 
N 

(μg/l) 

SETTLING 
VELOCITY 

(m/s) 

2/2/05 > 180 0.13 0.13 95.5 1.05 6 37 1.1 x 10-3

 140-180 0.05 0.05 96.2 1.05 1 4 7.2 x 10-4

 100-140 0.13 0.12 85.8 1.14 3 10 1.1 x 10-3

 60-100 0.19 0.18 94.7 1.11 3 13 3.9 x 10-4

 30-60 0.74 0.54 72.6 1.36 17 51 4.0 x 10-4

 11-30 2.34 1.58 67.5 1.42 55 175 9.7 x 10-5

 < 11 38.8 31.8 82.0 1.26 430 2664 3.5 x 10-6

 Total 42.4 34.4 -- -- 514 2953 -- 

> 180 0.47 0.33 70.3 1.39 20 62 8.5 x 10-3Mean 
Values 

140-180 0.22 0.15 74.3 1.35 10 15 4.8 x 10-3

 100-140 1.05 0.59 62.5 1.48 27 35 3.8 x 10-3

 60-100 1.29 0.68 69.3 1.40 81 104 1.4 x 10-3

 30-60 1.67 0.71 54.1 1.58 88 107 6.4 x 10-4

 11-30 4.14 2.26 57.4 1.54 272 488 1.2 x 10-4

 < 11 132 88.9 68.2 1.42 1328 5279 5.7 x 10-6

 Total 141 93.6 -- -- 1826 6090 -- 
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 Similar to the trends observed at Site 2, measured concentrations of total nitrogen in Lake 

Hancock water were found to be highly variable, ranging from 2953-11,702 μg/l, with a mean of 

6090 μg/l.  The vast majority of nitrogen measured within the lake is associated with particles 

<11 μm in size, with 82-90% (average of 86.7%) of the total nitrogen contributed by particles in 

this fraction.  Total nitrogen in the remaining particle ranges represent approximately 2-4% or 

less of the total nitrogen present. 

 Measured concentrations of total phosphorus in Lake Hancock water were also found to 

be highly variable, ranging from 323-2223 μg/l between the four monitoring dates, with a mean 

of 1826 μg/l.  The vast majority of phosphorus within the water column is contained in particles 

<11 μm in size, with 68-84% (average of 72.7%) of the total phosphorus associated with this 

fraction.  Phosphorus present in the remaining fractions generally represent 10% or less of the 

total phosphorus present.  A graphical representation of concentrations of total nitrogen and total 

phosphorus in sediment particles collected at the P-11 Structure is given in Figure 3-47. 

 Measured sediment densities in particles collected at the P-11 Structure appear to be 

relatively low in value, ranging from 1.05-1.87.  The overall mean particle density measured at 

the P-11 Structure is greater than the mean density measured at Site 2, supporting the conclusion 

that organic matter may settle from the water column during migration through the outfall canal.  

A graphical comparison of calculated particle densities as a function of particle size fractions is 

given in Figure 3-48.  Particle densities appear to be relatively consistent between the different 

particle size fractions, supporting the conclusion that the lake particles are dominated by organic 

matter. 

 Due to the higher densities associated with particles collected at the P-11 Structure, 

settling velocities for particles collected at this site appear to be greater than velocities measured 

for particles at Site 2.  However, in spite of the increase in settling velocities, particles in the 

most dominant size range (<11 μm) still exhibit extremely low settling rates, even under 

quiescent conditions.  A graphical comparison of calculated settling velocities as a function of 

particle size fraction is given in Figure 3-48.  Settling velocities appear to decrease exponentially 

with increasing sediment particle size, with extremely low settling velocities associated with 

particles <11 μm. 
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Figure 3-48. Fractionation of Density and Settling Velocity in Water Samples 

Collected at the P-11 Structure in Lake Hancock. 
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