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SECTION  1 
 

INTRODUCTION 
 

 

1.1  General Description 

Under current conditions, Lake Lafayette is a 1998-acre waterbody located in 

southeastern Leon County.  A schematic of Lake Lafayette and the contributing drainage basin 

area is given in Figure 1-1.  The watershed area contributing to Lake Lafayette is an average of 8 

miles in width and 11 miles in length, and extends northward to include the Bradfordville area 

lakes, DeSoto Lake, Roberts Pond, Lake Kinkirk, Goose Pond, Lake Ella, and Buck Lake.  The 

Lake Lafayette Watershed appears to be divided approximately equally between areas contained 

within  the  City  of  Tallahassee  (lavender  shaded areas in Figure 1-1) and unincorporated Leon 

County (beige shaded areas in Figure 1-1).  The southern portion of Upper Lake Lafayette is 

located within the City of Tallahassee, while the northern shoreline is located in unincorporated 

Leon County.  Virtually all of Lake Piney Z appears to be located within the City of Tallahassee.  

The remaining portions of Lake Lafayette, including Lower Lake Lafayette and Alford Arm, are 

contained within unincorporated Leon County. 

 

1.2  Project History 

 During July 2001, a contract (BC-02-21-01-13) was issued to Environmental Research & 

Design, Inc. (ERD) by Leon County (County) to perform a watershed study for Lake Lafayette.   

The Scope of Services for this study was originally developed by Leon County, with review 

comments provided by ERD.  The work efforts for the Lake Lafayette Watershed Study were 

divided into Phase I and Phase II services.  Phase I services included a meeting with identified 

stakeholders; collection, review, and evaluation of all available historic data related to Lake 

Lafayette and the Lake Lafayette Watershed; selection of water quality goals for Lake Lafayette 

and  surface  water  which  discharges  to  the  sink;  and  development  of  a  Phase II monitoring  
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Figure 1-1.  Schematic of Lake Lafayette and Contributing Watershed Area. 
(SOURCE:  City of Tallahassee) 
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program and proposal.  The documents and information obtained during Phase I work efforts 

were submitted to Leon County in October 2002 in a report titled “Lake Lafayette Watershed 

Study – Phase I Deliverables”. 

 Phase II services for this project were authorized by Leon County on April 29, 2003.  The 

Phase II services were further subdivided into Phase II-A and Phase II-B.  The Phase II-A scope 

of work involved a lake and tributary monitoring program, and included development of a 

Quality Assurance Project Plan which was submitted to the U.S. Environmental Protection 

Agency for proposed field monitoring efforts; installation of monitoring equipment in Lake 

Lafayette; field monitoring of Lake Lafayette and designated tributaries over a period of 12 

months; development of a digital vegetative cover map for Lake Lafayette; and development of a 

bathymetric map for Lake Lafayette.  Field monitoring was initiated on July 1, 2003 and 

continued for a 12-month period through June 2004.  Quarterly Monitoring Reports were 

prepared and submitted to Leon County, which included tabular summaries of all data collected 

at the sites, QA/QC information, and discussed any functional difficulties with equipment or data 

analyses. 

 Phase II-B services were initiated at the completion of the field monitoring effort and 

include additional watershed and lake modeling, analysis, and development of management 

recommendations.  This document was produced in fulfillment of Phase II-B Task 8.5 and 

provides a summary of existing conditions within Lake Lafayette and the Lake Lafayette 

Watershed for the period from 2003-2004.  Based upon work efforts performed under Phase II-

Task 3 (Field Monitoring), Task 4 (Vegetative Cover Map), Task 5 (Bathymetric Maps), and 

Task 8 (Development of Water Budget, Pollutant Loading Budget, and Water Quality Model), 

the information contained in this report provides a summary of “existing conditions” in Lake 

Lafayette and the adjacent watershed and forms a basis for identification of water quality 

deficiencies as well as establishing baseline conditions for evaluation of impacts from future 

development within the Lake Lafayette watershed. 
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1.3  Current Work Efforts 

This document is produced in fulfillment of Phase II-B Task 10.7 which requires 

development of a Lake Lafayette/Lake Lafayette Watershed Management Plan.  This 

Management Plan is based upon a set of potential watershed management alternatives which 

were provided to Leon County and the Lake Lafayette Stakeholders for review and comment.  

Comments received by Leon County and the Stakeholders were incorporated into a final list of 

management alternatives which are also discussed in this report. 

The work efforts discussed in this document have been divided into six separate sections 

for presentation of data and results.  Section 1 provides an introduction to the report and a brief 

overview of work efforts performed by ERD.  Section 2 provides a discussion of the existing 

characteristics of Lake Lafayette, including physical characteristics, existing vegetation, and 

ambient water quality characteristics.  An evaluation of hydrologic inputs to Lake Lafayette is 

given in Section 3, and an evaluation of pollutant inputs and mass loadings to Lake Lafayette is 

included in Section 4.  A pollutant loading and water quality model for Lake Lafayette is 

presented in Section 5.  Management recommendations for Lake Lafayette and contributing 

watershed areas are discussed in Section 6.  A list of references is included in Section 7. 

Appendices are also attached which contain raw data and other information used to support the 

results and conclusions provided in the main body of this report. 
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SECTION  2 
 

CHARACTERISTICS  OF  LAKE  LAFAYETTE 
 

 This section provides a summary of the current characteristics of Lake Lafayette, 

including physical characteristics, water quality characteristics, and sediment characteristics.  As 

outlined in the Scope of Services for this project, existing conditions are defined as the 12-month 

period from July 1, 2003-June 30, 2004 during which field monitoring of Lake Lafayette and the 

surrounding watershed was performed.  Although not required by the Scope of Services, a brief 

discussion of the historical characteristics of Lake Lafayette is also provided in this section.  A 

detailed listing and review of all available historic data related to Lake Lafayette and the Lake 

Lafayette Watershed was previously provided by ERD as part of the Phase I deliverables. 

 

2.1  Historical Characteristics 

2.1.1 History of Lake Lafayette 

 Historically, Lake Lafayette was part of a 2600-acre wetland system located in eastern 

Leon County.  Historical aerial photography of Lake Lafayette was obtained from the Florida 

Institute of Museum and Library Services based upon photography performed by the U.S. 

Department of Agricultural beginning in 1937.  An aerial photograph of Lake Lafayette, taken as 

part of the initial 1937 photography, is given in Figure 2-1.  At that time, Lake Lafayette appears 

to have been one contiguous wetland system with no distinct compartments as exist under 

current conditions.  The CSX Railroad is clearly visible crossing the southern portion of Alford 

Arm and the southeastern corner of Upper Lake Lafayette.  No distinct outfall conveyance is 

apparent in this photograph on the eastern end of the lake. 

 An aerial photograph of the Piney Z portion of Lake Lafayette, taken during 1941, is 

given in Figure 2-2.  In general the lake appears to be a drier condition at this time than was 

present during the 1937 photography.  Several dirt roads or trails crossing Lake Lafayette are 

apparent along the eastern end of the Piney Z portion of the lake.  A distinct natural channel is 

present, connecting Upper Lake Lafayette with Lake Piney Z. 
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Figure 2-1.  Aerial Photograph of Lake Lafayette during 1937.
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Figure 2-2.  Photograph of the Piney Z Portion of Lake Lafayette During 1941. 
 
 

 

 An aerial photograph of the Piney Z portion of Lake Lafayette during 1954 is given in 

Figure 2-3.  In this photography, Piney Z appears to have been separated from the remaining 

portions of Lake Lafayette by construction of visible berm structures on the eastern and western 

ends of the lake.  These structures appear to have caused the Piney Z portion of the lake to 

become wetter, while drier conditions are apparent in Upper and Lower Lake Lafayette.  The 

cluster of pine trees forming the letter “Z” is clearly visible south of Piney Z in this photograph.  

According to anecdotal information from long-time residents and County staff, provided to ERD 

by the Leon County Public Works Department, areas of eastern Lake Lafayette historically 

drained toward the sink in Upper Lake Lafayette.  This historical flow pattern was interrupted by 

construction of Lake Piney Z. 
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Figure 2-3.  Photograph of the Piney Z Portion of Lake Lafayette During 1954. 

 

 An aerial photograph of the Alford Arm portion of Lake Lafayette during 1954 is given 

in Figure 2-4.  Compartmentalization of upper portions of Alford Arm is clearly visible in this 

figure.  Additional construction to enlarge the conveyance system entering the upper portions of 

Alford Arm is also visible in this photograph.  An aerial photograph of the Alford Arm portion 

taken during 1960 is given in Figure 2-5.  The previous compartmentalization of upper portions 

of Alford Arm is clearly visible, and the inflow channel into Upper Alford Arm appears to have 

been substantially enlarged.  

An aerial photograph of the outfall area from Lower Lake Lafayette during 1937 is given 

in Figure 2-6.  No distinct outfall channel is apparent in this photograph.  A channelized outfall 

from Lower Lake Lafayette under Chaires Road is visible for the first time in the 1954 

photograph shown in Figure 2-7 which connects Lower Lake Lafayette to wetland portions of the 

St. Marks River.  According to the Leon County Public Works Department, the channel between 

Lower Lake Lafayette and the St. Marks River was constructed sometime after the record 

flooding  of  1948  which established the 100-year flood elevation for Lake Lafayette.  Anecdotal 
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Figure 2-4.  Photograph of the Alford Arm Portion of Lake Lafayette During 1954. 

 

 

 
 

Figure 2-5.  Photography of the Alford Arm Portion of Lake Lafayette During 1960. 
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Figure 2-6.  Photograph of the Outfall from Lower Lake Lafayette During 1937. 
 
 
 
 

 
 

Figure 2-7.  Photograph of the Outfall from Lower Lake Lafayette During 1954. 
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evidence is that the channel was established to decrease the frequent overtopping of Chaires 

Road.   Further improvements in this channel are apparent in the 1966 photograph of the outfall 

area given in Figure 2-8 in which the outfall canal appears to be better defined and extends 

farther into Lower Lake Lafayette.   However, the Leon County Public Works Department  has 

no record of this apparent expansion or dredging of the channel. 
 
 
 

 
 
 

Figure 2-8.  Photograph of the Outfall from Lower Lake Lafayette During 1966. 
 

 

 The historical photographs of Lake Lafayette taken during 1937, 1941, 1954, 1960, and 

1966 suggest substantially drier conditions within the lake than present under existing 

conditions.  The most obvious explanation for the existing wetter conditions in Lake Lafayette is 

the substantial increase in runoff inputs into the lake over the past 30-40 years as a result of 

extensive development within the watershed.  However, long-term rainfall patterns may also be 

at least partially responsible for the observed dry conditions in Lake Lafayette prior to 1960.  



LAFAYETTE\EXISTING  CONDITIONS  REPORT 

2-8 

 

An analysis of annual rainfall in the Tallahassee area from 1886-2001 is given in Figure 

2-9.  This information, along with the graph shown in Figure 2-9, was provided by the City of 

Tallahassee Stormwater Management Division.  Based on an average annual rainfall of 59.2 

inches in the Tallahassee area, a continuous rainfall deficit was observed from 1886 to 

approximately 1961 due to below-average rainfall conditions, with a cumulative departure of 

approximately 230 inches of rainfall over this period.  A period of increasing rainfall began in 

approximately 1961 which was sufficient to recover the 230-inch deficit by approximately 2001.  

Therefore, the drier conditions observed in Lake Lafayette prior to 1961 may have been 

impacted by below-normal rainfall, with the wetter conditions observed after 1961 caused by the 

cumulative impacts of increased urbanization and above-average rainfall. 

 

2.1.2 Historical Water Quality Characteristics 

 Historical water quality monitoring has been conducted in Lake Lafayette and the Lake 

Lafayette Watershed by a variety of agencies, including the U.S. Geological Survey, the 

Northwest Florida Water Management District, the City of Tallahassee, Leon County, and the 

Florida Department of Environmental Protection.  The majority of these monitoring efforts were 

performed for specific purposes and were conducted over relatively short periods of time.  The 

most extensive monitoring efforts appear to be those performed by Leon County as part of an 

ongoing water quality monitoring program.  Therefore, for purposes of evaluating historical 

water quality perspectives in Lake Lafayette, the continuous data generated from the Leon 

County monitoring program is utilized.  A complete listing of all available historical water 

quality monitoring data for Lake Lafayette was provided by ERD as part of the Phase I 

deliverables. 

 Extensive water quality monitoring has been performed by Leon County within Lake 

Lafayette and significant tributary inflows since approximately 1991.  Water quality monitoring 

has been performed at over 15 separate locations in Upper Lake Lafayette, Lake Piney Z, Alford 

Arm, Lower Lake Lafayette, Lafayette Creek, Weems Pond outfall, Upper Lake Lafayette Sink, 

Alford Arm tributary, and the Lower Lake Lafayette outfall.  Approximate locations of 

significant  Lake  Lafayette water quality monitoring sites are indicated on Figure 2-10.  Many of  
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these locations have been monitored by Leon County on either a monthly or quarterly basis for 

more than 15 years.  A complete listing of historical Leon County water quality monitoring data 

for Lake Lafayette is given in Appendix A. 

 A graphical comparison of historical measured concentrations of total nitrogen, total 

phosphorus, and chlorophyll-a in Upper Lake Lafayette is given in Figure 2-11 for samples 

collected in the Lafayette sink as well as inflow to the Lafayette sink.  A limited number of 

samples have also been collected from tributary inflows to Upper Lake Lafayette, and these data 

are provided in Appendix A.  In general, historical concentrations for each of these indicator 

parameters have been extremely variable.   This variability is particularly apparent for water 

quality characteristics measured within the Lafayette Sink, which typically exhibits substantially 

higher concentrations of total nitrogen, total phosphorus, and chlorophyll-a than measured in the 

sink inflow or in tributaries discharging to Upper Lake Lafayette.  This suggests that water 

quality characteristics within the sink are regulated by other factors in addition to the observed 

inflows from Lake Lafayette and adjacent tributaries. 

 A graphical comparison of historical measured concentrations of total nitrogen, total 

phosphorus, and chlorophyll-a in Lake Piney Z is given in Figure 2-12.  In general, water quality 

of Lake Piney Z appears to be somewhat less variable and lower in concentration for each of the 

listed constituents than observed in Upper Lake Lafayette. 

 A graphical comparison of historical measured concentrations of total nitrogen, total 

phosphorus, and chlorophyll-a in Alford Arm is given in Figure 2-13.  In general, Alford Arm 

appears to have experienced relatively low levels of total nitrogen, total phosphorus, and 

chlorophyll-a throughout the historical data base, with isolated periodic spikes in concentrations 

for each parameter.   

A graphical comparison of historical measured concentrations of total nitrogen, total 

phosphorus, and chlorophyll-a in Lower Lake Lafayette is given in Figure 2-14.  Water quality 

characteristics measured in Lower Lake Lafayette have been extremely variable, particularly the 

monitoring sites located adjacent to the landfill and Talquin STP locations approximately 50-100 

feet from shore.  Total nitrogen peaks of more than 8-9 mg/l have been observed at the Lower 

Lake  Lafayette  monitoring  sites  on  several  occasions,  with  total  phosphorus concentrations 
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Figure 2-11. Historical Measured Concentrations of Total Nitrogen, Total Phosphorus, 

and Chlorophyll-a in Upper Lake Lafayette. 
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Figure 2-12. Historical Measured Concentrations of Total Nitrogen, Total Phosphorus, 

and Chlorophyll-a in Lake Piney Z. 
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Figure 2-13. Historical Measured Concentrations of Total Nitrogen, Total Phosphorus, 
and Chlorophyll-a in Alford Arm. 
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Figure 2-14. Historical Measured Concentrations of Total Nitrogen, Total Phosphorus, 
and Chlorophyll-a in Lower Lake Lafayette. 
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measured in excess of 2 mg/l and chlorophyll-a in excess of 400 mg/m3.  However, McGlynn 

Labs, which has been responsible for collection and analysis of much of this historical data, has 

indicated that the elevated water quality characteristics next to the landfill and Talquin STP 

locations reflect localized conditions in a small area which does not appear to have significant 

impacts on overall water quality in Lower Lake Lafayette. 

 

2.2  Current Characteristics 

2.2.1 Physical Characteristics 

 An aerial photograph of Lake Lafayette during 2004 is given in Figure 2-15.  In this 

photograph, the lake is clearly segregated into the four distinct compartments known as Upper 

Lake Lafayette, Lake Piney Z, Alford Arm, and Lower Lake Lafayette.  Urbanization of the 

drainage basin has increased substantially compared with the sparse development observed in the 

historical photographs.  Much of the historical farm land north of the lake has been replaced with 

urban development, while agricultural activities and rural developments still appear to be the 

dominant land use types in areas south of Lake Lafayette. 

 

 2.2.1.1  Upper Lake Lafayette 

Under current conditions, the surface water elevation and wetted area of Upper Lake 

Lafayette are highly variable due to the rapid loss of water inputs into the sinks.  However, for 

purposes of this evaluation, an area of 373 acres is assumed, equivalent to the area indicated in 

the Tallahassee/Leon County GIS layer.  The most dominant feature in Upper Lake Lafayette is 

the sinkhole which is located in the northeastern portion of the lake and is visible in Figure 2-15.  

This sink is thought to be directly connected to upper portions of the Floridan Aquifer.  Multiple 

smaller sinks are also located within the Upper Lake Lafayette area. Virtually all of the water 

which enters Upper Lake Lafayette ultimately discharges into the various sinks or infiltrates into 

the relatively porous bottom.  As a result, Upper Lake Lafayette rarely contains standing water 

(Figure 2-16) for prolonged periods following normal rain events.  However, standing water has 

been observed in Upper Lake Lafayette for periods of months or longer during extended rainfall 

conditions. 
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Figure 2-16.  Photograph of Upper Lake Lafayette. 
(SOURCE:  McGlynn Labs, Date Unknown) 

 
 
 

The bottom of Upper Lake Lafayette is partially covered with a variety of upland and 

wetland vegetation.  The high degree of variability in water levels appears to limit the types of 

vegetative communities which can colonize in this area.  Several channelized inflows and 

impacted streams are present (Figure 2-17) which transport water from Weems Road and 

Lafayette Creek directly into the sink area (Figure 2-18).  Although the intake capacities for the 

sinks have not been measured, the capacity is sufficient to eventually remove virtually all inflow 

into Upper Lake Lafayette except under extreme storm conditions.  Areas of standing water are 

visible in the aerial photograph of Upper Lake Lafayette given in Figure 2-15.  The majority of 

the bottom of Upper Lake Lafayette is currently privately owned. 
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Figure 2-17.  Channelized Inflow from Weems Pond. 
(SOURCE:  McGlynn Labs, Date Unknown) 

 
 

 
 

Figure 2-18.  Photograph of Upper Lake Lafayette Sink. 
(SOURCE:  McGlynn Labs, Date Unknown) 
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 2.2.1.2  Lake Piney Z 

Lake Piney Z is a 231-acre waterbody located between Upper Lake Lafayette and Lower 

Lake Lafayette (Figure 2-15) which consists primarily of open water, although substantial stands 

of both submerged and floating vegetation are present within the lake.  The lake is divided into 

two sections by an earthen berm which extends in a northwest to southeast direction.  

Approximately nine smaller finger berms extend into the lake to enhance access.  These finger 

berms were created from bottom sediments and muck dredged from the lake. 

Currently, Lake Piney Z and the areas immediately adjacent to the lake are owned by the 

City of Tallahassee.  Lake Piney Z is managed by the Florida Fish and Wildlife Conservation 

Commission as a fishery.  Limited public access is currently available along the south shore of 

the lake. 

 

 2.2.1.3  Alford Arm 

Alford Arm is a 367-acre waterbody which was separated from Lower Lake Lafayette by 

construction of the CSX Railroad.  A typical photograph of Alford Arm conditions is given in 

Figure 2-19.  Although Alford Arm contains areas of standing water, the vast majority is covered 

by dense stands of both submergent and emergent wetland vegetation.  Alford Arm has been 

extensively bermed to create standing pools of water, particularly in the upstream areas.  At least 

six berms and associated water pools can be identified in current aerial photography. 

Much of the land on the western side of Alford Arm is owned by the State of Florida, 

including portions of the lake bottom.  The majority of land on the east side and the remaining 

portions of the lake bottom are privately owned.  Public access into Alford Arm is available 

along the west side of the lake, but requires walking long distances. 

 

2.2.1.4  Lower Lake Lafayette 

Lower Lake Lafayette is the largest of the four lake compartments, covering an area of 

1027 acres.  Although pockets of open water are scattered throughout Lower Lake Lafayette, the 

vast majority of this area is covered by dense growths of emergent vegetation and trees.  Typical 

conditions in Lower Lake Lafayette are illustrated on Figure 2-20. 
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Figure 2-19.  Photograph of Alford Arm. 
(SOURCE:  ERD, July 2003) 

 

  

 
 

Figure 2-20.  Typical Characteristics of Lower Lake Lafayette. 
(SOURCE:  ERD, March 2004) 
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One of the most significant features in Lower Lake Lafayette is the wood stork rookery 

located between Alford Arm and Chaires Road.  The approximate location of the wood stork 

rookery is indicated on Figure 2-21.  The wood stork breeding site is in an area of Lower Lake 

Lafayette which is dominated by cypress and black gum.  Information was provided to ERD of 

nesting counts performed at the wood stork rookery from 1981-1993 by the Florida Game and 

Freshwater Fish Commission.  During these counts, which were based on ground counts as well 

as aerial estimates, the number of nests ranged from 225-341. 

The outfall channel for Lake Lafayette is located on the eastern end of Lower Lake 

Lafayette.  As discussed previously, this outfall canal consists of a dredged earthen channel 

which connects Lower Lake Lafayette to wetland systems associated with the St. Marks River.  

According to the Northwest Florida Water Management District, this ditch has the capacity to 

drawdown Lake Lafayette approximately 1.25 cm/day at peak flow rates.   

 

2.2.2 Lake Bathymetry 

Recent bathymetric maps for the four units of Lake Lafayette have been prepared by 

Leon County, the Florida Fish and Game Commission, and ERD.  A bathymetric map of Upper 

Lake Lafayette was prepared by Leon County during January 2002 using LIDAR (Light 

Detection and Ranging) when this portion of the lake was dry.   The LIDAR imagery indicates 

the sediment surface.  A bathymetric map of Lake Piney Z was prepared by the Florida Fish and 

Game Commission during 1998.   

Bathymetric surveys were performed in Alford Arm and Lower Lake Lafayette by ERD 

on March 23-25, 2004 to evaluate water column depth as well as thickness of unconsolidated 

sediments  within  the  lake.  Bathymetric  measurements  of  water depth and sediment thickness 

were conducted at 337 individual sites in Alford Arm and Lower Lake Lafayette.  Locations of 

the bathymetric data collection sites are indicated on Figure 2-22. Each of the data collection 

sites was identified in the field by longitude and latitude coordinates which were recorded using 

a portable GPS device. Coverage of data collection sites in Alford Arm was good, with data 

collection  sites  scattered  relatively  evenly  throughout  this portion of the lake.  Data collection  
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sites in Lower Lake Lafayette were concentrated primarily in the perimeter areas of the lake, 

where access could be obtained by the field crew.  However, many of the central portions of 

Lower Lake Lafayette could not be accessed, even by a small canoe, due to the dense tree 

populations in these areas.  The water surface elevation in Alford Arm during the field data 

collection was 45.15 ft (NGVD), with a water surface elevation of 44.71 ft (NGVD) in Lower 

Lake Lafayette. 

Water depth at each of the data collection sites was determined by lowering a 20 cm 

diameter Secchi disk, attached to a graduated line, until resistance from the surficial sediment 

layer was encountered.  The depth on the graduated line was recorded in the field and is defined 

as the water depth at each site.  Next, a 1.5-inch diameter graduated aluminum pole was lowered 

into the water column and forced into the sediments until a firm bottom material, typically sand 

or  clay,  was  encountered.  This  depth  is  defined  as  the  depth  to  the  firm lake bottom.  The 

difference between the depth to the firm lake bottom and the water depth is defined as the depth 

of unconsolidated sediments at each site. 

The generated field data were provided to the Tallahassee-Leon County GIS Department 

which converted the field data into elevation-based contours for Alford Arm and Lower Lake 

Lafayette.  These bathymetric contours were combined with the data on Upper Lake Lafayette 

and Piney Z, already in the possession of Leon County, to create an overall bathymetric map for  

Lake Lafayette.  Unfortunately, the bathymetric contour information for Piney Z, which was 

provided to Leon County GIS by the Florida Fish and Game Commission, contained apparent 

errors with respect to the locations of the survey information.  As a result, the bathymetric 

contour data for Lake Piney Z could not be integrated with the data for the other lake segments. 

 A bathymetric contour map for Upper Lake Lafayette is given in Figure 2-23 based upon 

information provided by the Leon County GIS Department.  Elevations presented in this figure 

are referenced to the NAVD-88 datum.  Contour elevations in Upper Lake Lafayette range from 

23.5 ft near the sinkhole to 45.5 ft around the perimeter of the lake.  In general, bottom contours 

in most portions of Upper Lake Lafayette range from approximately 30-35 ft. 
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Stage-area-volume relationships for Upper Lake Lafayette are summarized in Table 2-1.  

For purposes of this project, the surface area of Upper Lake Lafayette is assumed to be 373 acres 

which is the lake area provided in the Tallahassee-Leon County GIS.  Based on the stage-area-

volume relationships summarized in Table 2-1, this area corresponds to a water surface elevation 

of 40.3 ft.  At this elevation, the water volume is approximately 2022 ac-ft, corresponding to a 

mean water depth of 5.42 ft.  However, the concept of mean depth in Upper Lake Lafayette is 

meaningless due to the extreme variability and rapid change in water levels. 

 
 

TABLE  2-1 
 
 STAGE-AREA-VOLUME  RELATIONSHIPS 
 FOR  UPPER  LAKE  LAFAYETTE 
 

CONTOUR LAKE  AREA 
(acres) 

VOLUME 
(ac-ft) CONTOUR LAKE  AREA 

(acres) 
VOLUME 

(ac-ft) 

45.5 440.7 4157 33.5 115.5 203 
44.5 433.9 3719 32.5 71.3 113 
43.5 422.7 3290 31.5 44.9 53.4 
42.5 409.1 2874 30.5 13.5 27.8 
41.5 393.7 2473 29.5 6.38 19.0 
40.5 376.8 2087 28.5 4.54 13.6 
39.5 355.5 1721 27.5 3.69 9.55 
38.5 332.1 1377 26.5 2.93 6.25 
37.5 300.6 1060 25.5 2.29 3.66 
36.5 262.6 777 24.5 1.80 1.62 
35.5 216.7 538 23.5 1.35 0.04 
34.5 167.7 345  

 

 A bathymetric contour map for Lake Piney Z is given in Figure 2-24.  This map was 

developed by the Tallahassee-Leon County GIS Department based on information provided by 

the Florida Fish and Game Commission (FFGC) and reflects water depth to top of sediments.  

The outer boundary contour corresponds to an elevation of 46.67 ft which is defined as the 

ordinary high water level by FFGC. In general, water depth in Lake Piney Z appears to be 

approximately 7 ft throughout much of the lake, with a deeper area extending to approximately 

10 ft.   
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 Depth-area-volume relationships for Lake Piney Z are provided in Table 2-2 based upon 

information provided by the Tallahassee-Leon County GIS Department.  The assumed surface 

area of 231 acres used in this document corresponds to a water elevation of 46.40 ft, a 

cumulative volume of 1175 ac-ft, and a mean depth of 5.1 ft. 

 
 
 TABLE  2-2 
 
 DEPTH-AREA-VOLUME  RELATIONSHIPS 
 FOR  LAKE  PINEY  Z 
 

WATER 
ELEVATION 

(ft) 

AREA 
(acres) 

CUMULATIVE 
VOLUME 

(ac-ft) 
46.67 237.7 1235 
45.67 213.0 1011 
44.67 199.4 804.8 
43.67 186.1 612.2 
42.67 171.2 433.8 
41.67 154.1 271.2 
40.67 131.2 128.9 
39.67 91.7 18.4 
38.67 6.62 5.16 
37.67 2.07 1.09 
36.67 0.32   0.00 

 

 

 Sediment depth contours for Lake Piney Z are provided in Figure 2-25 based upon 

information provided to ERD by the Florida Fish and Game Commission.  Sediment thickness 

appears to be greatest in central portions of the lake, with maximum sediment accumulations of 

approximately 3.5-5 ft.  Sediment accumulations around the perimeter of Lake Piney Z average 

0-1.5 ft. 

 A bathymetric contour map of Alford Arm and Lower Lake Lafayette is given in Figure 

2-26 based upon bathymetric contour data collected by ERD.  These portions of the lake contain 

substantially less elevation relief than occurs in Upper Lake Lafayette, with elevation contours 

ranging from 37 ft in extreme low portions of the lake to a high of 45 ft around the perimeter of 

the lake.  In general, bottom areas of Alford Arm exist at elevations ranging from 40-41 ft, with 

bottom elevations in Lower Lake Lafayette ranging from 37-43 ft. 
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 Stage-area-volume relationships for Alford Arm are summarized in Table 2-3.  At the 

water elevation of 45.15 ft present during the bathymetric survey, the surface area of Alford Arm 

is 366.9 acres, with an approximate water volume of 1045 ac-ft and a mean depth of 2.85 ft. 

 
 
 TABLE  2-3 
 
 STAGE-AREA-VOLUME  RELATIONSHIPS 
 FOR  ALFORD  ARM 
 

CONTOUR LAKE  AREA 
(acres) 

VOLUME 
(ac-ft) CONTOUR LAKE  AREA 

(acres) 
VOLUME 

(ac-ft) 

45.15 366.9 1045 42.15 200.4 208 
44.15 303.1 724 41.15 94.8 61.8 
43.15 263.8 440 40.15 27.8 5.41 

 
 
 

Stage-area-volume relationships for Lower Lake Lafayette are summarized in Table 2-4.  

At the water elevation of 44.71 ft during March 2004, the wetted lake area was approximately 

659 acres, with a volume of 2255 ac-ft.  Eastern portions of Lower Lake Lafayette did not have 

standing water during March 2004 when the bathymetric survey was conducted by ERD, and the 

elevation contours extend only to 45.15 ft.   The 1-ft contour elevations end at 44.71 ft.  The 

assumed lake area of 1027 acres, based on information obtained from the Tallahassee-Leon 

County GIS, occurs between the 44.71 ft and 45.71 ft contours.  
 
 
 
 TABLE  2-4 
 
 STAGE-AREA-VOLUME  RELATIONSHIPS 
 FOR  LOWER  LAKE  LAFAYETTE 
 

CONTOUR LAKE  AREA 
(acres) 

VOLUME 
(ac-ft) CONTOUR LAKE  AREA 

(acres) 
VOLUME 

(ac-ft) 

44.71 658.8 2255 39.71 131.4 104 
43.71 576.9 1634 38.71 36.2 5.34 
42.71 509.9 1089 37.71 1.38 0.53 
41.71 418.6 620 36.71 0.01 0.00 
40.71 215.2 270  

 



LAFAYETTE\EXISTING  CONDITIONS  REPORT 

2-33 

 

 As discussed previously, estimates of sediment depth were also collected by ERD at each 

of the 337 sites evaluated in Alford Arm and Lower Lake Lafayette.  This information was used 

to develop sediment depth contours by ERD for Alford Arm and Lower Lake Lafayette.  

Estimates of sediment depth contours in Alford Arm and Lower Lake Lafayette are given in 

Figure 2-27.  The values indicated on this figure are presented in units of feet and reflect the 

distance from the water-sediment interface to hard bottom material. 

 In general, sediment depth in Lower Lake Lafayette ranges from 0-1 ft, although the 

majority of the lake appears to have sediment accumulations less than 0.5 ft.  The most elevated 

sediment accumulations appear to occur in western portions of Lower Lake Lafayette, adjacent 

to Lake Piney Z. 

 Sediment accumulations in Alford Arm also appear to be less than 0.5 ft throughout the 

majority of this portion of the lake.  However, areas of deeper sediment accumulations are 

present in the upstream portions of Alford Arm where accumulations as deep as 1.7 ft were 

observed.  These areas of accumulated sediments are located in portions of Alford Arm which 

have been bermed, and the bermed areas appear to act as settling basins for sediments 

discharging from the Alford Arm tributary. 

 A summary of assumed physical characteristics of the four compartments of Lake 

Lafayette is given in Table 2-5.  The assumed surface areas and volumes associated with Upper 

Lake Lafayette and Lower Lake Lafayette are highly dependent upon water elevation and can 

vary substantially with a water change of only 1 ft.  The physical characteristics of Lake Piney Z 

and Alford Arm appear to be somewhat more stable, with more well defined surface area and 

volume relationships.  The mean depth in Upper Lake Lafayette is highly variable, with a much 

more stabilized water depth observed in Lake Piney Z.  Both Alford Arm and Lower Lake 

Lafayette are extremely shallow compartments, with mean water depths ranging from 

approximately 2.8-3.4 ft.  
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 TABLE  2-5 
 
 ASSUMED  PHYSICAL  CHARACTERISTICS 
 OF  LAKE  LAFAYETTE 
 

COMPARTMENT SURFACE  AREA 
(acres) 

VOLUME 
(ac-ft) 

MEAN  DEPTH 
(ft) 

Upper Lake Lafayette 373 @ El. 40.3 ft 2022 @ El. 40.3 ft 5.42 (highly variable) 

Lake Piney Z 231 @ El. 46.40 ft 1175 @ El. 46.40 ft 5.1 

Alford Arm 366.9 @ El. 45.15 ft 1045 2.85 

Lower Lake Lafayette 659 @ El. 44.71 ft 
1027 @ El. 44.71-45.71 ft 

2255 @ El. 44.71 ft 3.42 

 

2.2.3 Hydraulic Connectivity 

Although Lake Lafayette was historically a meandering wetland system, the lake has now 

been divided into four separate compartments.  Limited hydraulic connectivity occurs between 

the various sections, much of which is present only during high water elevation conditions.  A 

summary of existing hydraulic connectivity between the four compartments of Lake Lafayette is 

given in Table 2-6, based on information provided by Michael Hill of the Florida Fish and 

Wildlife Conservation Commission and Leon County.  Discharges from Upper Lake Lafayette to 

Piney Z can occur through two mechanisms.  First, discharges to Lake Piney Z can occur when 

the water elevation in Upper Lake Lafayette exceeds the level of the earthen dam which 

separates the two waterbodies.  Relatively high water levels in Lake Lafayette are required to 

activate this connection, and as a result, discharges are thought to occur infrequently by this 

pathway between the two waterbodies.  Second, two 12-inch gated steel pipes pass through the 

berm which can be used to drain Upper Lake Lafayette.  However, the gate valves are kept in the 

closed position. 

According to anecdotal information supplied to ERD by Leon County, prior to the 

compartmentalization of Lake Piney Z, water movement was observed to occur from eastern 

portions of Lake Lafayette in a westward direction and into the sink area.  However, following 

the compartmentalization, water movement between Upper Lake Lafayette and Lake Piney Z 

occurs relatively infrequently, and when it does occur, generally moves from Upper Lake 

Lafayette into Lake Piney Z. 
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TABLE  2-6 
 
 HYDRAULIC  CONNECTIVITY  BETWEEN  THE 
 FOUR  COMPARTMENTS  OF  LAKE  LAFAYETTE 
 

COMPARTMENTS HYDRAULIC 
ELEMENT 

INVERT OR 
RATING  DATA COMMENTS 

Upper Lake Lafayette 
to Lake Piney Z 

Earthen Dam with two 12” 
steel pipes with valves 

None Discharge over dam only under 
high flow conditions – valves kept 
in closed position 

Lake Piney Z to 
Lower Lake Lafayette 

24” CMP and 12” 
steel pipe 

None Discharge only under high flow 
conditions – both pipes are 
believed to be collapsed or clogged 

Two 30" RCPs in 
CSX Railroad Berm 

None Discharge only under high flow 
conditions – frequently blocked by 
tussocks or vegetation 

Two 54” RCPs             
near western end of       

CSX causeway 

Not available Submerged except during low 
water conditions – discharge 
occurs continuously except during 
dry conditions 

Alford Arm to 
Lower Lake Lafayette 

4-6 24” steel pipes Not available Set with high inverts – discharge 
only under high water conditions 

Lower Lake Lafayette 
to St. Marks River 

Earthen Channel None Discharge except during dry 
conditions 

 
 

Discharges from Lake Piney Z to Lower Lake Lafayette can occur through two outfalls 

located on the east side of Lake Piney Z.  One of these connections, a 24-inch CMP, is believed 

to have collapsed and does not have significant discharge.  The second connection, a 12-inch 

steel pipe, appears to be currently clogged.  In addition, the water level in Lower Lake Lafayette 

typically exceeds the levels in Lake Piney Z which further restricts flow from Lake Piney Z to 

Lower Lake Lafayette. 

Discharges from Alford Arm can occur into Lower Lake Lafayette through several 

conveyance mechanisms.  First, two 30-inch RCPs pass through the CSX Railroad berm.  

However, discharges through the 30-inch RCPs are often limited by floating tussocks and other 

vegetation which clog the entrance into the pipes.  During 2004, subsidence was observed at 

several of the pipe joints in the western pipe, further limiting the hydraulic capacity of this 

conveyance.  According to the Leon County Growth Management Department, there are also 

two   54-inch  RCPs  which  pass  under  the  CSX  railroad  berm  near  the  western  end  of  the 



LAFAYETTE\EXISTING  CONDITIONS  REPORT 

2-37 

 

causeway.  These pipes are set with a low invert so that the crowns of the pipe are only visible 

during low water stages.  It is believed that discharge through these pipes occurs continuously 

except during dry conditions. Also, during 1994, four to six new 24-inch steel pipes were 

inserted in the causeway at a relatively high invert to assist in prevention of overtopping of the 

CSX causeway.  The invert to these pipes is set so that water transfer occurs only under 

relatively high water conditions.  Although it is obvious that water does migrate from Alford 

Arm into Lower Lake Lafayette, the lack of accurate information on the construction details and 

condition of the pipes, combined with reported clogging from vegetation, makes accurate 

prediction of flows between the two compartments difficult.  

 Discharges from Lower Lake Lafayette occur through an earthen channel on the eastern 

end of Lower Lake Lafayette which passes under Chaires Road and enters wetland systems 

associated with the St. Marks River.  This connection is typically observed to be relatively free-

flowing during wet season conditions, but was observed by ERD personnel to become nearly 

stagnant during dry conditions.   The statement that stagnant conditions could develop in the 

outfall canal was refuted by the Leon County Public Works Department which indicated that 

County Public Works Staff had not observed stagnant conditions in the outfall canal even during 

dry weather conditions.  However, frequent and continuous stagnant conditions were recorded by 

the flow monitoring equipment installed by ERD at this location and conditions of “no flow” 

were observed by McGlynn Labs on 14 of the 25 field flow monitoring events performed at this 

location. 

 The wetland systems associated with the St. Marks River are tidally influenced and, 

under extreme tide conditions, the water elevation in the wetlands may be equal to or greater 

than the water elevation in Lower Lake Lafayette.  When these conditions occur, water 

movement from the lake will be restricted and regulated by water elevation conditions within the 

St. Marks River wetlands.  Anecdotal accounts of flow reversal in the outfall canal were 

conveyed to ERD, although this condition was not observed during the 12-month monitoring 

program. 
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2.2.4   Water Quality Characteristics 

2.2.4.1  Field Activities 

Surface water quality monitoring was performed in Lake Lafayette by McGlynn Labs on 

a monthly basis to supplement the current lake monitoring being performed by McGlynn Labs 

under contract with the County.  As outlined in the scope of work prepared by Leon County, 

surface water monitoring was to be performed at three sites, with one located in Lake Piney Z 

(designated as Site L07), one in Alford Arm (designated as Site L27), and one in the outfall canal 

from Lower Lake Lafayette near Chaires Road (designated as Site L25).  These sites are used to 

define ambient water quality characteristics in the three compartments (Lake Pine Z, Alford 

Arm, and Lower Lake Lafayette) with permanent pools of water. 

Surface water samples were collected at a depth of 0.5 m and analyzed by McGlynn Labs 

for a variety of parameters.  A total of 12 separate samples was collected and analyzed at the 

outfall canal (L25) monitoring site, with 13 samples collected at the Alford Arm (L27) 

monitoring site, and 16 separate samples collected at the Lake Piney Z (L07) monitoring site.  

The additional samples collected at the Lake Piney Z site reflect separate surface and bottom 

samples which were collected at this site during three of the monthly monitoring events.  

Locations  of  the  historical  and current surface water monitoring sites are indicated on Figure 

2-10. 

 

2.2.4.2  Results 

A complete listing of field and laboratory measurements performed at the three 

supplemental monitoring sites from July 2003-July 2004 is given in Appendix B based upon data 

supplied to ERD by McGlynn Labs.  A statistical summary of the results of surface water 

monitoring performed in Lake Lafayette is given in Table 2-7.   
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TABLE  2-7 
 
 STATISTICAL  SUMMARY  OF  SURFACE  WATER  MONITORING 
 PERFORMED  IN  LAKE  LAFAYETTE  FROM  JULY  2003-JULY  2004 
 

LAKE  PINEY  Z  
(L07) 

ALFORD  ARM 
(L27) 

LOWER  LAFAYETTE 
OUTFALL   (L25) 

PARAMETER UNITS 

Mean 
Range of 
Values 

Mean 
Range of 
Values 

Mean 
Range of 
Values 

CLASS 
III 

CRITERIA1 

pH s.u. 5.83 4.93-6.34 5.44 4.18-6.06 5.40 5.02-5.75 6.0-8.5 

Conductivity μmho/cm 43 26-62 46 22-84 41 21-73 < 1275 

Diss. Oxygen mg/l 4.2 1.5-7.0 2.5 0.1-7.5 3.4 0.6-7.1 > 5.0 

Oxygen Sat. % 37 7-65 25 2-69 47 16-87 -- 

Alkalinity mg/l 9.5 5.5-20.5 8.0 0-12.0 6.0 1.0-16.0 ∃ 20 

NH3-N μg/l 160 68-375 127 57-364 277 61-1459 -- 

NOx μg/l 20 3-132 24 3-143 25 2-75 -- 

Organic N μg/l 270 BDL-1223 209 BDL-634 376 30-778 -- 

Total N μg/l 450 143-1306 360 131-723 678 137-1676 -- 

SRP μg/l 4 BDL-11 4 BDL-19 5 BDL-12 -- 

Total P μg/l 35 3-84 38 2-154 47 7-107 -- 

Color Pt-Co 26 13-54 38 13-81 42 10-64 -- 

Turbidity NTU 3.2 2.0-5.0 1.0 BDL-2.5 7.3 1.0-17.0 # 29 

TSS mg/l 4.1 0.4-12.6 3.9 0.5-17.5 34.4 1.3-94 -- 

Chloride mg/l 4.3 0.5-7.5 6.2 1.8-10.5 7.0 3.6-10.0 -- 

BOD mg/l 2.0 0.2-8.7 1.5 BDL-5.4 4.1 0.3-20.4 --2 

Total Coliform cfu/100 ml 411 BDL-1000 581 25-1590 402 BDL-1495 # 2400 

Fecal Coliform cfu/100 ml 14 BDL-113 541 BDL-3067 71 BDL-427 # 800 

E. Coli cfu/100 ml 45 BDL-396 39 BDL-123 65 BDL-210 1263 

Chlorophyll-a mg/m3 7.2 1.3-14.1 3.5 0.3-12.1 24.5 4.7-78.0 -- 

Chlorophyll-b mg/m3 2.2 BDL-4.7 0.6 BDL-2.2 2.4 BDL-7.5 -- 

Chlorophyll-c mg/m3 0.4 BDL-3.83 0.1 BDL-1.02 0.2 BDL-1.3 -- 

TN/TP Ratio -- 20.6 2.2-93 39.1 1-267 21.8 2.4-79 -- 

Florida TSI -- 39.0 26.2-53.1 29.2 7.2-42.5 50.2 31.5-67.2 -- 

Number of Samples 16 13 12  

 
1.  Water quality criteria outlined in Chapter 62-302.530 of the Florida Administrative Code 
2.  Shall not depress dissolved oxygen level below standard 
3.  Recommended EPA criterion for recreational waters (monthly average) 
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2.2.4.2.1  Lake Piney Z 

Surface water samples collected from Lake Piney Z were found to be moderately acidic, 

with measured pH values ranging from 4.93-6.34, and poorly buffered, with measured 

alkalinities ranging from 5.5-20.5 mg/l.  Measured conductivity values in Lake Piney Z are low 

in value, with an overall mean of 43 μmho/cm.   Dissolved oxygen concentrations in Lake Piney 

Z were poor, with measured dissolved oxygen concentrations less than the minimum Class III 

criterion of 5 mg/l, outlined in Chapter 62-302 FAC, during 9 of the 13 monitoring events 

performed in this compartment.  Dissolved oxygen levels less than 2 mg/l were observed during 

4 of the 13 monitoring events. 

Measured concentrations of nitrogen species in Lake Piney Z were highly variable 

throughout the monitoring program, although the overall mean values for the measured nitrogen 

species appeared to be relatively low.  The dominant nitrogen species in Lake Piney Z was 

organic nitrogen, which comprised 60% of the total nitrogen measured.  Ammonia comprised 

36% of the total observed nitrogen species, with 4% contributed by NOx. 

Measured phosphorus species in Lake Piney Z were also found to be highly variable, 

with mean total phosphorus concentrations ranging from 3-84 μg/l.  The mean SRP value of 4 

μg/l is relatively low in value, although concentrations of 5-11 μg/l were observed during the 12-

month monitoring program. 

Color concentrations in Lake Piney Z were found to be moderate in value, with a mean 

color concentration of 26 Pt-Co.  Measured values for turbidity, TSS, and chloride were found to 

be relatively low in value.  Measured BOD concentrations in Lake Piney Z exhibited a relatively 

wide range of values, with an overall mean of 2.0 mg/l and measured concentrations ranging 

from 0.2-8.7 mg/l. 

Microbiological populations in Lake Piney Z were also found to be highly variable for 

each of the three measured bacterial species.  However, no exceedances of the Class III criterion 

for total coliform or fecal coliform were observed in Lake Piney Z during the study period.  

Although a numerical standard for E. coli bacteria does not exist within the State of Florida, the 

U.S. EPA has established a recommended criterion of 126 cfu/100 ml for recreational 

waterbodies with human contact.  Based upon this criterion, exceedances of the E. coli standard 

were observed during 1 of the 13 monitoring events. 
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In general, measured chlorophyll concentrations in Lake Piney Z were found to be low to 

moderate in value.  The overall mean chlorophyll-a concentration of 7.1 mg/m3 is a relatively 

low value for Florida lakes. 

Calculated TN/TP ratios are provided at the bottom of Table 2-7.  TN/TP ratios are used 

by some researchers to define nutrient limitations in surface waterbodies.  In general, TN/TP 

ratios of approximately 10 or less are thought to indicate nitrogen-limited conditions, while 

TN/TP ratios in excess of 30 are thought to reflect phosphorus-limited conditions.  Calculated 

TN/TP ratios between 10 and 30 reflect nutrient-balanced conditions.  Based upon these criteria, 

Lake Piney Z appears to be nutrient-balanced on an overall mean basis, although conditions 

ranging from highly nitrogen-limited to highly phosphorus-limited were observed during the 

monitoring program. 

Calculated trophic state indices are provided at the bottom of Table 2-7 using the Florida 

TSI equations.  In general, calculated TSI values less than 50 suggest oligotrophic conditions 

within a waterbody, while TSI values from 50-59 indicate mesotrophic conditions, and values 

from 60-69 reflect eutrophic conditions.  Calculated TSI values of 70 or more are thought to 

represent hypereutrophic characteristics. 

Based upon the calculated Florida TSI values, Lake Piney Z exhibited oligotrophic 

characteristics during the monitoring program, with an overall mean TSI of 39.0.  TSI 

calculations for measurements performed on individual monitoring dates range from 26.2-53.1, 

reflecting oligotrophic to mesotrophic characteristics. 

 

2.2.4.2.2  Alford Arm 

In general, surface water measured in Alford Arm was found to be moderately acidic, 

with measured pH values ranging from 4.18-6.06, and poorly buffered, with a mean alkalinity of 

only 8.0 mg/l.  Measured conductivity within this portion of Lake Lafayette is relatively low in 

value, with an overall mean of 46 μmho/cm.  Consistent conditions of low dissolved oxygen 

were observed in Alford Arm, with an overall mean dissolved oxygen concentration of only 2.5 

mg/l.  Measured dissolved oxygen concentrations less than the Class III criterion of 5 mg/l were 

observed during 12 of the 13 monitoring events. 
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In general, low concentrations were observed for each of the monitored nitrogen species 

in Alford Arm.  The dominant nitrogen species in Alford Arm was organic nitrogen, which 

comprised approximately 58% of the total nitrogen observed.  Ammonia accounted for 

approximately 35% of the total nitrogen, with 7% contributed by NOx. 

Relatively low levels of phosphorus species were also observed in Alford Arm, with a 

mean of 4 μg/l for SRP and 38 μg/l for total phosphorus.  However, substantially elevated values 

for these parameters were observed on several occasions, with concentrations of SRP reaching 

19 μg/l and total phosphorus reaching 154 μg/l. 

Measured color concentrations in Alford Arm were moderate in value and approximately 

50% higher than concentrations observed in Lake Piney Z.  However, relatively low levels of 

turbidity, TSS, and chloride were observed in Alford Arm.  A relatively low BOD concentration 

of 1.5 mg/l was also observed. 

In general, measured concentrations of microbiological parameters appear to be 

somewhat higher in Alford Arm than observed in Lake Piney Z.  Although no exceedances of the 

Class III criterion for total coliform were observed during the monthly sampling, exceedances of 

the fecal coliform criterion of 800 cfu/100 ml were observed in 2 of the 10 collected samples.  

No apparent exceedances of the recommended E. coli criterion of 126 cfu/100 ml were observed 

in Alford Arm. 

Relatively low levels of chlorophyll were observed in Alford Arm throughout the 

monitoring program.  However, Alford Arm is an area which is dominated by aquatic 

macrophytes, and measurements of chlorophyll-a concentrations in this type of environment 

have little meaning.  Similarly, the calculated Florida TSI value of 29.2 for Alford Arm is also 

not a true reflection of the overall productivity within this portion of Lake Lafayette. 

The mean calculated TN/TP ratio for Alford Arm suggests phosphorus-limited conditions 

on an average basis.  However, conditions ranging from highly nitrogen-limited to highly 

phosphorus-limited were observed during the 12-month monitoring program. 
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2.2.4.2.3  Lower Lake Lafayette 

 Discharges through the Lower Lake Lafayette outfall were found to be relatively acidic, 

with a mean pH of 5.4 and measured pH values ranging from 5.02-5.75.  Water in this 

compartment was also found to be poorly buffered, with a relatively low conductivity value.  A 

mean dissolved oxygen concentration of 3.4 mg/l was measured at the monitoring location, with 

dissolved oxygen concentrations less than the Class III criterion of 5 mg/l observed during 8 of 

the 12 monitoring events. 

 Relatively low levels of nitrogen species were observed in Lower Lake Lafayette, 

although somewhat higher than concentrations observed in either Lake Piney Z or Alford Arm.  

The mean concentration of 277 μg/l for ammonia is approximately twice the value measured in 

Lake Piney Z and Alford Arm, while the mean organic nitrogen concentration of 376 μg/l is 

approximately 50% greater than concentrations measured in other parts of Lake Lafayette.  The 

overall mean total nitrogen concentration of 678 μg/l, although relatively low in value, is 

substantially higher than the values observed in Lake Lafayette or Alford Arm.  The dominant 

nitrogen species in Lower Lake Lafayette is organic nitrogen, which comprises 55% of the total 

nitrogen measured.  Ammonia accounts for approximately 41% of the total nitrogen, with 4% 

contributed by NOx. 

 Somewhat higher values for SRP and total phosphorus were observed in Lower Lake 

Lafayette compared with concentrations measured in other portions of the lake.  The mean SRP 

concentration was 5 μg/l, with a mean total phosphorus concentration of 47 μg/l. 

 In general, mean values for color, turbidity, TSS, chloride, and BOD were higher in 

concentration in Lower Lake Lafayette than observed at the other monitoring sites.  The mean 

turbidity concentration of 7.3 NTU is approximately twice the values measured at the remaining 

sites, while the mean TSS concentration of 34.4 mg/l is approximately 9-10 times greater than 

values measured at the remaining sites.  The mean measured BOD concentration of 4.1 mg/l is 

approximately twice the values measured at the other sites. 

 Relatively low levels of total and fecal coliform were observed in Lower Lake Lafayette, 

with no exceedances of the applicable Class III criteria for either parameter.  Relatively low 

levels for E. coli bacteria were also observed, although exceedances of the recommended 

criterion of 126 cfu/100 ml were observed during 2 of the 12 monitoring events.   
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 Somewhat elevated concentrations of chlorophyll-a were observed in the discharge from 

Lower Lake Lafayette.  However, as discussed for Alford Arm, chlorophyll-a is a poor indicator 

of productivity in a waterbody which is dominated by aquatic vegetation.  Similarly, little 

inference can be made from the calculated Florida TSI value of 50.2 for Lower Lake Lafayette. 

Based upon the calculated TN/TP ratio, Lower Lake Lafayette appears to exhibit nutrient-

balanced conditions, although nutrient limitation ranging from extreme nitrogen-limitation to 

extreme phosphorus-limitation was observed during the monitoring program. 

 

2.2.4.2.4  Water Quality Comparison 

 A comparison of variability in measured concentrations of total nitrogen, total 

phosphorus, and chlorophyll-a at the three Lake Lafayette monitoring sites from July 2003-July 

2004 is given in Figure 2-28.  In general, measured total nitrogen concentrations appear to be 

relatively similar in Alford Arm and Lake Piney Z, with more elevated concentrations observed 

at the outfall canal.  Concentrations of total nitrogen appear to be lower during the winter period 

and more elevated during the remaining portions of the year. 

 A large degree of variability is apparent in measured total phosphorus concentrations at 

each of the three sites.  During certain portions of the year, the most elevated concentrations 

were observed at the outfall canal, with more elevated concentrations observed in Alford Arm 

during other portions of the year.  Based on calculated TN/TP ratios for the three monitoring 

sites, it appears that nutrient-balanced conditions are observed within Lake Lafayette throughout 

most of the year. 

 Trends in chlorophyll-a concentrations appear to be similar to those observed for total 

nitrogen, with relatively similar concentrations of chlorophyll-a observed in Lake Piney Z and 

Alford Arm, and more elevated values observed at the outfall canal. 
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Figure 2-28. Variability in Measured Concentrations of Total Nitrogen, Total 

Phosphorus, and Chlorophyll-a in Lake Lafayette from July 2003- 
July 2004. 
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2.3  Sediments 

2.3.1 Field Procedures 

Sediment monitoring was performed by ERD in each of the four compartments of Lake 

Lafayette during March 2004.  Thirty-four separate sites were sampled by ERD, in both deep and 

shallow areas of the lake.  Locations  of  the  sediment monitoring sites are indicated on Figure 

2-29.  Six separate composite core samples were collected in Lake Piney Z, with eight sediment 

samples collected in Upper Lake Lafayette, six sediment samples collected in Alford Arm, and 

14 sediment samples collected in Lower Lake Lafayette. 

 Each of the sediment core samples was taken using a split-spoon coring device, with the 

sample collected as a mixed composite from the 0-10 cm layer.  Triplicate samples were 

collected at each of the 34 monitoring locations, and the visual characteristics of each sediment 

core were recorded.  The 0-10 cm layer from each of the triplicate samples was composited into 

a sample container for laboratory analysis.  All field collection and laboratory analyses 

performed under this task were conducted by ERD. 

 

2.3.2 Sediment Characteristics 

Visual characteristics of sediment core samples collected in Lake Lafayette during 2004 

are given in Table 2-8.  In general, sediment core samples collected in Lake Piney Z were 

observed to have a surficial layer consisting of dark brown unconsolidated organic muck which 

extended from 6-15 cm below the water-sediment interface.  Beneath this layer, fine sand was 

observed at four of the six monitoring locations, with consolidated organic much observed at the 

remaining two. 

A surficial layer of dark brown unconsolidated organic muck, extending 2-6 cm from the 

sediment surface, was observed at 4 of the 5 monitoring locations in Upper Lake Lafayette.  A 

layer of dark brown fine sand was observed at the remaining site.  However, below these 

surficial layers, two of the sites were observed to exhibit fine sand, while consolidated muck was 

observed at the remaining three.  At depths in excess of 10-20 cm, fine sand was observed at 

each of the monitoring sites. 
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TABLE  2-8 
 

VISUAL  CHARACTERISTICS  OF 
 SEDIMENT  CORE  SAMPLES  COLLECTED  IN 
 LAKE  LAFAYETTE  DURING  MARCH  2004 
 
 
 Piney Z 
 

SITE LAYER 
(cm) 

VISUAL  APPEARANCE 

1 0-7 
> 7 

Dark brown unconsolidated organic muck with detritus 
Tan fine sand 

2 0-15 
> 15 

Dark brown unconsolidated organic muck with detritus 
Dark brown consolidated organic muck with detritus 

3 0-10 
> 10 

Dark brown unconsolidated organic muck with detritus 
Dark brown consolidated organic muck 

4 0-8 
> 8 

Dark brown unconsolidated organic muck 
Dark gray fine sand 

5 0-6 
> 6 

Dark brown unconsolidated organic muck 
Dark brown fine sand 

6 0-6 
> 6 

Dark brown consolidated organic muck 
Brown fine sand 

 
 
 
 Upper Lake Lafayette 
 

SITE LAYER 
(cm) 

VISUAL  APPEARANCE 

7 0-6 
6-10 
10-17 
> 17 

Dark brown unconsolidated organic muck 
Dark brown consolidated muck 
Dark brown consolidated organic muck with dark gray fine sand 
Brown fine sand 

8 0-3 
> 3 

Dark brown fine sand 
Light brown fine sand 

9 0-6 
6-17 
> 17 

Dark brown unconsolidated organic muck 
Dark brown consolidated organic muck with brown fine sand 
Dark gray clay with brown fine sand 

10 0-5 
5-12 
> 12 

Dark brown consolidated organic muck with vegetation 
Dark brown fine sand with vegetation 
Dark gray fine sand 

11 0-2 
2-8 

8-> 15 

Dark brown unconsolidated organic muck with detritus 
Dark brown consolidated organic muck with brown fine sand 
Dark gray clay with brown fine sand 
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TABLE  2-8 -- CONTINUED 
 

VISUAL  CHARACTERISTICS  OF 
 SEDIMENT  CORE  SAMPLES  COLLECTED  IN 
 LAKE  LAFAYETTE  DURING  MARCH  2004 
  
 

Alford Arm 
 

SITE LAYER 
(cm) 

VISUAL  APPEARANCE 

12 0-6 
> 6 

Dark brown consolidated organic muck with vegetation 
Dark brown fine sand 

13 0-3 
3-13 
13-17 
> 17 

Dark brown consolidated organic muck with vegetation 
Dark brown consolidated organic muck 
Dark gray clay with vegetation 
Light gray clay with vegetation 

14 0-11 
> 11 

Dark brown unconsolidated organic muck 
Dark brown consolidated organic muck 

15 0-18 Dark brown consolidated organic muck 

16 0-8 
> 8 

Dark brown unconsolidated organic muck with vegetation 
Dark brown consolidated organic muck with vegetation 

17 0-17 
> 17 

Dark brown unconsolidated organic muck 
Dark brown consolidated organic muck 

18 0-11 
11-13 
> 13 

Dark brown unconsolidated organic muck with detritus 
Dark brown consolidated organic muck 
Brown fine sand 

19 0-6 
6-33 
> 33 

Dark brown unconsolidated organic muck 
Dark brown consolidated organic muck 
Dark gray clay 

20 0-6 
> 6 

Dark brown unconsolidated organic muck 
Dark brown consolidated organic muck 
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TABLE  2-8 -- CONTINUED 
 

VISUAL  CHARACTERISTICS  OF 
 SEDIMENT  CORE  SAMPLES  COLLECTED  IN 
 LAKE  LAFAYETTE  DURING  MARCH  2004 
 
 Lower Lake Lafayette 
 

SITE LAYER 
(cm) 

VISUAL  APPEARANCE 

21 0-15 
> 15 

Dark brown unconsolidated organic muck 
Dark brown consolidated organic muck 

22 0-11 
> 11 

Dark brown unconsolidated organic muck 
Dark brown consolidated organic muck with gray fine sand 

23 0-12 
> 12 

Dark brown unconsolidated organic muck with vegetation 
Dark brown consolidated organic muck 

24 0-16 
> 16 

Dark brown unconsolidated organic muck with vegetation 
Dark brown consolidated organic muck 

25 0-33 Dark brown unconsolidated organic muck with vegetation 

26 0-15 
> 15 

Dark brown unconsolidated organic muck 
Dark brown consolidated organic muck 

27 0-4 
> 4 

Dark brown unconsolidated organic muck 
Light brown fine sand with dark brown organic muck 

28 1-8 
> 8 

Dark brown unconsolidated organic muck with vegetation 
Dark brown consolidated organic muck with dark gray sand 

29 0-7 
> 7 

Dark brown unconsolidated organic muck with vegetation 
Dark brown consolidated organic muck 

30 0-7 
> 7 

Dark brown unconsolidated organic muck with vegetation 
Dark brown consolidated organic muck 

31 0-9 
> 9 

Dark brown unconsolidated organic muck 
Dark brown consolidated organic muck 

32 0-8 
8-14 
14-22 
> 22 

Dark brown unconsolidated organic muck with vegetation 
Dark brown consolidated organic muck with vegetation 
Brown fine sand 
Dark gray sand 

33 0-9 
> 9 

Dark brown unconsolidated organic muck with vegetation 
Dark brown consolidated organic muck 

34 0-2 
> 2 

Dark brown unconsolidated organic muck 
Dark brown consolidated organic muck 
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Surficial layers of dark brown unconsolidated organic muck were observed at each of the 

nine monitoring sediment sites in Alford Arm, extending from 3-18 cm beneath the sediment 

surface.  Layers of dark brown consolidated organic muck were observed beneath the surficial 

layer at eight of the nine monitoring sites, with dark brown fine sand observed at the remaining 

sites.   

Layers of dark brown unconsolidated organic muck were observed in Lower Lake 

Lafayette at each of the 14 monitoring sites, which extended from 4-33 cm below the sediment 

surface.  Secondary layers of dark brown consolidated organic muck were observed at 13 of the 

14 monitoring sites in Lower Lake Lafayette.  Deeper sediment core samples indicated brown 

fine sand at sediment depths of  20 cm or more. 

Physical-chemical characteristics of sediment core samples collected in the four 

compartments of Lake Lafayette on March 23-24, 2004 are given in Table 2-9.  In general, 

sediments within the four compartments were found to be slightly acidic, with mean pH values 

ranging from 5.23-5.85.  Moisture content within the sediments was highly variable, with 

relatively high sediment moisture contents observed in Lake Piney Z, Alford Arm, and Lower 

Lake Lafayette, and relatively low sediment moisture contents observed in Upper Lake 

Lafayette.  Measured sediment densities suggest a mixture of both highly organic and sandy type 

sediments, with sandy sediments present in Upper Lake Lafayette and more muck-type 

sediments present in Lake Piney Z, Alford Arm, and Lower Lake Lafayette.  The comparatively 

low organic content and moisture content observed in Upper Lake Lafayette sediments suggests 

that organic matter does not accumulate in this portion of the lake to the extent observed in other 

areas. 

Elevated levels of total nitrogen and total phosphorus were observed in Lake Lafayette 

and Alford Arm, with somewhat lower nutrient levels observed in Lake Piney Z and Lower Lake 

Lafayette.  The accumulations of nitrogen and phosphorus observed within the lake are 

consistent with the historical wetland origin.  No significant heavy metal concentrations were 

observed in sediments collected from any of the four compartments, indicating that heavy metal 

contamination  is  not  a  concern within the lake.  However, it is interesting to note that the most  
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TABLE  2-9 
 

PHYSICAL-CHEMICAL  CHARACTERISTICS  OF 
SEDIMENT  CORE  SAMPLES  COLLECTED  IN  LAKE 

LAFAYETTE  ON  MARCH 23-24,  2004 
 

LOCATION SITE pH 
MOISTURE 
CONTENT 

(%) 

ORGANIC 
CONTENT 

(%) 

DENSITY 
(g/cm3) 

TN 
CONC. 
(μg/cm3) 

TP 
CONC. 
(μg/cm3) 

COPPER 
CONC. 
(μg/cm3) 

CADMIUM 
CONC. 
(μg/cm3) 

ZINC 
CONC. 
(μg/cm3) 

1 5.95 46.8 2.5 1.78 7,986 2,305 2.6 <0.1 0.3 
2 5.58 92.4 78.4 1.02 25,200 1,217 1.7 <0.1 0.1 
3 5.83 93.2 76.2 1.02 18,433 991 1.5 <0.1 0.1 
4 4.32 62.1 8.9 1.52 11,793 1,000 3.1 <0.1 0.3 
5 4.81 57.0 9.6 1.58 12,771 1,093 5.6 <0.1 0.4 
6 4.87 35.2 5.1 1.92 13,627 1,259 4.7 <0.1 1.1 

Lake Piney Z 

Mean 5.23 64.4 30.1 1.48 14,968 1,311 3.2 <0.1 0.4 

7 6.24 43.0 6.9 1.80 12,609 4,009 4.8 <0.1 0.8 
8 6.33 16.4 1.6 2.23 18,416 3,521 5.8 <0.1 0.4 
9 5.03 27.5 3.8 2.05 2,282 7,371 6.0 <0.1 1.0 

10 5.00 35.0 7.6 1.90 32,404 9,432 7.0 <0.1 0.7 
11 5.94 33.1 5.2 1.95 21,121 7,867 9.1 <0.1 2.1 
12 6.41 37.6 5.5 1.88 23,695 6,107 6.8 <0.1 2.2 
13 5.79 39.7 9.9 1.81 38,088 14,514 12.5 <0.1 2.1 
14 6.03 43.0 8.4 1.78 35,938 7,374 10.4 <0.1 1.4 

Upper Lake 
Lafayette 

Mean 5.85 34.4 6.1 1.93 23,069 7,524 7.8 <0.1 1.3 

15 5.81 62.6 18.7 1.46 36,610 5,367 8.4 <0.1 0.6 
16 5.82 74.9 22.1 1.29 37,908 5,425 7.2 <0.1 0.3 
17 5.49 78.2 18.9 1.27 23,489 1,018 1.3 <0.1 0.1 
18 5.2 72.0 14.3 1.36 17,572 2,657 4.1 <0.1 1.1 
19 5.71 71.4 18.3 1.35 30,406 5,930 19.9 <0.1 0.4 
20 5.53 45.6 7.7 1.75 31,446 8,899 7.0 <0.1 0.9 

Alford Arm 

Mean 5.59 67.4 16.7 1.41 29,572 4,883 8.0 <0.1 0.6 

21 5.88 90.3 63.3 1.05 30,009 1,727 2.1 <0.1 0.8 
22 5.13 73.6 20.6 1.31 24,370 872 1.3 <0.1 0.1 
23 5.17 77.4 29.0 1.24 10,450 537 1.9 <0.1 0.1 
24 5.19 81.1 26.7 1.21 18,196 7,040 5.0 <0.1 0.4 
25 5.22 92.6 61.6 1.04 13,901 478 2.2 <0.1 0.1 
26 5.53 76.7 25.0 1.26 23,533 905 1.3 <0.1 0.2 
27 5.31 26.5 2.0 2.08 8,005 436 1.1 <0.1 0.0 
28 5.62 70.9 22.1 1.34 13,137 1,488 2.0 <0.1 0.3 
29 4.95 59.2 18.2 1.50 25,607 2,060 3.2 <0.1 0.1 
30 5.33 53.0 7.8 1.65 15,990 3,054 0.9 <0.1 0.2 
31 4.86 79.5 39.6 1.19 33,458 1,807 2.4 <0.1 0.1 
32 6.41 34.6 7.3 1.91 10,103 11,173 13.0 <0.1 1.7 
33 5.31 74.1 25.1 1.29 16,851 1,021 1.3 <0.1 0.4 
34 5.78 81.3 48.7 1.14 33,173 2,774 4.1 <0.1 0.2 

Lower Lake 
Lafayette 

Mean 5.41 69.3 28.4 1.37 19,770 2,527 3.0 <0.1 0.3 
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elevated concentrations of copper and zinc, common constituents in urban runoff, were observed 

in Upper Lake Lafayette and Alford Arm, which receive inputs of both baseflow and stormwater 

runoff from relatively urbanized portions of the Lake Lafayette Watershed. 

 The elevated concentrations of phosphorus observed in the sediments of Alford Arm and 

Lower Lake Lafayette, combined with chronic conditions of low dissolved oxygen, suggest that 

internal recycling of phosphorus is an ongoing occurrence in these portions of Lake Lafayette.  

Although more elevated phosphorus concentrations were observed in the sediments of Upper 

Lake Lafayette, these sediments remain well oxygenated due to the lack of standing water 

throughout much of the year. 

 

2.4  Vegetation Characteristics 

A vegetation survey of Lake Lafayette was performed by the Leon County GIS 

Department, based upon visual inspection of 2002 aerial photography for Lake Lafayette, 

combined with field inspections to assist in correctly identifying photographic signatures for 

different plant communities.  Dominant vegetative communities were identified in a GIS layer 

and provided to ERD for use in this project. 

A map of dominant vegetative communities in Lake Lafayette is given in Figure 2-30.    

The majority of the bottom area of Upper Lake Lafayette consists of fresh water marsh.  This 

area is subject to frequent and radical fluctuations in water level elevations, making 

establishment of more mature ecosystems difficult.  Extreme western portions of Upper Lake 

Lafayette consist of mixed wetland hardwoods, gum swamp, low-density cypress swamp, 

wetland scrub, and cypress swamp.  

Lake Piney Z contains a variety of vegetative communities.  Northern portions of Lake 

Piney Z are dominated by unforested tussock, with central portions of the lake occupied by 

emergent aquatic vegetation, primarily Nymphea.  Southern portions of Lake Piney Z consist of 

open water and wetland scrub. 



CYPRE SS SWAMP
EMERG ENT AQUATIC VEG ETATION
EMERG ENT AQUATIC VEG ETATION (NYMP HEA)
FO RES TE D TUSS OCK
FRESHWATER MARSH
GUM SWAMP
LO W-DENS ITY CYPRES S SWAMP
MIX ED PINE -HARDWO OD
MIX ED WETLAND HARDWOO D
OPE N WATER
SPO IL ARE AS
SUBMERG ENT AQUATIC VEG ETATION
UNFO RESTED TUSSO CK
UNIMPRO VE D P ASTURE
WETLAND SCRUB
WILLOW -ELDERBERRY SWAMP

Figure 2-30.  Vegetation Communities in Lake Lafayette (Source: Leon County GIS).
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Alford Arm also contains a variety of dominant vegetative communities.  Upper portions 

of Alford Arm consist primarily of forested and unforested tussock areas.  Central portions of 

Alford Arm contain unforested tussock, emergent aquatic vegetation (Nymphea), and fresh water 

marsh.  Lower portions of Alford Arm consist primarily of unforested tussock and cypress 

swamp. 

Western portions of Upper Lake Lafayette contain emergent aquatic vegetation, 

unforested tussock, cypress swamp, and forested marsh areas.  Central portions of Upper Lake 

Lafayette contain primarily cypress swamp, with smaller areas of emergent aquatic vegetation 

and unforested tussock.  Eastern portions of Upper Lake Lafayette contain cypress swamp, 

mixed pine hardwood areas, low-density cypress swamp, and unforested tussock. 

 

2.5  Lake or Wetland? 

 Several of the Lake Lafayette Stakeholders questioned ERD’s reference to portions of 

Lake Lafayette as wetlands, rather than lakes or waterbodies and insisted that this classification 

be justified within the report.  Although ERD fails to recognize the significance of this 

distinction, a discussion concerning the classification of the various compartments of Lake 

Lafayette into “waterbodies” or “wetlands” is provided. 

 Perhaps the easiest compartment to characterize is Piney Z.  This portion of Lake 

Lafayette exhibits all standard characteristics of a lake which include a littoral zone, a permanent 

pool of deeper water, and an open water pelagic zone.  As indicated in previous sections, Piney Z 

has water depths extending to 8-10 ft.  Therefore, Piney Z clearly appears to be a lake ecosystem. 

 Somewhat more difficult to categorize is Upper Lake Lafayette.  Upper Lake Lafayette is 

subjected to rapid fluctuations in water level, depending upon both short-term and long-term 

rainfall characteristics.  This portion of Lake Lafayette has exhibited extended periods of both 

dry and wet conditions over the historical record.  However, the lack of significant hydric soils 

and wetland vegetation suggests that this compartment is more properly characterized as a lake 

rather than a wetland.  However, at best, this compartment is an ephemeral waterbody which 

temporarily  fills  with  runoff  following extreme storm events.  It is questionable whether or not  
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the chemical and biological components of a functioning lake system could rapidly develop 

during these intermittent flooded conditions.  At worse, this compartment is simply a 

depressional area which provides temporary detention for runoff inputs as the inputs gradually 

infiltrate into the various sinks. 

 The Alford Arm compartment of Lake Lafayette is also difficult to characterize.  

Although this portion of the lake does maintain open water pools due to the berms which have 

been constructed for agricultural purposes, other areas, particularly lower portions of Alford 

Arm, appear to meet the definition of a wetland.  According to Kadlec and Knight (1996), 

wetlands are characterized as areas with hydric soils, continual accumulation of detritus material, 

a zone flooded by standing water, and emergent vegetation including both herbaceous and 

woody plant species.  Lower portions of Alford Arm clearly meet this definition and, in the 

opinion of ERD, would be classified as a wetland.  Therefore, Alford Arm appears to exhibit 

characteristics of both lake and wetlands, depending on the location. 

 Lower Lake Lafayette is primarily dominated by emergent vegetation, with few areas of 

open standing water.  This portion of the lake appears to meet all of the characteristics of a 

wetland, notwithstanding the historical wetland origin of this part of the lake.  Water circulation 

in this portion of Lake Lafayette is probably minimal, contrary to what would be expected in a 

lake system, and water movement probably exhibits plug flow conditions.  Therefore, as a result, 

Lower Lake Lafayette clearly appears to be a wetland ecosystem. 
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SECTION  3 
 

EVALUATION  OF  HYDROLOGIC  INPUTS 
 

 Field monitoring of hydrologic inputs to Lake Lafayette was conducted over a 12-month 

period from July 1, 2003-June 30, 2004.  Field measurements were conducted to evaluate 

hydrologic inputs from direct rainfall, primary tributary inflows, and seepage entering Lake 

Lafayette from the Talquin Wastewater Treatment Plant located on the south shore of Lower 

Lake Lafayette.  In addition, continuous records of water surface elevations were conducted by 

ERD in Alford Arm and the outfall canal.  The results of these field evaluations are used to 

develop annual hydrologic budgets for each of the four compartments of Lake Lafayette.  Details 

of field activities and the results of hydrologic measurements are summarized in the following 

sections. 

 The hydrologic budget presented in this section is designed to reflect “existing 

conditions” which is defined by the Scope of Services as the 12-month monitoring period from 

July 1, 2003 to June 30, 2004.  However, it is likely that the hydrologic budget for Lake 

Lafayette may vary during periods with substantially different rainfall characteristics, 

particularly with respect to extreme events.   

 

3.1  Field Activities 

3.1.1 Rainfall Measurements 

 Continuous monitoring of rainfall in the Lake Lafayette drainage basin was performed by 

ERD using a tipping bucket rainfall recorder with a resolution of 0.01 inch.  The rainfall 

collector was installed along a service road near the intersection of I-10 and Highway U.S. 90.  

This location was specified in the Scope of Services and is believed to be near the geographical 

center of the Lake Lafayette Watershed.  Records of rain events were stored in a digital memory 

device which was installed inside a waterproof housing adjacent to the rain gauge.  Information 

on rainfall amounts and rain event characteristics at the Lake Lafayette monitoring sites was 

retrieved by ERD personnel on approximately a monthly basis. 

3-1 
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3.1.2 Flow Measurements 

 Tributary monitoring was initiated by ERD on June 30, 2003 at four tributary monitoring  

locations which include Alford Arm, Lafayette Creek in Tom Brown Park, Weems Road Pond 

outfall, and the outfall canal.  Specific locations for each of these four monitoring sites were 

selected jointly by the County and ERD and are indicated on Figure 3-1.  Each site was equipped 

with a Sigma Model 950 autosampler which provided a continuous record of water level 

elevations and flow discharges through each tributary into or out of Lake Lafayette.  

 Flow monitoring was conducted at each of the four monitoring sites on a continuous basis 

during the 12-month monitoring program.  Continuous records of flow discharge at each of the 

four monitoring sites were obtained using Doppler flow meters installed by ERD within each of 

the four tributaries.  This collected flow data not only provides a record of discharges for each 

tributary, but also a mechanism for collecting flow-weighted composite samples at each site 

during both baseflow and storm event conditions.  No equipment malfunctions resulting in loss 

of data were observed at any of the four monitoring sites during the 12-month monitoring 

program. 

 In addition to the flow records generated by the Doppler flow meters, manual field 

monitoring of discharges through each of the four tributaries was performed by McGlynn Labs 

on approximately a biweekly basis to provide information for both verification and calibration of 

the installed streamflow monitors.  The manual stream monitoring was conducted using the 

velocity/cross-sectional area method based upon protocol developed by USGS.  Using this 

methodology, a calibrated rope is stretched across each of the tributaries, and simultaneous 

measurements of water depth and flow velocity are performed at periodic intervals across the 

channel.  Sufficient measurements are performed to ensure that no single section within the 

channel represents more than 10% of the total measured discharge. Copies of field data collected 

during each of the tributary monitoring events is included in the Quarterly Monitoring Reports 

for this project submitted to Leon County. 
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3.1.3 Seepage Monitoring from WWTP   

 The scope of services for this project requires that seepage monitoring be performed on 

the sloped north area of the Talquin Wastewater Treatment Plant (WWTP) situated on the south 

shore of Lower Lake Lafayette to identify and quantify seepage areas that may be allowing 

sewage plant effluent to migrate into Lower Lake Lafayette.  Locations of identified seepage 

areas are to be identified and estimates of flow rates from these seeps are to be performed in the 

field, with water samples collected and analyzed for chemical characteristics.  Completion of 

these tasks was the exclusive responsibility of McGlynn Labs.  Seepage measurements and 

analyses were to be performed on a monthly basis over a 12-month period from July 2003-June 

2004. 

 According to McGlynn Labs, identification of seepage areas and monitoring of seepage 

flow rates and chemical characteristics was conducted during March, April, May, and June 2004, 

with water samples collected for laboratory analyses.   

 

3.2  Estimation of Hydraulic Inputs 

3.2.1 Rainfall 

 A complete listing of rainfall measured at the Lake Lafayette monitoring sites from July 

1, 2003-June 30, 2004 is given in Table 3-1.  A total of 156 rainfall events were recorded at the 

site, ranging from 0.01-4.12 inches, with rainfall event durations ranging from 0.02-33.14 hours, 

and antecedent dry periods between rain events ranging from 0.1-14.6 days.  Overall, a total of 

72.58 inches of rainfall fell in the Lake Lafayette drainage basin during the period from July 1, 

2003-June 30, 2004. 

 A frequency distribution of measured rain events at the Lake Lafayette monitoring site 

from July 1, 2003-June 30, 2004 is given in Table 3-2.  Of the 156 recorded rain events at the 

site, approximately 57.7% were less than 0.25 inches, with 14.1% in the range of 0.26-0.50 

inches, 8.3% in the range of 0.51-0.75 inches, 5.1% in the range of 0.76-1.00 inches, and  9.6% 

in the range of 1.01-1.99 inches.  A relatively small percentage of the total monitored events 

were represented by rainfall amounts in excess of 2 inches.   
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TABLE  3-1 

 
SUMMARY  OF  RAINFALL  MEASURED  AT  THE 

LAKE  LAFAYETTE  MONITORING  SITE  (I-10 & U.S. 90) 
FROM  JULY  1,  2003 TO  JUNE  30,  2004 

 
EVENT  START EVENT  END 

DATE TIME DATE TIME 

TOTAL 
RAINFALL 

(inches) 

DURATION 
(hours) 

ANTECEDENT 
DRY  PERIOD 

(days) 

AVERAGE 
INTENSITY 
(inches/hour) 

7/1/03 
7/2/03 
7/2/03 
7/3/03 
7/4/03 
7/6/03 
7/9/03 
7/16/03 
7/17/03 
7/18/03 
7/19/03 
7/19/03 
7/21/03 
7/22/03 
7/22/03 
7/23/03 
7/23/03 
7/24/03 
7/24/03 
7/25/03 
7/25/03 
7/29/03 
7/30/03 
7/31/03 
7/31/03 

18:58 
7:36 

10:39 
9:48 

12:01 
12:51 
18:04 
14:19 
17:34 
17:02 
0:02 

13:57 
16:58 
11:19 
23:39 
6:53 

12:16 
6:18 

15:06 
6:46 

15:17 
15:08 
15:53 
14:10 
20:06 

7/1/03 
7/2/03 
7/2/03 
7/3/03 
7/4/03 
7/6/03 
7/9/03 
7/16/03 
7/17/03 
7/18/03 
7/19/03 
7/19/03 
7/21/03 
7/22/03 
7/22/03 
7/23/03 
7/23/03 
7/24/03 
7/24/03 
7/25/03 
7/25/03 
7/29/03 
7/30/03 
7/31/03 
7/31/03 

22:50 
7:36 

14:10 
9:48 

15:20 
14:09 
18:15 
14:46 
17:34 
17:39 
0:02 

15:09 
17:19 
15:23 
23:53 
6:53 

13:07 
6:25 

16:45 
7:57 

15:20 
18:17 
15:53 
15:49 
21:19 

0.59 
0.01 
0.56 
0.01 
0.79 
0.83 
0.13 
0.65 
0.01 
0.35 
0.01 
0.03 
0.05 
1.29 
0.02 
0.01 
0.58 
0.12 
1.22 
0.31 
0.03 
1.72 
0.01 
0.04 
0.16 

3.85 
--- 

3.52 
--- 

3.32 
1.30 
0.20 
0.45 
--- 

0.62 
--- 

1.21 
0.34 
4.07 
0.23 
--- 

0.85 
0.11 
1.65 
1.19 
0.04 
3.15 
--- 

1.64 
1.22 

---------- 
0.4 
0.1 
0.8 
1.1 
1.9 
3.2 
6.8 
1.1 
1.0 
0.3 
0.6 
2.1 
0.7 
0.3 
0.3 
0.2 
0.7 
0.4 
0.6 
0.3 
4.0 
0.9 
0.9 
0.2 

0.15 
--- 

0.16 
--- 

0.24 
0.64 
0.66 
1.46 
--- 

0.57 
--- 

0.02 
0.15 
0.32 
0.09 
--- 

0.68 
1.14 
0.74 
0.26 
0.67 
0.55 
--- 

0.02 
0.13 

 TOTAL: 9.53  

8/1/03 
8/1/03 
8/4/03 
8/5/03 
8/5/03 
8/6/03 
8/7/03 
8/7/03 
8/9/03 
8/11/03 
8/12/03 
8/13/03 
8/13/03 
8/14/03 
8/15/03 
8/17/03 
8/19/03 
8/20/03 
8/20/03 
8/22/03 
8/25/03 
8/28/03 
8/28/03 

0:47 
13:06 
12:15 
12:13 
15:21 
19:00 
4:19 

11:02 
16:15 
13:08 
9:49 
1:39 

19:00 
20:41 
17:58 
12:30 
14:13 
14:13 
17:59 
14:55 
2:05 
0:13 
5:37 

8/1/03 
8/1/03 
8/4/03 
8/5/03 
8/5/03 
8/6/03 
8/7/03 
8/7/03 
8/9/03 
8/11/03 
8/12/03 
8/13/03 
8/13/03 
8/14/03 
8/15/03 
8/17/03 
8/19/03 
8/20/03 
8/20/03 
8/22/03 
8/25/03 
8/28/03 
8/28/03 

0:48 
18:24 
13:20 
12:14 
15:27 
19:21 
4:20 

12:34 
16:23 
13:18 
13:05 
4:19 

19:02 
20:58 
20:09 
14:29 
15:13 
14:13 
19:24 
15:07 
2:17 
1:25 
5:37 

0.02 
2.94 
0.76 
0.02 
0.09 
0.05 
0.02 
1.10 
0.17 
0.42 
0.69 
0.48 
0.04 
0.14 
0.42 
0.53 
1.98 
0.01 
0.05 
0.02 
0.10 
0.19 
0.02 

0.02 
5.29 
1.09 
0.02 
0.09 
0.35 
0.02 
1.53 
0.13 
0.16 
3.27 
2.66 
0.03 
0.28 
2.20 
1.98 
1.01 
--- 

1.42 
0.19 
0.21 
1.20 
0.00 

0.1 
0.5 
2.7 
1.0 
0.1 
1.1 
0.4 
0.3 
2.2 
1.9 
0.9 
0.5 
0.6 
1.1 
0.9 
1.7 
2.0 
1.0 
0.2 
1.8 
2.5 
2.9 
0.2 

1.18 
0.56 
0.70 
1.06 
0.99 
0.14 
1.18 
0.72 
1.35 
2.56 
0.21 
0.18 
1.17 
0.50 
0.19 
0.27 
1.96 
--- 

0.04 
0.11 
0.47 
0.16 

72.00 

 TOTAL: 10.26  
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TABLE  3-1 -- CONTINUED 

 
SUMMARY  OF  RAINFALL  MEASURED  AT  THE 

LAKE  LAFAYETTE  MONITORING  SITE  (I-10 & U.S. 90) 
FROM  JULY  1,  2003 TO  JUNE  30,  2004 

 
EVENT  START EVENT  END 

DATE TIME DATE TIME 

TOTAL 
RAINFALL 

(inches) 

DURATION 
(hours) 

ANTECEDENT 
DRY  PERIOD 

(days) 

AVERAGE 
INTENSITY 
(inches/hour) 

9/1/03 
9/2/03 
9/5/03 
9/5/03 
9/5/03 
9/6/03 

9/14/03 
9/15/03 
9/20/03 
9/21/03 
9/22/03 
9/23/03 
9/25/03 

19:19 
6:53 
2:27 
9:18 

22:56 
14:32 
15:45 
10:55 
20:45 
13:55 
19:00 
6:04 

21:37 

9/1/03 
9/2/03 
9/5/03 
9/5/03 
9/6/03 
9/6/03 
9/14/03 
9/15/03 
9/20/03 
9/21/03 
9/22/03 
9/23/03 
9/25/03 

22:05 
6:53 
4:57 
9:18 
0:14 

14:35 
16:26 
10:55 
22:50 
16:46 
21:16 
6:04 

23:46 

0.06 
0.01 
0.10 
0.01 
0.30 
0.03 
1.42 
0.01 
0.04 
0.73 
0.16 
0.01 
0.97 

2.77 
--- 

2.49 
--- 

1.30 
0.06 
0.69 
--- 

2.09 
2.86 
2.26 
--- 

2.15 

4.6 
0.4 
2.8 
0.2 
0.6 
0.6 
8.0 
0.8 
5.4 
0.6 
1.1 
0.4 
2.6 

0.02 
--- 

0.04 
--- 

0.23 
0.49 
2.07 
--- 

0.02 
0.26 
0.07 
--- 

0.45 
 TOTAL: 3.85  

10/7/03 
10/10/03 
10/10/03 
10/11/03 
10/14/03 
10/26/03 
10/27/03 
10/27/03 
10/27/03 
10/28/03 
10/28/03 

15:32 
10:46 
20:34 
2:36 

14:13 
15:32 
8:56 

15:02 
22:21 
6:44 

20:48 

10/7/03 
10/10/03 
10/10/03 
10/12/03 
10/14/03 
10/26/03 
10/27/03 
10/27/03 
10/27/03 
10/28/03 
10/28/03 

17:23 
11:39 
21:32 
6:57 

14:27 
18:48 
10:59 
15:28 
22:21 
16:17 
22:46 

0.82 
0.07 
0.02 
2.71 
0.13 
0.90 
0.25 
0.04 
0.01 
2.10 
0.11 

1.86 
0.88 
0.98 

28.36 
0.23 
3.26 
2.04 
0.42 
--- 

9.55 
1.96 

11.7 
2.7 
0.4 
0.2 
2.3 
12.0 
0.6 
0.2 
0.3 
0.3 
0.2 

0.44 
0.08 
0.02 
0.10 
0.57 
0.28 
0.12 
0.09 
--- 

0.22 
0.06 

 TOTAL: 7.16  
11/4/03 
11/5/03 
11/18/03 
11/22/03 
11/24/03 
11/28/03 
11/28/03 

21:29 
1:38 

20:50 
13:32 
10:32 
4:22 

20:33 

11/4/03 
11/5/03 

11/19/03 
11/22/03 
11/24/03 
11/28/03 
11/28/03 

22:05 
1:38 
5:26 

13:43 
16:14 
4:51 

20:33 

0.20 
0.01 
1.40 
0.17 
0.99 
0.19 
0.01 

0.61 
--- 

8.59 
0.20 
5.70 
0.47 
--- 

6.9 
0.1 
13.8 
3.3 
1.9 
3.5 
0.7 

0.33 
--- 

0.16 
0.87 
0.17 
0.40 
--- 

 TOTAL: 2.97  
12/4/03 
12/10/03 
12/13/03 
12/17/03 
12/24/03 
12/26/03 
12/30/03 

16:04 
5:36 

20:54 
2:37 

10:05 
21:44 
15:55 

12/4/03 
12/10/03 
12/14/03 
12/17/03 
12/24/03 
12/26/03 
12/30/03 

16:45 
11:02 
7:46 
4:29 

12:16 
21:44 
17:25 

0.02 
0.46 
0.70 
0.18 
0.45 
0.01 
0.36 

0.69 
5.43 

10.87 
1.88 
2.19 
--- 

1.51 

5.8 
5.5 
3.4 
2.8 
7.2 
2.4 
3.8 

0.03 
0.08 
0.06 
0.10 
0.21 
--- 

0.24 
 TOTAL: 2.18  

1/6/04 
1/6/04 

1/10/04 
1/18/04 
1/19/04 
1/27/04 

1:39 
9:51 
1:25 

12:08 
21:19 
1:48 

1/6/04 
1/6/04 
1/10/04 
1/18/04 
1/19/04 
1/27/04 

2:35 
9:51 
5:36 

19:47 
21:19 
9:41 

0.14 
0.01 
0.31 
0.57 
0.01 
3.73 

0.93 
--- 

4.18 
7.64 
--- 

7.88 

6.3 
0.3 
3.6 
8.3 
1.1 
7.2 

0.15 
--- 

0.07 
0.07 
--- 

0.47 
 TOTAL: 4.77  
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TABLE  3-1 -- CONTINUED 
 

SUMMARY  OF  RAINFALL  MEASURED  AT  THE 
LAKE  LAFAYETTE  MONITORING  SITE  (I-10 & U.S. 90) 

FROM  JULY  1,  2003 TO  JUNE  30,  2004 
 

EVENT  START EVENT  END 

DATE TIME DATE TIME 

TOTAL 
RAINFALL 

(inches) 

DURATION 
(hours) 

ANTECEDENT 
DRY  PERIOD 

(days) 

AVERAGE 
INTENSITY 
(inches/hour) 

2/1/04 
2/2/04 
2/3/04 
2/6/04 
2/7/04 
2/10/04 
2/11/04 
2/11/04 
2/12/04 
2/12/04 
2/13/04 
2/15/04 
2/23/04 
2/24/04 
2/25/04 
2/26/04 

16:22 
19:14 
13:44 
14:01 
5:21 

13:03 
0:06 

17:51 
4:14 

10:52 
6:38 
3:40 

18:00 
17:01 
18:25 
5:28 

2/2/04 
2/2/04 
2/3/04 
2/6/04 
2/7/04 
2/10/04 
2/11/04 
2/11/04 
2/12/04 
2/12/04 
2/14/04 
2/15/04 
2/24/04 
2/25/04 
2/25/04 
2/26/04 

2:19 
22:01 
13:44 
17:17 
5:21 
20:16 
0:06 
20:40 
4:14 
12:31 
15:47 
4:41 
8:36 
8:29 
22:21 
5:28 

0.51 
0.07 
0.02 
1.52 
0.01 
0.31 
0.01 
0.07 
0.01 
1.18 
3.12 
0.13 
2.29 
0.33 
0.24 
0.02 

9.95 
2.78 
0.00 
3.26 
--- 

7.21 
--- 

2.80 
--- 

1.65 
33.14 
1.01 
14.60 
15.47 
3.93 
0.00 

5.3 
0.7 
0.7 
3.0 
0.5 
3.3 
0.2 
0.7 
0.3 
0.3 
0.8 
0.5 
8.6 
0.4 
0.4 
0.3 

0.05 
0.03 

72.00 
0.47 
--- 

0.04 
--- 

0.02 
--- 

0.72 
0.09 
0.13 
0.16 
0.02 
0.06 

72.00 

 TOTAL: 9.84  
3/6/04 
3/9/04 
3/16/04 
3/26/04 
3/27/04 

11:20 
19:06 
12:41 
22:47 
13:25 

3/6/04 
3/9/04 
3/16/04 
3/26/04 
3/27/04 

11:26 
20:21 
13:00 
23:30 
14:47 

0.05 
0.24 
0.02 
0.11 
0.02 

0.09 
1.25 
0.31 
0.72 
1.37 

9.2 
3.3 
6.7 

10.4 
0.6 

0.58 
0.19 
0.06 
0.15 
0.01 

 TOTAL: 0.44  
4/4/04 
4/4/04 
4/5/04 
4/9/04 
4/9/04 
4/23/04 
4/23/04 
4/27/04 
4/29/04 
4/29/04 

15:36 
20:13 
3:46 
3:11 

19:28 
16:31 
20:39 
4:36 

14:12 
22:06 

4/4/04 
4/4/04 
4/5/04 
4/9/04 
4/10/04 
4/23/04 
4/23/04 
4/27/04 
4/29/04 
4/30/04 

16:42 
20:55 
4:14 
3:11 
2:57 
16:33 
21:15 
8:28 
17:16 
4:55 

0.04 
0.02 
0.02 
0.01 
0.77 
0.03 
0.26 
4.12 
0.08 
0.39 

1.09 
0.70 
0.46 
--- 

7.48 
0.04 
0.61 
3.88 
3.07 
6.82 

8.0 
0.1 
0.3 
4.0 
0.7 

13.6 
0.2 
3.3 
2.2 
0.2 

0.04 
0.03 
0.04 
--- 

0.10 
0.69 
0.43 
1.06 
0.03 
0.06 

 TOTAL: 5.74  

5/14/04 
5/16/04 
5/27/04 
5/28/04 
5/29/04 
5/29/04 
5/30/04 
5/31/04 

20:09 
12:20 
11:30 
12:04 
12:56 
18:16 
14:57 
12:31 

5/14/04 
5/16/04 
5/27/04 
5/28/04 
5/29/04 
5/29/04 
5/30/04 
5/31/04 

20:43 
12:56 
11:30 
12:14 
13:51 
20:55 
19:31 
14:23 

0.12 
1.31 
0.01 
0.56 
1.88 
0.30 
0.59 
1.13 

0.56 
0.60 
--- 

0.17 
0.91 
2.66 
4.57 
1.87 

14.6 
1.7 

10.9 
1.0 
1.0 
0.2 
0.8 
0.7 

0.21 
2.18 
--- 

3.35 
2.07 
0.11 
0.13 
0.60 

 TOTAL: 5.90  
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TABLE  3-1 -- CONTINUED 

 
SUMMARY  OF  RAINFALL  MEASURED  AT  THE 

LAKE  LAFAYETTE  MONITORING  SITE  (I-10 & U.S. 90) 
FROM  JULY  1,  2003 TO  JUNE  30,  2004 

 
EVENT  START EVENT  END 

DATE TIME DATE TIME 

TOTAL 
RAINFALL 

(inches) 

DURATION 
(hours) 

ANTECEDENT 
DRY  PERIOD 

(days) 

AVERAGE 
INTENSITY 
(inches/hour) 

6/1/04 
6/1/04 
6/2/04 
6/3/04 
6/3/04 
6/4/04 
6/4/04 
6/5/04 
6/6/04 
6/6/04 
6/8/04 
6/11/04 
6/11/04 
6/11/04 
6/12/04 
6/15/04 
6/17/04 
6/19/04 
6/20/04 
6/22/04 
6/23/04 
6/24/04 
6/25/04 
6/28/04 
6/29/04 

1:15 
4:59 

20:21 
10:01 
14:30 
16:15 
23:30 
15:21 
14:31 
21:33 
17:10 
1:42 
7:29 

12:01 
11:37 
15:42 
15:43 
13:57 
12:46 
11:11 
13:32 
17:38 
15:54 
23:28 
14:58 

6/1/04 
6/1/04 
6/2/04 
6/3/04 
6/3/04 
6/4/04 
6/4/04 
6/5/04 
6/6/04 
6/7/04 
6/8/04 
6/11/04 
6/11/04 
6/11/04 
6/12/04 
6/15/04 
6/17/04 
6/19/04 
6/20/04 
6/22/04 
6/23/04 
6/24/04 
6/25/04 
6/28/04 
6/29/04 

1:40 
5:18 
21:12 
10:01 
14:54 
20:18 
23:30 
18:11 
15:15 
0:22 
17:10 
1:51 
7:29 
15:21 
16:26 
15:42 
17:22 
15:09 
13:00 
11:29 
16:56 
20:42 
16:23 
23:28 
15:19 

0.03 
0.32 
0.26 
0.01 
0.27 
0.16 
0.01 
1.21 
0.34 
0.06 
0.01 
0.02 
0.02 
2.59 
0.49 
0.01 
0.06 
1.04 
0.38 
0.31 
0.60 
1.44 
0.25 
0.01 
0.04 

0.41 
0.32 
0.85 
--- 

0.40 
4.05 
--- 

2.84 
0.73 
2.82 
--- 

0.14 
0.00 
3.33 
4.82 
--- 

1.65 
1.19 
0.22 
0.30 
3.40 
3.07 
0.49 
--- 

0.34 

0.5 
0.1 
1.6 
0.5 
0.2 
1.1 
0.1 
0.7 
0.8 
0.3 
1.7 
2.4 
0.2 
0.2 
0.8 
3.0 
2.0 
1.9 
0.9 
1.9 
1.1 
1.0 
0.8 
3.3 
0.6 

0.07 
1.00 
0.30 
--- 

0.67 
0.04 
--- 

0.43 
0.47 
0.02 
--- 

0.14 
72.00 
0.78 
0.10 
--- 

0.04 
0.87 
1.73 
1.03 
0.18 
0.47 
0.51 
--- 

0.12 
 TOTAL: 9.94  

TOTAL  RAINFALL: 72.58  
 
 
  

TABLE  3-2 
 
 FREQUENCY  DISTRIBUTION  OF  MEASURED  RAIN 
 EVENTS  AT  THE  LAKE  LAFAYETTE  MONITORING 
 SITE  FROM  JULY  1,  2003-JUNE  30,  2004 
 

RAINFALL 
INTERVAL 

(inches) 

NO.  OF 
EVENTS  IN 
INTERVAL 

PERCENT  OF 
TOTAL  EVENTS 

(%) 

TOTAL 
INTERVAL  RAINFALL 

(inches) 

PERCENT  OF 
TOTAL  RAINFALL 

(%) 

0.00-0.25 90 57.7 5.63 7.8 
0.26-0.50 22 14.1 7.82 10.8 
0.51-0.75 13 8.3 7.86 10.8 
0.76-1.00 8 5.1 6.83 9.4 
1.01-1.99 15 9.6 20.84 28.7 
2.00-2.99 5 3.2 12.63 17.4 
3.00-3.99 2 1.3 6.85 9.4 
4.00-4.99 1 0.7 4.12 5.7 
TOTAL: 156  72.58  
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During the study period, approximately  61.2%  of  the total rainfall occurred from rain 

events in excess of 1.00 inch.  Based on a historical distribution of rain events in the Tallahassee 

area performed by ERD as part of the Bradfordville Study, approximately 57% of the “average” 

annual rainfall would be generated by events in excess of 1.00 inch.  Therefore, during the Lake 

Lafayette Study, the amount of rainfall contributed by relatively large events was slightly above 

“average” conditions. 

 A comparison of measured and mean monthly rainfall in the Lake Lafayette watershed 

from July 1, 2003-June 30, 2004 is given in Figure 3-2.  Higher than normal monthly rainfall was 

observed in the Lake Lafayette watershed during February, April, May, June, July, August, and 

October, with lower than normal monthly rainfall observed during January, March, September, 

and November.  The total rainfall of 72.5 inches which fell in the Lake Lafayette drainage basin 

during the monitoring program is approximately 17% greater than the average annual rainfall of 

62.13 inches in the Tallahassee area. 
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Figure 3-2. Comparison of Measured (July 1, 2003-June 30, 2004) and Mean 

Monthly Rainfall in the Lake Lafayette Watershed. 
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Estimated monthly hydrologic inputs to Lake Lafayette from direct precipitation were 

calculated by multiplying the measured monthly rainfall during the period from July 2003-June 

2004 times the assumed surface areas for each of the four lake compartments.  A summary of 

estimated monthly hydrologic inputs from direct precipitation is given in Table 3-3.  During the 

12-month monitoring period from July 2003-June 2004, direct precipitation contributed 

approximately 2256 ac-ft to Upper Lake Lafayette, 1398 ac-ft to Lake Piney Z, 2220 ac-ft to 

Alford Arm, and 6213 ac-ft to Lower Lake Lafayette. 
 
 
 
 
 

TABLE  3-3 
 
 ESTIMATED  MONTHLY  HYDROLOGIC  INPUTS 
 TO  LAKE  LAFAYETTE  FROM  DIRECT  PRECIPITATION 
 

RAINFALL  VOLUME (ac-ft) 
YEAR MONTH 

RAINFALL 
(inches) UPPER  LAKE 

LAFAYETTE 
LAKE 

PINEY Z 
ALFORD 

ARM 
LOWER  LAKE 

LAFAYETTE 

2003 7 9.53 296 183 291 816 

 8 10.26 319 198 314 878 

 9 3.85 120 74.1 118 330 

 10 7.16 223 138 219 613 

 11 2.97 92.3 57.2 90.8 254 

 12 2.18 67.8 42.0 66.7 157 

2004 1 4.77 148 91.8 146 408 

 2 9.84 306 189 301 842 

 3 0.44 13.7 8.5 13.5 37.7 

 4 5.74 178 111 176 491 

 5 5.90 183 114 180 505 

 6 9.94 309 191 304 851 

TOTALS: 72.58 2256 1398 2220 6213 

Lake Surface Area (acres): 373 231 367 1027 
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3.2.2 Tributary Inflow/Outflow 

 A graphical comparison of measured discharges from the Weems Road pond from July 

2003-June 2004 is given in Figure 3-3.  The black dots indicated on Figure 3-3 reflect field 

discharge measurements performed by McGlynn Labs which appear to correlate closely with 

flow measurements performed by the Doppler flow meters. During wet season conditions, 

discharges from the pond appear to respond rapidly to rainfall within the watershed.  However, 

during drier portions of the year, rain events appear to result in less discharge from the pond, 

presumably due to increases in pond storage, along with increases in watershed attenuation 

during dry conditions.   
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Figure 3-3.  Measured Discharges from the Weems Road Pond from July 2003-June 2004. 
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A graphical comparison of discharges at the Tom Brown Park monitoring site from July 

2003-June 2004 is given in Figure 3-4.  Inflow from Tom Brown Park enters the southwest 

portion of Upper Lake Lafayette.  As seen in Figure 3-4, inflow at the Tom Brown Park 

monitoring site appears to respond relatively rapidly to rain events during wet season conditions.  

However, during drier conditions, similar rain events may produce little or no measurable runoff 

into   Lake   Lafayette.   Close agreement is apparent between the discharge measurements 

performed by the Doppler flow meters and the field flow measurements performed by McGlynn 

Labs. 
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Figure 3-4. Measured Discharges at the Tom Brown Park Monitoring Site from July 2003-
June 2004. 
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 A graphical comparison of measured discharges at the Alford Arm monitoring site at 

Buck Road from July 2003-June 2004 is given in Figure 3-5.  In general, discharge profiles 

measured at this site are similar to those observed at previous sites, with more rapid response to 

rainfall events observed under wet season conditions and relatively little response observed 

during dry season conditions.  The response of tributary flow from rainfall events during dry 

season conditions at the Alford Arm monitoring site appears to be somewhat less than the dry 

season response observed at the Weems Road or Tom Brown Park sites.  Relatively close 

agreement was observed between the Doppler measured discharges and field measured 

discharges performed by McGlynn Labs. 
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Figure 3-5.  Measured Discharges at the Alford Arm Monitoring Site from July 2003-June 2004. 
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 A graphical comparison of measured discharges at the outfall monitoring site at Chaires 

Road from July 2003-June 2004 is given in Figure 3-6.  Discharges at the outfall appear to be 

more consistent than observed at the previously discussed inflow tributary sites.  Flows ranging 

from approximately 10-40 cfs appear to be common during wet season conditions, with 

discharge rates of approximately 1 cfs or less during dry season conditions.  Relatively close 

agreement is apparent between the discharge rates measured by the Doppler flow meters and the 

field measurements performed by McGlynn Labs, although there appears to be somewhat more 

variability between the measurements at this site than observed at the previously discussed sites. 
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Figure 3-6.  Measured Discharges at the Outfall Monitoring Site from July 2003-June 2004. 
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 Estimates of monthly inflow from baseflow and runoff entering Lake Lafayette from each 

of the monitored tributaries were calculated for the period from July 2003-June 2004 by 

integrating the areas under the discharge plots for Weems Pond, Lafayette Creek, and Alford 

Arm tributary, presented in Figures 3-3, 3-4, and 3-5, respectively.  During this analysis, 

baseflow conditions are assumed to occur during periods of no rainfall.  Runoff inputs are 

assumed to initiate when the baseflow hydrograph begins to increase as a result of rainfall within 

the watershed.  The storm event conditions are assumed to end, and baseflow conditions resume, 

when the runoff hydrograph decreases to within 10% of the original baseflow conditions prior to 

the storm event.  This method was used to generate estimates of runoff and baseflow inputs 

through each of the monitored tributaries on a monthly basis.  Measured discharges through the 

outfall structure are assumed to consist entirely of baseflow since this site is not impacted by 

direct runoff inputs. 

 A summary of measured monthly discharges at the tributary monitoring sites during the 

period from July 2003-June 2004 is given in Table 3-4.  During this 12-month period, 

approximately 2294 ac-ft of baseflow and stormwater discharged through the Lafayette Creek 

tributary into Upper Lake Lafayette.  An additional 6492 ac-ft of baseflow and stormwater 

discharged from Weems Pond into Upper Lake Lafayette.  Approximately 1623 ac-ft of baseflow 

and stormwater discharged into Upper Alford Arm, while 4929 ac-ft discharged from the Lower 

Lake Lafayette outfall. 

 Based on the flow monitoring performed by ERD, runoff inputs appear to be the 

dominant hydrologic inputs for each of the monitored tributaries.  Over the 12-month monitoring 

period, baseflow inputs contributed less than 8% of the total inflow from Lafayette Creek and 

less than 11% of the inflow from Weems Pond.  Baseflow at the Alford Arm tributary 

monitoring site contributed 7% of the total inflow. 

 A summary of measured mean monthly discharge rates at the tributary monitoring sites is 

given in Table 3-5.  At the Lafayette Creek monitoring site, mean monthly baseflow discharges 

ranged  from 0.08-0.52 cfs, while runoff discharges at this site ranged from 0.16-10.8 cfs.  At the  
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 TABLE  3-4 
 
 SUMMARY  OF  MEASURED  MONTHLY 
 DISCHARGES  AT  THE  TRIBUTARY  MONITORING  SITES 
 

MONTHLY  DISCHARGE  VOLUME  (ac-ft) 
LAFAYETTE 

CREEK 
TRIBUTARY 

WEEMS 
ROAD  POND 

ALFORD 
ARM  TRIBUTARY 

YEAR MONTH 
RAINFALL 

(inches) 

Baseflow Runoff Baseflow Runoff Baseflow Runoff 

OUTFALL 
CANAL 

2003 7 9.53 19.6 191 48.0 1096 2.1 178 878 
 8 10.26 19.5 503 28.0 1227 81.4 991 1713 
 9 3.85 23.0 37.6 43.0 101 15.4 2.0 261 
 10 7.16 8.5 141 26.9 400 0.8 0.8 45 
 11 2.97 7.7 37.7 35.0 254 0.4 0.4 25 
 12 2.18 15.6 13.8 52.2 2.5 0.2 0.0 11 

2004 1 4.77 6.7 66.4 33.5 219 0.2 0.2 7 
 2 9.84 10.3 690 76.8 919 0.2 263 873 
 3 0.44 31.8 12.9 102 55.8 14.7 69.1 688 
 4 5.74 12.1 28.1 7.0 111 0.4 0.0 12 
 5 5.0 5.2 10.0 2.5 102 0.2 0.2 24 
 6 9.94 15.8 387 249 1302 0.4 2.5 393 

176 2118 704 5788 116 1507 TOTALS: 72.58 
2294 6492 1623 

4929 

 
 
 
 

TABLE  3-5 
 
 SUMMARY  OF  MEASURED  MEAN  MONTHLY 
 DISCHARGE  RATES  AT  THE  TRIBUTARY  MONITORING  SITES 
 

MEAN  MONTHLY  DISCHARGE  RATE  (cfs) 
LAFAYETTE 

CREEK 
TRIBUTARY 

WEEMS 
ROAD  POND 

ALFORD 
ARM  TRIBUTARY 

YEAR MONTH 
RAINFALL 

(inches) 

Baseflow Runoff Baseflow Runoff Baseflow Runoff 

OUTFALL 
CANAL 

2003 7 9.53 0.32 3.11 0.78 17.8 0.03 2.89 14.3 
 8 10.26 0.32 8.18 0.46 20.0 1.32 16.1 27.9 
 9 3.85 0.39 0.63 0.72 1.70 0.26 0.03 4.39 
 10 7.16 0.14 2.29 0.44 6.51 0.01 0.01 0.73 
 11 2.97 0.13 0.63 0.59 4.27 0.01 0.01 0.42 
 12 2.18 0.25 0.22 0.85 0.04 < 0.01 0.00 0.18 

2004 1 4.77 0.11 1.08 0.54 3.56 < 0.01 < 0.01 0.11 
 2 9.84 0.16 10.8 1.20 14.4 < 0.01 4.13 13.7 
 3 0.44 0.52 0.21 1.66 0.91 0.24 1.12 11.2 
 4 5.74 0.26 0.47 0.12 1.87 0.01 0.00 0.20 
 5 5.0 0.08 0.16 0.04 1.66 < 0.01 < 0.01 0.39 
 6 9.94 0.27 6.50 4.18 21.9 0.01 0.04 6.60 
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Weems Road monitoring site, baseflow measurements ranged from 0.04-4.18 cfs, with runoff 

discharges ranging from 0.04-21.9 cfs.  Substantially lower baseflow and runoff discharge rates 

were observed at the Alford Arm tributary, with monitored baseflow discharges ranging from 

less than 0.01-1.32 cfs, and runoff discharges ranging from 0.00-16.1 cfs.  Discharges at the 

Outfall Canal were also highly variable, ranging from 0.11-27.9 cfs on a monthly average basis. 

 

3.2.3 Seepage Inflow from WWTP 

 According to McGlynn Labs, monitoring of seepage inflow was performed on the sloped 

north area of the Talquin WWTP, situated on the south shore of Lower Lake Lafayette, during 

March, April, May, and June 2004.  However, these data were not provided to ERD and are not 

included in the estimated hydrologic budgets presented in subsequent sections. 

 

3.3  Estimation of Hydrologic Losses 

 Hydrologic losses from the four compartments of Lake Lafayette occur through a variety 

of mechanisms including groundwater infiltration, exchange between interconnected 

waterbodies, and evaporation/evapotranspiration processes.  Estimates of groundwater 

infiltration and flow between interconnected waterbodies are calculated as missing components 

in the hydrologic budgets summarized in Section 3.4.  However, separate estimates of 

evaporation/evapotranspiration losses were generated for each of the four compartments, as 

discussed in the following section. 

 

3.3.1 Evaporation Losses 

 Although areas of floating vegetation are frequently present, Lake Piney Z is primarily an 

open water system.  Continuing efforts are undertaken by the Florida Fish and Wildlife 

Conservation Commission to control the aquatic vegetation within Lake Piney Z and maintain an 

open water system.  As a result, the primary process by which water escapes from the water 

surface in Lake Piney Z is evaporation. 
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Estimates of evaporation losses were obtained from mean monthly evaporation data 

measured at the Woodruff Dam in Gadsen County from 1960-1976.  This evaporation 

monitoring site appears to be the closest available site to the Lake Lafayette drainage basin.  A 

summary of mean monthly pan evaporation at this site is given in Table 3-6.  Evaporation rates 

appear to be highest during spring and summer conditions, with substantially lower values 

measured during winter conditions.  The mean annual pan evaporation measured at the Woodruff 

Dam site is 63.28 inches. 

Evaporation from the lake surface is assumed to be 70% of the measured pan evaporation 

data.  These values are summarized in the final column of Table 3-6. For purposes of this 

analysis, the calculated lake evaporation measured at the Gadsen County site is assumed to be 

similar to evaporation which occurred in Lake Piney Z from July 2003-June 2004. 

 

 
TABLE  3-6 

 
 MEAN  MONTHLY  EVAPORATION 
 MEASURED  AT  THE  WOODRUFF  DAM  IN 

GADSEN  COUNTY  FROM  1960-1976 
 

MONTH 
PAN  EVAPORATION 

(inches/month) 
LAKE  EVAPORATION1 

(inches/month) 
July 7.17 5.02 

August 6.92 4.85 
September 6.49 4.54 

October 5.37 3.76 
November 3.32 2.33 
December 2.51 1.75 
January 2.57 1.80 
February 3.09 2.16 
March 5.13 3.59 
April 6.49 4.54 
May 7.37 5.16 
June 7.52 5.26 

TOTAL: 63.95 44.76 

  1.  Assumed to be 70% of pan evaporation 
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 Evaporation also appears to be the dominant process for surface water loss in Upper Lake 

Lafayette.  However, Upper Lake Lafayette is an intermittent waterbody which contains water 

for relatively short periods immediately following rain events and does not maintain a permanent 

pool of water.  Although evaporation losses will occur when standing water is present, these 

losses will not occur on a continuous basis throughout the year.  Therefore, for purposes of this 

evaluation, evaporation losses in Upper Lake Lafayette are estimated as 50% of the annual lake 

evaporation of 44.76 inches. 

 

3.3.2 Evapotranspiration Losses 

 The Alford Arm portion of Lake Lafayette is heavily vegetated, with relatively small 

pools of open water scattered throughout the area.  As a result, evapotranspiration losses through 

aquatic vegetation appear to be the dominant process for water loss at the water surface.  

However, evapotranspiration losses are highly variable, depending upon the dominant vegetative 

species and numerous other factors.  According to the Center for Aquatic and Invasive Plants at 

the University of Florida, water hyacinths (which are one of the more abundant plants in Alford 

Arm) have transpiration rates ranging from 1.26-2.7 times lake evaporation rates.  Cattails 

(which are also abundant in Alford Arm) exhibit transpiration rates ranging from 1.75-2.5 times 

lake evaporation.  Alligator weed and pickerelweed (also abundant in Alford Arm) have 

evapotranspiration rates ranging from 1.2-1.26 times lake evaporation.  Therefore, for purposes 

of this evaluation, evapotranspiration is assumed to be the dominant mechanism for loss of water 

at the water surface in Alford Arm, and the average annual evapotranspiration loss is assumed to 

be 1.5 times the lake evaporation value of 44.76 inches/year summarized in Table 3-6. 

 Lower Lake Lafayette is dominated by a mixture of both open water and heavily 

vegetated areas.  The dominant vegetation in Lower Lake Lafayette appears to be cypress trees, 

water lilies, and aquatic grasses.  Based upon the observed mixture of aquatic vegetation and 

open water, evapotranspiration losses in Lower Lake Lafayette are assumed to be 1.25 times the 

estimated annual lake evaporation rate of 44.76 inches/year. 
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 A comparison of assumed evaporation/evapotranspiration losses in Lake Lafayette is 

given in Table 3-7.  Surface water losses in Upper Lake Lafayette are assumed to be 22.38 

inches/year, with a loss of 44.76 inches/year in Lake Piney Z, 67.14 inches/year in Alford Arm, 

and 55.95 inches/year in Lower Lake Lafayette.  The values summarized in Table 3-7 are 

utilized for generation of hydrologic budgets for each of the four compartments. 

 
  

TABLE  3-7 
 
 ASSUMED  EVAPORATION / 

EVAPOTRANSPIRATION  LOSSES 
IN  LAKE  LAFAYETTE 

 
COMPARTMENT SURFACE 

WATER  LOSS 
ASSUMED  VALUE 

(inches/year) 

Upper Lake Lafayette 50% of lake evaporation 22.38 

Lake Piney Z 100% of lake evaporation 44.76 

Alford Arm 150% of lake evaporation 67.14 

Lower Lake Lafayette 125% of lake evaporation 55.95 

 

 

3.4  Hydrologic Budget 

 The scope of services for this project requires estimation of hydrologic budgets for each 

of the four compartments in Lake Lafayette on a monthly basis.  Estimates of monthly 

hydrologic inputs from baseflow, stormwater, and direct precipitation have been provided in 

previous sections.  However, completion of the monthly hydrologic budgets requires information 

on changes in water surface elevations and resulting changes in water storage volume within 

each  of  the four compartments.  To provide this information, staff gauges were installed in each 

of the four compartments of Lake Lafayette, and readings of water surface elevation were 

performed by a contract subconsultant on a periodic basis.  However, the data collected by the 

subconsultant were never provided to ERD, and as a result, the hydrologic budgets can only be 

estimated for the annual period included in the 12-month monitoring program.   As a result, the 

estimated  annual  hydrologic  budgets  assume  that  no  significant  net  change in water volume 
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occurred between the beginning and end of the 12-month period.  In other words, although water 

elevations may have fluctuated during the study period, water levels and associated water 

volumes are assumed to be relatively similar at the beginning and end of the study. 

Estimated annual hydrologic budgets were calculated for Upper Lake Lafayette, Lake 

Piney Z, Alford Arm, and Lower Lake Lafayette based on a combination of field measured and 

modeled inputs into each of the four lake compartments.  As defined in the scope of services, 

each of the hydrologic budgets covers a 12-month period from July 2003-June 2004. 

Estimates of tributary inflow were included for Upper Lake Lafayette (Weems Pond and 

Lafayette Creek) and Alford Arm (Alford Arm Tributary) based upon the 12-month field 

monitoring program conducted by ERD.  These estimated inflows were previously summarized 

in Table 3-4.  Estimates of outflow from Lower Lake Lafayette are included based upon 

measurements performed in the outfall canal, also summarized in Table 3-4.  Estimated inputs 

from direct precipitation are based upon the precipitation inputs summarized in Table 3-3, using 

a total rainfall depth of 72.58 inches. 

In addition to the tributary inflows, each of the four lake compartments also receives 

direct runoff from sub-basin areas which are adjacent to each of the four waterbodies and are not 

included in the tributary monitoring program.  Runoff inputs from these areas are referred to as 

“direct runoff” which is calculated utilizing the watershed model discussed in Section 5.   

 

3.4.1 Upper Lake Lafayette 

 Estimated hydrologic inputs to Upper Lake Lafayette during the period from July 2003-

June 2004 is summarized in Table 3-8.  Tributary inflow is included for baseflow and runoff 

inputs from Weems Pond and Lafayette Creek based upon the results of the field monitoring 

program summarized in Table 3-4.  Inputs from direct runoff are included based upon the 

watershed model which is summarized in Section 5.  Direct precipitation inputs are based upon 

information previously included in Table 3-3. 

Overall, a total of 12,114 ac-ft of water entered Upper Lake Lafayette during the period 

from July 2003-June 2004.  Approximately 54% of this inflow originated in Weems Pond, with 

18% entering through Lafayette Creek.  Direct runoff accounted for approximately 9% of the 

hydrologic inputs, with direct precipitation accounting for approximately 19%.   
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 TABLE  3-8 
 
 ESTIMATED  HYDROLOGIC  INPUTS 
 TO  UPPER  LAKE  LAFAYETTE  FOR  THE 
 PERIOD  FROM  JULY  2003-JUNE  2004 

 

SOURCE VOLUME 
(ac-ft) 

PERCENT 
OF  TOTAL 

Tributary Inflow 
 
A.  Weems Pond 
 
      1.  Baseflow 
      2.  Runoff 

 
 
 
 

704 
5,788 

 
 
 
 
6 
48 

B.  Lafayette Creek 
 
      1.  Baseflow 
      2.  Runoff 

 
 

176 
2,118 

 
 
1 
17 

Direct Runoff1 1,072 9 
Direct Precipitation 2,256 19 

TOTALS: 12,114 100 
 
   1.  Includes Upper Lake Lafayette sub-basin 

 

 
  

 Estimated hydrologic losses from Upper Lake Lafayette for the period from July 2003-

June 2004 are summarized in Table 3-9.  Evaporation losses are estimated as 50% of the annual 

evaporation total of 44.76 inches summarized in Table 3-6 since this portion of Lake Lafayette 

primarily contains water immediately following rain events and does not maintain a permanent 

pool of water as occurs in the other sections.  The remaining inputs into Upper Lake Lafayette 

are assumed to discharge into groundwater which includes combined inflow to the various sinks 

plus infiltration through the lake bottom.  On an annual basis, approximately 94% of the inflows 

into Upper Lake Lafayette discharge either into shallow groundwater or into the various sinks.  

Discharge from Upper Lake Lafayette to Lake Piney Z was negligible during the 12-month 

monitoring period. 
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 TABLE  3-9 
 
 ESTIMATED  HYDROLOGIC  LOSSES 
 FROM  UPPER  LAKE  LAFAYETTE  FOR  THE 
 PERIOD  FROM  JULY  2003-JUNE  2004 
 

SOURCE VOLUME 
(ac-ft) 

PERCENT 
OF  TOTAL 

Evapotranspiration1 696 6 
Loss to Groundwater2 11,418 94 

Direct Discharge Negligible < 1 
TOTALS: 12,114 100 

 
1.  Evapotranspiration calculated as 50% of annual lake evaporation over the 373-acre lake surface 
2.  Includes combined inflow to sink plus shallow groundwater 
 

 

3.4.2 Lake Piney Z 

 Estimated hydrologic inputs to Lake Piney Z for the period from July 2003-June 2004 are 

given in Table 3-10.  Since Lake Piney Z does not have a significant tributary inflow, runoff 

inputs are assumed to occur as a result of direct runoff from the adjacent sub-basin areas.  Based 

upon the watershed model, direct runoff inputs into Lake Piney Z contribute approximately 308 

ac-ft of water per year.  Direct precipitation on the lake surface, calculated using an annual 

rainfall depth of 72.58 inches and a lake surface area of 231 acres, is estimated to be 1398 ac-

ft/yr.  On an annual basis, direct precipitation contributes approximately 82% of the inputs to 

Lake Piney Z, with only 18% of the inputs contributed by direct runoff. 

 
 
 TABLE  3-10 
 
 ESTIMATED  HYDROLOGIC  INPUTS 
 TO  LAKE  PINEY  Z  FOR  THE  PERIOD 
 FROM  JULY  2003-JUNE  2004 
 

SOURCE VOLUME 
(ac-ft) 

PERCENT 
OF  TOTAL 

Direct Runoff1 308 18 
Direct Precipitation 1,398 82 

TOTALS: 1,706 100 
 
1.  Includes Piney Z sub-basin 
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 Estimated hydrologic losses from Lake Piney Z for the period from July 2003-June 2004 

are summarized in Table 3-11.  Evapotranspiration from Lake Piney Z is assumed to remove 862 

ac-ft of water per year, with the remaining 844 ac-ft/yr discharging as a result of groundwater 

loss.  Based upon information presented in Section 2, it is believed that discharges from Lake 

Piney Z occur on an infrequent basis, and this loss is assumed to be negligible for purposes of the 

existing conditions hydrologic budget.  On an annual basis, evapotranspiration removes 

approximately 51% of the water volume from Lake Piney Z, with 49% leaving as a result of 

groundwater loss. 
 
 TABLE  3-11 
 
 ESTIMATED  HYDROLOGIC  LOSSES 
 FROM  LAKE  PINEY  Z  FOR  THE  PERIOD 
 FROM  JULY  2003-JUNE  2004 
 

SOURCE VOLUME 
(ac-ft) 

PERCENT 
OF  TOTAL 

Evapotranspiration1 862 51 
Loss to Groundwater 844 49 

Direct Discharge Negligible < 1 
TOTALS: 1,706 100 

 
1.  Based on an annual evaporation loss of 44.76 inches/year over the 231-acre lake surface 
 

 

3.4.3 Alford Arm  

 A summary of estimated hydrologic inputs to Alford Arm during the period from July 

2003-June 2004 is given in Table 3-12.  Inputs into Alford Arm are assumed to occur as a result 

of the Alford Arm Tributary, direct runoff from sub-basins immediately adjacent to Alford Arm, 

and direct precipitation.  Inputs from the Alford Arm tributary contributed approximately 1623 

ac-ft (Table 3-4) over the 12-month monitoring period.  Direct runoff contributed an additional 

2040 ac-ft/yr, and direct precipitation contributed 2220 ac-ft/yr (Table 3-3).  On an annual basis, 

direct runoff contributes approximately 35% of the hydrologic inputs to Alford Arm, with 37% 

contributed by direct precipitation, and 28% by the Alford Arm tributary.  It appears that the 

Alford Arm tributary contains significant storage and attenuation which substantially reduces the 

baseflow and runoff inputs into Alford Arm from this source. 
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 TABLE  3-12 
 
 ESTIMATED  HYDROLOGIC  INPUTS  TO  ALFORD 

ARM  FOR  THE  PERIOD  FROM  JULY  2003-JUNE  2004 
 

SOURCE VOLUME 
(ac-ft) 

PERCENT 
OF  TOTAL 

Alford Arm Tributary 
1.  Baseflow 
2.  Runoff 

 
116 

1,507 

 
2 
26 

Direct Runoff1 2,040 35 
Direct Precipitation 2,220 37 

TOTALS: 5,883 100 
 
1.  Includes Alford Arm (664 ac-ft) and East Spring Church (305 ac-ft) sub-basins 

 

 Estimated hydrologic losses from Alford Arm during the period from July 2003-June 

2004 are summarized in Table 3-13.  Evapotranspiration losses are assumed to remove 

approximately 2053 ac-ft/yr.  The remaining losses of hydrologic inputs into Alford Arm occur 

as a result of discharge to Lower Lake Lafayette and groundwater infiltration, neither of which 

was measured directly during this study.  Originally, prior to construction of the CSX railroad 

berm, Alford Arm and Lower Lake Lafayette were one uniform waterbody.  Water depths within 

Alford Arm and Lower Lake Lafayette are similar, as well as the topography of watershed areas 

adjacent to each of these portions of the lake. Therefore, groundwater infiltration would be 

expected to be relatively similar in Alford Arm and Lower Lake Lafayette. 

 
 

TABLE  3-13 
 
 ESTIMATED  HYDROLOGIC  LOSSES  FROM  ALFORD 
 ARM  FOR  THE  PERIOD  FROM  JULY  2003-JUNE  2004 
 

SOURCE VOLUME 
(ac-ft) 

PERCENT 
OF  TOTAL 

Evapotranspiration1 2,053 35 
Discharge to Lower Lake Lafayette 2,766 47 

Groundwater Infiltration 1,064 18 
TOTALS: 5,883 100 

1.  Based on an annual evaporation loss of 67.14 inches/year over the 367-acre lake surface 
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An estimate of the total amount of water lost due to groundwater infiltration in both 

Alford Arm and Lower Lake Lafayette was generated by performing a gross mass balance on the 

two lake systems.  Inputs into Alford Arm are assumed to occur as a result of tributary inflow 

(1623 ac-ft/yr), direct runoff from adjacent sub-basins (2040 ac-ft/yr), and direct precipitation on 

the lake surface (2220 ac-ft/yr).  Inputs into Lower Lake Lafayette are assumed to occur as a 

result of direct runoff from adjacent sub-basin areas (3716 ac-ft/yr, Section 3.3.4) and direct 

precipitation on the lake surface (6213 ac-ft/yr, Table 3-3).  Hydrologic losses from the two 

systems are assumed to occur as a result of evapotranspiration, 2053 ac-ft/yr in Alford Arm and 

4788 ac-ft/yr in Lower Lake Lafayette (Section 3.3.4).  Surface outflow from Lower Lake 

Lafayette is based upon the field measured value of 4929 ac-ft/yr which discharges through the 

outfall canal. 

Based on the above referenced analysis, the total inflow into the combined Alford Arm 

and Lower Lake Lafayette system is 15,812 ac-ft/yr.  The overall estimated losses from the 

combined system are 11,770 ac-ft/yr, leaving a difference of 4042 ac-ft/yr, which is assumed to 

represent groundwater infiltration.  Since infiltration rates are assumed to be similar in Alford 

Arm and Lower Lake Lafayette, the groundwater infiltration volume is allocated to each of the 

two lake compartments based upon the relative area of each waterbody.  Using this analysis, 

approximately 26% (equivalent to 1064 ac-ft/yr) is lost to groundwater infiltration in Alford 

Arm, with the remaining volume (equivalent to 2978 ac-ft/yr) occurring as groundwater loss in 

Lake Lafayette.  

After estimating groundwater infiltration losses in Alford Arm, the surface outflow from 

Alford Arm into Lower Lake Lafayette was calculated by performing a hydrologic mass balance 

on Alford Arm itself.  As seen in Table 3-12, the estimated annual hydrologic inputs to Alford 

Arm are 5883 ac-ft/yr.  Assuming evapotranspiration losses of 2053 ac-ft/yr and groundwater 

infiltration losses of 1064 ac-ft/yr, a volumetric transfer of 2766 ac-ft/yr must occur from Alford 

Arm into Lower Lake Lafayette to achieve a gross water balance for the system.   

As seen in Table 3-13, evapotranspiration losses account for approximately 35% of the 

total estimated annual hydrologic losses from Alford Arm.  An additional 18% of the annual 

hydrologic losses occur as a result of groundwater infiltration, with 47% of the hydrologic losses 

occurring as a result of discharge from Alford Arm to Lower Lake Lafayette.   
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3.4.4 Lower Lake Lafayette 

 Estimated hydrologic budget inputs to Lower Lake Lafayette for the period from July 

2003-June 2004 are summarized in Table 3-14.  Inflow from Alford Arm is assumed to 

contribute 2766 ac-ft, with direct runoff from adjacent sub-basin areas contributing 3716 ac-ft.  

The largest input occurs as a result of direct precipitation which contributes 6213 ac-ft.   
 
 
 
 TABLE  3-14 
 
 ESTIMATED  HYDROLOGIC  INPUTS  TO  LOWER  LAKE 

LAFAYETTE  FOR  THE  PERIOD  FROM  JULY  2003-JUNE  2004 
 

SOURCE VOLUME 
(ac-ft) 

PERCENT 
OF  TOTAL 

Inflow from Alford Arm 2,766 22 
Direct Runoff1 3,716 29 

Direct Precipitation 6,213 49 
TOTALS: 12,695 100 

 
1.  Includes Sinai, Vedura II, Lake Heritage, and Lower Lake Lafayette sub-basins 

 

 Estimated hydrologic losses from Lower Lake Lafayette over the period from July 2003-

June 2004 are summarized in Table 3-15.  Approximately 38% of the losses from the lake occur 

as a result of evapotranspiration, with 39% occurring as a result of outfall discharge, and 23% 

from groundwater infiltration. 

 
 
 TABLE  3-15 
 
 ESTIMATED  HYDROLOGIC  LOSSES  FROM  LOWER 
 LAKE  LAFAYETTE  FOR  THE  PERIOD  FROM  JULY  2003-JUNE  2004 
 

SOURCE VOLUME 
(ac-ft) 

PERCENT 
OF  TOTAL 

Evapotranspiration1 4,788 38 
Outfall Discharge 4,929 39 

Groundwater Infiltration 2,978 23 
TOTALS: 12,695 100 

 
1.  Based on an annual evaporation loss of 55.95 inches/year over the 1027-acre lake surface 
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3.4.5 Comparison of Hydrologic Inputs/Losses 

 A comparison of hydrologic inputs to Lake Lafayette during the 12-month monitoring 

period from July 2003-June 2004 is given in Figure 3-7.  The largest single hydrologic 

contributor to Upper Lake Lafayette appears to be runoff discharges from Weems Pond which 

account for about 47% of the total input to Upper Lake Lafayette.  Runoff inflow from Lafayette 

Creek contributes an additional 17% of the hydrologic inputs, with 9% contributed by direct 

runoff, 19% by direct precipitation, 6% by Weems Road baseflow, and 2% by Lafayette Creek 

baseflow. 

 Inputs into Lake Piney Z consist almost exclusively of direct precipitation and direct 

runoff, with direct precipitation contributing approximately 82% of the annual hydrologic inputs 

and direct runoff contributing the remaining 18%.  Inflow from Upper Lake Lafayette to Lake 

Piney Z is thought to occur infrequently, representing less than 1% of the annual hydrologic 

inputs. 

Hydrologic inputs to Alford Arm originate from a variety of sources.  The most 

significant inputs appear to be direct runoff inputs from adjacent sub-basins (35%) and runoff 

inflow from Alford Arm Tributary (26%).  Approximately 37% of the annual hydrologic inputs 

occur from direct precipitation, with only 2% contributed by Alford Arm Tributary baseflow. 

 Inputs into Lower Lake Lafayette also occur through a variety of sources.  Direct 

precipitation appears to be the largest single hydrologic contributor to Lower Lake Lafayette, 

comprising approximately 49% of the total annual inputs.  Direct runoff from adjacent sub-

basins contributes an additional 29%.  Inflow from the Alford Arm portion of Lake Lafayette is 

thought to contribute approximately 22% of the annual hydrologic inputs. 

A comparison of hydrologic losses from Lake Lafayette during the period from July 

2003-June 2004 is given in Figure 3-8.  Approximately 94% of the annual hydrologic inputs to 

Upper Lake Lafayette are lost through groundwater infiltration or direct discharge into the sink.  

Evapotranspiration from this portion of the lake contributes approximately 6% of the annual 

losses, with direct discharge from Upper Lake Lafayette to Lake Piney Z comprising an 

insignificant portion of the annual hydrologic losses. 
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 A significant hydrologic loss from Lake Piney Z appears to be evapotranspiration which 

accounts for approximately 52% of the annual losses.  Loss through groundwater comprises an 

additional 48% of the hydrologic losses, with less than 1% of the losses thought to occur as a 

result of direct discharge from Lake Piney Z into Lower Lake Lafayette. 

 The most significant hydrologic loss in Alford Arm appears to be discharges to Lower 

Lake Lafayette which comprise 47% of the annual hydrologic losses.  Evapotranspiration 

provides an additional 35% of the annual hydrologic losses, with 18% of the losses occurring as 

a result of groundwater infiltration. 

 Losses from Lower Lake Lafayette occur primarily as a result of outfall discharges, 

evapotranspiration, and groundwater infiltration.  Evapotranspiration accounts for approximately 

38% of the annual losses, with outfall discharge accounting for 39%, and groundwater 

infiltration accounting for 23%. 

 

3.4.6 Comparison of Groundwater Losses 

 A comparison of areal groundwater losses in each of the four compartments of Lake 

Lafayette was calculated by dividing the groundwater loss components for each of the four 

compartments (summarized in the previous sections) by the estimated lake surface area for each 

compartment.  This calculation results in an areal groundwater loading rate in terms of ac-ft of 

loss per acre of surface area per year.   

 A summary of groundwater/surface area ratios for the four compartments of Lake 

Lafayette is given in Table 3-16.  On an areal basis, the largest groundwater losses occur in 

Upper Lake Lafayette, presumably primarily through the sink.  This groundwater loss accounts 

for approximately 30.6 ac-ft/ac of lake surface area per year.  Groundwater loss in Lake Piney Z 

appears to be relatively small, accounting for approximately 3.65 ac-ft/ac of lake surface per 

year.  A lower groundwater loss appears to occur in both Alford Arm and Lower Lake Lafayette, 

with an areal groundwater loss of 2.90 ac-ft/ac per year in each compartment.   
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 TABLE  3-16 
 
 SUMMARY  OF  GROUNDWATER / SURFACE  AREA 

RATIOS  FOR  LAKE  LAFAYETTE  COMPARTMENTS 
 

COMPARTMENT 
LOSS  TO 

GROUNDWATER 
(ac-ft) 

LAKE 
SURFACE  AREA 

(acres) 

GROUNDWATER  LOSS / 
AREA  RATIO 

(ac-ft/ac) 

Upper Lake Lafayette 11,418 373 30.6 
Lake Piney Z 844 231 3.65 
Alford Arm 1,064 367 2.90 

Lower Lake Lafayette 2,978 1,027 2.90 
 
1.  Indicates groundwater inflow rather than loss 
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SECTION  4 
 

EVALUATION  OF  NUTRIENT 
AND  POLLUTANT  INPUTS 

 
 

 A 12-month field monitoring program was conducted to evaluate the chemical 

characteristics of nutrient and pollutant inputs discharging through primary tributaries to Lake 

Lafayette as a result of baseflow and stormwater inputs.  This information is summarized and 

utilized in subsequent sections for development of overall nutrient and pollutant budgets for the 

four compartments of Lake Lafayette.  Locations of the tributary monitoring sites are indicated 

on Figure 3-1. 

 

4.1  Baseflow and Stormwater Inputs 

4.1.1 Chemical Characteristics 

During the 12-month field monitoring program, 117 baseflow and 65 stormwater samples 

were collected.  Laboratory analyses for baseflow and stormwater samples were conducted 

jointly by ERD and McGlynn Labs.  A complete listing of laboratory analyses performed on 

baseflow and stormwater samples is given in Appendix C.  Laboratory analyses performed by 

McGlynn Labs are indicated in “red” type, while laboratory analyses performed by ERD are 

indicated in “black” type.  All laboratory data was thoroughly reviewed by ERD with respect to 

QA/QC and reasonableness of the data.  No apparent data anomalies or QA/QC concerns were 

observed in the laboratory analyses performed  by  ERD.   However, data anomalies or negative 

concentration values are present in numerous stormwater and baseflow samples analyzed by 

McGlynn Labs.  These values are highlighted in “yellow” in the summary of water quality data 

presented in Appendix C.  A QA/QC review of these data have been requested from McGlynn 

Labs on two occasions, and although some issues have since been resolved, questionable or 

suspect values remain within the data set.  Values highlighted in yellow were not used in 

estimation of mean runoff and baseflow characteristics. 

 

4-1 
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4.1.1.1  Baseflow 

 Continuous monitoring of baseflow inputs into Lake Lafayette was performed at the 

Weems Road, Lafayette Creek, Alford Arm, and outfall canal monitoring sites over a 12-month 

period from July 2003-June 2004.   Locations  of these monitoring sites are indicated on Figure 

3-1.  For purposes of this project, baseflow conditions are assumed to occur when runoff 

hydrographs return to within 10% of the pre-storm conditions present within the basin prior to 

storm events.  

 Mean characteristics of baseflow samples entering Lake Lafayette from July 2003-June 

2004 are summarized in Table 4-1.  Over this period, 39 separate flow-weighted composite 

baseflow samples were collected at the Weems Pond site, with 26 composite baseflow samples 

collected from Lafayette Creek, 25 samples collected from Alford Arm Tributary, and 27 

samples collected from the outfall canal.  All water discharging from the outfall canal is assumed 

to be baseflow since this site reflects discharges from Lower Lake Lafayette and is unaffected by 

direct runoff inputs. 

In general, baseflow samples collected at the four tributary monitoring sites were found 

to be approximately neutral to slightly acidic in pH, with values ranging from 5.56-6.63 s.u.  

Baseflow at the four monitoring sites was also characterized by relatively low conductivity 

values (43-136 μmho/cm), with the lowest values measured at the outfall canal and the highest 

values measured in Lafayette Creek.  Baseflow inputs also appear to be moderately to poorly 

buffered, with mean alkalinity values ranging from 5.2 mg/l in the outfall canal to 47.1 mg/l in 

Lafayette Creek. 

Relatively low levels of inorganic nitrogen species were observed in baseflow at each of 

the four sites, with mean ammonia concentrations ranging from 70-236 μg/l and mean NOx 

concentrations ranging from 21-52 μg/l.  The most elevated concentrations of both ammonia and 

NOx were observed in baseflow from Lafayette Creek.  Dissolved organic nitrogen 

concentrations were found to be highly variable between the four sites, with mean values ranging 

from 142 μg/l in Weems Pond to 504 μg/l at the outfall canal.  In general, total nitrogen 

concentrations in baseflow appear to be relatively low, with similar mean concentrations 

measured  at the Weems Pond, Lafayette Creek, and Alford Arm sites.  Somewhat more elevated 
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total nitrogen concentrations were observed in the outfall canal, due primarily to the substantially 

higher concentrations of dissolved organic nitrogen observed at this site. 
  

 
TABLE  4-1 

 
 MEAN  CHARACTERISTICS  OF  BASEFLOW  SAMPLES 
 ENTERING  LAKE  LAFAYETTE  FROM  JULY  2003 - JUNE  2004 
 

PARAMETER UNITS 
WEEMS 
POND 

LAFAYETTE 
CREEK 

ALFORD 
ARM 

TRIBUTARY 

OUTFALL 
CANAL 

CLASS 
III 

CRITERIA1 

DRINKING 
WATER 

CRITERIA2 

pH s.u. 6.57 6.63 6.34 5.56 6.0-8.5 6.5-8.5 

Conductivity μmho/cm 97 136 62 43 < 1275 -- 

Alkalinity mg/l 36.1 47.1 12.4 5.2 > 20 -- 

NH3-N μg/l 75 236 70 151 -- -- 

NOx μg/l 45 52 41 21 -- < 10,000 

Diss. Organic N μg/l 142 157 254 504 -- -- 

Particulate N μg/l 145 119 126 161 -- -- 

Total N μg/l 403 560 487 833 -- -- 

SRP μg/l 14 17 10 31 -- -- 

Diss. Organic P μg/l 21 43 13 11 -- -- 

Particulate P μg/l 34 38 20 12 -- -- 

Total P μg/l 69 97 42 53 -- -- 

Color Pt-Co 21 29 31 99 -- < 15 

Turbidity NTU 7.9 15.3 2.3 1.2 < 29 < 1 

TSS mg/l 7.2 16.2 4.7 4.8 -- -- 

Chloride mg/l 6.0 7.1 6.1 6.3 -- < 250 

BOD mg/l 1.9 1.8 2.1 1.6 --3 -- 

Fecal Coliform cfu/100 ml 497 503 130 148 < 800 ND6 

E. Coli cfu/100 ml 1011 282 80 37 1264 ND 

Cadmium μg/l 4 8 6 4 < 0.35 < 5 

Copper μg/l 17 26 28 29 < 2.35 < 1000 

Zinc μg/l 8 5 4 6 315 < 5000 

Number of Samples 39 26 25 27   

 
 
1.  Water quality criteria outlined in Chapter 62-302.530 of the Florida Administrative Code (FAC) 
2.  Primary and secondary drinking water criteria outlined in Chapter 62-550 (FAC) 
3.  Shall not depress dissolved oxygen level below standard 
4.  Recommended EPA criterion for recreational waters (monthly average) 
5.  Hardness-based criterion calculated using an assumed hardness of 20 mg/l 
6.  None detected 
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 Mean concentrations of soluble reactive phosphorus (SRP) range from 10 μg/l in Alford 

Arm to 31 μg/l in the outfall canal.  The dominant phosphorus species in baseflow appears to be 

particulate phosphorus which comprises approximately 23-49% of the total phosphorus 

measured at each site.  Mean total phosphorus concentrations in baseflow range from 42 μg/l 

entering Alford Arm to 97 μg/l in Lafayette Creek. 

 Mean color concentrations in baseflow appear to be relatively similar in discharges from 

Weems Pond, Lafayette Creek, and Alford Arm.  However, a substantial increase in color is 

observed in discharges from the outfall, presumably due to decomposition of organic matter 

during migration through Lower Lake Lafayette.  Highly variable concentrations of turbidity and 

TSS  were  observed  in  baseflow  samples,  with  the  highest  concentrations  for  each  of  

these parameters observed in baseflow discharging from Lafayette Creek.  However, mean 

values at each site are less than the Class III turbidity criterion of 29 NTU above background.  

Measured concentrations of chloride and BOD appear to be similar between the four monitoring 

sites. 

 Somewhat elevated levels of fecal coliform and E. coli bacteria were observed in 

discharges from both Weems Pond and Lafayette Creek, while relatively low concentrations for 

these parameters were observed in Alford Arm and the outfall canal.  There is currently no 

numerical standard for E. coli bacteria within the State of Florida.  However, the U.S. EPA has 

established a recommended criterion of 126 cfu/100 ml (monthly average) for recreational waters 

involving full-body contact.  Based upon this recommended criterion, frequent exceedances of 

the E. coli standard are apparent in discharges from Weems Pond and Lafayette Creek. 

Mean concentrations of cadmium and copper in baseflow at the four monitoring sites 

appear to exceed applicable Class III Surface Water Criteria.  However, measured zinc 

concentrations appear to be substantially less than applicable water quality criteria. 

 Since baseflow inputs from Weems Pond and Lafayette Creek can potentially discharge 

into sink areas within Upper Lake Lafayette, a summary of applicable drinking water criteria 

(outlined in Chapter 62-550 of the Florida Administrative Code) are also provided for 

comparison purposes.  Baseflow discharges from Weems Pond and Lafayette Creek appear to 

meet the drinking water criteria for pH, NOx, chloride, copper, and zinc.  However, exceedances 

of these drinking water criteria are present for color, turbidity, fecal coliform bacteria, E. coli 

bacteria, and cadmium. 
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 A statistical comparison of nitrogen species measured in baseflow at Lake Lafayette 

tributaries is given in Figure 4-1.  The data are presented in the form of box and whisker plots 

which include information on the mean and median for each generated data set.  The 25% and 

75% confidence intervals are indicated by the upper and lower extents of each box, while the 5% 

and 95% confidence intervals are indicated by the upper and lower whisker bars.  Potential 

outlier values are indicated by “red” dots. 

 In general, variability in measured concentrations of ammonia, particulate nitrogen, and 

total nitrogen appears to be relatively similar at the Alford Arm, Lafayette Creek, and Weems 

Road monitoring sites.  A somewhat higher degree of variability is apparent for ammonia and 

total nitrogen measurements performed at the outfall canal site.  A substantial number of data 

outliers, indicated by the red dots, are apparent for measured nitrogen species at virtually all of 

the sites. 

 A statistical comparison of phosphorus species measured in baseflow in Lake Lafayette 

tributaries is given in Figure 4-2.  A relatively high degree of variability is apparent in measured 

SRP and total phosphorus concentrations measured in the outfall canal, compared with values 

measured at the remaining sites.  However, a higher degree of variability is apparent for 

particulate phosphorus in discharges from Lafayette Creek and Weems Road Pond. 

 A statistical comparison of suspended solids concentrations measured in baseflow is also 

included in Figure 4-2.  Variability in measured concentrations appears to be similar at the 

Alford Arm, Weems Road, and outfall canal monitoring sites, with a substantially higher degree 

of variability in TSS observed in Lafayette Creek. 

 As  seen in Table 4-1, along with the box and whisker plots provided in Figures 4-1 and 

4-2, water quality characteristics in discharges from the outfall canal leaving Lower Lake 

Lafayette appear to be lower in pH and alkalinity and higher in total nitrogen, SRP, color, and 

copper than observed in baseflow inputs from significant tributaries.  Since this area was 

originally a shallow wetland prior to the compartmentalization of the lake, the soil/sediments in 

this area consist of hydric soils with a high organic content.  It is well accepted that migration of 

water through an area with hydric soils will result in a consumption of alkalinity, accompanied 

by a general decrease in pH and an increase in color as organic acids are released from the hydric 

soils  into  the  overlying water column.  This release of organic material is clearly visible in both 
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Figure 4-1.  Statistical Comparison of  Nitrogen Species Measured  in Baseflow from Lake Lafayette Tributaries.
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the elevated concentrations for color and dissolved organic nitrogen measured in the outfall 

canal.  In addition, release of SRP and dissolved copper from hydric soils under acidic conditions 

is also well documented.  The wood stork rookery is located near the eastern end of Lower Lake 

Lafayette, and wastes from this activity may also be responsible for some of the observed 

increases in nutrient concentrations.  The observed decline in water quality characteristics which 

occurs in Lower Lake Lafayette appears to be related to internal processes which are common in 

hydric soil areas. 

 

 4.1.1.2  Stormwater 

 Mean characteristics of stormwater samples entering Lake Lafayette from July 2003-June 

2004 are summarized in Table 4-2.  Data are provided for the Weems Pond, Lafayette Creek, and 

Alford Arm sites only since all discharges through the outfall canal are assumed to represent 

baseflow.  In general, stormwater measured at each of the three sites is found to be 

approximately neutral in pH and relatively low in conductivity.  Samples collected at the three 

sites were found to be moderately to poorly buffered, with mean alkalinity values ranging from 

11.1-37.6 mg/l.   

 In general, nitrogen concentrations appear to be relatively similar between the Weems 

Pond and Alford Arm monitoring sites.  However, substantially higher concentrations for all 

measured nitrogen species were observed at the Lafayette Creek site, with values for most 

nitrogen species approximately 2-3 times that observed at the other two sites. 

 Measured concentrations of phosphorus species are highly variable in stormwater runoff 

collected at the three sites.  In general, phosphorus concentrations measured in Alford Arm and 

the Weems Pond discharge appear to be relatively low in value compared with phosphorus 

concentrations typically observed in urban runoff.  The low phosphorus concentrations observed 

in Alford Arm are likely related to nutrient uptake by the extensive growth of vegetation within 

the tributary, while low levels at the Weems Pond outfall are a function of removal processes 

within the pond.  Total phosphorus concentrations measured at the Lafayette Creek site appear to 

be 4-6 times greater than values measured at the remaining sites.  The dominant phosphorus 

species   at  the  Lafayette  Creek  site  appears  to  be  particulate  phosphorus  which  comprised 
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approximately 66% of the total phosphorus measured.  Significant construction activities were 

observed within the Lafayette Creek sub-basin during this study and appear to be the likely 

source of the elevated particulate and total phosphorus values. 

 
  

TABLE  4-2 
 
 MEAN  CHARACTERISTICS  OF  STORMWATER 

ENTERING  LAKE  LAFAYETTE  FROM  JULY  2003 - JUNE  2004 
 

PARAMETER UNITS 
WEEMS 
POND 

LAFAYETTE 
CREEK 

ALFORD 
ARM 

CLASS 
III 

CRITERIA1 

DRINKING 
WATER 

CRITERIA2 
pH s.u. 6.97 6.70 6.57 6.0-8.5 6.5-8.5 

Conductivity μmho/cm 96 121 76 < 1275 -- 

Alkalinity mg/l 35.1 37.6 11.1 > 20 -- 

NH3-N μg/l 127 229 117 -- -- 

NOx μg/l 146 234 85 -- < 10,000 

Diss. Organic N μg/l 147 482 256 -- -- 

Particulate N μg/l 102 308 141 -- -- 

Total N μg/l 523 1252 598 -- -- 

SRP μg/l 37 34 12 -- -- 

Diss. Organic P μg/l 24 113 21 -- -- 

Particulate P μg/l 67 289 44 -- -- 

Total P μg/l 128 436 77 -- -- 

Color Pt-Co 28 32 28 -- < 15 

Turbidity NTU 13.7 69.8 4.1 < 29 < 1 

TSS mg/l 19.1 119 9.1 -- -- 

Chloride mg/l 4.7 4.7 4.1 -- < 250 

BOD mg/l 2.8 4.6 3.5 --3 -- 

Fecal Coliform cfu/100 ml 1806 2420 490 < 800 ND6 

E. Coli cfu/100 ml 95 872 37 1264 ND 

Cadmium μg/l < 1 < 1 < 1 < 0.35 < 5 

Copper μg/l 5 6 3 < 2.35 < 1000 

Zinc μg/l 15 17 15 315 < 5000 

Number of Samples 31 20 14   
 
 
1.  Water quality criteria outlined in Chapter 62-302.530 of the Florida Administrative Code (FAC) 
2.  Primary and secondary drinking water criteria outlined in Chapter 62-550 (FAC) 
3.  Shall not depress dissolved oxygen level below standard 
4.  Recommended EPA criterion for recreational waters (monthly average) 
5.  Hardness-based criterion calculated using an assumed hardness of 20 mg/l 
6.  None detected 
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Measured color concentrations were found to be relatively similar between the three sites.  

In general, relatively low concentrations of turbidity and TSS were observed in stormwater 

discharging from Weems Pond and Alford Arm, with substantially more elevated concentrations 

discharging from Lafayette Creek.  Mean turbidity and TSS concentrations in Lafayette Creek 

stormwater are approximately 10 times greater than values measured at the other sites and 

substantially greater than the Class III criterion of 29 NTU.  Measured BOD concentrations at 

the three sites were relatively low in value. 

 Substantially elevated concentrations of both fecal coliform and E. coli were measured in 

stormwater at the Lafayette Creek site.  Numerous exceedances of the Class III fecal coliform 

criterion of 800 cfu/100 ml and the recommended E. coli criterion of 126 cfu/100 ml were 

observed in runoff discharging through Lafayette Creek. Somewhat elevated concentrations of 

fecal coliform and E. coli were also observed in discharges from Weems Pond, although 

substantially lower in value than observed at the Lafayette Creek site.  The lowest 

microbiological concentrations were observed at the Alford Arm site. 

 In general, stormwater collected at each of the three sites was found to have extremely 

low levels of cadmium, copper, and zinc.  Mean values for cadmium and zinc at each of the three 

sites appear to meet the Class III criterion for each metal, while exceedances of the Class III 

criterion are apparent for copper. 

 Stormwater discharges from Weems Pond and Lafayette Creek are also evaluated with 

respect to drinking water criteria since inputs from these two tributaries can potentially discharge 

into sinks within Upper Lake Lafayette.  Stormwater originating in the Weems Pond and 

Lafayette Creek tributaries appears to meet the drinking water criteria for pH, NOx, chloride, 

cadmium, copper, and zinc; while exceedances of drinking water criteria are apparent for color, 

turbidity, fecal coliform, and E. coli bacteria. 

 A statistical comparison of nitrogen species measured in stormwater entering Lake 

Lafayette is given in Figure 4-3.  In general, the variability in measured nitrogen species appears 

to be relatively similar at the Alford Arm and Weems Pond sites, with substantially higher 

variability and higher concentrations of nitrogen species observed at the Lafayette Creek site.  

 A statistical comparison of phosphorus species and suspended solids measured in 

stormwater  in  the  Lake  Lafayette  tributaries  is  given  in  Figure  4-4.    In general,  measured 
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concentrations of particulate phosphorus, total phosphorus, and TSS appear to be similar at the 

Alford Arm and Weems Pond sites, with higher concentrations and a higher degree of variability 

observed in runoff collected at the Lafayette Creek site.  

 A comparison of nitrogen species in baseflow and stormwater in the Lake Lafayette 

tributaries is given in Figure 4-5.  In general, stormwater collected from the tributary monitoring 

sites contains higher concentrations of NOx and total nitrogen than baseflow.  However, 

measured concentrations of ammonia and particulate nitrogen appear to be greater in stormwater 

runoff at some sites while greater in baseflow samples at the other sites. 

A comparison of phosphorus species and suspended solids measured in baseflow and 

stormwater in Lake Lafayette tributaries is given in Figure 4-6.  Stormwater appears to have 

more elevated concentrations of SRP, particulate phosphorus, total phosphorus, and TSS than 

baseflow at each of the monitoring sites.   

 

 4.1.1.3  Supplemental Monitoring 

 During the 12-month monitoring program, stormwater discharging through Lafayette 

Creek was found to contain substantially higher concentrations of total nitrogen, total 

phosphorus, turbidity, TSS, fecal coliform, and E. coli bacteria than stormwater measured in 

Weems Pond or in the Alford Arm Tributary.  In view of the elevated characteristics of 

stormwater samples collected at this site, a supplemental water quality monitoring program was 

initiated within Lafayette Creek to assist in identifying potential sources of the elevated 

constituents.  This supplemental monitoring program was conducted by ERD from January 1-

March 31, 2005 to further identify sources of elevated nutrients and microbiological parameters 

from the Lafayette Creek watershed.  

 Locations of supplemental baseflow/stormwater monitoring sites along Lafayette Creek 

are indicated on Figure 4-7.   The monitoring site located near the intersection of Lafayette Creek 

and the CSX Railroad, referred to previously in this report as the Tom Brown Park site, was 

retained during the supplemental monitoring program because this site provides a summary of 

the overall nutrient concentrations and mass loadings discharging from Lafayette Creek into 

Upper  Lake  Lafayette.  A  second  supplemental  monitoring  site  was  established  in Lafayette 
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Creek downstream from Conner Road to assist in identifying potential impacts from park 

activities which may result in changes in chemical characteristics between Conner Road and the 

CSX Railroad.  The final supplemental monitoring site is located in upper portions of the 

Lafayette Creek watershed near the intersection of U.S. 27.  

A complete listing of the results of the supplemental monitoring program along Lafayette 

Creek is given in Appendix D.  A total of 33 separate flow composite samples was collected 

during the supplemental monitoring program, with six baseflow and four stormwater samples 

collected  at  the  U.S.  27  stormwater  monitoring site, six stormwater and six baseflow samples 

collected at the Conner Road site, and seven baseflow and four stormwater samples collected at 

the Tom Brown Park site.  

A summary of mean characteristics of baseflow samples collected along Lafayette Creek 

during the supplemental monitoring program is given in Table 4-3.  In general, measured values 

of pH, conductivity, and alkalinity appear to be relatively similar between the three sites.  

Measured nitrogen concentrations appear to be relatively similar at the Conner Road and Tom 

Brown Park sites.  However, nitrogen concentrations measured at the U.S. 27 monitoring site are 

approximately twice those measured at the Conner Road or Tom Brown Park sites.  Overall, total 

nitrogen concentrations measured in baseflow at Conner Road and Tom Brown Park appear to be 

relatively low in value. 

In contrast to the trend observed for nitrogen species, the most elevated concentrations of 

total phosphorus were observed at the Conner Road site, with approximately 84% of the total 

phosphorus measured at this site comprised of particulate phosphorus.  The Conner Road site 

also appears to have the most elevated levels of TSS between the three supplemental sites, along 

with higher  mean concentrations for fecal coliform, E. coli bacteria, and zinc compared with the 

two remaining sites.  Therefore, it appears that during baseflow conditions, concentrations of 

phosphorus, TSS, fecal coliform, E. coli, and zinc increase during migration from U.S. 27 to the 

Conner Road site, with decreases in concentrations occurring during migration through Tom 

Brown Park.  Mean concentrations of cadmium and zinc appear to meet Class III criteria, while 

periodic exceedances occur for copper. 
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TABLE  4-3 
 
 MEAN  CHARACTERISTICS  OF  BASEFLOW 
 SAMPLES  COLLECTED  ALONG  LAFAYETTE  CREEK 
 DURING  THE  SUPPLEMENTAL  MONITORING  PERIOD 
 

PARAMETER UNITS U.S.  27 CONNER 
ROAD 

TOM 
BROWN  PARK 

CLASS  III 
CRITERIA1 

pH s.u. 6.46 6.68 6.71 6.0-8.5 

Conductivity μmho/cm 76 79 80 < 1275 

Alkalinity mg/l 26.8 30.3 32.1 > 20 

NH3-N μg/l 242 112 104 -- 

NOx μg/l 116 72 36 -- 

Diss. Organic N μg/l 80 46 43 -- 

Particulate N μg/l 88 55 110 -- 

Total N μg/l 526 286 294 -- 

SRP μg/l 3 10 5 -- 

Diss. Organic P μg/l 4 7 10 -- 

Particulate P μg/l 63 81 24 -- 

Total P μg/l 69 97 39 -- 

TSS mg/l 10.3 39.7 3.9 -- 

Turbidity NTU 13.3 10.4 4.7 < 29 

Color Pt-Co 53 25 16 -- 

Chloride mg/l 5.9 4.8 5.2 -- 

BOD mg/l 2.1 2.4 < 2 --2 

Fecal Coliform cfu/100 ml 139 383 124 < 800 

E. Coli cfu/100 ml 121 282 62 1263 

Cadmium μg/l < 1 < 1 < 1 < 0.34 

Copper μg/l 4 3 3 < 2.34 

Zinc μg/l 15 26 19 314 

Number of Samples 6 6 7  

 
1.  Water quality criteria outlined in Chapter 62-302.530 of the Florida Administrative Code 
2.  Shall not depress dissolved oxygen level below standard 
3.  Recommended EPA criterion for recreational waters (monthly average) 
4.  Hardness-based criterion calculated using an assumed hardness of 20 mg/l 
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A summary of mean characteristics of stormwater samples collected along Lafayette 

Creek during the supplemental monitoring program is given in Table 4-4.  Similar to the trends 

observed in baseflow samples, measured values for pH, conductivity, and alkalinity appear to be 

relatively similar between the three monitoring sites.  However, total nitrogen concentrations 

appear to increase substantially between U.S. 27 and Conner Road, before decreasing during 

migration through Tom Brown Park.  A similar pattern is apparent for total phosphorus 

concentrations, with a substantial increase between U.S. 27 and Conner Road, followed by a 

decrease during migration through Tom Brown Park.  The Conner Road site also appears to have 

the highest measured stormwater concentrations of TSS, turbidity, color, BOD, fecal coliform, 

and E. coli of the three supplemental monitoring sites.  It appears that substantial increases in 

runoff constituents occur between U.S. 27 and Conner Road, followed by decreases in measured 

concentrations during migration through Tom Brown Park, resulting from either uptake 

mechanisms or dilution by other water sources within the park.  Violations of water quality 

criteria are apparent at the Tom Brown Park site for fecal coliform, E. coli, copper, and zinc. 

 A comparison of nitrogen species measured in stormwater and baseflow collected during 

the Lafayette Creek supplemental monitoring program is given in Figure 4-8.  In general, 

stormwater runoff and baseflow characteristics appear to be relatively similar at the U.S. 27 

monitoring site. However, stormwater concentrations substantially exceed baseflow 

concentrations for each of the measured nitrogen species at the Conner Road and Tom Brown 

Park sites.  The most elevated concentrations of nitrogen species were observed at the Conner 

Road site. 

 A comparison of phosphorus species and suspended solids measured in stormwater and 

baseflow collected during the Lafayette Creek supplemental monitoring program is given in 

Figure 4-9.  In general, measured concentrations of particulate phosphorus, total phosphorus, and 

TSS appear to be similar in baseflow and stormwater collected at the U.S. 27 site.  However, 

stormwater concentrations for each of the measured parameters appear to be somewhat greater in 

stormwater measured at the Conner Road and Tom Brown Park sites, compared with baseflow 

measurements.  The most elevated levels of particulate phosphorus and total phosphorus were 

observed at the Conner Road site, with the highest suspended solids concentrations observed at 

the U.S. 27 site. 
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TABLE  4-4 
 
 MEAN  CHARACTERISTICS  OF  STORMWATER 
 SAMPLES  COLLECTED  ALONG  LAFAYETTE  CREEK 
 DURING  THE  SUPPLEMENTAL  MONITORING  PERIOD 
 

PARAMETER UNITS U.S.  27 CONNER 
ROAD 

TOM 
BROWN  PARK 

CLASS  III 
CRITERIA1 

pH s.u. 6.69 6.78 6.72 6.0-8.5 

Conductivity μmho/cm 71 78 77 < 1275 

Alkalinity mg/l 25.6 39.9 29.6 > 20 

NH3-N μg/l 229 150 147 -- 

NOx μg/l 110 134 84 -- 

Diss. Organic N μg/l 39 222 108 -- 

Particulate N μg/l 138 428 346 -- 

Total N μg/l 515 933 683 -- 

SRP μg/l 8 18 25 -- 

Diss. Organic P μg/l 3 9 8 -- 

Particulate P μg/l 62 276 115 -- 

Total P μg/l 73 303 148 -- 

TSS mg/l 15.5 103 32.8 -- 

Turbidity NTU 20.2 26.5 14.9 < 29 

Color Pt-Co 13 133 17 -- 

Chloride mg/l 5.1 5.1 4.4 -- 

BOD mg/l 2.1 3.9 2.1 --2 

Fecal Coliform cfu/100 ml 409 1317 463 < 800 

E. Coli cfu/100 ml 150 1129 155 1263 

Cadmium μg/l < 1 < 1 < 1 < 0.34 

Copper μg/l 3 4 4 < 2.34 

Zinc μg/l 11 24 41 314 

Number of Samples 4 6 4  
 
  1.  Water quality criteria outlined in Chapter 62-302.530 of the Florida Administrative Code 
  2.  Shall not depress dissolved oxygen level below standard 
  3.  Recommended EPA criterion for recreational waters (monthly average) 
  4.  Hardness-based criterion calculated using an assumed hardness of 20 mg/l 
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Figure 4-8.  Comparison of  Nitrogen Species Measured in Stormwater and Baseflow 
                   Collected During the Lafayette Creek Supplemental Monitoring Program.
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4.1.2. Mass Loadings 

 Estimates of annual mass loadings of total nitrogen, total phosphorus, TSS, BOD, copper, 

and zinc entering Lake Lafayette through the four monitored tributaries from baseflow and 

stormwater were calculated on a monthly basis for the period from July 2003-June 2004.  These 

estimates were generated by multiplying the monthly discharge volumes for baseflow and 

stormwater runoff, measured at each of the four tributary monitoring locations (summarized in 

Table 3-2), times the mean baseflow characteristics (summarized in Table 4-1) and mean 

stormwater characteristics (summarized in Table 4-2) measured at each site. 

A summary of estimated monthly mass inputs of total nitrogen, total phosphorus, TSS, 

BOD, copper, and zinc in monitored tributaries entering Lake Lafayette is given in Table 4-5.  

As discussed previously, mass discharges through the outfall canal from Lower Lake Lafayette 

are assumed to consist of baseflow only. 

A summary of estimated annual mass loadings to Lake Lafayette from stormwater and 

baseflow is given in Table 4-6.  Mass inputs from stormwater runoff appear to be the dominant 

sources of pollutant loadings at each of the monitored inflow tributaries.  Mass loadings from 

baseflow appear to contribute approximately 10% or less of the total annual loadings for total 

nitrogen, total phosphorus, TSS, BOD, and zinc, while baseflow contributes approximately 40-

60% of the annual mass loadings of copper. 

A graphical comparison of annual mass loadings from stormwater and baseflow in each 

of the monitored tributaries is given in Figure 4-10.  Mass loadings originating in Lafayette 

Creek and Weems Pond appear to be substantially greater than mass loadings discharging 

through the Alford Arm Tributary.  In general, Weems Pond appears to contribute the largest 

mass loadings for total nitrogen, and BOD, while Lafayette Creek appears to contribute the 

largest loadings from total phosphorus and TSS. 

A graphical comparison of annual mass loadings of copper and zinc to Lake Lafayette 

from the monitored tributaries is given in Figure 4-11.  Weems Pond is clearly the largest 

contributor of copper and zinc to Lake Lafayette, followed by Lafayette Creek and the Alford 

Arm Tributary. 
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Figure 4-10.  Comparison of Annual Mass Loadings of Total Nitrogen, Total Phosphorus, TSS and BOD
                     from Stormwater and Baseflow Discharging through Primary Tributaries to Lake Lafayette.   
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TABLE  4-6 
 
 ESTIMATED  ANNUAL  MASS 
 LOADINGS  TO  LAKE  LAFAYETTE  FROM 
 STORMWATER  AND  BASEFLOW 
  

ANNUAL  LOADING  (kg/yr) 

LAFAYETTE  CREEK WEEMS  POND 
ALFORD  ARM 

TRIBUTARY PARAMETER 

Baseflow Stormwater Baseflow Stormwater Baseflow Stormwater 

OUTFALL 
CANAL 

DISCHARGE 
(kg/yr) 

Total N 121 3,266 350 3,728 69.7 1,111 5,057 

Total P 21.1 1,137 59.7 909 6.1 143 322 

TSS 3,509 309,819 6,235 136,068 671 16,875 29,297 

BOD 393 12,026 1,672 19,785 298 6,469 9,615 

Copper 5.6 14.6 15.0 34.5 4.0 6.0 175 

Zinc 1.0 43.8 6.6 109 0.6 28.0 35.3 
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Figure 4-11. Comparison of Annual Mass Loadings of Copper and Zinc from 
   Stormwater and Baseflow. 
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4.2  Bulk Precipitation Inputs 

4.2.1 Bulk Precipitation Characteristics 

 Direct collection and analysis of bulk precipitation in the Lake Lafayette area was not 

conducted as part of this evaluation.  References to potential data sources and ongoing studies from 

the general Tallahassee area were provided to ERD by various stakeholders during the Phase I data 

collection efforts.  Continuous multi-year atmospheric deposition data was provided by Dr. William 

Landing for two monitoring sites located near Melrose and Bonifay.  However, the data set 

provided to ERD included major ions along with NO3, but did not contain information for total 

nitrogen, total phosphorus, heavy metals, or other parameters of interest for Lake Lafayette. 

 ERD has conducted several previous projects which characterize bulk precipitation in the 

Central Florida and north Central Florida area.  During 1992 and 1993, ERD performed a detailed 

evaluation of a wet detention with filtration system, located in DeBary, FL for the St. Johns River 

Water Management District.  As part of this evaluation, continuous collection of bulk precipitation 

was performed on a weekly basis for approximately six months.  A total of 17 separate bulk 

precipitation samples were collected and analyzed.  The DeBary study site is located along U.S. 17 

in an area with physical characteristics similar to areas present in the Lake Lafayette area.  The  

monitoring  site was located in an urban fringe area adjacent to DeBary, approximately 2-3 miles 

from I-4 and Lake Monroe (8953 acres). 

 A summary of mean characteristics of bulk precipitation, based upon the DeBary project, is 

given in Table 4-7.  Bulk precipitation measured at the DeBary site was found to be somewhat 

acidic, with low specific conductivity and low alkalinity.  The dominant nitrogen species was NOx, 

with particulate phosphorus comprising the dominant phosphorus fraction.  Low levels of turbidity, 

chloride, TSS, and heavy metals were also measured at the site.  For purposes of this evaluation, it is 

assumed that the bulk precipitation characteristics summarized in Table 4-7 are similar to bulk 

precipitation which occurs in the Lake Lafayette area. 
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TABLE  4-7 

 
MEAN  CHARACTERISTICS  OF 

BULK  PRECIPITATION 
 

RANGE  OF  VALUES 
PARAMETER UNITS 

MINIMUM MAXIMUM 
MEAN1 C.V.2 

pH s.u. 4.27 6.52 5.00 11 

Spec. Conductivity μmho/cm 8 55 22 50 

Alkalinity mg/l 0 5 1 100 

NH3 μg/l < 10 448 108 96 

NOx μg/l 17 767 251 72 

Diss. Organic N μg/l < 50 490 142 98 

Part. Organic N μg/l < 50 503 174 83 

Total N μg/l 206 1764 671 63 

Ortho-P μg/l < 2 40 7 177 

Diss. Organic P μg/l < 2 62 11 144 

Particulate P μg/l < 2 86 27 94 

Total P μg/l < 2 124 45 90 

Turbidity NTU 0.6 5.1 2.1 69 

Chloride mg/l 1 8 3 82 

TSS mg/l 0.3 24.3 6.2 103 

Total Cadmium μg/l < 0.5 3.3 0.77 91 

Total Chromium μg/l < 1 3 1.2 61 

Total Copper μg/l 3 13 7.0 43 

Total Lead μg/l < 2 4 1.7 58 

Total Iron μg/l 17.0 148 53 69 

Total Zinc μg/l 8 70 25 73 
 
 
1.  n = 17 samples 
2.  C.V.:  Coefficient of Variation = σ/x, expressed as a percentage 
 
 
SOURCE: Harper, H.H., and Herr, J.L.  (1993).  "Treatment Efficiency of Detention with Filtration Systems."  

Final Report to the St. Johns River Water Management District, Project No. 90B103. 
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4.2.2 Mass Loadings from Bulk Precipitation 

 Estimates of monthly mass loadings from bulk precipitation into Lake Lafayette were 

calculated for total nitrogen, total phosphorus, TSS, BOD, copper, and zinc over the period from 

July 2003-June 2004 by multiplying the mean bulk precipitation characteristics for these parameters 

(listed in Table 4-7) times the estimated monthly precipitation volume for each lake (summarized in 

Table 3-2).  Estimates of monthly loadings from bulk precipitation to Lake Lafayette for each of the 

evaluated parameters are presented in Table 4-8, based upon the assumptions outlined previously.  

Mass loading estimates summarized in Table 4-8 are utilized in a subsequent section for estimation 

of nutrient and pollutant budgets for each of the Lake Lafayette compartments.  The monthly mass 

loadings summarized in Table 4-8 reflect estimated inputs based on a rainfall depth of 72.58 inches.  

For purposes of this evaluation, bulk precipitation is assumed to have a mean BOD concentration of 

2 mg/l. 

 A summary of estimated annual mass loadings to Lake Lafayette from bulk precipitation is 

given in Table 4-9.  The values summarized in this table reflect the sum of the monthly mass 

loadings provided in Table 4-8 for each of the four lake compartments. 
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TABLE  4-8 

 
ESTIMATED  MONTHLY  MASS  LOADINGS 

FROM  BULK  PRECIPITATION  TO  LAKE  LAFAYETTE 
FROM  JULY  2003 - JUNE  2004 

 
 

Upper Lake Lafayette 
         

MASS  LOADING  (kg) 
YEAR MONTH RAINFALL 

(inches) Total N Total P BOD TSS Copper Zinc 
2003 7 9.53 245 16.4 730 2262 2.6 9.1 

8 10.26 264 17.7 786 2435 2.7 9.8 
9 3.85 99 6.6 295 914 1.0 3.7 

10 7.16 184 12.3 548 1699 1.9 6.9 
11 2.97 76 5.1 227 705 0.8 2.8 

  
  
  
  
  12 2.18 56 3.8 167 517 0.6 2.1 

2004 1 4.77 123 8.2 365 1132 1.3 4.6 
2 9.84 253 17.0 753 2336 2.6 9.4 
3 0.44 11 0.8 34 104 0.1 0.4 
4 5.74 148 9.9 440 1365 1.5 5.5 
5 5.9 152 10.2 452 1400 1.6 5.6 

  
  
  
  
  6 9.94 255 17.1 761 2359 2.7 9.5 

TOTALS: 72.58 1864 125 5557 17227 19.5 69.5 
         
         

 
 

Lake Piney Z 
         

MASS  LOADING  (kg) 
YEAR MONTH RAINFALL 

(inches) Total N Total P BOD TSS Copper Zinc 
2003 7 9.53 152 10.2 452 1401 1.6 5.6 

8 10.26 163 10.9 487 1508 1.7 6.1 
9 3.85 61 4.1 183 566 0.6 2.3 

10 7.16 114 7.6 340 1052 1.2 4.2 
11 2.97 47 3.2 141 437 0.5 1.8 

  
  
  
  
  12 2.18 35 2.3 103 320 0.4 1.3 

2004 1 4.77 76 5.1 226 701 0.8 2.8 
2 9.84 157 10.5 467 1446 1.6 5.8 
3 0.44 7 0.5 21 65 0.1 0.3 
4 5.74 91 6.1 273 845 1.0 3.4 
5 5.9 94 6.3 280 867 1.0 3.5 

  
  
  
  
  6 9.94 158 10.6 471 1461 1.6 5.9 

TOTALS: 72.58 1155 77 3444 10675 12.0 43.0 
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TABLE  4-8 – CONTINUED 
 

ESTIMATED  MONTHLY  MASS  LOADINGS 
FROM  BULK  PRECIPITATION  TO  LAKE  LAFAYETTE 

FROM  JULY  2003 - JUNE  2004 
 
 

Alford Arm 
         

MASS  LOADING  (kg) 
YEAR MONTH RAINFALL 

(inches) Total N Total P BOD TSS Copper Zinc 
2003 7 9.53 241 16.2 718 2226 2.5 9.0 

8 10.26 259 17.4 773 2396 2.7 9.7 
9 3.85 97 6.5 290 899 1.0 3.6 

10 7.16 181 12.1 539 1672 1.9 6.7 
11 2.97 75 5.0 224 694 0.8 2.8 

  
  
  
  
  12 2.18 55 3.7 164 509 0.6 2.1 

2004 1 4.77 121 8.1 359 1114 1.3 4.5 
2 9.84 249 16.7 741 2298 2.6 9.3 
3 0.44 11 0.7 33 103 0.1 0.4 
4 5.74 145 9.7 433 1343 1.5 5.4 
5 5.9 149 10.0 444 1378 1.6 5.6 

  
  
  
  
  6 9.94 251 16.8 749 2321 2.6 9.4 

TOTALS: 72.58 1835 123 5469 16953 19.1 68.4 
         
         

 
 

Lower Lake Lafayette 
         

MASS  LOADING  (kg) 
YEAR MONTH RAINFALL 

(inches) Total N Total P BOD TSS Copper Zinc 
2003 7 9.53 674 45.2 2009 6228 7.0 25.1 

8 10.26 726 48.7 2163 6705 7.6 27.0 
9 3.85 272 18.3 812 2516 2.8 10.1 

10 7.16 506 34.0 1509 4679 5.3 18.9 
11 2.97 210 14.1 626 1941 2.2 7.8 

  
  
  
  
  12 2.18 154 10.3 460 1425 1.6 5.7 

2004 1 4.77 337 22.6 1006 3117 3.5 12.6 
2 9.84 696 46.7 2074 6431 7.3 25.9 
3 0.44 31 2.1 93 288 0.3 1.2 
4 5.74 407 27.3 1212 3758 4.2 15.2 
5 5.9 417 28.0 1244 3856 4.4 15.5 

  
  
  
  
  6 9.94 703 47.1 2095 6496 7.3 26.2 

TOTALS: 72.58 5135 344 15304 47443 53.6 191 
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 TABLE  4-9 
 
 ESTIMATED  ANNUAL  MASS  LOADINGS  TO 
 LAKE  LAFAYETTE  FROM  BULK  PRECIPITATION 
 

ANNUAL  LOADING  (kg/yr) 

PARAMETER UPPER  LAKE 
LAFAYETTE 

LAKE 
PINEY  Z 

ALFORD 
ARM 

LOWER  LAKE 
LAFAYETTE 

Total N 1,864 1,155 1,835 5,135 
Total P 125 77 123 344 

TSS 17,227 10,675 16,953 47,413 
BOD 5,557 3,444 5,469 15,304 

Copper 19.5 12.0 19.1 53.6 
Zinc 69.5 43.0 68.4 191 

 

 

4.3  Exchange Between Interconnected Lake Compartments 

 As discussed in Section 3, potential hydraulic connections are present between Upper Lake 

Lafayette and Lake Piney Z, Lake Piney Z and Lower Lake Lafayette, and between Alford Arm and 

Lower Lake Lafayette.  However, based on discussions with Michael Hill with the Florida Fish and 

Wildlife Conservation Commission, water exchange between Upper Lake Lafayette and Lake Piney 

Z and between Lake Piney Z and Lower Lake Lafayette during the monitoring period from July 1, 

2003-June 30, 2004 is thought to be negligible. 

 As indicated in Table 3-13, it is estimated that approximately 2747 ac-ft of water migrated 

from Alford Arm into Lower Lake Lafayette during the 12-month monitoring program from July 

2003-June 2004.  This inflow accounts for approximately 22% of the total hydrologic inputs into 

Lower  Lake  Lafayette.  Estimates  of  annual  mass  loadings  from  Alford  Arm  into Lower Lake 

Lafayette were calculated for total nitrogen, total phosphorus, TSS, and BOD based upon the 

estimated annual inflow of 2747 ac-ft/yr and the mean values for these constituents measured in 

Alford Arm surface water (monitoring site L27) during the period from July 2003-July 2004 

(summarized in Table 2-6).  Since copper and zinc were not measured as part of the lake monitoring 

program, an estimated mean concentration of 2 μg/l is assumed for copper and 9 μg/l for zinc.  

These values are calculated from the mean stormwater concentrations of copper and zinc entering 

Alford Arm (3 μg/l for copper and 15 μg/l for zinc) and an assumed removal efficiency of 40% for 

each metal within Alford Arm. 
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 A summary of estimated annual mass loadings from Alford Arm to Lower Lake Lafayette is 

given in Table 4-10 based on an estimated annual volumetric exchange of 2766 ac-ft.  On an annual 

basis, inflow from Alford Arm contributes approximately 1226 kg/yr of total nitrogen, 129 kg/yr of 

total phosphorus, 13,286 kg/yr of TSS, 5117 kg/yr of BOD, 6.8 kg/yr of copper, and 30.7 kg/yr of 

zinc to Lower Lake Lafayette.  The information summarized in Table 4-10 is utilized in a 

subsequent section to prepare mass balance budgets for each of the four lake compartments. 

 

 
 TABLE  4-10 
 
 ESTIMATED  MASS  EXCHANGE  FROM 
 ALFORD  ARM  TO  LOWER  LAKE  LAFAYETTE 
 

ANNUAL  LOADING  FROM  ALFORD  ARM  (kg/yr) 

TN TP TSS BOD Cu Zn 

1,226 129 13,286 5,117 6.8 30.7 

 

 

4.4  Estimated Annual Mass Budgets 

 Estimated annual mass budgets were developed for each of  the four compartments of Lake 

Lafayette which included the mass inputs previously discussed for stormwater runoff, dry weather 

baseflow, runoff from directly connected sub-basin areas, bulk precipitation, and exchange between 

lake compartments (when applicable).   

 A summary of estimated annual mass inputs of total nitrogen, total phosphorus, TSS, BOD, 

copper, and zinc into each of the four compartments of Lake Lafayette is given in Table 4-11.  Mass 

inputs of baseflow and stormwater from tributary inflow were obtained from information provided 

in Table 4-6.  Estimates of annual mass loadings from bulk precipitation were obtained from 

information provided in Table 4-9, and estimated mass exchange from Alford Arm to Lower Lake 

Lafayette was obtained from information provided in Table 4-10.  Estimates of mass inputs from 

direct runoff, which include sub-basin areas discharging directly into each of the four lake 

compartments, were calculated using the loading rate model discussed in Section 5. 
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TABLE  4-11 
 
 ESTIMATED  ANNUAL  MASS  BUDGETS  FOR 
 LAKE  LAFAYETTE  FROM  JULY  2003-JUNE  2004 
 
 
 Upper Lake Lafayette 
 

ANNUAL  MASS  INPUTS  (kg/yr) 
SOURCE 

Total N Total P TSS BOD Copper Zinc 

 Lafayette Creek 
A.  Baseflow 
B.  Stormwater 

 
121 

3,266 

 
21.1 
1,137 

 
3,509 

309,819 

 
393 

12,026 

 
5.6 
14.6 

 
1.0 
43.8 

 Weems Pond 
A.  Baseflow 
B.  Stormwater 

 
350 

3,728 

 
59.7 
909 

 
6,235 

136,068 

 
1,672 
19,785 

 
15.0 
34.5 

 
6.6 
109 

Direct Runoff 1,598 157 15,195 3,805 3.2 52.2 

Bulk Precipitation 1,864 125 17,227 5,557 19.5 69.5 

TOTALS: 10,927 2,409 488,053 43,238 92.4 282 

 
 
 
 
 
 Lake Piney Z 
 

ANNUAL  MASS  INPUTS  (kg/yr) 
SOURCE 

Total N Total P TSS BOD Copper Zinc 

 Direct Runoff 413 34 3,996 1,225 1.0 14.7 

 Bulk Precipitation 1,155 77 10,675 3,444 12.0 43.0 

Inflow from 
Upper Lake Lafayette 

~ 0 ~ 0 ~ 0 ~ 0 ~ 0 ~ 0 

TOTALS: 1,568 112 14,672 4,668 13.0 57.7 
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TABLE  4-11 -- CONTINUED 

 
 ESTIMATED  ANNUAL  MASS  BUDGETS  FOR 
 LAKE  LAFAYETTE  FROM  JULY  2003-JUNE  2004 
 
 
 Alford Arm 
 

ANNUAL  MASS  INPUTS  (kg/yr) 
SOURCE 

Total N Total P TSS BOD Copper Zinc 

 Alford Arm 
A.  Baseflow 
B.  Runoff 

 
69.7 
1,111 

 
6.1 
143 

 
671 

16,875 

 
298 

6,469 

 
4.0 
6.0 

 
0.6 
28.0 

Direct Runoff 2,708 501 47,054 5,184 7.2 112 

Bulk Precipitation 1,835 123 16,953 5,469 19.1 68.4 

TOTALS: 5,723 773 81,552 17,419 36.3 209 

 
 
 
 
 
 Lower Lake Lafayette 
 

ANNUAL  MASS  INPUTS  (kg/yr) 
SOURCE 

Total N Total P TSS BOD Copper Zinc 

 Direct Runoff 5,158 707 104,927 11,206 14.6 204 

 Bulk Precipitation 5,135 344 47,443 15,304 53.6 191 

Inflow from Alford Arm 1,226 129 13,286 5,110 6.8 30.5 

TOTALS: 11,519 1,181 165,656 31,620 75.0 426 
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4.4.1 Nitrogen Loading 

 A comparison of total nitrogen mass budgets for the four compartments of Lake Lafayette 

over the period from July 2003-June 2004 is given in Figure 4-12.  The most significant inputs of 

total nitrogen to Upper Lake Lafayette appear to be stormwater discharges from Weems Pond and 

Lafayette Creek, contributing approximately 34% and 30% of the annual nitrogen loadings, 

respectively.  Approximately 15% of the annual total nitrogen loadings to Upper Lake Lafayette are 

contributed by direct runoff, with 17% contributed by direct precipitation.  Relatively small 

contributions of nitrogen originate from baseflow. 

 The most significant mass loadings of nitrogen to Lake Piney Z occur from direct 

precipitation, which contributes approximately 74% of the total nitrogen loading.  The remaining 

26% of nitrogen inputs to Lake Piney Z occur from direct runoff from adjacent sub-basin areas. 

 Approximately 48% of the total nitrogen inputs into Alford Arm enter the lake from direct 

runoff from adjacent sub-basin areas.  Inputs from direct precipitation and tributary runoff range 

from 19-32%.  A relatively small contribution occurs from baseflow. 

 The most significant input of total nitrogen to Lower Lake Lafayette is direct precipitation 

which contributes approximately 45% of the nitrogen inputs.  An additional 44% is contributed by 

direct runoff, with 11% of the annual total nitrogen loadings originating from Alford Arm. 

 

4.4.2 Phosphorus Loading 

 A graphical comparison of total phosphorus mass budgets for Lake Lafayette over the 

period July 2003-June 2004 is given in Figure 4-13.  The largest single contributor of total 

phosphorus to Upper Lake Lafayette appears to be runoff discharging from Lafayette Creek, which 

contributes 47% of the annual phosphorus loading.  Runoff discharges from Weems Pond 

contribute an additional 38%, with direct runoff from adjacent sub-basins contributing 7%.  

Phosphorus inputs from direct precipitation, Lafayette Creek baseflow, and Weems Pond baseflow 

appear to be relatively insignificant. 
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 Phosphorus inputs to Lake Piney Z occur primarily as a result of direct precipitation, which 

contributes 69% of the annual loading.  The remaining 31% of the annual phosphorus loading to 

Lake Piney Z occurs through direct runoff, with inflow from Upper Lake Lafayette contributing a 

negligible amount. 

 The most significant total phosphorus input to Alford Arm appears to be direct runoff from 

sub-basin areas immediately adjacent to the lake which contribute approximately 65% of the total 

phosphorus loading.  Tributary runoff through Alford Arm contributes an additional 18%, with 16% 

contributed by direct precipitation. 

 Direct runoff from adjacent sub-basin areas also appears to be the most significant 

phosphorus input to Lower Lake Lafayette (60%), followed by direct precipitation (29%), and 

inflow from Alford Arm (11%). 

  

4.4.3 TSS Loading 

 A graphical comparison of annual mass loadings of total suspended solids (TSS) to Upper 

Lake Lafayette over the period from July 2003-June 2004 is given in Figure 4-14.  The largest 

single contributor of TSS to Upper Lake Lafayette appears to be runoff from Lafayette Creek 

(63%), followed by runoff from the Weems Pond (28%).  Direct runoff from adjacent sub-basin 

areas contributes approximately 3%, with direct precipitation, baseflow from Weems Road Pond, 

and baseflow from Lafayette Creek contributing 4% or less. 

 The most significant loading of TSS to Lake Piney Z occurs as a result of direct 

precipitation which contributes 73% of the total annual load.  Direct runoff from adjacent sub-basin 

areas contributes an additional 27%.  Inflow from Upper Lake Lafayette is thought to contribute less 

than 1%. 

 The most significant source of TSS to Alford Arm appears to be direct runoff from adjacent 

sub-basin areas (57%), followed by runoff inputs from the Alford Arm Tributary (21%).  Direct 

precipitation contributes approximately 21%, with 1% or less contributed by tributary baseflow. 

 Direct runoff appears to be the most significant source of TSS loadings to Lower Lake 

Lafayette (63%), followed by direct precipitation (29%).  Inflow from Alford Arm contributes 

approximately 8% of the total annual TSS loading to Lower Lake Lafayette. 
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4.4.4 BOD Loading 

 A graphical comparison of estimated annual mass loadings of BOD to Lake Lafayette over 

the period from July 2003-June 2004 is given in Figure 4-15.  The largest single contributor of BOD 

to Upper Lake Lafayette appears to be runoff from Weems Pond (45%), followed by runoff from 

Lafayette Creek (28%) and direct precipitation (13%).  BOD inputs from direct runoff contribute 

9%, with baseflow from Weems Pond and Lafayette Creek contributing 4% or less of the total 

annual BOD load. 

 The largest single contributor of BOD to Lake Piney Z appears to be direct precipitation 

which contributes approximately 74% of the total annual load.  An additional 26% is contributed by 

direct runoff from adjacent sub-basin areas, with inflow from Upper Lake Lafayette contributing 

less than 1%.   

 BOD inputs to Alford Arm originate primarily from tributary inflow (37%), followed by 

direct precipitation (31%).  An additional 30% is contributed by direct runoff, with 2% by tributary 

baseflow. 

 BOD inputs to Lower Lake Lafayette occur primarily as a result of direct precipitation 

(49%) and direct runoff (35%).  Inflow from Alford Arm contributes approximately 16% of the total 

annual load. 

 

4.4.5 Copper Loading 

 A graphical comparison of annual mass inputs of copper to Lake Lafayette over the period 

from July 2003-June 2004 is given in Figure 4-16.  Copper inputs into Upper Lake Lafayette occur 

primarily from runoff discharging from Weems Pond (38%), followed by direct precipitation 

(21%).  Runoff from Lafayette Creek contributes approximately 16% of the annual total copper 

loading, with an additional 16% contributed by Weems Pond baseflow.  Copper inputs from 

Lafayette Creek baseflow and direct runoff each contribute approximately 3-6% of the total annual 

load. 

 The most significant copper inputs to Lake Piney Z occur as a result of direct precipitation 

(92%).  Direct runoff from adjacent sub-basin areas contributes approximately 8% of the annual 

copper loading, with inflow from Lake Lafayette contributing less than 1%. 
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 Direct precipitation appears to the largest contributor of copper to Alford Arm (52%), 

followed by direct runoff (20%).  An additional 17% is contributed by tributary runoff, with 11% 

contributed by tributary baseflow. 

 The single largest contributor of copper to Lower Lake Lafayette appears to be direct 

precipitation (72%), followed by direct runoff from adjacent sub-basin areas (19%).  Copper inputs 

in discharges from Alford Arm comprise approximately 9% of the annual load. 

 

4.4.6 Zinc Loading 

 A graphical comparison of estimated mass loadings of total zinc to Lake Lafayette over the 

period from July 2003-June 2004 is given in Figure 4-17.  Inputs of zinc to Upper Lake Lafayette 

occur primarily as a result of runoff discharges from the Weems Pond (38%), followed by direct 

runoff from adjacent sub-basin areas (19%) and precipitation (25%).  Approximately 16% of the 

annual zinc load is contributed by runoff from Lafayette Creek.  Baseflow from Weems Pond and 

Lafayette Creek contribute relatively insignificant zinc loadings on an annual basis. 

 Annual mass loadings of zinc to Lake Piney Z are contributed primarily as a result of direct 

precipitation (75%) and direct runoff from adjacent sub-basin areas (25%).  Inflow from Upper 

Lake Lafayette is thought to be relatively insignificant. 

 The single largest contributor of zinc to Alford Arm appears to be direct runoff (54%), 

followed by direct precipitation (33%) and tributary runoff (13%).  Zinc inputs from tributary 

baseflow are thought to be relatively insignificant. 

 The single largest contribution of zinc to Lower Lake Lafayette appears to be direct runoff 

from adjacent sub-basin areas (48%), followed by direct precipitation (45%).  Inflow from Alford 

Arm contributes 7% of the annual zinc load. 
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SECTION  5 
 

POLLUTANT  LOADING / 
CONCENTRATION  MODEL 

  

 During 2001-2002, ERD developed a Nonpoint Source Loading and Management Model 

for the City of Tallahassee to assist in identifying areas of significant pollutant loadings and to 

evaluate potential water quality impacts from stormwater management options.  This model 

included all significant watersheds in the City of Tallahassee, even if only a small portion of the 

basin is located within the City limits.  The entire Lake Lafayette watershed was included as part 

of this model.  The Scope of Services for the Lake Lafayette Project specifies that this previously 

developed watershed model be modified and calibrated specifically for the Lake Lafayette basin 

to assist in providing estimates of annual pollutant loadings to Lake Lafayette and provide a 

mechanism for evaluating potential water quality impacts from selected nonpoint source 

treatment options. 

The City of Tallahassee Nonpoint Source Loading and Management Model (CoTNSLMM) 

is an Excel spreadsheet model that estimates total annual stormwater runoff volumes and pollutant 

loadings for multiple basins within a watershed.   The model uses land use and hydrologic soil 

groups, derived from data generated by the Tallahassee-Leon County GIS system, to calculate 

stormwater runoff volumes and pollutant loadings on a watershed scale.  The results of the model 

are used to identify potential runoff related pollution problem areas, sources of major pollutants, and 

to assist in prioritization of areas to be considered for treatment. 

For purposes of the Lake Lafayette Project, the CoTNSLMM Model was modified to 

include only the Lake Lafayette drainage basin.  The resulting model is referred to in this report as 

the Lake Lafayette Nonpoint Source Loading and Management Model (LLNSLMM).  A discussion 

of the LLNSLMM Model, including characteristics of the Lake Lafayette watershed and model 

input data, is given in the following sections. 
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5.1  Lake Lafayette Watershed Characteristics

5.1.1 Sub-Basin Delineations

 An overall schematic of the Lake Lafayette drainage basin is given in Figure 5-1, 

including significant waterbodies and assigned sub-basin names and delineations.  The overall 

watershed and sub-basin delineations are derived from information generated by the City of 

Tallahassee during development of the CoTNSLMM Model. 

A summary of designated sub-basin areas for each of the four compartments of Lake 

Lafayette is given in Table 5-1.  A total of 56 separate sub-basin areas, with a total area of 

51,397.1 acres, were identified which can potentially discharge into Lake Lafayette.  Of these 

basins, 17 are thought to be “closed” basins which do not contribute significant hydrologic inputs 

into Lake Lafayette.  These basins are included in the routing for the LLNSLMM Model but do 

not contribute runoff to downstream receiving waters.  The remaining 38 sub-basin areas are 

thought to potentially contribute to Lake Lafayette. A summary of significant sub-basin areas 

discharging through Weems Pond, Lafayette Creek, and Alford Arm, along with basins 

contributing direct runoff and closed basins, is given in Figure 5-2. 

 Based upon the City of Tallahassee basin delineations, 12 separate sub-basin areas 

discharge into Upper Lake Lafayette through the Weems Pond Tributary, with a total area of 

approximately 10,039.9 acres.  Six of the identified sub-basins discharging through the Weems 

Pond tributary are also identified as “partially closed basins” (PCB).  These basins provide inputs 

to the Weems Pond tributary primarily through high-level overflows which discharge from 

waterbodies or stormwater management systems within each of the basins.  For modeling 

purposes, it is assumed that approximately 99% of the generated runoff volume is retained within 

these basins on an annual basis, with the remaining volume and associated pollutant loadings 

entering the tributary system for Weems Pond.  The Lafayette Creek basin is comprised of a 

single sub-basin which is approximately 1799 acres in size.  Direct runoff to Upper Lake 

Lafayette is contributed by a single sub-basin with an area of 1612.3 acres.  Overall, the total 

drainage basin area thought to contribute runoff to Upper Lake Lafayette covers approximately 

13,451.3 acres. 
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 TABLE  5-1 
 
 DESIGNATED  SUB-BASIN  AREAS 
 DISCHARGING  TO  LAKE  LAFAYETTE 
 
 
 Upper Lake Lafayette
 

TRIBUTARY SUB-BASIN  NAME AREA 
(acres) 

Weems Pond Killarney Plaza  (PCB)1 30.2 

 Harriman Circle  (PCB) 145.8 

 Piedmont  610.6 

 Melody Hills (PCB) 177.0 

 Goose Pond  2,545.0 

 Lake Ella (PCB) 206.3 

 Waverly  365.9 

 McCord Park  1,141.1 

 Capital Medical Center  (PCB)  253.1 

 Phillips Road  (PCB) 432.7 

 Betton Woods  1,488.5 

 East Park Avenue  2,643.7 

 TOTAL: 10,039.9 

Lafayette Creek Lincoln High 1,799.1 

 TOTAL: 1,799.1 

Direct Runoff Upper Lafayette  1,612.3 

 TOTAL: 1,612.3 

 OVERALL  TOTAL:  13,451.3 
 
1.  Denotes partially closed basin 
 
 
 Lake Piney Z
 

TRIBUTARY SUB-BASIN  NAME AREA 
(acres) 

Direct Runoff Piney Z  443.5 

 TOTAL: 443.5 
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TABLE  5-1 -- CONTINUED 

 
 DESIGNATED  SUB-BASIN  AREAS 
 DISCHARGING  TO  LAKE  LAFAYETTE 
 
 
 Alford Arm
 

TRIBUTARY SUB-BASIN  NAME AREA 
(acres) 

Alford Arm Lake McBride  1,256.0 

 Millstone Creek 1,693.1 

 Lake Tom John 573.2 

 Royal Oaks Creek 747.1 

 Lake Kinsale 147.9 

 Lake Killarney 1,067.6 

 Gilbert Pond 892.1 

 Lake Saratoga 974.5 

 Lake Kanturk 501.2 

 Lake Sheelin (PCB) 214.1 

 Lower Kanturk 715.2 

 Desoto Lakes 1,047.1 

 Roberts Pond 2,224.4 

 Witfield Plantation  (PCB) 497.0 

 Mt. Hornbem 1,624.8 

 Martinez 2,896.2 

 Miles 1,492.0 

 1-10/90 5,259.1 

 TOTAL: 23,822.6 

Direct Runoff East Spring Church 1,038.1 

 Alford Arm 2,224.0 

 TOTAL: 3,262.1 

 OVERALL  TOTAL: 27,083.7 
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TABLE  5-1 -- CONTINUED 

 
 DESIGNATED  SUB-BASIN  AREAS 
 DISCHARGING  TO  LAKE  LAFAYETTE 
 
 
 Lower Lake Lafayette
 

TRIBUTARY SUB-BASIN  NAME AREA 
(acres) 

Direct Runoff Mt. Sinai 509.5 
 Vedura II 1,044.7 
 Lake Heritage 573.3 
 Lower Lafayette 2,300.0 

 TOTAL: 4,427.4 

 OVERALL  TOTAL: 4,427.4 
 
 
 
 Closed Basins – Do Not Contribute Runoff
 

TRIBUTARY SUB-BASIN  NAME AREA 
(acres) 

Closed Basins Buck Lake 552.5 
 Celebration Baptist Church 17.6 
 East 27 269.8 
 Federal Correctional Institution 106.7 
 Foley Drive 29.5 
 Lafayette Oaks 746.5 
 Maylor 381.7 
 Mom and Dads 771.6 
 Moore Pond 523.3 
 Pedric 357.9 
 Smith 1 335.2 
 Smith 2 174.2 
 Smith 3 163.0 
 Smith 4 164.3 
 Southwood Plantation 104.9 
 St. Peters 35.3 
 Welaunee 1,256.4 

 TOTAL: 5,990.4 

 OVERALL  TOTAL: 5,990.4 
 



Figure 5-2.  Major Drainage Systems Entering Lake Lafayette.
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Closed Basins
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Partially Closed Basins
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Runoff inputs to Lake Piney Z occur from a single sub-basin with an area of 

approximately 443.5 acres.  Stormwater runoff generated in this basin discharges to Lake Piney 

Z by a combination of overland flow and small man-made and natural channels. 

 The Alford Arm Tributary which discharges into Alford Arm contains 18 separate sub-

basin areas, with an overall area of 23,822.6 acres.  Two of the sub-basins discharging to Alford 

Arm, comprising an area of 998.2 acres, are considered to be partially closed basins which 

provide high- level overflow for waterbodies and stormwater management systems within the 

basins.  For modeling purposes, it is assumed that 99% of the generated runoff within these 

basins is retained within the basins, with 1% ultimately discharging into the Alford Arm 

tributary.   Direct runoff to Alford Arm occurs through two sub-basins immediately adjacent to 

the lake, with a total area of 3262.1 acres.  Overall, the total drainage basin area discharging to 

Alford Arm is approximately 27,083.7 acres. 

Runoff inputs to Lower Lake Lafayette are generated in four separate sub-basins, located 

immediately adjacent to the lake, with a total area of 4427.4 acres.  Stormwater runoff generated 

in these sub-basins discharges to Lower Lake Lafayette by a combination of overland flow and 

small man-made and natural channels. 

A summary of major contributing drainage basins to Lake Lafayette is given in Table 5-2 

based upon the information contained in Table 5-1.  This summary includes basins which are 

thought to potentially contribute stormwater runoff to Lake Lafayette and excludes basins 

designated as closed.  The largest sub-basin area discharging to Upper Lake Lafayette is the 

Weems Pond basin which comprises approximately 75% of the total area discharging to Upper 

Lake Lafayette.  Approximately 13% of the Upper Lake Lafayette drainage basin originates 

through Lafayette Creek, with direct basins comprising an additional 12%. 

Lake Piney Z has no significant tributary inflows and, as a result, direct basins comprise 

100% of the sub-basins discharging to Lake Piney Z.  In the Alford Arm compartment of Lake 

Lafayette, the Alford Tributary occupies approximately 88% of the drainage basin, with sub-

basin areas immediately adjacent to Alford Arm (designated as direct basins) contributing an 

additional 12% of the basin area.  Lower Lake Lafayette also has no significant tributary inflows 

and, as a result, direct runoff inputs occur from sub-basin areas immediately adjacent to this 

portion of the lake. 
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 TABLE  5-2 
 
 SUMMARY  OF  MAJOR 
 LAKE  LAFAYETTE  DRAINAGE  BASINS 
 

DRAINAGE 
BASIN 

AREA 
(acres) 

PERCENT  OF 
DRAINAGE  BASIN 

(%) 
Upper Lake Lafayette 

Weems Pond 
Lafayette Creek 
Direct Basins 

Total: 

 
10,039.9 
1,799.0 

  1,612.3  
13,451.3 

 
75 
13 
 12 
100 

Lake Piney Z 
Direct Basins 

Total: 

 
 443.5 
443.5 

 
 100 
100 

Alford Arm 
Alford Tributary 

Direct Basins 
Total: 

 
23,822.6 
  3,262.1  
27,083.7 

 
88 
 12 
100 

Lower Lake Lafayette 
Direct Runoff 

Total: 

 
  4,427.4 
4,427.4 

 
 100 
100 

Closed Basins 
Total: 

5,990.4 
5,990.4 

 100 
100 

TOTAL: 51,397.1  
 

 

 

  

5.1.2   Watershed Elevations 

 A digital elevation model of the Lake Lafayette drainage basin is given in Figure 5-3.  

This map is based upon 2002 LIDAR data and was prepared by the Tallahassee-Leon County 

GIS Department.  The Lake Lafayette basin contains a substantial amount of relief, with the 

highest elevations within the basin approaching 255 ft and the lowest elevations, in the vicinity 

of Lake Lafayette, at an elevation of approximately 24.5 ft.  Significant drainage features are 

clearly visible within this figure, including Lafayette Creek, the Weems Pond tributary, and the 

Alford Arm tributary.  Areas containing isolated or closed sub-basins are also clearly visible, 

particularly in the northwestern and southern portions of the drainage basin. 
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5.1.3 Soil Characteristics

 Information on soil types within the Lake Lafayette drainage basin was obtained from the 

Florida Geographical Data Library (FGDL) GIS database.  Soil information was extracted in the 

form of Hydrologic Soil Groups (HSG) which groups soil types with respect to runoff-producing 

characteristics.  Soil groups within the Lake Lafayette drainage basin were divided into six 

separate categories for modeling purposes.  A summary of the characteristics of each hydrologic 

soil group is given in Table 5-3.  The chief consideration in each of the soil group types is the 

inherent capacity of bare soil to permit infiltration. 
 
 

TABLE  5-3 
 
 CHARACTERISTICS  OF  SCS  HYDROLOGIC 
 SOIL  GROUP  CLASSIFICATIONS 
 

SOIL  
GROUP 

DESCRIPTION 
RUNOFF  

POTENTIAL 
INFILTRATION  

 RATE 
A Deep sandy soils very low High 
B Shallow sandy soils low Moderate 
C Sandy soil with high clay  

or organic content 
Medium to high Low 

D Clayey soils very high low to none 
W Wetland or hydric soils -- -- 

B / D Shallow sandy soils over 
low permeability layer 

1.  high in undeveloped condition 
2.  low in developed condition 

1.  low in undeveloped condition 
2.  moderate in developed condition 

 
 

 

 A graphical depiction of hydrologic soil groups in the Lake Lafayette drainage basin is 

given in Figure 5-4.  The vast majority of soils within the Lake Lafayette basin consist of soils in 

Hydrologic Groups A, B, or B/D, all of which exhibit moderate to high infiltration rates.  These 

soil characteristics are largely responsible for the significant attenuation of runoff volumes 

within the various drainage basins observed by ERD during the field monitoring program.  Large 

portions of the Alford Arm drainage basin are comprised of A and B soils which have a low 

runoff potential and a high infiltration rate. The high infiltration rates associated with soils within 

the Lake Lafayette drainage basin suggests that stormwater management practices relying upon 

infiltration may be particularly useful within this drainage basin. 



Hydrologic Soil 
Groups

A
B
B/D
C
D
W

Figure 5-4.  Hydrologic Soil Groups in the Lake Lafayette Basin..
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 A summary of areas covered by various hydrologic soil groups in the Lake Lafayette 

drainage basin is given in Table 5-4.   The information summarized in this table is utilized as 

input data for the LLNSLMM Model.  For computational purposes, soils identified in hydrologic 

soil group B/D are included in the HSG C classification. 

 Overall, the largest hydrologic soil group in the Lake Lafayette basin is HSG B which 

comprises 62.3% of the overall basin area.  An additional 18.2% is covered by soils in HSG A.  

Soils in HSG A and B, considered to exhibit moderate to high infiltration rates and low runoff 

potential, comprise approximately 80.6% of the overall basin area.  Approximately 15.0% of the 

basin area is covered by soils in HSG C, with HSG D soils and HSG W soils comprising 

approximately 4.5% of the total basin area.  Based on the information provided in Table 5-4, it 

appears that the vast majority of soils in the Lake Lafayette basin exhibit high to moderate 

infiltration rates. 

 

5.1.4 Land Use

 Land use contained within the LLNSLMM Model was generated during development of 

the CotNSLMM Model for the City of Tallahassee.  At the time of development of the 

CotNSLMM Model, the 1999 coverage contained within the Tallahassee-Leon County GIS 

network was the most recent land use information available.  The maps provide land use 

information on a parcel basis and are updated on approximately an annual basis. 

 Transformation of the land use data into useable land use information required significant 

modifications and field verification of land use categories.  The parcel files maintained in the 

Leon County Property Appraiser’s database contains numerous errors and misassignments of 

land use categories which must be corrected before the data can be useful.  For example, many 

vacant parcels are characterized as residential land use even though no residential activities 

currently exist on the parcel.  Parcels adjacent to waterbodies often extend into the waterbody, 

leading to the mischaracterization of portions of a waterbody as the land use associated with the 

upland areas.  Large portions of the bottom of Lake Lafayette itself are classified as residential 

land uses within the parcel database.  As a result, a considerable amount of effort was undertaken 

during  development  of  the  CotNSLMM  Model  to  accurately verify land use data based upon 



LAFAYETTE\EXISTING  CONDITIONS  REPORT 

5-14 
TABLE  5-4 

 
SUMMARY  OF  HYDROLOGIC  SOIL 

GROUPS  IN  THE  LAKE  LAFAYETTE  SUB-BASINS 
 

BASIN  AREA  IN  HYDROLOGIC  SOIL  GROUP (acres) 
SUB-BASIN 

A B C D W 
Alford Arm 688.3 1255.6 199.3 22.8 57.9 

Betton Woods 42.9 1027.0 383.7 29.0 5.9 
Buck Lake CB 91.9 395.2 27.0 0.1 38.3 

Capital Medical Center PCB 0.0 225.7 17.8 0.0 9.6 
Celebration Baptist Church CB 0.0 17.6 0.0 0.0 0.0 

Desoto Lakes 233.2 424.8 360.5 0.0 28.6 
East 27 CB  0.9 259.8 9.2 0.0 0.0 

East Park Avenue 286.4 1631.0 578.3 140.5 7.4 
East Spring Church 95.4 760.2 167.5 2.1 12.9 

Federal Correctional Institution CB 0.0 106.7 0.0 0.0 0.0 
Foley Drive CB 0.0 27.0 0.0 2.4 0.0 

Gilbert Pond  254.5 360.3 174.3 3.0 99.9 
Goose Pond 175.8 1849.5 246.6 234.1 39.0 

Harriman Circle PCB 0.0 144.9 0.0 0.0 0.9 
I-10/90 874.8 3603.2 628.0 47.8 105.3 

Killarney Plaza PCB 0.0 30.2 0.0 0.0 0.0 
Lafayette Oaks CB 252.2 448.8 35.6 0.0 9.9 

Lake Ella PCB 0.0 151.6 0.0 43.0 11.7 
Lake Heritage 72.6 293.3 120.8 46.1 40.5 
Lake Kanturk  233.5 149.2 37.7 0.0 80.9 
Lake Killarney 259.5 596.8 124.1 0.0 87.2 
Lake Kinsale 41.4 32.5 62.8 0.0 11.1 
Lake McBride 282.9 673.7 81.2 17.2 201.1 
Lake Saratoga 489.8 290.1 179.8 0.0 14.7 

Lake Sheelin PCB 139.9 40.0 27.6 0.0 6.6 
Lake Tom John 343.5 53.2 98.1 14.5 63.9 
Lincoln High  189.3 1327.0 261.7 4.2 16.9 

Lower Kanturk  243.0 308.8 156.8 0.0 6.6 
Lower Lafayette 319.2 1363.3 525.0 43.2 49.3 

Martinez 767.8 1412.2 672.6 0.0 43.6 
Maylor CB 15.7 333.2 0.0 31.2 1.6 

McCord Park 0.0 1050.9 33.4 54.0 2.8 
Melody Hills PCB 2.8 137.1 0.1 37.0 0.0 

Miles 283.5 1047.4 127.5 0.0 33.6 
Millstone Creek 572.7 769.5 333.3 0.0 17.6 

Mom and Dads CB 21.8 678.7 37.6 0.0 33.5 
Moore Pond CB 0.0 458.4 27.8 0.0 37.1 

Mt. Hornbem  513.3 860.1 225.1 15.2 11.2 
Mt. Sinai  0.0 380.0 126.2 0.0 3.3 
Pedric CB 148.9 184.6 16.1 0.0 8.4 

Phillips Road PCB 55.7 360.1 0.2 7.5 9.2 
Piedmont 73.9 439.2 96.2 0.0 1.3 
Piney Z  63.8 358.7 21.0 0.0 0.0 

Roberts Pond 550.1 1040.6 519.5 0.0 114.2 
Royal Oaks Creek 194.4 377.8 128.1 35.2 11.6 

Smith 1 CB 3.1 322.1 10.1 0.0 0.0 
Smith 2 CB 0.0 166.1 0.0 6.3 1.8 
Smith 3 CB 0.0 142.8 20.2 0.0 0.0 
Smith 4 CB 0.0 161.6 0.0 0.0 2.7 

Southwood Plantation CB 0.0 76.8 28.0 0.0 0.0 
St. Peters CB 11.2 22.8 1.3 0.0 0.0 

Upper Lafayette 234.5 999.3 374.8 0.0 3.6 
Vedura II  72.6 729.6 206.7 25.5 10.3 
Waverly  0.0 323.7 21.6 16.6 4.0 

Welaunee CB 149.0 964.6 105.9 0.0 36.9 
Witfield Plantation PCB 20.1 381.3 73.2 0.0 22.4 

Total: 9366.0 32025.8 7709.9 878.5 1417.0 

Percent of Total: 18.2 62.3 15.0 1.7 2.8 
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inspection of aerial photography and ground truthing.  This process resulted in the land use 

characterization data which is utilized in this report to represent existing conditions within the 

Lake Lafayette drainage basin. 

 The land use data provided by the Tallahassee-Leon County GIS system provides 

extremely detailed land use information.  For purposes of this project, the land use data was 

condensed into common land use categories for which stormwater characterization data is 

available.  A total of 12 major land use categories was identified, and each of the detailed land 

use categories provided in the GIS database was assigned to one of the 12 categories based upon 

similarities in hydrologic and pollutant loading characteristics.  A list of the selected land use 

types included in the LLNSLMM Model and corresponding descriptions is given in Table 5-5. 

 

 
 
 

TABLE  5-5 
 

LAND  USE  CATEGORIES  AND  DESCRIPTIONS 
 

 
LAND  USE  TYPE 

 

 
DESCRIPTION 

 
High-Density Residential Less than or equal to 0.25 acres per dwelling unit 

High-Intensity Commercial Parcel area greater than or equal to 3 acres 
Highway / Federal ROW area from 99exlu associated with federal highway areas from major streets 

coverage 
Highway / Interstates ROW area from 99exlu associated with interstate highway areas from major 

streets coverage 
Highway / Major ROW area from 99exlu associated with major highway areas from major streets 

coverage 
Industrial Warehouses, maintenance yards, etc. 

Low-Density Residential Greater than or equal to 1 acre per dwelling unit 
Low-Intensity Commercial Parcel area less than 3 acres 

Medium-Density Residential Less than 1 acre but greater than 0.25 acres per dwelling unit 
Multi-Family Residential Duplex, triplex, quadraplex, condos, dorms, and group quarters 

Open Water / Lake Existing lakes, ponds, and wetland areas 
Recreational / Open Space Vacant - no dwelling, greenspace, or park land designation 
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Right-of-way (ROW) area is a separate land use in the database.  However, pollutant 

loading from ROW associated with minor streets is typically included within the land use 

characterization data for the general land use classes.  Exceptions would be data for major roadways 

(i.e., interstates, federal highway, and other major highways) and open water.  Splitting and merging 

of polygons associated with the ROW for minor roads was attempted to reallocate this acreage 

among the ROW land use components of each watershed.  However, this task proved to be 

extremely time consuming. 

As an alternative, the ROW associated with major streets was segregated from the minor 

streets since pollutant loading rate data for major highways is available in the existing literature.  

The remaining ROW area for minor streets was proportionately redistributed between high-density 

residential, high-intensity commercial, industrial, low-density residential, low-intensity commercial, 

medium-density residential, multi-family residential, and recreation/open space land classes.  The 

proportioning method was based on average percentage values of ROW associated with 

homogeneous land use areas evaluated in four pilot areas during development of the CoTNSLMM 

Model.  Each land use category was assigned a percentage of the right-of-way depending on the 

relative acreage of the parcels from each land use category within the study area and percentage 

distribution factors for each land class.  

 A compilation of existing land use in the Lake Lafayette drainage basin, divided into the 

12 identified land use categories, is given in Table 5-6.  Land use is provided for each of the 56 

sub-basin areas identified in the Lake Lafayette drainage basin.  The land use information 

presented in this table is used to reflect existing conditions within the Lake Lafayette drainage 

basin and is used as input data for the LLNSLMM Model. 

 Under existing conditions, recreational/open space is the largest land use present within 

the Lake Lafayette drainage basin, occupying 47.4% of the basin.  Low-density residential 

occupies 24.4% of the drainage basin, with median-density residential comprising 13.8%.  

Approximately 3.8% of the basin is covered by low-intensity commercial land use, with 2.8% 

covered by open water/lakes.  The remaining land use categories occupy 2% or less of the total 

basin area under existing conditions. 
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5.2  LLNSLMM Model 

5.2.1    Model Organization  

LLNSLMM is divided into two spreadsheet files; the INPUT DATA.XLS and the 

LLNSLMM.XLS file.  The hydrologic data for the model, obtained from the City of Tallahassee 

GIS, is stored in the INPUT DATA.XLS file which contains hydrologic data for each sub-basin.  

These data are stored in separate sheets within the INPUT DATA.XLS workbook file.  The 

LLNSLMM.XLS workbook contains six worksheets labeled “Parameters”, “Runoff Vol Calc”, 

“Runoff Vol Attenuation”, “Loading”, “Summary” and “Receiving Water”.  A flow chart of 

LLNSLMM is presented in Figure 5-5. 

Calculations in LLNSLMM are organized into 5 computation modules that reside on 

separate worksheets within the LLNSLMM.XLS workbook. A basic overview of these 

computations is shown in a model flow chart presented in Figure 5-5. The first computational 

module calculates the generated runoff volume for each watershed sub-basin and is located in the 

“Runoff Vol Calc” worksheet.  The watershed sub-basin runoff volumes are then passed to the 

“Runoff Vol Attenuation” worksheet, which calculates the amount of runoff volume attenuation 

due to stormwater treatment and conveyance systems within the sub-basin.  Un-attenuated runoff 

volumes are used in the “Loading” worksheet to estimate the pollutant loading and pollutant 

loading attenuation within each sub-basin.  The “Summary” worksheet provides watershed 

summaries of the calculations from the previous three worksheets.  The “Receiving Water” 

worksheet calculates the estimated basin pollutant loadings reaching the receiving water by 

summing the individual watershed pollutant loads and attenuating them through receiving waters 

within the basin.  
 
 

5.2.2    Input Data

Land use and hydrologic soil group information for the model was obtained from GIS 

information in a spreadsheet format.  This information is contained in a separate workbook 

named INPUT DATA.XLS.  This workbook also contains calculations to estimate the percent 

impervious area and the directly connected impervious area (DCIA) as a percentage of the 

impervious area for each land use category.  



LLNSLMM Flow Diagram 

Figure 5-5.  Flow Diagram of LLNSLMM Model.
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An example of a watershed worksheet is shown in Figure 5-6.  The hydrologic and land use 

data contained in the INPUT DATA.XLS workbook is organized such that the data for each 

watershed exists on a separate worksheet within the file.  The data on each worksheet is organized 

into sections by hydrologic soil group and formatted so hydrologic information for each land use in 

hydrologic soil group A is contained in cells A4:M17, soil group B is contained in cells A23:M36, 

soil  group  C  is  contained  in  cells  A43:M55,  soil group D is contained in cells A63:A75 and soil 

group W (water) is contained in cells A83:M95.  The values in the “Total Acres” column (column 

H), the “Imperv %” column (column K) and the “DCIA %” column (column L) are passed to the 

LLNSLMM.XLS file as input data for the annual runoff volume calculations. 

 
 

 
 

Figure 5-6.  Screen Shot of Typical Land Use Data Contained in the INPUT DATA.XLS file. 
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5.2.3 Parameters Worksheet

 Additional input data for LLNSLMM is contained in the LLNSLMM.XLS file in the 

“Parameters” worksheet.  The “Parameters” worksheet is organized into a series of 8 tables that 

include information about watershed names and descriptions within the basin, rainfall frequency 

distribution,  the  coverage  and types of stormwater management systems utilized for each basin, 

attenuation factors for estimation of the volume of stormwater runoff and mass of pollutant load 

retained in stormwater management systems, conveyance system attenuation factors for the 

volume of stormwater runoff and pollutant load attenuated by the primary conveyance systems 

for each watershed, and typical stormwater runoff concentrations for each of the 12 land uses.   

 

 5.2.3.1  Sub-Basin Descriptions 

 A screen view of the “Parameters” worksheet is shown in Figure 5-7.  In the example 

shown in Figure 5-7, the text string “LL Existing Input Data.xls” in cell A1 refers to the name 

of the workbook file that contains the correct input data.  In this example the INPUT 

DATA.XLS file has been named “LL Existing Input Data.xls” and refers to the Lake Lafayette 

Basin data for current conditions.  Table 1 on the “Parameters” worksheet contains links used to 

identify the watersheds within the basin.  The first column in the table, labeled “Block Number” 

identifies the blocks in the sheets where the calculations for that basin will be located.  The block 

number has no effect on the calculations and is just used as a reference.  The second column in 

Table  1 contains  the  individual  worksheet  names used in the LL Existing Input Data.xls file. 

The third column contains the watershed name as it appears in cell A1 on the watershed 

worksheet in the LL Existing Input Data.xls file. The watershed name is used as a title for 

runoff volume and loading calculations and as a lookup string. 
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Figure 5-7.  Screen view of “Parameter” Worksheet Showing Tables 1 and 2 of LLNSLMM. 

 

 5.2.3.2  Rainfall Frequency Distribution

Table 2 on the “Parameters” worksheet, shown in Figure 5-7, contains a summary of the 

rainfall frequency distribution.  Two separate rainfall frequency distributions were used during 

this analysis.  First, individual rain events monitored during the 12-month monitoring program 

from July 2003-June 2004 were sub-divided into a rainfall frequency distribution for use in 

calibration of hydrologic components of the model.  A summary of the frequency distribution for 

rainfall events during the 12-month monitoring program is given in Table 5-7.  The number of 

monitored events at the I-10 monitoring site is included for each of the rainfall event ranges, 

along with the median event for each range.  This rainfall frequency distribution is used as input 

into the model for calibration purposes for the existing conditions hydrologic and nutrient 

budgets. 
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 TABLE  5-7 
 
 FREQUENCY  DISTRIBUTION  FOR  RAINFALL 
 EVENTS  AT  THE  LAKE  LAFAYETTE  MONITORING 

SITE  FROM  JUNE  2003 - JULY  2004 
 

RAINFALL 
EVENT  RANGE 

(inches) 

MEDIAN 
INTERVAL  EVENT 

(inches) 

NUMBER  OF 
ANNUAL  EVENTS 

IN  RANGE 

0.00-0.10 0.029 68 
0.11-0.20 0.151 18 
0.21-0.30 0.263 9 
0.31-0.40 0.337 11 
0.41-0.50 0.453 6 
0.51-0.75 0.605 13 
0.76-1.00 0.854 8 
1.01-1.50 1.249 11 
1.51-2.00 1.775 4 
2.01-3.00 2.526 5 

> 3.00 3.657 3 
 

 

The second rainfall frequency distribution is based on typical historical rainfall events in 

the Tallahassee area which is used for comparison of estimated loadings under current and future 

land use characteristics based upon average rainfall conditions. This rainfall frequency 

distribution is a statistical analysis of hourly rainfall from 37 years of rainfall data collected from 

the Tallahassee Airport.  The data were obtained from the National Climatic Data Center 

(NCDC) and covered the years from 1949-1995.  For purposes of this analysis, individual rain 

events were identified in the hourly data set as a period of continuous rainfall with no more than 

3 hours separating measurable rainfall. 

 A frequency distribution of annual rainfall events in the Tallahassee area from 1959-1995 

is given in Table 5-8.  During that period, approximately 42.9% of all rain events in the Tallahassee 

area had a total rainfall of 0.10 inch or less, 54.7% had a total rainfall of 0.20 inch or less, and 

73.6% had a total rainfall of 0.50 inch or less.  Only 2.7% of all storm events were found to exceed 

2.5 inches, representing approximately 3.9 rain events per year.  The rain events summarized in this 

table reflect an annual mean rainfall of 66.2 inches each year. 
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 TABLE  5-8 
 
 FREQUENCY  DISTRIBUTION  OF  ANNUAL  RAINFALL 
 EVENTS  IN  THE  TALLAHASSEE  AREA  FROM  1959-1995 
 

RAINFALL 
EVENT 
RANGE 
(inches) 

INTERVAL 
POINT 
USED 

(inches) 

FRACTION 
OF ANNUAL 

RAIN 
EVENTS 

NUMBER 
OF  ANNUAL 

RAIN 
EVENTS 

0.00-0.10 0.05 0.429 61.4 
0.11-0.20 0.15 0.118 16.8 
0.21-0.30 0.25 0.076 10.9 
0.31-0.40 0.35 0.061 8.8 
0.41-0.50 0.45 0.051 7.3 
0.51-1.00 0.75 0.128 18.4 
1.01-1.50 1.25 0.064 9.1 
1.51-2.00 1.75 0.032 4.5 
2.01-2.50 2.25 0.015 2.1 

> 2.51 3.50 0.027 3.9 
 
      SOURCE:   Earthinfo, Inc. hourly precipitation from 1959-1995; minimum inter-event dry 
   period of 3 hours 

 

 

 5.2.3.3  Stormwater Management 

Table 3 on the “Parameters” worksheet, shown in Figure 5-8, contains data on the type 

and area served by stormwater management systems in each watershed.  The type of stormwater 

management systems are sorted into four categories:  (1) dry retention; (2) dry retention for the 

first 0.5 inches of runoff; (3) dry detention with filtration; and (4) wet detention.  These four 

stormwater management systems are the most popular stormwater management systems utilized in 

Leon County and within the State of Florida.  Although other types of stormwater management 

systems are present in the Lake Lafayette drainage basin, these systems are grouped into one of the 

four designated categories based upon similarities in anticipated pollutant removal efficiencies. 

Table 4 on the “Parameters” worksheet, shown in Figure 5-8, contains stormwater runoff 

volume and pollutant loading attenuation factors for each type of stormwater management 

system.  The  stormwater  management system attenuation factors can range from 0 to 1.0, with 0 
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being no attenuation and 1.0 indicating full attenuation.  A summary of assumed attenuation 

factors  for  runoff  volume, total nitrogen, total phosphorus, BOD, TSS, copper, zinc, and lead in 

the four common stormwater management systems is given in Table 5-9.  Values summarized in 

this table were obtained from the publication by Harper (1995) titled “Pollutant Removal 

Efficiencies for Typical Stormwater Management Systems in Florida” which summarized 

existing research on the effectiveness of stormwater management systems used in the State of 

Florida.  For purposes of this evaluation, the removal and attenuation factors summarized in 

Table 5-9 are assumed to reflect attenuation factors which occur for stormwater management 

systems in Leon County. 

Attenuation in stormwater management systems is calculated based on the fraction of 

various stormwater management systems within the basin and the attenuation capacity of each 

system type.  Currently, the model uses four typical stormwater management systems:  (1) dry 

retention for the first 0.5 inches of runoff; (2) dry detention; (3) dry detention with filtration; and 

(4) wet detention.  Detailed information on the types and coverages of stormwater management 

systems in the Lake Lafayette basin was obtained during development of the CotNSLMM 

Model.  A listing of the area treated by various stormwater management systems in each of the 

sub-basin areas is given in Table 5-10. The fraction of total basin area equipped with each 

system type is entered in Table 3 on the Parameter Sheet, shown in Figure 5-8.  The typical 

attenuation factors for these systems are shown in Table 3 in Figure 5-8. 



5-27 

  

 
 

 
Figure 5-8.  Screen View of “Parameter” Worksheet Showing Tables 3 and 4 of LLNSLMM. 

 
 

 
 TABLE  5-9 
 
 ANNUAL  MASS  REMOVAL  EFFICIENCIES 
 FOR  COMMON  STORMWATER  MANAGEMENT  SYSTEMS 
 

ANNUAL  REMOVAL  (%) SYSTEM 
TYPE Volume Total N Total P BOD TSS Copper Zinc Lead 

Dry Detention 15 15 25 40 70 35 50 50 

Dry Detention with Filtration 15 15 25 40 70 35 50 50 

Dry Retention (0.5-inch) 60 60 60 60 60 60 60 60 

Wet Detention 25 25 65 55 85 60 75 85 
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TABLE  5-10 
 

TOTAL  DRAINAGE  AREA  SUMMARY  BY  TREATMENT  TYPE 
 

BASIN  NAME 

TOTAL  
TREATED 

DRAINAGE  
AREA 
(acres) 

DRY 
DETENTION 

(acres) 

DRY 
DETENTION 

WITH 
FILTRATION 

(acres) 

DRY 
RETENTION 

(0.5-inch 
runoff) 
(acres) 

WET 
DETENTION 

(acres) 

TOTAL 
TREATABLE 

AREA 
(acres) 

Alford Arm     153.04 0.29 84.89 20.03 47.81 977.92 
Betton Woods     684.92 7.45 463.59 134.85 79.01 986.96 
Buck Lake CB   21.94 0.00 0.00 7.76 14.18 371.93 

Capital Medical Center PCB   105.39 0.89 62.57 17.84 24.07 168.01 
Celebration Baptist Church CB   12.44 0.00 0.00 12.44 0.00 17.31 

Desoto Lakes     0.00 0.00 0.00 0.00 0.00 420.32 
East 27 CB 0.00 0.00 0.00 0.00 0.00 65.40 

East Park Avenue     942.67 24.36 661.52 145.80 110.99 1,759.15 
East Spring Church 93.47 0.00 0.00 0.00 93.47 565.56 

Federal Correctional Institution CB   6.76 0.00 2.12 2.01 2.63 101.53 
Foley Drive CB   2.65 0.00 0.00 0.00 2.65 21.49 

Gilbert Pond     337.83 0.00 0.00 0.00 337.83 511.95 
Goose Pond     942.81 3.58 612.00 233.07 94.14 1,865.43 

Harriman Circle PCB   25.08 0.29 12.34 5.36 7.07 125.91 
I-10/90     541.29 0.00 0.00 0.00 541.29 2,574.13 

Killarney Plaza PCB   11.00 0.00 10.00 1.00 0.00 29.66 
Lafayette Oaks CB   19.63 0.00 0.00 0.00 19.63 594.03 

Lake Ella PCB   160.72 0.00 18.58 0.99 141.16 160.72 
Lake Heritage     103.86 0.00 0.00 0.00 103.86 338.35 
Lake Kanturk     21.38 0.00 0.00 0.00 21.38 375.18 
Lake Killarney     110.35 0.00 32.29 0.00 78.06 640.80 
Lake Kinsale     51.22 0.51 29.09 11.47 10.13 113.62 
Lake McBride     39.57 0.00 12.20 2.20 25.17 523.72 
Lake Saratoga     44.66 0.00 0.00 0.00 44.66 662.79 

Lake Sheelin PCB   56.38 0.00 0.00 0.00 56.38 185.94 
Lake Tom John     286.39 0.89 59.38 16.08 210.02 367.66 
Lincoln High     275.47 1.48 166.81 35.74 71.42 681.13 

Lower Kanturk     15.18 0.00 0.00 0.00 15.18 15.18 
Lower Lafayette     182.30 0.29 12.34 5.36 164.29 594.87 

Martinez     288.87 0.00 0.00 0.00 288.87 707.38 
Maylor CB   14.78 0.00 0.00 8.00 6.78 278.73 

McCord Park     253.77 1.68 74.72 36.32 141.03 1,015.33 
Melody Hills PCB   83.74 0.60 3.41 73.55 6.17 83.74 

Miles     55.21 0.00 0.00 0.00 55.21 416.61 
Millstone Creek     525.20 0.29 93.32 176.07 255.50 777.50 

Mom and Dads CB   272.76 0.00 0.00 0.00 272.76 337.73 
Moore Pond CB   284.31 0.00 0.00 259.45 24.86 284.31 

Mt Hornbem     278.12 0.59 151.54 10.72 115.26 362.07 
Mt Sinai     23.87 0.00 0.00 0.00 23.87 173.71 

Pedric CB   33.02 0.00 0.00 0.00 33.02 317.37 
Phillips Road PCB   41.78 0.00 33.34 1.07 7.37 378.15 

Piedmont     255.38 7.15 156.31 46.56 45.37 425.88 
Piney Z     104.32 0.09 100.42 1.64 2.16 104.32 

Roberts Pond     0.00 0.00 0.00 0.00 0.00 1,366.87 
Royal Oaks Creek     131.57 0.29 87.96 11.51 31.79 594.07 

Smith 1 CB   72.50 0.29 12.34 5.36 54.49 192.54 
Smith 2 CB   105.63 0.00 0.00 38.22 67.41 105.63 
Smith 3 CB   57.24 0.00 28.58 0.00 28.67 57.24 
Smith 4 CB   71.67 0.00 0.00 0.00 71.67 71.67 

Southwood Plantation CB   0.00 0.00 0.00 0.00 0.00 48.51 
St. Peters CB   22.27 0.18 7.81 9.01 5.25 22.27 

Upper Lafayette     429.58 0.29 274.20 25.31 129.76 429.58 
Vedura II     10.19 0.00 0.00 0.00 10.19 438.01 
Waverly     90.28 0.59 24.69 16.52 48.47 289.91 

Welaunee CB     60.49 0.00 0.00 0.00 60.49 263.24 
Witfield Plantation PCB   231.13 0.29 141.44 79.15 10.23 306.77 

Total: 9,046.09 52.36 3,429.80 1,450.47 4,113.13 25,665.83 
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 5.2.3.4  Conveyance/Delivery Ratios

 The runoff volume and pollutant loading estimates calculated within the LLNSLMM 

Model represent the generated runoff volumes and mass loadings discharging from a given land 

use parcel.  When stormwater management systems are present, a portion of the runoff volume 

and pollutant loading will be attenuated within the stormwater management system according to 

the attenuation factors summarized in Table 5-9.  However, after discharging from a given land 

use or stormwater management system, both runoff volume and pollutant loadings are subjected 

to additional attenuation during migration through the drainage basin prior to reaching the 

ultimate receiving waterbody.  This attenuation occurs as a result of numerous factors, including 

infiltration into the soil, uptake by vegetation, evaporation, and storage in depressional areas.  In 

general, the significance of these attenuation processes increases as the size of the drainage basin 

increases since more opportunities are present for these uptake and attenuation mechanisms to 

occur.  In drainage basins with highly irregular topography, such as that present in portions of the 

Lake Lafayette basin, these attenuation processes can remove significant portions of both 

volumetric and pollutant loadings generated within the basin prior to reaching the ultimate 

receiving waterbody. 

 During the calibration procedures for the LLNSLMM Model, individual attenuation 

factors were calculated for both runoff volume and pollutant loadings for each of the individual 

sub-basins.  Sub-basins identified as “closed basins” are assumed to have an attenuation factor of 

1.0 which means that no runoff volume of pollutant loadings from these basins reach Lake 

Lafayette.  Sub-basins designated as “partially closed basins” are assigned an attenuation factor 

of 0.99 to reflect that loadings from these basins do reach Lake Lafayette, although the relative 

volumes and masses are low.  The remaining attenuation factors were determined during the 

calibration process for the hydrologic and pollutant loading components of the model. 

 Table 5 on the “Parameters” worksheet, shown in Figure 5-9, contains the conveyance 

system attenuation factors for each sub-basin.  The conveyance system attenuation factors 

represent the amount of runoff volume and pollutant load attenuated within the conveyance 

system.  The conveyance system attenuation factors can range from 0 to 1.0, with 0 being no 

attenuation and 1.0 indicating full attenuation.   



5-30 

 

 

 
 

Figure 5-9.  Screen View of “Parameter” Worksheet Showing Tables 5 and 6 of LLNSLMM. 
 
 
 
 

Although the attenuation factors are termed “conveyance attenuation” in the LLNSLMM 

Model, this term is not intended to imply that all of the attenuation occurs within the conveyance 

systems discharging to Lake Lafayette.  Instead, the conveyance attenuation factors should be 

viewed in terms of a delivery ratio which incorporates all potential processes within the basin 

which may attenuate both volumetric and mass loadings during migration toward Lake 

Lafayette. 
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5.2.3.5  Stormwater Characteristics

Table 6 on the “Parameters” worksheet, shown in Figure 5-9, contains typical stormwater 

pollutant   concentrations   for   the   land   use   categories   used   in   the   model.  All pollutant 

concentrations are in mg/l and are applied globally for all basins.  Pollutant concentration 

information was obtained from a combination of local stormwater characterization studies 

performed by the City of Tallahassee specifically for calibration of the CoTNSLMM Model, 

stormwater characterization data performed by ERD during the Bradfordville Study, and 

literature-based values suggested by Harper (1994).  

A summary of assumed stormwater runoff concentrations for various land uses is given 

in Table 5-11.  Runoff characterization data for low-density residential, medium-density 

residential, highway, open space, and open water/lake were obtained from the Bradfordville 

Stormwater Study performed by ERD during 2000.  This study included collection of stormwater 

characterization data for the identified land uses specifically in Leon County.  Runoff 

characterization data for high-density residential, multi-family residential, and low-intensity 

commercial were obtained from the extensive runoff characterization studies performed by the 

City of Tallahassee during calibration efforts for the CotNSLMM Model.  Runoff characteristics 

for high-intensity commercial and industrial are based upon recommended concentrations by 

Harper (1994) in the widely used publication titled “Stormwater Loading Rates for Central and 

South Florida” which provides recommended stormwater characterization data for a variety of 

common land use types within the State of Florida.  The assumed runoff characteristics 

summarized in Table 5-11 are utilized in the LNNSLMM Model under both current and future 

conditions. 

Tables 7 and 8 of LLNSLMM contain the results of intermediate calculations for 

weighted sub-basin attenuation coefficients for stormwater pollutants.  Table 8 provides linkage 

for routing sub-basins to the final receiving waterbody.  These values are determined by the 

model, and no input data is required for these tables. 
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 TABLE  5-11 
 
 ASSUMED  STORMWATER  RUNOFF 
 CONCENTRATIONS  FOR  VARIOUS  LAND  USES 
 

TYPICAL  RUNOFF  CONCENTRATION  (mg/l) 
LAND  USE 

CATEGORY Total 
N 

Total 
P 

BOD TSS 
Total 
Cu 

Total 
Zn 

Total 
Pb 

REFERENCE 

Low-Density Residential 1.08 0.465 2.0 10.0 0.0070 0.0650 0.0151 Bradfordville Study 

Medium-Density Residential 1.30 0.280 2.7 57.1 0.0060 0.0410 0.0090 Bradfordville Study 

High-Density Residential 1.60 0.400 5.4 61.0 0.0090 0.0628 0.0060 City of Tallahassee 

Multi-Family Residential 1.60 0.400 5.4 61.0 0.0090 0.0628 0.0060 City of Tallahassee 

High-Intensity Commercial 2.16 0.287 18.2 17.5 0.0121 0.0842 0.0031 Harper, 1994 

Low-Intensity Commercial 0.90 0.100 8.7 15.0 0.0080 0.0550 0.0020 City of Tallahassee 

Industrial 0.60 0.100 6.9 18.0 0.0030 0.0570 0.0020 Harper, 1994 

Highway / Federal 1.099 0.166 1.9 70.6 0.0113 0.0621 0.0250 Bradfordville Study 

Highway / Interstate 1.099 0.166 1.9 70.6 0.0113 0.0621 0.0250 Bradfordville Study 

Highway / Major 1.099 0.166 1.9 70.6 0.0113 0.0621 0.0250 Bradfordville Study 

Recreational / Open Space 1.20 0.05 1.5 14.2 0.0080 0.0440 0.0080 Bradfordville Study 

Open Water / Lake 0.77 0.05 1.6 9.2 0.0011 0.0169 0.0025 Bradfordville Study 

Bulk Precipitation 0.671 0.045 2 6.2 0.0070 0.0250   
 
 

 

5.2.4    Runoff Volume Calculation Worksheet 

 The worksheet labeled “Runoff Volume Calculation” is used to calculate the total annual 

runoff volumes generated in each basin.  Annual runoff volumes are calculated for each 

hydrologic soil group and land use combination.  Annual runoff volumes are calculated by using 

the  rainfall  frequency  distribution  data  from  Table 2 on the “Parameters” worksheet, land use 

areas from the Input Data.XLS file, the percent impervious area from the Input Data.XLS file, 

the percent of the impervious area that is DCIA from the Input Data.XLS file, and a curve 

number for each land use hydrologic soil group combination. 

 An example of a portion of the runoff volume calculation page is given in Figure 5-10.  

The actual page extends out to column BA, which is not shown.  The data linked from the Input 

Data.XLS file is shown in orange.  The pervious area curve number values shown in row 7 of 

Figure 5-10 can be entered for each land use-hydrologic soil group combination or left at typical 

default values.  All other cells contain calculations or labels and should not be modified. 
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Figure 5-10.  Screen View of Typical “Runoff Vol Calc” Worksheet in LLNSLMM. 
 
 
 

 The runoff volume for each rainfall interval is calculated by adding the rainfall excess 

from the non-DCIA portion of each land use-hydrologic soil group combination to the rainfall 

excess created from the DCIA portion of the same land use-hydrologic soil group.  Rainfall 

excess from the non-DCIA areas is calculated using the following set of equations: 
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where: 
 
 CN  = curve number for pervious area 
 
 Imp  = percent impervious area 
 
 DCIA  = percent directly connected impervious area 
 
 nDCIA CN = curve number for non-DCIA area 
 
 Pi  = rainfall event interval (i) 
 
 QnDCIAi  = rainfall excess for non-DCIA for rainfall event interval (i) 

 
 
 

For rainfall events where Pi is less than 0.25, the rainfall excess (QnDCIAi) is assumed to be zero. For 

the DCIA portion, rainfall excess is calculated using the following equation: 
 

  0.1)   -   P(   =   Q iDCIAi

 

When Pi is less than 0.1, Q DCIAi is equal to zero. 
 
 
 The total volume for a rainfall event interval is calculated using the following equation: 

 N  x 
100

1 x 
12
1 xDCIA]  x A x Q + DCIA)-(100 x A x Q[  =  RO DCIAnDCIAi ii

 

 

 
where: 
 
 A = area for specific land use-HSG (ac) 
 
 ROi = runoff volume for rainfall interval (i) 
 
 N = number of annual runoff events in interval (i) 
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 The sum of all the runoff volumes (ROi) for each rainfall event interval is the total annual 

rainfall volume.  The total annual generated runoff volume is shown in row 32 in Figure 5-9.  The 

weighted basin "C" value is calculated for row 33 using the following equation: 

 
 

 
ft  1

inches  12  x  
(inches)  Rainfall  Annual  Total  x  Area

ft/yr)-(ac   Volume   Generated  

 

 

 The average total annual rainfall for Tallahassee from 1959 to 1995 is 66.12 inches.  The 

total annual runoff volume for the basin is the sum of all the generated runoff volumes in row 31 

and is calculated in cell BA32. 

 
 

5.2.5   Runoff Volume Attenuation Worksheet 

 The Runoff Volume Attenuation sheet presents a summary of the calculations from the 

runoff volume calculation sheet and calculates runoff volume attenuation within the basin due to 

stormwater and conveyance systems within each basin. 

  A screen view of the Runoff Volume Attenuation sheet is shown in Figure 5-11.  Cells 

C4 through I17 in Figure 5-10 provide summary information of the stormwater runoff volumes 

from the Runoff Volume Calculation Sheet.  Cells C19 through H22 calculate the stormwater 

runoff volume attenuated within the basin and the amount of water eventually discharged to the 

receiving water. 
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Figure 5-11.  Screen View of “Runoff  Vol Attenuation” Worksheet of LLNSLMM. 
 

 

The "Volume Attenuation in Stormwater System", shown in row 19 in Figure 5-11, 

represents the amount of stormwater retained by the stormwater management systems within 

each of the four HSG types.  Cell H17 in Figure 5-11 represents the total volume retained by 

stormwater management systems for the overall basin.  The stormwater management system 

attenuation volume is calculated using the following equation: 
 
 

 
gr QEFEFEFQ *)***( 332221 ++= 
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where: 
 
 Qr  =   Stormwater runoff volume retained in stormwater system (ac-ft/yr) 
  
 Qg =  Stormwater Runoff Volume generated by all land uses except recreational/open 
  space and  open water/ lake (ac-ft/yr) 

 
F1 =  Fraction of basin treated by stormwater management system type1 (decimal 0-1) 

  
 F2 =  Fraction of basin treated by stormwater management system type 2 (decimal 0-1) 

 
 F3 =  Fraction of basin treated by stormwater management system type 3 (decimal 0-1) 
 
 E1 =  Stormwater runoff volume attenuation factor for stormwater management system 
  type 1 (decimal 0-1)  
 
 E2 =  Stormwater runoff volume attenuation factor for stormwater management system 
   type 2 (decimal 0-1) 
 
 E3 =  Stormwater runoff volume attenuation factor for stormwater management system 
  type 3 (decimal 0-1) 
 
 

 The difference between the generated runoff volume and the volume attenuated in the 

stormwater systems is the volume which is discharged to the conveyance system (cell H20).  The 

volume loss in the conveyance system is estimated by using individual conveyance attenuation 

factors for each basin.  These values are entered in Table 5, on the “Parameters” worksheet, 

under the heading labeled “FLOW”.  A screen view of Table 5 is presented in Figure 5-9.  The 

conveyance attenuation factors can range from 0 to 1, with 0 being no attenuation and a value of 

1 indicating full attenuation of the generated runoff volume within a given sub-basin.  The 

volume loss in the conveyance system is calculated by multiplying the volume discharged to the 

conveyance system (cell H20) by the conveyance attenuation factors (Table 4).  The discharge 

from the basin to the receiving water is the difference between the volume discharged to 

conveyance system (cell H20) and the volume lost in the conveyance system (cell H21).  The 

total annual volume discharged to the receiving water is calculated in cell H22. 
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5.2.6    Loading Worksheet

 The “Loading” worksheet calculates the total generated pollutant load for each basin and 

attenuates the loads based on stormwater management systems and conveyance systems within 

the basin.  Typical pollutant runoff concentrations for each of the 12 land uses are used to 

generate the total pollutant load for each basin.  The generated pollutant loads are calculated 

using the total stormwater volume generated by each land use, calculated in the “Runoff Volume 

Attenuation” worksheet, and the typical stormwater pollutant concentrations summarized in 

Table 6 in the “Parameters” worksheet.    

 A screen view of the “Loading” worksheet is presented in Figure 5-12.  Cells B4 through 

H15 contain calculations for the total annual generated pollutant load for each land use and each 

pollutant.  Row 17 labeled “Total Generated Load”, calculates the sum of the land use pollutant 

loads for each pollutant.  Row 18, labeled “Areal Loading” is the generated pollutant load divided 

by the basin area.  The cells in the row labeled “Mean Basin Concentration” calculate the mean 

basin concentration by dividing the generated load by the total generated stormwater volume.  

 The generated pollutant loads are attenuated in a manner similar to the procedure used for 

attenuation of runoff volumes in the runoff volume attenuation sheet.   The row labeled “Load 

Retained in Stormwater System” is calculated by using information on the fraction of the basin area 

equipped with various types of stormwater management systems, contained in Table 3, and typical 

stormwater system removal efficiencies summarized in Table 4 on the Parameter sheet. The 

following equation is used to calculate the load retained in the stormwater system for each pollutant: 

 
  

gr MEFEFEFM *)***( 332221 ++= 
 
where: 
 
 Mr =  Pollutant load retained in stormwater system (kg/yr) 
 

Mg =  Pollutant load generated by all land uses except recreational/open space and open 
  water/lake (kg/yr) 

 
 F1 =  Fraction of basin area treated by stormwater management system type 1 (decimal 
  0-1) 
 
 F2 =  Fraction of basin area treated by stormwater management system type 2 (decimal 
  0-1) 
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 F3 =  Fraction of basin area treated by stormwater management system type 3 (decimal 
  0-1) 
  
 E1 =  Removal efficiency for stormwater management system type 1(decimal 0-1)  
 
 E2 =  Removal efficiency for stormwater management system type 2 (decimal 0-1) 
 
 E3 =  Removal efficiency for stormwater management system type 3 (decimal 0-1) 
 
 
 
 
 

  
 

Figure 5-12.  Screen View of “Loading” Worksheet of LLNSLMM. 
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 The difference between the total generated load and the load retained in the stormwater 

management system is calculated in the row labeled “Load Entering the Conveyance System”.  

The load removed by the conveyance system is calculated for each basin using the following 

equation: 

 
 

cirgc RMMM *)( −= 
 
 
where: 
 
 Mc =  Pollutant load retained in Conveyance system (kg/yr) 
 
 Rci =  Conveyance system removal efficiency of Basin i (decimal 0-1) 

 
 
 

The total load discharged to the receiving water is calculated in row 49 (shown in Figure 5-12) as 

the difference between the load entering the conveyance system and the load removed by the 

conveyance system. 

 

5.2.7     Totals Worksheet 

 The “Totals” worksheet provides a summary of the calculated stormwater runoff volume 

and pollutant loading calculations for each watershed.  A screen view of the “Totals’ worksheet 

is presented in Figure 5-13. Watershed pollutant loading data for total phosphorus, total nitrogen, 

biological oxygen demand, and total suspended solids is presented in the “Totals” worksheet.  The 

loading data is expressed as a mass loading (kg/yr) and areal loading (kg/ac-yr) basis. 
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Figure 5-13.  Screen View of “Totals” Worksheet of LLNSLMM. 

 

5.2.8 Waterbody Loading Worksheet  

 The “Waterbody Loading” worksheet is used to account for pollutant loading attenuation at 

the basin level and provides an estimate of the final mass loadings reaching the four compartments 

of Lake Lafayette.  Watershed pollutant loads from the “Totals” worksheet are routed from one 

watershed to another and attenuated through major waterbodies in each basin.  Pollutant load 

attenuation within waterbodies is estimated in LLNSLMM by using empirical equations developed 

by ERD relating removal efficiency for Total P, TSS, Cu, Pb and Zn to receiving  water  

residence  time.  Because  no  empirical  equations  exist for attenuation of Total  N  and  BOD,  

attenuation   for  these parameters is based on the attenuation ratios between Total N:Total P and 
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BOD:Total P for a waterbody with a 14-day residence time.  Residence time for the waterbodies 

is estimated by dividing the estimated waterbody volume by the accumulated stormwater volume 

to that node.  The waterbody volume is estimated by using the waterbody area obtained from the 

COT/Leon County GIS and an assumed average depth of six feet. 

 A screen view of the “Waterbody Loading” worksheet is presented in Figure 5-14.  The 

table labeled “Removal Efficiency Equation Coefficients for y=(x*a)/(x+b)” contains the 

coefficients for the removal equations used for major waterbodies within each basin.   Since 

these equations are all hyperbolic the “a”  coefficient represents the maximum removal possible.  

The column labeled “Node Number” refers to a nodal diagram developed by the COT for routing 

the watersheds within the basin.  The values in the rows labeled “External Load from Upstream 

Watersheds” represents the cumulative loads and receiving water attenuation entering the given 

watershed.  The values in the rows labeled “External Load Waterbody Attenuation” represent the 

receiving water attenuation of the external loads within the given watershed. 

 In the example in Figure 5-14, the row following the “External Load Waterbody 

Attenuation” row is named after the sub-basin titled ‘LAKE  McBRIDE”, and contains the 

stormwater runoff volumes and pollutant loading values for that watershed.  The row labeled 

“Internal Waterbody Attenuation” contains the calculations for attenuating the watershed loads 

associated with the watershed containing the receiving waterbody.  The external and internal 

loads are summed together in the “Total” row and represent the external loads to the next  

downstream  node.  In  LLNSLMM, the routing of watershed loads from one to another is 

hardwired into the “Receiving Water Loading” worksheet. This was done because of the 

complexity of accounting for all possible network configurations and to allow for maximum 

flexibility. 
 



5-43 
 
 

   
 

Figure 5-14.  Screen View of “Waterbody Loading” Worksheet of LLNSLMM. 
 
 

5.3  Model Calibration 

 Model verification for the LLNSLMM model was performed by comparing the model 

estimated hydrologic and pollutant inputs with the field measured hydrologic and nutrient inputs 

summarized in Sections 3 and 4.  Details for each of these calibration procedures is given in the 

following sections. 

 

5.3.1 Hydrologic Calibration

 Calibration of the hydrologic components of the LLNSLMM model was conducted by 

comparing the model predicted runoff volumes and the field measured inflow volumes for each of 

the three primary tributaries entering Lake Lafayette.  The LLNSLMM model estimates the runoff 

volume that is generated within each of the sub-basin areas discharging to a particular tributary. 

However,  under  most  conditions,  not  all  of  the  generated  runoff  reaches the ultimate receiving 
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waterbody of Lake Lafayette.  A large amount of the generated runoff volume is lost as a result of 

temporary storage in depressional areas within the sub-basin areas and conveyance systems and 

infiltration into the soil and does not discharge from the sub-basin area.  Based on previous work 

performed by ERD for Leon County in the Bradfordville area and for the City of Tallahassee, 

attenuation within sub-basins in the Tallahassee area can reduce the generated runoff volume by 

approximately 40-90%, depending upon specific watershed conditions. 

 When the LLNSLMM model was initially run for the Weems Pond Tributary, the modeled 

runoff inputs into Upper Lake Lafayette substantially exceeded the measured inputs over the period 

from July 2003-June 2004 using the measured rain events summarized in Table 3-1 and a total 

rainfall depth of 72.58 inches.  After numerous iterations, a retention factor of 0.463 was placed into  

the  model to make the modeled and measured inputs from Weems Pond equivalent to 6492 ac-ft, 

reflecting  the combined hydrologic inputs from runoff and baseflow measured in the basin (Table 

3-8).  Including inputs from both runoff and baseflow implies that baseflow represents generated 

runoff which is detained within a sub-basin and released slowly between rain events. The retention 

factor of 0.463 means that approximately 46.3% of the generated runoff volume is removed, 

through various mechanisms, prior to reaching Upper Lake Lafayette.  Conversely, approximately 

53.7% (100-46.3%) of the generated runoff actually reaches Weems Pond. A summary of 

hydrologic model calibration and attenuation factors for Weems Pond and other significant runoff 

sources entering Lake Lafayette is given in Table 5-12.   

 
TABLE  5-12 

 
 HYDROLOGIC  MODEL  CALIBRATION  AND 
 RETENTION  FACTORS  FOR  LAKE  LAFAYETTE 
 

TRIBUTARY / 
SOURCE 

COMPONENT 
INPUT 
(ac-ft) 

RETENTION 
FACTOR 

DELIVERY 
RATIO 

Weems Pond Measured 
Modeled 

6492 
6492 

0.463 0.537 

Lafayette Creek Measured 
Modeled 

2294 
2293 

0.005 0.995 

Alford Arm Measured 
Modeled 

1623 
1623 

0.914 0.086 

Direct Runoff -- -- 0.000 1.000 
Partially Closed Basins -- -- 0.990 0.001 

Closed Basins -- -- 1.000 0.000 
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 As indicated in Table 5-1, the Alford Arm Tributary is the largest watershed area 

discharging into Lake Lafayette, with a total area of approximately 23,822.6 acres.  The Alford Arm 

watershed includes the Bradfordville area lakes and Killearn lakes, along with several smaller lakes 

within the basin.  The Bradfordville and Killearn area lakes provide substantial attenuation volume 

for runoff inputs, and many of these lakes systems rarely discharge downstream toward Alford Arm, 

conditions which were observed by ERD while performing the Bradfordville Stormwater Study for 

Leon County.  Since much of the runoff within the Alford Arm tributary is stored within a series of 

lakes, this basin provides substantial attenuation for a large portion of the generated runoff. 

 When the modeled runoff estimates were calculated for the Alford Arm Tributary using the 

LLNSLMM Model, the calculated runoff inputs substantially exceeded the measured inputs.  A 

retention factor of 0.914, corresponding to a delivery ratio of 0.086, was required to make the 

measured and modeled inputs into Alford Arm equivalent to 1623 ac-ft, reflecting the sum of runoff 

and baseflow inputs measured during the 12-month monitoring program (Table 3-12).  Although 

this retention factor appears high, it is consistent with the characteristics of flow through the Alford 

Arm Tributary observed by ERD during the monitoring program and while performing the 

Bradfordville Stormwater Study.  This watershed exhibited little or no significant baseflow and only 

generated measurable runoff during significant storm events.  The many potential depressional 

storage areas in the Alford Arm Tributary watershed are clearly visible in the Digital Elevation 

Model given in Figure 5-3. 

 In contrast to the substantial attenuation required for the Weems Pond Tributary and Alford 

Arm Tributary, the measured inflow into Lafayette Creek was found to exceed the model estimates 

by a substantial amount.  This suggests that the hydrologic assumptions for this basin may be 

incorrect compared with other sub-basin areas discharging into Lake Lafayette.  A review of aerial 

photography for the Lafayette Creek Basin was performed by ERD, along with field observations of 

the entire basin area.  Based on this review, it appears that the DCIA assumptions for this basin may 

be low for some of the residential and highway land use categories.  In addition, the LIDAR 

imagery shown in Figure 5-3 illustrates that the topography of the Lafayette Creek Basin is 

relatively steep, with few significant areas of potential depressional storage, both of which serve to 

increase the delivery ratio for stormwater in the basin. 
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 Based upon the review of this basin, ERD made a number of small modifications to the 

assumed hydrologic characteristics within this basin: 

 
1. The DCIA percentage for high-density residential was increased from 50% to 
  60% 
 
2. The DCIA percentage for multi-family residential was increased from 75% to 80%, 

with an increase in the impervious coverage from 50% to 60% 
 
3. The DCIA percentage for low-density residential was increased from 25% to 40% 

 
4. The DCIA percentage for medium-density residential was increased from 40% to 

60% 
 

5. The DCIA percentage for highway land use (ROW area) was increased from 75% to 
90%, with an increase from 60% to 80% in impervious coverage 

 
 

These modifications of hydrologic parameters resulted in a relatively close agreement between the 

measured and modeled inputs from this basin.  After applying  an attenuation factor of 0.005, the  

modeled inflow of 2293 ac-ft over the period from July 2003-June 2004 compared favorably with 

the measured inflow of 2294 ac-ft. 

 Partially closed basins within the Lake Lafayette watershed were assigned a volume 

retention factor of 0.99, corresponding to a delivery ratio of 0.01.  This assumption presumes that 

approximately 1% of the annual generated runoff within a closed basin leaves the basin and 

migrates towards Lake Lafayette and is consistent with the assumptions inherent in the classification 

of partially closed basins.  Closed basins are assigned an attenuation factor of 1.00, corresponding to 

a delivery ratio of 0.000.   

 Finally, runoff inputs from sub-basin areas located immediately adjacent to the four 

compartments of Lake Lafayette, identified as “direct runoff” in Table 5-1, are assigned a retention 

factor of 0.0 (delivery ratio of 1.00) since these basins discharge directly into Lake Lafayette with 

no significant conveyance system or other attenuation losses.  The LLNSLMM model, with the 

assumptions and modifications outlined previously, was used to generate the estimated inputs from 

direct runoff.  This information was utilized previously in Section 3 for development of hydrologic 

budgets for each of the four lake compartments.   
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5.3.2 Pollutant Inputs 

 Calibration of the LLNSLMM nutrient/pollutant loading module was performed so that the 

model predicted pollutant loadings discharging through Weems Pond, Lafayette Creek, and the 

Alford Arm Tributary matched the measured pollutant loadings by ERD during the 12-month 

monitoring program.  Land use characterization data included in the LLNSLMM model for various 

land use categories was previously discussed in Section 5.2.3.5. 

 Initial calibration of the LLNSLMM model was performed for each of the three primary 

tributaries monitored by ERD during the 12-month field program.  The anticipated pollutant loading 

predicted by the LLNSLMM model was compared with the field measured pollutant loadings for 

each tributary.  For the Weems Pond Tributary and Alford Arm Tributary, the loadings measured by 

ERD during the 12-month monitoring program are substantially lower than the loadings predicted 

by the LLNSLMM model assuming no significant retention during migration through sub-basin 

areas.  The difference between the predicted and measured mass loadings are assumed to be a result 

of retention and attenuation for various constituents prior to reaching Lake Lafayette.  This pollutant 

and nutrient retention is a result of depressional storage and infiltration of runoff into groundwater, 

uptake by vegetation, settling and removal of discrete particles, and other nutrient/pollutant 

attenuation mechanisms.   Separate nutrient/pollutant retention factors and delivery ratios were 

generated for each tributary/source and pollutant type. 

 A  summary  of calculated delivery ratios for major inflows to Lake Lafayette is given in 

Table 5-13.  For the Weems Pond Tributary, a delivery ratio of 0.232 is necessary for total nitrogen 

so that the measured and modeled loadings match at the discharge from Weems Pond.  This factor 

suggests that approximately 76.8% (1-0.232) of the predicted total nitrogen discharging through the 

Weems Pond Tributary is attenuated prior to reaching Upper Lake Lafayette.  This attenuation may 

occur as a result of removal of pollutants during migration through the watershed or within Weems 

Pond itself.  A delivery ratio of 0.385 was calculated for total phosphorus, with delivery ratios of 

0.335 for BOD, 0.485 for TSS, 0.573 for copper, and 0.219 for zinc. 

Significantly lower delivery ratios were necessary to calibrate the Alford Arm Tributary.  

As indicated in Table 5-3, this watershed appears to have significant retention for hydrologic 

inputs which would result in a corresponding loss of nutrient/pollutant mass.  Delivery ratio 

factors for the Alford Arm Tributary range from 0.297 for BOD to 0.061 for zinc. 
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 TABLE  5-13 
 
 NUTRIENT / POLLUTANT  MODEL 
 DELIVERY  RATIOS 
 

DELIVERY  RATIO  FACTORS TRIBUTARY/ 
SOURCE TN TP BOD TSS Cu Zn 

Weems Pond 0.232 0.385 0.335 0.485 0.573 0.219 
Lafayette Creek 1.073 2.637 0.987 5.220 1.446 0.356 

Alford Arm Tributary 0.074 0.081 0.297 0.071 0.171 0.061 
Direct Runoff 1.000 1.000 1.000 1.000 1.000 1.000 
Closed Basins 0.010 0.010 0.010 0.010 0.010 0.010 

 

 

 Unlike the significant pollutant and nutrient attenuation observed in the Weems Pond and 

Alford Arm Tributary watersheds, the field measured mass loadings discharging through 

Lafayette Creek were greater than the predicted loadings from the LLNSLMM model for 

phosphorus, TSS, and copper.  Assuming that the land use-based runoff characterization 

concentrations are correct for this basin, it appears that significant additional inputs of these 

parameters occurs within Lafayette Creek prior to migration through Tom Brown Park and 

discharge into Upper Lake Lafayette.  Based upon the difference between the measured and 

modeled loadings, the calculated delivery ratio for total phosphorus is 2.637, with a delivery 

ratio of 1.073 for total nitrogen, 5.220 for TSS, and 1.446 for copper.  Delivery ratios less than 

1.0 were observed for BOD (0.987) and zinc (0.356).   The delivery ratios for Lafayette Creek 

summarized in Table 5-13 are used as input into the LNNSLMM model to reflect increases in 

selected constituents during migration through the conveyance system. 

 Delivery ratios for direct runoff are assumed to be 1.000 since these sub-basin areas 

discharge directly into portions of Lake Lafayette with no significant attenuation in ponds or 

tributaries.  Partially closed basins within the Lake Lafayette watershed are assumed to have 

delivery ratios of 0.010 which assumes that 99% of the generated pollutant loadings in these 

basins are retained within the basins on an annual basis.  This is the same delivery ratio utilized 

for hydrologic inputs within the partially closed basins. 
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 The delivery ratios and corresponding retention factors for nutrients and pollutants 

summarized in Table 5-13 were input into the LLNSLMM model and used to generate the 

pollutant loadings summarized in Section 4 for sub-basin areas not directly monitored during the 

field monitoring program. 

 

5.4  Receiving Waterbody Calibration

 The calibrated hydrologic and nutrient/pollutant components of the LLNSLMM model 

are used to generate estimates of hydrologic and nutrient inputs into the four compartments of 

Lake Lafayette on an annual basis.  After entering each of the four compartments, various 

additional pollutant attenuation mechanisms occur within the receiving waterbodies to further 

reduce the pollutant loadings, resulting in the ambient water quality characteristics observed 

within the lake. 

Ordinarily, predictive water quality models would be developed for each evaluated 

nutrient/pollutant to predict ambient water quality characteristics as a function of hydraulic and 

nutrient loadings, as well as residence time and mean depth, within each lake compartment.  

However, the physical, chemical, and biological characteristics of the four compartments of Lake 

Lafayette are not necessarily suitable for development of a lake water quality model.  Upper 

Lake Lafayette is an ephemeral waterbody which contains standing water primarily following 

extreme rain events.  Although standing water has been observed within this compartment for 

extended periods of time, it is questionable whether or not the significant physical, chemical, and 

biological processes assumed by lake models can develop during these intermittent wet periods.  

Portions of Alford Arm and Lower Lake Lafayette may be more properly characterized as 

wetlands and, therefore, unsuitable for water quality modeling using a typical lake management 

model.  Lake Piney Z may be the only one of the four compartments which exhibits true lake 

characteristics on a continuous basis.  Therefore, an overall predictive water quality model could 

not be developed for Lake Lafayette. 

Instead, a simple retention factor is developed for each of the lake compartments which is 

similar to a removal efficiency on an annual basis.  This retention factor is used to correct the 

estimated  mean  input  concentration  for  each  constituent  on  an  annual  basis  to  produce the 
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measured water quality characteristics for Lake Lafayette (summarized in Table 2-2) over the 

period from July 2003-July 2004.  These attenuation factors reflect net attenuation within each of 

the four compartments, including the net effects of all sinks and additional sources (if applicable) 

in each compartment. 

Estimates of mean nutrient/pollutant inflow concentrations entering each of the four 

compartments were generated using the LLNSLMM model by dividing the model generated 

mass loadings for each nutrient/pollutant by the modeled annual hydrologic input.  These values 

are then compared with the field measured water quality characteristics in each compartment to 

develop a general retention factor for each nutrient/pollutant.  The retention factors are then used 

to predict in-lake water quality characteristics in the four compartments of Lake Lafayette based 

on variable inflow characteristics.  This information is summarized in the “Receiving Water 

Model” worksheet.  A screen capture of this worksheet is given in Figure 5-15. 

 

 
Figure 5-15.  Screen View of the “Receiving Water Model” Worksheet of LLNSLMM. 
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 A summary of calibration factors for nutrient/pollutant attenuation in Lake Lafayette is 

given in Table 5-14.  For Lake Piney Z, Alford Arm, and Lower Lake Lafayette, mean input 

concentrations are calculated for total nitrogen, total phosphorus, BOD, and TSS based upon the 

sum of all estimated mass loadings and the hydrologic inputs.  For example, the estimated mean 

inflow concentration for total nitrogen entering Lake Piney Z as a result of direct runoff and bulk 

precipitation  is  0.746  mg/l.  The measured in-lake concentration of total nitrogen in Lake Piney 

Z is 0.450, resulting in an estimated removal of approximately 39.7% for total nitrogen within 

the lake.  Similar removal efficiencies were calculated for total phosphorus (34.3%), BOD 

(10.0%), and TSS (41.3%). 

Substantial retention of input concentrations of nutrients and pollutant appear to occur in 

Alford Arm.  Inputs of total nitrogen are reduced by approximately 54.4%, with an 64.4% 

reduction in total phosphorus, 37.6% reduction in BOD, and 65.4% reduction in TSS.  In Lower 

Lake Lafayette, total nitrogen appears to be reduced by approximately 8.0%, with a 37.8% 

reduction in total phosphorus and a 103% increase in BOD.  TSS also appears to increase by 

approximately 225% within Lower Lake Lafayette.  Since the loadings for Lower Lake Lafayette 

were measured at the end of the outfall canal, the increases in TSS may be a result of 

resuspension of material within the canal after leaving Lower Lake Lafayette.  The observed 

increase in BOD loading is probably related to natural factors such as decaying vegetation and 

wildlife inputs.  The wood stork rookery is located near the outfall for Lower Lake Lafayette and 

represents a concentrated potential source for nutrients, BOD, and TSS.  The close proximity of 

this rookery to the outfall canal may be a contributing factor in the apparent poor efficiencies 

observed for inputs during migration through Lower Lake Lafayette. 

Retention factors are not calculated for Upper Lake Lafayette since this portion of the 

lake contained little or no standing water during the 12-month monitoring program, and ambient 

water quality characteristics could not be determined.  A digital copy of the LLNSLMM model 

(as an Excel file) is given in Appendix E. 
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 TABLE  5-14 
 
 CALIBRATION  FACTORS  FOR 
 NUTRIENT /  POLLUTANT  ATTENUATION 
 IN  LAKE  LAFAYETTE 
 
 
 Upper Lake Lafayette
 

SOURCE VOLUME 
(ac-ft) 

TOTAL  N 
(kg/yr) 

TOTAL  P 
(kg/yr) 

BOD 
(kg/yr) 

TSS 
(kg/yr) 

Weems Pond Tributary 6,492 4,078 969 21,457 142,303 

Lafayette Creek Tributary 2,294 3,387 1,158 12,419 313,328 

Direct Runoff 1,072 1,598 157 3,805 15,195 

Bulk Precipitation 2,256 1,864 125 5,557 17,227 

Total Input 12,114 10,927 2,409 43,236 488,053 

Model Predicted Conc. (mg/l): 0.732 0.161 2.9 32.7 
 
 
 
 
 
 
 Lake Piney Z
 

SOURCE VOLUME 
(ac-ft) 

TOTAL  N 
(kg/yr) 

TOTAL  P 
(kg/yr) 

BOD 
(kg/yr) 

TSS 
(kg/yr) 

Direct Runoff 308 413 34 1,225 3,996 

Bulk Precipitation 1,398 1,155 77 3,444 10,675 

Total Input 1,706 1,568 112 4,668 14,672 

Model Predicted Conc. (mg/l): 0.746 0.053 2.2 7.0 

Measured Conc. (mg/l): 0.450 0.035 2.0 4.1 

Retention Factor 0.397 0.343 0.100 0.413 
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TABLE  5-14 -- CONTINUED 
 
 CALIBRATION  FACTORS  FOR 
 NUTRIENT /  POLLUTANT  ATTENUATION 
 IN  LAKE  LAFAYETTE 
 
 
 Alford Arm
 

SOURCE VOLUME 
(ac-ft) 

TOTAL  N 
(kg/yr) 

TOTAL  P 
(kg/yr) 

BOD 
(kg/yr) 

TSS 
(kg/yr) 

Alford Arm Tributary 1,623 1,181 149 6,767 17,546 

Direct Runoff 2,040 2,708 501 5,184 47,054 

Bulk Precipitation 2,220 1,835 123 5,468 16,952 

Total Input 5,883 5,723 773 17,419 81,552 

Model Predicted Conc. (mg/l): 0.790 0.107 2.4 11.3 

Measured Conc. (mg/l): 0.360 0.038 1.5 3.9 

Retention Factor 0.544 0.644 0.376 0.654 
 
 
 
 
 
 
 
 Lower Lake Lafayette
 

SOURCE VOLUME 
(ac-ft) 

TOTAL  N 
(kg/yr) 

TOTAL  P 
(kg/yr) 

BOD 
(kg/yr) 

TSS 
(kg/yr) 

Inflow from Alford Arm 2,766 1,226 129 5,110 13,286 

Direct Runoff 3,716 5,158 707 11,206 104,927 

Bulk Precipitation 6,213 5,135 344 15,304 47,443 

Total Input 12,695 11,519 1,181 31,620 165,656 

Model Predicted Conc. (mg/l): 0.737 0.076 2.0 10.6 

Measured Conc. (mg/l): 0.678 0.047 4.1 34.4 

Retention Factor 0.080 0.378 -1.027 -2.247 
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SECTION  6 
 

MANAGEMENT  RECOMMENDATIONS 

 

6.1  Issues and Concerns 

As discussed in the previous sections, a variety of problems and issues currently exist for 

Lake Lafayette.  However, for discussion purposes, the observed problems and issues are divided 

into  five  categories,  including:   (1)  protection  of  water  quality  characteristics  within  the 

sink areas; (2) water quality violations; (3) excessive nutrient loadings; (4) artificial 

compartmentalization of Lake Lafayette; and (5) public access.  A brief discussion of these 

issues is given in the following sections. 

 

6.1.1 Water Quality Protection for Sinks 

Virtually all interested parties and stakeholders agree that the foremost concern affecting 

Lake Lafayette at this time is protection of water quality characteristics in the sink areas within 

Upper Lake Lafayette.  It is believed that the sink areas beneath Upper Lake Lafayette have a 

direct hydraulic connection with deeper underground aquifers.  Upper layers of these aquifers are 

utilized as potable water sources by individual homeowners, while deeper aquifer areas are 

utilized by municipalities downgradient of the sinks for public water supply.  No studies have 

been conducted to demonstrate that degradation of these aquifers has occurred as a result of 

inputs into the sinks, and concern has been raised over current and future impacts to aquifer 

water quality if the practice of discharging untreated stormwater runoff into the sinks continues.   

Tributary inflows and direct runoff inputs into Upper Lake Lafayette contribute a 

multitude of both inorganic and organic constituents into Upper Lake Lafayette.  Based upon the 

hydrologic budget for Upper Lake Lafayette, presented in Section 3, the vast majority of these 

inputs infiltrate directly into groundwater through the main sink, smaller sinks, and the porous 

lake bottom.  As discussed in Section 4, both baseflow and stormwater inputs into Upper Lake 

Lafayette have exhibited  periodic  to  frequent  violations  of  Class  III surface water criteria for 

6-1 
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turbidity, fecal coliform  bacteria,  cadmium,  and  copper.  It  is  likely  that measurable 

quantities of pesticides, herbicides, and other synthetic organic compounds are also present.  

Therefore, work efforts need to be performed in and around Upper lake Lafayette to minimize 

impacts of stormwater runoff on the sinks and the underlying aquifer. 

 

6.1.2 Water Quality Violations 

 A summary of significant water quality concerns and violations of Class III surface water 

criteria observed in the four compartments of Lake Lafayette, during the 12-month monitoring 

period from July 2003-June 2004, is given in Table 6-1.  In Upper Lake Lafayette, water quality 

violations have been observed in baseflow inputs originating from Weems Pond for fecal 

coliform, E. Coli, cadmium, copper, and turbidity.  Although a water quality criterion does not 

currently exist for E. Coli in the Class III surface water standards, the U.S. EPA has established a 

recommended criterion of 116 cfu/100 ml for recreational waterbodies.  Using this criterion, 

water quality concerns with E. Coli were present during 21% of the measured baseflow samples.  

Baseflow inputs from Lafayette Creek exhibited water quality violations for turbidity, fecal 

coliform, copper, cadmium, and E. Coli.  Stormwater inputs from Weems Pond exhibited water 

quality violations for fecal coliform, copper, zinc, and E. coli, while runoff inputs from Lafayette 

Creek exhibited water quality violations for turbidity, fecal coliform, E. Coli, copper, and zinc. 

 No significant tributary inflows discharge into Lake Piney Z, so water quality concerns 

are based upon the monthly surface water monitoring performed in this compartment.  During 

the monthly monitoring program, Lake Piney Z exhibited chronic conditions of low dissolved 

oxygen, with periodic water quality violations for E. Coli and elevated levels of BOD.  The 

current Class III standard for BOD does not contain a specific numerical criterion, but states that 

BOD shall not be increased to levels which would cause dissolved oxygen to be depressed below 

the limit established (5 mg/l).  It is generally recognized that BOD levels in excess of 5 mg/l are 

capable of causing oxygen depletion to the point where the dissolved oxygen criterion is likely to 

be violated.  Therefore, for purposes of this analysis, BOD concentrations in excess of 5 mg/l are 

assumed to be a water quality concern. 
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TABLE  6-1 
 
 WATER  QUALITY  CONCERNS  AND  VIOLATIONS 

IN  THE  FOUR  COMPARTMENTS  OF  LAKE  LAFAYETTE 
FROM  JULY  2003 – JUNE  2004 

 
WATER  QUALITY  CONCERNS / VIOLATIONS 

COMPARTMENT 
SAMPLE LOCATION PARAMETER 

EXCEEDANCES 
OF  STANDARD1 

(%) 
Upper Lake Lafayette Baseflow Weems Pond Fecal Coliform 

E. Coli 
Cadmium 
Copper 

Turbidity 

26 
21 
8 
41 
3 

  Lafayette Creek Fecal Coliform 
E. Coli 
Copper 

Cadmium 
Turbidity 

15 
58 
54 
8 
8 

 Stormwater Weems Pond Fecal Coliform 
E. Coli 
Copper 

Zinc 

22 
19 
78 
16 

  Lafayette Creek Turbidity 
Fecal Coliform 

E. Coli 
Copper 

Zinc 

50 
30 
60 
55 
15 

Lake Piney Z Surface Water E. Coli 
Low Dissolved Oxygen (< 5 mg/l) 

Elevated BOD (> 5 mg/l) 

14 
71 
7 

Alford Arm Baseflow E. Coli 
Cadmium 
Copper 

Elevated BOD (> 5 mg/l) 

16 
8 
60 
8 

 Stormwater Fecal Coliform 
E. Coli 
Copper 

29 
7 
43 

 Surface Water Fecal Coliform 
Low Dissolved Oxygen (< 5 mg/l) 

Elevated BOD (> 5 mg/l) 

20 
92 
8 

Lower Lake Lafayette Outfall Canal Fecal Coliform 
Copper 

Cadmium 
Elevated BOD (> 5 mg/l) 

7 
63 
7 
4 

 
1.  Percentage of collected samples 
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Baseflow inputs through Alford Arm tributary exhibited water quality violations for E. 

Coli, cadmium, copper, and elevated BOD, while stormwater inputs exhibited violations for fecal 

coliform, E. Coli, and copper.  Based upon the monthly surface water monitoring program, 

surface water within Alford Arm exhibited water quality violations for fecal coliform, with 

chronic observed conditions for low dissolved oxygen and period conditions of elevated BOD. 

 Water quality monitoring in Lower Lake Lafayette was performed at the Outfall Canal as 

part of the baseflow monitoring at this location.  Based upon the results of this monitoring 

program, chronic exceedances of the Class III criterion were observed for copper, with 

infrequent exceedances observed for fecal coliform, cadmium, and conditions of elevated BOD.   

 In summary, each of the four compartments of Lake Lafayette exhibited at least periodic 

violations for turbidity, microbiological parameters, cadmium, and copper.  In addition to these 

parameters, chronic conditions of low dissolved oxygen and elevated BOD concentrations are 

present in Lake Piney Z, Alford Arm, and Lower Lake Lafayette.   

 

6.1.3 Excessive Nutrient Loadings 

 Estimates of annual nutrient loadings to each of the four compartments of Lake Lafayette 

from July 2003-June 2004 were previously summarized in Section 4.  A comparison of estimated 

total and areal loadings of nitrogen and phosphorus to the four compartments of Lake Lafayette 

is given in Table 6-2.  Loadings are provided for both nitrogen and phosphorus in terms of kg/yr 

and also expressed as an areal loading rate in terms of g/m2-yr.  Estimates of permissible loading 

levels (Vollenweider, 1968) for both phosphorus and nitrogen are summarized at the bottom of 

Table 6-2. 

 As seen in Table 6-2, phosphorus loadings to each of the four compartments of Lake 

Lafayette  exceed  the permissible areal loading rate, recommended by Vollenweider, of 0.1 

g/m2-yr.  In fact, phosphorus loadings in three of the four compartments exceed the dangerous 

level of 0.2 g/m2-yr where eutrophic water quality characteristics would be expected.  The 

dangerous loading level is exceeded by approximately 700% in Upper Lake Lafayette, 160% in 

Alford Arm, and 40% in Lower Lake Lafayette.  This excessive phosphorus loading is capable of 

stimulating the growth of aquatic vegetation in Alford Arm and Lower Lake Lafayette and both 

aquatic vegetation and pelagic algae in Lake Piney Z. 
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TABLE  6-2 
 
 COMPARISON  OF  ESTIMATED  TOTAL  AND 
 AREAL  LOADINGS  OF  NITROGEN  AND  PHOSPHORUS 
 TO  LAKE  LAFAYETTE  FROM  JULY  2003-JUNE  2004 
 

PHOSPHORUS  LOADING NITROGEN  LOADING 
COMPARTMENT 

LAKE 
AREA 
(acres) kg/yr g/m2-yr kg/yr g/m2-yr 

Upper Lake Lafayette 373 2,409 1.60 12,114 8.02 

Lake Piney Z 231 112 0.12 1,568 1.68 

Alford Arm 367 773 0.52 5,723 3.85 

Lower Lake Lafayette 1,027 1,181 0.28 11,519 2.77 
 

Permissible Loading Levels (Vollenweider, 1968) for Lakes up to 15 m Deep: 
 
   1. Phosphorus: a.  Permissible: < 0.1 g/m2-yr 
      b.  Dangerous: > 0.2 g/m2-yr 
 
   2. Nitrogen: a.  Permissible: < 1.5 g/m2-yr 
      b.  Dangerous: > 3.0 g/m2-yr 

 

Based upon the surface water quality monitoring performed in Lake Piney Z, Alford 

Arm, and Lower Lake Lafayette from July 2003-July 2004, Lake Lafayette appears to exhibit 

primarily nutrient-balanced conditions which means that inputs of both phosphorus and nitrogen 

and capable of stimulating primary productivity within the lake.  A comparison of nitrogen 

loadings is also provided in Table 6-2.  Calculated areal nitrogen loadings in each of the four 

compartments exceeds the permissible level of nitrogen loadings recommended by 

Vollenweider, with nitrogen loadings in Upper Lake Lafayette and Alford Arm exceeding the 

dangerous loading level of 3.0 g/m2-yr.  The compartment with the lowest existing loadings of 

nitrogen and phosphorus appear to be Lake Piney Z which exhibits areal loadings for both 

nitrogen and phosphorus just slightly above the permissible threshold recommended by 

Vollenweider.  The most elevated phosphorus loadings occur in Upper Lake Lafayette which 

exceeds the permissible phosphorus loading by a factor of 16 and the dangerous phosphorus 

loading by a factor of 8.  Similarly, areal nitrogen loading in Upper Lake Lafayette exceeds the 

permissible level established by Vollenweider by a factor of 5 and exceeds the dangerous loading 

level by a factor of 2.7. 
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Areal loadings of nitrogen and phosphorus appear to be excessive in each of the four 

compartments of the lake, particularly in Upper Lake Lafayette and Alford Arm.  Nutrient inputs 

and loadings into Lake Lafayette need to be reduced to control the excess plant productivity 

which currently is a problem in Lake Piney Z, Alford Arm, and Lower Lake Lafayette. 

 

6.1.4 Artificial Compartmentalization of Lake Lafayette 

 As discussed in Section 2, Lake Lafayette was historically part of a 2600-acre wetland 

system.  Over time, the bottom of the lake has been compartmentalized, using a series of earthen 

berms along with construction of the CSX railroad, into four separate compartments, each of 

which has distinct and unique characteristics. 

 In the various meetings held during the course of this project, the Lake Lafayette 

Stakeholders have been vocal in suggesting that elimination of the compartmentalization of Lake 

Lafayette would be beneficial for both water quality and for the lake ecosystem in general.  

However, elimination of the compartmentalization would require coordination from a variety of 

public and private entities and would likely face a multitude of permitting hurdles.   

 

6.1.5 Public Access 

 One of the biggest concerns on the part of many of the Lake Lafayette Stakeholders is the 

lack of significant public access into the lake.  Lands in public ownership currently exist around 

each of the four lake compartments.  However, access through these public lands is either limited 

or difficult due to lack of adequate roads and facilities. 

 

6.2   “Do Nothing” Alternative 

 Estimates of nutrient and pollutant loadings to the four compartments of Lake Lafayette 

were generated for assumed future conditions to evaluate changes in anticipated mass loadings 

and water quality characteristics if no significant management alternatives are implemented 

within Lake Lafayette or the Lake Lafayette watershed.  The methodology outlined in the 

previous sections, along with the LLNSLMMM model, was used to evaluate future conditions. 



LAFAYETTE\EXISTING  CONDITIONS  REPORT 

6-7 

 

 Changes in mass loadings generated within the Lake Lafayette watershed under future 

conditions are based upon anticipated changes in land use characteristics provided to ERD by the 

Tallahassee-Leon County GIS Department.  A listing of assumed future land use in the Lake 

Lafayette drainage basin is given in Table 6-3, and a summary of anticipated changes in land use 

characteristics within the Lake Lafayette watershed between existing and future conditions is 

given in Table 6-4.   The largest increases in land use under future conditions will occur in the 

low-density, medium-density, and high-density residential categories.  Under future conditions, 

these three categories will comprise approximately 64% of the land use within the Lake 

Lafayette watershed.  Additional smaller increases in land use are proposed for industrial, low-

intensity commercial, high-intensity commercial, and multi-family residential.  The proposed 

future development will occur at the expense of existing open space which will decrease by 

approximately 13,392 acres, representing 21.3% of the Lake Lafayette basin under future 

conditions compared with 47.3% under existing conditions. 

In addition to the previously described changes in land use characteristics, changes are 

also anticipated in the amount of impervious area and directly connected impervious areas 

(DCIA) associated with future development compared with existing conditions.  A comparison 

of percent impervious and DCIA assumptions for existing and future conditions is given in Table 

6-5.  Existing assumptions for impervious areas and DCIA are provided for each of the land use 

categories included in the LLNSLMM model.  This information is based upon evaluation of 

existing aerial photography, combined with field inspections, for typical development within the 

City of Tallahassee and Leon County.  Much of this information was generated by the City of 

Tallahassee during development of the CoTNSLM model. 
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TABLE  6-4 

 
CHANGES  IN  LAND  USE  CHARACTERISTICS  IN  THE 

LAKE  LAFAYETTE  BASIN  UNDER  FUTURE  CONDITIONS 
 

EXISTING FUTURE CHANGE 
LAND  USE AREA 

(ac) 
PERCENT 

(%) 
AREA 

(ac) 
PERCENT 

(%) 
AREA 

(ac) 
PERCENT

(%) 
Low Density Residential 12,562 24.4 17,643 34.3 5,081 +40.4 

Medium Density Residential 7,118 13.8 8,733 17.0 1,628 +22.7 
High Density Residential 844 1.6 6,258 12.2 5,414 +642 
Multi-Family Residential 1,000 1.9 1,059 2.1 59 +5.9 

High-Intensity Commercial 609 1.2 645 1.3 36 +5.9 
Low-Intensity Commercial 1,973 3.8 2,178 4.2 205 +10.4 

Industrial 222 0.4 1,203 2.3 981 +442 
Highway / Federal HSG=A 529 1.0 529 1.0 0 0.0 

Highway / Interstate 397 0.8 397 0.8 0 0.0 
Highway / Major 413 0.8 413 0.8 0 0.0 

Open Space 24,315 47.3 10,923 21.3 -13,392 - 55.1 
Open Water/Lake 1,416 2.8 1,416 2.8 0 0.0 

TOTAL 51,397 100 51,397 100 0  
 

 
 TABLE  6-5 
 
 PERCENT  IMPERVIOUS  AND  DCIA  ASSUMPTIONS 
 FOR  EXISTING  AND  FUTURE  CONDITIONS 
 

EXISTING  CONDITIONS FUTURE  CONDITIONS 

LAND  USE IMPERVIOUS 
AREA 

(%) 

DCIA1 
(%) 

IMPERVIOUS 
AREA 

(%) 

DCIA1 
(%) 

Low-Density Residential 11.4 2.9 11.4 5 
Medium-Density Residential 26.3 10.5 30 60 

High-Density Residential 38.8 19.4 60 75 
Multi-Family Residential 50 37.5 75 75 

High-Intensity Commercial 85 72.3 85 90 
Low-Intensity Commercial 61 45.7 65 80 

Industrial 50 37.5 50 50 
Highway / Federal 60 45 60 45 

Highway / Interstate 40 20 40 20 
Highway / Major 62.5 46.9 62.5 46.9 

Recreational / Open Space 1.8 0.5 1.8 0.5 
 
1.  Directly connected impervious area expressed as a percentage of impervious area 
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 Estimates of impervious area and DCIA under future conditions are also provided in 

Table 6-4.  Estimates for these parameters are based upon typical development for each of the 

land use categories recently constructed in the Tallahassee area.  The most notable changes under 

the future conditions is the substantial increase in DCIA allotted for most land use categories.  

These increases are largely due to the fact that new development typically has well defined 

drainage collection and conveyance systems which increase the effective DCIA.  No changes in 

impervious area or DCIA are included for any of the three listed highway land use categories 

since no additional areas are proposed under these categories for future conditions.  No alteration 

to the assumptions for recreational/open space are proposed for future conditions since it is 

assumed that future development under this category will be similar to existing development. 

 This analysis assumes that future development will be constructed with stormwater 

management systems which will provide a predictable reduction in both runoff volume and mass 

loadings of evaluated nutrients and pollutants.  It is also assumed that new development 

constructed under the categories of medium-density residential, high-density residential, multi-

family residential, high-intensity commercial, low-intensity commercial, and industrial will have 

stormwater management systems.  However, it is likely that the distribution of the types of 

stormwater management systems under future conditions will be different than what occurs 

under existing conditions.  Two significant processes are currently unfolding which have the 

potential to significantly impact stormwater management in Leon County.  First, delegation of 

stormwater management in the Florida Panhandle has recently been transferred from FDEP to 

the Northwest Florida Water Management District (NWFWMD).  Stormwater design criteria are 

currently being developed for this area and are likely to be implemented by early 2007.  These 

new design criteria will emphasize wet detention and dry retention systems, while eliminating 

dry detention and dry detention with filtration as treatment options except for small commercial 

sites of approximately 5 acres or less. 

 A second factor which may potentially impact stormwater management in Leon County 

is the current movement by FDEP to develop a State-Wide Stormwater Rule.  Although the final 

details have not been determined at this time, this rule will also emphasize the use of dry 

retention  and  wet  detention  as  the  primary treatment options, and eliminate dry detention and 
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dry detention with filtration except for small commercial sites.  One option currently being 

evaluated for this rule is a no-net increase in loading standard similar to the standard previously 

implemented in the Bradfordville area.  However, final implementation of this rule is not likely 

until late-2007 or 2008, and the effects on stormwater management in Leon County cannot be 

evaluated at this time. 

 For purposes of this analysis, it is assumed that future development in Leon County will 

occur according to the currently proposed NWFWMD design criteria which eliminates most 

applications for dry detention and dry detention with filtration and emphasize the use of dry 

retention and wet detention facilities.  The analysis of future stormwater management systems 

assumes that approximately 20% of the low-intensity commercial development in each basin will 

meet the criteria for use of dry detention facilities.  All remaining low-intensity commercial, 

high-intensity commercial, industrial, and residential development will utilize either dry 

retention or wet detention systems.  Although the number of these systems which will be utilized 

under future conditions is not known, it is assumed that the relative proportion of dry retention 

and wet detention systems under existing conditions (as summarized in Table 5-10) will be 

similar to the relative ratio of these system types utilized under future conditions.  No dry 

detention with filtration is assumed under future conditions.   It is also assumed that low-density 

residential land use will not be constructed with stormwater management systems, since this land 

use is typically exempt from stormwater management criteria. 

A summary of assumed additional stormwater treatment provided under future conditions 

is given in Table 6-6, based upon the assumptions outlined previously.  The values in Table 6-6 

reflect the total developed areas which will be treated by the listed stormwater management 

options.  A small amount of new dry detention is anticipated for small commercial 

developments.  However, the vast majority of future development is assumed to occur utilizing 

wet detention and dry retention systems.  Estimates of the total amount of developed land treated 

by stormwater management systems within the Lake Lafayette basin can be obtained by 

summing the existing stormwater treatment provided in Table 5-10 and the assumed additional 

stormwater treatment summarized in Table 6-6. 
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TABLE  6-6 

SUMMARY  OF  ASSUMED  ADDITIONAL  STORMWATER 
TREATMENT  PROVIDED  IN LAKE  LAFAYETTE  SUB-BASINS  UNDER  FUTURE 

CONDITIONS  BASED  ON  EXISTING  STORMWATER  SYSTEM  TRENDS 
 

ADDITIONAL  AREA  WITH  STORMWATER  TREATMENT  (acres) 
BASIN  NAME Dry 

Detention 
Dry Detention 
w/ Filtration 

Dry Retention 
(0.5 inch runoff) 

Wet 
Detention 

Total New 
Treated Area 

Alford Arm   0.0 0.0 10.9 57.1 68.1 
Betton Woods   0.0 0.0 35.3 185.0 220.3 
Buck Lake CB  0.0 0.0 4.2 22.1 26.3 

Capital Medical Center PCB  0.0 0.0 0.0 0.0 0.0 
Celebration Baptist Church CB  0.0 0.0 0.1 0.3 0.3 

Desoto Lakes   0.0 0.0 68.5 358.9 427.5 
East 27 CB 0.0 0.0 2.3 12.1 14.4 

East Park Avenue   0.0 0.0 0.8 4.2 5.0 
East Spring Church 0.0 0.0 73.7 386.0 459.7 

Federal Correctional Institution CB  0.0 0.0 0.0 0.0 0.0 
Foley Drive CB  0.0 0.0 1.1 5.9 7.1 

Gilbert Pond   1.8 0.0 27.4 141.7 171.0 
Goose Pond   2.7 0.0 74.6 387.7 465.0 

Harriman Circle PCB  0.0 0.0 0.0 0.0 0.0 
I-10/90   0.0 0.0 321.2 1,682.2 2,003.5 

Killarney Plaza PCB  0.0 0.0 0.0 0.2 0.2 
Lafayette Oaks CB  0.0 0.0 0.0 0.0 0.0 

Lake Ella PCB  0.0 0.0 0.5 2.6 3.1 
Lake Heritage   0.0 0.0 0.0 0.0 0.0 
Lake Kanturk   0.0 0.0 5.5 28.9 34.5 

Lake Killarney   0.0 0.0 9.1 47.8 57.0 
Lake Kinsale   0.0 0.0 0.0 0.0 0.0 

Lake McBride   4.3 0.0 57.9 298.8 361.0 
Lake Saratoga   0.0 0.0 13.5 70.8 84.3 

Lake Sheelin PCB  0.0 0.0 0.0 0.0 0.0 
Lake Tom John   0.5 0.0 22.7 118.4 141.7 
Lincoln High   0.0 0.0 8.0 42.1 50.1 

Lower Kanturk   0.0 0.0 74.1 388.1 462.3 
Lower Lafayette   0.0 0.0 11.4 59.6 71.0 

Martinez   0.4 0.0 344.0 1,800.8 2,145.2 
Maylor CB  0.0 0.0 1.0 5.4 6.4 

McCord Park   0.0 0.0 2.3 11.9 14.2 
Melody Hills PCB  0.0 0.0 6.0 31.6 37.6 

Miles   0.0 0.0 167.0 874.7 1,041.8 
Millstone Creek   10.7 0.0 126.1 649.7 786.5 

Mom and Dads CB  0.0 0.0 64.0 335.4 399.4 
Moore Pond CB  0.5 0.0 22.1 115.1 137.7 
Mt.  Hornbem   0.0 0.0 171.3 897.2 1,068.6 

Mt.  Sinai   0.0 0.0 53.1 278.2 331.3 
Pedric CB  0.0 0.0 0.0 0.0 0.0 

Phillips Road PCB  0.0 0.0 0.0 0.0 0.0 
Piedmont   13.3 0.0 10.8 43.3 67.5 
Piney Z   0.0 0.0 0.0 0.0 0.0 

Roberts Pond   3.4 0.0 119.2 620.8 743.3 
Royal Oaks Creek   0.0 0.0 12.5 65.6 78.1 

Smith 1 CB  0.0 0.0 7.0 36.9 43.9 
Smith 2 CB  1.8 0.0 10.7 54.2 66.7 
Smith 3 CB  0.8 0.0 5.6 28.6 35.1 
Smith 4 CB  0.7 0.0 6.7 34.3 41.6 

Southwood Plantation CB  0.0 0.0 0.0 0.0 0.0 
St.  Peters CB  0.0 0.0 1.5 7.8 9.2 

Upper Lafayette   0.0 0.0 51.9 272.0 323.9 
Vedura II   0.0 0.0 0.0 0.0 0.0 
Waverly   0.0 0.0 0.0 0.0 0.0 

Welaunee   0.0 0.0 130.9 685.4 816.3 
Witfield Plantation PCB  0.0 0.0 10.3 53.8 64.1 

TOTAL: 41.0 0.0 2,147.3 11,203.3 13,391.6 
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 The assumed additional stormwater treatment provided under future conditions 

(summarized in Table 6-6) is in addition to the existing areas treated by various stormwater 

treatment  systems  (summarized in Table 5-10).  Based upon the information provided in Table 

6-6, the most popular stormwater treatment system under future conditions will be wet detention, 

followed by dry retention and dry detention. 

The “do nothing” alternative is evaluated based upon estimates of runoff volumes and 

pollutant loadings under current and future conditions using the historical rainfall frequency 

distribution for the Tallahassee area summarized in Table 5-8.  As discussed in Section 5, this 

frequency distribution provides a summary of typical annual rainfall events in the Tallahassee 

area based upon a review of individual rainfall events occurring over the period from 1959-1995.  

This rainfall distribution is thought to reflect “average” rainfall conditions in the Tallahassee area 

based upon an annual average rainfall of 66.2 inches per year and is the same rainfall distribution 

used by ERD during the Bradfordville Stormwater Study.  The rainfall distribution measured in 

the Lake Lafayette basin from July 2003-June 2004 was not utilized for this comparison since 

the rainfall characteristics measured during the monitoring program are not reflective of long-

term historical average rainfall conditions.  Therefore, the term “current” is used to reflect 

calculations based on average rainfall conditions, while the term “existing” refers to the 

conditions measured during the 12-month monitoring program from July 2003-June 2004. 

 The LLNSLMM model relies upon volumetric and mass loading attenuation factors for 

each of the identified sub-basin areas to account for attenuation of both runoff volume and mass 

loadings within the sub-basins and conveyance systems prior to reaching Lake Lafayette.  The 

model was used to provide estimates of runoff volumes and pollutant loadings under current 

conditions, based upon the historical rainfall frequency distribution for the Tallahassee area 

summarized in Table 5-8.  The runoff volumes and pollutant loadings generated   during  this  

analysis  for  current  conditions  are  used  as  a  comparison   for  future conditions which are 

also calculated using the historical rainfall frequency distribution summarized in Table 5-8.  The 

current conditions model was run using the hydrologic model calibration and retention factors 

summarized in Table 5-12 and the calibration factors for nutrient/pollutant attenuation 

summarized in Table 5-14.  This current conditions analysis is used as the basis for evaluating 

changes in loadings and anticipated water quality characteristics for all future conditions 

scenarios.   
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 Attenuation of runoff volumes and pollutant mass loadings under future conditions were 

calculated for each of the primary drainage basin areas discharging to Lake Lafayette.  It is 

assumed that the vast majority of this attenuation for both runoff volume and mass loadings 

occurs within the primary and secondary drainage conveyance systems, as a result of wetlands, 

depressional areas, and other attenuation mechanisms, prior to reaching Lake Lafayette.  It is 

also assumed that the attenuation capacity for each primary drainage basin area is relatively 

constant under existing conditions, and similar volumetric and mass attenuation should also be 

present under future conditions.  However, it is likely that some of the development anticipated 

under future conditions will result in alterations to the existing conveyance systems which may 

reduce the attenuation capacity within each of the primary tributaries.  For purposes of this 

analysis, it is assumed that approximately 20% of the conveyance areas responsible for 

attenuation will be lost during development, and volumetric and mass attenuation under future 

conditions will be approximately 80% of the volumetric and mass load attenuation observed 

under existing conditions.  Therefore, attenuation of volumetric and mass loadings is expected to 

decrease under future conditions, compared with attenuation measured under existing conditions. 

 The LLNSLMM model summarized in Section 5 was used to estimate runoff volumes 

generated within the Lake Lafayette watershed under future conditions based upon the future 

land use characteristics summarized in Table 6-3, the assumed future hydrologic characteristics 

summarized in Table 6-5, and the historical rainfall frequency distribution summarized in Table 

5-8.  The generated runoff volumes under current conditions are calculated for each significant 

tributary, and 80% of the calculated volumetric attenuation under existing conditions is 

subtracted from the calculated future runoff volume.  The resulting runoff volume is assumed to 

discharge into Lake Lafayette. 

Similarly, the generated mass loadings for total nitrogen, total phosphorus, BOD, and 

TSS are calculated under future conditions, and 80% of the attenuated mass loading under 

existing conditions is subtracted from the future loadings.  The resulting mass loadings are 

assumed to discharge directly into Lake Lafayette.  The calculated future attenuation factors 

were then input into the LLNSLMM model to predict volumetric and pollutant loadings under 

future conditions.  A complete listing of calculated attenuation factors under future conditions for 

each of the Lake Lafayette sub-basins is given in Table 6-7. 
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TABLE  6-7 
 

CALCULATED  DELIVERY  RATIOS  FOR  FUTURE 
CONDITIONS  IN  THE  LAKE  LAFAYETTE  WATERSHED 

 
DELIVERY  RATIOS  FOR  FUTURE  CONDITIONS BASIN 

Volume Total N Total P BOD TSS Cu Zn 
Alford Arm  1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Betton Woods   0.598 0.354 0.495 0.414 0.558 0.641 0.279 
Buck Lake CB  0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Capital Medical Center PCB  0.010 0.010 0.010 0.010 0.010 0.010 0.010 
Celebration Baptist Church CB  0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Desoto Lakes 0.275 0.282 0.317 0.465 0.372 0.482 0.000 
East 27 CB 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

East Park Avenue  0.538 0.233 0.386 0.336 0.486 0.573 0.219 
East Spring Church 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Federal Correctional Institution CB  0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Foley Drive CB  0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Gilbert Pond  0.228 0.228 0.276 0.449 0.206 0.444 0.147 
Goose Pond  0.605 0.361 0.499 0.433 0.556 0.642 0.282 

Harriman Circle PCB  0.010 0.010 0.010 0.010 0.010 0.010 0.010 
I-10/90   0.434 0.466 0.491 0.696 0.384 0.508 0.327 

Killarney Plaza PCB  0.012 0.012 0.012 0.010 0.011 0.011 0.008 
Lafayette Oaks CB  0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Lake Ella PCB  0.026 0.019 0.021 0.027 0.019 0.022 0.022 
Lake Heritage  1.000 1.000 1.000 1.000 1.000 1.000 1.000 
Lake Kanturk  0.116 0.106 0.107 0.318 0.090 0.200 0.066 

Lake Killarney  0.113 0.102 0.100 0.311 0.082 0.194 0.060 
Lake Kinsale  0.085 0.074 0.081 0.297 0.071 0.171 0.061 
Lake McBride  0.298 0.306 0.324 0.515 0.285 0.462 0.219 
Lake Saratoga  0.135 0.131 0.129 0.340 0.160 0.239 0.061 

Lake Sheelin PCB  0.010 0.010 0.010 0.010 0.010 0.010 0.010 
Lake Tom John  0.246 0.252 0.294 0.458 0.270 0.474 0.000 
Lincoln High   0.995 1.072 2.592 0.987 5.282 1.441 0.358 

Lower Kanturk   0.586 0.663 0.851 0.826 0.634 1.131 0.439 
Lower Lafayette   1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Martinez   0.253 0.214 0.545 0.406 0.000 0.725 0.000 
Maylor CB  0.000 0.000 0.000 0.000 0.000 0.000 0.000 

McCord Park  0.546 0.238 0.388 0.354 0.487 0.576 0.230 
Melody Hills PCB  0.298 0.335 0.416 0.288 0.263 0.347 0.000 

Miles  0.377 0.425 0.564 0.646 0.314 0.740 0.000 
Millstone Creek  0.357 0.370 0.419 0.600 0.218 0.538 0.000 

Mom and Dads CB  0.010 0.010 0.010 0.010 0.010 0.010 0.010 
Moore Pond CB  0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Mt. Hornbem  0.512 0.601 0.716 0.762 0.473 0.765 0.333 
Mt. Sinai   1.000 1.000 1.000 1.000 1.000 1.000 1.000 
Pedric CB  0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Phillips Road PCB  0.010 0.010 0.010 0.010 0.010 0.010 0.010 
Piedmont   0.617 0.331 0.434 0.508 0.505 0.665 0.322 
Piney Z   1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Roberts Pond  0.275 0.267 0.304 0.481 0.000 0.410 0.000 
Royal Oaks Creek  0.123 0.116 0.127 0.322 0.098 0.222 0.000 

Smith 1 CB  0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Smith 2 CB  0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Smith 3 CB  0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Smith 4 CB  0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Southwood Plantation CB  0.000 0.000 0.000 0.000 0.000 0.000 0.000 
St. Peters CB  0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Upper Lafayette  1.000 1.000 1.000 1.000 1.000 1.000 1.000 
Vedura II   1.000 1.000 1.000 1.000 1.000 1.000 1.000 
Waverly   0.537 0.232 0.385 0.335 0.485 0.573 0.219 

Welaunee CB  0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Witfield Plantation PCB  0.114 0.134 0.146 0.157 0.099 0.155 0.000 
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 A summary of calculated hydrologic and pollutant loadings under current and future 

conditions within the Lake Lafayette watershed is given in Table 6-8 based on the historical 

rainfall frequency distribution. Hydrologic and pollutant inputs are included for each of the 

sources evaluated in the existing conditions analysis summarized in Sections 3 and 4.  Estimated 

inputs from bulk precipitation are assumed to be identical under current and future conditions, 

while inflows from tributaries and direct runoff increase in most cases. 

A graphical comparison of current and future average annual volumetric inputs to the 

four compartments of Lake Lafayette is given in Figure 6-1.  Increases in volumetric inputs 

under future conditions are anticipated in Upper Lake Lafayette, Alford Arm, and Lower Lake 

Lafayette.   No significant increases in volumetric loadings are predicted for Lake Piney Z since 

no additional development is anticipated within this sub-basin under future conditions.  Under 

future conditions, volumetric inputs to Upper Lake Lafayette are expected to increase by 

approximately 7%, with a 104% increase in volumetric loading to Alford Arm and a 50% 

increase in volumetric loading to Lower Lake Lafayette. 

 
Volume

U
pp

er
 L

ak
e 

La
fa

ye
tte

La
ke

 P
in

ey
 Z

A
lfo

rd
 A

rm

Lo
w

er
 L

ak
e 

La
fa

ye
tte

V
ol

um
e 

(a
c-

ft/
yr

)

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

Existing
Future

 
 

Figure 6-1. Comparison of Current and Future Average Annual Volumetric Inputs to the 
Four Compartments of Lake Lafayette. 
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TABLE  6-8 

 
CALCULATED  HYDROLOGIC  AND  POLLUTANT 

LOADINGS  UNDER  CURRENT  AND  FUTURE  CONDITIONS 
BASED  ON  AVERAGE  RAINFALL  CONDITIONS1 

 
Upper Lake Lafayette 

 
a.  Current Conditions 

 
SOURCE VOLUME

(ac-ft) 
TOTAL  N 

(kg/yr) 
TOTAL  P 

(kg/yr) 
BOD 

(kg/yr) 
TSS 

(kg/yr) 
Weems Pond Tributary  5,675 3,563 845 18,824 124,417 

Lafayette Creek Tributary 1,866 2,953 1,012 10,909 274,132 
Direct Runoff 923 1,377 136 3,316 13,058 

Bulk Precipitation 2,058 1,703 114 5,076 15,736 

Total Input 10,522 9,596 2,108 38,125 427,343 
 
 
b.  Future Conditions 
 

SOURCE VOLUME
(ac-ft) 

TOTAL  N 
(kg/yr) 

TOTAL  P 
(kg/yr) 

BOD 
(kg/yr) 

TSS 
(kg/yr) 

Weems Pond Tributary  6,301 4,683 978 22,035 132,025 
Lafayette Creek Tributary 1,852 2,921 993 10,621 265,324 

Direct Runoff 1,068 1,728 203 4,157 17,072 
Bulk Precipitation 2,058 1,703 114 5,076 15,736 

Total Input 11,279 11,035 2,288 41,890 430,156 
 
 
 

  Lake Piney Z 
 

a.  Current Conditions 
 

SOURCE VOLUME
(ac-ft) 

TOTAL  N 
(kg/yr) 

TOTAL  P 
(kg/yr) 

BOD 
(kg/yr) 

TSS 
(kg/yr) 

Direct Runoff 267 357 30 1,070 3,441 
Bulk Precipitation 1,274 1,054 71 3,142 9,741 

Total Input Mass 1,541 1,411 101 4,212 13,182 
 
 
b.  Future Conditions 
 

SOURCE VOLUME
(ac-ft) 

TOTAL  N 
(kg/yr) 

TOTAL  P 
(kg/yr) 

BOD 
(kg/yr) 

TSS 
(kg/yr) 

Direct Runoff 267 357 30 1,070 3,441 
Bulk Precipitation 1,274 1,054 71 3,142 9,741 

Total Input Mass 1,541 1,411 101 4,212 13,182 
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TABLE  6-8 -- CONTINUED 

 
CALCULATED  HYDROLOGIC  AND  POLLUTANT 

LOADINGS  UNDER  CURRENT  AND  FUTURE  CONDITIONS 
BASED  ON  AVERAGE  RAINFALL  CONDITIONS1 

 
Alford Arm 

 
a.  Current Conditions 
 

SOURCE VOLUME
(ac-ft) 

TOTAL  N 
(kg/yr) 

TOTAL  P 
(kg/yr) 

BOD 
(kg/yr) 

TSS 
(kg/yr) 

Alford Arm Tributary 1,422 1,026 129 5,899 15,368 
Direct Runoff 1,774 2,347 433 4,514 40,985 

Bulk Precipitation 2,025 1,676 112 4,995 15,484 

Total Input 5,221 5,049 675 15,407 71,837 
 
 
b.  Future Conditions 
 

SOURCE VOLUME
(ac-ft) 

TOTAL  N 
(kg/yr) 

TOTAL  P 
(kg/yr) 

BOD 
(kg/yr) 

TSS 
(kg/yr) 

Alford Arm Tributary 6,123 7,191 1,288 22,338 89,474 
Direct Runoff 2,495 2,710 466 10,834 49,152 

Bulk Precipitation 2,025 1,676 112 4,995 15,484 

Total Input 10,642 11,577 1,866 38,167 154,109 
 
 

  Lower Lake Lafayette 
 

a.  Current Conditions 
 

SOURCE VOLUME
(ac-ft) 

TOTAL  N 
(kg/yr) 

TOTAL  P 
(kg/yr) 

BOD 
(kg/yr) 

TSS 
(kg/yr) 

Inflow from Alford Arm 2,104 927 97 3,873 10,029 
Direct Runoff 3,228 4,470 612 9,782 91,603 

Bulk Precipitation 5,666 4,689 314 13,975 43,324 

Total Input Mass 10,998 10,086 1,024 27,631 144,956 
 
 
b.  Future Conditions 
 

SOURCE VOLUME
(ac-ft) 

TOTAL  N 
(kg/yr) 

TOTAL  P 
(kg/yr) 

BOD 
(kg/yr) 

TSS 
(kg/yr) 

Inflow from Alford Arm 7,525 3,731 470 16,839 37,758 
Direct Runoff 3,298 4,462 643 10,482 87,756 

Bulk Precipitation 5,666 4,689 314 13,975 43,324 

Total Input Mass 16,489 12,882 1,428 41,296 168,838 
 
1.  Annual average rainfall of 66.2 inches/year  
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A graphical comparison of current and future nutrient and pollutant inputs to Lake 

Lafayette is given in Figure 6-2.  Under future conditions, nitrogen inputs to Upper Lake 

Lafayette are expected to increase by approximately 7%, with a 129% increase in nitrogen 

loadings to Alford Arm and a 50% increase in nitrogen loadings to Lower Lake Lafayette.  

Phosphorus loadings to Upper Lake Lafayette are expected to increase by approximately 9%, 

with a 176% increase in phosphorus loadings to Alford Arm and a 39% increase in phosphorus 

loadings to Lower Lake Lafayette. 

Estimated loadings of BOD to Upper Lake Lafayette are projected to increase 

approximately 10%, with a 148% increase in BOD loadings to Alford Arm and a 49% increase 

in BOD loadings to Lower Lake Lafayette.  Annual loadings of suspended solids to Upper Lake 

Lafayette are expected to increase by 1% under future conditions.  However, TSS loadings to 

Alford Arm are projected to increase by approximately 115%, with a 16% increase in Lower 

Lake Lafayette.  No changes to current loadings of total nitrogen, total phosphorus, TSS, or BOD 

are anticipated in Lake Piney Z since no additional development is projected in sub-basin areas 

discharging to this compartment. 

Based upon the above analysis, it appears that the most significant increases in 

hydrologic and pollutant loadings under future conditions will occur in Alford Arm.  Mass inputs 

of total nitrogen, total phosphorus, BOD, and TSS, as well as total volumetric inputs, are 

expected to more than double in Alford Arm under future conditions compared with measured 

inputs under existing conditions. 

A comparison of estimated total and areal loadings of phosphorus to Lake Lafayette 

under current and future conditions is given in Table 6-9.  Under future conditions, both total 

annual and areal loadings of phosphorus to Upper Lake Lafayette, Alford Arm, and Lower Lake 

Lafayette are projected to increase as new development occurs within the Lake Lafayette 

watershed.  These predicted increases in phosphorus loadings occur in spite of construction and 

implementation of stormwater management systems required for new development.  The most 

dramatic increases in phosphorus loadings will occur in Alford Arm, with a projected 180% 

increase in areal loading under future conditions. The increases in total loadings and areal 

loadings will provide additional phosphorus sources for stimulation of primary productivity in 

the form of both aquatic macrophytes and pelagic algae. 
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Figure 6-2. Comparison of Annual Mass Loadings for Current and Future Conditions of 
  Total Nitrogen, Total Phosphorus, TSS, and BOD Based on Average Rainfall 

Conditions. 



LAFAYETTE\EXISTING  CONDITIONS  REPORT 

6-22 

 
TABLE  6-9 

 
 COMPARISON  OF  ESTIMATED  TOTAL 
 AND  AREAL  LOADINGS  OF  PHOSPHORUS  TO  LAKE 
 LAFAYETTE  UNDER  CURRENT  AND  FUTURE  CONDITIONS 

BASED  ON  AVERAGE  RAINFALL  CONDITIONS 
 

CURRENT  LOADING FUTURE  LOADING 
COMPARTMENT 

LAKE 
AREA 
(acres) kg/yr g/m2-yr kg/yr g/m2-yr 

Upper Lake Lafayette 373 2,108 1.40 2,288 1.51 

Lake Piney Z 231 101 0.11 101 0.11 

Alford Arm 367 675 0.45 1,866 1.26 

Lower Lake Lafayette 1,027 1,024 0.25 1,428 0.34 
 

Permissible Loading Levels (Vollenweider, 1968) for Lakes up to 15 m Deep: 
 

    Phosphorus: a.  Permissible: < 0.1 g/m2-yr 
b.  Dangerous: > 0.2 g/m2-yr 

 

 

A comparison of estimated total and areal loadings of nitrogen to the four compartments 

of Lake Lafayette under current and future conditions is given in Table 6-10.  Under future 

conditions, both total loadings and areal loadings of nitrogen are projected to increase in Upper 

Lake Lafayette, Alford Arm, and Lower Lake Lafayette.  Areal loadings of total nitrogen to 

Upper Lake Lafayette and Alford Arm exceed the dangerous permissible loading level for 

nitrogen under both current and future conditions. 

Under the “do nothing” scenario, increases in mass loadings of total nitrogen, total 

phosphorus, TSS, and BOD are anticipated in Upper Lake Lafayette, Alford Arm, and Lower 

Lake Lafayette in spite of the stormwater management systems which will be constructed for 

new development.  Increases in inputs of other development-related constituents such as heavy 

metals, organic compounds and microbiological parameters can also be expected.  Existing 

problems with overgrowth of aquatic vegetation can be expected to get worse, and a larger 

volume of water will ultimately discharge into the sink areas in Upper Lake Lafayette, increasing 

the potential for contamination of the underground aquifer system. 
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TABLE  6-10 

 
 COMPARISON  OF  ESTIMATED  TOTAL 
 AND  AREAL  LOADINGS  OF  NITROGEN  TO  LAKE 
 LAFAYETTE  UNDER  CURRENT  AND  FUTURE  CONDITIONS 

BASED  ON  AVERAGE  RAINFALL  CONDITIONS 
 

CURRENT  LOADING FUTURE  LOADING 
COMPARTMENT 

LAKE 
AREA 
(acres) kg/yr g/m2-yr kg/yr g/m2-yr 

Upper Lake Lafayette 373 9,596 6.35 11,035 7.31 

Lake Piney Z 231 1,411 1.51 1,411 1.51 

Alford Arm 367 5,049 3.40 11,577 7.79 

Lower Lake Lafayette 1,027 10,086 2.43 12,882 3.10 
 

Permissible Loading Levels (Vollenweider, 1968) for Lakes up to 15 m Deep: 
 

    Nitrogen: a.  Permissible: < 1.5 g/m2-yr 
      b.  Dangerous: > 3.0 g/m2-yr 

 

6.3  Management Options for Upper Lake Lafayette 

 The evaluated management options for Upper Lake Lafayette are primarily intended to 

reduce the potential for contamination of the underground aquifer as a result of discharges into 

the various sinks as well as infiltration through the lake bottom.  The evaluated options include 

providing vegetative treatment for inflows prior to reaching the sinks, redirecting channel flow 

paths into Lake Piney Z, construction of berms around the sink areas to detain runoff and 

baseflow inputs, and construction of stormwater treatment systems for Weems Pond and 

Lafayette Creek inflows.  Each of these selected management options are discussed in the 

following sections. 

 

6.3.1 Construct Vegetative Flow Paths for Inflows 

 As discussed in Section 2.2, inputs from Lafayette Creek and Weems Pond are 

transported into and through Upper Lake Lafayette by several natural earthen channels and 

impacted streams.  These inflows are irregular in shape and contain little vegetation under 

existing conditions.  Erosion within these channels is a common occurrence during significant 

storm events.   
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 One potential management option is to widen the existing flow paths and provide a 

controlled reinforced section in place of the current unstable channel.  The widened channels 

would have a larger cross-sectional area and a lower flow velocity for a given discharge, 

reducing the potential for erosion.  The channel would be constructed similar to a shallow swale 

and would be heavily vegetated to further reduce erosion and provide additional pollutant uptake 

and attenuation.  A typical cross-section of a vegetated flow-way is given in Figure 6-3.  

Common wetland vegetation species are indicated based on relative tolerance for wetted 

conditions, although a wide variety of potential wetland species could be used.  The bottom of 

the channel could be reinforced with a geocell or geofabric and various types of vegetation could 

be planted, depending upon anticipated water depth, in various portions of the channel.  This 

stabilized channel would substantially eliminate the existing erosive conditions as well as 

providing plant material for additional uptake of nutrients and other pollutants.  The widened 

channel would also provide additional opportunity for infiltration and evapotranspiration of 

water prior to reaching the sink, potentially reducing the ultimate volume of water reaching the 

main sink area.  The specific width and depth of the flow-way channels would need to be 

determined based upon anticipated runoff discharge rates and velocities during the selected 

design storm event for each tributary. 

 

 
 
Figure 6-3. Typical Cross-Section of Vegetated Flow-Way for Inflows to 

Upper Lake Lafayette. 
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A research project on the removal effectiveness of a vegetated channel for treatment of 

contaminants contained in highway runoff was conducted by Harper (1988).  During this project, 

both inflow and outflow through a vegetated channel were monitored over a period of 12 

months.  The length of the vegetated channel was approximately 750 ft.  A summary of annual 

mean concentration-based removal efficiencies for highway runoff during migration through the 

vegetated channel is given in Table 6-11.  The vegetated channel was effective in reducing 

concentrations of all measured constituents.  Constituents with a higher particulate fraction were 

found to be attenuated at a more rapid rate than constituents which were primarily dissolved in 

nature.  However, removal efficiencies ranging from 20-80% were obtained during the study. 

 
 
 

TABLE  6-11 
 

CONCENTRATION-BASED  REMOVAL 
EFFICIENCIES  FOR  HIGHWAY  RUNOFF  DURING 

MIGRATION  THROUGH  A  VEGETATED  CHANNEL 
(Harper, 1988) 

 

CONSTITUENT 
CONCENTRATION 

REDUCTION 
(%) 

Total N 20 

Total P 40 

BOD 40 

TSS 80 

Cadmium 40 

Copper 56 

Chromium 37 

Lead 50 

Zinc 69 
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 Construction of the proposed vegetated flow-ways would be expected to provide removal 

efficiencies for inflows into Upper Lake Lafayette from Lafayette Creek and Weems Pond, 

similar to those reported by Harper.  The concentration-based removal efficiencies summarized 

in Table 6-11 would be applicable primarily to baseflow inputs and runoff inputs from relatively 

small rain events.  The rain event which could be fully retained within the vegetated flow-ways 

would be somewhat lower for Lafayette Creek than Weems Pond since Lafayette Creek inflows 

directly into Upper Lake Lafayette while peak flows through the Weems Pond tributary receive 

substantial attenuation within the pond.  Therefore, this alternative would be expected to be more 

effective for treating inflow from Weems Pond than from Lafayette Creek.  However, removal 

efficiencies for rain events with significant velocities or for rain events which temporarily flood 

Upper Lake Lafayette would be substantially lower than the values indicated in Table 6-11.  

Therefore, exceedances of Class III criteria in water reaching the sink area can still be anticipated 

for heavy metals and microbiological parameters on a periodic basis. 

 As seen in Table 4-11, baseflow inputs from Lafayette Creek and Weems Pond contribute 

relatively minimal loadings of total nitrogen, total phosphorus, TSS, and BOD into Upper Lake 

Lafayette.   As discussed previously, the vegetated flow-ways would also be capable of treating 

relatively small rain events which would further increase the annual volumes of water which 

could be treated within these systems.  However, larger rain events contribute the majority of 

runoff which enters Lake Lafayette on an annual basis. Although the proposed vegetated flow-

ways would reduce erosion and turbidity associated with treatable inputs into Upper Lake 

Lafayette, the vegetated channels would provide uptake for a relatively small portion of the 

loadings entering Upper Lake Lafayette.  The most significant loadings originate from 

stormwater runoff during larger rain events, much of which would exceed the capacity of the 

vegetated flow-ways and receive minimal treatment. 

 Estimates of the annual mass removal of total nitrogen and total phosphorus achieved 

within the proposed vegetated flow-ways in Upper Lake Lafayette were calculated based on 

average rainfall conditions and the calculated current and future loadings to Upper Lake 

Lafayette summarized in Table 6-8.  For this analysis, the distribution of baseflow and 

stormwater loadings discharging through the Weems Pond tributary and the Lafayette Creek 

tributary  are  assumed  to  be  similar  to  the  proportion  of  baseflow  and  stormwater loadings 
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measured during the 12-month monitoring period from July 2003-June 2004.  During this period, 

baseflow contributed approximately 3.6% of the total nitrogen loadings discharging through 

Lafayette Creek and 1.8% of the total phosphorus loadings.  For discharges from Weems Pond, 

baseflow contributed approximately 8.6% of the total nitrogen loadings and 6.2% of the total 

phosphorus loadings.  The estimated annual loadings of total nitrogen and total phosphorus for 

current and future conditions, summarized in Table 6-8, were allocated into baseflow and 

stormwater utilizing these percentages. 

 For this analysis, it is assumed that the vegetated flow-ways will provide 100% 

attenuation and uptake for baseflow discharges entering Upper Lake Lafayette.  It is further 

assumed that runoff events representing approximately 25% of the annual mass loadings of total 

nitrogen and total phosphorus can be treated within the vegetated flow-ways without flooding 

larger portions of Upper Lake Lafayette and substantially reducing the potential effectiveness of 

the vegetated flow-ways.  It is also assumed that approximately 20% of the total nitrogen 

loadings in stormwater discharging through the proposed vegetated flow-ways will be attenuated, 

with approximately 40% of the total phosphorus loading removed within the flow-way.  These 

percentages are assumed for flow-ways connected to both Lafayette Creek and Weems Pond.   

 A summary of estimated annual mass removal of total nitrogen in the proposed vegetated 

flow-ways in Upper Lake Lafayette based on average rainfall conditions is given in Table 6-12.  

As indicated previously, it is assumed that the vegetated flow-ways will remove 100% of the 

nitrogen inputs in baseflow under both current and future conditions, with 20% of the nitrogen 

loading in stormwater which discharges through the flow-ways.  No attenuation is assumed for 

direct runoff or bulk precipitation as a result of the proposed flow-way systems.  Overall, the 

proposed vegetated flow-ways will provide a 7% reduction in annual mass loadings of total 

nitrogen under both current and future conditions.   

 Estimated annual mass removals of total phosphorus in the proposed vegetated flow-way 

are summarized in Table 6-13 based upon the same methodology previously discussed for total 

phosphorus.  It is assumed that the proposed vegetated flow-ways will remove 100% of the 

baseflow inputs and approximately 40% of the total phosphorus inputs from stormwater runoff.  

On an annual basis, the proposed vegetated flow-ways will remove approximately 12% of the 

total phosphorus loadings to Lake Lafayette under both current and future conditions. 
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 TABLE  6-12 
 
 ESTIMATED  ANNUAL  MASS  REMOVAL  OF 
 TOTAL  NITROGEN  IN  THE  VEGETATED  FLOW-WAYS 
 BASED  ON  AVERAGE  RAINFALL  CONDITIONS 
 

CURRENT  CONDITIONS FUTURE  CONDITIONS 

SOURCE ESTIMATED 
LOAD 
(kg/yr) 

UPTAKE  BY 
FLOW-WAY1 

(kg/yr) 

ESTIMATED 
LOAD 
(kg/yr) 

UPTAKE  BY 
FLOW-WAY1 

(kg/yr) 
Lafayette Creek 

Baseflow 
Stormwater 

 
106 
2847 

 
106 
142 

 
103 
2818 

 
103 
141 

Weems Pond 
Baseflow 

Stormwater 

 
306 
3257 

 
306 
163 

 
324 
4359 

 
324 
218 

Direct Runoff 1377 0 1728 0 
Bulk Precipitation 1703 0 1703 0 

TOTALS: 9596 717 11,035 786 
Overall Mass Removal (%) 7  7 

 
1. Assumes that 25% of annual stormwater load could be redirected to Lake Piney Z, with a removal of 20% of 

total nitrogen during travel through vegetated flow-way 
 
 
 
 
 TABLE  6-13 
 
 ESTIMATED  ANNUAL  MASS  REMOVAL  OF 
 TOTAL  PHOSPHORUS  IN  THE  VEGETATED  FLOW-WAY 
 BASED  ON  AVERAGE  RAINFALL  CONDITIONS 
 

CURRENT  CONDITIONS FUTURE  CONDITIONS 

SOURCE ESTIMATED 
LOAD 
(kg/yr) 

UPTAKE  BY 
FLOW-WAY1 

(kg/yr) 

ESTIMATED 
LOAD 
(kg/yr) 

UPTAKE  BY 
FLOW-WAY1 

(kg/yr) 
Lafayette Creek 

Baseflow 
Stormwater 

 
18 
994 

 
18 
99 

 
18 
975 

 
18 
98 

Weems Pond 
Baseflow 

Stormwater 

 
52 
793 

 
52 
79 

 
56 
922 

 
56 
92 

Direct Runoff 136 0 203 0 
Bulk Precipitation 114 0 114 0 

TOTALS: 2108 248 2288 264 
Overall Mass Removal (%) 12  12 

 
1. Assumes that 25% of annual stormwater load could be redirected to Lake Piney Z, with a removal of 40% of 

total phosphorus during travel through vegetated flow-way 
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 As indicated by the above analysis, the proposed vegetated flow-ways will provide 

relatively minimal reductions in annual mass loadings of total nitrogen or total phosphorus 

discharging into the sink areas in Upper Lake Lafayette.  In fact, the portion of the removal 

efficiencies attributed to attenuation of baseflow inputs is already achieved within Upper Lake 

Lafayette by infiltration into the porous lake bottom without construction of the vegetated flow-

way.  Perhaps the most useful aspect of the vegetated flow-way concept is the reduction in 

erosion and generation of turbidity which apparently occurs within the existing earthen channels 

under current conditions. 

 The estimated annual mass removal for total nitrogen and total phosphorus summarized 

in Tables 6-12 and 6-13 reflect estimated annual mass load reductions by surface flow only.  

This analysis assumes that uptake of nitrogen and phosphorus occurs through the combined 

processes of infiltration, entrapment of particulate matter, and uptake by vegetation.  However, 

nitrogen species, particularly NOx, are relatively mobile during migration through soils, and a 

large percentage of these species may ultimately enter groundwater beneath Upper Lake 

Lafayette, reducing the effective removal efficiencies to values somewhat lower than those 

summarized at the bottom of Table 6-12.  Phosphorus species tend to be much less mobile than 

nitrogen species, and the overall anticipated removals for total phosphorus within the proposed 

vegetated flow-ways will be similar to the values summarized at the bottom of Table 6-13. 

 Although certain nitrogen species may enter groundwater as a result of the proposed 

vegetated flow-ways, infiltration through the soil layers will be very effective in removing 

bacteria, heavy metals, and organic contaminants.  Therefore, it appears that the proposed 

vegetated flow-ways represent a relatively inexpensive method of reducing direct loadings to the 

sinks, particularly for phosphorus, heavy metals, bacteria, and organics, although the overall 

mass reductions will be relatively low. 

 

6.3.2 Redirect Flow Channels to Lake Piney Z 

 A second option for reducing the potential for contamination of the sink areas is to 

redirect the flow paths of the existing channels from Lafayette Creek and Weems Pond into Lake 

Piney Z, bypassing the existing discharge into the primary Lafayette sink.  This alternative would 

also involve improvement of the hydraulic connection between Upper Lake Lafayette and Lake 

Piney Z to allow the additional water transfer.  
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Redirection and reconstruction of the flow paths from Lafayette Creek and Weems Pond 

could be performed using shallow vegetated channels similar to that depicted in Figure 6-3.  The 

channels could also be constructed to intercept portions of the direct runoff which discharges into 

Upper Lake Lafayette from watershed areas immediately adjacent to the lake. These channels 

would provide complete attenuation of virtually all baseflow inputs since little or no baseflow 

currently reaches the primary Lafayette sink under existing conditions.  Since the new channels 

would be substantially longer than the existing channels, additional opportunities for infiltration 

and  pollutant uptake would occur along the flow path prior to reaching Lake Piney Z.   

During migration through the vegetated channel, the additional runoff loadings to Lake 

Piney Z will be attenuated, with removal efficiencies similar to the concentration-based removal 

efficiencies summarized in Table 6-11.  Therefore, the assumed annual mass loadings directed 

toward Lake Piney Z (25% of stormwater from Lafayette Creek and Weems Pond and 25% of 

direct runoff) are further attenuated based upon the concentration reduction factors presented in 

Table 6-11.  The resulting values represent the estimated annual loadings which will be diverted 

to Lake Piney Z. 

 An evaluation of the potential mass of total nitrogen and total phosphorus which could be 

diverted into Lake Piney Z was performed using the estimated annual mass budgets for total 

nitrogen and total phosphorus based on average rainfall conditions, summarized in Table 6-8.  

For this analysis, the percentage of total annual loadings attributed to baseflow and stormwater 

are assumed to be similar to the percentages reflected in the estimated annual mass budgets 

developed for the period from July 2003-June 2004.  This analysis assumes that approximately 

25% of the estimated annual mass loadings of total nitrogen and total phosphorus in stormwater 

inputs from Lafayette Creek and Weems Pond could be redirected into Lake Piney Z, along with 

25% of the direct runoff loadings.  During migration through the shallow vegetated channels, 

approximately 20% of the total nitrogen would be removed and 40% of the total phosphorus 

would be removed, based upon the estimated mass removals summarized in Table 6-8, with the 

remaining loadings discharging into Lake Piney Z.  

 Estimates of the annual mass transfer of total nitrogen to Lake Piney Z based on average 

rainfall conditions is given in Table 6-14.  As indicated in the assumptions for this analysis, no 

transfer  of  mass  loadings  from  baseflow,  or bulk precipitation is anticipated from Upper Lake 



LAFAYETTE\EXISTING  CONDITIONS  REPORT 

6-31 

 

Lafayette to Lake Piney Z.  Under current conditions, redirecting flow channels to Lake Piney Z 

would transfer approximately 1495 kg/yr of total nitrogen, with a transfer of 1782 kg/yr under 

future conditions.  This corresponds to approximately 16% of the total nitrogen inputs to Upper 

Lake Lafayette under existing conditions and 16% under future conditions.  As a result, 

redirection of the flow channels to Lake Piney Z would result in a relatively minimal impact on 

total nitrogen loadings in Upper Lake Lafayette. 

 
 TABLE  6-14 
 
 ESTIMATED  ANNUAL  MASS  TRANSFER 
 OF  TOTAL  NITROGEN  TO  LAKE  PINEY  Z 
 BASED  ON  AVERAGE  RAINFALL  CONDITIONS 
 

CURRENT  CONDITIONS FUTURE  CONDITIONS 

SOURCE ESTIMATED 
LOAD 
(kg/yr) 

INPUT  TO 
LAKE  PINEY  Z1 

(kg/yr) 

ESTIMATED 
LOAD 
(kg/yr) 

INPUT  TO 
LAKE  PINEY  Z1 

(kg/yr) 
Lafayette Creek 

Baseflow 
Stormwater 

 
106 

2,847 

 
0 

569 

 
103 

2,818 

 
0 

564 
Weems Pond 

Baseflow 
Stormwater 

 
306 

3,257 

 
0 

651 

 
324 

4,359 

 
0 

872 
Direct Runoff 1,377 275 1,728 346 

Bulk Precipitation 1,703 0 1,703 0 
TOTALS: 9,596 1,495 11,035 1,782 

Overall Mass Removal (%) 16  16 
 
1. Assumes that 25% of annual stormwater load could be redirected to Lake Piney Z, with a removal of 20% of 

total nitrogen during travel through vegetated flow-way 

 

 Estimated annual mass transfer of total phosphorus to Lake Piney Z based on average 

rainfall conditions is summarized in Table 6-15.  Based on the methodology discussed 

previously,   redirection   of  the  flow  paths  would  transfer  approximately  288  kg/yr  of  total 

phosphorus under existing conditions, with a transfer of 314 kg/yr under future conditions.  

These values correspond to approximately 14% of the total phosphorus loading under current 

conditions and 14% of the total phosphorus loading to Upper Lake Lafayette under future 

conditions.  Similar to the conclusions reached for total nitrogen, redirection of the flow channels 

to Lake Piney Z would have relatively minimal impact on phosphorus loadings into Upper Lake 

Lafayette. 
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 TABLE  6-15 
 
 ESTIMATED  ANNUAL  MASS  TRANSFER 
 OF  TOTAL  PHOSPHORUS  TO  LAKE  PINEY  Z 
 BASED  ON  AVERAGE  RAINFALL  CONDITIONS 
 

CURRENT  CONDITIONS FUTURE  CONDITIONS 

SOURCE ESTIMATED 
LOAD 
(kg/yr) 

INPUT  TO 
LAKE  PINEY  Z1 

(kg/yr) 

ESTIMATED 
LOAD 
(kg/yr) 

INPUT  TO 
LAKE  PINEY  Z1 

(kg/yr) 
Lafayette Creek 

Baseflow 
Stormwater 

 
18 
994 

 
0 

149 

 
18 
975 

 
0 

146 
Weems Pond 

Baseflow 
Stormwater 

 
52 
793 

 
0 

119 

 
56 
922 

 
0 

138 
Direct Runoff 136 20 203 30 

Bulk Precipitation 114 0 114 0 
TOTALS: 2,108 288 2,288 314 

Overall Mass Removal (%) 14  14 
 
1. Assumes that 25% of annual stormwater load could be redirected to Lake Piney Z, with a removal of 40% of 

total phosphorus during travel through vegetated flow-way 
 

 

 A revised nutrient budget for Lake Piney Z is given in Table 6-16, based upon diversion 

of runoff from Upper Lake Lafayette.  Diversion of runoff from Upper Lake Lafayette will 

introduce substantial additional nutrient loadings to Lake Piney Z.  Under current conditions, 

total nitrogen loadings to Lake Piney Z will increase by approximately 106%, with a 285% 

increase in total phosphorus loadings.  Under future conditions, total nitrogen loadings will 

increase by 126%, with a 311% increase in total phosphorus load.   

A comparison of estimated total and areal loadings of nitrogen and phosphorus to Lake 

Piney Z with the runoff diversion option is given in Table 6-17.  Diversion of runoff into Lake 

Piney Z will increase the areal phosphorus loading from 0.11 g/m2-yr, near permissible levels 

defined by Vollenweider, to 0.4 g/m2-yr, under both current and future conditions, exceeding the 

dangerous phosphorus loading levels established by Vollenweider.  Similarly, nitrogen loadings 

will increase from 1.51 g/m2-yr under current conditions, near the permissible loading of 1.5 

g/m2-yr, to 3.11 and 3.41 g/m2-yr, exceeding the dangerous level for nitrogen loading. These 

increases in areal loadings of phosphorus and nitrogen will have substantial impacts on water 

quality characteristics in Lake Piney Z, resulting in stimulation of existing aquatic vegetation and 

algal growth within the lake.   
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TABLE  6-16 

 
REVISED  NUTRIENT  BUDGET  FOR 

LAKE  PINEY  Z  BASED  ON  DIVERSION  OF 
RUNOFF  FROM  UPPER  LAKE  LAFAYETTE 

 
CURRENT  CONDITIONS FUTURE  CONDITIONS 

SOURCE Total N 
(kg/yr) 

Total P 
(kg/yr) 

Total N 
(kg/yr) 

Total P 
(kg/yr) 

Direct Runoff 357 30 357 30 

Bulk Precipitation 1054 71 1054 71 

Existing Totals: 1411 101 1411 101 

Inflow from Upper Lake Lafayette 1495 288 1782 314 

New Totals: 2906 389 3193 415 

Percent Increase (%) 106 285 126 311 

 

  

 

 

TABLE  6-17 
 
 COMPARISON  OF  ESTIMATED  TOTAL  AND 
 AREAL  LOADINGS  OF  NITROGEN  AND  PHOSPHORUS  TO 
 LAKE  PINEY  Z  WITH  RUNOFF  DIVERSION  OPTION 
 

PHOSPHORUS  LOADING NITROGEN  LOADING 
CONDITION 

kg/yr g/m2-yr kg/yr g/m2-yr 

Current – no diversion 101 0.11 1411 1.51 

Current – with diversion 389 0.42 2906 3.11 

Future – with diversion 415 0.44 3193 3.41 
 
 

Permissible Loading Levels (Vollenweider, 1968) for Lakes up to 15 m Deep: 
 
   1. Phosphorus: a.  Permissible: < 0.1 g/m2-yr 
      b.  Dangerous: > 0.2 g/m2-yr 
 
   2. Nitrogen: a.  Permissible: < 1.5 g/m2-yr 
      b.  Dangerous: > 3.0 g/m2-yr 
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 A factor which has not yet been addressed is the technical feasibility of transferring water 

from Upper Lake Lafayette to Lake Piney Z.  Based on the bathymetric contour map for Lake 

Piney Z (given in Figure 2-4), the normal water level in Lake Piney Z ranges from approximately 

45-46 ft.  Existing bottom elevations of Upper Lake Lafayette are substantially lower than the 

water  level in Lake Piney Z, suggesting that a gravity connection between Upper Lake Lafayette 

and Lake Piney Z would not be feasible.  As a result, water discharging through the redirected 

channels would need to be pumped from Upper Lake Lafayette into Lake Piney Z using a 

relatively large pump station.  A factor also not yet addressed is that most of the bottom of Upper 

Lake Lafayette is privately owned, requiring permission and possible purchase of bottom areas 

prior to implementation of this option. 

 The proposed runoff diversion option appears to have minimal impact on existing 

loadings of nitrogen and phosphorus entering Upper Lake Lafayette, while having a potential 

significant negative impact on water quality characteristics in Lake Piney Z.  Additional 

protection provided for the sink area also appears to be minimal with this option.  Transfer of 

water from Upper Lake Lafayette to Lake Piney Z will likely require pumping, further 

complicating this marginal option.  Therefore, diversion of runoff from Upper Lake Lafayette to 

Lake Piney Z appears to be neither scientifically nor technically attractive at this time. 

 

6.3.3 Construct Berm Around Sink Areas 

 A popular potential management technique among the Lake Lafayette Stakeholders is 

construction of earthen berms around the primary sink and significant smaller sinks to potentially 

create an open water or wetland habitat within Upper Lake Lafayette and minimize the amount 

of direct discharge of untreated runoff into the sinks.  Specific details concerning the elevations 

and construction details of the proposed berms would need to be evaluated during the design 

phase for the berms.   

 Although this appears to be an attractive management option, there are many details 

which must be evaluated prior to implementation.  The geology of areas beneath Upper Lake 

Lafayette  is  not  well  understood,  and  the  possibility  exists that the water pressure caused by 

impounding the inflows would open sinks in other portions of Upper Lake Lafayette, defeating 

the purpose of the berms.  As a result, a detailed geologic survey would need to be performed as 

part of the evaluation phase for this option. 
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 Another concern with this option is that inputs of baseflow and stormwater runoff would 

continue to infiltrate at a relatively high rate through the porous bottom areas of Upper Lake 

Lafayette and continue to contribute pollutant loadings to underground aquifers.  The likelihood 

of this occurring depends, to a large extent, upon the geology and depth of soil layers beneath 

Upper Lake Lafayette.  However, Harper (1988) demonstrated that surficial soils can be effective 

in attenuating stormwater pollutants during infiltration through the soil, particularly for 

phosphorus and heavy metals.  Field measurements were conducted over a 12-month period in a 

sandy swale area in Orlando to document removal of runoff contaminants during migration 

through soil.  Samples of raw runoff discharging through the swale were collected and compared 

with groundwater concentrations measured at a depth of 1 m below the swale.  A summary of 

removal efficiencies for runoff contaminants during migration through sandy soil, as reported by 

Harper (1988), is given in Table 6-18.  Substantial removal efficiencies were observed for total 

phosphorus and heavy metals during migration through the sandy soil.  However, soil layers 

were found to be less effective for retaining nitrogen inputs.  

 
 

TABLE  6-18 
 

REMOVAL  OF  RUNOFF  CONTAMINANTS  DURING 
MIGRATION  THROUGH  1  METER  OF  SANDY  SOIL 

 
PARAMETER REMOVAL 

(%) PARAMETER REMOVAL 
(%) 

Total N 15 Cadmium 70 
Total P 70 Copper 70 
BOD 40 Lead 75 

 

 

Nevertheless, even if relatively rapid infiltration were to occur through the soils of Upper 

Lake Lafayette, a substantial portion of the phosphorus, heavy metals, suspended solids, and 

bacteria loadings would be absorbed or incorporated into existing soils during the infiltration 

process.  On the surface, this appears to be a relatively inexpensive retrofit option for Upper 

Lake Lafayette, although substantial additional hydrogeologic investigations are necessary prior 

to selection and implementation of this option. 
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 The overall pollutant removal effectiveness of this option will also depend upon the type 

of open water or wetland habitat created after the berms are installed.  This habitat will itself be 

dictated, to a large degree, by the depth of water which can be detained within Upper Lake 

Lafayette.  However, regardless of the type of open water or wetland habitat which is created, the 

berms will create additional opportunity for assimilation of pollutants prior to discharge into the 

sinks.  Since pollutant removal and attenuation in wet systems are regulated to a large extent by 

residence time, the berms should be designed to retain as much water as possible without 

compromising other areas within Upper Lake Lafayette. 
 
 
6.3.4 Construct Treatment Systems for Weems 
 Pond and Lafayette Creek Inflows 

 As discussed in Section 4, both Lafayette Creek and Weems Pond contribute substantial 

loadings of nitrogen, phosphorus, TSS, BOD, copper, and zinc into Upper Lake Lafayette.  

Therefore, improving water quality characteristics of these inflows appears to be a logical 

alternative for improving water quality in Upper Lake Lafayette. 

 A comparison of current and future loadings of total nitrogen and total phosphorus 

entering Upper Lake Lafayette from Weems Pond and Lafayette Creek is given in Table 6-19.  

The current and future loadings summarized in this table reflect the combined inputs from 

baseflow and stormwater runoff from each of the two sources.  Based upon this analysis, total 

annual loadings of nitrogen appear to be slightly higher in the Weems Pond tributary, while 

loadings of total phosphorus and TSS appear to be greater in the Lafayette Creek watershed. 

One useful method of evaluating impacts from a watershed area is to examine areal 

loadings in terms of kg of pollutant generated per acre of watershed area.  Based upon 

information provided in Table 5-1, the Weems Pond basin has a total drainage basin area of 

10,040 acres, including sub-basins designated as partially closed basins (PCB), with a drainage 

area of 8795 acres excluding the partially closed basins.  In contrast, the Lafayette Creek sub-

basin covers an area of only 1799 acres or approximately 18-20% of the area covered by the 

Weems Pond sub-basin.  As a result, the areal loadings of nitrogen, phosphorus, and TSS 

generated in the Lafayette Creek basin are substantially greater than the areal loadings generated 

in the Weems Pond sub-basin. 
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 TABLE  6-19 
 
 COMPARISON  OF  CURRENT  AND  FUTURE 
 LOADINGS  ENTERING  UPPER  LAKE  LAFAYETTE 
 FROM  WEEMS  POND  AND  LAFAYETTE  CREEK 
 
 
 a.  Total Nitrogen 
 

CURRENT  CONDITION FUTURE  CONDITION 

SOURCE 
DRAINAGE 

AREA 
(acres) 

Annual Load 
(kg/yr) 

Areal Load 
(kg/ac-yr) 

Annual Load 
(kg/yr) 

Areal Load 
(kg/ac-yr) 

Weems Pond 10,040/87951 3563 0.35/0.411 4683 0.47/0.531 

Lafayette Creek 1799 2953 1.64 2921 1.62 
 
 
 
 
 
 b.  Total Phosphorus 
 

CURRENT  CONDITION FUTURE  CONDITION 

SOURCE 
DRAINAGE 

AREA 
(acres) 

Annual Load 
(kg/yr) 

Areal Load 
(kg/ac-yr) 

Annual Load 
(kg/yr) 

Areal Load 
(kg/ac-yr) 

Weems Pond 10,040/87951 845 0.08/0.101 978 0.10/0.111 

Lafayette Creek 1799 1012 0.56 993 0.55 
 
 
 
 
 
 c.  TSS 
 

CURRENT  CONDITION FUTURE  CONDITION 

SOURCE 
DRAINAGE 

AREA 
(acres) 

Annual Load 
(kg/yr) 

Areal Load 
(kg/ac-yr) 

Annual Load 
(kg/yr) 

Areal Load 
(kg/ac-yr) 

Weems Pond 10,040/87951 124,417 12.4/14.21 132,025 13.2/15.01 

Lafayette Creek 1799 274,132 152 265,324 147 
 
 
1.  Total basin area/basin area without partially closed basins (PCB) 
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Areal loadings of total nitrogen in the Lafayette Creek basin are approximately four times 

greater than areal loadings generated in the Weems Pond basin under both current and future 

conditions.  Similarly, areal loadings of total phosphorus in the Lafayette Creek basin are 

approximately 5-6 times greater than areal loadings generated by the Weems Pond basin.  

Differences in areal loadings between the two basins are particularly apparent for suspended 

solids, with an areal loading rate for Lafayette Creek approximately 10-11 times greater than the 

areal loading exhibited by the Weems Pond tributary.  

 The large differences in areal loading rates between the Weems Pond and Lafayette 

Creek sub-basins are due to two primary factors.  First, the Weems Pond basin receives the 

benefit of treatment provided by Weems Pond.  It is likely that this pond is highly effective in 

reducing inputs of total nitrogen, total phosphorus, and, particularly, TSS,  retaining these loads 

within the pond and reducing the ultimate loadings reaching Upper Lake Lafayette.  In contrast, 

the Lafayette Creek basin contains no significant treatment facilities to attenuate pollutant prior 

to reaching Upper Lake Lafayette.  

 The second factor involved is the substantial differences in stormwater characteristics 

measured within the two basins.  The Lafayette Creek basin was found to exhibit substantially 

higher runoff concentrations for total nitrogen, total phosphorus, TSS, and BOD compared with 

concentrations typically observed in urban runoff.  The combination of these two factors results 

in substantially elevated areal loadings discharging through Lafayette Creek. 

 Based upon the excessively high areal pollutant loadings discharging from the Lafayette 

Creek drainage basin, combined with the fact that the Weems Pond basin already has a 

substantial treatment facility, it appears logical to concentrate additional treatment efforts in the 

Lafayette Creek basin.  The most effective means of providing treatment for this basin would be 

construction of a regional stormwater management pond which could provide attenuation for 

pollutant discharges prior to entering Lake Lafayette. 

 A potential location for a treatment pond site in Lafayette Creek is indicated on  Figure  

6-4.  The cleared area indicated in the photograph appears to be part of the stormwater 

management pond constructed during widening of Conner Road.  Based on field observations, it 

appears  that  this  pond  was  constructed  as a dry detention facility.  The existing pond could be  
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substantially enlarged within the existing cleared area or expanded into upland areas located 

north and west of the pond.  As part of the expansion, the pond would be converted into a wet 

detention facility. 

Providing that hydraulic conditions are favorable, Lafayette Creek flow could be diverted 

into the expanded pond by constructing a diversion structure across the existing channel.  

Depending upon the available size of the pond, portions of runoff discharges through Lafayette 

Creek could be routed into the pond for treatment, with the remaining discharges bypassing the 

treatment system and discharging directly into Upper Lake Lafayette, as occurs under existing 

conditions.  The amount of water and corresponding design storm events which could be 

diverted into the expanded pond site would depend upon the size of the pond and discharge 

characteristics of Lafayette Creek during modeled storm events.  

 Although the specific treatment capacity of a potential pond at this site cannot be 

determined at this time, it appears reasonable to anticipate that a substantial amount of the 

existing suspended solids loadings could be removed within the pond even if a residence time of 

only a few hours could be achieved.  The reduction in suspended solids loadings within the pond 

would also create a corresponding reduction in loadings of total nitrogen, total phosphorus, and 

heavy metals.  

 A second potential treatment option for treating inflows from Lafayette Creek is indicated 

on Figure 6-5.  This option involves construction of a berm across Upper Lake Lafayette which 

would provide detention storage for inflows from both Lafayette Creek and the Weems Pond 

tributary.  The specific height of the berm would  need to be developed during the design phase 

for the project.  The height of the berm would need to be constructed such that the water level 

would not interfere with the discharges through the Weems Pond tributary or Lafayette Creek 

during high level events, causing potential flooding in upstream portions of each sub-basin. 

 The berm indicated on Figure 6-5 could create a potentially large storage area which 

would naturally evolve into a wetland treatment system.  The potential area available for this 

treatment system is much larger than the area currently occupied by Weems Pond and, as a 

result, a relatively long detention time and a correspondingly high level of treatment could be 

anticipated  within  this  system.  This area could provide a substantial opportunity for suspended  
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solids to settle out along with the associated pollutant loadings.  In addition, a valuable open 

water/wetland habitat would be created which could be utilized for recreational purposes.  An 

overflow weir would be constructed within the berm to allow excess water to discharge into the 

remaining portions of Upper Lake Lafayette.   

 Removal of nitrogen and phosphorus in wet detention ponds is primarily a function of 

detention time within the pond.  Relationships between removal efficiency in wet detention 

ponds and residence time were developed by Harper, et al. (2006) as part of a project for the 

Florida Department of Environmental Protection.  Regression analyses were used to develop 

best-fit relationships between removal of total phosphorus, total nitrogen, and detention time.  

 Removal efficiency of total phosphorus in wet detention ponds as a function of residence 

time is illustrated on Figure 6-6.  The relationship was found to provide an extremely good fit 

between the two variables, with an R-square value of 0.877.  Relationships between detention 

time and removal efficiencies for total nitrogen in wet detention ponds are illustrated on Figure 

6-7.  The data for total nitrogen appear to be somewhat more variable than observed for total 

phosphorus.  However, removal efficiencies for both total nitrogen and total phosphorus appear 

to exhibit a curvilinear relationship with a relatively rapid removal for both nutrients, followed 

by a slow gradual removal over an extended period of time. 

 The actual removal efficiencies which could be achieved in a wet detention pond 

constructed in portions of Upper Lake Lafayette would depend upon the amount of water which 

could be stored and the resulting residence time within the system.  Assuming that a residence 

time of approximately 14 days could be achieved within the system, a removal efficiency of 

approximately 60% for total phosphorus and 30% for total nitrogen could be anticipated.  These 

removals do not include loss of water volume due to infiltration through the lake bottom. 

 Before the berm could be constructed, a thorough geologic investigation of the 

impounded area should be undertaken to ensure that there are no potential sinks which may open 

once the area becomes impounded with water.  The impoundment created by the bermed area 

will substantially reduce the volume of water which discharges downstream and into other 

portions of Upper Lake Lafayette, reducing the volume of water which discharges down the 

main sink. 
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 Figure 6-6.   Removal Efficiency of Total Phosphorus in Wet Detention Ponds as a 
   Function of Residence Time. 
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 Figure 6-7. Removal Efficiency of Total Nitrogen in Wet Detention Ponds as a 
   Function of Residence Time. 
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 However, as indicated previously, virtually all of the bottom areas of Upper Lake 

Lafayette are currently in private ownership, and creating an impoundment within this area 

would require either a long-term easement or direct purchase of the property from the existing 

owner.  However, if these obstacles can be overcome, this appears to be an extremely attractive 

alternative due to the relatively low initial capital costs and low annual O&M costs associated 

with this option. 

 A final treatment option is illustrated in Figure 6-8 which would provide chemical 

treatment for discharges from both the Weems Pond and Lafayette Creek tributaries.  A settling 

pond would be constructed in the western portion of Upper Lake Lafayette in an area where both 

tributaries could discharge by gravity flow.  Discharges from Weems Pond and the Lafayette 

Creek tributaries would be diverted into the settling pond, and liquid alum would be injected into 

each of the two inflows upstream from the point of inflow into the pond.  The chemical 

precipitate formed by addition of alum to the tributary inflows would settle within the pond area, 

and the clarified supernatant would then discharge from the east side of the pond into Upper 

Lake Lafayette.  Diversion weirs would be used to divert baseflow and certain storm events into 

the pond for treatment.  Larger storm events could then bypass the pond and discharge into 

Upper Lake Lafayette through the current inflow channels. 

Since bottom portions of Upper Lake Lafayette are inundated with water during larger 

storm events, the proposed settling pond would need to be located inside a bermed area to 

prevent flooding of the treatment area during storm conditions.  An outfall structure would be 

constructed at the discharge from the bermed area to allow the treated water to discharge back 

into Upper Lake Lafayette.  The height of the berm would need to be established based upon 

hydrologic modeling and a specified design storm event.  It is likely that the treatment system 

would be submerged during more extreme storm events, and a hydraulic bypass would be needed 

for both the Weems Pond and Lafayette Creek tributaries to bypass the pond during these 

conditions. 

The removal efficiencies associated with alum treatment are highly predictable. Alum 

treatment is highly effective in reducing concentrations of phosphorus, heavy metals, and 

bacteria.  Typical removal efficiencies achieved during alum treatment of stormwater runoff are 

summarized  in  Table  6-20.  In  general,  alum  treatment  will  provide  approximately  80-90% 
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reduction in total phosphorus, 40-50% reduction in total nitrogen, 60% reduction in BOD, and 

85-95% reduction in TSS.  Since the pond will be used only for settling and collection of the 

precipitate, the minimum residence time within the pond would be approximately 12 hours or 

less, substantially reducing the required volume of the pond compared with volumes typically 

utilized for wet detention treatment.  The floc precipitate generated during the treatment process 

can be removed and disposed of in a variety of ways, including disposal into the sanitary sewer 

system or land spreading. 

 
TABLE  6-20 

 
TYPICAL  REMOVAL  EFFICIENCIES  FOR 

ALUM  TREATMENT  OF  STORMWATER  RUNOFF 
 

CONSTITUENT REMOVAL 

Total N 40-50 
Total P 80-90 
BOD 60 
TSS 85-95 

Cadmium 70-90 
Copper 70-90 

Chromium 70-90 
Lead 70-90 
Zinc 70-90 

Fecal Coliform 90 - >99 
 
 
 

 The alum treatment of stormwater inflows from the Weems Pond and Lafayette Creek 

tributaries will provide a substantial reduction in annual mass loadings of total nitrogen, total 

phosphorus, BOD, TSS, heavy metals, and bacteria into the sink area of Upper Lake Lafayette.  

In  addition, a substantial removal is also achieved for a wide variety of organic compounds 

which are also possible contaminants into the sink.  This appears to be a potentially attractive 

treatment alternative due to the extremely high removal efficiencies achieved and the relatively 

small commitment of available land required.  The alum treatment alternative may be the only 

option capable of achieving the required reductions in bacteria counts. 
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 The alum treatment alternative could also be utilized to treat Lafayette Creek only using 

the potential pond site illustrated in Figure 6-4 as a settling pond for collection of the floc.  

Construction of this system would be relatively simple, requiring only a diversion structure, flow 

metering equipment, and alum injection equipment in addition to the settling pond.  A 

substantially smaller pond would be needed, compared with typical requirements for wet 

detention systems, since a detention time of 12 hours or less is typically required for complete 

settling of the floc.  This option would also substantially reduce loadings into Upper Lake 

Lafayette which are generated in Lafayette Creek, although it would provide no additional 

treatment for discharges from Weems Pond. 

 

6.4  Management Options for Lake Piney Z 

 Lake Piney Z is currently managed as a fishery by the Florida Fish and Wildlife 

Conservation Commission.  As summarized in Table 6-1, existing water quality concerns revolve 

around low dissolved oxygen levels, elevated BOD, and elevated E. Coli measurements. 

 Under existing conditions, Lake Piney Z is an open water system with excessive amounts 

of both emergent and submergent aquatic vegetation.  The abundant aquatic vegetation 

minimizes the ability of the water column to circulate and transfer oxygen from the water-air 

interface into deeper portions of the water column.  As a result, the abundant aquatic vegetation 

may actually be creating conditions which enhance development of low dissolved oxygen 

concentrations.   In addition, Lake Piney Z contains a number of berms which extend into the 

waterbody, further isolating portions of the lake and restricting water movement in general.  

 Unless Lake Lafayette is restored to a single waterbody, the most appropriate use for 

Lake Piney Z appears to be continuance of the existing fishery operations.  As discussed in 

Section 2, the Florida Fish and Wildlife Conservation Commission has placed approximately 

6000 grass carp in Lake Piney Z to assist in vegetation control, and spraying is currently 

performed to control floating hyacinths.  These vegetation control efforts should be continued.  

As vegetation is controlled within the lake, particularly floating water hyacinths, opportunity for 

reaeration of dissolved oxygen should be enhanced.  Therefore, the only management alternative 

recommended  for  Lake  Piney  Z  at  this  time  is  continuation and perhaps enhancement of the  
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existing vegetation control efforts. The recommended vegetation control efforts for Lake Piney Z 

are not intended as a pollutant removal mechanism, but are designed to reduce the surface 

coverage of the existing vegetation which will allow increases in dissolved oxygen levels within 

the water column of the lake. 

 

6.5  Management Options for Alford Arm 

6.5.1 Vegetation Control 

 Under current conditions, the majority of Alford Arm is heavily vegetated with both 

submergent and emergent vegetation.  The growth of hydrilla also appears to be rampant 

throughout open water portions of Alford Arm, and the extent of the existing vegetation makes 

recreational activities within Alford Arm extremely difficult.  A photograph of typical vegetative 

growth in Alford Arm is given in Figure 6-9.  This dense vegetation contributes to conditions of 

low dissolved oxygen, reduces available habitats, and makes recreational use virtually 

impossible. 

 

 
Figure 6-9.  Typical Vegetative Growth in Alford Arm. 
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 Vegetation control in Alford Arm should be significantly enhanced to provide open water 

or even trails which could be used by the public for recreational purposes.  The dense growth of 

hydrilla and submerged vegetation makes motor boating, and even non-motorized boating,  

extremely difficult.  This submerged vegetation would need to be controlled if motor boating 

activities are desired.  However, non-motorized access could be achieved by cutting trails and 

maintaining the existing vegetation with an aquatic harvester.  These trails could create a unique 

opportunity to observe wildlife in a natural isolated setting.  Grass carp could also be utilized in 

this portion of Lake Lafayette, although the discharge culverts beneath the CSX railroad would 

need to be modified to prevent migration of the fish to Lower Lake Lafayette. 

 One of the largest problems in Lake Lafayette is the presence of floating tussocks which 

clog the existing discharge pipes and make navigation throughout Alford Arm difficult and 

dangerous.  An aggressive harvesting program should be conducted to harvest and remove this 

floating vegetation from the lake.  This will assist in providing open water areas for recreational 

activities as well as a mechanism for removal of nutrients from Alford Arm.  It is important that 

the vegetation control program be achieved through harvesting rather than by chemical spraying.  

Spraying of large amounts of vegetation at any one time will release significant nutrient loadings 

into the water column, and the decomposition processes for the vegetation will likely create 

anoxic conditions within the water column.  Therefore, the use of chemical sprays should be 

avoided. 

Vegetation control is essential to enhancing public access within this portion of Lake 

Lafayette.  Although the existing vegetation may have some water quality benefits, the existing 

coverage could be reduced substantially without significantly impacting water quality.  Reducing 

the density of the existing vegetation would be likely to improve the current low dissolved 

oxygen conditions and increase habitat availability for aquatic organisms. 

 

6.5.2 Removal of Dikes/Berms 

 As discussed in Section 2.3, at least six berms can be identified in aerial photography 

which both impound and restrict water movement within portions of Alford Arm.  It is thought 

that  these  berms  were  originally  constructed  to  create  permanent water pools for agricultural 
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purposes, and some of these pools continue to be utilized for these purposes under existing 

conditions.  However, the presence of these berms restricts the opportunity for navigation and 

recreation within Alford Arm and creates periodic flooding concerns. 

   A number of the Lake Lafayette stakeholders have expressed a desire for removal of the 

existing berms within Alford Arm to restore this portion of Lake Lafayette to its natural free-

flowing condition and to eliminate flooding which has occurred in certain portions of Alford 

Arm.  Although removal of the berms in Alford Arm may appear to be a desirable goal, the 

berms actually perform a useful purpose by providing valuable open water habitats amongst the 

otherwise dense vegetation and by increasing detention for inputs of baseflow and stormwater 

into Alford Arm, improving water quality and reducing mass loadings which would otherwise 

discharge into Lower Lake Lafayette.  The open water habitat created by the berms also 

increases the recreational opportunities within Alford Arm which would otherwise be severely 

limited due to the excessive growth of vegetation. 

 In view of the apparent benefits created by the existing berms and dikes in Alford Arm, 

careful consideration should be given to the purpose and function of each berm prior to 

recommendation for removal.  Only those dikes and berms which cause severe flooding under 

existing conditions should be considered for removal.  Future development which occurs within 

Alford Arm should be required to consider the flooding potential created by the remaining berms 

in the design for the development and should not be allowed to exacerbate existing flooding 

conditions. 

 Although removal of some of the existing dikes and berms may be desirable, it appears 

that there are substantial benefits from maintaining at least some of the berms for habitat 

variability, recreational opportunities, and pollutant load reductions to Lower Lake Lafayette.  A 

significant obstacle to removal of the existing dikes and berms is that large portions of Alford 

Arm are currently privately owned.  Any activities related to the dikes and berms will require 

consent of the existing property owners or purchase of the property by a governmental agency. 

 Removal of the existing dikes and berms would have a significant impact on the physical 

characteristics and ecology of Alford Arm.  If the berms and dikes were removed, many of the 

existing  open  pools  of  water  would  be eliminated.  The new water level which would become 
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established within Alford Arm would probably be somewhat lower than water levels which exist 

today, particularly in upper portions of Alford Arm.  These lower water levels would encourage 

encroachment of additional vegetation, worsening the existing vegetation problems.  Removal of 

the berms and dikes is further likely to decrease recreational opportunities for fishing and 

boating.  In addition, removal of the berms and dikes would be likely to reduce residence time 

within Alford Arm, with a negative water quality impact in Alford Arm and increased nutrient 

loadings to Lower Lake Lafayette. 

 Based on the analysis presented in the previous paragraphs, the existing configuration of 

Alford Arm appears to provide many ecological and water quality functions, along with limited 

recreational opportunities.  Removal of the existing dikes and berms within Alford Arm would 

result in a negative impact to virtually all of these existing important functions.  The only 

negative comment voiced during this project regarding the existing configuration of Alford Arm 

is a concern over periodic flooding in areas adjacent to the lake.  However, the current berms and 

dikes have existed in a similar configuration in Alford Arm for over 50 years, long before any 

significant development occurred within this area.  As a result, alteration of the existing 

configuration of Alford Arm is not recommended at this time. 

 
6.5.3 Improve Hydraulic Connections Between 
 Alford Arm and Lake Lafayette 

 Several of the Lake Lafayette stakeholders suggested that the hydraulic connections 

between Alford Arm and Lower Lake Lafayette be improved to reduce flooding which has 

occurred within Alford Arm.  These improved hydraulic connections would increase both the 

rate and volume of water which discharges from Alford Arm to Lower Lake Lafayette on an 

annual basis.   

 As discussed in Section 2.2.3, hydraulic connections between Alford Arm and Lower 

Lake Lafayette currently consist of two 30-inch RCPs in the CSX railroad berm, two 54-inch 

RCPs near the western end of the CSX berm, and four-to-six 24-inch steel pipes set at a high 

invert which discharge only under high water conditions.  These hydraulic connections, 

particularly the two 30-inch RCPs and two 54-inch RCPs, function as culverts with the discharge 

rate a function of the relative water elevations in Alford Arm and Lower Lake Lafayette. 
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 Estimated discharge rates through the existing culverts in Alford Arm and Lower Lake 

Lafayette are summarized in Table 6-21 based on various elevation differences between Alford 

Arm and Lower Lake Lafayette.  Since these culverts are generally submerged, the discharge 

through the culverts is primarily a function of the difference in water level surface between 

Alford Arm and Lower Lake Lafayette.  Estimated discharge rates are provided for the two 30-

inch RCPs and the two 54-inch RCPs at elevation differences of 0.5, 1.0, 1.5, and 2.0 ft.  Total 

estimated discharge through the existing culverts, not including the four-to-six 24-inch steel 

pipes, ranges from approximately 166-332 cfs.  As a result, the existing culverts are capable of 

transporting a substantial amount of water from Alford Arm into Lower Lake Lafayette even at a 

relatively low head differential. 

 

 
 TABLE  6-21 
 
 ESTIMATED  DISCHARGE  RATES  THROUGH 
 THE  EXISTING  CULVERTS  FROM  ALFORD 
 ARM  TO  LOWER  LAKE  LAFAYETTE 
 

ELEVATION  DIFFERENCE 
BETWEEN  ALFORD  ARM  AND 

LOWER  LAKE  LAFAYETTE 
(ft) 

DISCHARGE 
THROUGH  TWO 

30-INCH  RCPs 
(cfs) 

DISCHARGE 
THROUGH  TWO 

54-INCH  RCPs 
(cfs) 

TOTAL 
DISCHARGE 

(cfs) 

0.5 35.8 130.2 166.0 
1.0 50.6 184.1 234.7 
1.5 62.0 225.4 287.4 
2.0 71.6 260.3 331.9 

 

 

Based upon observations by ERD personnel, Leon County staff, and various 

stakeholders, conveyance of water from Alford Arm into Lower Lake Lafayette is frequently 

restricted due to clogging of the existing conveyance mechanisms by floating vegetation and 

tussocks.  The existing pipes appear to have substantial conveyance capability between the two 

compartments, but this conveyance is often limited due to the presence of the vegetation.  

Therefore, the most effective and least costly mechanism for improving the hydraulic 

connections between Alford Arm and Lower Lake Lafayette is to maintain a free-flowing 

connection for the existing conveyance pipes. 
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This maintenance option does not necessarily have a water quality benefit.  In fact, 

increasing the flow rate of water between Alford Arm and Lower Lake Lafayette is likely to 

increase nutrient loadings to Lower Lake Lafayette.  The primary purpose of this management 

option is to reduce existing flooding episodes reported by several of the Lake Lafayette 

stakeholders. 

The existing dense vegetation and floating tussocks in the vicinity of the discharge pipes 

should be aggressively controlled to maintain the capacity of the hydraulic connections.  An 

aggressive vegetation harvesting program should be conducted to maintain open water in the 

vicinity of the pipes.  An alternative method of preventing vegetation from clogging the culverts 

would be installation of a bar screen, perhaps with 6-8 inch spacing between the bars, in a semi-

circle, with a radius of perhaps 10 ft, around the entrance to each culvert.  These bar grates 

would prevent large mats of floating vegetation from clogging the culverts while still allowing 

substantial movement of water beneath the floating vegetation. 

 

6.5.4 Stormwater Treatment for Alford Arm Tributary 

A potential method for reducing nutrient and pollutant loadings to Alford Arm is to 

construct a regional stormwater treatment facility to treat the Alford Arm tributary prior to 

discharge into Alford Arm.  Leon County currently owns a parcel along the Alford Arm 

tributary, immediately south of Buck Lake Road.  This area could be converted into a wet 

detention facility or other type of treatment process to reduce nutrient loadings entering Alford 

Arm.   

 A comparative summary of the significance of Alford Arm tributary loadings under 

existing and future conditions is given in Table 6-22.  Under existing conditions, total nitrogen 

inputs from runoff and baseflow into the Alford Arm tributary contribute approximately 20% of 

the total nitrogen loadings and 19% of the total phosphorus loadings entering Alford Arm on an 

annual basis.  However, as development increases under future conditions, estimated annual 

loadings of total nitrogen from runoff and baseflow will increase by a factor of approximately 7 

and will represent approximately 62% of the total load under future conditions.  Inputs of total 

phosphorus   to   Alford   Arm   from   the   Alford  Arm  tributary  will  increase  by  a  factor  of 
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approximately 10 and contribute approximately 69% of the total phosphorus loadings entering 

Alford Arm under future conditions.  The significance of runoff and baseflow inputs from Alford 

Arm tributary appear to be relatively minimal under current conditions, but become very 

significant under future conditions. 

 
 

TABLE  6-22 
 

COMPARATIVE  SIGNIFICANCE  OF  ALFORD 
ARM  TRIBUTARY  LOADINGS  UNDER  EXISTING 

AND  FUTURE  CONDITIONS 
 

TOTAL  N TOTAL  P 
CONDITION ANNUAL   LOAD 

(kg/yr)1 
PERCENT  OF 

TOTAL  LOAD2 
ANNUAL  LOAD 

(kg/yr)1 
PERCENT  OF 

TOTAL  LOAD2 
Existing 1026 20 129 19 

Future 7191 62 1288 69 
 
1.   Mass inputs of runoff and baseflow from Alford Arm tributary 
2.   Percentage of runoff and baseflow inputs as part of total mass loading to Alford Arm 
 
 
 
 

If a wet detention facility were to be constructed, and sufficient space were to be 

available to provide a 14-day residence time for inputs into the pond, the treatment pond would 

achieve approximately 60% reduction in annual phosphorus loadings and a 30% reduction in 

annual nitrogen loadings.  A summary of estimated mass load reductions achieved by wet 

detention treatment of the Alford Arm tributary under existing and future conditions is given in 

Table 6-23.   Under current conditions, this pond would provide an 11% (19% x 0.6) reduction in 

total  phosphorus  loadings  to  Alford  Arm  and  a  6%  (20%  x  0.3)  reduction in total nitrogen 

loadings to Alford Arm.  These reductions equate to approximately 62 kg/yr of total nitrogen and 

14 kg/yr of total phosphorus under existing conditions.  These reductions are relatively minimal 

in terms of the overall loadings reaching Alford Arm and would probably not result in 

measurable water quality improvements within Alford Arm. 
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TABLE  6-23 

 
ESTIMATED  MASS  LOAD  REDUCTIONS 

ACHIEVED  BY  WET  DETENTION  TREATMENT 
OF  THE  ALFORD  ARM  TRIBUTARY  UNDER 

EXISTING  AND  FUTURE  CONDITIONS 
 

TOTAL  N TOTAL  P 

CONDITION LOAD  
REDUCTION 

(%) 

LOAD 
REDUCTION 

(kg/yr) 

LOAD 
REDUCTION 

(%) 

LOAD 
REDUCTION 

(kg/yr) 
Existing 6 62 11 14 

Future 19 1366 41 528 
 

 

Under future conditions, estimated mass loadings discharging through the Alford Arm 

tributary will increase substantially.  Inputs of total nitrogen through the Alford Arm tributary 

will contribute approximately 62% of the total loadings to Alford Arm as well as 69% of the 

total phosphorus inputs.  A wet detention pond would provide a 41% (69% x 0.6) reduction in 

total phosphorus loadings to Alford Arm and a 19% (62% x 0.3) reduction in total nitrogen 

loadings to Alford Arm.  On a mass basis, these reductions equate to approximately 1366 kg/yr 

of total nitrogen and 528 kg/yr of total phosphorus.  Although the anticipated load reductions 

under existing conditions are thought to be minimal, the load reductions achieved by wet 

detention treatment under future conditions represent significant load reductions.  Therefore, 

although wet detention treatment does not appear to be attractive at this time, it becomes much 

more attractive under future conditions as loadings begin to increase through the Alford Arm 

tributary. 

As seen in Table 4-11, the most significant loadings into Alford Arm under current 

conditions occur as a result of direct runoff from land areas immediately adjacent to Alford Arm.  

These directly connected areas currently contribute approximately 47% of the total nitrogen 

loadings to Alford Arm and 65% of the total phosphorus loading.  Therefore, a substantially 

higher level of water quality improvement could be achieved by providing stormwater treatment 

for existing areas adjacent to Alford Arm either under current conditions or as the parcels 

become developed under future conditions.  However, construction of a regional stormwater 

treatment facility for the Alford Arm tributary does not appear to be a practical alternative for 

reducing nutrient loadings at this time. 



LAFAYETTE\EXISTING  CONDITIONS  REPORT 

6-56 

 

6.6  Management Options for Lower Lake Lafayette 

 Lower Lake Lafayette is arguably the most ecologically valuable portion of Lake 

Lafayette.  This portion of the lake contains a wide variety of habitats which include cypress 

swamps, areas of open water, emergent aquatic vegetation, and freshwater marsh.  One of the 

most significant features in Lower Lake Lafayette is the wood stork rookery which is located 

between Alford Arm and Chaires Road.  There is virtually unanimous agreement between the 

Lake Lafayette stakeholders that this wood stork rookery is a significant asset in Lower Lake 

Lafayette which must be preserved.   

 The only management activities which appear warranted in Lower Lake Lafayette at this 

time are continued control of vegetation within the lake, particularly in western portions of 

Lower Lake Lafayette adjacent to Lake Piney Z, and in northern portions adjacent to Alford 

Arm.  These areas contain dense stands of aquatic vegetation as well as floating tussocks which 

make recreational access into Lower Lake Lafayette difficult.  Lower Lake Lafayette is a unique 

ecological resource which could provide outstanding recreational opportunities if access into the 

area could be enhanced.  Vegetation control in Lower Lake Lafayette should be enhanced to 

provide open water or even trails which could be used by the public for canoeing or kayaking.  

These trails or open water areas would provide unique opportunities for the public to view 

wildlife in a relatively unaltered setting.  Vegetation control should be achieved, if possible, by 

harvesting rather than spraying to remove the nutrient loadings associated with the vegetation.  

Therefore, enhanced vegetation control and increased recreational opportunities are 

recommended for Lower Lake Lafayette. 

 The vegetation management option is designed to enhance recreational access to Lower 

Lake Lafayette.  This option will have little or no impact on existing water quality characteristics 

within Lower Lake Lafayette.  Water quality characteristics in Lower Lake Lafayette are 

relatively good at this time, and water quality enhancement projects do not appear to be needed. 
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6.7  General Management Options 

 Management options are discussed in this section which are general in  nature and not 

specifically directed toward any of the four compartments of Lake Lafayette.  The general 

options include alternative stormwater regulations, source controls and public education, 

conversion of the lake into a single lake system, improved recreational opportunities, and 

development of tributary and waterbody buffers for the Lake Lafayette basin.  Each of these 

alternatives is discussed in the following sections. 

 

6.7.1 Alternative Stormwater Regulations 

 As discussed in Section 6.2, annual mass loadings of total nitrogen, total phosphorus, 

TSS, and BOD are projected to increase in Upper Lake Lafayette, Alford Arm, and Lower Lake 

Lafayette under future conditions as development occurs within the Lake Lafayette drainage 

basin.  These increases are predicted in spite of stormwater management systems which are 

currently required for new development in Leon County.  Significant increases in nutrient 

loadings are projected in Alford Arm and Lower Lake Lafayette under future conditions which 

will exacerbate the existing problems with vegetative growth in these compartments. 

 One alternative for minimizing the impacts of future development on Lake Lafayette is to 

implement alternative stormwater regulations within the Lake Lafayette drainage basin similar to 

those recently implemented for the Bradfordville area.  These regulations are designed to achieve 

the goal of no net increase in pollutant loadings as a result of development under future 

conditions compared with loadings discharging from existing parcels under current conditions.  

Implementation of these regulations in the Lake Lafayette basin would assist in maintaining the 

existing loadings entering each of the four compartments of Lake Lafayette which are 

summarized in Table 6-8.  However, these new regulations would only prevent further 

degradation of Lake Lafayette under future conditions and would not solve existing water quality 

problems exhibited in some of the compartments. 

 The alternative regulations developed for the Bradfordville area rely heavily upon dry 

retention and wet detention as stormwater treatment alternatives.  Dry retention systems are 

effective in areas with permeable soils, typically classified in hydrologic soil groups A and B.  

As  seen  in  Figure 5-4, and summarized in Table 5-4, approximately 80% of the Lake Lafayette 
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basin contains soils which are suitable for dry retention systems.  This type of stormwater 

management system relies upon infiltration into the ground to remove the stormwater mass and 

provide treatment.  Wet detention systems rely upon creation of a man-made lake and are usually 

constructed in areas within hydrologic soil groups C and D.  Approximately 17% of the Lake 

Lafayette basin is suitable for construction of this type of stormwater management facility.  

Therefore, based upon the existing soils located in the Lake Lafayette basin, it appears that 

alternative regulations similar to those developed for the Bradfordville area are feasible within 

this basin. 

 Based upon the existing water quality impairment in Lake Lafayette, and the potential for 

further degradation as development occurs within the basin, it is recommended that alternative 

stormwater regulations be implemented within the Lake Lafayette basin for future development 

with the goal of no net increase in loadings above those which exist under current conditions.  

These regulations are already in place in portions of the Lake Lafayette basin located in the 

Bradfordville area.  Although these regulations will prevent further degradation of water quality 

in Lake Lafayette, additional water quality improvement projects will still be needed to mitigate 

existing water quality concerns. 

 As an alternative to implementing the stringent stormwater regulations currently in force 

in the Bradfordville area, modifications could be made to existing Leon County design criteria 

for stormwater management systems.  Currently, Leon County authorizes construction of dry 

detention with filtration systems for stormwater management in new developments.  As indicated 

in Table 5-9, dry detention systems with or without filtration exhibit relatively poor treatment 

efficiencies for common stormwater constituents.  The treatment effectiveness of these systems, 

particularly dry detention with filtration, is highly dependent upon the relationship between the 

underdrain and the groundwater table.  Systems which are constructed with the underdrain 

intercepting the groundwater table can actually export more nutrients on an annual basis than 

enter the system from stormwater runoff.  Because of the poor performance of these systems, it is 

anticipated that the use of dry detention and dry detention with filtration will ultimately be 

phased out within the State of Florida. 
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 To evaluate potential impacts of eliminating dry detention as a stormwater treatment 

alternative in Leon County, the LLNSLMM model was run for future conditions, with 

stormwater treatment provided only by dry retention and wet detention.  The areas which were 

assumed to be treated by dry detention or dry detention with filtration under future conditions 

were reallocated to either dry retention or wet detention, based on the relative proportion of these 

facilities under current conditions.  Both of these system types exhibit substantially higher 

pollutant removal efficiencies than dry detention.  Elimination of dry detention as a stormwater 

treatment alternative will reduce some of the projected increases in mass loadings for future 

development.  Therefore, ERD strongly recommends that Leon County modify its existing 

stormwater regulations to eliminate all forms of dry detention as a stormwater treatment 

methodology within Leon County. 

  

6.7.2 Source Controls and Public Education 

 Source controls and public education are non-structural methods for reducing pollutant 

loadings within a watershed.  These methods are designed to reduce the generation and 

accumulation of stormwater contaminants, preventing these contaminants from entering the 

stormwater flow.  A discussion of source controls and public education is given in the following 

sections. 

 

6.7.2.1   Stormwater Pollution Prevention Plans 

 Development of stormwater pollution prevention plans should be required for all new 

developments in the Lake Lafayette watershed.  Pollution prevention plans discuss non-structural 

controls which are intended to improve the quality of stormwater runoff by reducing the generation 

and accumulation of potential stormwater runoff contaminants at or near the respective sources for 

each constituent.  A stormwater pollution prevention plan should include guidelines in the areas of:  

(1) nutrient  and  pesticide  management;  (2) street sweeping;  (3)  solid  waste management; and 

(4) stormwater treatment system operation and maintenance.  An example of a generic stormwater 

pollution prevention plan is given in Appendix F. 
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 Many of the methodologies and procedures outlined in a stormwater pollution prevention 

plan are general best management practices (BMPs) which may be used for attenuating pollutants in 

many types of urban settings.  However, each stormwater pollution prevention plan should be 

tailored to meet the specific character of each proposed development, including the surrounding and 

constructed drainage features. 

 One of the primary aspects of a stormwater pollution prevention plan is a discussion of 

nutrient and pesticide management.  This usually consists of a series of practices designed to 

manage the use of fertilizers and pesticides so as to minimize the loss of these compounds into 

stormwater  runoff  and  the  resulting  water  quality impacts on adjacent waterbodies.  Nutrient and 

pesticide management plans typically discuss landscape planning, application of fertilizers and 

pesticides, and guidelines to minimize the necessity for the use of pesticides and fertilizers.  The 

nutrient management program can also place restrictions on the percentage of nutrients contained in 

fertilizers which are used within the development.  This can be used to target specific nutrients, 

typically nitrogen in estuarine environments, which are problematic in the ultimate receiving 

waterbody.  Pesticide management programs typically restrict the use of pesticides, fungicides, or 

herbicides to products which are consistent with the USDA NRCS soil rating for the specific soils,  

and which minimize the potential of leaching into groundwater or surface water. 

 Another aspect of a comprehensive stormwater pollution prevention plan is street sweeping.  

This practice is becoming increasingly more popular to minimize inputs of pollutants into 

stormwater runoff.  Street sweeping activities can be particularly effective during periods of high 

leaf fall by removing solid leaf material and the associated nutrient loadings from roadside areas 

where they can easily become transported by stormwater flow.  Previous research has indicated that 

leaves release large quantities of both nitrogen and phosphorus into surface water within 24-48 

hours after becoming saturated in an aquatic environment.  Loadings to waterbodies from leaf fall 

are often the most significant loadings to receiving waters during the fall and winter months.  Street 

sweeping operations are typically performed on a monthly basis, with increased frequency during 

periods of high leaf fall. 
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 A comprehensive stormwater pollution prevention plan may also contain information 

regarding the type and operation of stormwater management systems for the community.  This 

document will describe the basic elements of the stormwater management system to better inform 

the residents who may potentially impact the operation of the system.  The plan will also discuss 

maintenance of the detention pond, and emphasize that the proper operation of the system depends 

on cooperation from all homeowners involved. 

 Stormwater pollution prevention plans are typically attached as deed restrictions for new 

developments.  As such, the provisions of the stormwater pollution prevention plan can be enforced 

by the Property Owners Association (POA), including assessing fines and placing liens on the 

property of homeowners who do not adopt the pollution prevention procedures.   

 Although it seems reasonable that a properly designed stormwater pollution prevention plan 

can reduce inputs of pollutants into stormwater runoff, no comprehensive studies have been 

conducted to document the reductions in loadings which can be achieved by this mechanism.  

Several studies are currently underway within the State of Florida which will address this issue 

during the next few years. 

 Anticipated load reductions for implementation of stormwater pollution prevention plans 

can be highly variable, depending upon the degree of implementation by the impacted homeowners.  

Load reductions as high as 20% can be achieved for total nitrogen, total phosphorus, and BOD, 

based upon full implementation of the nutrient and pesticide management aspects of the stormwater 

pollution prevention plan.  Assuming a sweeping frequency of approximately once per month, street 

sweeping has been shown to remove approximately 15% of the total nitrogen load, 20% of the total 

phosphorus load, 25% of BOD, and 50% of TSS.  Street sweeping is also a non-structural control 

which can be used outside of the stormwater pollution prevention plan to reduce pollutant loadings 

from existing developed land uses which may not have stormwater treatment facilities.  Anticipated 

load reductions for implementation of stormwater pollution prevention plans are summarized in 

Table 6-24. 
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TABLE  6-24 

 
 ANTICIPATED  LOAD  REDUCTIONS 
 FOR  IMPLEMENTATION  OF  STORMWATER 
 POLLUTION  PREVENTION  PLANS 
 

PLAN  ELEMENT 

PARAMETER NUTRIENT  AND 
PESTICIDE  MANAGEMENT1 

STREET 
SWEEPING2 

Total N 0-20 15 
Total P 0-20 20 
BOD 0-20 25 
TSS 0-50 50 

 
1.  Depending upon degree of implementation 
2.  Based on a sweeping frequency of once per month 

 

 

 

The costs for development and implementation of a stormwater pollution prevention plan 

will fall primarily on the developer and the homeowners of the developed community.  The costs to 

governmental agencies for implementation of this option are considered to be negligible. 

 The only foreseeable economic impact on homeowners for implementation of a nutrient and 

pesticide management plan may be the increased cost of specially-formulated fertilizers which meet 

the nutrient content restrictions outlined in the nutrient management plan.  Assuming that the 

specialized formulations increase the cost of the fertilizer approximately $5 per 50-pound bag, and 

assuming that the average homeowner applies five 50-pound bags of fertilizer twice each year, the 

average cost per homeowner would be approximately $50 per year. 

 The cost for street sweeping activities would be spread out among the homeowners within 

the community, and the fee per individual will depend upon the number of homeowners within a 

given community.  Street sweeping costs are currently approximately $40/curb mile for brush-type 

street sweepers, with slightly increased costs for the newer vacuum-type machines.   
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6.7.2.2   Public Education 

 Although public education is an element of stormwater pollution prevention plans, as 

presented in the previous section, additional opportunities for public education should be undertaken 

in the Lake Lafayette watershed.  These opportunities are particularly important for existing 

residents which are not part of a planned community and are not covered by a stormwater pollution 

prevention plan.  Public education is one of the most important nonpoint source controls which can 

be used in a watershed.  Many residents appear to be unaware of the direct link between watershed 

activities and the water quality in adjacent waterbodies and estuaries.  The more a resident or 

business owner understands the relationship between nonpoint source loadings and receiving water 

quality, the more that person may be willing to implement source controls. 

 Several national studies have indicated that it is an extremely worthwhile and cost-effective 

activity to periodically remind property owners and occupants of the potential for water quality 

degradation which can occur due to misapplication of fertilizers and pesticides.  Periodic 

information pamphlets can be enclosed with water and sewer bills which will reach virtually all 

residents   within   the   watershed.  These   educational  brochures  should  emphasize  the  fact  that 

taxpayer funds are currently being utilized to treat nonpoint source water pollution, and the 

homeowners have the opportunity to reduce this tax burden by modifying their daily activities.  A 

comprehensive public education program should concentrate, at a minimum, on the following 

topics: 

 1. Relationship between land use, stormwater runoff, and pollutants 

 2. Functions of stormwater treatment systems 

 3. How to reduce stormwater runoff volume 

 4. Impacts of water fowl and pets on runoff characteristics and surface water quality 

 5. County stormwater program goals and regulations 

 6. Responsible use of fertilizer, pesticides and herbicides 

 7. Elimination of illicit connections to the stormwater system 

 8. Controlling erosion and turbidity 

 9. Proper operation and maintenance of stormwater systems 
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 The public education program can be implemented in a variety of ways, including 

homeowner and business seminars, newsletters, performing special projects with local schools 

(elementary, middle and high schools), Earth Day celebrations, brochures, and special signage at 

stormwater treatment construction sites.  Many people do not realize that stormsewers eventually 

drain to area lakes.  Many cities and counties in Florida have implemented a signage program which 

places a small engraved plaque on each stormsewer inlet indicating "Do Not Dump, Drains to 

Lake".  ERD recommends that an aggressive public education program be implemented in the Lake 

Lafayette watershed which incorporates all of the elements discussed previously. 

 Anticipated load reductions for implementation of public education programs are difficult to 

predict and depend highly upon the degree of implementation by the homeowners within the basin.  

The impacts of public education programs also depend, to a large extent, on the degree to which 

water quality within the Lake Lafayette basin is currently being impacted by uneducated and 

uninformed activities by current homeowners.  

 Virtually no previous studies have been conducted to evaluate the water quality impacts 

resulting from improved homeowner education programs.  Several regional and national studies are 

currently being performed which will attempt to document the results of public education programs.  

However, the actual load reductions achieved by public education programs will be relatively small, 

probably in the range of 10% each for nitrogen, phosphorus, BOD, and TSS. 

 Costs for public education programs can be highly variable depending upon the intensity of 

the education program and the types of media used to reach individual homeowners.  A simple 

newsletter placed in a utility bill would be a relatively inexpensive method of reaching many of the 

residents in the Lake Lafayette watershed. 

 

6.7.3 Vegetative Buffers 

 Vegetative buffers consist of areas of trees, shrubs, grasses, and other vegetation located 

adjacent to channels or waterways.  As runoff migrates through a vegetative natural buffer (VNB), 

natural infiltration causes portions of the surface water flow to enter the soil and groundwater layers 

where a majority of the runoff constituents are attenuated within the soil by a  variety  of  

mechanisms.   Portions  of  the runoff inflow which do not infiltrate into the soil migrate through the 
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vegetative buffer.  The vegetation retards the velocity of the runoff flow, providing an enhanced 

opportunity for sediment deposition and exposure of contaminants to extended periods of 

biological, physical, and chemical removal mechanisms.  In essence, vegetative buffers provide a 

final opportunity for pollutant attenuation prior to discharge into the receiving waterbody. 

 The benefits of using vegetated upland buffers for water quality protection have been well 

documented in a number of studies.  Schueler and Holland (2002) reported that “buffers can provide 

effective pollutant removal for development located within 150 ft of the buffer boundary, when 

designed properly”.  Buffer widths currently in use within adopted programs in the United States 

range from 20-200 ft, with a median buffer width of approximately 100 ft.  Schueler and Holland 

report that a minimum width of at least 100 ft is necessary to provide adequate water quality 

protection. 

 As development occurs within the Lake Lafayette drainage basin, the impacts associated 

with direct overland runoff flow into the lake will increase.  However, the impact of these increased 

pollutant loadings can be minimized by establishing upland buffers around the perimeter of Lake 

Lafayette.  During 2004, the Leon County Department of Growth and Environmental Management 

developed a proposed ordinance for tributary and waterbody buffers in the Lake Lafayette basin.  

An analysis conducted by the Department of Growth and Environmental Management indicated that 

there are 379 undeveloped residential lots remaining in the Lake Lafayette watershed which have no 

stormwater requirements.  According to existing code, these lots can develop to within 50 ft of the 

waterbodies and tributaries and have the potential to contribute significant pollutant loadings to 

Lake Lafayette.  A working group was established to review existing literature and recommend 

appropriate buffer widths for Lake Lafayette.  The working group recommended that a 125-ft buffer 

was appropriate for Lake Lafayette, but the applicant could seek a reduction in buffer width, to a 

minimum of 75 ft, by providing calculations which indicate that a smaller buffer width is sufficient 

for the required pollutant removal as a result of filtration and assimilation. 

 The  proposed  ordinance  for  developing  upland  buffers  within  the  Lake  Lafayette 

basin appears  to  be  a  well  documented  effort  to  address  pollution  inputs  into  Lake  Lafayette  

from overland flow.  The minimum  and  maximum  proposed  buffer  widths  of  75  ft and  125  ft, 
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respectively, are in line with previous research on required buffer widths.  As a result, the proposed 

buffer ordinance is a positive step toward reducing impacts of new development on Lake Lafayette, 

and adoption of this ordinance is recommended.  The proposed buffer widths appear adequate for 

water quality protection and runoff treatment in areas which do not discharge to constructed 

stormwater management facilities. 

 

6.7.4 Rear Yard Swales and Berms 

 Based on information developed by the Leon County Department of Growth and 

Environmental Management, there are approximately 1380 developed lots which currently exist on 

Lake Lafayette.  The proposed vegetative buffer ordinance discussed in the previous section will 

only address new construction and will have no impact on these existing lots. 

 Runoff originating from rear lawn and landscaped areas has the potential to contribute 

significant loadings of both nutrients and pesticides into Lake Lafayette.  Untreated stormwater 

runoff from lawns and landscaped areas contains total phosphorus concentrations which are often 

50-100 times greater than concentrations commonly observed in the water column of Lake 

Lafayette.  As a result, a relatively small volume of untreated rear yard runoff can impact a large 

quantity of adjacent water. 

 A schematic of typical rear yard swale and berm systems is given in Figure 6-10.  The 

objective of each system is to intercept a specified volume of runoff from the rear yard area, 

causing this volume to be infiltrated into the ground rather than directly discharging into the 

adjacent waterbody.  As the runoff migrates through the vegetation and surficial soils, a large 

portion of the pollutant mass is attenuated and is prevented from reaching the adjacent water.  

Since these systems act primarily as retention areas, it is important that the area utilized for 

infiltration be constructed above the seasonal high groundwater table elevation.  If the bottom of 

the infiltration area is not maintained above the seasonal high groundwater table elevation 

(SHGWT), the retention area will assume wetland characteristics and will gradually lose its 

ability to evacuate the required pollution abatement volume.   
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Figure 6-10.   Schematic of Typical Rear Yard Swale and Berm Systems. 

 

 

 The volume of water retained by a rear yard swale or berm system is directly proportional 

to the performance efficiency of the system for reducing loadings discharging into the 

waterbodies.  The minimum design criteria for retention systems constructed in Leon County is 

storage of the first 0.5-inch of runoff.  This standard should also be applied to the design of all 

swales and berm systems which discharge into Lake Lafayette.  This volume is calculated by 

multiplying the area of each parcel which discharges to the rear of the lot (rather than the front) 

times 0.50 inches over this area.  The resulting volume represents the amount of water which 

should be retained in the rear yard and dictates the design of the swale and berm. 

 One of the common criticisms of berm and swale systems concerns ongoing maintenance 

of the areas.  Where swale systems are used, bottom portions of the swale can become wet for 

extended periods, making mowing and maintenance activities difficult.  Mowing of bermed areas 

can also be difficult, particularly if the berm is constructed with steep side slopes.  However, 

virtually all of the maintenance concerns for bermed areas can be eliminated by constructing the 

berm with more gradual side slopes, such as 6(H):1(V), or flatter. 
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 Even when rear berms and swales are constructed, the resulting system does not always 

meet the objective of retaining runoff discharging from the rear yard area.  An example of a rear 

yard berm and swale constructed for a new residential home is given in Figure 6-11.  Although 

the berm and swale appear to be adequately constructed, the end of the berm area next to the 

adjacent property is not closed.  Rather than providing storage for rear yard runoff, this berm 

system simply redirects the runoff onto the adjacent parcel. Proper construction of rear yard 

berms and swales is important to achieve the overall water quality protection goals. 

 

 

 

Berm

No end containment
for runoff

Erosion area

 
 

Figure 6-11.  Improperly Constructed Rear Yard Berm. 
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 Berm and swale systems are an inexpensive method of reducing discharges of direct 

runoff from rear yards and landscaped areas into Lake Lafayette.  Therefore, it is strongly 

recommended that an ordinance related to pollutant abatement swales be developed and include 

all future as well as existing development adjacent to the Lake Lafayette basin.  Development of 

this ordinance has the potential to provide nutrient load reductions to Lake Lafayette equivalent 

to a large structural retrofit project costing millions of dollars.  It is difficult to envision how the 

construction or presence of a swale or berm would create a hardship for any lake front property 

owner.  The swales and berms should be designed to require retention of 0.50 inches of runoff 

from all parcel areas which discharge to the waterbody.  This ordinance should also provide 

design criteria and standardize construction of new systems.  Existing development should be 

granted a period of approximately five years to come into compliance with this new ordinance.  

Funding for construction of the berm and swale systems could be provided by the homeowner, or 

in hardship cases, by grants from the County.  A number of funding grants may also be available 

for this program from FDEP. 

 According to the analysis conducted by Growth and Environmental Management, 1380 

developed water front parcels are located on Lake Lafayette.  At an estimated cost of 

approximately $2000 per parcel for construction of new berms and swales, the estimated capital 

cost for this recommended alternative is approximately $2,760,000.  If it is assumed that the rear 

yard areas which discharge into Lake Lafayette cover approximately 0.5 acres per parcel, the 

total new area retrofitted by the 1380 berm and swale systems would be approximately 690 

acres. 

 

6.7.5 Restoration of Lake Lafayette to a Single Lake System 

 One of the most discussed restoration options by the Lake Lafayette stakeholders is 

restoration of Lake Lafayette into a single lake system similar to its historic configuration.  

Although restoration of Lake Lafayette to its natural state appears to be a desirable goal, there 

are many obstacles which stand in the way of this option.  
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 Elimination of the berms which separate Lake Piney Z from Upper Lake Lafayette and 

Lower Lake Lafayette would create one unified waterbody out of these compartments.  

However, this connection would transfer portions of the existing excessive nutrient loadings 

present in Upper Lake Lafayette into Lake Piney Z as well as Lower Lake Lafayette.  The 

additional nutrient loadings in Lower Lake Lafayette would further stimulate the growth of 

aquatic vegetation and algae, reducing the recreational value of these resources.  Elimination of 

Lake  Piney  Z  would  reduce  the  recreational  and  fishing  opportunities  which currently exist 

within this compartment since water levels would be substantially lower.  In addition, connection 

of Upper Lake Lafayette to other portions of Lake Lafayette would allow more water to 

discharge into the sink areas, increasing the potential for groundwater contamination within the 

aquifer and decreasing water levels throughout the lake.  As discussed previously, portions of the 

bottom of Lake Lafayette are currently in private ownership, and conversion of the lake into a 

unified waterbody would require either permission from the private owner or purchase of the 

property by a governmental agency. 

 A decompartmentalized Lake Lafayette would assume many of the characteristics present 

in the original wetland system.  In general, water depths would be lower throughout the entire 

lake area, particularly in the Piney Z area.  More water is likely to discharge into the various 

sinks, and standing water may become absent in portions of Lake Lafayette during dry season 

conditions.  Encroachment of woody vegetation is likely, further reducing the availability of the 

lake for recreational opportunities and wildlife habitat.  Over time, the lake would likely 

transition into a hardwood wetland forest with substantially reduced recreational opportunities. 

 Even if Upper Lake Lafayette, Lake Piney Z, and Lower Lake Lafayette were to be 

reconnected, it is unlikely that the existing connection with Alford Arm could be re-established.  

The existence of the CSX railroad berm prevents this reconnection under current conditions.  Re-

establishment of the connection would require either relocation of the railroad or construction of 

an elevated platform and bridge structure for much of the length of the railroad crossing through 

Alford Arm.  In addition, Alford Arm currently provides significant nutrient and pollutant uptake 

for water prior to reaching Lower Lake Lafayette.  Re-establishment of a free-flowing 

connection between Alford Arm and Lower Lake Lafayette would result in additional nutrient 

loadings to Lower Lake Lafayette which would further decrease the recreational value of this 

area and may affect food source availability for the wood stork rookery. 
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 Although the existing compartmentalization of Lake Lafayette is unfortunate, each of the 

four compartments provides unique recreational opportunities and water quality benefits for the 

other compartments within the lake.  Therefore, ERD cannot recommend reconnection of the 

compartments of Lake Lafayette at this time. 

 

6.7.6  Improved Recreational Opportunities 

 The Lake Lafayette stakeholders were virtually unanimous in the opinion that 

recreational opportunities should be enhanced throughout Lake Lafayette.  Given the variety of 

recreational opportunities which are potentially available, and the unique habitat provided in 

certain portions of Lake Lafayette, this appears to be a valuable management option.   

 A graphical depiction of land in public ownership adjacent to Lake Lafayette is given in 

Figure 6-12.  The City of Tallahassee currently owns portions of Upper Lake Lafayette, Lake 

Piney Z, and western portions of Lower Lake Lafayette.  Western portions of Alford Arm are 

currently in the ownership of the State of Florida.  Large portions of Lower Lake Lafayette are 

currently owned by the Florida Fish and Game Commission and Leon County.  It appears that 

significant land is already in public ownership, and no additional purchase of land appears 

necessary to enhance recreational opportunities within Lake Lafayette. 

 Although a substantial amount of land is already in public ownership, recreational 

opportunities into the lake are relatively limited.  Fishing opportunities are currently available in 

Lake Piney Z but no significant facilities are available to support this recreation.  Similarly, the 

public can access Alford Arm through land owned by the State of Florida, however this requires 

hiking to reach the lake.  No significant public access is currently available through lands owned 

by the Florida Fish and Game Commission into Lower Lake Lafayette. 

 Leon County and other governmental agencies should consider construction of dedicated 

recreational facilities to allow public access into all portions of Lake Lafayette.  Lake Lafayette 

contains unique habitat which could become a benefit to many citizens in Leon County.  These 

recreational opportunities should include trails or roadways so that the general public can gain 

access to the various portions of the lake.  Canoe or kayak trails could be set-up, particularly in 

Lower Lake Lafayette, to provide better access into this unique ecosystem.  Therefore, ERD 

strongly recommends that additional recreational opportunities and infrastructures be constructed 

to provide additional public access into Lake Lafayette. 
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6.8  Recommended Management Options 

 A  summary of recommended management options for Lake Lafayette is given in Table 

6-25 based upon the information and discussions provided in the previous sections.  The options 

are listed in general order of preference or significance for each compartment as well as the 

overall lake.  For Upper Lake Lafayette it is recommended that berms be constructed around the 

sink areas to retain as much water as possible within the remaining portions of Upper Lake 

Lafayette.  This will provide additional opportunity for pollutant attenuation prior to discharge 

into the sink for infiltration through the bottom soils.  In addition, construction of a treatment 

system for Lafayette Creek is also recommended in view of the extraordinarily high areal 

loadings discharging through this tributary.  This treatment system could be dedicated to 

Lafayette Creek itself, or combined with a treatment system for Weems Pond, as indicated in 

Figure 6-5. 

 
  

TABLE  6-25 
 
 RECOMMENDED  MANAGEMENT 

OPTIONS  FOR  LAKE  LAFAYETTE 
 

COMPARTMENT RECOMMENDED  MANAGEMENT  OPTION 
(in order of preference) 

Upper Lake Lafayette 1. 
2. 

Construct berms around sink areas 
Construct treatment system for Lafayette Creek (or Lafayette Creek/Weems 
Pond) 

Lake Piney Z 1. 
2. 

Continue and expand vegetation control/removal 
Provide additional public access 

Alford Arm 1. 
2. 
3. 

Continue and expand vegetation control/removal 
Provide additional public access 
Provide bar screens to eliminate clogging of culverts under railroad 

Lower Lake Lafayette 1. 
2. 

Continue and expand vegetation control/removal 
Provide additional public access 

General 1. 
 

2. 
3. 
 

4. 
5. 
6. 

Implement alternative stormwater regulations to achieve no net increase in 
post-development loadings 
Implement proposed vegetative buffer ordinance 
Develop ordinance requiring construction of rear yard berms and swales for 
all water front development 
Revise stormwater ordinance to exclude all forms of dry detention 
Require new development to develop source control plans 
Implement public education program 
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For Lake Piney Z, it is recommended that the existing vegetation control and removal 

processes be continued and expanded to maintain and enhance the recreational value of this 

waterbody.  It is recommended that this portion of Lake Lafayette be maintained as a fishery, 

with additional public access provided into this area. 

 In Alford Arm, it is recommended that vegetation control and removal be continued and 

expanded to maintain areas of open water and access into the waterbody for recreational 

opportunities.  Additional public access and facilities are needed to attract the public into this 

area.  It is also recommended that bar screens be constructed around the culverts which discharge 

from Alford Arm into Lower Lake Lafayette to prevent vegetation from clogging the culverts 

and restricting flow. 

 In Lower Lake Lafayette, additional vegetation control and removal is recommended to 

remove areas of nuisance vegetation as well as floating tussocks.  Facilities for additional public 

access into this unique portion of Lake Lafayette are highly recommended. 

 In addition to the specific recommendations for each compartment of Lake Lafayette, a 

series of general recommendations is also provided.  First, it is recommended that alternative 

stormwater regulations be implemented for the Lake Lafayette watershed similar to those 

previously implemented in the Bradfordville area.  The intent of these regulations is to provide 

sufficient stormwater treatment to achieve no net increase in post-development loadings 

discharging into Lake Lafayette.  This alternative will prevent further degradation of Lake 

Lafayette and may improve existing water quality violations. 

 Implementation of the proposed vegetation buffer ordinance should be given strong 

consideration.  Vegetative buffers provide a mechanism for filtration of pollutants in direct 

runoff prior to reaching the receiving waterbody.  In addition, development of a new ordinance is 

recommended requiring construction of rear yard berms and swales for all water front 

development.  This requirement would affect both new and existing properties with a period of 

several years allowed for implementation by existing properties.   
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As an alternative to implementing alternative stormwater regulations to achieve no net 

increase in post-development loadings, it is recommended that the Leon County stormwater 

ordinance be revised to exclude all forms of dry detention.  This type of stormwater treatment 

system exhibits poor removal efficiencies and is currently being eliminated in many areas of the 

state. 

 All new development should be required to develop source control plans which will be 

designed to reduce the generation and sources of stormwater pollutants within watersheds.  This 

appears to be an extremely cost-effective alternative, since the cost of implementation is 

relatively minimal. 

 Leon County should implement a public education program within the Lake Lafayette 

watershed to educate citizens on the relationship between stormwater and receiving water 

quality.  This education program should include ideas for general citizens to reduce personal 

pollution. 
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