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1.0 Introduction

1.1 Background

Lake Michigan has a total shoreline length of 1,638 miles, with approximately 45 miles within the state of Indiana (Figure 1).  The Indiana shore includes the Indiana Dunes National Lakeshore and several other beaches that are used extensively by residents of Indiana and other Midwest states (Figure 2).  The four waterbody segments that comprise the shoreline are listed on the Indiana 303(d) list of impaired waters for failing to fully support their designated swimmable uses due to an Escherichia coli (E. coli) impairment (Table 1).  The E. coli impairment was identified through data collected by the Indiana Department of Environmental Management (IDEM) and the Inter-Agency Technical Task Force on E. coli (Task Force) that showed violations of the water quality standard.  E. coli is a bacterium that indicates the potential presence of human sewage and animal manure.  It can enter water bodies through direct discharge from mammals and birds, from agricultural and storm runoff carrying mammal waste (manure), and from sewage discharged or leaked into the water.  E. coli is also an indication of the possible presence of other disease causing organisms or pathogens.  Violations of the water quality standard for E. coli resulted in an average of more than 15 beach closures per year at the National Seashore and state park during the 1990 to 2000 period (Luther, 2001).  

Table 1. Listing information for Lake Michigan from the Indiana 2002 section 303(d) list.

	Waterbody
	Segment ID
	Parameters of Concern

	Lake Michigan Shoreline East of Indiana Harbor Canal
	INC0121G_G1074
	E. coli

	Lake Michigan Shoreline West of Indiana Harbor Canal
	INC0121G_G1075
	E. coli

	Lake Michigan Shoreline-Dunes
	INC0181G_G1093
	E. coli

	Lake Michigan Shoreline-LaPorte
	INC0191G_G1092
	E. coli
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Figure 1. Political map of the Lake Michigan watershed in Indiana.
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Figure 2. Tributaries and beaches in the Lake Michigan Shoreline study area.

Document Purpose and Content

The Clean Water Act (CWA) and U.S. Environmental Protection Agency (USEPA) regulations require that states develop Total Maximum Daily Loads (TMDLs) for all waters on the section 303(d) lists.  A TMDL is the sum of the allowable amount of a single pollutant that a waterbody can receive from all contributing point and nonpoint sources and still support its designated uses.  IDEM is in the final stages of developing E. coli TMDLs for the Lake Michigan Shoreline and tributary waterbodies that appear on the 2002 section 303(d) list.  The overall goals and objectives of the project are to:

· Further assess the water quality of the shoreline waters and identify key issues associated with the impairments and potential pollutant sources.

· Use the best available science to determine the maximum load of E. coli that the shoreline waters can receive and still fully support all designated uses.

· Use the best available science to determine the existing loads of E. coli
· If existing loads exceed the maximum allowable load, determine the necessary load reduction.

· Identify feasible and cost-effective actions that can be taken to reduce loads.

· Inform and involve the public throughout the project to ensure that key concerns are addressed.

· Submit a final TMDL report to USEPA for review and approval.

Previous reports have described the data available to develop the TMDL (Tetra Tech, 2003a), estimated the likely sources of E. coli (Tetra Tech, 2003b), and proposed a modeling framework for completing the TMDL (Tetra Tech, 2003c).  This draft TMDL report combines the results of all previous reports, allocates the allowable loads among the existing sources, and addresses the regulatory requirements of the TMDL process.

Section 2 of this document describes Indiana’s Lake Michigan shoreline and contributing watersheds and discusses several characteristics of the shoreline that are significant to E. coli conditions.  Section 3 presents the relevant water quality standards and summarizes the available sampling data.  Section 4 discusses all of the significant sources of E. coli and the information that was used to estimate the magnitude of loading.  Section 5 discusses the technical approach that was used to evaluate the impact of the loadings on in-lake conditions.  Sections 6 through 8 allocate the existing loads to the various source categories and address several TMDL regulatory requirements, such as margin of safety and seasonality.  Sections 9 and 10 discuss public participation and implementation, respectively.

Several stream segments located within the Lake Michigan watershed also appear on Indiana’s section 2002 303(d) list and require TMDLs.  However, this report focuses specifically on the shoreline and does not address the TMDLs for streams which discharge into Lake Michigan.  For example, upstream sources of E. coli that are transported to Lake Michigan through a tributary are not considered separately in this document (they are treated simply as tributary loads).  The ongoing TMDLs being developed for Little Calumet River/Burns Ditch, Salt Creek, and Trail Creek will more fully quantify the sources of pollutant loads to each major tributary and determine the load reductions that are necessary to meet water quality standards in the tributaries.

2.0 Description of the Lake Michigan Shoreline and Contributing Watershed

The Lake Michigan shoreline covers 45 miles of Indiana’s northwestern border.  The watershed associated with the shoreline is part of the Little Calumet-Galien U.S. Geological Survey (USGS) cataloging unit (HUC 4040001). This watershed covers 536 square miles and encompasses the northern portions of Lake, Porter, and LaPorte counties. The following sections provide information on the population, land uses, topography, and climate associated with the watershed.  Obtaining an understanding of these issues is a critical first step in developing a TMDL because they provide information on the potential sources of E. coli and characteristics of the watershed that might affect water quality.

2.1 Population

The population of Indian’s portion of the Lake Michigan watershed is estimated to be greater than 500,000 with the majority of people concentrated in the cities of Gary, Hammond, East Chicago and Michigan City (Table 2). Several cities in the watershed experienced declining populations between 1990 and 2000. However, the population Porter (Porter County) increased significantly during this same time period.  The major population center in the watershed is Gary, an industrial city with a population of approximately 117,000 people (US Census Bureau, 2000).

Table 2. Population data for cities within the Lake Michigan watershed1.  

	City/Town
	County
	1990 Population
	2000 Population
	Percent Change

	Long Beach
	La Porte
	2,044
	1,559
	-23.73

	Michigan City
	La Porte
	33,822
	32,900
	-2.73

	Trail Creek
	La Porte
	2,463
	2,296
	-6.78

	Crown Point
	Lake
	17,728
	19,806
	11.72

	East Chicago
	Lake
	33,892
	32,414
	-4.36

	Gary
	Lake
	116,646
	102,746
	-11.92

	Griffith
	Lake
	17,916
	17,334
	-3.25

	Hammond
	Lake
	84,236
	83,048
	-1.41

	Hobart
	Lake
	21,822
	25,363
	16.23

	Lake Station
	Lake
	13,899
	13,948
	0.35

	Merrillville
	Lake
	27,257
	30,560
	12.12

	New Chicago
	Lake
	2,066
	2,063
	-0.15

	Schererville
	Lake
	19,926
	24,851
	24.72

	Whiting
	Lake
	5,155
	5,137
	-0.35

	Winfield
	Lake
	NA
	2,298
	Unknown

	Beverly Shores
	Porter
	622
	708
	13.83

	Burns Harbor
	Porter
	788
	766
	-2.79

	Chesterton
	Porter
	9,124
	10,488
	14.95

	Dune Acres
	Porter
	263
	213
	-19.01

	Ogden Dunes
	Porter
	1,499
	1,313
	-12.41

	Portage
	Porter
	29,060
	33,496
	15.26

	Porter
	Porter
	3,118
	4,972
	59.46

	South Haven
	Porter
	6,112
	5,619
	-8.07

	Town of Pines
	Porter
	789
	798
	1.14

	Valparaiso
	Porter
	24,414
	27,428
	12.35

	Total Population in Cities/Towns
	474,661
	482,124
	1.57

	Estimated Population Outside of Cities/Towns
	42,825
	47,778
	11.57

	Total Watershed Population
	517,486
	529,902
	2.40


1Note that portions of some cities are outside the watershed.

2.2 Topography

The Lake Michigan watershed lies in the Calumet Lacustrine Plain, a physiographic region characterized by a relatively high relief that was last shaped by glacial activity approximately 10,000 years ago.  Figure 3 displays the general topography within Indiana’s portion of the Lake Michigan watershed and indicates that elevation ranges from 577 feet at the shoreline to 900 feet in some of the headwaters.
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Figure 3. Topography of the Indiana portion of the Lake Michigan watershed.

2.3 Land Use

Land use information for Indiana’s Lake Michigan watershed is available from the Multi-Resolution Land Characteristics Consortium (MRLC).  The land use data are derived from images acquired by Landsat’s Thematic Mapper satellite during the early 1990s.  These data categorize the land use for each 100-foot by 100-foot parcel of land in the watershed.

Table 3 provides a breakdown of the land uses in the watershed and Figure 4 displays the spatial distribution of the land uses.  Row crop agriculture is the most common land use classification followed by deciduous forest, pasture/hay, and commercial/industrial/transportation.  Land use near the shoreline consists predominantly of beaches, low intensity residential, and commercial/industrial land uses. 

Table 3. Land use distribution in the Lake Michigan watershed.

	Land Use
	Area (acres)
	Percent (%)

	Row Crops
	79,447
	22.08

	Deciduous Forest
	65,175
	18.11

	Pasture/Hay
	44,997
	12.51

	Commercial/Industrial/Transportation
	29,026
	8.07

	Evergreen Forest
	25,529
	7.10

	High Intensity Residential
	22,908
	6.37

	Low Intensity Residential
	22,274
	6.19

	Woody Wetlands
	20,274
	5.63

	Grasslands/Herbaceous
	15,042
	4.18

	Open Water
	10,968
	3.05

	Urban/Recreational Grasses
	10,771
	2.99

	Emergent Herbaceous Wetlands
	8,374
	2.33

	Mixed Forest
	2,953
	0.82

	Bare Rock/Sand/Clay
	1,029
	0.29

	Shrubland
	540
	0.15

	Small Grains
	206
	0.06

	Undefined
	185
	0.05

	Quarries/Strip Mines/Gravel Pits
	102
	0.03

	Total
	359,800
	100.00


Source:  MRLC, 2000.
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Figure 4. Land use in the Indiana portion of the Lake Michigan watershed.

2.4 Lake and Lakeshore Characteristics

Lake Michigan is the third largest Great Lake by surface area and the sixth largest freshwater lake in the world. General characteristics of the entire lake are presented in Table 4. The following coordinates define the Indiana portion of Lake Michigan: 41° 45’ 42N latitude North, 87° 31’ 29’’ longitude West and 86° 49’ 18” longitude East.  Using these coordinates, the characteristics of the lake within Indiana were calculated and are presented in Table 4. 

Table 4. General characteristics of the Lake Michigan shoreline in Indiana.

	Lake Michigan
	Indiana’s Portion of Lake Michigan

	Characteristic
	Value
	Characteristic
	Value

	Length
	307 miles
	Greatest Length
	10 miles

	Breadth
	118 miles
	Greatest Width
	36 miles

	Average Depth
	279 ft.
	Average Depth
	155 ft.

	Maximum Depth
	925 ft.
	Maximum Depth
	249 ft.

	Volume
	1,180 cubic miles
	Volume
	6.754 cubic miles

	Water Surface Area
	22,300 sq. miles
	Water Surface Area
	226 sq. miles

	Drainage Basin Area
	45,600 sq. miles
	Drainage Basin Area
	536 sq. miles

	Elevation
	577 ft.
	Elevation
	577 ft.

	Retention Time:
	99 years
	Retention Time
	Unknown


2.5 Indiana Dunes National Lakeshore 

A significant portion of the Indiana Lake Michigan shoreline was designated as the Indiana Dunes National Lakeshore in 1966. The National Lakeshore runs for nearly 25 miles along southern Lake Michigan, bordered by Michigan City, Indiana on the east, and Gary, Indiana, on the west. The park contains approximately 15,000 acres, 2,182 of which are located in Indiana Dunes State Park and managed by the Indiana Department of Natural Resources. The National Lakeshore contains 12,812 acres of beaches, sand dunes, bog, wetlands and woodland forests. 

2.6 Bathymetry

The bathymetry of Lake Michigan is available through several sources, including the National Oceanic and Atmospheric Administration’s (NOAA’s) National Environmental, Satellite and Data and Information Service. The bathymetry map presented in Figure 5 is limited to the Indiana portion of Lake Michigan as defined by its political boundaries.  It shows that lake depths along the shoreline typically range from 0 to 25 feet.
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Figure 5. Lake Michigan bathymetry in the vicinity of the Indiana Shoreline.

2.7 Coastal Dynamics

Lake Michigan’s waves and currents are the result of winds traveling across the length of the lake.  Intense storms produce waves and currents that move large quantities of sand along the beach and lake bottom. The most powerful storm waves approach Indiana's coast from the north.  The strongest storm winds blow out of the northwest, north, and northeast directions. These winds are able to transfer considerable energy into waves coming from the north because there is approximately 300 miles of open water between the north end of Lake Michigan and the Indiana shoreline.  The shoreline east of Gary is oriented in a northeast by southwest direction. The shoreline west of Gary is oriented in a northwest by southeast direction. As storm waves approach from the north, the different orientation of the shorelines results in both currents flowing toward Gary.

2.8 Climate

The Lake Michigan watershed has a climate characterized by warm summers and cool winters.  Average annual temperatures can range from 40.5 degrees to 59.0 degrees Fahrenheit.  Several National Climatic Data Center (NCDC) gauges are located in or near the watershed.  These stations record climatic variables such as temperature, precipitation, wind speed and potential evapotranspiration.  The stations nearest the lakeshore are at the Gary Buffington Harbor (Coop ID: 123208), Indiana Dunes National Lakeshore (Coop ID 124244) and Michigan City (ICS ID 18c).  

Historical data from the Indiana Dunes National Lakeshore station were used to characterize the precipitation patterns along the shore. During a 29-year period between 1971 and 2000, the average annual precipitation recorded at the station was 37.86 inches. The minimum average annual precipitation was 30.5 inches in 1999 and the maximum was 61.3 inches in 1990.  The mean annual number of days when precipitation exceeds 0.10 inch is about 76 days.  The monthly average precipitation for this period is presented in Figure 6.
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Figure 6. Monthly average precipitation at Indiana Dunes National Lakeshore station (1971-2000).

2.9 Hydrology

Ever since the last glaciers retreated about 10,000 years ago, Lake Michigan’s water levels and outflows have been fluctuating, affecting the lakeshore environment and human activities. The major influences on Great Lakes hydrology are weather and climate, which affect the balance of water in the Great Lakes and their connecting channels. Water enters the system as precipitation, runoff from the surrounding land, tributary streamflow, and groundwater inflow. Water leaving the system consists of evaporation from the water's surface, groundwater outflow, consumptive uses and diversions.

Several rivers and streams flow into Lake Michigan, and the major tributaries along the Indiana shoreline are the Indiana Harbor Ship Canal, Burns Ditch, and Trail Creek.  Lake Michigan's cul-de-sac formation means that water entering the lake circulates slowly and remains for a long time (retention time is approximately 99 years) before it leaves the basin through the Straits of Mackinac (GLIN, 2002).
Lake levels for Lake Michigan have been recorded since 1960 at station 9087044 in Calumet Harbor, Illinois, and are monitored by the U.S. Army Corps of Engineers. Lake level information can also be obtained from the National Oceanic and Atmospheric Administration.  Figure 7 presents the fluctuation of lake levels over a ten-year period (1991-2001).
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Figure 7. Lake levels at Calumet Harbor, Illinois (1991-2001)

3.0 Inventory and Assessment of Water Quality Information

IDEM monitors the presence of E. coli under the Surface Water Quality Assessment program.  The impairment assessment for the lakeshore was made using data collected by IDEM as well as those collected by other organizations, primarily the Interagency E. coli Task Force.  IDEM has sampled water quality data for 89 monitoring stations in the Lake Michigan watershed. Most of these are located on tributaries with 6 stations being in Lake Michigan. The Interagency E. coli Task Force has 28 water quality stations in the watershed and most of these, 24, are on the shoreline. Combining all the data results in 30 stations on the shoreline out of a total of 117 stations. The total number of E. coli records available for this study is 8,396 and the data spans the period May 1984 to July 2002.  Additional data were collected in 2003 but were not able to be used in the modeling effort because corresponding meteorology data were not available.  

Relevant statistics of E. coli data for all stations are presented in Appendix D.  In addition, several other relevant parameters have been sampled, including pH, total suspended solids and temperature.  Figure 8 presents the locations of surface water quality stations in the watershed, including the shoreline stations.

IDEM has identified the entire shoreline of Indiana’s portion of Lake Michigan as impaired and listed on Indiana’s 2002 section 303(d) list for violations of the E. coli water quality standards.  The sections below present the results of a spatial and temporal analysis of the data to verify and better understand the nature of the impairment.
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Figure 8. Location of IDEM and E. coli Task Force surface water quality monitoring stations.

3.1 Confirmation of Impairment and its Extent

Under the Clean Water Act, every state must adopt water quality standards to protect, maintain, and improve the quality of the nation’s surface waters.  These standards represent a level of water quality that will support the Clean Water Act’s goal of “swimmable/fishable” waters.  Water quality standards consist of three different components:

· Designated uses reflect how the water can potentially be used by humans and how well it supports a biological community.  Examples of designated uses include aquatic life support, drinking water supply, and recreation.  Every water in Indiana has a designated use or uses; however, not all uses apply to all waters.

· Criteria express the condition of the water that is necessary to support the designated uses.  Numeric criteria represent the concentration of a pollutant that can be in the water and still protect the designated use of the waterbody.  Narrative criteria are the general water quality criteria that apply to all surface waters.  These criteria state that all waters must be free from sludge; floating debris; oil and scum; color- and odor-producing materials; substances that are harmful to human, animal or aquatic life; and nutrients in concentrations that may cause algal blooms

· The antidegradation policy establishes the criteria under which the state may allow new or increased discharges of pollutants, and requires those seeking to discharge additional pollutants to demonstrate an important social or economic need. This policy only applies to surface water within the Great Lakes system under the Great Lakes Initiative
.  

All water bodies in Indiana are designated for recreational use and E. coli is the pathogen indicator currently used to assess this use.  Although E. coli is not a perfect indicator for evaluating the risk to human health, it is superior to many other indicators and is encoded in state law.  Therefore, by law, this TMDL assesses the conditions that would allow the E. coli criteria to be met along the Lake Michigan shoreline.  

The numeric criteria for E. coli associated with protecting the recreational use are described below.  

“This subsection establishes bacteriological quality for recreational uses.  In addition to subsection (a), the criteria in this subsection are to be used to evaluate waters for full body contact recreational uses, to establish wastewater treatment requirements, and to establish effluent limits during the recreational season, which is defined as the months of April through October, inclusive.  E. coli bacteria, using membrane filter (MF) count, shall not exceed one hundred twenty-five (125) per one hundred (100) milliliters as a geometric mean based on not less than five (5) samples equally spaced over a thirty (30) day period nor exceed two hundred thirty-five (235) per one hundred (100) milliliters in any one (1) sample in a thirty (30) day period.”  [Source:  Indiana Administrative Code Title 327 Water Pollution Control Board.  Article 2.  Section 1-6(a).  Last updated November 1, 2003.]

Indiana’s Lake Michigan shoreline is listed as impaired for violations of the E. coli criteria.  The following sections discuss the nature of this impairment.

3.1.1 Comparison with Geometric Mean Standard

The geometric mean portion of the Indiana E. coli standard requires that five samples be collected during a 30-day period.  E. coli was generally sampled weekly along the Lake Michigan shoreline during the recreation season to evaluate this standard.  Since 1984, 31 of the 38 shoreline monitoring stations had sufficient E. coli samples to meet the 30-day criteria.  Among those sites, there were 3,995 unique 30-day periods where the geometric means were calculated.  For the purpose of this report, a unique 30-day period is defined as any 30-day period at a specific station during the recreation season that had at least five E. coli samples.  Because of this interpretation, weekly sampling at stations created instances where each new weekly sample created a new 30-day period and a new calculated geometric mean.  Therefore some E. coli concentrations were used in more than one 30-day geometric mean calculation.  Out of the 3,995 unique 30-day periods, 942 periods (24 percent) had five or more samples with geometric means greater than 125 coliforms per 100 milliliters.  All but seven stations (77 percent) had geometric means exceeding the standard (Figure 9).  Stations 301 (Derby Ditch), 302 (Dunes Creek), 308 (Kintzele Ditch), and 407 (Trail Creek) had the largest percentage of geometric means exceeding the standard (greater than 90 percent at each station).

3.1.2 Comparison with the Never Exceed Standard

The never exceed standard applies to all grab samples collected during the recreational season.  Figure 10 presents the spatial distribution of violations to the standard at the shoreline stations.  At the shoreline locations, 32 of the 38 monitoring stations (84 percent) had at least one observation that exceeded the never-to-exceed standard of 235 coliforms per 100 mL.  Stations 301 (Derby Ditch), 302 (Dunes Creek), and 407 (Trail Creek) had the largest percentage of samples exceeding the standard (over 60 percent at each station).  Of all the E. coli samples collected at shoreline stations, 14 percent of the samples exceeded the standard. 
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Figure 9. Geometric mean violations for shoreline stations.
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Figure 10. Never-exceed standard violations for shoreline stations.

4.0 Source Assessment

This section summarizes the available information on significant sources of E. coli to the Indiana’s Lake Michigan shoreline waters.  Estimating the magnitude of loadings from the various source categories is critical to the TMDL development process because it allows for focused implementation efforts.

4.1 Point Sources

The term point source refers to any discernible, confined and discrete conveyance (such as a pipe, ditch, channel, tunnel or conduit) by which pollutants are transported to a water body.  It also includes vessels or other floating craft from which pollutants are or may be discharged.  By law, the term “point source” also includes concentrated animal feeding operations, which are places where animals are confined and fed.  By law, storm water runoff from certain areas is also considered a point source because the water is transported through a pipe or ditch.

Estimating the transport of E. coli into a surface water body from some point sources is a fairly straightforward matter.  For example, wastewater treatment plants (WWTP) discharge through a constructed conveyance and can be easily monitored in most instances.  Many of the organisms transported in this way are removed through the treatment process, and permit limits are established to ensure that WWTPs meet water quality standards.  However, in some instances failures or leaks may occur, or a wet weather event may create flows that exceed the capacity of the WWTP and therefore raw wastes bypass treatment and are discharged directly to streams.  This can lead to a discharge of E. coli contaminated water exceeding the permitted limits.  

4.1.1 Wastewater Treatment Plants

Treated municipal sewage is a point source of bacterial contamination.  Not all human pathogens are removed or rendered harmless by treatment processes.  Raw sewage entering the WWTP typically has a total coliform count of 10,000,000 to 1,000,000,000 (1E+7 to 1E+9)
 counts per 100 mL) (Novotny et al., 1989).  Associated with raw sewage are proportionally high concentrations of pathogenic bacteria, viruses and protozoans.  A typical wastewater treatment plant reduces the total coliform count by about three orders of magnitude.  The magnitude of reduction, however, varies with the type of treatment process.

As authorized by the Clean Water Act, the National Pollutant Discharge Elimination System (NPDES) permit program controls water pollution by regulating point sources that discharge pollutants into waters of the United States.  There are several facilities regulated by the NPDES program within the Lake Michigan watershed that discharge E. coli; however, none of them discharge directly to the lake.  The loads from these facilities are therefore considered within the tributary loads discussed below and the significance of the loads from these facilities is being investigated as part of the tributary TMDLs.

4.1.2 Combined Sewer Overflows

Combined sewer systems are sewers that are designed to collect rainwater runoff, domestic sewage, and industrial wastewater into the same pipe.  Most of the time, combined sewer systems transport all of their wastewater to a sewage treatment plant, where it is treated and then discharged to a water body.  During periods of heavy rainfall or snowmelt, however, the wastewater volume in a combined sewer system can exceed the capacity of the sewer system or treatment plant.  For this reason, combined sewer systems are designed to overflow occasionally and discharge excess wastewater directly to nearby streams, rivers, or other water bodies.  These overflows, called combined sewer overflows (CSOs), can contain both storm water and untreated human and industrial waste, toxic materials, and debris.  Because they are associated with wet weather events, CSOs typically discharge for short periods of time at random intervals.

Although there are a number of CSO discharges in the Lake Michigan watershed, none discharge directly to the shoreline waters.  The CSO contribution to the Lake Michigan tributary loads is being investigated as a part of the tributary TMDLs.

4.1.3 Storm Water Phase II Communities

Storm water runoff can contribute E. coli bacteria and other pollutants to a waterbody.  Material can collect on streets, rooftops, parking lots, sidewalks, yards and parks and then during a precipitation event this material can be flushed into gutters, drains, and culverts and be discharged into a waterbody.  

The U.S. EPA developed rules in 1990 that established Phase I of the NPDES storm water program.  The purpose of this program is to prevent harmful pollutants from being washed by storm water runoff into Municipal Separate Storm Sewer Systems (MS4s) (or from being dumped directly into the MS4) and then discharged into local waterbodies.  Phase I of the program required that operators of medium and large MS4s (those generally serving populations of 100,000 or greater) implement a storm water management program as a means to control polluted discharges from MS4s.  Only the City of Indianapolis met Phase I criteria within the State of Indiana.

Under Phase II, rules have been developed to regulate most MS4 entities (cities, towns, universities, colleges, correctional facilities, hospitals, conservancy districts, homeowner's associations and military bases) located within mapped urbanized areas, as delineated by the U.S. Census Bureau, or, for those MS4 areas outside of urbanized areas, serving an urban population greater than 7,000 people.  The following entities within Indiana’s Lake Michigan watershed fall under the Phase II guidelines:

· Burns Harbor

· East Chicago

· Gary 

· Lake County

· LaPorte County

· Long Beach

· Michigan City

· Ogden Dunes

· Portage

· Porter County

· Whiting

Operators of Phase II-designated small MS4s are required to apply for NPDES permit coverage and to implement storm water discharge management controls (known as “best management practices” (BMPs)).

The loading of E. coli to the Lake Michigan shoreline from most urban storm water sources are included in the estimates of the tributary loads below.  Discharge of storm water from these communities directly into the lake is not considered a significant source of E. coli.
4.2 Nonpoint Sources

Nonpoint sources of E. coli are much more difficult to identify and quantify than are point sources.  In urban areas, nonpoint sources can include leaking or faulty septic systems, pet waste, storm water runoff (outside of Phase II communities), and other sources.  In more rural areas, major contributors can be pastureland runoff, manure storage and spreading, and wildlife.  Potentially significant nonpoint sources of E. coli to the Lake Michigan shoreline include tributary loadings, septic systems, wildlife, and other sources such as swimmers and boaters.  Each of these sources is discussed in this section.

4.2.1 Tributaries

Tributaries that enter Lake Michigan within Indiana include Burns Ditch, the Indiana Harbor Ship Canal, Trail Creek, and several smaller tributaries and man-made ditches. Together these tributaries are considered the most significant source of E. coli to the shoreline.

The present hydrology of the Lake Michigan shoreline is significantly altered from what existed before industrial development began in the late nineteenth century.  Figure 2 presents a map of the major tributaries in their present day configuration.  A brief description of the area and important hydrologic issues follows.

Beginning from the northwest, the first tributary discharging to Lake Michigan within Indiana is Wolf Lake, which has an artificial channel connection to Lake Michigan.  Water typically flows from Lake Michigan into Wolf Lake and therefore this channel is not considered a significant source of E. coli to the shoreline. 

The area to the east of the Wolf Lake channel, from the Indiana Harbor Ship Canal to the Indiana Dunes National Lakeshore, is one of the oldest industrial corridors in the country.  The watershed that drains this area has undergone significant hydrologic modification, including an alteration to the natural flow and course of the Grand Calumet and Little Calumet Rivers. These two rivers were once a single waterway that began in LaPorte County and flowed west though Porter and Lake Counties into Illinois. In Illinois the river flowed toward the northwest, curved to the northeast, re-entered Lake County and finally emptied into Lake Michigan at what is now Marquette Park in Gary (IDNR, 1996).   The East Branch of the Grand Calumet River now flows westwards with its present outlet at the Indiana Harbor and Ship Canal.  The West Branch of the Grand Calumet River usually flows both west and east, with a hydraulic divide typically present in the vicinity of Indianapolis Boulevard (USACE, 2001).

The Indiana Harbor and Ship Canal was constructed in the 1890s to serve the shipping needs of the steel industries and oil refineries in the area.  The canal has a ‘Y’ shape with the Lake George Branch running east/west, the Indiana Harbor Branch, which links to the Grand Calumet, running north/south, and the East Branch running east to west into the Indiana Harbor Branch, which discharges into Lake Michigan. The eastern half of the West Branch of the Little Calumet River flows eastwards and empties into Lake Michigan through Burns Ditch, a man-made channel constructed in 1926.

The Indiana Dunes National Lakeshore runs for nearly 25 miles along southern Lake Michigan, bordered by the City of Gary on the west and Michigan City on the east.  The Lakeshore is characterized by sand dunes that were formed over many years due to fluctuating lake levels.  Several small tributaries flow through the Lakeshore, including Dunes Creek, Derby Ditch, and Kintzele Ditch.  The last significant tributary within Indiana is Trail Creek which flows through Michigan City near the Indiana and Michigan border and has its outlet in Michigan City Harbor.  White Creek discharges to Lake Michigan just to the north of the Indiana-Michigan border.

Existing streamflow and water quality data were used to make estimates of the load of E. coli from each of the tributaries to the Lake Michigan shoreline.  Table 5 provides an estimate of the total loading from each tributary during the 1999 beach season (April 1 to October 31, 1999).  The loads were calculated by multiplying individual samples by their corresponding flows and summing over the 1999 beach season.  Loading values for days between E. coli sampling events were extrapolated.  The 1999 beach season was used to calibrate the model of the Lake Michigan shoreline as discussed in Section 5 of this report.

Table 5. Estimated E. coli loads for various tributaries in the Lake Michigan Shoreline study area.

	Tributary Name
	Drainage Area

(sq. mi.)
	Estimated 1999 Beach Season Load (counts)

	Burns Ditch
	331.0
	7.593E+14

	Derby Ditch
	4.64
	6.189E+13

	Dunes Creek
	9.17
	1.146E+14

	Indiana Harbor Ship Canal
	37.0
	7.656E+13

	Kintzele Ditch
	11.01
	6.332E+13

	Trail Creek
	59.10
	2.376E+14

	White Creek
	10.47
	1.446E+13


4.2.2 Residential Septic Systems

Septic systems that are properly designed and maintained should not serve as a source of contamination to surface waters.  However, septic systems do fail for a variety of reasons.  Common limitations that contribute to failure include poor soil conditions, inadequate maintenance, and illicit connections.  When septic systems fail hydraulically (surface breakouts) or hydrogeologically (inadequate soil filtration) there can be adverse effects to surface waters down gradient (Horsely and Witten, 1996). 

Site-specific information on the location of areas with high septic vulnerability was not currently available for the Lake Michigan watershed.  Therefore, estimates of the loads of E. coli from these sources was based on the following assumptions: 

· Number of persons served by septic systems potentially discharging directly to Lake Michigan was defined as those living in houses within 500 feet of the shoreline.  The number of houses on septic systems was derived from the 1990 and 2000 US Census data and an analysis performed using a geographic information system (Figure 11).

· An average daily discharge of 70 gallons/person/day (Horsley and Whitten, 1996).

· Septic effluent E. coli concentration of 1,000,000 (1.0E+06) counts/100 mL (Powelson and Mills, 2001). 
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Figure 11. Distribution of urban areas along the Lake Michigan shoreline.

· Average septic failure rate of 5 to 10 percent (based on literature values [USEPA, 2002], discussions with local county health agencies, and best professional judgment)

The number of persons served by the septic systems increases during the beach season according to the factor shown in Figure 12. 

The estimated E. coli loading from septic systems calculated from the above information is presented in Table 6.  The loads are summarized by community.  Cumulatively, septic system loads represent a potential load of E. coli to the shoreline waters of about 2.08E+11 counts/day.
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Figure 12. Seasonal factor representing the variation in residential septic loads.

Table 6. Estimated loading from residential septic systems along Lake Michigan Shoreline.

	Location
	Total Population (2000 census)
	Portion of Population on Septic Systems (1990 census)
	Portion of Population within 500 ft of shoreline
	Total Population served by septics within 500ft of shoreline
	Portion of Failing Septic Systems
	Estimated Daily E. coli Load (count/day)

	Beverly Shores
	798
	75%
	3%
	16
	5%
	2.10E+09

	Burns Harbor
	766
	82%
	1%
	6
	10%
	1.66E+09

	Dune Acres
	213
	98%
	1%
	2
	10%
	5.51E+08

	East Chicago
	32414
	< 1%
	1%
	1
	10%
	1.54E+08

	Long Beach
	1559
	86%
	11%
	148
	10%
	3.91E+10

	Michiana Shores
	330
	96%
	18%
	57
	10%
	1.52E+10

	Michigan City
	32900
	7%
	0%
	1
	10%
	3.54E+08

	Ogden Dunes
	1313
	95%
	30%
	376
	10%
	9.96E+10

	Portage
	33496
	8%
	1%
	26
	10%
	6.89E+09

	Town of Pines
	798
	97%
	5%
	39
	10%
	1.02E+10

	Whiting City
	5137
	< 1%
	15%
	2
	10%
	6.17E+08


4.2.3 Wildlife

Various species of wildlife have been identified as potentially significant sources of E. coli to the Lake Michigan shoreline, including deer, raccoons, and seagulls (Olyphant et al., 2003; Whitman et al., 2001).  One method to differentiate between human and non-human sources of bacteria is to use DNA fingerprinting of the E. coli bacteria present in the waterbody, and match the results with a library of E. coli strands.  This method allows for an estimation of the amount of E. coli coming from different species.  However, this methodology is not an available resource for this TMDL.  Another method is to estimate the wildlife population and the amount of E. coli that each organism may contribute and then compare those results to loads estimated from other sources.  This approach has been taken by this study using the following equation:

Average Load (count/day) = (Number of Animals) x (E. coli generation rate) x (Portion of day at shore)

Raccoons are found throughout Indiana.  They are most numerous where a good mixture of woodlands, cropland, and shallow water are found.  Under ideal conditions, raccoon populations can reach a density of one per acre.  Even in less favorable habitat, they still may exist at a density of about one raccoon per 40 acres (IDNR, 2004).  The total number of raccoons impacting the Lake Michigan shoreline was conservatively estimated by multiplying the total number of forested, wetland, residential, and agricultural acres within 1000 feet of the shoreline (i.e., 1700 acres) by one raccoon per acre.  Raccoons were assumed to generate 1.68E+08 counts/day of E. coli (ASAE, 1998) and spend approximately 10 percent of each day at the shoreline.  These assumptions resulted in an estimated load of E. coli from raccoons of 2.72E+10/day.

The white-tailed deer are Indiana’s sole representative of the family Cervidae, which includes mule deer, elk and moose.  White-tailed deer occupy both forest and non-forest habitat types throughout Indiana.  Population estimates are available from the Indiana Department of Natural Resources (IDNR, 2003) and indicate that an average density is 2 deer per 100 acres.  The deer were assumed to generate 4.3E+09 counts/day of E. coli (ASAE, 1998) and spend approximately 10 percent of each day at or near the shoreline.  These assumptions resulted in an estimated load of E. coli from deer of 1.47E+10 counts/day.

Seagulls are another potential source of E. coli to the Lake Michigan shoreline especially because, unlike deer and raccoons, they spend the majority of their time on the beach or in the near-shore waters.  Whitman et al. (2001) conducted a comprehensive study of E. coli conditions at the 63rd Street Beach in Chicago and identified seagulls as among the largest contributors.  The number of seagulls was found to be the lowest during the winter months (November to April) and highest in highest in the summer (June to August).  The average number of gulls for the entire season was about 500 per mile of shoreline.

Estimates of the number of seagulls in the Indiana portion of the Lake Michigan shoreline during the summer was made using the data reported by Whitman et al. (2001) and an E. coli generation rate of 5.4E+08 counts/day (Roll and Fujioka, 1997).  It was assumed that 10 percent of the load generated by the seagulls would reach the shoreline waters of Lake Michigan.  These assumptions resulted in an estimated average daily load of E. coli from seagulls of 1.16E+12 counts/day.

4.2.4 Swimmers, Beach Sands, and Algae

Swimmers, beach sands, and algae have been mentioned as potential sources of E. coli to the shoreline waters.  Potential pathways from swimmers include the use of beach restroom facilities and direct contact with the water.  Beach restroom facilities could contribute E. coli loads for the same reasons as residential septic systems (i.e., close proximity to the shoreline and high groundwater table).  Research has also suggested that E. coli can be shed from the body during swimming.   The mean amount of fecal material shed per swimmer has been reported as 0.14 grams (Gerba, 2000).

Recent research along the Lake Michigan shoreline has also found that E. coli can survive for extended periods of time in beach sands and algae.  A study published in August 2003 found that E. coli survived for over six months in sun-dried algal mats stored at 4°C and readily grew upon rehydration (Whitman et al., 2003).  Similar research indicates that E. coli can survive for extended periods in beach sands (Whitman et al., 2001).  These findings suggest that algae and beach sands can be a secondary habitat for E. coli and could potentially influence water quality along the shoreline when swimmers or wave action might release E. coli into the water column.   

Initial loading estimates from beach restroom facilities and swimmers were made using information from the Indiana Dunes National Lakeshore that indicates that approximately 10,750 persons visit the Lakeshore Beaches on an average day during the summer (June to August).  These initial loading estimates were revised during the model calibration process and a portion of the final load is assumed to include loads from beach sands and algae.  The relative magnitude of each of these sources is not known at this time and should be the topic of additional research.  The resulting estimated daily average loads from swimmers, beach restroom facilities, and sand/algae at each of the six major beaches are shown in Table 7. 

Table 7. Estimated daily average E. coli load from swimmers, beach sands, and algae.

	Location
	Daily Average Load (counts/day)

	Mt. Baldy
	1.85E+11

	Central Beach
	1.99E+11

	Kemil Road Beach
	5.30E+10

	Dune Acres Beach
	3.97E+10

	California Avenue Beach
	2.65E+10

	West Beach
	6.62E+10

	Total
	5.69E+11


4.2.5 Boaters

Boaters have also been mentioned as a potential source of E. coli even though federal and state laws generally prohibit the discharge of untreated sewage from any vessel in Lake Michigan or navigable tributary.  Because no information on the number of boaters, their typical locations along the shoreline, or their pumpout practices was identified during this study, best professional judgment was used to estimate the load at the Washington Harbor, Hammond Marina, and Robert A. Pastrick Municipal marinas.  It was assumed that 100 boaters used the harbor per day and that 10 percent of the generated E. coli waste reached the water.

4.2.6 Boundary Conditions

No data are available regarding E. coli counts at the boundary conditions of the Indiana shoreline (i.e., at the Illinois and Michigan borders and offshore).  The NOAA Great Lakes Environmental Research Laboratory, the EPA Great Lakes National Program Office, Illinois EPA, Michigan DEQ, and several other agencies were contacted for offshore E. coli data and none were identified.  The City of Chicago samples E. coli along the western shoreline as part of its Lake Survey Program but, despite numerous requests, these data were never made available for this study.  A constant value of 20 counts/100 mL for the boundary conditions was therefore assumed for modeling purposes based on the average 1999 data at two western monitoring locations (stations 113 and 114).  A sensitivity analysis was conducted to evaluate the effect of time-variable and higher E. coli counts, but little difference was noticed in the modeling results, especially a few miles away from the boundaries.  Due to the effects of dilution and decay, the model is only sensitive to loads very near the shoreline.
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5.0 Technical Approach

Establishing the relationship between water quality targets and source loadings is a critical component of TMDL development.  It allows for the evaluation of management options that will achieve the desired source load reductions.  The link can be established through a number of techniques, ranging from qualitative assumptions based on sound scientific principles to sophisticated modeling techniques.  In selecting an appropriate modeling platform to support management initiatives and development of TMDLs for the Indiana shoreline of Lake Michigan, the following criteria were considered and addressed (expanding on classification of Mao, 1992): 

•
Technical Criteria

•
Regulatory Criteria

•
User Criteria

Technical criteria refer to the model’s simulation of the physical system in question, including watershed and/or stream characteristics/processes and constituents of interest.  Regulatory criteria make up the constraints imposed by regulations, such as water quality standards or procedural protocol.  User criteria comprise the operational or economical constraints imposed by the end-user and include factors such as hardware/software compatibility and financial resources.  

To meet the objectives defined for the Lake Michigan shoreline TMDL, it was determined that development of a comprehensive hydrodynamic model was necessary to represent the significant fate and transport processes associated with E. coli in the shoreline waters of the lake.  Hydrodynamic fate and transport modeling studies are based upon four principles: (1) conservation of momentum, (2) conservation of mass and energy, (3) thermodynamics, and (4) ecological interactions and processes.  The modeling framework for E. coli was designed to represent the most important physical transport processes, pollutant loads, and physical, chemical, and biological processes representing the fate of the pathogens while maintaining mass balance.  This modeling study was designed to describe how releases of E. coli are transported and become distributed along the lakeshore.  The key components of the modeling framework are quantitative descriptions of (a) the inputs of E. coli, (b) water motion from physical transport, and (c) kinetic reactions that impact the fate of the E. coli.

E. coli loading from streams entering Lake Michigan was based on observed data.  Other sources quantified for the lakeshore model included wildlife, waterfowl, failing septic systems, swimmers, and boaters.  The reasons for selecting a comprehensive hydrodynamic model as the framework for this project include the following: 

· The model is able to incorporate the E. coli loads from the various sources including stream loads, wildlife and waterfowl loads, diffuse loads from leaking septic systems, and loads from boating activity.

· Storm loads due to rainfall intensity and runoff volume play an important role in E. coli loadings.  The model is able to provide adequate time-step estimation of flow and not over-simplify storm loading events.

· Different sources influence receiving waters in different ways and at different times (through different transport mechanisms).  For example, surface runoff from streams impacts the lakeshore most significantly during storm events whereas wildlife can impact the lakeshore waters during any time period.  The model is capable of incorporating these different loading mechanisms.

· The model represents the horizontal transport and dispersion of E. coli due to hydraulic and wind induced mechanisms as well as diffusive mechanisms in the 2-dimensional horizontal domain.

· Representation of the potential decay of E. coli due to natural processes (e.g., sunlight) is included in the model as a first-order decay term.

IDEM and its consultant selected the Environmental Fluid Dynamics Code (EFDC) as the modeling framework to be used to support TMDL development for the Lake Michigan shoreline.  The EFDC model (Hamrick, 1992) solves the vertically hydrostatic, free-surface, variable-density turbulent-averaged equations of motion and transport equations for turbulence intensity and length scale, salinity, and temperature in a stretched, vertical coordinate system, and either a Cartesian or curvilinear-orthogonal horizontal coordinate system.  Equations describing the transport of suspended sediment, toxic contaminants, water quality state variables, and E.coli may also be solved by EFDC.  Input data to drive the EFDC model include open boundary water surface elevations, wind speed and direction, atmospheric thermodynamic conditions, open boundary salinity and temperature, volumetric inflows, and inflowing concentrations of E. coli, and E. coli decay rate.  Model outputs include water surface elevation, horizontal velocities, salinity, temperature, and E. coli concentration.  EFDC was selected for this project because it best matches the required technical, regulatory, and user criteria described above and discussed in more detail in the modeling framework report (Tetra Tech, 2003c).

Development and application of the EFDC hydrodynamic fate and transport model to address the project objectives involved a number of important steps:

1. 
Development of computational grid for the waterbody

2. 
Configuration of key model components

3. 
Model calibration and validation

4. 
Model simulation for existing conditions and allocation scenarios

5.1 Computational Grid

The waters adjacent to the Lake Michigan shoreline were segmented into a computational grid for the EFDC model.  The grid extended from the Michigan-Indiana state line on the east to the Illinois-Indiana state line on the west, a distance of about 45 miles.  The grid also extended offshore a distance of about 2,000 meters from the Indiana shoreline.  The horizontal dimensions of an individual grid cell varied from about 200 meters in the western portion of the grid domain to about 100 meters in the eastern region.  The entire grid network consisted of 12,028 grid cells.  The grid-cell sizes were based on several factors including spatial resolution needed to resolve near-shore concentration gradients, model run time efficiency, and size of the study area.  Output data from the model, including water volumes and E. coli counts, is available for each grid cell, thus providing the flexibility to account for localized sources and conditions.  The EFDC model grid network for the entire shoreline domain is shown in Figure 13 and a closer view of the grid in the vicinity of Burns Ditch is shown in Figure 14.
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Figure 13. Model grid configuration for Lake Michigan Shoreline TMDL.

[image: image14.png]KILOMETERS




Figure 14. Grid configuration in vicinity of Burns Ditch.

5.2 Configuration of Key Model Components

Configuration of the EFDC model involved consideration of four major components:  waterbody representation (shoreline and bathymetry), meteorological data, hydrologic flows, and representation of E. coli loadings.  These components provide the basis for the model’s ability to estimate the fate and transport of E. coli.  Meteorological data essentially drive the hydrodynamic transport processes.  Specifically, wind speed and direction are key inputs to the EFDC transport algorithms.  Hydrologic and pollutant representation refers to the EFDC modules or algorithms used to simulate hydrologic processes (e.g., surface runoff and E. coli loading from storm events and diffuse sources).  Waterbody representation refers to the position of the shoreline and the bathymetry used to determine water depths and surface elevations at model boundaries that determine general circulation patterns in the waterbody. 

Meteorological data are a critical component of the model.  Appropriate representation of precipitation, wind speed, wind direction, atmospheric pressure, cloud cover, temperature, and relative humidity are required to develop a valid model.  These data provide necessary input to EFDC algorithms for hydrodynamic transport and water quality representation.  Meteorological data were accessed from a number of sources in an effort to develop the most representative dataset for the Lake Michigan shoreline study area.  Hourly meteorological data from the NOAA National Climatic Data Center (NCDC) weather station at Valparaiso Airport (WBAN 04846) were used for the atmospheric pressure, temperature, and rainfall input parameters.  Wind speed and direction measured at the Sanitary District of Michigan City WWTP were used for these two input parameters.

The hydrodynamic model of the near-shore waters required bathymetric data.  These data were obtained from the NOAA GeoDAS database of hydrographic survey data.  The GeoDAS data provided over 80,000 individual hydrographic soundings within the study area covered by the EFDC model.  The hydrographic data was used to determine the characteristic depth of each individual grid cell in the EFDC model.  Grid cell depths ranged from 0.7 meters at the shoreline to over 18 meters in some areas located 2,000 meters offshore.

5.3 Model Calibration

Model calibration of the Lake Michigan shoreline EFDC hydrodynamic model was performed after configuring the model using bathymetric, meteorologic, hydrologic, and E. coli loading data for the 1999 beach recreation season (April 1 to October 31).  The only internal model parameter adjusted during the calibration process was the bacteria decay rate.  A series of sensitivity runs were made in which the decay rate was varied from 0.0 to 2.0/day.  A decay rate of 1.5/day was selected as providing the best model-data comparison when viewing time-series graphs at the shoreline bacteria monitoring stations.

Long-term water surface elevation data has been collected at station 9087044 in Calumet Harbor, Illinois, which is just west of the western boundary of the model grid.  A comparison of the model water surface elevation at station 112 (Indiana Harbor and Ship Canal) with the observed water level at Calumet Harbor is shown in Figure 15.  The model agrees reasonably well with the observations during the calibration period (April 1 to Oct 31, 1999).  Short-term variations between model and observations may be primarily due to the wind speed and direction data used in the model that were measured at Michigan City near the eastern end of the model whereas the Calumet Harbor water level station was located about 50 miles to the west. 

Current flows in Lake Michigan have been studied for years, but many properties of seasonal circulation remain unreported because of the variable nature of lake currents.  This variability requires costly long-term measurement programs to reliably estimate mean values.  In contrast to the relatively stable ocean gyres, Lake Michigan currents lack persistence and depend more on short-term atmospheric forcing because of the relatively small size of the lake basin.  Storm induced currents in Lake Michigan can be quite strong (up to 20 cm/sec or more), but the average currents are fairly weak throughout most seasons of the year with averages ranging generally from less than 1 cm/sec to 3 cm/sec along the southern shoreline during the summer (Beletsky et al., 1999).  Since current velocity information within the model domain was not available during the calibration period, it was not possible to compare model current velocities with observations.  The average model current velocity along the immediate shoreline during the calibration period was about 1.5 cm/sec with maximum current velocities of about 6.0 cm/sec.  These values generally concur with the information in Beletsky et al. (1999).

The water quality calibration for E. coli consisted of executing the hydrodynamic fate and transport model, comparing the E. coli time-series output to available observation data, and adjusting pollutant loading and in-lake water quality parameters within a reasonable range.  The calibration objective was to best simulate summertime conditions at water quality monitoring stations representative of different beaches in the lakeshore study area.  The 30-day geometric mean of the model results were compared with the 30-day geometric mean of the observation data at all 22 beach monitoring stations.  These time-series model-data comparison graphs are presented in Figures A-01 to A-22 in Appendix A.  The model replicates the observations reasonably well at all locations and predicts violations of the geometric mean water quality standards at the appropriate monitoring locations. 
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Figure 15. Model and observed water surface elevation during calibration period.

6.0 Allocations

 SEQ CHAPTER \h \r 1A TMDL is the total amount of a pollutant that can be assimilated by the receiving water while still achieving water quality standards.  TMDLs can be expressed in terms of mass per time or by other appropriate measures.  TMDLs are composed of the sum of individual waste load allocations (WLAs) for point sources and load allocations (LAs) for nonpoint sources and natural background levels.  In addition, the TMDL must include a margin of safety (MOS), either implicitly or explicitly, that accounts for the uncertainty in the relationship between pollutant loads and the quality of the receiving waterbody.  Conceptually, this is defined by the equation:

                                         TMDL = WLAs + LAs  + MOS
To develop E. coli TMDLs for the Lake Michigan shoreline, the following approach was taken:

· Simulate baseline conditions

· Simulate loading allocation scenario #1 in which all tributary E. coli counts above the water quality standard were reduced to the water quality standard (125 counts/100mL)

· Simulate loading allocation scenario #2 in which all tributary loads were reduced as noted in alternative #1 and all residential septic loads, swimmer loads at public restrooms, and boating activity loads were reduced by 80 percent.

· Simulate loading allocation scenario #3 in which all tributary loads were reduced as per scenario #1 plus an 80 percent reduction was made to swimmer/restroom/beach sands loads only at Central Beach and Mt. Baldy Beach (i.e., no reductions were made to residential septic loads, swimmer loads at other beaches, or boating activity loads).

· Determine the TMDL and source allocations.

Components of the TMDLs for E. coli are presented in terms of organism counts per recreation season in this report.

6.1 Baseline Conditions tc "5.1  Baseline Conditions " \l 2
The calibrated model provided the basis for performing the allocation analysis and was first used to project baseline conditions.  The meteorology and hydrology for the baseline conditions were assumed to be the same as for the 1999 calibration period.  Baseline conditions represent existing nonpoint source loading conditions and permitted point source discharge conditions.  Since no point sources discharge directly to the lake, point source discharges are zero.  The baseline conditions allow for an evaluation of in-lake water quality under the typical conditions scenario. 

The E. coli loadings for the various tributary sources to the lake were simulated at the 1999 calibration concentration levels.  E. coli loadings from wildlife, septic systems, and boaters were also simulated at the same levels as during the 1999 calibration period.

The recreation season is defined as April 1 to October 31.  Average recreation season E. coli loadings associated with baseline conditions were calculated using the various source loadings of E. coli that discharge to Lake Michigan shoreline waters.  The total counts over the recreation season were calculated by summing the predicted daily flow (L) multiplied by the concentration (counts/L).  The baseline loads for each source are listed in Table 8.

6.2 TMDLs and Source Allocations tc "5.2  TMDLs and Source Allocations " \l 2
Simulation of baseline conditions provided the basis for evaluating the lake shoreline response to variations in source contributions.  Three allocation scenarios were evaluated: 

Scenario #1: 
reduction of all tributary peak concentrations to the water quality standard of 125 counts/100mL;

Scenario #2: 
reduction of tributary loads as per scenario #1 plus an 80 percent reduction of all residential septic loads, swimmer loads, beach sand/algae loads, and boater loads;

Scenario #3: 
reduction of all tributary loads as per scenario #1 plus an 80 percent reduction to the swimmer loads, beach sands/algae loads only at Central Beach and Mt. Baldy Beach (i.e., no reductions were made to residential septic loads, swimmer, beach sand, or algae loads at other beaches, or boating activity loads).

The model simulation results for the first allocation scenario revealed that the dominant source of E. coli was the tributaries (see Figures B01 to B22 in Appendix B and Figures C01 to C22 in Appendix C).  When the tributary loads were reduced in scenario #1, the TMDL targets for both the30-day geometric mean and never-to-exceed standards were achieved at all beach monitoring locations except for Central Beach and Mt. Baldy Beach.  Reducing the septic system loads by 80 percent in scenario #2 resulted in the achievement of the water quality standards at both Central Beach and Mt. Baldy Beach.  Reducing only the swimmer, beach sands, and algae loads at Central Beach and Mt. Baldy Beach in scenario #3 also resulted in the achievement of the water quality standards at all beach monitoring locations. 
6.3 Waste Load Allocations (WLAs) tc "5.2.1  Wasteload Allocations (WLAs) " \l 3
There are no permitted NPDES facilities requiring waste load allocations (WLAs) in the Lake Michigan study area.  Therefore, no WLAs are presented in this report.

6.4 Load Allocations (LAs) tc "5.2.2  Load Allocations (LAs) " \l 3
Load allocations (LAs) were made for the following dominant nonpoint source categories:

· Tributaries

· Residential Septic Systems

· Swimmers, Beach Sands, and Algae

· Boating Activity

· Wildlife

The LAs are summarized in Table 8, which is based on scenario #3.  The LAs are presented on a recreation-season basis (April 1 to October 31) and were developed to meet TMDL targets under a range of conditions observed throughout the recreation season.

Table 8. Allocations for the Lake Michigan E. coli TMDL.

	Source
	Baseline Load (counts/rec season)
	LA

(counts/rec season)
	MOS (counts/rec season)
	TMDL = WLA + LA + MOS

(counts/rec season)
	Percent Reduction

	Tributary Loads

	Indiana Harbor Ship Canal
	7.66E+13
	5.96E+13
	3.13E+12
	6.27E+13
	18.1%

	Burns Ditch
	7.59E+14
	1.65E+14
	8.71E+12
	1.74E+14
	77.1%

	Dunes Creek
	1.15E+14
	1.16E+13
	6.08E+11
	1.22E+13
	89.4%

	Derby Ditch
	6.19E+13
	5.59E+12
	2.94E+11
	5.88E+12
	90.5%

	Kintzele Ditch
	6.33E+13
	1.34E+13
	7.05E+11
	1.41E+13
	77.7%

	Trail Creek
	2.38E+14
	4.23E+13
	2.23E+12
	4.45E+13
	81.3%

	White Creek
	1.45E+13
	1.37E+13
	7.23E+11
	1.45E+13
	0.0%

	Residential Septic Systems 

	Beverly Shores
	1.05E+12
	1.05E+12
	0.00E+00
	1.05E+12
	 0.0%

	Burns Harbor
	7.88E+11
	7.88E+11
	0.00E+00
	7.88E+11
	 0.0%

	Dune Acres
	2.63E+11
	2.63E+11
	0.00E+00
	2.63E+11
	 0.0%

	East Chicago
	1.31E+11
	1.31E+11
	0.00E+00
	1.31E+11
	 0.0%

	Long Beach
	1.94E+13
	1.94E+13
	0.00E+00
	1.94E+13
	 0.0%

	Michiana Shores
	7.49E+12
	7.49E+12
	0.00E+00
	7.49E+12
	 0.0%

	Michigan City
	1.31E+11
	1.31E+11
	0.00E+00
	1.31E+11
	 0.0%

	Ogden Dunes
	4.94E+13
	4.94E+13
	0.00E+00
	4.94E+13
	 0.0%

	Portage
	3.41E+12
	3.41E+12
	0.00E+00
	3.41E+12
	 0.0%

	Town of Pines
	5.12E+12
	5.12E+12
	0.00E+00
	5.12E+12
	 0.0%

	Whiting City
	2.63E+11
	2.63E+11
	0.00E+00
	2.63E+11
	 0.0%

	Swimmers, Beach Sands, and Algae at Public Beaches 

	Mt. Baldy Beach
	2.91E+13
	5.08E+12
	7.39E+11
	5.82E+12
	80.0%

	Central Beach
	3.12E+13
	4.02E+12
	2.22E+12
	6.24E+12
	80.0%

	West Beach
	6.68E+12
	6.68E+12
	0.00E+00
	6.68E+12
	 0.0%

	Kemil Road Beach
	5.36E+12
	5.36E+12
	0.00E+00
	5.36E+12
	 0.0%

	Dune Acres Beach
	4.02E+12
	4.02E+12
	0.00E+00
	4.02E+12
	 0.0%

	California Avenue Beach
	2.67E+12
	2.67E+12
	0.00E+00
	2.67E+12
	 0.0%


Table 8.  Allocations for the Lake Michigan E. coli TMDL (continued).

	Source
	Baseline Load (counts/rec season)
	LA

(counts/rec season)
	MOS (counts/rec season)
	TMDL = WLA + LA + MOS

(counts/rec season)
	Percent Reduction

	Boating Activity 

	Washington Harbor Marina
	4.24E+12
	0.00E+00
	4.24E+12
	4.24E+12
	 0.0%

	East Chicago Marina
	4.24E+12
	0.00E+00
	4.24E+12
	4.24E+12
	 0.0%

	Hammond Marina
	4.24E+12
	0.00E+00
	4.24E+12
	4.24E+12
	 0.0%

	Wildlife 

	Seagulls
	2.48E+14
	2.48E+14
	0.00E+00
	2.48E+14
	0.0%

	Raccoons
	5.82E+12
	5.82E+12
	0.00E+00
	5.82E+12
	0.0%

	Deer
	3.15E+12
	3.15E+12
	0.00E+00
	3.15E+12
	0.0%

	   

	Total
	1.76E+15
	6.97E+14
	1.94E+13
	7.16E+14
	59.4%


7.0 Margin of Safety tc "5.2.3.  Margin of Safety " \l 3
Section 303(d) of the Clean Water Act and EPA’s regulations at 40 CFR 130.7 require that “TMDLs shall be established at levels necessary to attain and maintain the applicable narrative and numeric water quality standards with seasonal variations and a margin of safety (MOS) which takes into account any lack of knowledge concerning the relationship between limitations and water quality.”  The margin of safety can either be implicitly incorporated into conservative assumptions used to develop the TMDL or added as a separate explicit component of the TMDL (USEPA, 1991).

The model results for scenario #1 indicate that if the E. coli water quality standard of 125/100mL is achieved in all tributaries, then water quality standards will also be achieved at all beach monitoring locations except for Central Beach and Mt. Baldy Beach.  To protect the water quality standards at these two beaches, an 80 percent reduction in swimmer loads was stipulated in scenario #3.  From the time-series graphs shown in Appendices B and C, it is apparent that there is a substantial margin of safety between the water quality standard and the model results of scenario #3 at all 22 beach monitoring locations.  The MOS relative to the water quality standard, was calculated as:

MOS 
= (1 – C / Cwqs) x (100%)

where

C 
= maximum E. coli concentration from scenario #3 model simulation



Cwqs
= water quality standard concentration

The MOS varies in magnitude depending on beach location.  For example, the MOS was calculated as 12.7 percent at Central Beach, 22.3 percent at Burns Ditch mouth, 35.6 percent at Mt. Baldy, and 73.4 percent at State Park East Beach.
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8.0 Seasonal Variation tc "5.2.4  Seasonal Variation " \l 3
A TMDL must consider seasonal variation in the derivation of the allocation.  By using continuous simulation (modeling over an appropriate period of time), seasonal variations in hydrologic conditions and source loadings were inherently taken into account.  The E. coli counts calculated on an hourly time step by the model were compared to the 30-day geometric mean and never-to-exceed TMDL targets.  An allocation that would meet these targets throughout the recreation season was developed from the model simulation results.
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9.0 Public Participation

Public participation is an important and required component of the TMDL development process.  The following public meetings have been held in the watershed to discuss this project:

· A Kickoff Meeting was held in Portage on July 25, 2002 during which IDEM described the TMDL Program and the scope of the Lake Michigan and tributary TMDLs.

· A Data Summary meeting was held in Portage on December 10, 2002 during which IDEM and its consultant provided a summary of the proposed approach to TMDL development and reviewed the available E. coli data.

· A Source Assessment and Modeling Framework Meeting was held in Portage on November 6, 2003 during which IDEM and its consultant described the results of the effort to quantify potential sources of E. coli in the watershed and described the modeling framework that was to be used to develop the TMDL.

· A Model Overview Meeting was held in Portage on December 15, 2003 to discuss how the modeling approaches for the Lake Michigan and tributary TMDLs relate to one another.

· A Draft TMDL Meeting was held in Portage on June 23, 2004 to present the results of the draft TMDL report.

IDEM also accepted written comments on the draft TMDL report for a period of 30 days.
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10.0   Implementation

The analysis conducted for this TMDL indicates the need for significant reductions in E. coli loading to meet water quality standards.  The most significant sources of E. coli are tributary loadings and TMDLs are being developed to address how loads from these tributaries can be reduced.  Other sources of E. coli loading to the shoreline include residential septic systems, boaters, swimmers, beach sands and algae, and wildlife.  Reduction of loads from controllable sources will require a voluntary approach and the implementation of a variety of best management practices (BMPs).  Many efforts in the watershed are already underway and future activities should build on this foundation.  Among the activities that should receive the highest priority are the following:

· Implementation of tributary TMDLs to achieve water quality standards, including efforts to reduce E. coli loads associated with combined sewer overflows, septic systems, and livestock.

· Continue efforts to reduce loads from septic systems through public education and maintenance/replacement programs.

· Continue efforts to reduce E. coli loads associated with boat pumpouts.

In addition, ongoing research should be conducted to continue to build an understanding of the origin and fate of E. coli along Indiana’s Lake Michigan shoreline.  The model developed for this study offers yet another tool to continue to enhance management of the shoreline.  The following efforts would be especially worthwhile in improving the utility of the model:

· Obtain better data on E. coli conditions in the offshore waters and at the state boundaries.

· Continue research into the effect of beach sands and algae on shoreline water quality.

· Obtain better data on current flows along the Lake Michigan shoreline.

· Obtain better data on the potential for beach restroom facilities to affect shoreline water quality.
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Appendix A – Model Calibration Results

30-day geometric mean concentrations at 22 beach monitoring stations

Appendix B – 30-day Geometric Mean TMDL Target

30-day Geometric Model Allocation Results for:

· Baseline Condition

· Scenario #1: 
reduction of all tributary peak concentrations to the water quality standard of 125 counts/100mL;

· Scenario #2: 
reduction of tributary loads as per scenario #1 plus an 80 percent reduction of all residential septic loads, swimmer loads, beach sand/algae loads, and boater loads;

· Scenario #3: 
reduction of all tributary loads as per scenario #1 plus an 80 percent reduction to the swimmer loads, beach sands/algae loads only at Central Beach and Mt. Baldy Beach (i.e., no reductions were made to residential septic loads, swimmer, beach sand, or algae loads at other beaches, or boating activity loads).

Appendix C – Never-To-Exceed TMDL Target

Daily Maximum Model Allocation Results for:

· Baseline Condition

· Scenario #1: 
reduction of all tributary peak concentrations to the water quality standard of 125 counts/100mL;

· Scenario #2: 
reduction of tributary loads as per scenario #1 plus an 80 percent reduction of all residential septic loads, swimmer loads, beach sand/algae loads, and boater loads;

· Scenario #3: 
reduction of all tributary loads as per scenario #1 plus an 80 percent reduction to the swimmer loads, beach sands/algae loads only at Central Beach and Mt. Baldy Beach (i.e., no reductions were made to residential septic loads, swimmer, beach sand, or algae loads at other beaches, or boating activity loads).

Appendix D – Summary of E. coli Monitoring at Shoreline Stations

	Station ID
	Site
	Description
	Count
	Period of Record
	Observed E. coli  (cfu/100ml)

	
	
	
	
	From
	To
	Average
	Min
	Max

	1001
	Lake Street Beach
	Lakestreet Beach
	187
	May-84
	Sep-01
	52
	1
	2,100

	1002
	Marquette Park Beach
	Marquette Park Beach
	17
	May-01
	Sep-01
	30
	2
	173

	110
	Indiana Harbor Canal
	 IHSC at Dickey Rd
	91
	Apr-98
	Oct-00
	50
	0
	40,000

	111
	Indiana Harbor Canal
	IHSC at  Mouth
	91
	Apr-98
	Oct-00
	5
	0
	900

	112
	Indiana Harbor Canal
	NE Corner  Indiana Harbor
	91
	Apr-98
	Oct-00
	4
	0
	80

	113
	Lake Michigan
	Lake Mich at Hamd Mra
	91
	Apr-98
	Oct-00
	9
	0
	1,000

	114
	Lake Michigan
	Lake Mich at Whtng Park
	91
	Apr-98
	Oct-00
	7
	0
	1,200

	115
	Lake Michigan
	Lake Mich at USS Slip
	91
	Apr-98
	Oct-00
	2
	0
	24

	223
	Burns Ditch
	Burns  Waterway at US 12
	134
	Apr-98
	Oct-01
	148
	0
	20,700

	225
	Burns Ditch
	Burns  Harbor At Mouth
	113
	Apr-98
	Oct-01
	128
	0
	18,800

	226
	West Beach
	West Beach
	350
	May-84
	Jul-02
	30
	0
	5,000

	227
	Ogden Dunes Beach
	Ogden Dunes Beach
	340
	May-84
	Jul-02
	28
	0
	40,000

	228
	Lake Michigan
	L. Mich at Port of Indiana
	91
	Apr-98
	Oct-00
	30
	0
	880

	301
	Derby Ditch
	Derby Ditch at Mouth
	172
	Apr-98
	Jul-02
	487
	0
	40,000

	302
	Dunes Creek
	Dunes Creek at Mouth
	173
	Apr-98
	Jul-02
	505
	0
	40,000

	303
	Dune Acres Beach
	Dune Acres Beach
	176
	Apr-98
	Jul-02
	24
	0
	358

	304
	Porter Beach
	Porter Beach
	349
	May-84
	Jul-02
	26
	0
	941

	305
	St Park West Beach
	St.Park W Beach
	339
	Jul-84
	Jul-02
	80
	0
	40,000

	306
	St Park East Beach
	StPark E Beach
	284
	May-89
	Jul-02
	73
	0
	2,068

	307
	Kemil Road Beach
	Kemil Road Beach
	354
	May-84
	Jul-02
	25
	0
	800

	308
	Kintzele Ditch
	Kintzele Ditch at Mouth
	155
	Apr-98
	Jul-02
	348
	0
	40,000

	309
	Lakeview Beach
	Lakeview Beach
	354
	May-84
	Jul-02
	40
	0
	40,000

	310
	Central Beach
	Central Beach
	355
	May-84
	Jul-02
	40
	0
	40,000

	311
	Mount Baldy Beach
	Mt. Baldy
	362
	May-84
	Jul-02
	47
	0
	40,000

	313
	Dunbar Beach
	Dunbar
	187
	Apr-98
	Jul-02
	62
	0
	716

	407
	Trail Creek
	Trail Creek at East St.
	27
	May-01
	Oct-01
	500
	110
	8,300

	408
	Trail Creek
	Trail Crk at Franklin St.
	118
	Apr-98
	Oct-01
	185
	10
	16,600

	410
	Washington Park Beach
	Washington
	296
	May-84
	Sep-01
	54
	0
	966

	413
	California Avenue Beach
	California Avenue Beach
	129
	Apr-98
	Sep-01
	38
	0
	418

	414
	Long Beach
	Long Beach Stop 24
	128
	Apr-98
	Sep-01
	16
	0
	411

	416
	Michiana Shores Beach
	Michiana Shrs Bea. Stop 37
	128
	Apr-98
	Sep-01
	15
	0
	40,000

	LMG020-0006
	Lake Michigan
	Raw Water, Whiting Waterworks
	75
	Jan-91
	Mar-98
	10
	0
	300

	LMG020-0008
	Lake Michigan
	Raw Water, E Chicago Waterworks
	88
	Jan-90
	Nov-00
	10
	0
	2,400

	LMG020-0009
	Lake Michigan
	Raw Water, Northwest Indiana Water Company (Gary), Borman Pk Treatment Plant
	97
	Jan-90
	Nov-00
	480
	0
	4,000

	LMG020-0010
	Lake Michigan
	Raw Water, Hammond Waterworks
	84
	May-90
	Mar-98
	30
	0
	960

	LMG020-0013
	Lake Michigan
	Raw Water, Northwest Indiana Water Company, Ogden Dunes Treatment Plant
	33
	Feb-97
	Nov-00
	15
	0
	1,100

	LMG020-0014
	Wolf Lake
	Culvert at State Line Rd at End of 129th St in Hammond
	64
	Mar-91
	Mar-98
	25
	0
	900

	LMG070-0004
	Lake Michigan
	Raw Water, Michigan City Waterworks
	91
	Jan-90
	Dec-00
	25
	0
	2,000


















































� In l995, EPA and the Great Lakes states agreed to a comprehensive plan to restore the health of the Great Lakes. The Final Water Quality Guidance for the Great Lakes System, also known as the Great Lakes Initiative, includes criteria for states to use when setting water quality standards for 29 pollutants, including bioaccumulative chemicals of concern, and prohibits the use of mixing zones for these toxic chemicals.


� Because the counts of E. coli can be so large, scientific notation is typically used to express them.  Scientific notation is a method scientists have developed to express very large numbers.  Scientific notation is based on powers of the base number 10.  The number 10,000,000 is written as 1 x 107 or 1E+7.
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		138.5

		139.5

		140.5

		141.5

		142.5

		143.5

		144.5

		145.5

		146.5

		147.5

		148.5

		149.5

		150.5

		151.5

		152.5

		153.5

		154.5

		155.5

		156.5

		157.5

		158.5

		159.5

		160.5

		161.5

		162.5

		163.5

		164.5

		165.5

		166.5

		167.5

		168.5

		169.5

		170.5

		171.5

		172.5

		173.5

		174.5

		175.5

		176.5

		177.5

		178.5

		179.5

		180.5

		181.5

		182.5

		183.5

		184.5

		185.5

		186.5

		187.5

		188.5

		189.5

		190.5

		191.5

		192.5

		193.5

		194.5

		195.5

		196.5

		197.5

		198.5

		199.5

		200.5

		201.5

		202.5

		203.5

		204.5

		205.5

		206.5

		207.5

		208.5

		209.5

		210.5

		211.5

		212.5

		213.5

		214.5

		215.5

		216.5

		217.5

		218.5

		219.5

		220.5

		221.5

		222.5

		223.5

		224.5

		225.5

		226.5

		227.5

		228.5

		229.5

		230.5

		231.5

		232.5

		233.5

		234.5

		235.5

		236.5

		237.5

		238.5

		239.5

		240.5

		241.5

		242.5

		243.5

		244.5

		245.5

		246.5

		247.5

		248.5

		249.5

		250.5

		251.5

		252.5

		253.5

		254.5

		255.5

		256.5

		257.5

		258.5

		259.5

		260.5

		261.5

		262.5

		263.5

		264.5

		265.5

		266.5

		267.5

		268.5

		269.5

		270.5

		271.5

		272.5

		273.5

		274.5

		275.5

		276.5

		277.5

		278.5

		279.5

		280.5

		281.5

		282.5

		283.5

		284.5

		285.5

		286.5

		287.5

		288.5

		289.5

		290.5

		291.5

		292.5

		293.5

		294.5

		295.5

		296.5

		297.5

		298.5

		299.5

		300.5

		301.5

		302.5

		303.5

		304.5

		305.5

		306.5

		307.5

		308.5

		309.5

		310.5

		311.5

		312.5

		313.5

		314.5

		315.5

		316.5

		317.5

		318.5

		319.5

		320.5

		321.5

		322.5

		323.5

		324.5

		325.5

		326.5

		327.5

		328.5

		329.5

		330.5

		331.5

		332.5

		333.5

		334.5

		335.5

		336.5

		337.5

		338.5

		339.5

		340.5

		341.5

		342.5

		343.5

		344.5

		345.5

		346.5

		347.5

		348.5

		349.5

		350.5

		351.5

		352.5

		353.5

		354.5

		355.5

		356.5

		357.5

		358.5

		359.5

		360.5

		361.5

		362.5

		363.5

		364.5

		365.5



Julian Day

Factor

Septic Seasonal Factor

1

1

1

1

1

1

1

1

1

1

1

1

1.0000000001

1.0000000001

1.0000000003

1.0000000005

1.0000000009

1.0000000016

1.0000000028

1.0000000045

1.0000000073

1.0000000115

1.0000000178

1.000000027

1.0000000403

1.0000000592

1.0000000858

1.0000001226

1.0000001731

1.0000002416

1.0000003336

1.000000456

1.0000006174

1.0000008285

1.0000011026

1.0000014556

1.0000019073

1.0000024816

1.0000032069

1.0000041178

1.0000052553

1.0000066681

1.0000084141

1.0000105612

1.0000131895

1.0000163924

1.0000202791

1.0000249764

1.0000306311

1.000037413

1.0000455176

1.0000551694

1.0000666255

1.0000801798

1.0000961671

1.000114968

1.0001370144

1.0001627949

1.0001928613

1.0002278356

1.0002684172

1.0003153908

1.0003696361

1.0004321363

1.0005039889

1.0005864169

1.0006807808

1.0007885911

1.0009115227

1.0010514296

1.001210361

1.0013905782

1.001594573

1.0018250873

1.0020851337

1.0023780176

1.0027073608

1.0030771259

1.003491643

1.0039556367

1.004474256

1.005053104

1.0056982701

1.0064163635

1.0072145476

1.0081005758

1.0090828289

1.0101703527

1.0113728973

1.0127009564

1.0141658074

1.0157795516

1.0175551535

1.0195064806

1.0216483408

1.0239965191

1.0265678111

1.0293800539

1.0324521533

1.0358041053

1.0394570127

1.0434330939

1.0477556845

1.0524492282

1.0575392579

1.063052363

1.0690161446

1.0754591527

1.0824108084

1.0899013053

1.0979614915

1.1066227288

1.1159167292

1.1258753657

1.136530459

1.1479135364

1.1600555665

1.1729866665

1.1867357855

1.2013303653

1.2167959793

1.2331559556

1.2504309862

1.2686387281

1.2877934025

1.3079053991

1.3289808916

1.3510214744

1.3740238278

1.3979794217

1.4228742652

1.4486887128

1.4753973335

1.5029688508

1.5313661596

1.5605464238

1.5904612588

1.6210569969

1.652275037

1.6840522728

1.7163215942

1.7490124542

1.7820514909

1.8153631928

1.8488705958

1.8824959967

1.9161616705

1.9497905771

1.9833070445

2.0166374151

2.049710646

2.0824588516

2.1148177834

2.1467272392

2.1781314002

2.2089790929

2.2392239766

2.26882466

2.2977447473

2.3259528217

2.3534223707

2.3801316591

2.4060635579

2.4312053351

2.4555484162

2.479088121

2.5018233833

2.5237564595

2.5448926316

2.5652399099

2.5848087388

2.6036117106

2.6216632886

2.6389795437

2.6555779049

2.6714769253

2.6866960657

2.7012554943

2.7151759037

2.7284783456

2.7411840811

2.753314448

2.7648907426

2.7759341163

2.7864654859

2.796505456

2.8060742537

2.8151916729

2.8238770297

2.8321491249

2.8400262158

2.8475259944

2.8546655715

2.861461467

2.8679296045

2.8740853102

2.8799433156

2.8855177628

2.8908222132

2.8958696575

2.9006725278

2.9052427117

2.9095915668

2.9137299365

2.9176681664

2.9214161213

2.9249832018

2.9283783623

2.9316101279

2.9346866116

2.9376155313

2.9404042268

2.9430596758

2.9455885101

2.9479970314

2.9502912262

2.9524767804

2.9545590939

2.9565432937

2.9584342475

2.9602365761

2.9619546656

2.9635926792

2.9651545681

2.966644082

2.9680647797

2.9694200386

2.9707130637

2.9719468969

2.9731244249

2.9742483875

2.9753213849

2.9763458855

2.9773242318

2.9782586479

2.9791512451

2.9800040278

2.9798637829

2.9781254518

2.9762470392

2.9742182279

2.9720280431

2.9696648222

2.9671161857

2.9643690084

2.9614093914

2.9582226357

2.9547932183

2.9511047698

2.9471400558

2.9428809618

2.9383084828

2.9334027182

2.9281428728

2.9225072657

2.9164733471

2.9100177247

2.9031162009

2.8957438223

2.8878749421

2.8794832975

2.8705421028

2.86102416

2.8509019873

2.8401479683

2.8287345201

2.8166342839

2.8038203365

2.7902664236

2.7759472144

2.7608385772

2.7449178734

2.7281642694

2.7105590629

2.6920860204

2.6727317219

2.6524859086

2.6313418264

2.6092965615

2.5863513585

2.5625119169

2.5377886548

2.5121969359

2.4857572493

2.4584953357

2.4304422546

2.4016343847

2.372113354

2.3419258964

2.3111236331

2.279762778

2.2479037711

2.215610842

2.1829515107

2.1499960335

2.1168168015

2.0834877062

2.0500834794

2.0166790241

1.983348746

1.9501658998

1.9172019617

1.8845260397

1.8522043307

1.8202996331

1.7888709224

1.7579729928

1.7276561689

1.6979660889

1.668943558

1.640624469

1.613039789

1.5862156047

1.5601732227

1.5349293175

1.5104961205

1.4868816442

1.4640899331

1.4421213362

1.4209727942

1.4006381351

1.381108374

1.3623720113

1.3444153262

1.3272226615

1.3107766967

1.2950587083

1.280048814

1.2657262011

1.2520693369

1.239056163

1.2266642701

1.2148710572

1.2036538732

1.1929901422

1.1828574737

1.1732337586

1.1640972511

1.1554266385

1.1472010994

1.1394003514

1.1320046894

1.1249950151

1.1183528593

1.112060397

1.106100457

1.1004565256

1.0951127463

1.0900539155

1.0852654751

1.0807335017

1.0764446938

1.0723863574

1.0685463897

1.0649132614

1.0614759988

1.0582241643

1.0551478377

1.0522375956

1.0494844925

1.0468800407

1.0444161907

1.0420853124

1.0398801756

1.0377939325



Calc

		Calculate loading in kg/day from flow and concentration:

		Flow Rate		1.300000		MGD								Flow Rate		6.381		MGD

		Flow Rate		2.0114		cfs								Flow Rate		9.872800		cfs

		Flow Rate		0.0570		m3/sec								Flow Rate		0.2796		m3/sec

		Flow Rate		4,921,039.606		L/day								Flow Rate		24,154,551		L/day

		Concentration =		15.000		mg/L								Concentration =		7.340		mg/L

		Loading rate =		73.816		kg/day								Loading rate =		1.773E+02		kg/day

				7.382E+07		mg/day

		Loading rate =		162.736		lb/day								Loading rate =		390.869		lb/day

				6.7807		lb/hour										16.2862		lb/hour

		0.0200		1.476E+00		LPOP

		0.0200		1.476E+00		RPOP

		0.0400		2.953E+00		DOP

		0.9200		6.791E+01		PO4T

								mg/L		MAX mg/L

				7.382E+01		NH3		15.00

		0.2962				NO2		4.44

		157.2				NO3		2358.00

				9.842E+01		NO2+NO3		20.00		20

		222.3		1.476E+02		TN		30.00		30

				-2.461E+01		TON		-5.00

		0.25		-6.151E+00		LPON

		0.25		-6.151E+00		RPON

		0.5		-1.230E+01		DON

						TKN		10.00





CBODu_CBOD5

		Calculates CBOD decay rate (Kd) from CBODu and CBOD5

		2.25		<-- Enter CBODu

		1		<-- Enter CBOD5

		2.250		Calculated CBODu:CBOD5 ratio

		0.2		<-- Adjust Kd here

		1.582		<== until this matches calculated CBODu:CBOD5





WQPSL

		Calculate loading in kg/day from flow and concentration for WQPSL.inp file:																						Dredge flow calculation:

																								no. cells =		9

		Flow Rate		21.831		MGD																		width =		20		m

		Flow Rate		33.7778		cfs				Layer flow multipliers:														depth =		3.048		m

		Flow Rate		0.9566		m3/sec				0.100		0.150		0.200		0.250		0.300		1.000				XC Area =		548.64		m2

		Flow Rate		82,639,885		L/day				8,263,989		12,395,983		16,527,977		20,659,971		24,791,966						Flow =		304		cfs

																										8.6093		cms

		Concentration =		1.000		mg/L																		Avg Vel =		1.57		cm/sec

																								q per cell =		0.9566		cms

		Loading rate =		82.640		kg/day

		Chla conc (ug/L) =		0.0		0.0		2.0

		CCHL ratio =		0.060		0.060		0.060																		0.1

		Concentrations (mg/L)		Bc		Bd		Bg		RPOC		LPOC		DOC		RPOP								1.00000		32.33		2910

				LPOP		DOP		PTO4		RPON		LPON		DON		NH4								193.50000		32.33		2910

				NO3		SU		SA		COD		DO		TAM		FCB								194.50000		33.78		3040

				0.0000		0.0000		0.1200		1.0000		1.0000		2.0000		0.0050								195.50000		34.11		3070

				0.0050		0.0100		0.0300		0.3000		0.3000		0.6000		0.1000								196.50000		23.89		2150

				0.6000		0.0000		0.0000		0.0000		6.8600		0.0000		0.0000								197.50000		28.56		2570

																								198.50000		26.89		2420

		Loads (kg/day)		Bc		Bd		Bg		RPOC		LPOC		DOC		RPOP								199.50000		27.67		2490

				LPOP		DOP		PTO4		RPON		LPON		DON		NH4								200.50000		30.22		2720

				NO3		SU		SA		COD		DO		TAM		FCB								201.50000		35.00		3150

		2		86400.0		0.0		1.00		0.00		!NS=1												202.50000		31.22		2810

		1.00000		0.000E+00		0.000E+00		9.917E-01		8.264E+00		8.264E+00		1.653E+01		4.132E-02								203.50000		40.44		3640

				4.132E-02		8.264E-02		2.479E-01		2.479E+00		2.479E+00		4.958E+00		8.264E-01								204.50000		35.00		3150

				4.958E+00		0.000E+00		0.000E+00		0.000E+00		5.669E+01		0.000E+00		0.000E+00								205.50000		41.89		3770

		999.900		0.000E+00		0.000E+00		9.917E-01		8.264E+00		8.264E+00		1.653E+01		4.132E-02								206.50000		38.00		3420

				4.132E-02		8.264E-02		2.479E-01		2.479E+00		2.479E+00		4.958E+00		8.264E-01								207.50000		33.11		2980

				4.958E+00		0.000E+00		0.000E+00		0.000E+00		5.669E+01		0.000E+00		0.000E+00								208.50000		31.33		2820

		2		86400.0		0.0		1.00		0.00		!NS=2												209.50000		32.56		2930

		1.00000		0.000E+00		0.000E+00		1.488E+00		1.240E+01		1.240E+01		2.479E+01		6.198E-02								210.50000		39.78		3580

				6.198E-02		1.240E-01		3.719E-01		3.719E+00		3.719E+00		7.438E+00		1.240E+00								211.50000		31.00		2790

				7.438E+00		0.000E+00		0.000E+00		0.000E+00		8.504E+01		0.000E+00		0.000E+00								212.50000		30.56		2750

		999.900		0.000E+00		0.000E+00		1.488E+00		1.240E+01		1.240E+01		2.479E+01		6.198E-02								213.50000		40.00		3600

				6.198E-02		1.240E-01		3.719E-01		3.719E+00		3.719E+00		7.438E+00		1.240E+00								214.50000		28.89		2600

				7.438E+00		0.000E+00		0.000E+00		0.000E+00		8.504E+01		0.000E+00		0.000E+00								215.50000		30.00		2700

		2		86400.0		0.0		1.00		0.00		!NS=3

		1.00000		0.000E+00		0.000E+00		1.983E+00		1.653E+01		1.653E+01		3.306E+01		8.264E-02

				8.264E-02		1.653E-01		4.958E-01		4.958E+00		4.958E+00		9.917E+00		1.653E+00

				9.917E+00		0.000E+00		0.000E+00		0.000E+00		1.134E+02		0.000E+00		0.000E+00

		999.900		0.000E+00		0.000E+00		1.983E+00		1.653E+01		1.653E+01		3.306E+01		8.264E-02

				8.264E-02		1.653E-01		4.958E-01		4.958E+00		4.958E+00		9.917E+00		1.653E+00

				9.917E+00		0.000E+00		0.000E+00		0.000E+00		1.134E+02		0.000E+00		0.000E+00

		2		86400.0		0.0		1.00		0.00		!NS=4

		1.00000		0.000E+00		0.000E+00		2.479E+00		2.066E+01		2.066E+01		4.132E+01		1.033E-01

				1.033E-01		2.066E-01		6.198E-01		6.198E+00		6.198E+00		1.240E+01		2.066E+00

				1.240E+01		0.000E+00		0.000E+00		0.000E+00		1.417E+02		0.000E+00		0.000E+00

		999.900		0.000E+00		0.000E+00		2.479E+00		2.066E+01		2.066E+01		4.132E+01		1.033E-01

				1.033E-01		2.066E-01		6.198E-01		6.198E+00		6.198E+00		1.240E+01		2.066E+00

				1.240E+01		0.000E+00		0.000E+00		0.000E+00		1.417E+02		0.000E+00		0.000E+00

		2		86400.0		0.0		1.00		0.00		!NS=5

		1.00000		0.000E+00		0.000E+00		2.975E+00		2.479E+01		2.479E+01		4.958E+01		1.240E-01

				1.240E-01		2.479E-01		7.438E-01		7.438E+00		7.438E+00		1.488E+01		2.479E+00

				1.488E+01		0.000E+00		0.000E+00		0.000E+00		1.701E+02		0.000E+00		0.000E+00

		999.900		0.000E+00		0.000E+00		2.975E+00		2.479E+01		2.479E+01		4.958E+01		1.240E-01

				1.240E-01		2.479E-01		7.438E-01		7.438E+00		7.438E+00		1.488E+01		2.479E+00

				1.488E+01		0.000E+00		0.000E+00		0.000E+00		1.701E+02		0.000E+00		0.000E+00





Seagulls

		Calculate loading in kg/day from flow and concentration:																				Five parameter logistic function for seagull seasonal distribution for Lake Michigan bacteria model:

																						a =		0.50		0.50				<--asymptote (at min x)

		Flow Rate		0.000001		MGD						Flow Rate		0.000001		MGD						b =		13.00		-30.00				<--upper slope

		Flow Rate		1.54723E-06		cfs						Flow Rate		1.54723E-06		cfs						c =		140.00		280.00				<--x-translation

		Flow Rate		4.3818E-08		m3/sec						Flow Rate		4.3818E-08		m3/sec						d =		2.00		2.00				<--asymptote (at max x)

		Flow Rate		3.785		L/day						Flow Rate		3.785		L/day						e =		0.80		1.00				<--lower slope

				Seagulls										Wildlife

		Concentration =		4.4580E+08		mg/L		<-- cfu/L				Concentration =		1.43605E+07		mg/L		<-- cfu/L

		Loading rate =		1687.538		kg/day						Loading rate =		54.360		kg/day

				1.6875E+09		mg/day		<-- cfu/day						5.4360E+07		mg/day		<-- cfu/day

		Loading rate =		3720.404		lb/day						Loading rate =		119.845		lb/day

				155.0168		lb/hour								4.9935		lb/hour

				12/31/98				Seasonal				Seagull Factor:

		Date and Time		Julian Day		Bacteria (cfu/L)		Bacteria (cfu/L)				Rising Limb		Falling Limb		Composite

		1/1/99 0:00		1.00000		4.45800E+08		2.22900E+08				0.500		2.000		0.500

		3/30/99 19:00		89.79167		4.45800E+08		2.24558E+08				0.504		2.000		0.504

		3/30/99 19:01		89.79236		1.43605E+07		1.43605E+07				0.504		2.000		0.504

		3/31/99 7:00		90.29167		1.43605E+07		1.43605E+07				0.504		2.000		0.504

		3/31/99 7:01		90.29236		4.45800E+08		2.24682E+08				0.504		2.000		0.504

		3/31/99 19:00		90.79167		4.45800E+08		2.24814E+08				0.504		2.000		0.504

		3/31/99 19:01		90.79236		1.43605E+07		1.43605E+07				0.504		2.000		0.504

		4/1/99 7:00		91.29167		1.43605E+07		1.43605E+07				0.505		2.000		0.505

		4/1/99 7:01		91.29236		4.45800E+08		2.24955E+08				0.505		2.000		0.505

		4/1/99 19:00		91.79167		4.45800E+08		2.25105E+08				0.505		2.000		0.505

		4/1/99 19:01		91.79236		1.43605E+07		1.43605E+07				0.505		2.000		0.505

		4/2/99 7:00		92.29167		1.43605E+07		1.43605E+07				0.505		2.000		0.505

		4/2/99 7:01		92.29236		4.45800E+08		2.25266E+08				0.505		2.000		0.505

		4/2/99 19:00		92.79167		4.45800E+08		2.25438E+08				0.506		2.000		0.506

		4/2/99 19:01		92.79236		1.43605E+07		1.43605E+07				0.506		2.000		0.506

		4/3/99 7:00		93.29167		1.43605E+07		1.43605E+07				0.506		2.000		0.506

		4/3/99 7:01		93.29236		4.45800E+08		2.25621E+08				0.506		2.000		0.506

		4/3/99 19:00		93.79167		4.45800E+08		2.25815E+08				0.507		2.000		0.507

		4/3/99 19:01		93.79236		1.43605E+07		1.43605E+07				0.507		2.000		0.507

		4/4/99 7:00		94.29167		1.43605E+07		1.43605E+07				0.507		2.000		0.507

		4/4/99 7:01		94.29236		4.45800E+08		2.26023E+08				0.507		2.000		0.507

		4/4/99 19:00		94.79167		4.45800E+08		2.26244E+08				0.508		2.000		0.508

		4/4/99 19:01		94.79236		1.43605E+07		1.43605E+07				0.508		2.000		0.508

		4/5/99 7:00		95.29167		1.43605E+07		1.43605E+07				0.508		2.000		0.508

		4/5/99 7:01		95.29236		4.45800E+08		2.26479E+08				0.508		2.000		0.508

		4/5/99 19:00		95.79167		4.45800E+08		2.26729E+08				0.509		2.000		0.509

		4/5/99 19:01		95.79236		1.43605E+07		1.43605E+07				0.509		2.000		0.509

		4/6/99 7:00		96.29167		1.43605E+07		1.43605E+07				0.509		2.000		0.509

		4/6/99 7:01		96.29236		4.45800E+08		2.26996E+08				0.509		2.000		0.509

		4/6/99 19:00		96.79167		4.45800E+08		2.27279E+08				0.510		2.000		0.510

		4/6/99 19:01		96.79236		1.43605E+07		1.43605E+07				0.510		2.000		0.510

		4/7/99 7:00		97.29167		1.43605E+07		1.43605E+07				0.510		2.000		0.510

		4/7/99 7:01		97.29236		4.45800E+08		2.27580E+08				0.510		2.000		0.510

		4/7/99 19:00		97.79167		4.45800E+08		2.27899E+08				0.511		2.000		0.511

		4/7/99 19:01		97.79236		1.43605E+07		1.43605E+07				0.511		2.000		0.511

		4/8/99 7:00		98.29167		1.43605E+07		1.43605E+07				0.512		2.000		0.512

		4/8/99 7:01		98.29236		4.45800E+08		2.28239E+08				0.512		2.000		0.512

		4/8/99 19:00		98.79167		4.45800E+08		2.28600E+08				0.513		2.000		0.513

		4/8/99 19:01		98.79236		1.43605E+07		1.43605E+07				0.513		2.000		0.513

		4/9/99 7:00		99.29167		1.43605E+07		1.43605E+07				0.514		2.000		0.514

		4/9/99 7:01		99.29236		4.45800E+08		2.28983E+08				0.514		2.000		0.514

		4/9/99 19:00		99.79167		4.45800E+08		2.29388E+08				0.515		2.000		0.515

		4/9/99 19:01		99.79236		1.43605E+07		1.43605E+07				0.515		2.000		0.515

		4/10/99 7:00		100.29167		1.43605E+07		1.43605E+07				0.516		2.000		0.516

		4/10/99 7:01		100.29236		4.45800E+08		2.29819E+08				0.516		2.000		0.516

		4/10/99 19:00		100.79167		4.45800E+08		2.30275E+08				0.517		2.000		0.517

		4/10/99 19:01		100.79236		1.43605E+07		1.43605E+07				0.517		2.000		0.517

		4/11/99 7:00		101.29167		1.43605E+07		1.43605E+07				0.518		2.000		0.518

		4/11/99 7:01		101.29236		4.45800E+08		2.30759E+08				0.518		2.000		0.518

		4/11/99 19:00		101.79167		4.45800E+08		2.31271E+08				0.519		2.000		0.519

		4/11/99 19:01		101.79236		1.43605E+07		1.43605E+07				0.519		2.000		0.519

		4/12/99 7:00		102.29167		1.43605E+07		1.43605E+07				0.520		2.000		0.520

		4/12/99 7:01		102.29236		4.45800E+08		2.31814E+08				0.520		2.000		0.520

		4/12/99 19:00		102.79167		4.45800E+08		2.32387E+08				0.521		2.000		0.521

		4/12/99 19:01		102.79236		1.43605E+07		1.43605E+07				0.521		2.000		0.521

		4/13/99 7:00		103.29167		1.43605E+07		1.43605E+07				0.523		2.000		0.523

		4/13/99 7:01		103.29236		4.45800E+08		2.32995E+08				0.523		2.000		0.523

		4/13/99 19:00		103.79167		4.45800E+08		2.33636E+08				0.524		2.000		0.524

		4/13/99 19:01		103.79236		1.43605E+07		1.43605E+07				0.524		2.000		0.524

		4/14/99 7:00		104.29167		1.43605E+07		1.43605E+07				0.526		2.000		0.526

		4/14/99 7:01		104.29236		4.45800E+08		2.34316E+08				0.526		2.000		0.526

		4/14/99 19:00		104.79167		4.45800E+08		2.35033E+08				0.527		2.000		0.527

		4/14/99 19:01		104.79236		1.43605E+07		1.43605E+07				0.527		2.000		0.527

		4/15/99 7:00		105.29167		1.43605E+07		1.43605E+07				0.529		2.000		0.529

		4/15/99 7:01		105.29236		4.45800E+08		2.35791E+08				0.529		2.000		0.529

		4/15/99 19:00		105.79167		4.45800E+08		2.36590E+08				0.531		2.000		0.531

		4/15/99 19:01		105.79236		1.43605E+07		1.43605E+07				0.531		2.000		0.531

		4/16/99 7:00		106.29167		1.43605E+07		1.43605E+07				0.533		2.000		0.533

		4/16/99 7:01		106.29236		4.45800E+08		2.37436E+08				0.533		2.000		0.533

		4/16/99 19:00		106.79167		4.45800E+08		2.38325E+08				0.535		2.000		0.535

		4/16/99 19:01		106.79236		1.43605E+07		1.43605E+07				0.535		2.000		0.535

		4/17/99 7:00		107.29167		1.43605E+07		1.43605E+07				0.537		2.000		0.537

		4/17/99 7:01		107.29236		4.45800E+08		2.39266E+08				0.537		2.000		0.537

		4/17/99 19:00		107.79167		4.45800E+08		2.40254E+08				0.539		2.000		0.539

		4/17/99 19:01		107.79236		1.43605E+07		1.43605E+07				0.539		2.000		0.539

		4/18/99 7:00		108.29167		1.43605E+07		1.43605E+07				0.541		2.000		0.541

		4/18/99 7:01		108.29236		4.45800E+08		2.41299E+08				0.541		2.000		0.541

		4/18/99 19:00		108.79167		4.45800E+08		2.42396E+08				0.544		2.000		0.544

		4/18/99 19:01		108.79236		1.43605E+07		1.43605E+07				0.544		2.000		0.544

		4/19/99 7:00		109.29167		1.43605E+07		1.43605E+07				0.546		2.000		0.546

		4/19/99 7:01		109.29236		4.45800E+08		2.43553E+08				0.546		2.000		0.546

		4/19/99 19:00		109.79167		4.45800E+08		2.44768E+08				0.549		2.000		0.549

		4/19/99 19:01		109.79236		1.43605E+07		1.43605E+07				0.549		2.000		0.549

		4/20/99 7:00		110.29167		1.43605E+07		1.43605E+07				0.552		2.000		0.552

		4/20/99 7:01		110.29236		4.45800E+08		2.46048E+08				0.552		2.000		0.552

		4/20/99 19:00		110.79167		4.45800E+08		2.47391E+08				0.555		2.000		0.555

		4/20/99 19:01		110.79236		1.43605E+07		1.43605E+07				0.555		2.000		0.555

		4/21/99 7:00		111.29167		1.43605E+07		1.43605E+07				0.558		2.000		0.558

		4/21/99 7:01		111.29236		4.45800E+08		2.48805E+08				0.558		2.000		0.558

		4/21/99 19:00		111.79167		4.45800E+08		2.50286E+08				0.561		2.000		0.561

		4/21/99 19:01		111.79236		1.43605E+07		1.43605E+07				0.561		2.000		0.561

		4/22/99 7:00		112.29167		1.43605E+07		1.43605E+07				0.565		2.000		0.565

		4/22/99 7:01		112.29236		4.45800E+08		2.51845E+08				0.565		2.000		0.565

		4/22/99 19:00		112.79167		4.45800E+08		2.53475E+08				0.569		2.000		0.569

		4/22/99 19:01		112.79236		1.43605E+07		1.43605E+07				0.569		2.000		0.569

		4/23/99 7:00		113.29167		1.43605E+07		1.43605E+07				0.572		2.000		0.572

		4/23/99 7:01		113.29236		4.45800E+08		2.55189E+08				0.572		2.000		0.572

		4/23/99 19:00		113.79167		4.45800E+08		2.56981E+08				0.576		2.000		0.576

		4/23/99 19:01		113.79236		1.43605E+07		1.43605E+07				0.576		2.000		0.576

		4/24/99 7:00		114.29167		1.43605E+07		1.43605E+07				0.581		2.000		0.581

		4/24/99 7:01		114.29236		4.45800E+08		2.58862E+08				0.581		2.000		0.581

		4/24/99 19:00		114.79167		4.45800E+08		2.60825E+08				0.585		2.000		0.585

		4/24/99 19:01		114.79236		1.43605E+07		1.43605E+07				0.585		2.000		0.585

		4/25/99 7:00		115.29167		1.43605E+07		1.43605E+07				0.590		2.000		0.590

		4/25/99 7:01		115.29236		4.45800E+08		2.62885E+08				0.590		2.000		0.590

		4/25/99 19:00		115.79167		4.45800E+08		2.65033E+08				0.595		2.000		0.595

		4/25/99 19:01		115.79236		1.43605E+07		1.43605E+07				0.595		2.000		0.595

		4/26/99 7:00		116.29167		1.43605E+07		1.43605E+07				0.600		2.000		0.600

		4/26/99 7:01		116.29236		4.45800E+08		2.67283E+08				0.600		2.000		0.600

		4/26/99 19:00		116.79167		4.45800E+08		2.69627E+08				0.605		2.000		0.605

		4/26/99 19:01		116.79236		1.43605E+07		1.43605E+07				0.605		2.000		0.605

		4/27/99 7:00		117.29167		1.43605E+07		1.43605E+07				0.610		2.000		0.610

		4/27/99 7:01		117.29236		4.45800E+08		2.72079E+08				0.610		2.000		0.610

		4/27/99 19:00		117.79167		4.45800E+08		2.74630E+08				0.616		2.000		0.616

		4/27/99 19:01		117.79236		1.43605E+07		1.43605E+07				0.616		2.000		0.616

		4/28/99 7:00		118.29167		1.43605E+07		1.43605E+07				0.622		2.000		0.622

		4/28/99 7:01		118.29236		4.45800E+08		2.77296E+08				0.622		2.000		0.622

		4/28/99 19:00		118.79167		4.45800E+08		2.80065E+08				0.628		2.000		0.628

		4/28/99 19:01		118.79236		1.43605E+07		1.43605E+07				0.628		2.000		0.628

		4/29/99 7:00		119.29167		1.43605E+07		1.43605E+07				0.635		2.000		0.635

		4/29/99 7:01		119.29236		4.45800E+08		2.82956E+08				0.635		2.000		0.635

		4/29/99 19:00		119.79167		4.45800E+08		2.85954E+08				0.641		2.000		0.641

		4/29/99 19:01		119.79236		1.43605E+07		1.43605E+07				0.641		2.000		0.641

		4/30/99 7:00		120.29167		1.43605E+07		1.43605E+07				0.648		2.000		0.648

		4/30/99 7:01		120.29236		4.45800E+08		2.89080E+08				0.648		2.000		0.648

		4/30/99 19:00		120.79167		4.45800E+08		2.92317E+08				0.656		2.000		0.656

		4/30/99 19:01		120.79236		1.43605E+07		1.43605E+07				0.656		2.000		0.656

		5/1/99 7:00		121.29167		1.43605E+07		1.43605E+07				0.663		2.000		0.663

		5/1/99 7:01		121.29236		4.45800E+08		2.95687E+08				0.663		2.000		0.663

		5/1/99 19:00		121.79167		4.45800E+08		2.99172E+08				0.671		2.000		0.671

		5/1/99 19:01		121.79236		1.43605E+07		1.43605E+07				0.671		2.000		0.671

		5/2/99 7:00		122.29167		1.43605E+07		1.43605E+07				0.679		2.000		0.679

		5/2/99 7:01		122.29236		4.45800E+08		3.02794E+08				0.679		2.000		0.679

		5/2/99 19:00		122.79167		4.45800E+08		3.06535E+08				0.688		2.000		0.688

		5/2/99 19:01		122.79236		1.43605E+07		1.43605E+07				0.688		2.000		0.688

		5/3/99 7:00		123.29167		1.43605E+07		1.43605E+07				0.696		2.000		0.696

		5/3/99 7:01		123.29236		4.45800E+08		3.10417E+08				0.696		2.000		0.696

		5/3/99 19:00		123.79167		4.45800E+08		3.14420E+08				0.705		2.000		0.705

		5/3/99 19:01		123.79236		1.43605E+07		1.43605E+07				0.705		2.000		0.705

		5/4/99 7:00		124.29167		1.43605E+07		1.43605E+07				0.715		2.000		0.715

		5/4/99 7:01		124.29236		4.45800E+08		3.18566E+08				0.715		2.000		0.715

		5/4/99 19:00		124.79167		4.45800E+08		3.22835E+08				0.724		2.000		0.724

		5/4/99 19:01		124.79236		1.43605E+07		1.43605E+07				0.724		2.000		0.724

		5/5/99 7:00		125.29167		1.43605E+07		1.43605E+07				0.734		2.000		0.734

		5/5/99 7:01		125.29236		4.45800E+08		3.27250E+08				0.734		2.000		0.734

		5/5/99 19:00		125.79167		4.45800E+08		3.31786E+08				0.744		2.000		0.744

		5/5/99 19:01		125.79236		1.43605E+07		1.43605E+07				0.744		2.000		0.744

		5/6/99 7:00		126.29167		1.43605E+07		1.43605E+07				0.755		2.000		0.755

		5/6/99 7:01		126.29236		4.45800E+08		3.36470E+08				0.755		2.000		0.755

		5/6/99 19:00		126.79167		4.45800E+08		3.41275E+08				0.766		2.000		0.766

		5/6/99 19:01		126.79236		1.43605E+07		1.43605E+07				0.766		2.000		0.766

		5/7/99 7:00		127.29167		1.43605E+07		1.43605E+07				0.777		2.000		0.777

		5/7/99 7:01		127.29236		4.45800E+08		3.46227E+08				0.777		2.000		0.777

		5/7/99 19:00		127.79167		4.45800E+08		3.51298E+08				0.788		2.000		0.788

		5/7/99 19:01		127.79236		1.43605E+07		1.43605E+07				0.788		2.000		0.788

		5/8/99 7:00		128.29167		1.43605E+07		1.43605E+07				0.800		2.000		0.800

		5/8/99 7:01		128.29236		4.45800E+08		3.56514E+08				0.800		2.000		0.800

		5/8/99 19:00		128.79167		4.45800E+08		3.61846E+08				0.812		2.000		0.812

		5/8/99 19:01		128.79236		1.43605E+07		1.43605E+07				0.812		2.000		0.812

		5/9/99 7:00		129.29167		1.43605E+07		1.43605E+07				0.824		2.000		0.824

		5/9/99 7:01		129.29236		4.45800E+08		3.67320E+08				0.824		2.000		0.824

		5/9/99 19:00		129.79167		4.45800E+08		3.72904E+08				0.836		2.000		0.836

		5/9/99 19:01		129.79236		1.43605E+07		1.43605E+07				0.836		2.000		0.836

		5/10/99 7:00		130.29167		1.43605E+07		1.43605E+07				0.849		2.000		0.849

		5/10/99 7:01		130.29236		4.45800E+08		3.78626E+08				0.849		2.000		0.849

		5/10/99 19:00		130.79167		4.45800E+08		3.84452E+08				0.862		2.000		0.862

		5/10/99 19:01		130.79236		1.43605E+07		1.43605E+07				0.862		2.000		0.862

		5/11/99 7:00		131.29167		1.43605E+07		1.43605E+07				0.876		2.000		0.876

		5/11/99 7:01		131.29236		4.45800E+08		3.90410E+08				0.876		2.000		0.876

		5/11/99 19:00		131.79167		4.45800E+08		3.96465E+08				0.889		2.000		0.889

		5/11/99 19:01		131.79236		1.43605E+07		1.43605E+07				0.889		2.000		0.889

		5/12/99 7:00		132.29167		1.43605E+07		1.43605E+07				0.903		2.000		0.903

		5/12/99 7:01		132.29236		4.45800E+08		4.02645E+08				0.903		2.000		0.903

		5/12/99 19:00		132.79167		4.45800E+08		4.08911E+08				0.917		2.000		0.917

		5/12/99 19:01		132.79236		1.43605E+07		1.43605E+07				0.917		2.000		0.917

		5/13/99 7:00		133.29167		1.43605E+07		1.43605E+07				0.932		2.000		0.932

		5/13/99 7:01		133.29236		4.45800E+08		4.15294E+08				0.932		2.000		0.932

		5/13/99 19:00		133.79167		4.45800E+08		4.21754E+08				0.946		2.000		0.946

		5/13/99 19:01		133.79236		1.43605E+07		1.43605E+07				0.946		2.000		0.946

		5/14/99 7:00		134.29167		1.43605E+07		1.43605E+07				0.961		2.000		0.961

		5/14/99 7:01		134.29236		4.45800E+08		4.28321E+08				0.961		2.000		0.961

		5/14/99 19:00		134.79167		4.45800E+08		4.34953E+08				0.976		2.000		0.976

		5/14/99 19:01		134.79236		1.43605E+07		1.43605E+07				0.976		2.000		0.976

		5/15/99 7:00		135.29167		1.43605E+07		1.43605E+07				0.991		2.000		0.991

		5/15/99 7:01		135.29236		4.45800E+08		4.41680E+08				0.991		2.000		0.991

		5/15/99 19:00		135.79167		4.45800E+08		4.48461E+08				1.006		2.000		1.006

		5/15/99 19:01		135.79236		1.43605E+07		1.43605E+07				1.006		2.000		1.006

		5/16/99 7:00		136.29167		1.43605E+07		1.43605E+07				1.021		2.000		1.021

		5/16/99 7:01		136.29236		4.45800E+08		4.55325E+08				1.021		2.000		1.021

		5/16/99 19:00		136.79167		4.45800E+08		4.62229E+08				1.037		2.000		1.037

		5/16/99 19:01		136.79236		1.43605E+07		1.43605E+07				1.037		2.000		1.037

		5/17/99 7:00		137.29167		1.43605E+07		1.43605E+07				1.052		2.000		1.052

		5/17/99 7:01		137.29236		4.45800E+08		4.69204E+08				1.052		2.000		1.052

		5/17/99 19:00		137.79167		4.45800E+08		4.76205E+08				1.068		2.000		1.068

		5/17/99 19:01		137.79236		1.43605E+07		1.43605E+07				1.068		2.000		1.068

		5/18/99 7:00		138.29167		1.43605E+07		1.43605E+07				1.084		2.000		1.084

		5/18/99 7:01		138.29236		4.45800E+08		4.83263E+08				1.084		2.000		1.084

		5/18/99 19:00		138.79167		4.45800E+08		4.90334E+08				1.100		2.000		1.100

		5/18/99 19:01		138.79236		1.43605E+07		1.43605E+07				1.100		2.000		1.100

		5/19/99 7:00		139.29167		1.43605E+07		1.43605E+07				1.116		2.000		1.116

		5/19/99 7:01		139.29236		4.45800E+08		4.97449E+08				1.116		2.000		1.116

		5/19/99 19:00		139.79167		4.45800E+08		5.04562E+08				1.132		2.000		1.132

		5/19/99 19:01		139.79236		1.43605E+07		1.43605E+07				1.132		2.000		1.132

		5/20/99 7:00		140.29167		1.43605E+07		1.43605E+07				1.148		2.000		1.148

		5/20/99 7:01		140.29236		4.45800E+08		5.11704E+08				1.148		2.000		1.148

		5/20/99 19:00		140.79167		4.45800E+08		5.18831E+08				1.164		2.000		1.164

		5/20/99 19:01		140.79236		1.43605E+07		1.43605E+07				1.164		2.000		1.164

		5/21/99 7:00		141.29167		1.43605E+07		1.43605E+07				1.180		2.000		1.180

		5/21/99 7:01		141.29236		4.45800E+08		5.25974E+08				1.180		2.000		1.180

		5/21/99 19:00		141.79167		4.45800E+08		5.33088E+08				1.196		2.000		1.196

		5/21/99 19:01		141.79236		1.43605E+07		1.43605E+07				1.196		2.000		1.196

		5/22/99 7:00		142.29167		1.43605E+07		1.43605E+07				1.212		2.000		1.212

		5/22/99 7:01		142.29236		4.45800E+08		5.40204E+08				1.212		2.000		1.212

		5/22/99 19:00		142.79167		4.45800E+08		5.47278E+08				1.228		2.000		1.228

		5/22/99 19:01		142.79236		1.43605E+07		1.43605E+07				1.228		2.000		1.228

		5/23/99 7:00		143.29167		1.43605E+07		1.43605E+07				1.243		2.000		1.243

		5/23/99 7:01		143.29236		4.45800E+08		5.54342E+08				1.243		2.000		1.243

		5/23/99 19:00		143.79167		4.45800E+08		5.61350E+08				1.259		2.000		1.259

		5/23/99 19:01		143.79236		1.43605E+07		1.43605E+07				1.259		2.000		1.259

		5/24/99 7:00		144.29167		1.43605E+07		1.43605E+07				1.275		2.000		1.275

		5/24/99 7:01		144.29236		4.45800E+08		5.68336E+08				1.275		2.000		1.275

		5/24/99 19:00		144.79167		4.45800E+08		5.75256E+08				1.290		2.000		1.290

		5/24/99 19:01		144.79236		1.43605E+07		1.43605E+07				1.290		2.000		1.290

		5/25/99 7:00		145.29167		1.43605E+07		1.43605E+07				1.306		2.000		1.306

		5/25/99 7:01		145.29236		4.45800E+08		5.82142E+08				1.306		2.000		1.306

		5/25/99 19:00		145.79167		4.45800E+08		5.88951E+08				1.321		2.000		1.321

		5/25/99 19:01		145.79236		1.43605E+07		1.43605E+07				1.321		2.000		1.321

		5/26/99 7:00		146.29167		1.43605E+07		1.43605E+07				1.336		2.000		1.336

		5/26/99 7:01		146.29236		4.45800E+08		5.95715E+08				1.336		2.000		1.336

		5/26/99 19:00		146.79167		4.45800E+08		6.02393E+08				1.351		2.000		1.351

		5/26/99 19:01		146.79236		1.43605E+07		1.43605E+07				1.351		2.000		1.351

		5/27/99 7:00		147.29167		1.43605E+07		1.43605E+07				1.366		2.000		1.366

		5/27/99 7:01		147.29236		4.45800E+08		6.09017E+08				1.366		2.000		1.366

		5/27/99 19:00		147.79167		4.45800E+08		6.15546E+08				1.381		2.000		1.381

		5/27/99 19:01		147.79236		1.43605E+07		1.43605E+07				1.381		2.000		1.381

		5/28/99 7:00		148.29167		1.43605E+07		1.43605E+07				1.395		2.000		1.395

		5/28/99 7:01		148.29236		4.45800E+08		6.22013E+08				1.395		2.000		1.395

		5/28/99 19:00		148.79167		4.45800E+08		6.28378E+08				1.410		2.000		1.410

		5/28/99 19:01		148.79236		1.43605E+07		1.43605E+07				1.410		2.000		1.410

		5/29/99 7:00		149.29167		1.43605E+07		1.43605E+07				1.424		2.000		1.424

		5/29/99 7:01		149.29236		4.45800E+08		6.34674E+08				1.424		2.000		1.424

		5/29/99 19:00		149.79167		4.45800E+08		6.40861E+08				1.438		2.000		1.438

		5/29/99 19:01		149.79236		1.43605E+07		1.43605E+07				1.438		2.000		1.438

		5/30/99 7:00		150.29167		1.43605E+07		1.43605E+07				1.451		2.000		1.451

		5/30/99 7:01		150.29236		4.45800E+08		6.46973E+08				1.451		2.000		1.451

		5/30/99 19:00		150.79167		4.45800E+08		6.52973E+08				1.465		2.000		1.465

		5/30/99 19:01		150.79236		1.43605E+07		1.43605E+07				1.465		2.000		1.465

		5/31/99 7:00		151.29167		1.43605E+07		1.43605E+07				1.478		2.000		1.478

		5/31/99 7:01		151.29236		4.45800E+08		6.58891E+08				1.478		2.000		1.478

		5/31/99 19:00		151.79167		4.45800E+08		6.64693E+08				1.491		2.000		1.491

		5/31/99 19:01		151.79236		1.43605E+07		1.43605E+07				1.491		2.000		1.491

		6/1/99 7:00		152.29167		1.43605E+07		1.43605E+07				1.504		2.000		1.504

		6/1/99 7:01		152.29236		4.45800E+08		6.70410E+08				1.504		2.000		1.504

		6/1/99 19:00		152.79167		4.45800E+08		6.76009E+08				1.516		2.000		1.516

		6/1/99 19:01		152.79236		1.43605E+07		1.43605E+07				1.516		2.000		1.516

		6/2/99 7:00		153.29167		1.43605E+07		1.43605E+07				1.529		2.000		1.529

		6/2/99 7:01		153.29236		4.45800E+08		6.81519E+08				1.529		2.000		1.529

		6/2/99 19:00		153.79167		4.45800E+08		6.86910E+08				1.541		2.000		1.541

		6/2/99 19:01		153.79236		1.43605E+07		1.43605E+07				1.541		2.000		1.541

		6/3/99 7:00		154.29167		1.43605E+07		1.43605E+07				1.553		2.000		1.553

		6/3/99 7:01		154.29236		4.45800E+08		6.92209E+08				1.553		2.000		1.553

		6/3/99 19:00		154.79167		4.45800E+08		6.97388E+08				1.564		2.000		1.564

		6/3/99 19:01		154.79236		1.43605E+07		1.43605E+07				1.564		2.000		1.564

		6/4/99 7:00		155.29167		1.43605E+07		1.43605E+07				1.576		2.000		1.576

		6/4/99 7:01		155.29236		4.45800E+08		7.02475E+08				1.576		2.000		1.576

		6/4/99 19:00		155.79167		4.45800E+08		7.07442E+08				1.587		2.000		1.587

		6/4/99 19:01		155.79236		1.43605E+07		1.43605E+07				1.587		2.000		1.587

		6/5/99 7:00		156.29167		1.43605E+07		1.43605E+07				1.598		2.000		1.598

		6/5/99 7:01		156.29236		4.45800E+08		7.12316E+08				1.598		2.000		1.598

		6/5/99 19:00		156.79167		4.45800E+08		7.17071E+08				1.609		2.000		1.609

		6/5/99 19:01		156.79236		1.43605E+07		1.43605E+07				1.609		2.000		1.609

		6/6/99 7:00		157.29167		1.43605E+07		1.43605E+07				1.619		2.000		1.619

		6/6/99 7:01		157.29236		4.45800E+08		7.21733E+08				1.619		2.000		1.619

		6/6/99 19:00		157.79167		4.45800E+08		7.26277E+08				1.629		2.000		1.629

		6/6/99 19:01		157.79236		1.43605E+07		1.43605E+07				1.629		2.000		1.629

		6/7/99 7:00		158.29167		1.43605E+07		1.43605E+07				1.639		2.000		1.639

		6/7/99 7:01		158.29236		4.45800E+08		7.30730E+08				1.639		2.000		1.639

		6/7/99 19:00		158.79167		4.45800E+08		7.35066E+08				1.649		2.000		1.649

		6/7/99 19:01		158.79236		1.43605E+07		1.43605E+07				1.649		2.000		1.649

		6/8/99 7:00		159.29167		1.43605E+07		1.43605E+07				1.658		2.000		1.658

		6/8/99 7:01		159.29236		4.45800E+08		7.39312E+08				1.658		2.000		1.658

		6/8/99 19:00		159.79167		4.45800E+08		7.43445E+08				1.668		2.000		1.668

		6/8/99 19:01		159.79236		1.43605E+07		1.43605E+07				1.668		2.000		1.668

		6/9/99 7:00		160.29167		1.43605E+07		1.43605E+07				1.677		2.000		1.677

		6/9/99 7:01		160.29236		4.45800E+08		7.47489E+08				1.677		2.000		1.677

		6/9/99 19:00		160.79167		4.45800E+08		7.51423E+08				1.686		2.000		1.686

		6/9/99 19:01		160.79236		1.43605E+07		1.43605E+07				1.686		2.000		1.686

		6/10/99 7:00		161.29167		1.43605E+07		1.43605E+07				1.694		2.000		1.694

		6/10/99 7:01		161.29236		4.45800E+08		7.55270E+08				1.694		2.000		1.694

		6/10/99 19:00		161.79167		4.45800E+08		7.59010E+08				1.703		2.000		1.703

		6/10/99 19:01		161.79236		1.43605E+07		1.43605E+07				1.703		2.000		1.703

		6/11/99 7:00		162.29167		1.43605E+07		1.43605E+07				1.711		2.000		1.711

		6/11/99 7:01		162.29236		4.45800E+08		7.62666E+08				1.711		2.000		1.711

		6/11/99 19:00		162.79167		4.45800E+08		7.66218E+08				1.719		2.000		1.719

		6/11/99 19:01		162.79236		1.43605E+07		1.43605E+07				1.719		2.000		1.719

		6/12/99 7:00		163.29167		1.43605E+07		1.43605E+07				1.727		2.000		1.727

		6/12/99 7:01		163.29236		4.45800E+08		7.69688E+08				1.727		2.000		1.727

		6/12/99 19:00		163.79167		4.45800E+08		7.73058E+08				1.734		2.000		1.734

		6/12/99 19:01		163.79236		1.43605E+07		1.43605E+07				1.734		2.000		1.734

		6/13/99 7:00		164.29167		1.43605E+07		1.43605E+07				1.741		2.000		1.741

		6/13/99 7:01		164.29236		4.45800E+08		7.76349E+08				1.741		2.000		1.741

		6/13/99 19:00		164.79167		4.45800E+08		7.79544E+08				1.749		2.000		1.749

		6/13/99 19:01		164.79236		1.43605E+07		1.43605E+07				1.749		2.000		1.749

		6/14/99 7:00		165.29167		1.43605E+07		1.43605E+07				1.756		2.000		1.756

		6/14/99 7:01		165.29236		4.45800E+08		7.82663E+08				1.756		2.000		1.756

		6/14/99 19:00		165.79167		4.45800E+08		7.85690E+08				1.762		2.000		1.762

		6/14/99 19:01		165.79236		1.43605E+07		1.43605E+07				1.762		2.000		1.762

		6/15/99 7:00		166.29167		1.43605E+07		1.43605E+07				1.769		2.000		1.769

		6/15/99 7:01		166.29236		4.45800E+08		7.88643E+08				1.769		2.000		1.769

		6/15/99 19:00		166.79167		4.45800E+08		7.91509E+08				1.775		2.000		1.775

		6/15/99 19:01		166.79236		1.43605E+07		1.43605E+07				1.775		2.000		1.775

		6/16/99 7:00		167.29167		1.43605E+07		1.43605E+07				1.782		2.000		1.782

		6/16/99 7:01		167.29236		4.45800E+08		7.94304E+08				1.782		2.000		1.782

		6/16/99 19:00		167.79167		4.45800E+08		7.97014E+08				1.788		2.000		1.788

		6/16/99 19:01		167.79236		1.43605E+07		1.43605E+07				1.788		2.000		1.788

		6/17/99 7:00		168.29167		1.43605E+07		1.43605E+07				1.794		2.000		1.794

		6/17/99 7:01		168.29236		4.45800E+08		7.99658E+08				1.794		2.000		1.794

		6/17/99 19:00		168.79167		4.45800E+08		8.02221E+08				1.800		2.000		1.800

		6/17/99 19:01		168.79236		1.43605E+07		1.43605E+07				1.800		2.000		1.800

		6/18/99 7:00		169.29167		1.43605E+07		1.43605E+07				1.805		2.000		1.805

		6/18/99 7:01		169.29236		4.45800E+08		8.04720E+08				1.805		2.000		1.805

		6/18/99 19:00		169.79167		4.45800E+08		8.07143E+08				1.811		2.000		1.811

		6/18/99 19:01		169.79236		1.43605E+07		1.43605E+07				1.811		2.000		1.811

		6/19/99 7:00		170.29167		1.43605E+07		1.43605E+07				1.816		2.000		1.816

		6/19/99 7:01		170.29236		4.45800E+08		8.09504E+08				1.816		2.000		1.816

		6/19/99 19:00		170.79167		4.45800E+08		8.11793E+08				1.821		2.000		1.821

		6/19/99 19:01		170.79236		1.43605E+07		1.43605E+07				1.821		2.000		1.821

		6/20/99 7:00		171.29167		1.43605E+07		1.43605E+07				1.826		2.000		1.826

		6/20/99 7:01		171.29236		4.45800E+08		8.14023E+08				1.826		2.000		1.826

		6/20/99 19:00		171.79167		4.45800E+08		8.16185E+08				1.831		2.000		1.831

		6/20/99 19:01		171.79236		1.43605E+07		1.43605E+07				1.831		2.000		1.831

		6/21/99 7:00		172.29167		1.43605E+07		1.43605E+07				1.836		2.000		1.836

		6/21/99 7:01		172.29236		4.45800E+08		8.18291E+08				1.836		2.000		1.836

		6/21/99 19:00		172.79167		4.45800E+08		8.20332E+08				1.840		2.000		1.840

		6/21/99 19:01		172.79236		1.43605E+07		1.43605E+07				1.840		2.000		1.840

		6/22/99 7:00		173.29167		1.43605E+07		1.43605E+07				1.845		2.000		1.845

		6/22/99 7:01		173.29236		4.45800E+08		8.22320E+08				1.845		2.000		1.845

		6/22/99 19:00		173.79167		4.45800E+08		8.24246E+08				1.849		2.000		1.849

		6/22/99 19:01		173.79236		1.43605E+07		1.43605E+07				1.849		2.000		1.849

		6/23/99 7:00		174.29167		1.43605E+07		1.43605E+07				1.853		2.000		1.853

		6/23/99 7:01		174.29236		4.45800E+08		8.26122E+08				1.853		2.000		1.853

		6/23/99 19:00		174.79167		4.45800E+08		8.27939E+08				1.857		2.000		1.857

		6/23/99 19:01		174.79236		1.43605E+07		1.43605E+07				1.857		2.000		1.857

		6/24/99 7:00		175.29167		1.43605E+07		1.43605E+07				1.861		2.000		1.861

		6/24/99 7:01		175.29236		4.45800E+08		8.29710E+08				1.861		2.000		1.861

		6/24/99 19:00		175.79167		4.45800E+08		8.31424E+08				1.865		2.000		1.865

		6/24/99 19:01		175.79236		1.43605E+07		1.43605E+07				1.865		2.000		1.865

		6/25/99 7:00		176.29167		1.43605E+07		1.43605E+07				1.869		2.000		1.869

		6/25/99 7:01		176.29236		4.45800E+08		8.33095E+08				1.869		2.000		1.869

		6/25/99 19:00		176.79167		4.45800E+08		8.34712E+08				1.872		2.000		1.872

		6/25/99 19:01		176.79236		1.43605E+07		1.43605E+07				1.872		2.000		1.872

		6/26/99 7:00		177.29167		1.43605E+07		1.43605E+07				1.876		2.000		1.876

		6/26/99 7:01		177.29236		4.45800E+08		8.36288E+08				1.876		2.000		1.876

		6/26/99 19:00		177.79167		4.45800E+08		8.37813E+08				1.879		2.000		1.879

		6/26/99 19:01		177.79236		1.43605E+07		1.43605E+07				1.879		2.000		1.879

		6/27/99 7:00		178.29167		1.43605E+07		1.43605E+07				1.883		2.000		1.883

		6/27/99 7:01		178.29236		4.45800E+08		8.39299E+08				1.883		2.000		1.883

		6/27/99 19:00		178.79167		4.45800E+08		8.40739E+08				1.886		2.000		1.886

		6/27/99 19:01		178.79236		1.43605E+07		1.43605E+07				1.886		2.000		1.886

		6/28/99 7:00		179.29167		1.43605E+07		1.43605E+07				1.889		2.000		1.889

		6/28/99 7:01		179.29236		4.45800E+08		8.42140E+08				1.889		2.000		1.889

		6/28/99 19:00		179.79167		4.45800E+08		8.43497E+08				1.892		2.000		1.892

		6/28/99 19:01		179.79236		1.43605E+07		1.43605E+07				1.892		2.000		1.892

		6/29/99 7:00		180.29167		1.43605E+07		1.43605E+07				1.895		2.000		1.895

		6/29/99 7:01		180.29236		4.45800E+08		8.44819E+08				1.895		2.000		1.895

		6/29/99 19:00		180.79167		4.45800E+08		8.46099E+08				1.898		2.000		1.898

		6/29/99 19:01		180.79236		1.43605E+07		1.43605E+07				1.898		2.000		1.898

		6/30/99 7:00		181.29167		1.43605E+07		1.43605E+07				1.901		2.000		1.901

		6/30/99 7:01		181.29236		4.45800E+08		8.47346E+08				1.901		2.000		1.901

		6/30/99 19:00		181.79167		4.45800E+08		8.48553E+08				1.903		2.000		1.903

		6/30/99 19:01		181.79236		1.43605E+07		1.43605E+07				1.903		2.000		1.903

		7/1/99 7:00		182.29167		1.43605E+07		1.43605E+07				1.906		2.000		1.906

		7/1/99 7:01		182.29236		4.45800E+08		8.49729E+08				1.906		2.000		1.906

		7/1/99 19:00		182.79167		4.45800E+08		8.50868E+08				1.909		2.000		1.909

		7/1/99 19:01		182.79236		1.43605E+07		1.43605E+07				1.909		2.000		1.909

		7/2/99 7:00		183.29167		1.43605E+07		1.43605E+07				1.911		2.000		1.911

		7/2/99 7:01		183.29236		4.45800E+08		8.51977E+08				1.911		2.000		1.911

		7/2/99 19:00		183.79167		4.45800E+08		8.53050E+08				1.914		2.000		1.914

		7/2/99 19:01		183.79236		1.43605E+07		1.43605E+07				1.914		2.000		1.914

		7/3/99 7:00		184.29167		1.43605E+07		1.43605E+07				1.916		2.000		1.916

		7/3/99 7:01		184.29236		4.45800E+08		8.54096E+08				1.916		2.000		1.916

		7/3/99 19:00		184.79167		4.45800E+08		8.55110E+08				1.918		2.000		1.918

		7/3/99 19:01		184.79236		1.43605E+07		1.43605E+07				1.918		2.000		1.918

		7/4/99 7:00		185.29167		1.43605E+07		1.43605E+07				1.920		2.000		1.920

		7/4/99 7:01		185.29236		4.45800E+08		8.56096E+08				1.920		2.000		1.920

		7/4/99 19:00		185.79167		4.45800E+08		8.57052E+08				1.923		2.000		1.923

		7/4/99 19:01		185.79236		1.43605E+07		1.43605E+07				1.923		2.000		1.923

		7/5/99 7:00		186.29167		1.43605E+07		1.43605E+07				1.925		2.000		1.925

		7/5/99 7:01		186.29236		4.45800E+08		8.57983E+08				1.925		2.000		1.925

		7/5/99 19:00		186.79167		4.45800E+08		8.58884E+08				1.927		2.000		1.927

		7/5/99 19:01		186.79236		1.43605E+07		1.43605E+07				1.927		2.000		1.927

		7/6/99 7:00		187.29167		1.43605E+07		1.43605E+07				1.929		2.000		1.929

		7/6/99 7:01		187.29236		4.45800E+08		8.59762E+08				1.929		2.000		1.929

		7/6/99 19:00		187.79167		4.45800E+08		8.60613E+08				1.930		2.000		1.930

		7/6/99 19:01		187.79236		1.43605E+07		1.43605E+07				1.930		2.000		1.930

		7/7/99 7:00		188.29167		1.43605E+07		1.43605E+07				1.932		2.000		1.932

		7/7/99 7:01		188.29236		4.45800E+08		8.61442E+08				1.932		2.000		1.932

		7/7/99 19:00		188.79167		4.45800E+08		8.62245E+08				1.934		2.000		1.934

		7/7/99 19:01		188.79236		1.43605E+07		1.43605E+07				1.934		2.000		1.934

		7/8/99 7:00		189.29167		1.43605E+07		1.43605E+07				1.936		2.000		1.936

		7/8/99 7:01		189.29236		4.45800E+08		8.63027E+08				1.936		2.000		1.936

		7/8/99 19:00		189.79167		4.45800E+08		8.63784E+08				1.938		2.000		1.938

		7/8/99 19:01		189.79236		1.43605E+07		1.43605E+07				1.938		2.000		1.938

		7/9/99 7:00		190.29167		1.43605E+07		1.43605E+07				1.939		2.000		1.939

		7/9/99 7:01		190.29236		4.45800E+08		8.64522E+08				1.939		2.000		1.939

		7/9/99 19:00		190.79167		4.45800E+08		8.65237E+08				1.941		2.000		1.941

		7/9/99 19:01		190.79236		1.43605E+07		1.43605E+07				1.941		2.000		1.941

		7/10/99 7:00		191.29167		1.43605E+07		1.43605E+07				1.942		2.000		1.942

		7/10/99 7:01		191.29236		4.45800E+08		8.65934E+08				1.942		2.000		1.942

		7/10/99 19:00		191.79167		4.45800E+08		8.66609E+08				1.944		2.000		1.944

		7/10/99 19:01		191.79236		1.43605E+07		1.43605E+07				1.944		2.000		1.944

		7/11/99 7:00		192.29167		1.43605E+07		1.43605E+07				1.945		2.000		1.945

		7/11/99 7:01		192.29236		4.45800E+08		8.67267E+08				1.945		2.000		1.945

		7/11/99 19:00		192.79167		4.45800E+08		8.67905E+08				1.947		2.000		1.947

		7/11/99 19:01		192.79236		1.43605E+07		1.43605E+07				1.947		2.000		1.947

		7/12/99 7:00		193.29167		1.43605E+07		1.43605E+07				1.948		2.000		1.948

		7/12/99 7:01		193.29236		4.45800E+08		8.68526E+08				1.948		2.000		1.948

		7/12/99 19:00		193.79167		4.45800E+08		8.69128E+08				1.950		2.000		1.950

		7/12/99 19:01		193.79236		1.43605E+07		1.43605E+07				1.950		2.000		1.950

		7/13/99 7:00		194.29167		1.43605E+07		1.43605E+07				1.951		2.000		1.951

		7/13/99 7:01		194.29236		4.45800E+08		8.69715E+08				1.951		2.000		1.951

		7/13/99 19:00		194.79167		4.45800E+08		8.70283E+08				1.952		2.000		1.952

		7/13/99 19:01		194.79236		1.43605E+07		1.43605E+07				1.952		2.000		1.952

		7/14/99 7:00		195.29167		1.43605E+07		1.43605E+07				1.953		2.000		1.953

		7/14/99 7:01		195.29236		4.45800E+08		8.70838E+08				1.953		2.000		1.953

		7/14/99 19:00		195.79167		4.45800E+08		8.71375E+08				1.955		2.000		1.955

		7/14/99 19:01		195.79236		1.43605E+07		1.43605E+07				1.955		2.000		1.955

		7/15/99 7:00		196.29167		1.43605E+07		1.43605E+07				1.956		2.000		1.956

		7/15/99 7:01		196.29236		4.45800E+08		8.71898E+08				1.956		2.000		1.956

		7/15/99 19:00		196.79167		4.45800E+08		8.72406E+08				1.957		2.000		1.957

		7/15/99 19:01		196.79236		1.43605E+07		1.43605E+07				1.957		2.000		1.957

		7/16/99 7:00		197.29167		1.43605E+07		1.43605E+07				1.958		2.000		1.958

		7/16/99 7:01		197.29236		4.45800E+08		8.72901E+08				1.958		2.000		1.958

		7/16/99 19:00		197.79167		4.45800E+08		8.73381E+08				1.959		2.000		1.959

		7/16/99 19:01		197.79236		1.43605E+07		1.43605E+07				1.959		2.000		1.959

		7/17/99 7:00		198.29167		1.43605E+07		1.43605E+07				1.960		2.000		1.960

		7/17/99 7:01		198.29236		4.45800E+08		8.73848E+08				1.960		2.000		1.960

		7/17/99 19:00		198.79167		4.45800E+08		8.74302E+08				1.961		2.000		1.961

		7/17/99 19:01		198.79236		1.43605E+07		1.43605E+07				1.961		2.000		1.961

		7/18/99 7:00		199.29167		1.43605E+07		1.43605E+07				1.962		2.000		1.962

		7/18/99 7:01		199.29236		4.45800E+08		8.74744E+08				1.962		2.000		1.962

		7/18/99 19:00		199.79167		4.45800E+08		8.75173E+08				1.963		2.000		1.963

		7/18/99 19:01		199.79236		1.43605E+07		1.43605E+07				1.963		2.000		1.963

		7/19/99 7:00		200.29167		1.43605E+07		1.43605E+07				1.964		2.000		1.964

		7/19/99 7:01		200.29236		4.45800E+08		8.75591E+08				1.964		2.000		1.964

		7/19/99 19:00		200.79167		4.45800E+08		8.75996E+08				1.965		2.000		1.965

		7/19/99 19:01		200.79236		1.43605E+07		1.43605E+07				1.965		2.000		1.965

		7/20/99 7:00		201.29167		1.43605E+07		1.43605E+07				1.966		2.000		1.966

		7/20/99 7:01		201.29236		4.45800E+08		8.76392E+08				1.966		2.000		1.966

		7/20/99 19:00		201.79167		4.45800E+08		8.76775E+08				1.967		2.000		1.967

		7/20/99 19:01		201.79236		1.43605E+07		1.43605E+07				1.967		2.000		1.967

		7/21/99 7:00		202.29167		1.43605E+07		1.43605E+07				1.968		2.000		1.968

		7/21/99 7:01		202.29236		4.45800E+08		8.77149E+08				1.968		2.000		1.968

		7/21/99 19:00		202.79167		4.45800E+08		8.77512E+08				1.968		2.000		1.968

		7/21/99 19:01		202.79236		1.43605E+07		1.43605E+07				1.968		2.000		1.968

		7/22/99 7:00		203.29167		1.43605E+07		1.43605E+07				1.969		2.000		1.969

		7/22/99 7:01		203.29236		4.45800E+08		8.77866E+08				1.969		2.000		1.969

		7/22/99 19:00		203.79167		4.45800E+08		8.78209E+08				1.970		2.000		1.970

		7/22/99 19:01		203.79236		1.43605E+07		1.43605E+07				1.970		2.000		1.970

		7/23/99 7:00		204.29167		1.43605E+07		1.43605E+07				1.971		2.000		1.971

		7/23/99 7:01		204.29236		4.45800E+08		8.78544E+08				1.971		2.000		1.971

		7/23/99 19:00		204.79167		4.45800E+08		8.78869E+08				1.971		2.000		1.971

		7/23/99 19:01		204.79236		1.43605E+07		1.43605E+07				1.971		2.000		1.971

		7/24/99 7:00		205.29167		1.43605E+07		1.43605E+07				1.972		2.000		1.972

		7/24/99 7:01		205.29236		4.45800E+08		8.79186E+08				1.972		2.000		1.972

		7/24/99 19:00		205.79167		4.45800E+08		8.79494E+08				1.973		2.000		1.973

		7/24/99 19:01		205.79236		1.43605E+07		1.43605E+07				1.973		2.000		1.973

		7/25/99 7:00		206.29167		1.43605E+07		1.43605E+07				1.974		2.000		1.974

		7/25/99 7:01		206.29236		4.45800E+08		8.79794E+08				1.974		2.000		1.974

		7/25/99 19:00		206.79167		4.45800E+08		8.80085E+08				1.974		2.000		1.974

		7/25/99 19:01		206.79236		1.43605E+07		1.43605E+07				1.974		2.000		1.974

		7/26/99 7:00		207.29167		1.43605E+07		1.43605E+07				1.975		2.000		1.975

		7/26/99 7:01		207.29236		4.45800E+08		8.80370E+08				1.975		2.000		1.975

		7/26/99 19:00		207.79167		4.45800E+08		8.80646E+08				1.975		2.000		1.975

		7/26/99 19:01		207.79236		1.43605E+07		1.43605E+07				1.975		2.000		1.975

		7/27/99 7:00		208.29167		1.43605E+07		1.43605E+07				1.976		2.000		1.976

		7/27/99 7:01		208.29236		4.45800E+08		8.80915E+08				1.976		2.000		1.976

		7/27/99 19:00		208.79167		4.45800E+08		8.81176E+08				1.977		2.000		1.977

		7/27/99 19:01		208.79236		1.43605E+07		1.43605E+07				1.977		2.000		1.977

		7/28/99 7:00		209.29167		1.43605E+07		1.43605E+07				1.977		2.000		1.977

		7/28/99 7:01		209.29236		4.45800E+08		8.81431E+08				1.977		2.000		1.977

		7/28/99 19:00		209.79167		4.45800E+08		8.81679E+08				1.978		2.000		1.978

		7/28/99 19:01		209.79236		1.43605E+07		1.43605E+07				1.978		2.000		1.978

		7/29/99 7:00		210.29167		1.43605E+07		1.43605E+07				1.978		2.000		1.978

		7/29/99 7:01		210.29236		4.45800E+08		8.81921E+08				1.978		2.000		1.978

		7/29/99 19:00		210.79167		4.45800E+08		8.82155E+08				1.979		2.000		1.979

		7/29/99 19:01		210.79236		1.43605E+07		1.43605E+07				1.979		2.000		1.979

		7/30/99 7:00		211.29167		1.43605E+07		1.43605E+07				1.979		2.000		1.979

		7/30/99 7:01		211.29236		4.45800E+08		8.82384E+08				1.979		2.000		1.979

		7/30/99 19:00		211.79167		4.45800E+08		8.82607E+08				1.980		2.000		1.980

		7/30/99 19:01		211.79236		1.43605E+07		1.43605E+07				1.980		2.000		1.980

		7/31/99 7:00		212.29167		1.43605E+07		1.43605E+07				1.980		2.000		1.980

		7/31/99 7:01		212.29236		4.45800E+08		8.82824E+08				1.980		2.000		1.980

		7/31/99 19:00		212.79167		4.45800E+08		8.83035E+08				1.981		2.000		1.981

		7/31/99 19:01		212.79236		1.43605E+07		1.43605E+07				1.981		2.000		1.981

		8/1/99 7:00		213.29167		1.43605E+07		1.43605E+07				1.981		2.000		1.981

		8/1/99 7:01		213.29236		4.45800E+08		8.83241E+08				1.981		2.000		1.981

		8/1/99 19:00		213.79167		4.45800E+08		8.83441E+08				1.982		2.000		1.982

		8/1/99 19:01		213.79236		1.43605E+07		1.43605E+07				1.982		2.000		1.982

		8/2/99 7:00		214.29167		1.43605E+07		1.43605E+07				1.982		2.000		1.982

		8/2/99 7:01		214.29236		4.45800E+08		8.83636E+08				1.982		2.000		1.982

		8/2/99 19:00		214.79167		4.45800E+08		8.83826E+08				1.983		1.999		1.983

		8/2/99 19:01		214.79236		1.43605E+07		1.43605E+07				1.983		1.999		1.983

		8/3/99 7:00		215.29167		1.43605E+07		1.43605E+07				1.983		1.999		1.983

		8/3/99 7:01		215.29236		4.45800E+08		8.84011E+08				1.983		1.999		1.983

		8/3/99 19:00		215.79167		4.45800E+08		8.84191E+08				1.983		1.999		1.983

		8/3/99 19:01		215.79236		1.43605E+07		1.43605E+07				1.983		1.999		1.983

		8/4/99 7:00		216.29167		1.43605E+07		1.43605E+07				1.984		1.999		1.984

		8/4/99 7:01		216.29236		4.45800E+08		8.84367E+08				1.984		1.999		1.984

		8/4/99 19:00		216.79167		4.45800E+08		8.84538E+08				1.984		1.999		1.984

		8/4/99 19:01		216.79236		1.43605E+07		1.43605E+07				1.984		1.999		1.984

		8/5/99 7:00		217.29167		1.43605E+07		1.43605E+07				1.985		1.999		1.985

		8/5/99 7:01		217.29236		4.45800E+08		8.84705E+08				1.985		1.999		1.985

		8/5/99 19:00		217.79167		4.45800E+08		8.84867E+08				1.985		1.999		1.985

		8/5/99 19:01		217.79236		1.43605E+07		1.43605E+07				1.985		1.999		1.985

		8/6/99 7:00		218.29167		1.43605E+07		1.43605E+07				1.985		1.999		1.985

		8/6/99 7:01		218.29236		4.45800E+08		8.85025E+08				1.985		1.999		1.985

		8/6/99 19:00		218.79167		4.45800E+08		8.85179E+08				1.986		1.999		1.986

		8/6/99 19:01		218.79236		1.43605E+07		1.43605E+07				1.986		1.999		1.986

		8/7/99 7:00		219.29167		1.43605E+07		1.43605E+07				1.986		1.999		1.986

		8/7/99 7:01		219.29236		4.45800E+08		8.85329E+08				1.986		1.999		1.986

		8/7/99 19:00		219.79167		4.45800E+08		8.85476E+08				1.986		1.999		1.986

		8/7/99 19:01		219.79236		1.43605E+07		1.43605E+07				1.986		1.999		1.986

		8/8/99 7:00		220.29167		1.43605E+07		1.43605E+07				1.987		1.999		1.987

		8/8/99 7:01		220.29236		4.45800E+08		8.85618E+08				1.987		1.999		1.987

		8/8/99 19:00		220.79167		4.45800E+08		8.85757E+08				1.987		1.999		1.987

		8/8/99 19:01		220.79236		1.43605E+07		1.43605E+07				1.987		1.999		1.987

		8/9/99 7:00		221.29167		1.43605E+07		1.43605E+07				1.987		1.999		1.987

		8/9/99 7:01		221.29236		4.45800E+08		8.85893E+08				1.987		1.999		1.987

		8/9/99 19:00		221.79167		4.45800E+08		8.86025E+08				1.987		1.999		1.987

		8/9/99 19:01		221.79236		1.43605E+07		1.43605E+07				1.987		1.999		1.987

		8/10/99 7:00		222.29167		1.43605E+07		1.43605E+07				1.988		1.999		1.988

		8/10/99 7:01		222.29236		4.45800E+08		8.86154E+08				1.988		1.999		1.988

		8/10/99 19:00		222.79167		4.45800E+08		8.86279E+08				1.988		1.998		1.988

		8/10/99 19:01		222.79236		1.43605E+07		1.43605E+07				1.988		1.998		1.988

		8/11/99 7:00		223.29167		1.43605E+07		1.43605E+07				1.988		1.998		1.988

		8/11/99 7:01		223.29236		4.45800E+08		8.86402E+08				1.988		1.998		1.988

		8/11/99 19:00		223.79167		4.45800E+08		8.86521E+08				1.989		1.998		1.989

		8/11/99 19:01		223.79236		1.43605E+07		1.43605E+07				1.989		1.998		1.989

		8/12/99 7:00		224.29167		1.43605E+07		1.43605E+07				1.989		1.998		1.989

		8/12/99 7:01		224.29236		4.45800E+08		8.86637E+08				1.989		1.998		1.989

		8/12/99 19:00		224.79167		4.45800E+08		8.86750E+08				1.989		1.998		1.989

		8/12/99 19:01		224.79236		1.43605E+07		1.43605E+07				1.989		1.998		1.989

		8/13/99 7:00		225.29167		1.43605E+07		1.43605E+07				1.989		1.998		1.989

		8/13/99 7:01		225.29236		4.45800E+08		8.86861E+08				1.989		1.998		1.989

		8/13/99 19:00		225.79167		4.45800E+08		8.86969E+08				1.990		1.998		1.990

		8/13/99 19:01		225.79236		1.43605E+07		1.43605E+07				1.990		1.998		1.990

		8/14/99 7:00		226.29167		1.43605E+07		1.43605E+07				1.990		1.997		1.990

		8/14/99 7:01		226.29236		4.45800E+08		8.87074E+08				1.990		1.997		1.990

		8/14/99 19:00		226.79167		4.45800E+08		8.87176E+08				1.990		1.997		1.990

		8/14/99 19:01		226.79236		1.43605E+07		1.43605E+07				1.990		1.997		1.990

		8/15/99 7:00		227.29167		1.43605E+07		1.43605E+07				1.990		1.997		1.990

		8/15/99 7:01		227.29236		4.45800E+08		8.87276E+08				1.990		1.997		1.990

		8/15/99 19:00		227.79167		4.45800E+08		8.87374E+08				1.991		1.997		1.991

		8/15/99 19:01		227.79236		1.43605E+07		1.43605E+07				1.991		1.997		1.991

		8/16/99 7:00		228.29167		1.43605E+07		1.43605E+07				1.991		1.997		1.991

		8/16/99 7:01		228.29236		4.45800E+08		8.87469E+08				1.991		1.997		1.991

		8/16/99 19:00		228.79167		4.45800E+08		8.87562E+08				1.991		1.997		1.991

		8/16/99 19:01		228.79236		1.43605E+07		1.43605E+07				1.991		1.997		1.991

		8/17/99 7:00		229.29167		1.43605E+07		1.43605E+07				1.991		1.996		1.991

		8/17/99 7:01		229.29236		4.45800E+08		8.87652E+08				1.991		1.996		1.991

		8/17/99 19:00		229.79167		4.45800E+08		8.87740E+08				1.991		1.996		1.991

		8/17/99 19:01		229.79236		1.43605E+07		1.43605E+07				1.991		1.996		1.991

		8/18/99 7:00		230.29167		1.43605E+07		1.43605E+07				1.992		1.996		1.992

		8/18/99 7:01		230.29236		4.45800E+08		8.87827E+08				1.992		1.996		1.992

		8/18/99 19:00		230.79167		4.45800E+08		8.87911E+08				1.992		1.995		1.992

		8/18/99 19:01		230.79236		1.43605E+07		1.43605E+07				1.992		1.995		1.992

		8/19/99 7:00		231.29167		1.43605E+07		1.43605E+07				1.992		1.995		1.992

		8/19/99 7:01		231.29236		4.45800E+08		8.87993E+08				1.992		1.995		1.992

		8/19/99 19:00		231.79167		4.45800E+08		8.88073E+08				1.992		1.995		1.992

		8/19/99 19:01		231.79236		1.43605E+07		1.43605E+07				1.992		1.995		1.992

		8/20/99 7:00		232.29167		1.43605E+07		1.43605E+07				1.992		1.994		1.992

		8/20/99 7:01		232.29236		4.45800E+08		8.88151E+08				1.992		1.994		1.992

		8/20/99 19:00		232.79167		4.45800E+08		8.88227E+08				1.992		1.994		1.992

		8/20/99 19:01		232.79236		1.43605E+07		1.43605E+07				1.992		1.994		1.992

		8/21/99 7:00		233.29167		1.43605E+07		1.43605E+07				1.993		1.994		1.993

		8/21/99 7:01		233.29236		4.45800E+08		8.88301E+08				1.993		1.994		1.993

		8/21/99 19:00		233.79167		4.45800E+08		8.88374E+08				1.993		1.993		1.993

		8/21/99 19:01		233.79236		1.43605E+07		1.43605E+07				1.993		1.993		1.993

		8/22/99 7:00		234.29167		1.43605E+07		1.43605E+07				1.993		1.993		1.993

		8/22/99 7:01		234.29236		4.45800E+08		8.88429E+08				1.993		1.993		1.993

		8/22/99 19:00		234.79167		4.45800E+08		8.88221E+08				1.993		1.992		1.992

		8/22/99 19:01		234.79236		1.43605E+07		1.43605E+07				1.993		1.992		1.992

		8/23/99 7:00		235.29167		1.43605E+07		1.43605E+07				1.993		1.992		1.992

		8/23/99 7:01		235.29236		4.45800E+08		8.87999E+08				1.993		1.992		1.992

		8/23/99 19:00		235.79167		4.45800E+08		8.87764E+08				1.993		1.991		1.991

		8/23/99 19:01		235.79236		1.43605E+07		1.43605E+07				1.993		1.991		1.991

		8/24/99 7:00		236.29167		1.43605E+07		1.43605E+07				1.994		1.991		1.991

		8/24/99 7:01		236.29236		4.45800E+08		8.87514E+08				1.994		1.991		1.991

		8/24/99 19:00		236.79167		4.45800E+08		8.87248E+08				1.994		1.990		1.990

		8/24/99 19:01		236.79236		1.43605E+07		1.43605E+07				1.994		1.990		1.990

		8/25/99 7:00		237.29167		1.43605E+07		1.43605E+07				1.994		1.990		1.990

		8/25/99 7:01		237.29236		4.45800E+08		8.86966E+08				1.994		1.990		1.990

		8/25/99 19:00		237.79167		4.45800E+08		8.86666E+08				1.994		1.989		1.989

		8/25/99 19:01		237.79236		1.43605E+07		1.43605E+07				1.994		1.989		1.989

		8/26/99 7:00		238.29167		1.43605E+07		1.43605E+07				1.994		1.988		1.988

		8/26/99 7:01		238.29236		4.45800E+08		8.86347E+08				1.994		1.988		1.988

		8/26/99 19:00		238.79167		4.45800E+08		8.86010E+08				1.994		1.987		1.987

		8/26/99 19:01		238.79236		1.43605E+07		1.43605E+07				1.994		1.987		1.987

		8/27/99 7:00		239.29167		1.43605E+07		1.43605E+07				1.994		1.987		1.987

		8/27/99 7:01		239.29236		4.45800E+08		8.85651E+08				1.994		1.987		1.987

		8/27/99 19:00		239.79167		4.45800E+08		8.85270E+08				1.994		1.986		1.986

		8/27/99 19:01		239.79236		1.43605E+07		1.43605E+07				1.994		1.986		1.986

		8/28/99 7:00		240.29167		1.43605E+07		1.43605E+07				1.995		1.985		1.985

		8/28/99 7:01		240.29236		4.45800E+08		8.84866E+08				1.995		1.985		1.985

		8/28/99 19:00		240.79167		4.45800E+08		8.84438E+08				1.995		1.984		1.984

		8/28/99 19:01		240.79236		1.43605E+07		1.43605E+07				1.995		1.984		1.984

		8/29/99 7:00		241.29167		1.43605E+07		1.43605E+07				1.995		1.983		1.983

		8/29/99 7:01		241.29236		4.45800E+08		8.83982E+08				1.995		1.983		1.983

		8/29/99 19:00		241.79167		4.45800E+08		8.83501E+08				1.995		1.982		1.982

		8/29/99 19:01		241.79236		1.43605E+07		1.43605E+07				1.995		1.982		1.982

		8/30/99 7:00		242.29167		1.43605E+07		1.43605E+07				1.995		1.981		1.981

		8/30/99 7:01		242.29236		4.45800E+08		8.82989E+08				1.995		1.981		1.981

		8/30/99 19:00		242.79167		4.45800E+08		8.82448E+08				1.995		1.979		1.979

		8/30/99 19:01		242.79236		1.43605E+07		1.43605E+07				1.995		1.979		1.979

		8/31/99 7:00		243.29167		1.43605E+07		1.43605E+07				1.995		1.978		1.978

		8/31/99 7:01		243.29236		4.45800E+08		8.81873E+08				1.995		1.978		1.978

		8/31/99 19:00		243.79167		4.45800E+08		8.81265E+08				1.995		1.977		1.977

		8/31/99 19:01		243.79236		1.43605E+07		1.43605E+07				1.995		1.977		1.977

		9/1/99 7:00		244.29167		1.43605E+07		1.43605E+07				1.995		1.975		1.975

		9/1/99 7:01		244.29236		4.45800E+08		8.80620E+08				1.995		1.975		1.975

		9/1/99 19:00		244.79167		4.45800E+08		8.79939E+08				1.996		1.974		1.974

		9/1/99 19:01		244.79236		1.43605E+07		1.43605E+07				1.996		1.974		1.974

		9/2/99 7:00		245.29167		1.43605E+07		1.43605E+07				1.996		1.972		1.972

		9/2/99 7:01		245.29236		4.45800E+08		8.79215E+08				1.996		1.972		1.972

		9/2/99 19:00		245.79167		4.45800E+08		8.78451E+08				1.996		1.971		1.971

		9/2/99 19:01		245.79236		1.43605E+07		1.43605E+07				1.996		1.971		1.971

		9/3/99 7:00		246.29167		1.43605E+07		1.43605E+07				1.996		1.969		1.969

		9/3/99 7:01		246.29236		4.45800E+08		8.77641E+08				1.996		1.969		1.969

		9/3/99 19:00		246.79167		4.45800E+08		8.76786E+08				1.996		1.967		1.967

		9/3/99 19:01		246.79236		1.43605E+07		1.43605E+07				1.996		1.967		1.967

		9/4/99 7:00		247.29167		1.43605E+07		1.43605E+07				1.996		1.965		1.965

		9/4/99 7:01		247.29236		4.45800E+08		8.75879E+08				1.996		1.965		1.965

		9/4/99 19:00		247.79167		4.45800E+08		8.74923E+08				1.996		1.963		1.963

		9/4/99 19:01		247.79236		1.43605E+07		1.43605E+07				1.996		1.963		1.963

		9/5/99 7:00		248.29167		1.43605E+07		1.43605E+07				1.996		1.960		1.960

		9/5/99 7:01		248.29236		4.45800E+08		8.73909E+08				1.996		1.960		1.960

		9/5/99 19:00		248.79167		4.45800E+08		8.72841E+08				1.996		1.958		1.958

		9/5/99 19:01		248.79236		1.43605E+07		1.43605E+07				1.996		1.958		1.958

		9/6/99 7:00		249.29167		1.43605E+07		1.43605E+07				1.996		1.955		1.955

		9/6/99 7:01		249.29236		4.45800E+08		8.71710E+08				1.996		1.955		1.955

		9/6/99 19:00		249.79167		4.45800E+08		8.70518E+08				1.996		1.953		1.953

		9/6/99 19:01		249.79236		1.43605E+07		1.43605E+07				1.996		1.953		1.953

		9/7/99 7:00		250.29167		1.43605E+07		1.43605E+07				1.996		1.950		1.950

		9/7/99 7:01		250.29236		4.45800E+08		8.69256E+08				1.996		1.950		1.950

		9/7/99 19:00		250.79167		4.45800E+08		8.67928E+08				1.997		1.947		1.947

		9/7/99 19:01		250.79236		1.43605E+07		1.43605E+07				1.997		1.947		1.947

		9/8/99 7:00		251.29167		1.43605E+07		1.43605E+07				1.997		1.944		1.944

		9/8/99 7:01		251.29236		4.45800E+08		8.66523E+08				1.997		1.944		1.944

		9/8/99 19:00		251.79167		4.45800E+08		8.65046E+08				1.997		1.940		1.940

		9/8/99 19:01		251.79236		1.43605E+07		1.43605E+07				1.997		1.940		1.940

		9/9/99 7:00		252.29167		1.43605E+07		1.43605E+07				1.997		1.937		1.937

		9/9/99 7:01		252.29236		4.45800E+08		8.63484E+08				1.997		1.937		1.937

		9/9/99 19:00		252.79167		4.45800E+08		8.61842E+08				1.997		1.933		1.933

		9/9/99 19:01		252.79236		1.43605E+07		1.43605E+07				1.997		1.933		1.933

		9/10/99 7:00		253.29167		1.43605E+07		1.43605E+07				1.997		1.929		1.929

		9/10/99 7:01		253.29236		4.45800E+08		8.60108E+08				1.997		1.929		1.929

		9/10/99 19:00		253.79167		4.45800E+08		8.58287E+08				1.997		1.925		1.925

		9/10/99 19:01		253.79236		1.43605E+07		1.43605E+07				1.997		1.925		1.925

		9/11/99 7:00		254.29167		1.43605E+07		1.43605E+07				1.997		1.921		1.921

		9/11/99 7:01		254.29236		4.45800E+08		8.56364E+08				1.997		1.921		1.921

		9/11/99 19:00		254.79167		4.45800E+08		8.54348E+08				1.997		1.916		1.916

		9/11/99 19:01		254.79236		1.43605E+07		1.43605E+07				1.997		1.916		1.916

		9/12/99 7:00		255.29167		1.43605E+07		1.43605E+07				1.997		1.912		1.912

		9/12/99 7:01		255.29236		4.45800E+08		8.52221E+08				1.997		1.912		1.912

		9/12/99 19:00		255.79167		4.45800E+08		8.49992E+08				1.997		1.907		1.907

		9/12/99 19:01		255.79236		1.43605E+07		1.43605E+07				1.997		1.907		1.907

		9/13/99 7:00		256.29167		1.43605E+07		1.43605E+07				1.997		1.901		1.901

		9/13/99 7:01		256.29236		4.45800E+08		8.47643E+08				1.997		1.901		1.901

		9/13/99 19:00		256.79167		4.45800E+08		8.45183E+08				1.997		1.896		1.896

		9/13/99 19:01		256.79236		1.43605E+07		1.43605E+07				1.997		1.896		1.896

		9/14/99 7:00		257.29167		1.43605E+07		1.43605E+07				1.997		1.890		1.890

		9/14/99 7:01		257.29236		4.45800E+08		8.42595E+08				1.997		1.890		1.890

		9/14/99 19:00		257.79167		4.45800E+08		8.39887E+08				1.997		1.884		1.884

		9/14/99 19:01		257.79236		1.43605E+07		1.43605E+07				1.997		1.884		1.884

		9/15/99 7:00		258.29167		1.43605E+07		1.43605E+07				1.997		1.878		1.878

		9/15/99 7:01		258.29236		4.45800E+08		8.37040E+08				1.997		1.878		1.878

		9/15/99 19:00		258.79167		4.45800E+08		8.34066E+08				1.997		1.871		1.871

		9/15/99 19:01		258.79236		1.43605E+07		1.43605E+07				1.997		1.871		1.871

		9/16/99 7:00		259.29167		1.43605E+07		1.43605E+07				1.998		1.864		1.864

		9/16/99 7:01		259.29236		4.45800E+08		8.30942E+08				1.998		1.864		1.864

		9/16/99 19:00		259.79167		4.45800E+08		8.27683E+08				1.998		1.857		1.857

		9/16/99 19:01		259.79236		1.43605E+07		1.43605E+07				1.998		1.857		1.857

		9/17/99 7:00		260.29167		1.43605E+07		1.43605E+07				1.998		1.849		1.849

		9/17/99 7:01		260.29236		4.45800E+08		8.24265E+08				1.998		1.849		1.849

		9/17/99 19:00		260.79167		4.45800E+08		8.20703E+08				1.998		1.841		1.841

		9/17/99 19:01		260.79236		1.43605E+07		1.43605E+07				1.998		1.841		1.841

		9/18/99 7:00		261.29167		1.43605E+07		1.43605E+07				1.998		1.833		1.833

		9/18/99 7:01		261.29236		4.45800E+08		8.16972E+08				1.998		1.833		1.833

		9/18/99 19:00		261.79167		4.45800E+08		8.13090E+08				1.998		1.824		1.824

		9/18/99 19:01		261.79236		1.43605E+07		1.43605E+07				1.998		1.824		1.824

		9/19/99 7:00		262.29167		1.43605E+07		1.43605E+07				1.998		1.815		1.815

		9/19/99 7:01		262.29236		4.45800E+08		8.09030E+08				1.998		1.815		1.815

		9/19/99 19:00		262.79167		4.45800E+08		8.04811E+08				1.998		1.805		1.805

		9/19/99 19:01		262.79236		1.43605E+07		1.43605E+07				1.998		1.805		1.805

		9/20/99 7:00		263.29167		1.43605E+07		1.43605E+07				1.998		1.795		1.795

		9/20/99 7:01		263.29236		4.45800E+08		8.00407E+08				1.998		1.795		1.795

		9/20/99 19:00		263.79167		4.45800E+08		7.95837E+08				1.998		1.785		1.785

		9/20/99 19:01		263.79236		1.43605E+07		1.43605E+07				1.998		1.785		1.785

		9/21/99 7:00		264.29167		1.43605E+07		1.43605E+07				1.998		1.775		1.775

		9/21/99 7:01		264.29236		4.45800E+08		7.91074E+08				1.998		1.775		1.775

		9/21/99 19:00		264.79167		4.45800E+08		7.86141E+08				1.998		1.763		1.763

		9/21/99 19:01		264.79236		1.43605E+07		1.43605E+07				1.998		1.763		1.763

		9/22/99 7:00		265.29167		1.43605E+07		1.43605E+07				1.998		1.752		1.752

		9/22/99 7:01		265.29236		4.45800E+08		7.81009E+08				1.998		1.752		1.752

		9/22/99 19:00		265.79167		4.45800E+08		7.75703E+08				1.998		1.740		1.740

		9/22/99 19:01		265.79236		1.43605E+07		1.43605E+07				1.998		1.740		1.740

		9/23/99 7:00		266.29167		1.43605E+07		1.43605E+07				1.998		1.728		1.728

		9/23/99 7:01		266.29236		4.45800E+08		7.70194E+08				1.998		1.728		1.728

		9/23/99 19:00		266.79167		4.45800E+08		7.64509E+08				1.998		1.715		1.715

		9/23/99 19:01		266.79236		1.43605E+07		1.43605E+07				1.998		1.715		1.715

		9/24/99 7:00		267.29167		1.43605E+07		1.43605E+07				1.998		1.702		1.702

		9/24/99 7:01		267.29236		4.45800E+08		7.58618E+08				1.998		1.702		1.702

		9/24/99 19:00		267.79167		4.45800E+08		7.52553E+08				1.998		1.688		1.688

		9/24/99 19:01		267.79236		1.43605E+07		1.43605E+07				1.998		1.688		1.688

		9/25/99 7:00		268.29167		1.43605E+07		1.43605E+07				1.998		1.674		1.674

		9/25/99 7:01		268.29236		4.45800E+08		7.46280E+08				1.998		1.674		1.674

		9/25/99 19:00		268.79167		4.45800E+08		7.39836E+08				1.998		1.660		1.660

		9/25/99 19:01		268.79236		1.43605E+07		1.43605E+07				1.998		1.660		1.660

		9/26/99 7:00		269.29167		1.43605E+07		1.43605E+07				1.998		1.645		1.645

		9/26/99 7:01		269.29236		4.45800E+08		7.33186E+08				1.998		1.645		1.645

		9/26/99 19:00		269.79167		4.45800E+08		7.26370E+08				1.998		1.629		1.629

		9/26/99 19:01		269.79236		1.43605E+07		1.43605E+07				1.998		1.629		1.629

		9/27/99 7:00		270.29167		1.43605E+07		1.43605E+07				1.998		1.614		1.614

		9/27/99 7:01		270.29236		4.45800E+08		7.19353E+08				1.998		1.614		1.614

		9/27/99 19:00		270.79167		4.45800E+08		7.12179E+08				1.998		1.598		1.598

		9/27/99 19:01		270.79236		1.43605E+07		1.43605E+07				1.998		1.598		1.598

		9/28/99 7:00		271.29167		1.43605E+07		1.43605E+07				1.998		1.581		1.581

		9/28/99 7:01		271.29236		4.45800E+08		7.04811E+08				1.998		1.581		1.581

		9/28/99 19:00		271.79167		4.45800E+08		6.97295E+08				1.998		1.564		1.564

		9/28/99 19:01		271.79236		1.43605E+07		1.43605E+07				1.998		1.564		1.564

		9/29/99 7:00		272.29167		1.43605E+07		1.43605E+07				1.999		1.547		1.547

		9/29/99 7:01		272.29236		4.45800E+08		6.89597E+08				1.999		1.547		1.547

		9/29/99 19:00		272.79167		4.45800E+08		6.81765E+08				1.999		1.529		1.529

		9/29/99 19:01		272.79236		1.43605E+07		1.43605E+07				1.999		1.529		1.529

		9/30/99 7:00		273.29167		1.43605E+07		1.43605E+07				1.999		1.511		1.511

		9/30/99 7:01		273.29236		4.45800E+08		6.73764E+08				1.999		1.511		1.511

		9/30/99 19:00		273.79167		4.45800E+08		6.65646E+08				1.999		1.493		1.493

		9/30/99 19:01		273.79236		1.43605E+07		1.43605E+07				1.999		1.493		1.493

		10/1/99 7:00		274.29167		1.43605E+07		1.43605E+07				1.999		1.475		1.475

		10/1/99 7:01		274.29236		4.45800E+08		6.57374E+08				1.999		1.475		1.475

		10/1/99 19:00		274.79167		4.45800E+08		6.49005E+08				1.999		1.456		1.456

		10/1/99 19:01		274.79236		1.43605E+07		1.43605E+07				1.999		1.456		1.456

		10/2/99 7:00		275.29167		1.43605E+07		1.43605E+07				1.999		1.437		1.437

		10/2/99 7:01		275.29236		4.45800E+08		6.40501E+08				1.999		1.437		1.437

		10/2/99 19:00		275.79167		4.45800E+08		6.31920E+08				1.999		1.417		1.417

		10/2/99 19:01		275.79236		1.43605E+07		1.43605E+07				1.999		1.417		1.417

		10/3/99 7:00		276.29167		1.43605E+07		1.43605E+07				1.999		1.398		1.398

		10/3/99 7:01		276.29236		4.45800E+08		6.23226E+08				1.999		1.398		1.398

		10/3/99 19:00		276.79167		4.45800E+08		6.14479E+08				1.999		1.378		1.378

		10/3/99 19:01		276.79236		1.43605E+07		1.43605E+07				1.999		1.378		1.378

		10/4/99 7:00		277.29167		1.43605E+07		1.43605E+07				1.999		1.359		1.359

		10/4/99 7:01		277.29236		4.45800E+08		6.05642E+08				1.999		1.359		1.359

		10/4/99 19:00		277.79167		4.45800E+08		5.96776E+08				1.999		1.339		1.339

		10/4/99 19:01		277.79236		1.43605E+07		1.43605E+07				1.999		1.339		1.339

		10/5/99 7:00		278.29167		1.43605E+07		1.43605E+07				1.999		1.319		1.319

		10/5/99 7:01		278.29236		4.45800E+08		5.87844E+08				1.999		1.319		1.319

		10/5/99 19:00		278.79167		4.45800E+08		5.78910E+08				1.999		1.299		1.299

		10/5/99 19:01		278.79236		1.43605E+07		1.43605E+07				1.999		1.299		1.299

		10/6/99 7:00		279.29167		1.43605E+07		1.43605E+07				1.999		1.278		1.278

		10/6/99 7:01		279.29236		4.45800E+08		5.69935E+08				1.999		1.278		1.278

		10/6/99 19:00		279.79167		4.45800E+08		5.60983E+08				1.999		1.258		1.258

		10/6/99 19:01		279.79236		1.43605E+07		1.43605E+07				1.999		1.258		1.258

		10/7/99 7:00		280.29167		1.43605E+07		1.43605E+07				1.999		1.238		1.238

		10/7/99 7:01		280.29236		4.45800E+08		5.52017E+08				1.999		1.238		1.238

		10/7/99 19:00		280.79167		4.45800E+08		5.43098E+08				1.999		1.218		1.218

		10/7/99 19:01		280.79236		1.43605E+07		1.43605E+07				1.999		1.218		1.218

		10/8/99 7:00		281.29167		1.43605E+07		1.43605E+07				1.999		1.198		1.198

		10/8/99 7:01		281.29236		4.45800E+08		5.34192E+08				1.999		1.198		1.198

		10/8/99 19:00		281.79167		4.45800E+08		5.25358E+08				1.999		1.178		1.178

		10/8/99 19:01		281.79236		1.43605E+07		1.43605E+07				1.999		1.178		1.178

		10/9/99 7:00		282.29167		1.43605E+07		1.43605E+07				1.999		1.159		1.159

		10/9/99 7:01		282.29236		4.45800E+08		5.16560E+08				1.999		1.159		1.159

		10/9/99 19:00		282.79167		4.45800E+08		5.07858E+08				1.999		1.139		1.139

		10/9/99 19:01		282.79236		1.43605E+07		1.43605E+07				1.999		1.139		1.139

		10/10/99 7:00		283.29167		1.43605E+07		1.43605E+07				1.999		1.120		1.120

		10/10/99 7:01		283.29236		4.45800E+08		4.99216E+08				1.999		1.120		1.120

		10/10/99 19:00		283.79167		4.45800E+08		4.90692E+08				1.999		1.101		1.101

		10/10/99 19:01		283.79236		1.43605E+07		1.43605E+07				1.999		1.101		1.101

		10/11/99 7:00		284.29167		1.43605E+07		1.43605E+07				1.999		1.082		1.082

		10/11/99 7:01		284.29236		4.45800E+08		4.82248E+08				1.999		1.082		1.082

		10/11/99 19:00		284.79167		4.45800E+08		4.73941E+08				1.999		1.063		1.063

		10/11/99 19:01		284.79236		1.43605E+07		1.43605E+07				1.999		1.063		1.063

		10/12/99 7:00		285.29167		1.43605E+07		1.43605E+07				1.999		1.045		1.045

		10/12/99 7:01		285.29236		4.45800E+08		4.65734E+08				1.999		1.045		1.045

		10/12/99 19:00		285.79167		4.45800E+08		4.57681E+08				1.999		1.027		1.027

		10/12/99 19:01		285.79236		1.43605E+07		1.43605E+07				1.999		1.027		1.027

		10/13/99 7:00		286.29167		1.43605E+07		1.43605E+07				1.999		1.009		1.009

		10/13/99 7:01		286.29236		4.45800E+08		4.49745E+08				1.999		1.009		1.009

		10/13/99 19:00		286.79167		4.45800E+08		4.41976E+08				1.999		0.991		0.991

		10/13/99 19:01		286.79236		1.43605E+07		1.43605E+07				1.999		0.991		0.991

		10/14/99 7:00		287.29167		1.43605E+07		1.43605E+07				1.999		0.974		0.974

		10/14/99 7:01		287.29236		4.45800E+08		4.34338E+08				1.999		0.974		0.974

		10/14/99 19:00		287.79167		4.45800E+08		4.26879E+08				1.999		0.958		0.958

		10/14/99 19:01		287.79236		1.43605E+07		1.43605E+07				1.999		0.958		0.958

		10/15/99 7:00		288.29167		1.43605E+07		1.43605E+07				1.999		0.941		0.941

		10/15/99 7:01		288.29236		4.45800E+08		4.19563E+08				1.999		0.941		0.941

		10/15/99 19:00		288.79167		4.45800E+08		4.12434E+08				1.999		0.925		0.925

		10/15/99 19:01		288.79236		1.43605E+07		1.43605E+07				1.999		0.925		0.925

		10/16/99 7:00		289.29167		1.43605E+07		1.43605E+07				1.999		0.910		0.910

		10/16/99 7:01		289.29236		4.45800E+08		4.05456E+08				1.999		0.910		0.910

		10/16/99 19:00		289.79167		4.45800E+08		3.98671E+08				1.999		0.894		0.894

		10/16/99 19:01		289.79236		1.43605E+07		1.43605E+07				1.999		0.894		0.894

		10/17/99 7:00		290.29167		1.43605E+07		1.43605E+07				1.999		0.879		0.879

		10/17/99 7:01		290.29236		4.45800E+08		3.92044E+08				1.999		0.879		0.879

		10/17/99 19:00		290.79167		4.45800E+08		3.85613E+08				1.999		0.865		0.865

		10/17/99 19:01		290.79236		1.43605E+07		1.43605E+07				1.999		0.865		0.865

		10/18/99 7:00		291.29167		1.43605E+07		1.43605E+07				1.999		0.851		0.851

		10/18/99 7:01		291.29236		4.45800E+08		3.79343E+08				1.999		0.851		0.851

		10/18/99 19:00		291.79167		4.45800E+08		3.73270E+08				1.999		0.837		0.837

		10/18/99 19:01		291.79236		1.43605E+07		1.43605E+07				1.999		0.837		0.837

		10/19/99 7:00		292.29167		1.43605E+07		1.43605E+07				1.999		0.824		0.824

		10/19/99 7:01		292.29236		4.45800E+08		3.67360E+08				1.999		0.824		0.824

		10/19/99 19:00		292.79167		4.45800E+08		3.61645E+08				1.999		0.811		0.811

		10/19/99 19:01		292.79236		1.43605E+07		1.43605E+07				1.999		0.811		0.811

		10/20/99 7:00		293.29167		1.43605E+07		1.43605E+07				1.999		0.799		0.799

		10/20/99 7:01		293.29236		4.45800E+08		3.56094E+08				1.999		0.799		0.799

		10/20/99 19:00		293.79167		4.45800E+08		3.50734E+08				1.999		0.787		0.787

		10/20/99 19:01		293.79236		1.43605E+07		1.43605E+07				1.999		0.787		0.787

		10/21/99 7:00		294.29167		1.43605E+07		1.43605E+07				1.999		0.775		0.775

		10/21/99 7:01		294.29236		4.45800E+08		3.45535E+08				1.999		0.775		0.775

		10/21/99 19:00		294.79167		4.45800E+08		3.40524E+08				1.999		0.764		0.764

		10/21/99 19:01		294.79236		1.43605E+07		1.43605E+07				1.999		0.764		0.764

		10/22/99 7:00		295.29167		1.43605E+07		1.43605E+07				1.999		0.753		0.753

		10/22/99 7:01		295.29236		4.45800E+08		3.35670E+08				1.999		0.753		0.753

		10/22/99 19:00		295.79167		4.45800E+08		3.30998E+08				1.999		0.742		0.742

		10/22/99 19:01		295.79236		1.43605E+07		1.43605E+07				1.999		0.742		0.742

		10/23/99 7:00		296.29167		1.43605E+07		1.43605E+07				1.999		0.732		0.732

		10/23/99 7:01		296.29236		4.45800E+08		3.26478E+08				1.999		0.732		0.732

		10/23/99 19:00		296.79167		4.45800E+08		3.22133E+08				1.999		0.723		0.723

		10/23/99 19:01		296.79236		1.43605E+07		1.43605E+07				1.999		0.723		0.723

		10/24/99 7:00		297.29167		1.43605E+07		1.43605E+07				1.999		0.713		0.713

		10/24/99 7:01		297.29236		4.45800E+08		3.17936E+08				1.999		0.713		0.713

		10/24/99 19:00		297.79167		4.45800E+08		3.13905E+08				1.999		0.704		0.704

		10/24/99 19:01		297.79236		1.43605E+07		1.43605E+07				1.999		0.704		0.704

		10/25/99 7:00		298.29167		1.43605E+07		1.43605E+07				1.999		0.695		0.695

		10/25/99 7:01		298.29236		4.45800E+08		3.10015E+08				1.999		0.695		0.695

		10/25/99 19:00		298.79167		4.45800E+08		3.06283E+08				1.999		0.687		0.687

		10/25/99 19:01		298.79236		1.43605E+07		1.43605E+07				1.999		0.687		0.687

		10/26/99 7:00		299.29167		1.43605E+07		1.43605E+07				1.999		0.679		0.679

		10/26/99 7:01		299.29236		4.45800E+08		3.02686E+08				1.999		0.679		0.679

		10/26/99 19:00		299.79167		4.45800E+08		2.99238E+08				1.999		0.671		0.671

		10/26/99 19:01		299.79236		1.43605E+07		1.43605E+07				1.999		0.671		0.671

		10/27/99 7:00		300.29167		1.43605E+07		1.43605E+07				1.999		0.664		0.664

		10/27/99 7:01		300.29236		4.45800E+08		2.95918E+08				1.999		0.664		0.664

		10/27/99 19:00		300.79167		4.45800E+08		2.92738E+08				1.999		0.657		0.657

		10/27/99 19:01		300.79236		1.43605E+07		1.43605E+07				1.999		0.657		0.657

		10/28/99 7:00		301.29167		1.43605E+07		1.43605E+07				1.999		0.650		0.650

		10/28/99 7:01		301.29236		4.45800E+08		2.89679E+08				1.999		0.650		0.650

		10/28/99 19:00		301.79167		4.45800E+08		2.86751E+08				1.999		0.643		0.643

		10/28/99 19:01		301.79236		1.43605E+07		1.43605E+07				1.999		0.643		0.643

		10/29/99 7:00		302.29167		1.43605E+07		1.43605E+07				1.999		0.637		0.637

		10/29/99 7:01		302.29236		4.45800E+08		2.83936E+08				1.999		0.637		0.637

		10/29/99 19:00		302.79167		4.45800E+08		2.81245E+08				2.000		0.631		0.631

		10/29/99 19:01		302.79236		1.43605E+07		1.43605E+07				2.000		0.631		0.631

		10/30/99 7:00		303.29167		1.43605E+07		1.43605E+07				2.000		0.625		0.625

		10/30/99 7:01		303.29236		4.45800E+08		2.78659E+08				2.000		0.625		0.625

		10/30/99 19:00		303.79167		4.45800E+08		2.76188E+08				2.000		0.620		0.620

		10/30/99 19:01		303.79236		1.43605E+07		1.43605E+07				2.000		0.620		0.620

		10/31/99 7:00		304.29167		1.43605E+07		1.43605E+07				2.000		0.614		0.614

		10/31/99 7:01		304.29236		4.45800E+08		2.73815E+08				2.000		0.614		0.614

		10/31/99 19:00		304.79167		4.45800E+08		2.71549E+08				2.000		0.609		0.609

		10/31/99 19:01		304.79236		1.43605E+07		1.43605E+07				2.000		0.609		0.609

		11/1/99 7:00		305.29167		1.43605E+07		1.43605E+07				2.000		0.604		0.604

		11/1/99 7:01		305.29236		4.45800E+08		2.69374E+08				2.000		0.604		0.604

		11/1/99 19:00		305.79167		4.45800E+08		2.67298E+08				2.000		0.600		0.600

		11/1/99 19:01		305.79236		1.43605E+07		1.43605E+07				2.000		0.600		0.600

		11/2/99 7:00		306.29167		1.43605E+07		1.43605E+07				2.000		0.595		0.595

		11/2/99 7:01		306.29236		4.45800E+08		2.65307E+08				2.000		0.595		0.595

		11/2/99 19:00		306.79167		4.45800E+08		2.63407E+08				2.000		0.591		0.591

		11/2/99 19:01		306.79236		1.43605E+07		1.43605E+07				2.000		0.591		0.591

		1/1/00 0:00		366.00000		1.43605E+07		1.43605E+07				2.000		0.500		0.500
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Septics
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Day (1999)

Bacteria (cfu/L)

Seasonal Seagull Load
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		Calculate loading in kg/day from flow and concentration:										Five parameter logistic function for seagull seasonal distribution for Lake Michigan bacteria model:

		Flow Rate		56		gpd						a =		1.00		1.00		<--asymptote (at min x)

		Flow Rate		0.000056		mgd						b =		10.00		-20.00		<--upper slope

		Flow Rate		8.66449E-05		cfs						c =		150.00		300.00		<--x-translation

		Flow Rate		2.4538E-06		m3/sec						d =		3.00		3.00		<--asymptote (at max x)

		Flow Rate		211.983		L/day						e =		1.00		1.00		<--lower slope

		Concentration =		1.0000E+07		mg/L		<-- cfu/L

		Loading rate =		2119.832		kg/day

				2.1198E+09		mg/day		<-- cfu/day

		Loading rate =		4673.455		lb/day

				194.7273		lb/hour

								10		gpd (Mt. Baldy average flow/capita/day)

								7.00E+07		cfu/L (Mt. Baldy septic effluent concentration)

								70		gpd (average flow/capita/day)

								1.00E+07		cfu/L (septic effluent concentration)

				Population on				Estimated		Estimated		Estimated				Flow to each		Estimated

				Septic within		Portion		Flow		Flow		Total Flow		Number EFDC		Grid Cell		E.Coli Load

				500 ft of shore		Failing		(gpd)		(L/day)		(cfs)		Grid Cells		(cfs)		(cfu/day)

		Beverly Shores		16		5%		56		212.0		8.664488E-05		10		8.664488E-06		2.1198E+09		448,11 to 457,11

		Burns Harbor		6		10%		42		159.0		6.498366E-05		1		6.498366E-05		1.5899E+09		260,11						Use these logistic parameters for residential septics:

		Dune Acres		2		10%		14		53.0		2.166122E-05		1		2.166122E-05		5.2996E+08		344,11						a =		1.00		1.00		<--asymptote (at min x)

		East Chicago		1		10%		7		26.5		1.083061E-05		1		1.083061E-05		2.6498E+08		109,11						b =		10.00		-20.00		<--upper slope

		Long Beach		148		10%		1036		3921.7		1.602930E-03		25		6.411721E-05		3.9217E+10		539,11 to 563,11						c =		150.00		300.00		<--x-translation

		Michiana Shores		57		10%		399		1510.4		6.173448E-04		10		6.173448E-05		1.5104E+10		568,11 to 577,11						d =		3.00		3.00		<--asymptote (at max x)

		Michigan City		1		10%		7		26.5		1.083061E-05		1		1.083061E-05		2.6498E+08		518,15						e =		1.00		1.00		<--lower slope

		Ogden Dunes		376		10%		2632		9963.2		4.072309E-03		10		4.072309E-04		9.9632E+10		243,11 to 252,11

		Portage		26		10%		182		688.9		2.815959E-04		11		2.559962E-05		6.8894E+09		205,11 to 215,11						Use these logistic parameters for Mt. Baldy, Central Beach septics:

		Pottawattomi Park																								a =		0.00		0.00		<--asymptote (at min x)

		Town of Pines		39		10%		273		1033.4		4.223938E-04		20		2.111969E-05		1.0334E+10		411,11 to 430,11						b =		30.00		-30.00		<--upper slope

		Trail Creek																								c =		210.00		260.00		<--x-translation

		Whiting City		2		10%		14		53.0		2.166122E-05		1		2.166122E-05		5.2996E+08		33,12						d =		3.10		3.10		<--asymptote (at max x)

		Mt. Baldy		700		10%		700		2649.8		1.083061E-03		3		3.610203E-04		1.8549E+11		478,11 to 480,11						e =		1.00		1.00		<--lower slope

		Central Beach		750		10%		750		2839.1		1.160423E-03		3		3.868075E-04		1.9873E+11		460,11 to 462,11

		Kemil Road Beach		200		10%		200		757.1		3.094460E-04		3		1.031487E-04		5.2996E+10		407,11 to 409,11

		Dune Acres Beach		150		10%		150		567.8		2.320845E-04		3		7.736150E-05		3.9747E+10		345,11 to 347,11

		California Ave.		100		10%		100		378.5		1.547230E-04		3		5.157433E-05		2.6498E+10		520,15 to 522,15

		West Beach		250		10%		250		946.4		3.868075E-04		3		1.289358E-04		6.6245E+10		233,11 to 235,11

		Washington Sta.		100		10%		100		378.5		1.547230E-04		3		5.157433E-05		2.6498E+10

		Total												94				1.7648E+11								Use these logistic parameters for West Beach, California Ave. septics:

																										a =		0.00		0.00		<--asymptote (at min x)

				8.664488E-06								2.1729E+05		1.6255E+05												b =		30.00		-30.00		<--upper slope

		Julian Day		Flow (cfs)		Rising Limb		Falling Limb		Composite		Load (cfu/day)														c =		180.00		230.00		<--x-translation

		1.5		8.664488E-06		1.000		3.000		1.000		3.2799E+02														d =		2.00		2.00		<--asymptote (at max x)

		2.5		8.664488E-06		1.000		3.000		1.000		3.2799E+02														e =		1.00		1.00		<--lower slope

		3.5		8.664488E-06		1.000		3.000		1.000		3.2799E+02

		4.5		8.664488E-06		1.000		3.000		1.000		3.2799E+02														Use these logistic parameters for Kemil Road, Dune Acres septics:

		5.5		8.664488E-06		1.000		3.000		1.000		3.2799E+02														a =		0.00		0.00		<--asymptote (at min x)

		6.5		8.664488E-06		1.000		3.000		1.000		3.2799E+02														b =		30.00		-30.00		<--upper slope

		7.5		8.664488E-06		1.000		3.000		1.000		3.2799E+02														c =		200.00		250.00		<--x-translation

		8.5		8.664488E-06		1.000		3.000		1.000		3.2799E+02														d =		2.00		2.00		<--asymptote (at max x)

		9.5		8.664488E-06		1.000		3.000		1.000		3.2799E+02														e =		1.00		1.00		<--lower slope

		10.5		8.664488E-06		1.000		3.000		1.000		3.2799E+02

		11.5		8.664488E-06		1.000		3.000		1.000		3.2799E+02														Use these logistic parameters for Washington Sta. Boaters::

		12.5		8.664488E-06		1.000		3.000		1.000		3.2799E+02														a =		0.00		0.00		<--asymptote (at min x)

		13.5		8.664488E-06		1.000		3.000		1.000		3.2799E+02														b =		40.00		-40.00		<--upper slope

		14.5		8.664488E-06		1.000		3.000		1.000		3.2799E+02														c =		170.00		250.00		<--x-translation

		15.5		8.664488E-06		1.000		3.000		1.000		3.2799E+02														d =		2.00		2.00		<--asymptote (at max x)

		16.5		8.664488E-06		1.000		3.000		1.000		3.2799E+02														e =		1.00		1.00		<--lower slope

		17.5		8.664488E-06		1.000		3.000		1.000		3.2799E+02

		18.5		8.664488E-06		1.000		3.000		1.000		3.2799E+02

		19.5		8.664488E-06		1.000		3.000		1.000		3.2799E+02

		20.5		8.664488E-06		1.000		3.000		1.000		3.2799E+02

		21.5		8.664488E-06		1.000		3.000		1.000		3.2799E+02

		22.5		8.664488E-06		1.000		3.000		1.000		3.2799E+02

		23.5		8.664488E-06		1.000		3.000		1.000		3.2799E+02

		24.5		8.664488E-06		1.000		3.000		1.000		3.2799E+02

		25.5		8.664488E-06		1.000		3.000		1.000		3.2799E+02

		26.5		8.664489E-06		1.000		3.000		1.000		3.2799E+02

		27.5		8.664489E-06		1.000		3.000		1.000		3.2799E+02

		28.5		8.664489E-06		1.000		3.000		1.000		3.2799E+02

		29.5		8.664489E-06		1.000		3.000		1.000		3.2799E+02

		30.5		8.664490E-06		1.000		3.000		1.000		3.2799E+02

		31.5		8.664491E-06		1.000		3.000		1.000		3.2799E+02

		32.5		8.664492E-06		1.000		3.000		1.000		3.2799E+02

		33.5		8.664493E-06		1.000		3.000		1.000		3.2799E+02

		34.5		8.664495E-06		1.000		3.000		1.000		3.2799E+02

		35.5		8.664498E-06		1.000		3.000		1.000		3.2799E+02

		36.5		8.664501E-06		1.000		3.000		1.000		3.2799E+02

		37.5		8.664505E-06		1.000		3.000		1.000		3.2799E+02

		38.5		8.664510E-06		1.000		3.000		1.000		3.2799E+02

		39.5		8.664516E-06		1.000		3.000		1.000		3.2799E+02

		40.5		8.664524E-06		1.000		3.000		1.000		3.2799E+02

		41.5		8.664534E-06		1.000		3.000		1.000		3.2799E+02

		42.5		8.664546E-06		1.000		3.000		1.000		3.2799E+02

		43.5		8.664561E-06		1.000		3.000		1.000		3.2799E+02

		44.5		8.664580E-06		1.000		3.000		1.000		3.2799E+02

		45.5		8.664602E-06		1.000		3.000		1.000		3.2799E+02

		46.5		8.664630E-06		1.000		3.000		1.000		3.2799E+02

		47.5		8.664664E-06		1.000		3.000		1.000		3.2799E+02

		48.5		8.664704E-06		1.000		3.000		1.000		3.2799E+02

		49.5		8.664753E-06		1.000		3.000		1.000		3.2800E+02

		50.5		8.664812E-06		1.000		3.000		1.000		3.2800E+02

		51.5		8.664882E-06		1.000		3.000		1.000		3.2800E+02

		52.5		8.664966E-06		1.000		3.000		1.000		3.2800E+02

		53.5		8.665065E-06		1.000		3.000		1.000		3.2801E+02

		54.5		8.665183E-06		1.000		3.000		1.000		3.2801E+02

		55.5		8.665321E-06		1.000		3.000		1.000		3.2802E+02

		56.5		8.665484E-06		1.000		3.000		1.000		3.2802E+02

		57.5		8.665675E-06		1.000		3.000		1.000		3.2803E+02

		58.5		8.665899E-06		1.000		3.000		1.000		3.2804E+02

		59.5		8.666159E-06		1.000		3.000		1.000		3.2805E+02

		60.5		8.666462E-06		1.000		3.000		1.000		3.2806E+02

		61.5		8.666814E-06		1.000		3.000		1.000		3.2807E+02

		62.5		8.667221E-06		1.000		3.000		1.000		3.2809E+02

		63.5		8.667691E-06		1.000		3.000		1.000		3.2811E+02

		64.5		8.668232E-06		1.000		3.000		1.000		3.2813E+02

		65.5		8.668855E-06		1.001		3.000		1.001		3.2815E+02

		66.5		8.669569E-06		1.001		3.000		1.001		3.2818E+02

		67.5		8.670387E-06		1.001		3.000		1.001		3.2821E+02

		68.5		8.671321E-06		1.001		3.000		1.001		3.2825E+02

		69.5		8.672386E-06		1.001		3.000		1.001		3.2829E+02

		70.5		8.673598E-06		1.001		3.000		1.001		3.2833E+02

		71.5		8.674975E-06		1.001		3.000		1.001		3.2838E+02

		72.5		8.676537E-06		1.001		3.000		1.001		3.2844E+02

		73.5		8.678304E-06		1.002		3.000		1.002		3.2851E+02

		74.5		8.680301E-06		1.002		3.000		1.002		3.2858E+02

		75.5		8.682555E-06		1.002		3.000		1.002		3.2867E+02

		76.5		8.685092E-06		1.002		3.000		1.002		3.2877E+02

		77.5		8.687946E-06		1.003		3.000		1.003		3.2887E+02

		78.5		8.691150E-06		1.003		3.000		1.003		3.2900E+02

		79.5		8.694741E-06		1.003		3.000		1.003		3.2913E+02

		80.5		8.698762E-06		1.004		3.000		1.004		3.2928E+02

		81.5		8.703255E-06		1.004		3.000		1.004		3.2945E+02

		82.5		8.708271E-06		1.005		3.000		1.005		3.2964E+02

		83.5		8.713861E-06		1.006		3.000		1.006		3.2986E+02

		84.5		8.720083E-06		1.006		3.000		1.006		3.3009E+02

		85.5		8.726998E-06		1.007		3.000		1.007		3.3035E+02

		86.5		8.734675E-06		1.008		3.000		1.008		3.3064E+02

		87.5		8.743186E-06		1.009		3.000		1.009		3.3097E+02

		88.5		8.752609E-06		1.010		3.000		1.010		3.3132E+02

		89.5		8.763028E-06		1.011		3.000		1.011		3.3172E+02

		90.5		8.774535E-06		1.013		3.000		1.013		3.3215E+02

		91.5		8.787227E-06		1.014		3.000		1.014		3.3263E+02

		92.5		8.801210E-06		1.016		3.000		1.016		3.3316E+02

		93.5		8.816594E-06		1.018		3.000		1.018		3.3374E+02

		94.5		8.833502E-06		1.020		3.000		1.020		3.3438E+02

		95.5		8.852060E-06		1.022		3.000		1.022		3.3509E+02

		96.5		8.872406E-06		1.024		3.000		1.024		3.3586E+02

		97.5		8.894684E-06		1.027		3.000		1.027		3.3670E+02

		98.5		8.919051E-06		1.029		3.000		1.029		3.3762E+02

		99.5		8.945669E-06		1.032		3.000		1.032		3.3863E+02

		100.5		8.974712E-06		1.036		3.000		1.036		3.3973E+02

		101.5		9.006363E-06		1.039		3.000		1.039		3.4093E+02

		102.5		9.040814E-06		1.043		3.000		1.043		3.4223E+02

		103.5		9.078267E-06		1.048		3.000		1.048		3.4365E+02

		104.5		9.118934E-06		1.052		3.000		1.052		3.4519E+02

		105.5		9.163036E-06		1.058		3.000		1.058		3.4686E+02

		106.5		9.210804E-06		1.063		3.000		1.063		3.4867E+02

		107.5		9.262478E-06		1.069		3.000		1.069		3.5062E+02

		108.5		9.318303E-06		1.075		3.000		1.075		3.5274E+02

		109.5		9.378535E-06		1.082		3.000		1.082		3.5502E+02

		110.5		9.443437E-06		1.090		3.000		1.090		3.5747E+02

		111.5		9.513274E-06		1.098		3.000		1.098		3.6012E+02

		112.5		9.588319E-06		1.107		3.000		1.107		3.6296E+02

		113.5		9.668847E-06		1.116		3.000		1.116		3.6601E+02

		114.5		9.755134E-06		1.126		3.000		1.126		3.6927E+02

		115.5		9.847455E-06		1.137		3.000		1.137		3.7277E+02

		116.5		9.946083E-06		1.148		3.000		1.148		3.7650E+02

		117.5		1.005129E-05		1.160		3.000		1.160		3.8048E+02

		118.5		1.016333E-05		1.173		3.000		1.173		3.8472E+02

		119.5		1.028246E-05		1.187		3.000		1.187		3.8923E+02

		120.5		1.040891E-05		1.201		3.000		1.201		3.9402E+02

		121.5		1.054291E-05		1.217		3.000		1.217		3.9909E+02

		122.5		1.068466E-05		1.233		3.000		1.233		4.0446E+02

		123.5		1.083434E-05		1.250		3.000		1.250		4.1012E+02

		124.5		1.099211E-05		1.269		3.000		1.269		4.1610E+02

		125.5		1.115807E-05		1.288		3.000		1.288		4.2238E+02

		126.5		1.133233E-05		1.308		3.000		1.308		4.2898E+02

		127.5		1.151494E-05		1.329		3.000		1.329		4.3589E+02

		128.5		1.170591E-05		1.351		3.000		1.351		4.4312E+02

		129.5		1.190521E-05		1.374		3.000		1.374		4.5066E+02

		130.5		1.211278E-05		1.398		3.000		1.398		4.5852E+02

		131.5		1.232848E-05		1.423		3.000		1.423		4.6668E+02

		132.5		1.255215E-05		1.449		3.000		1.449		4.7515E+02

		133.5		1.278356E-05		1.475		3.000		1.475		4.8391E+02

		134.5		1.302246E-05		1.503		3.000		1.503		4.9295E+02

		135.5		1.326850E-05		1.531		3.000		1.531		5.0227E+02

		136.5		1.352134E-05		1.561		3.000		1.561		5.1184E+02

		137.5		1.378053E-05		1.590		3.000		1.590		5.2165E+02

		138.5		1.404563E-05		1.621		3.000		1.621		5.3168E+02

		139.5		1.431612E-05		1.652		3.000		1.652		5.4192E+02

		140.5		1.459145E-05		1.684		3.000		1.684		5.5235E+02

		141.5		1.487105E-05		1.716		3.000		1.716		5.6293E+02

		142.5		1.515430E-05		1.749		3.000		1.749		5.7365E+02

		143.5		1.544056E-05		1.782		3.000		1.782		5.8449E+02

		144.5		1.572919E-05		1.815		3.000		1.815		5.9541E+02

		145.5		1.601952E-05		1.849		3.000		1.849		6.0640E+02

		146.5		1.631086E-05		1.882		3.000		1.882		6.1743E+02

		147.5		1.660256E-05		1.916		3.000		1.916		6.2847E+02

		148.5		1.689394E-05		1.950		3.000		1.950		6.3950E+02

		149.5		1.718434E-05		1.983		3.000		1.983		6.5050E+02

		150.5		1.747313E-05		2.017		3.000		2.017		6.6143E+02

		151.5		1.775969E-05		2.050		3.000		2.050		6.7228E+02

		152.5		1.804344E-05		2.082		3.000		2.082		6.8302E+02

		153.5		1.832381E-05		2.115		3.000		2.115		6.9363E+02

		154.5		1.860029E-05		2.147		3.000		2.147		7.0410E+02

		155.5		1.887239E-05		2.178		3.000		2.178		7.1440E+02

		156.5		1.913967E-05		2.209		3.000		2.209		7.2452E+02

		157.5		1.940173E-05		2.239		3.000		2.239		7.3444E+02

		158.5		1.965820E-05		2.269		3.000		2.269		7.4414E+02

		159.5		1.990878E-05		2.298		3.000		2.298		7.5363E+02

		160.5		2.015319E-05		2.326		3.000		2.326		7.6288E+02

		161.5		2.039120E-05		2.353		3.000		2.353		7.7189E+02

		162.5		2.062262E-05		2.380		3.000		2.380		7.8065E+02

		163.5		2.084731E-05		2.406		3.000		2.406		7.8916E+02

		164.5		2.106515E-05		2.431		3.000		2.431		7.9740E+02

		165.5		2.127607E-05		2.456		3.000		2.456		8.0539E+02

		166.5		2.148003E-05		2.479		3.000		2.479		8.1311E+02

		167.5		2.167702E-05		2.502		3.000		2.502		8.2056E+02

		168.5		2.186706E-05		2.524		3.000		2.524		8.2776E+02

		169.5		2.205019E-05		2.545		3.000		2.545		8.3469E+02

		170.5		2.222649E-05		2.565		3.000		2.565		8.4136E+02

		171.5		2.239604E-05		2.585		3.000		2.585		8.4778E+02

		172.5		2.255896E-05		2.604		3.000		2.604		8.5395E+02

		173.5		2.271537E-05		2.622		3.000		2.622		8.5987E+02

		174.5		2.286541E-05		2.639		3.000		2.639		8.6555E+02

		175.5		2.300922E-05		2.656		3.000		2.656		8.7099E+02

		176.5		2.314698E-05		2.671		3.000		2.671		8.7621E+02

		177.5		2.327885E-05		2.687		3.000		2.687		8.8120E+02

		178.5		2.340500E-05		2.701		3.000		2.701		8.8598E+02

		179.5		2.352561E-05		2.715		3.000		2.715		8.9054E+02

		180.5		2.364087E-05		2.728		3.000		2.728		8.9490E+02

		181.5		2.375096E-05		2.741		3.000		2.741		8.9907E+02

		182.5		2.385606E-05		2.753		3.000		2.753		9.0305E+02

		183.5		2.395636E-05		2.765		3.000		2.765		9.0685E+02

		184.5		2.405205E-05		2.776		3.000		2.776		9.1047E+02

		185.5		2.414330E-05		2.786		3.000		2.786		9.1392E+02

		186.5		2.423029E-05		2.797		3.000		2.797		9.1722E+02

		187.5		2.431320E-05		2.806		3.000		2.806		9.2035E+02

		188.5		2.439219E-05		2.815		3.000		2.815		9.2334E+02

		189.5		2.446745E-05		2.824		3.000		2.824		9.2619E+02

		190.5		2.453912E-05		2.832		3.000		2.832		9.2891E+02

		191.5		2.460737E-05		2.840		3.000		2.840		9.3149E+02

		192.5		2.467235E-05		2.848		3.000		2.848		9.3395E+02

		193.5		2.473422E-05		2.855		3.000		2.855		9.3629E+02

		194.5		2.479310E-05		2.861		3.000		2.861		9.3852E+02

		195.5		2.484914E-05		2.868		3.000		2.868		9.4064E+02

		196.5		2.490248E-05		2.874		3.000		2.874		9.4266E+02

		197.5		2.495323E-05		2.880		3.000		2.880		9.4458E+02

		198.5		2.500153E-05		2.886		2.999		2.886		9.4641E+02

		199.5		2.504749E-05		2.891		2.999		2.891		9.4815E+02

		200.5		2.509123E-05		2.896		2.999		2.896		9.4981E+02

		201.5		2.513284E-05		2.901		2.999		2.901		9.5138E+02

		202.5		2.517244E-05		2.905		2.999		2.905		9.5288E+02

		203.5		2.521012E-05		2.910		2.999		2.910		9.5431E+02

		204.5		2.524598E-05		2.914		2.999		2.914		9.5566E+02

		205.5		2.528010E-05		2.918		2.999		2.918		9.5696E+02

		206.5		2.531257E-05		2.921		2.999		2.921		9.5818E+02

		207.5		2.534348E-05		2.925		2.999		2.925		9.5935E+02

		208.5		2.537290E-05		2.928		2.999		2.928		9.6047E+02

		209.5		2.540090E-05		2.932		2.998		2.932		9.6153E+02

		210.5		2.542756E-05		2.935		2.998		2.935		9.6254E+02

		211.5		2.545293E-05		2.938		2.998		2.938		9.6350E+02

		212.5		2.547710E-05		2.940		2.998		2.940		9.6441E+02

		213.5		2.550011E-05		2.943		2.998		2.943		9.6528E+02

		214.5		2.552202E-05		2.946		2.998		2.946		9.6611E+02

		215.5		2.554288E-05		2.948		2.997		2.948		9.6690E+02

		216.5		2.556276E-05		2.950		2.997		2.950		9.6766E+02

		217.5		2.558170E-05		2.952		2.997		2.952		9.6837E+02

		218.5		2.559974E-05		2.955		2.996		2.955		9.6906E+02

		219.5		2.561693E-05		2.957		2.996		2.957		9.6971E+02

		220.5		2.563332E-05		2.958		2.996		2.958		9.7033E+02

		221.5		2.564893E-05		2.960		2.995		2.960		9.7092E+02

		222.5		2.566382E-05		2.962		2.995		2.962		9.7148E+02

		223.5		2.567801E-05		2.964		2.994		2.964		9.7202E+02

		224.5		2.569155E-05		2.965		2.994		2.965		9.7253E+02

		225.5		2.570445E-05		2.967		2.993		2.967		9.7302E+02

		226.5		2.571676E-05		2.968		2.993		2.968		9.7348E+02

		227.5		2.572850E-05		2.969		2.992		2.969		9.7393E+02

		228.5		2.573971E-05		2.971		2.991		2.971		9.7435E+02

		229.5		2.575040E-05		2.972		2.991		2.972		9.7476E+02

		230.5		2.576060E-05		2.973		2.990		2.973		9.7514E+02

		231.5		2.577034E-05		2.974		2.989		2.974		9.7551E+02

		232.5		2.577964E-05		2.975		2.988		2.975		9.7586E+02

		233.5		2.578851E-05		2.976		2.987		2.976		9.7620E+02

		234.5		2.579699E-05		2.977		2.986		2.977		9.7652E+02

		235.5		2.580509E-05		2.978		2.984		2.978		9.7683E+02

		236.5		2.581282E-05		2.979		2.983		2.979		9.7712E+02

		237.5		2.582021E-05		2.980		2.981		2.980		9.7740E+02

		238.5		2.581899E-05		2.981		2.980		2.980		9.7735E+02

		239.5		2.580393E-05		2.982		2.978		2.978		9.7678E+02

		240.5		2.578766E-05		2.982		2.976		2.976		9.7617E+02

		241.5		2.577008E-05		2.983		2.974		2.974		9.7550E+02

		242.5		2.575110E-05		2.984		2.972		2.972		9.7478E+02

		243.5		2.573063E-05		2.984		2.970		2.970		9.7401E+02

		244.5		2.570854E-05		2.985		2.967		2.967		9.7317E+02

		245.5		2.568474E-05		2.986		2.964		2.964		9.7227E+02

		246.5		2.565910E-05		2.986		2.961		2.961		9.7130E+02

		247.5		2.563148E-05		2.987		2.958		2.958		9.7026E+02

		248.5		2.560177E-05		2.987		2.955		2.955		9.6913E+02

		249.5		2.556981E-05		2.988		2.951		2.951		9.6792E+02

		250.5		2.553546E-05		2.988		2.947		2.947		9.6662E+02

		251.5		2.549856E-05		2.989		2.943		2.943		9.6522E+02

		252.5		2.545894E-05		2.989		2.938		2.938		9.6373E+02

		253.5		2.541643E-05		2.990		2.933		2.933		9.6212E+02

		254.5		2.537086E-05		2.990		2.928		2.928		9.6039E+02

		255.5		2.532203E-05		2.990		2.923		2.923		9.5854E+02

		256.5		2.526975E-05		2.991		2.916		2.916		9.5656E+02

		257.5		2.521381E-05		2.991		2.910		2.910		9.5445E+02

		258.5		2.515402E-05		2.991		2.903		2.903		9.5218E+02

		259.5		2.509014E-05		2.992		2.896		2.896		9.4976E+02

		260.5		2.502196E-05		2.992		2.888		2.888		9.4718E+02

		261.5		2.494925E-05		2.992		2.879		2.879		9.4443E+02

		262.5		2.487178E-05		2.993		2.871		2.871		9.4150E+02

		263.5		2.478931E-05		2.993		2.861		2.861		9.3838E+02

		264.5		2.470161E-05		2.993		2.851		2.851		9.3506E+02

		265.5		2.460843E-05		2.993		2.840		2.840		9.3153E+02

		266.5		2.450954E-05		2.994		2.829		2.829		9.2779E+02

		267.5		2.440469E-05		2.994		2.817		2.817		9.2382E+02

		268.5		2.429367E-05		2.994		2.804		2.804		9.1961E+02

		269.5		2.417623E-05		2.994		2.790		2.790		9.1517E+02

		270.5		2.405216E-05		2.995		2.776		2.776		9.1047E+02

		271.5		2.392125E-05		2.995		2.761		2.761		9.0552E+02

		272.5		2.378331E-05		2.995		2.745		2.745		9.0030E+02

		273.5		2.363815E-05		2.995		2.728		2.728		8.9480E+02

		274.5		2.348561E-05		2.995		2.711		2.711		8.8903E+02

		275.5		2.332555E-05		2.995		2.692		2.692		8.8297E+02

		276.5		2.315785E-05		2.996		2.673		2.673		8.7662E+02

		277.5		2.298243E-05		2.996		2.652		2.652		8.6998E+02

		278.5		2.279923E-05		2.996		2.631		2.631		8.6304E+02

		279.5		2.260822E-05		2.996		2.609		2.609		8.5581E+02

		280.5		2.240941E-05		2.996		2.586		2.586		8.4829E+02

		281.5		2.220285E-05		2.996		2.563		2.563		8.4047E+02

		282.5		2.198864E-05		2.996		2.538		2.538		8.3236E+02

		283.5		2.176690E-05		2.997		2.512		2.512		8.2397E+02

		284.5		2.153781E-05		2.997		2.486		2.486		8.1529E+02

		285.5		2.130160E-05		2.997		2.458		2.458		8.0635E+02

		286.5		2.105854E-05		2.997		2.430		2.430		7.9715E+02

		287.5		2.080893E-05		2.997		2.402		2.402		7.8770E+02

		288.5		2.055315E-05		2.997		2.372		2.372		7.7802E+02

		289.5		2.029159E-05		2.997		2.342		2.342		7.6812E+02

		290.5		2.002470E-05		2.997		2.311		2.311		7.5802E+02

		291.5		1.975298E-05		2.997		2.280		2.280		7.4773E+02

		292.5		1.947694E-05		2.997		2.248		2.248		7.3728E+02

		293.5		1.919713E-05		2.998		2.216		2.216		7.2669E+02

		294.5		1.891416E-05		2.998		2.183		2.183		7.1598E+02

		295.5		1.862861E-05		2.998		2.150		2.150		7.0517E+02

		296.5		1.834113E-05		2.998		2.117		2.117		6.9429E+02

		297.5		1.805235E-05		2.998		2.083		2.083		6.8336E+02

		298.5		1.776292E-05		2.998		2.050		2.050		6.7240E+02

		299.5		1.747349E-05		2.998		2.017		2.017		6.6144E+02

		300.5		1.718470E-05		2.998		1.983		1.983		6.5051E+02

		301.5		1.689719E-05		2.998		1.950		1.950		6.3963E+02

		302.5		1.661157E-05		2.998		1.917		1.917		6.2882E+02

		303.5		1.632845E-05		2.998		1.885		1.885		6.1810E+02

		304.5		1.604840E-05		2.998		1.852		1.852		6.0750E+02

		305.5		1.577196E-05		2.998		1.820		1.820		5.9703E+02

		306.5		1.549965E-05		2.998		1.789		1.789		5.8673E+02

		307.5		1.523194E-05		2.998		1.758		1.758		5.7659E+02

		308.5		1.496926E-05		2.999		1.728		1.728		5.6665E+02

		309.5		1.471201E-05		2.999		1.698		1.698		5.5691E+02

		310.5		1.446054E-05		2.999		1.669		1.669		5.4739E+02

		311.5		1.421517E-05		2.999		1.641		1.641		5.3810E+02

		312.5		1.397616E-05		2.999		1.613		1.613		5.2906E+02

		313.5		1.374375E-05		2.999		1.586		1.586		5.2026E+02

		314.5		1.351810E-05		2.999		1.560		1.560		5.1172E+02

		315.5		1.329938E-05		2.999		1.535		1.535		5.0344E+02

		316.5		1.308768E-05		2.999		1.510		1.510		4.9542E+02

		317.5		1.288307E-05		2.999		1.487		1.487		4.8768E+02

		318.5		1.268559E-05		2.999		1.464		1.464		4.8020E+02

		319.5		1.249524E-05		2.999		1.442		1.442		4.7300E+02

		320.5		1.231200E-05		2.999		1.421		1.421		4.6606E+02

		321.5		1.213581E-05		2.999		1.401		1.401		4.5939E+02

		322.5		1.196660E-05		2.999		1.381		1.381		4.5298E+02

		323.5		1.180426E-05		2.999		1.362		1.362		4.4684E+02

		324.5		1.164867E-05		2.999		1.344		1.344		4.4095E+02

		325.5		1.149970E-05		2.999		1.327		1.327		4.3531E+02

		326.5		1.135721E-05		2.999		1.311		1.311		4.2992E+02

		327.5		1.122102E-05		2.999		1.295		1.295		4.2476E+02

		328.5		1.109097E-05		2.999		1.280		1.280		4.1984E+02

		329.5		1.096687E-05		2.999		1.266		1.266		4.1514E+02

		330.5		1.084854E-05		2.999		1.252		1.252		4.1066E+02

		331.5		1.073579E-05		2.999		1.239		1.239		4.0639E+02

		332.5		1.062842E-05		2.999		1.227		1.227		4.0233E+02

		333.5		1.052624E-05		2.999		1.215		1.215		3.9846E+02

		334.5		1.042904E-05		2.999		1.204		1.204		3.9478E+02

		335.5		1.033665E-05		2.999		1.193		1.193		3.9128E+02

		336.5		1.024885E-05		2.999		1.183		1.183		3.8796E+02

		337.5		1.016547E-05		2.999		1.173		1.173		3.8480E+02

		338.5		1.008631E-05		2.999		1.164		1.164		3.8181E+02

		339.5		1.001118E-05		2.999		1.155		1.155		3.7896E+02

		340.5		9.939910E-06		2.999		1.147		1.147		3.7627E+02

		341.5		9.872321E-06		2.999		1.139		1.139		3.7371E+02

		342.5		9.808241E-06		2.999		1.132		1.132		3.7128E+02

		343.5		9.747506E-06		2.999		1.125		1.125		3.6898E+02

		344.5		9.689955E-06		3.000		1.118		1.118		3.6680E+02

		345.5		9.635434E-06		3.000		1.112		1.112		3.6474E+02

		346.5		9.583794E-06		3.000		1.106		1.106		3.6279E+02

		347.5		9.534892E-06		3.000		1.100		1.100		3.6093E+02

		348.5		9.488591E-06		3.000		1.095		1.095		3.5918E+02

		349.5		9.444759E-06		3.000		1.090		1.090		3.5752E+02

		350.5		9.403270E-06		3.000		1.085		1.085		3.5595E+02

		351.5		9.364002E-06		3.000		1.081		1.081		3.5447E+02

		352.5		9.326842E-06		3.000		1.076		1.076		3.5306E+02

		353.5		9.291679E-06		3.000		1.072		1.072		3.5173E+02

		354.5		9.258407E-06		3.000		1.069		1.069		3.5047E+02

		355.5		9.226928E-06		3.000		1.065		1.065		3.4928E+02

		356.5		9.197146E-06		3.000		1.061		1.061		3.4815E+02

		357.5		9.168971E-06		3.000		1.058		1.058		3.4708E+02

		358.5		9.142316E-06		3.000		1.055		1.055		3.4607E+02

		359.5		9.117100E-06		3.000		1.052		1.052		3.4512E+02

		360.5		9.093246E-06		3.000		1.049		1.049		3.4422E+02

		361.5		9.070680E-06		3.000		1.047		1.047		3.4336E+02

		362.5		9.049332E-06		3.000		1.044		1.044		3.4255E+02

		363.5		9.029136E-06		3.000		1.042		1.042		3.4179E+02

		364.5		9.010029E-06		3.000		1.040		1.040		3.4107E+02

		365.5		8.991953E-06		3.000		1.038		1.038		3.4038E+02

		999.0		8.664488E-06		3.000		1.000		1.000		3.2799E+02
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