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SUMMARY OF H7DROL06IC CONDITIONS 
IN THE REEDY CREEK IMPROVEMENT DISTRICT. CENTRAL FLORIDA

By Edward R. German 

ABSTRACT

The Reedy Creek Improvement District is an area of about 43 square miles in southwestern 
Orange and northwestern Osceola Counties, A systematic program of water resources monitoring in 
Reedy Creek Improvement Disrict and vicinity provided data for assessing the hydrologic effects of 
the development of the Walt Disney World Theme Park and adjacent urbanization. Data collected 
include stream discharge, water quality, ground-water levels, lake levels, and climate.

The Reedy Creek Improvement District is an area of about 43 square miles in southwestern 
Orange and northwestern Osceola Counties, A systematic program of water resources monitoring in 
Reedy Creek Improvement District and vicinity provided data for assessing the hydrologic effects 
of the development of the Walt Disney World Theme Park and adjacent urbanizatioa Data collected 
include stream discharge, water quality, groundr-water levels, lake levels, and climate.

Rainfall has been less than the long-term average in the Reedy Creek Improvement District 
area since development began in 1968. Mean annual rainfall for the period 1931-66 was 52*42 
inches, based on records for nearby Kissimmee and Isleworth, Florida. At the end of September 
1980, the accumulated rainfall deficit from the long-term mean since 1966 was nearly 95 inches in 
the Reedy Creek Improvement District. The deficient rainfall has reduced stream discharge, 
lowered ground-water and lake levels, and possibly affected water quality in the area

The annual discharge of Reedy Creek near Loughman, Florida, was lower from 1970 through 1980 
than from 1940 through 1959 (discharge was not recorded from 1960 through 1968) based on analysis 
of double-mass plots of annual discharge and rainfall. Also, periods of no-flow occurred fre 
quently from 1970 through 1980, and never occurred from 1940 through 1959. This reduction in 
discharge may be related to basin alterations within the Reedy Creek Improvement District.

Ground-water levels and lake levels have declined since 1970, due to lack of rainfall and 
possibly to ground-^water pumping. However, the coincidence of below-average rainfall with the 
period of development makes it impossible to assess the effect of pumping on declines

Dissolved oxygen and pH in surface waters were frequently lower than Florida Department of 
Environmental Regulation criteria The low dissolved oxygen\and pH are characteristic of water in 
swampy areas and water retained ty control structures, due to the long contact time of water with 
vegetative debris

Concentrations of toxic metals, including mercury, zinc, cadmium, copper, silver, iron, and 
lead, periodically exceeded Florida Department of Environmental Regulation water-quality criteria, 
but their pattern of occurrence probably is not related to urban development. Concentrations of 
mercury, zinc, and cadmium exceeded criteria at five or more sites, and may be of atmospheric 
origin.



Distribution of organic compounds in water, principally insecticides and herbicides, appears 
to relate to urban development. Streams in undeveloped areas within and outside the Reedy Creek 
Improvement District had the lowest frequency of organic compound detection, and streams, canals, 
or lakes near, or receiving runoff from, resort areas had the highest frequency of detection. 
Malathion, 2,4-D, and silvex were frequently present in waters near resort areas.

Specific conductance, phosphorus, and nitrate concentrations have increased in Reedy Creek 
since 1970, probably due to disposal of treated wastes.

An estimated balance of dissolved solids, nitrogen, and phosphorus loads entering and leaving 
an undeveloped area in the southern part of the Reedy Creek Improvement District indicated that 
bulk precipitation may have supplied 45 percent of the nitrogen and 26 percent of the phosphorus 
load each year during water years (October through September) 1979 and 1980. Treated wastes from 
the Reedy Creek Improvement District facility contributed more than half of the phosphorus input. 
About 18 percent of the dissolved solids, 45 percent of the nitrogen, and 59 percent of the 
phosphorus input were apparently retained or assimilated within the area.



INTRODUCTION

The Reedy Creek Improvement District (RCID) is an area of about 43 mi^ in 
southwestern Orange and northwestern Osceola Counties (fig. 1). Construction 
of the Walt Disney World complex in the RCID and commercial facilities on adja 
cent land changed uninhabited swampland and scrubby flatland to urbanized rec 
reational and commercial land. Increased demands on the water resources are 
commensurate with this growth, particularly since October 1971 when the Theme 
Park of the Walt Disney World complex opened.

Many of the activities in the RCID are water related. Bay Lake, a natural 
shallow depression that contains an island, was drained, cleared of organic 
bottom deposits, isolated by dikes from adjacent swamps, and refilled with 
water from the Floridan aquifer. Seven Seas Lagoon was excavated and connected 
to Bay Lake. Several water-course attractions were built in the Theme Park to 
complete the lake complex. The total area of Bay Lake, the lagoon, and the 
Theme Park water course is about 650 acres. Canals, levees, water-control 
structures, and culverts provide surface drainage. The constant-head struc 
tures in the canals and streams automatically maintain a predetermined upstream 
water level to keep lowlands from being inundated during storms and to curtail 
excessive drainage of the surficial aquifer during dry periods.

The level and clarity of water in the Theme Park water courses are main 
tained by water from wells that tap the Floridan aquifer. Excess water from 
the Theme Park water courses is used to maintain the levels of the lagoon and 
Bay Lake. Water from the Floridan aquifer is used to irrigate a golf course, 
lawns, and landscaped areas essential to maintain the esthetic value of 2,500 
acres of recreational area. The Floridan aquifer also supplies water for the 
daily needs of employees, visitors, and residents.

Wastewater is treated within the RCID, and part of the effluent from the 
treatment plant is used to irrigate ornamental plant stocks. The remaining 
effluent is discharged through oxidation and infiltration ponds and through 
enclosed wetlands to Reedy Creek. Storm runoff from parking lots, roads, and 
other impervious areas collects in canals which are linked to Reedy Creek and 
Bonnet Creek.

Construction and operation of the Walt Disney World complex resulted in 
major alterations of natural drainage, a demand for potable water, and a source 
of waste products, all in an area of undeveloped wetlands. Potential problems 
associated with this development involved all parts of the hydrologic system.

In 1966, the U.S. Geological Survey began a cooperative program with RCID 
to monitor quantity and quality of surface water and ground water in the RCID 
vicinity. The purpose of this program was to study effects of development on 
the hydrology of the area, and to monitor hydrologic conditions over an extended 
period of time.
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Purpose and Scope

This report summarizes hydrologic conditions in the RCID from 1966 to 
September 1980. Some data extend to May 1981 to document any significant 
effects of a continuing drought. The following types of information are 
discussed:

1. Rainfall amount,
2. Stream discharges,
3. Lake levels,
4. Potentiometric surface in the Floridan aquifer, and
5. Surface-water quality.

Putnam (1975) described hydrologic conditions for 1966-73 and effects of 
development. This report updates that study using data obtained since 1973 
but also includes new subject matter. Some data presented by Putnam, particu 
larly ground-water quality, are not repeated here because no additional samples 
were collected.

Drainage Basin Features

The RCID is in the Reedy Creek drainage basin which is tributary to the 
Kissimmee River (beyond area shown in map) in the south. Major tributaries to 
Reedy Creek are Whittenhorse Creek, Davenport Creek, and Bonnet Creek. Cypress 
Creek is tributary to Bonnet Creek (fig. 1).

Drainage of the RCID is generally poor. Low undulating hills and flat, 
wide swampy valleys are characteristic features of the Reedy Creek basin. The 
many lakes and swamps retain large quantities of water. Heavy rainfall fills 
the surficial aquifer to land surface and water stands over a large part of the 
RCID. Because drainage in the swamps and marshlands is poorly developed, water 
remains in the basin for long periods before flowing to the creeks that drain 
to the south.

Lichtler and others (1968, p. 32) estimated that about 70 percent of the 
rainfall in Orange County returns to the atmosphere by evaporation and transpi 
ration. These losses may be greater than 70 percent in the RCID because much 
of the land area is perennially wet. Parker and others, (1955, p. 513) state 
that 'The atmosphere is by far the most effective agent of land drainage, 
disposing of several times as much as the waterway systems."

Drainage Basin Modifications

Since 1967, the drainage within the RCID has been altered. Canals, dikes, 
and automatic flow-control structures now replace the previous ill-defined 
swampy streams and valleys. The altered drainage system somewhat reduces 
detention and shortens the time that seasonal surface storage is high. How 
ever, the overall drainage is still characterized by relatively slow runoff 
rates and a high proportion of surface storage.



Ground water and surface water in the RCID are so closely associated that 
any change, whether natural or imposed by man, may affect the hydrologic sys 
tem. Several alterations to the land surface topography by the development of 
Walt Disney World affect the water resources of the RCID.

Construction of buildings, streets, and other impervious surfaces prevents 
infiltration of rainfall into the ground and causes water to run off rapidly. 
A system of canals has been constructed to protect the RCID from floods with a 
recurrence interval of 50 years. This system consists of 44 miles of canals 
and 19 miles of dikes constructed in low-lying lands to control inflow from 
parts of the drainage basin upstream and outside the RCID. Dikes direct the 
inflow into the canals where gated structures or spillways control flow into 
the RCID. This drainage system was designed to protect lowlands from inunda 
tion during storms and to curtail excessive drainage of the shallow aquifer 
during dry periods. These facilities have provided adequate surface and sub 
surface drainage to thus far (1981) permit development of approximately 9,800 
acres.

The modification of the 450-acre Bay Lake began in December 1968 with 
construction of a dike around the lake to prevent inflow of colored swamp 
water. The lake was then drained and kept dry until September 1970 by pumping 
seepage into Bonnet Creek through a gated spillway at the southeast part of the 
lake. While the bottom was dry, organic bottom sediments were removed to expose 
a relatively clean sand bottom. The 175-acre Seven Seas Lagoon was excavated 
southwest of Bay Lake and several water-course attractions in the Theme Park 
just north of the lagoon were also constructed. A gated outlet structure was 
installed at the northwestern part of the lagoon. From September 1970 through 
June 1971, the lake-lagoon complex was filled with water from wells in the 
Floridan aquifer. Since June 1971, the complex has been maintained at the 
design level of 94.5 feet.

The RCID pumps about 7 Mgal/d for use in the Walt Disney World Theme Park 
and other Walt Disney developments. Pumping is distributed among 11 wells 
positioned in the northern part of the RCID to control drawdown of the poten- 
tiometric surface in the immediate vicinity of the Theme Park. Some drawdown 
is desirable to prevent seepage of water into utility and Theme Park opera 
tional support facilities underlying the park, but excessive drawdown is unde 
sirable because of the risk of land subsidence and sinkhole formation.

Wastewater

Wastewater receives primary and secondary treatment at the sewage treat 
ment plant in the RCID. Disposal of effluent is accomplished in three differ 
ent ways as follows:

1. Spray irrigation a fixed irrigation system is utilized in production of 
ornamental plant stocks for landscaping in the Theme Park and on Walt 
Disney World property. An average of 0.371 Mgal/d of waste effluent 
was dispersed in this manner in 1978 (Harden, 1980).



2. Oxidation pond, infiltration pond a 5.2-acre oxidation pond receives 
waste effluent from the treatment plant and discharges into a system 
of three 2-acre infiltration ponds. The infiltration ponds are under- 
drained by a circuit of pipe 150 feet from the infiltration pond peri 
meter which discharges into a 25-acre swampy area enclosed by a levee. 
Outflow from the swamp is over a weir into a swampy area adjacent to 
Reedy Creek. In 1978, an average of 0.716 Mgal/d of waste effluent was 
disposed of through this system (Harden, 1980).

3. Overland flow effluent from the waste treatment plant is discharged into
a 102-acre, enclosed swampy area, which overflows a weir into canal L-410 
at the confluence of this canal with L-405 (fig. 1). An average of 2.078 
078 Mgal/d of effluent were treated in this manner in 1978 (Harden, 
1980).

Another wastewater treatment plant is located near Reedy Creek. This 
facility, the Osceola Services sewage treatment plant (fig. 1) serves commer 
cial developments along Highway 192, west of Reedy Creek. In 1978, the plant 
capacity was 0.5 Mgal/d using percolation ponds to dispose of treated waste- 
water with no direct discharge to Reedy Creek. However, according to written 
communications in the files of the Florida Department of Environmental Regula 
tion, overflows of raw or treated wastes occurred on a few occasions prior to 
1979, and could have affected water quality in Reedy Creek. Also, seepage from 
the percolation ponds into the surficial aquifer and then into the creek could 
occur, though the amounts, quality, and effect of the seepage (if it occurs) 
have not been determined.

In 1981, the RCID area was in a state of additional extensive development. 
Construction of Walt Disney World's EPCOT (Experimental Prototype Community of 
Tomorrow) is a project of similar magnitude to the original development of the 
Theme Park and resort hotel areas. Additional waste-disposal and water-supply 
capacity is under construction. Outside the RCID, other tourist-related 
development is expected. These developments probably will greatly increase 
demands on the hydrologic system.



HYDROLOGIC CONDITIONS

Climate 

Summary

Climatological conditions were monitored at a station on the north shore 
of Bay Lake.

Summaries of data on rainfall at this station are given in figure 2 for 
the period July 1966 through September 1980, and for air temperature and pan 
evaporation for the period October 1972 through September 1980.

Freezing or below freezing temperatures occurred during December, January, 
February, and March; the lowest temperature was 22°F. High temperatures of 
100°F occurred during May and July. The median daily high temperatures show 
that temperatures above 70°F are common in the winter. Temperatures are 
consistently high from May through September median daily high temperatures 
range from 89°F to 92°F for these months.

Pan evaporation is lowest in December and January and increases from these 
winter lows with the onset of warmer weather. Highest evaporation rates occur 
during the warmest months. July evaporation is generally lower than June and 
August evaporations, perhaps because of more cloud cover during July.

Monthly rainfall for July 1966 to September 1980 at Bay Lake ranged from 
0.1 inch or less to 16.26 inches. The median monthly rainfalls show that the 
period May to September are generally the wettest months. About 66 percent of 
the yearly rainfall occurred from May through September. August was generally 
the wettest month and November the driest.

The cumulative distribution of daily rainfall plotted in figure 2 shows 
that most rain falls in relatively small amounts and that a few days had heavy 
rainfall. For example, 75 percent of the days with rainfall had 0.54 inch or 
less rainfall and 10 percent of the days had more than 1.18 inches. Maximum 
daily rainfall was 4.03 inches.

Trends

Variation in rainfall affects the entire hydrologic system and therefore 
affects streamflow, lake levels, ground-water levels, and water quality. It is 
necessary to consider variations in rainfall in assessing causes for variation 
in hydrologic conditions.

Long-term records of rainfall are available for two stations near the RCID. 
These two stations, both operated by NOAA (National Oceanic and Atmospheric 
Administration), are at Kissimmee (about 12 miles southeast of Bay Lake) and 
Isleworth (about 7 miles northeast of Bay Lake). Annual rainfall at these two 
stations from 1931 through 1980 (water years) is shown in figure 3. Rainfall 
at Bay Lake from 1967 through 1980 is also shown in figure 3. In order to 
compare rainfall during the period of RCID development and operation with long- 
term, pre-RCID rainfall, the mean annual rainfall for the period 1931 through
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1966 was computed from the mean rainfall for Kissimmee and Isleworth. The 
computed mean rainfall for 1931 through 1966 at these two locations was 52.42 
inches per year and is hereafter referred to as the long-term mean rainfall.

Figure 3 shows that annual rainfall over the 50-year period (1931 through 
1980 water years) ranged from about 33 inches in 1961 to nearly 80 inches in 
1960, based on mean rainfall for Kissimmee and Isleworth. Prior to and includ 
ing 1966, 15 of 36 years (42 percent) had mean rainfalls in excess of the long- 
term mean; since 1966, only 3 of 14 years (21 percent) had mean rainfall in 
excess of the long-term mean. Records for Bay Lake (fig. 3) show 4 of 14 years 
(29 percent) in which rainfall exceeded the long-term mean.

Trends in rainfall are more noticeable when annual departures from the long- 
term mean are accumulated and plotted. A plot of cumulative rainfall departure, 
using 52.42 inches as the long-term mean, is given in figure 3. Departure of 
rainfall at Bay Lake from the long-term mean is also shown. Major features 
shown by the departure graph are the wet years of 1957, 1959, and 1960 which 
changed the accumulated rainfall departure from about a 35-inch deficit to a 
25-inch excess, and the continuing accumulated-rainfall deficit since 1966. 
Rainfall deficiency at the end of 1980 had accumulated to nearly 85 inches (6.1 
in/yr) based on the mean of Kissimmee and Isleworth rainfall, and nearly 95 
inches (6.8 in/yr) at Bay Lake.

The graphical presentation of rainfall trends shown in figure 3 is some 
what dependent upon the definition of the long-term mean, because the rainfall 
departure will always be zero at the two ends of the period used to define the 
long-term mean. A more absolute way to depict trends in rainfall is through 
the use of a mass or accumulation curve, as shown in figure 4. Rainfall in 
excess of 30 inches is accumulated through water years 1931 through 1980. The 
datum of 30 inches is arbitrary and is used to make the graph more sensitive 
to changes in rainfall by reducing the range of the ordinate scale. Figure 4 
shows that the slopes of the lines drawn through accumulated rainfall prior to 
and after 1960 are different, and that the lesser slope, indicative of a 
pattern of lower rainfall, is for the period 1961 through 1980.

The amount of rainfall in the RCID area was relatively low in recent years 
compared to rainfall during the 30-year period from 1931 through 1961. The 
period of development and operation of the RCID is therefore characterized by 
a pattern of relatively low rainfall. This pattern undoubtedly has been a con 
tributing or dominant factor in the hydrologic trends that have occurred.

Streams 

Hydrologic Description

Bonnet Creek, Cypress Creek, Davenport Creek, Reedy Creek, and Whittenhorse 
Creek are the major streams in the RCID and vicinity. The drainage area and 
period of discharge for stations on these streams are given in table 1.

The Cypress Creek basin lies northeast of the RCID (fig. 1). Cypress 
Creek originates at Lake Sheen (fig. 1), about 2 miles northeast of Bay Lake, 
and flows southward through a flat swampy valley about 0.5 to 0.75 mile wide.

11
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Table 1. Drainage area and period of discharge record for Reedv Creek Improvement
District area streams

Station
identifi-

Site cation Station name
No. No.

Drain
age
area.T
mi

Period of discharge record

4 02264000 Cypress Creek nr Vineland
5 02264100 Bonnet Creek nr Vineland
8 02266200 Whittenhorse Creek nr Vineland

11 02266300 Reedy Creek nr Vineland
12 02266480 Davenport Creek nr Loughman
13 02266500 Reedy Creek nr loughman

30.3 October 1945 to September 1984 
56.1 October 1966 to September 1984 
12.4 Do. 
75.0 Do. 
23.0 October 1969 to September 1984 

Undetermined October 1939 to September 1959, 
	October 1968 to September 1984

Streamflow in Cypress Creek is partially dependent upon outflow from Lake 
Sheen and connected lakes which form the Lake Butler chain, and flow will 
cease for weeks or even months during periods of scanty rainfall. Cypress 
Creek flows into the RCID and is tributary to Bonnett Creek.

The Bonnet Creek basin includes Cypress Creek and an additional 25.8 mi2 
within the RCID. The part of Bonnet Creek within the RCID was extensively 
modified. Numerous canals were constructed to provide for surface drainage of 
areas that include a shopping and hotel complex at Lake Buena Vista (fig. 1). 
Outflow from Bay Lake is directed into Bonnet Creek. Gated structures were 
installed in the channel of Bonnet Creek to retain water in the channelized 
reaches, to prevent excessive dewatering of adjacent areas. Bonnet Creek flows 
into an undeveloped area south of State Highway 192 (fig. 1). Most discharge 
from this area flows through structure 40 at the south boundary of the RCID and 
into Reedy Creek. An undetermined amount of water is released eastward through 
gated culverts in the north-trending levee south of State Highway 192 (fig. 1). 
These culverts are manually controlled to maintain levels in the upper part of 
the wetlands area favorable to the native vegetation.

The Whittenhorse Creek basin west of the RCID is flat and swampy, with 
areas of higher ground utilized for citrus production. The basin is undevel 
oped except for the citrus groves. Whittenhorse Creek flows into a canal along 
the northwest RCID boundary; gated structures on this boundary canal can admit 
water to the headwaters of Reedy Creek.

The Davenport Creek basin is southwest of the RCID, and like the Whittenhorse 
Creek basin, consists of a flat, swampy area with areas of higher ground utilized 
for citrus production. The basin is undeveloped except for the citrus groves. 
Davenport Creek flows into the southwestern part of the RCID undeveloped area.

The Reedy Creek basin is the major basin of the RCID, and conveys most 
surface drainage from the RCID. An area of 44 mi^ lies outside the RCID to 
the west and is in the headwaters of the basin near Reedy Lake (fig. 1). The 
upper part of the basin that is in the RCID has been altered by construction

13



of drainage canals and gated control structures. The stream is mostly in the 
original natural channel from about 1.9 miles north of State Highway 192 to the 
gated structure 40 at the south boundary of the RCID. Reedy Creek receives 
treated waste effluent from overland flow areas near canal 410 (fig. 1). Run 
off from the Theme Park and parking lot reaches Reedy Creek about 0.3 mile 
north of the gated structure 405 (fig. 1) after passing through a system of 
canals and detention ponds. Discharge through structure 40 into the Reedy 
Creek channel south of the RCID includes most of the surface drainage from the 
RCID and includes discharge from the watersheds of Bonnet Creek, Cypress Creek, 
Davenport Creek, and Whittenhorse Creek.

There are two gaging stations on Reedy Creek, at Highway 192 (site 11), 
and at State Highway 17-92 (site 13) (fig. 1 and table 1). The station at 
Highway 192 is downstream from all points of discharge and developed area of 
the RCID, and represents inflow from Reedy Creek to the undeveloped area of the 
RCID. The station at Highway 17-92 includes most drainage from the RCID, plus 
drainage from an undetermined part of the swampy area east of the RCID 
boundary.

Streamflow Characteristics

Flow duration curves of daily discharge for streams in the RCID area are 
shown in figure 5. These duration curves show the percentage of days of record 
with a lower daily discharge. The shape of the duration curves for natural 
streams is determined by the hydrologic and geologic characteristics of the 
drainage basin (Searcy, 1959). Curves with steep slopes throughout denote 
highly variable streams with little storage. A flat slope at the low-discharge 
end indicates flows sustained by ground-water or surface-water storage, and a 
flat slope at the high-discharge end indicates a large amount of flood-plain 
storage or swampy areas. Duration curves for streams or canals with water- 
level control structures may be affected by variation of the gate settings.

Bonnet Creek, Cypress Creek, Reedy Creek (near Loughman), and Whittenhorse 
Creek have similar low-flow duration characteristics in which the slope of the 
low-discharge end of the curves is relatively steep. The steep slope indicates 
a lack of storage for sustaining low flows. Control structures on Reedy Creek 
and Bonnet Creek may be responsible in part for these low-flow characteristics. 
Gates open at high stages to permit discharge of runoff; when water levels 
drop, the gates close to retain water in the stream channels. This retention 
of water could decrease the apparent low-water storage of the basins. The 
Whittenhorse Creek basin is undeveloped except for citrus groves. Therefore, 
the small amount of storage for sustaining low flows in Whittenhorse Creek is 
probably a natural feature of the watershed, though the effect of ground-water 
withdrawal for citrus irrigation on the hydrology of Whittenhorse Creek has not 
been investigated.

Davenport Creek has a more sustained low flow than the other streams. The 
low flows are sustained by surface-water and ground-water storage, and perhaps 
by upward leakage of water from the Floridan aquifer.

14
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Figure 5.  Daily discharge duration of streams in the Reedy Creek Improvement 
District area. (Curves computed for October 1966 through September 1980, 
except as indicated).
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The discharge of treated wastes to Reedy Creek has changed the low-flow 
duration characteristics at the gaging station near Vineland. Comparison of 
the duration curve for the period of record (water years 1967 through 1980) 
with the curve for the period of waste discharge (1971 through 1980) shows that 
waste discharge now maintains discharge during periods when the stream would 
otherwise be dry.

High-flow characteristics are similar for all streams, indicating similar 
flood-plain storage characteristics. This is an indication that the impervious 
areas (parking lots, paved walkways, and so forth) of the Walt Disney develop 
ments are probably not extensive enough to affect the high-flow hydraulic char 
acteristics of the Reedy Creek and Bonnet Creek watersheds to a significant 
degree. Also, changes in high-flow characteristics may be offset by the storage 
created by the system of canals and structures within the stream systems.

Changes in Streamflow Characteristics

Annual mean discharges for the periods of record of streams are shown in 
figures 6a and 6b. Rainfall departure from the long-term mean is also shown 
for comparison of rainfall and streamflow trends.

Cypress Creek (fig. 6a) and Reedy Creek near Loughman (fig. 6b) have rel 
atively long periods of streamflow record. The annual mean discharges of the 
streams have been consistently lower since 1971 than for prior periods. The 
low discharge corresponds with below-average rainfall during the same period, 
and any effects of development on annual streamflow during this period are 
likely to be overshadowed by the effects of the dry weather.

Patterns and trends in the streamflow-rainfall relation can be illustrated 
using double-mass plots, in which accumulated annual streamflow is plotted 
against accumulated annual rainfall. If rainfall used in these plots is 
representative of the stream basin, and if basin characteristics such as 
contributing drainage area do not change, the double-mass plot of streamflow 
against rainfall should have a constant slope throughout the period of record.

A double-mass plot of annual mean discharge at Cypress Creek and rainfall 
in excess of 30 inches, averaged for Isleworth and Kissimmee, is shown in 
figure 7. The datum of 30 inches for rainfall is used to make the plot more 
sensitive to changes in the discharge-rainfall relation by reducing the range 
of the rainfall axis. Figure 7 shows that the rainfall-discharge relation is 
not constant, and that periods of relatively steep slope (greater amount of 
discharge for a given rainfall amount) alternate with periods of small slope 
(lesser amount of discharge for a given rainfall amount). Assuming rainfall 
used in figure 7 is representative of the basin, the changing slope indicates 
that contributing drainage area probably changes from year to year, in 
response to rainfall and outflow from the Lake Butler chain of lakes. During 
dry periods, outflow from the Lake Butler chain into Cypress Creek ceases, and 
that part of the basin is noncontributing to streamflow at the Cypress Creek 
gaging station. Since 1961, flow in Cypress Creek has generally been low in 
relation to rainfall, probably in response to the relatively low amounts of 
rainfall and periods of no outflow from the Lake Butler chain. Contributing 
to less streamflow is the lowering of the potentiometric surface of the Floridan 
aquifer during dry years. A lowering of the potentiometric surface will increase
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rates of seepage from the lakes to the aquifer, and decrease amounts of water 
available to Cypress Creek. Pumpage from the Floridan aquifer for domestic use 
and irrigation may have affected the streamflow by lowering the potentiometric 
surface of the Floridan aquifer, but the effect of withdrawals on potentiometric 
surface levels and seepage is unknown.

A double-mass plot of annual mean discharge versus rainfall is shown in 
figure 8 for Reedy Creek near Loughman. This figure shows that the discharge- 
rainfall relation was relatively constant from 1940 through 1959. Discharge 
was not measured from I960 through 1968. From 1970 to 1980 discharge was low 
in relation to rainfall, compared to the 1940 through 1959 period. This lower 
discharge in the later period is probably due in part to the alterations of the 
basin by the development in the RCID. Retention of water by structures increases 
evaporation, and water released eastward from the undeveloped area south of State 
Highway 192 could have bypassed the Loughman station. It is also possible that 
parts of the Reedy Creek watershed become noncontributing during dry years when 
storage capacity of swampy areas exceeds rainfall amounts.

The quantity of water released eastward from the RCID undeveloped area 
(south of State Highway 192) was estimated by using a water balance for the 
undeveloped area. Inflow to this area from Reedy Creek, Bonnet Creek, and 
Davenport Creek is measured, and these streams contribute most of the inflow. 
Water discharged at the Reedy Creek near Loughman gaging station is mostly 
outflow from the undeveloped area.

Table 2 shows that discharge at Reedy Creek near Loughman exceeded the 
inflow from Reedy Creek, Bonnet Creek, and Davenport Creek from 1969 through 
1971 by about 21 to 66 percent. This extra inflow is probably due to rainfall 
and unmeasured inflow to the undeveloped area, and to inflow to Reedy Creek 
from east of the RCID. The culverts for releasing water eastward were installed 
in 1972. From 1972 through 1979, mean annual discharge at Reedy Creek near 
Loughman was less than the combined inflows from Reedy Creek, Bonnet Creek, and 
Davenport Creek by 22 to 63 percent. Measured inflow and outflow were nearly 
equal during 1980, perhaps due to the low amount of rainfall that made drainage 
of the wetlands through the culverts insignificant.

A comparison of inflow and outflow prior to and after the installation of 
the culverts shows that the difference between outflow (measured at Reedy Creek 
near Loughman) and measured inflow to the undeveloped area changed from about 
17 ft^/s excess outflow to about 23 ft^/s excess inflow. These average figures 
were computed excluding 1970, a high-runoff year, and 1980, a dry year, because 
these two years are probably atypical of usual conditions. The comparison 
indicates the quantities of water released eastward from the RCID undeveloped 
area, and shows that an average of about 40 ft^/s bypassed the gaging stations 
on Reedy Creek near Loughman most years, though destination of the water 
released eastward has not been determined.

Development in the RCID has caused changes in low-flow chracteristics of 
Reedy Creek. Figure 9 shows annual rainfall and the annual number of days with 
no flow in Cypress Creek and Reedy Creek. Flow in Cypress Creek has ceased for 
varying periods nearly every year since record began in 1946; Reedy Creek near 
Loughman (site 13) had periods of no flow only in 1970 and later years, though 
flow has not ceased at Reedy Creek near Vineland (site 11, upstream from 
Loughman) since 1968. Inflow of treated wastewater to Reedy Creek augments
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Table 2. Annual mean discharge to and from the Reedv Creek Improvement District
undeveloped area

Discharge« in cubic feet per second

Sum
________Source of inflow________ of Difference 

Year Bonnet Creek Davenport Creek Reedy Greek!/ inflow Outflow2-/ Outflow-Inflow Percent

1969
1970
1971
1972
1973

1974
1975
1976
1977
1978

1979
1980

19.4
44.3
13.6
16.6
11.9

22.4
21.7
28.8
18.8
26.9

27.9
17.6

3/11.4
31.0

5.5
5.4
7.9

7.8
4.5
5.6
5.7
9.8

10.9
5.7

25.1
64.6
15.9
32.2
32.3

34.4
26.1
25.3
16.0
32.0

29.3
24.1

55.9
139.9
35.0
54.2
52.1

64.6
52.3
59.7
40.5
68.7

68.1
47.4

67.7
182.0
58.2
38.2
19.1

43.1
19.6
33.2
18.8
53.7

46.9
46.7

11.8
42.1
23.2

-16.0
-33.0

-21.5
-32.7
-26.5
-21.7
-15.0

-21.2
-0.7

21
33
66

-30
-63

-33
-63
-M
-54
-22

-31
_]_

-L/Measured at Reedy Creek near Vineland (site 11).
-'Measured at Reedy Creek near loughman (site 13).
-^'Estimated from regression with Whittenhorse Creek.

streamflow near Vineland, and provides flow when the stream would otherwise 
probably be dry. Retention of water in the undeveloped area, and release of 
water eastward from this area, results in periods of no flow in Reedy Creek 
immediately downstream from the RCID boundary (site 13).

The effect of water-level control structures on flow characteristics of 
Reedy Creek near Loughman is shown in figure 10, in which selected hydrographs 
for rainless (or nearly rainless) periods before and after RCID development are 
plotted. The hydrographs before development show a smooth recession curve 
characteristic of an unregulated stream; those after development have more 
abrupt declines, especially at a discharge of about 50 ft^/s (probably caused 
by closing of the gates as water levels fall).

Lake stages have been recorded for four lakes in the RCID area. Daily 
lake stages are available beginning in 1962 at Lake Butler, 1969 at South Lake, 
and 1967 at Bay Lake. Bimonthly observations of lake stage are available at 
Lake Bryan, beginning in 1969. Locations of the lakes are shown in figure 1.
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The range and seasonal variation in the lake stages are shown in figure 11 
for October 1971 through September 1980. Daily mean lake stage is summarized 
except for Lake Bryan. The bimonthly record at Lake Bryan does not define lake 
stage variation as precisely as daily records, but are adequate to approximate 
lake-stage variation because the stages generally do not change rapidly.

Monthly variations in maximum and minimum lake stages from October 1971 
through September 1980 generally differ by only 1 to 3 feet. Variation in 
stage is less at Bay Lake than at other lakes because the lake is regulated by 
gates to release excess water, and by inflow from Theme Park waterways during 
dry periods.

Trends

Stage hydrographs for lakes in the vicinity of the RCID are shown in 
figure 12. Annual mean lake stage at Lake Butler declined about 2.3 feet from 
1970 through 1980. South Lake declined about 0.5 foot and Lake Bryan declined 
about 0.2 foot during the same period. Draining of Bay Lake began in December 
1968, and since 1972 the lake has been maintained at about the 94.5 foot level. 
The greater decline in lake stage in Lake Butler, compared with South Lake and 
Lake Bryan, may be due to the combined effects of withdrawal of ground water 
within the RCID, the Orlando area, and citrus groves near Lake Butler. Ground- 
water withdrawal can affect lake stages by increasing the potential for down 
ward leakage from lakes to the Floridan aquifer. The effect of the various 
sources of ground-water withdrawal on potentiometric surface in the RCID area 
has not been established, and quantitative data on agricultural withdrawals are 
needed to evaluate aquifer response to these withdrawals.

Floridan Aquifer 

Summary

The configuration of the potentiometric surface of the Floridan aquifer in 
May 1981 is shown in figure 13. This figure indicates that the general direc 
tion of water movement near the RCID is from west to east, and that the gradi 
ent of the potentiometric surface is about 10 feet per mile or less.

Figure 14 shows water-level fluctuations in wells representative of the 
Floridan aquifer in and near the RCID. Well 7 (fig. 13) is in the RCID and is 
probably in the cone of depression formed by Floridan aquifer pumpage in the 
RCID. Well 5 is in a citrus grove area west of the RCID (fig. 13) and is 
probably not affected by withdrawals in the RCID, but may be periodically 
affected by pumpage for irrigation. Both wells show that the potentiometric 
surface declines in the normally dry spring season and rises in summer. Sea 
sonal fluctuations average less than 2 feet at both wells, but are greater at 
well 7 than at well 5, probably because well 7 is closer to RCID supply wells.
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Figure 12. Annual maximum, mean, and minimum lake stages, Lake Butler, 
South Lake, Bay Lake, and Lake Bryan.
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Figure 13. Configuration of the potentiometric surface in the Reedy Creek 
Improvement District vicinity, May 1981, and location of selected long-term 
Floridan aquifer observation wells.
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Trends

Hydrographs for Floridan aquifer wells with long periods of record in the 
RCID and vicinity are shown in figure 15. These wells (for locations see 
fig. 13) are cased at least to the top of the Floridan and are 435 feet or less 
in depth. The mean rainfall of Kissimmee and Isleworth is included in figure 14 
for comparison of rainfall trends with potentiometric surface changes.
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Six of the wells shown in figure 15 have water-level records as early as 
1931, though none were measured every year. The hydrographs show that water 
level has fluctuated seasonally and that there is no evidence of a continuing 
trend toward either a higher or a lower potentiometric surface during the 
period 1931 through 1960. The highest water levels during the 50-year period 
beginning in 1931 were probably in 1960, in response to the relatively high 
rainfall in 1957, 1959, and 1960. The hydrographs in figure 15 show that since 
1960 water levels in most wells trend downward, but in some wells the downward 
trend is relatively slight.

Downward trends in water levels were least at wells 1, 2, 3, and 5 less 
than 10 feet from May 1961 through May 1981. These wells are in undeveloped 
areas and are in or near areas of high recharge; these two factors probably are 
the reason for the relatively slight decline in the water levels that describe 
the potentiometric surface.

The remainder of the hydrographs plotted in figure 15 show water level 
declines of as much as 30 feet from May 1961 through May 1981. These wells, 
located closer to developed areas, are generally between the RCID, Kissimmee, 
and Orlando. The water-level decline in these wells is probably due to defi 
cient rainfall and combined withdrawal of water by municipalities and agricul 
tural operations.

Well 7 is the closest of the Floridan aquifer observation wells to the 
points of withdrawal for the RCID water supply. The hydrograph for well 7 
shows that the water level has declined, but since the opening of the Theme 
Park in 1971, the decline has been relatively slight. Some of the decline 
prior to 1971 may have been due to pumping from the Floridan aquifer for 
development of the supply wells and for the refilling of Bay Lake in 1970.

It is not possible to quantify the amount of decline of the potentiometric 
surface of the Floridan aquifer due to pumping in the RCID. This is because 
the period of withdrawal, starting with urban development of the area in 1968, 
corresponds with a period of below-average rainfall. Also, the amounts of 
water withdrawn for other uses, including irrigation of citrus groves near the 
RCID, has not been determined. However, the decline of the potentiometric 
surface in the vicinity of the RCID, as indicated by record for well 7, is 
apparently no more than at many other locations in the surrounding area. 
Therefore, pumpage in the RCID has probably not had a widespread effect on the 
potentiometric surface of the Floridan aquifer in the surrounding areas, or at 
least has not noticeably lowered the potentiometric surface more than other 
withdrawals in the area north and northeast of the RCID.

34



WATER QUALITY

The data summaries and conclusions presented in this section are based 
primarily on periodic sampling from October 1971 through September 1980 at 13 
surface-water sites in the RCID and vicinity; and thus, represent water-quality 
conditions after completion of most development, and opening of the Theme Park 
and related developments. A four-parameter water-quality monitor provides 
hourly measurements of specific conductance, water temperature, pH, and dis 
solved oxygen at Reedy Creek near Vineland (site 11). This hourly record, 
which began in July 1976, provides much more detailed information on short- 
term variations in water quality than do the periodic samples.

Data for specific conductance, nutrient concentrations, and dissolved 
oxygen are available for some sites prior to development of the RCID. The 
historical data can be used to assess changes in water quality with time, some 
of which are probably related to development and operation of the RCID. The 
time-trend analysis of water-quality data is presented in a later section of 
this report.

A brief description of the water-quality sampling sites is given in 
table 3, with a site number used to show the locations in figure 1. Also given 
in table 3 is the station identification number used for storage and retrieval 
of all hydrologic data in the U.S. Geological Survey computer data base.

Table 3. Description of water quality sampling loctions

Site 
and map 

No.

1 
2 
3
4 
5
6 
7
8
9

10
11 
12 
13

Station 
identification 

No. Lf

282442081352600 
02263851 
02263869
02264000 
02264100
02266291 
02266294
02266200
02266295 
282135081345500
02266300 
02266480 
02266500

Description

Outflow from Seven-Seas Lagoon 
Outflow from Bay Lake 
Outflow from South Lake
Cypress Creek 
Bonnet Creek
Canal upstream from structure S-405A 
Canal downstream from structure S-405
Whittenhorse Creek
Canal upstream from structure S-410 
Canal downstream from L-410 canal inflow
Reedy Creek (near Vineland) 
Davenport Creek 
Reedy Creek (near Loughman)

  Identifier for computer data storage and retrieval.
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Sites 1, 2, and 3 represent outflow from lakes in or adjacent to the RCID. 
Sites 1 and 2 are within the Theme Park complex and represent outflow from lakes 
heavily used for swimming, boating, and other forms of recreation. Hotels, 
swimming areas, marinas, and gardens are on the shorelines of Bay Lake and 
Seven Seas Lagoon. Sites 4, 8, and 12 are on streams flowing into the RCID 
from surrounding wetlands (Cypress Creek, site 4) or agricultural areas (Whit- 
tenhorse Creek, site 8); Davenport Creek, site 12). Sites 6 and 9 are on the 
canal system constructed to provide drainage of undeveloped parts of the RCID 
upstream from the developed areas. Site 5 is on a channelized section of Bonnet 
Creek, which receives inflow from several drainage canals, storm runoff from 
developments at Lake Buena Vista, overflow from Bay Lake and South Lake, and 
inflow from Cypress Creek. Site 7 is on a canal downstream from a golf complex 
and downstream of the inflow from holding ponds which detain storm runoff from 
the main parking area. Site 10 is downstream from sites 7 and 9 and about 0.2 
mile downstream of the canal L-410 inflow and the discharge of treated wastes 
contained in the 102-acre overland-flow treatment process. Site 11 is on the 
natural Reedy Creek channel downstream from site 10 and both points of treated 
wastes discharge. Site 13 is downstream from the south boundary of the RCID 
and represents all surface discharge from the RCID except that diverted east 
wards from the undeveloped area.

A summary of selected water-quality data is given for each of the 13 
surface-water sites in the Supplemental Data section of this report. The 
summary includes period of record, number of samples, and maximum, mean, 
median, and minimum values for each of the selected parameters.

Major Constituents and Properties

The major constituents in water include the cations calcium, magnesium, 
sodium, and potassium, and the anions bicarbonate, chloride, and sulfate. The 
constituents are derived mostly from natural processes that include the disso 
lution of rock and soil and, generally some atmospheric deposition. Waste dis 
charge and runoff from developed areas can affect the balance of the major 
dissolved constituents in a receiving body of water.

Major constituent concentrations, properties, and constituent ratios in 
water may be an indication of the source of the water and the hydrology of a 
watershed. For example, water from the Floridan aquifer in the RCID area is 
predominantly a calcium and bicarbonate type with low concentrations of sodium, 
potassium, sulfate, and chloride. Lichtler and others, (1968) reported spe 
cific conductance to range from 150 to 200 umhos/cm (micromhos per centimeter 
at 25° Celsius). Rainfall has a relatively low specific conductance but con 
tains more of a mixture of constituents than water from the Floridan aquifer. 
Bulk precipitation samples (rainfall plus dry fallout) collected in the central 
Florida area at Maitland, Fla., (about 5 miles north of Orlando) from July 1972 
through September 1978 had a mean specific conductance of 23 umhos/cm and none 
of the major cations or anions accounted for more than 45 percent of the mean 
concentration on a chemical equivalent basis (Irwin and Kirkland, 1980). Water 
from a swampy watershed in which the water is in contact with decaying plant 
debris for long periods of time is acidic, has a low bicarbonate concentration, 
and is highly colored due to leaching of organic materials from the plant 
debris.
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Waste effluent and runoff from agricultural areas may affect the chemical 
makeup and properties of the receiving waters by adding constituents to the 
water. Domestic wastes contain the constituents in the treated water supply 
and additional sodium, chloride, nitrogen, and phosphorus species, from the 
wastes. Agricultural runoff may contain leachates from fertilizers and soil 
conditions and may have relatively high concentrations of calcium, magnesium, 
sulfate, chloride, nitrogen, and phosphorus.

Major constituent ratios for surface water in the RCID area are shown in 
figure 16 (sites 1-13). Also plotted in figure 16 is an analysis for a sample 
from one of the RCID supply wells (site 14), which taps the Floridan aquifer, 
and is typical of Floridan aquifer water.

Major dissolved constituents in water from the sites varied widely. The 
surface-water sites (sites 1-13) are in two general categories four sites with 
water having a very low bicarbonate percentage (high sulfate and chloride per 
centage), and the remaining sites with bicarbonate concentrations accounting 
for at least 38 percent of the anion equivalent concentration.

Sites 3, 4, 6, and 8 represent water from areas upstream of RCID develop 
ment. The low bicarbonate percentages are indicative of a swampy watershed 
with little or no inflow of water from the Floridan aquifer. At site 6, the 
water is stagnant much of the time, and in contact with accumulated plant 
debris; this condition contributes to an acidic water with a low bicarbonate 
concentration.

Bicarbonate accounts for at least 38 percent of the anionic composition at 
the other sites, probably because of some inflow of water from the Floridan 
aquifer. Sites 1, 2, 5, and 7 receive Floridan aquifer water because of out 
flow of water from Seven Seas Lagoon and Bay Lake. Water from the Floridan 
aquifer is used to maintain stages in these two lakes during dry periods. 
Sites 10, 11, and 13 are downstream from a source of treated wastes that are 
conveyed through the collection and treatment system by water from the Floridan 
aquifer. Sites 9 and 12 have no known direct inflow of Floridan aquifer water. 
However, upward seepage from the Floridan aquifer into the stream or canals 
upstream of the sampling points may occur, or seepage from the surficial aqui 
fer may be, in part, Floridan aquifer water which has entered the aquifer 
following irrigation of the surrounding citrus groves.

A summary of selected water-quality parameters is shown in figure 17. 
These parameters help to illustrate differences in the hydrology of the streams 
or canals.

Specific conductance, a function of dissolved solids concentration, is not 
widely variable among the 13 sites, as shown by the relatively small range in 
median values. Median specific conductance ranged from 95 umhos/cm at site 8 
to 169 umhos/cm at site 7. The range in specific conductance was greatest at 
site 4 and site 11. The highest specific conductance was 300 umhos/cm at 
site 4. The greater range in specific conductance at site 4 (Cypress Creek) 
probably is related to the fact that relatively high specific conductance water 
ovrflows into Cypress Creek swamp from the Butler chain. At site 11, the 
variation in specific conductance is probably due to relative amounts of 
treated wastes (higher specific conductance) and storm runoff (lower specific 
conductance) in the stream.
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PERCENT OF TOTAL MILL lEQUIVALENTS PER LITER 
(SURFACE WATER SITES EXCEPT AS INDICATED)

Figure 16. Mean major-constituent ratios in waters in the Reedy Creek 
Improvement District area, October 1979 through June 1981.

Lowest median pH (less than 4.4 units) occurred at sites 4, 6, and 8. These 
sites also had the highest median color (320 or greater platnium-cobalt units, 
see fig. 17). The combination of low pH and high color is indicative of water 
standing in contact with organic debris for extended periods. Site 3 has had a 
relatively low pH (median pH of 5.0 units) and a low color (median color of 20 
units). The low color is an indication that the water at site 3 is not affected 
by contact with organic debris, thus the relatively low pH is probably due to the 
acidic nature of rainfall in a lake with a low buffering capability. This indi 
cates that water from the Floridan aquifer is probably not reaching the lake.

38



20
oe
LU

5 15
oe
LU

S 10

I 2 3 5 6 7 8 9 10 II 12 13

co
CO

0
1000

co

I 800 

sS 600

j! 400

200

0
8

_ PL 
Eh 
Cl

1

.ORIC 
4VIRC 
RITE

1

DA D 
DNMI 
RIA

. -

i

EPAf 
ENTX 
( MIN

.  

1

1

RTM 

XL Rl 
IIMUf

l\i
* "

1 1

ENT OF 
EGULATION 
^)

* m

1

»  

"
 

"

1

1
"

1

1

»  

: I i
. -

1

1

  

1

 

  

»

1

   

"

CO

CO

2
350
300

250

200

150

100

50

-

  . 1

1 \ \ 1

1 1 1 1

TFLC
1 OF 

REC

1 1

   

 

1

[ i/i - :
>RIDA DEPARTMENT 

ENVIRONMENTAL 
3ULATION CRITERIA 

( MINIMUM ) 

1

1 1

_ MAXIMUM

-\ MEDIAI

MINIMUK

* 

*

A

^\

'

; i
|

1 1 1

[]
f i i
- I   

1 1 1

1 1

 

1 1

123 5678 
SITE NUMBER

9 10 II 12 13

Figure 17. Maximum, median, and minimum values for selected water- 
quality parameters for surface waters in the Reedy Creek Improvement 
District area, October 1971 through June 1981.
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Water-quality standards for many parameters, including pH, have been es 
tablished (Florida Department of Environmental Regulation, 1983). The criteria 
for pH in surface waters (except in specified zones of mixing of waste discharges 
with the receiving water) is "pH of receiving waters should not be caused to vary 
more than one (1.0) unit above or below natural background pH of the water; the 
lower value shall not be less than six (6.0) and the upper value shall not be more 
than eight and one half (8.5). 11 At the 13 sites, pH did not exceed 8.5 units, but 
at all sites except site 1 (outflow from Bay Lake), the minimum pH was less than 
6.0 units (fig. 16). At sites 3, 6, and 8, pH of all samples was less then 6.0 
units, and at site 4, more than half the samples had a pH of less than 4.0 units. 
The low pH values are probably due to natural processes, including leaching of 
acidic organic compounds (plant debris) at site 4, 6, and 8 and the acidity of 
rainfall into a lake of low buffering capacity at site 3.

DO (dissolved oxygen) concentration is also specified in the FDER (Florida 
Department Environmental Regulation) water-quality standards for class III waters, 
or waters designated for recreation, and propagation and management of fish and 
wildlife. According to these criteria, DO "in predominantly fresh waters * * * 
shall not be less than 5 milligrams per liter." This criterion applies to all 
RCID waters, except that a variance may be applied to a mixing zone in Reedy Creek 
downstream from wastes discharges. As of August 1981, the boundaries of this 
mixing zone had not yet been specified.

DO concentrations of surface waters in the RCID are summarized in figure 17. 
The DO at most sites was often less than 5 mg/L (milligrams per liter) and was 
less than 5 mg/L at least once at all sites. Median DO concentration was greater 
than 5 mg/L at sites 1, 2, 3, 11, and 12. The lowest DO concentrations (minimum = 
0.3 mg/L, median = 3.2 mg/L) occurred at site 10, immediately downstream from 
outflow of treated wastes from the 102-acre overland-flow area at canal L-410. 
This waste discharge, though less than 2 mg/L in BOD (biochemical oxygen demand) 
is also low (2.3 mg/L mean) in DO (Harden, 1980), and could be the cause of 
relatively low DO at site 10.

The low DO concentration at most sites (other than site 10) is probably 
a natural characteristic of the streams. The sites representing canals or 
channelized stream segments (sites 5, 6, 7, 9, and 10) are probably affected 
by seepage of low DO ground water into the channel and high demand for oxygen 
by plant debris. Some natural streams in undeveloped areas (sites 4 and 8) have 
low DO concentrations probably due to high demand for oxygen by plant debris in 
swampy areas. The high color of many of the canals and swampy streams is indica 
tive of two significant conditions relating to DO concentrations: first, the 
color is indicative of large quantities of oxygen-demanding organic debris within 
the basin, and second, the color and associated low pH may create conditions 
unfavorable for photosynthetic production of oxygen.

Water-level control structures might also affect DO concentrations because 
the impounded water is at times highly stratified and nearly devoid of oxygen 
near the bottom. Water leaking past the gates, or released by partial gate 
opening, may be from the bottom of the pool, and thus be a source of DO deficit 
to the reach downstream from the structure. This could be a contributing 
factor to low DO at sites 5 and 7, located in reaches just downstream of 
control structures.
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Nutrients

Nitrogen and phosphorus compounds are nutrients which contribute to the 
productivity of water that is, to the ability of the water to support plant and 
animal life. Excessive quantities of nutrients may stimulate some organisms to 
proliferate to nuisance levels at the expense of other, often more desirable, 
species. Excessive production may load the water with oxygen-consuming debris, 
to the detriment of fish. Permissible nutrient concentrations for acceptable 
water quality are presently not known because many factors, such as stream 
morphology, trace-metals concentrations, and other chemical and physical proper 
ties and constituents of water, also affect production. Therefore, the FDER has 
not established specific nutrient criteria, but state that "in no case shall 
nutrient concentrations of a body of water be altered so as to cause an imbal 
ance in natural populations of aquatic flora or fauna." (Florida Department of 
Environmental Regulation, 1983).

Ratios of the nitrogen species for the 13 surface-water sampling sites are 
shown in the trilinear diagram in figure 18. The surface-water sites can be 
grouped into 4 general regions: (1) 8 sites with 80 or more percent of the 
nitrogen in the organic form, (2) 2 sites with more than 20 percent ammonia 
nitrogen (sites 6 and 10), (3) 2 sites with more than 25 percent nitrate and 
nitrite nitrogen (sites 11 and 13), and (4) 1 site with nearly 50 percent 
nitrate and nitrite nitrogen (site 12).

Sites within each group described above have some common characteristics. 
The sites with more than 80 percent organic nitrogen include outflows from the 
three lakes (sites 1, 2, and 3) and streams or canals upstream from, or not 
affected by, treated waste inflow (sites 4, 5, 7, 8, and 9).

Sites 6 and 10 have the highest ammonia nitrogen percentage but represent 
different environments. The relatively high ammonia nitrogen at site 6 is 
probably from anaerobic decomposition of plant debris on the canal bottom. The 
relatively high ammonia nitrogen at site 10 probably results from inflow of 
treated wastes.

Sites 11 and 13, both on Reedy Creek, are probably relatively high in 
nitrate nitrogen due to the treated-wastes discharges upstream; ammonia nitro 
gen noted at site 10 is apparently oxidized to nitrate as the water moves 
downstream.

Site 12 (Davenport Creek) is unique because it represents an undeveloped 
watershed (except for citrus groves) and has a high proportion of nitrogen in 
the nitrate form. This nitrate could be due to seepage of ground water into 
the stream. In citrus groves, water percolating into the surficial aquifer 
could have high nitrate concentration from fertilizer applications. Seepage of 
the water from the surficial aquifer, as well as direct runoff from the citrus 
groves, could account for the relatively high nitrate nitrogen at site 12.

The sample of Floridan aquifer water (site 14) had most of the nitrogen in 
the nitrate form, and no organic nitrogen. The total nitrogen concentration 
was 0.08 mg/L and was low in comparison to the surface-water sites.
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8O 6O 4O 2O
NITRITE AND NITRATE NITROGEN, IN PERCENT 

(SURFACE WATER SITES EXCEPT AS INDICATED)

Figure 18. Mean nitrogen species ratios in waters in the Reedy Creek 
Improvement District area, October 1971 through June 1981.

Maximum, median, and minimum concentrations of total, organic, and nitrate 
nitrogen for the surface-water sites are shown in figure 19. Median total 
nitrogen concentrations ranged from 2.1 mg/L at site 8 to 0.29 mg/L at site 3. 
Four sites (sites, 1, 2, 3, and 5) had median concentrations of less than 1 
mg/L; these sites had relatively low total nitrogen concentrations because they 
probably do not receive treated wastes inflow or are not in areas where large 
quantities of fertilizer are used. The highest median total nitrogen concen 
trations were at sites 4, 6, 8, and 12 where median concentrations were 1.87 
mg/L or greater. These four sites are in undeveloped areas or in areas of 
citrus groves. The relatively high nitrogen concentrations at these sites are 
probably due to natural sources of nitrogen, or from fertilizer in runoff and 
ground-water seepage from the citrus groves. Sites 10 and 11, downstream from 
the treated wastes inflows, occasionally had relatively high nitrogen concen 
trations, but median concentrations at these two sites were not higher than at 
many of the other sites.
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Figure 19. Maximum, median, and minimum concentrations for selected 

nitrogen species in surface waters in the Reedy Creek Improvement 
District area, October 1971 through June 1981.

Organic nitrogen concentrations (fig. 19) had a pattern of occurrence very 
similar to that of total nitrogen. This similar pattern is predictable because 
organic nitrogen accounted for more than 60 percent of the total nitrogen at 
all sites except site 12. More samples were analyzed for organic nitrogen than 
for total nitrogen, so that maximum concentrations of organic nitrogen plotted 
in figure 19 are higher than maximum concentrations of total nitrogen at some 
sites.
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Median nitrate nitrogen concentrations were 0.1 mg/L or less except at 
four sites (10, 11, 12, and 13). At these sites, median nitrate concentrations 
ranged from 0.21 to 0.88 mg/L, and at sites 11, 12, and 13, nitrate nitrogen 
concentrations of 3 mg/L or greater occurred. The relatively high nitrate 
nitrogen at sites 10 and 11 are probably related to the treated wastes dis 
charge upstream. The discharges may possibly also contribute to the high 
nitrate concentrations at site 13. Site 12 had the highest median nitrate 
concentration, probably leached from fertilizers applied to citrus groves that 
entered Davenport Creek as ground-water seepage and in surface runoff. Inflow 
of nitrate to Reedy Creek from Davenport Creek upstream from site 13 may 
account, at least partly, for high nitrate concentrations at site 13.

Phosphorus concentrations at the 13 sites are summarized in figure 20. 
Median total phosphorus concentrations were less than 0.1 mg/L at all sites 
except sites 10, 11, and 13. The high phosphorus concentrations probably are 
due to the inflow of treated waste. Sites 9 and 12 had maximum phosphorus con 
centrations in excess of 0.5 mg/L. These relatively high concentrations may 
be due to fertilization of adjacent citrus groves. The pattern of occurrence 
of orthophosphate phosphorus is very similar to that of total phosphorus. This 
implies that most of the total phosphorus in surface waters in the RCID area is 
of orthophosphate origin.
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Organic carbon is a constituent also essential to the aquatic ecosystem 
and may be present in high concentrations due to wastes disposal. Another 
source of organic carbon is decaying plant debris which accumulate in swampy 
watersheds and sluggish streams and canals. High organic carbon concentrations 
from plant debris are associated with high color due to leaching of organic 
compounds.

In figure 21, median color and median total organic carbon concentrations 
are plotted for each site, using only samples in which both color and total 
organic carbon were determined. The figure shows a definite relation between 
color and total organic carbon, indicating that the high total organic carbon 
concentrations which occur at several sites are derived from leaching of plant 
debris. Site 6 has a higher color than expected based on the total organic 
carbon concentrations and the relation between the two variables indicated by 
the other sites. This departure at site 6 from the pattern for other sites is 
probably due to nonlinearity of the total organic carbon-color relation rather 
than a difference in source of color or total organic carbon.
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Figure 21. Relation between color and total organic carbon for surface 
water in the Reedy Creek Improve District area (plotted points are 
median color and median total organic carbon at the 13 surface water 
sites, for samples in which both color and total organic carbon were 
analyzed.)
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Trace Elements

The FDER has specified maximum allowable concentrations for several trace 
elements in class III waters (Florida Department of Environmental Regulation, 
1983), either because of toxicity to aquatic life or, for iron, because it may 
form precipitates which can interfere with bottom-dwelling species. Samples 
for these trace elements have been collected from surface-water sites in the 
RCID area, but the sampling procedure and frequency of sampling has varied 
during the study. Prior to 1978, analyses were for dissolved elements only. 
In 1978, the sampling procedures were changed to include both dissolved and 
suspended elements.

Table 4 shows a summary of analyses of trace element and organic compound 
concentrations in the RCID area. The summary includes all analyses for the 13 
surface-water sites. Most of the data are for samples collected since 1970. 
The number of qualified values, or concentrations reported as less-than a spe 
cified value, are listed in table 4. For this summary, these qualified values 
were assumed to be actual concentrations.

Relative magnitudes of trace element concentrations, listed in order of 
decreasing median values, are iron, aluminum, zinc, chromium, copper, arsenic, 
nickel, lead, and mercury. The elements beryllium, cadmium, selenium, and 
silver had a median concentration of zero. Only iron, aluminum and zinc gener 
ally exceeded concentrations of 10 ug/L (micrograms per liter), though many of 
the trace elements exceeded 10 ug/L at least once.

Table 5 gives a summary of trace elements criteria-exceedance frequencies 
for the 13 surface-water sites. This summary includes all data and does not 
separate total (unfiltered) concentrations and dissolved (filtered) concentra 
tions. Some concentrations were reported to be less than the analytical detec 
tion limit; these "less-than" concentrations were assumed to be zero.

Concentrations of 7 of the 13 trace elements specified in the FDER stand 
ards never exceeded the water-quality criteria. The six elements that exceeded 
these criteria, in order of decreasing frequency of exceedance, are mercury, 
zinc, cadmium, copper, silver, iron, and lead. It is noted that the frequen 
cies of exceedance for cadmium, mercury, and silver may be biased high because 
of analytical imprecision at these low concentrations. These criteria were 
less than the anlytical detection limits used in most of the study. Water 
quality criteria-exceedance frequencies for copper, iron, lead, and silver were 
5 percent or less. Only one sample, from site 4 (Cypress Creek), had silver in 
measurable concentration.

All sites except site 9 had mercury concentrations greater than the criteria 
of 0.2 ug/L. The source of the mercury is not known, but the metal has been 
used extensively as a fungicidal agent for agricultural purposes (U.S. Environ 
mental Protection Agency, 1976, p. 98). Agricultural use of mercury has been 
as a seed dressing for prevention of mildew (Wershaw, 1970, p. 30). Therefore, 
the source of mercury in the RCID area is probably not related to agricultural 
practices in this predominantly citrus-growing area. Mercury has been detected 
in several samples of bulk precipitation in concentrations as high as 2 ug/L 
(Irwin and Kirkland, 1980), therefore, atmospheric deposition of mercury may be
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Table 4. Summary of trace element and organic compound concentrations at 13 surface-water sites

Samples
Property or constituent  Total Remarks::/ Maximum Mean Median Minimum

Percentile
95 5

Trace elements in water (micrograms per liter)

Aluminum, total recoverable
Arsenic, dissolved
Arsenic, total
Beryllium, total recoverable
Cadmium, dissolved
Cadmium, total recoverable
Chromimum, hexavalent, dissolved
Chromium, total recoverable
Copper, total recoverable
Copper, dissolved
Iron, dissolved
Iron, total recoverable
Lead, dissolved
Lead, total recoverable
Mercury, dissolved
Mercury, total recoverable
Nickel, total recoverable
Selenium, total
Silver, total recoverable
Zinc, dissolved
Zinc, total recoverable

35
91
55
31

2
41
94
53
39

113
152

43
107
39

5
41
39
34
39

113
39

0 1,
0
0
0
0
0
0
8
0
0
0 2,
0 1,
0
0
0

15
0
0
0
0
0

Organics in water (total in

Chlordane
ODD
DDE
DOT
Diazinon
Dieldrin
Ethion
Lindane
Malathion
Parathion
PCB
2,4-D
Silvex

Organics

Aldrin
Chlordane
ODD
DDE
DOT
Diazinon
Dieldrin
Ethion
Heptachlor epoxide
Methyl parathion
PCB
Toxaphene
Silvex
2.4-D

99
118
118
118
65

118
61

118
65
65

100
107
107

in bottom

120
100
120
120
121
48

121
32
93
48

101
94

103
102

0
0
0
0
0
2
0
2
0
0
0
0
0

material (total

0
0
1
0
0
0
1
0
0
0
2
0
0
0

000
50
30
10

0
7
8

30
10
50

700
300

20
170

.9

.5
33

0
1

130
330

248.9
10.0
5.7
1.9

.0

.5

.4
11.3
3.1
8.1

280.6
392.6

4.2
9.5

.5

.2
3.7
0
0

34.2
26.9

micrograms per

0.10
.01
.01
.02
.01
.01
.07
.02

2.30
.02
.10
.65

6.00

0.00
.00
.00
.00
.00
.00
.00
.00
.12
.00
.00
.02
.10

in micrograms

66.00
190.00
12.00
86.00
8.50
1.10

14.00
38.00
3.20

18.00
760.00

50.00
210.00
29.00

0.90
9.14

.78
1.57

.34

.02

.64
1.19
.04
.74

11.24
.53

2.42
.59

180
10

2
0
0
0
0

10
3
5

210
350

2
1

.5

.2
2
0
0

30
20

liter)

0
0
0
0
0
0
0
0
0
0
0
0
0

per kilogram)

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

.1
0
0
0
0
0

10

0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

900
30
20
10

0
2
2

20
8

40
710

1,100
16
52

.9

.5
14

0
0

90
40

0.00
.00
.00
.00
.00
.00
.00
.00

1.00
.00
.00
.15
.21

1.30
44.00
4.60
7.00
2.00

.00
3.10

.00

.00
3.80

15.00
.00
.00
.00

10
0
0
0
0
0
0
0
0
0

20
110

0
0
0.1
0
0
0
0
0

10

0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

I/Remarks indicate number of concentrations reported to be less than the reported value. The reported 
values were used in these summaries, so in some cases, the summary statistic may be less than the value given.
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a source of the metal in surface waters. The ubiquitous presence of mercury in 
extremely low concentrations seems to be characteristic of the RCID area, and 
these low concentrations, though often in excess of the FDER water-quality cri 
teria, may represent natural, or background, conditions.

Zinc concentrations exceeded the FDER water-quality criteria of 30 ug/L at 
10 of the 13 sites (table 5), and, like mercury, seems to be widespread in the 
area in concentrations which are at times in excess of this criteria. Hem 
(1970, p. 203) states that weathering of zinc-bearing minerals results in 
formation of soluble zinc compounds. Additionally, zinc may be widespread 
throughout the area due to its presence in many types of metal and may be 
present in relatively high concentrations in rainfall and dry fallout. Irwin 
and Kirkland (1980, p. 22) reported that mean zinc concentrations in rainfall 
and bulk precipitation samples from various locations in Florida often exceeded 
30 ug/L, and at two sites exceeded 100 ug/L. Therefore, zinc in the RCID area 
probably is not directly related to developments either within the RCID or in 
agricultural areas adjacent to the RCID.

Cadmium exceeded the FDER water-quality criteria in about 20 percent of 
the 41 samples from 5 of the 13 sites (table 5). According to Hem (1970, 
p. 204), cadmium is present in rocks in quantities much less than those 
reported for zinc, and concentrations of cadmium in natural water are very 
small. However, bulk-precipitation samples in Florida (Irwin and Kirkland, 
1980) often had 1 ug/L or more of cadmium, and in places more than 10 ug/L, 
indicating that cadmium in surface waters could originate from atmospheric 
sources. Cadmium occurrence does not relate strongly to development in the 
RCID. Two sites (4 and 6) of the five at which the cadmium criteria was 
exceeded are in undeveloped areas.

A summary of the water quality criteria-exceedance frequencies at each 
site for trace elements is given at the bottom of table 5. For example, at 
site 1, of 26 analyses (sum of all trace elements), 8 percent were in excess 
of a water-quality critera. The summary shows that sites 4, 6, and 8 had the 
highest criteria-exceedance frequencies for trace elements (10 percent or 
greater). These sites are in undeveloped areas, except for citrus groves, in 
or near the RCID. Therefore, the presence of trace elements in concentrations 
exceeding the water-quality criteria does not seem to relate to the RCID devel 
opments. There is some correlation of high trace elements concentrations with 
high color. Sites 4, 6, and 8 all have highly colored water median color of 
320 units or higher (fig. 19). High color is symptomatic of a high organic 
compound concentration and low pH, favoring formation of soluble organic 
complexes.

Organic Compounds in Water

Many organic compounds were analyzed for in waters of the RCID area. 
These compounds include insecticides, herbicides, PCB (polychlorinated 
biphenyl) compounds, and PCN (polychlorinated naphalene) compounds. The 
compounds are toxic to aquatic life if present in excessive concentrations. 
The toxic concentration varies widely according to the specific compound, but 
many of the compounds are toxic when present in extremely low concentrations.
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Table 4 summarizes data on total concentrations (dissolved plus suspended) 
of organic compounds at surface-water sampling sites (sites 1 to 13). The 
table lists only the compounds detected in at least one sample. Compounds 
which have been analyzed for, but not detected in RCID waters are not listed in 
table 4. These include: polychlorinated napthalenes, aldrin, endosulfan, 
endrin, heptachlor, heptachlor epoxide, methoxychlor, methyl parathion, methyl 
trithion, mirex, perthane, toxaphene, trithion, and 2,4,5-T.

Silvex, malathion, and 2,4-D with maximum concentrations of 6 ug/L, 2.3 
ug/L, and 0.65 ug/L, respectively, were the only organic compounds with concen 
trations greater than 0.1 ug/L. Median concentrations of all the compounds 
were zero or less than analytical detection limits. The 95 percentile concen 
trations, listed in table 4, are the concentrations not exceeded in about 95 
percent of the samples, or conversely, the concentrations exceeded in about 5 
percent of the samples. Only three of the organic compounds (malathion, 2,4-D, 
and silvex) were present in measurable concentrations in at least 5 percent of 
the samples; the remaining compounds were not detected in at least 95 percent 
of the samples. The data summarized in table 4 show that the concentrations of 
these organic compounds in surface waters in the RCID area are generally zero, 
or at least less than the analytical detection limits.

A further summary of data on organic compounds in water is given in 
table 6. That table gives the number of samples, and percentage of samples 
with detectable concentrations at each of the 13 surface-water sites. The 
compounds listed previously that were never detected in water samples are not 
included in table 6.

Malathion, 2,4-D, and silvex were detected in 20 to 25 percent of the 
samples. Other compounds, including chlordane, DDT, diazinon, ethion, lindane, 
parathion, and PCB were detected in 1 to 5 percent of the samples. The presence 
of DDT, which was banned by the U.S. Environmental Protection Agency in 1972, 
is indicative of the stability of this compound in the aquatic environment.

All sites except site 4 (Cypress Creek) had one or more compounds in 
detectable concentrations. The absence of the organic compounds in Cypress 
Creek probably is due to the wide, swampy and undeveloped character of the 
basin upstream from the sampling point; this undeveloped area serves to isolate 
the site from areas of pesticides usage. Additionally, the water in this 
swampy area is spread over a relatively large area, enhancing contact of the 
water with soil and vegetative debris to which the compounds may become sorbed, 
and,thus, removed from the water.

The frequency at which organic compounds were detected in water seems 
related to the proximity of the sampling site to the RCID resort areas. 
Streams outside the RCID (sites 4, 8, and 12), and sites in undeveloped areas 
of the RCID (sites 3, 6, and 9) had the lowest frequency of detection (5 
percent or less). The only compounds detected at site 12 (Davenport Creek) 
were DDT, and DDE, a derivative of DDT. However, these compounds are long- 
lived and their presence is probably due to past usage. Ethion, and DDD (also 
a DDT derivative), were detected at site 8 (Whittenhorse Creek), but were not 
detected at other sampling sites. Ethion is used to control citrus pests and 
its presence in 20 percent of the samples at site 8 is probably due to local
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usage within the citrus groves surrounding the site. At sites 3, 6, and 9, 
2,4-D or silvex were present in 11 to 33 percent of the samples. These 
compounds are herbicides and their presence is probably related to control of 
weeds in the canal system. Malathion was detected at sites 6 and 9, and could 
have originated from spraying for mosquito control or from spraying of citrus 
groves adjacent to the sampling sites.

The other sites (1, 2, 5, 7, 10, 11, and 13), having a frequency of detec 
tion of 6 percent or higher for organic compounds, are either close to the RCID 
resort areas, or receive runoff from these areas. Except at sites 7 and 11, 
malathion and the herbicides 2,4-D and silvex account for nearly all the 
organic compounds detected.

Site 7 had the highest frequency of organic compound detection (21 per 
cent), and the largest number of compounds which were detected. The only 
detection of PCB compounds in water was at site 7. The diversity of compounds 
at site 7 and the high rate of detection probably are related to at least three 
factors, including: (1) weed and mosquito control spraying near the site, (2) 
maintenance of a golf course immediately upstream from the site, and (3) runoff 
from the main parking lot, which discharges through detention ponds immediately 
upstream from the site. Direct application of pesticides to the parking area 
is not probable, however, the large impervious area may be a catchment for 
airborne materials and atmospheric fallout which could include pesticide 
residues that are washed from the pavement by stormwater runoff.

The FDER has set water-quality criteria for some of the organic compounds, 
based on toxicity of the compounds to aquatic life (Florida Department of 
Environmental Regulation, 1983). These water-quality criteria and a summary of 
the criteria-exceedance frequencies for the 13 sites are given in table 7. The 
maximum allowable concentrations, according to the FDER criteria, are generally 
0.01 ug/L or less. Detection limits for the methods used during this study 
(table 7) are 0.01 ug/L except for chlordane and PCB which have a detection 
limit of 0.1 ug/L, and toxaphene, which has a detection limit of 1 ug/L. 
Therefore, any detectable concentrations of the compounds, except for lindane, 
malathion, methoxychlor, and parathion, are in excess of the criteria. For 
this reason, the summary given in table 7 can only be used as a gross indica 
tion of criteria exceedance frequencies.

Malathion had the highest frequency of exceedance of the water quality 
criteria. About 15 percent, or 10 of the 65 samples for malathion, contained 
concentrations in excess of the 0.1 ug/L criteria. These excessive concentra 
tions occurred at 6 of the 13 sites. Though malathion exceeded FDER water- 
quality criteria near the resort areas (sites 1, 2, and 7) and at other sites 
in the RCID (sites 5, 6, and 9), excessive concentrations are apparently 
confined to the immediate area of application. Malathion did not exceed 
criteria at sites downstream from the resort areas, and was never detected in 
Reedy Creek downstream from site 10.

DDT was detected (and therefore exceeded water-quality criteria) at 4 of 
the 13 sites, or in about 5 percent (6 samples) of the 118 samples. Though DDT 
is no longer used, the half-life of DDT is about 10 years. Therefore, DDT will 
probably continue to be found in some samples for several years.
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Other organic compounds that exceeded the FDER water-quality criteria in 2 
or less percent (1 or 2 samples) of the samples are chlordane, dieldrin, 
lindane, and FCB.

Organic Compounds in Bottom Sediments

Pesticides and other organic compounds were also sampled in bottom sedi 
ments at the 13 sites. Quality criteria have not been established for bottom 
sediments, but the presence of the compounds in bottom sediments indicates that 
the compounds reached the water body and may have at one time been present in 
the water. Additionally, the impact of the toxic organic compounds on aquatic 
life, especially bottom-dwelling organisms, could be significant. Many organic 
compounds are only slightly soluble in water, but may be sorbed on bottom 
sediments, so that areas of sediment accumulation may be sinks for the less- 
soluble materials.

Table 4 gives a statistical summary of data on the concentration of com 
pounds detected in at least one sample. Other compounds, analyzed for but not 
detected, are not listed. These include endrin, heptachlor, lindane, malathion, 
methoxychlor, methyl trithion, parathion, trithion, and 2,4,5-T.

Concentrations of organic compounds in bottom sediments are expressed as 
ug/kg (micrograms per kilogram). This unit of concentration is equivalent, in 
terms of weight of compound per unit weight of substrate, to units used to 
report the concentrations in water (ug/L), because one liter of water weighs 
one kilogram.

Table 4 shows that, on a weight basis, maximum concentrations of organic 
compounds in bottom sediments are orders of magnitude greater than in water. 
The highest concentration in a single sample was for PCB (maximum concentration 
760 ug/kg), a family of compounds formerly widely used in many applications, 
including plastics and~ electrical insulation. Manufacture of PCB was banned by 
the U.S. Environmental Protection Agency because the compounds are extremely 
toxic and accumulate in many species of organisms (Nebel, 1981). The origin of 
the PCB in bottom sediments is unknown, but whatever the source, the stability 
of the compounds allows for a long residence time in the area.

Other compounds found in concentrations exceeding 100 ug/kg include chlor 
dane, and silvex. Chlordane is used in termite and ant control, and may be 
applied to soil around citrus root stock for pest control.

Comparison of maximum and 95th percentile concentrations of the organic 
compounds in bottom sediments shows that, although high concentrations of most 
of the compounds occurred in at least one sample, most samples had much lower 
concentrations. For example, one sample for silvex contained 210 ug/kg, but at 
least 95 percent of the samples had no silvex, or concentrations which were 
less than the detection limit. Median concentrations of all of the compounds 
in bottom sediments were less than detection limits.

Frequency of detection of organic compounds in bottom sediments is given 
in table 8 for the 13 sites. Some compounds, listed previously, which have not 
been detected in bottom sediments are not included in table 8 and the number of 
samples and percent detection figures by site do not include these compounds.
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Seven organic compounds were detected in more than 10 percent of the 
bottom sediment samples. Listed in order of decreasing frequency of detection, 
they are: chlordane, dieldrin, DDE, DDD, DDT, PCB, and methyl parathion. 
These compounds were widely distributed in the area, and were detected at 7 to 
12 of the sites. The compounds were not frequently detected in water except 
for DDT, which was present in about 5 percent of the 118 water samples 
(table 6). The remaining compounds were detected in 2 or less percent of the 
samples. All seven compounds except methyl parathion are organochlorine-type 
compounds, a family of chemicals characterized by resistence to degradation and 
low solubility in water. Therefore, most organochlorine compounds tend to be 
sorbed on particulate matter, and can accumulate and persist in bottom 
sediments.

The nearly ubiquitous presence of PCB in bottom sediment is difficult to 
explain it was detected in a variety of environments including lake outflows 
(sites 1 and 3), a stream draining a swampy undeveloped area (site 4), and 
several sites in the stream and canal system of the RCID (sites 5, 6, 9, 10, 
11, and 13), including those sites not near to or receiving runoff from the 
developed areas (sites 6 and 9). The long life and low solubility of PCB is 
probably a major factor in the widespread distribution; whatever the source, 
once released to the watershed the compounds remain in bottom sediments. The 
presence of PCB in one water sample of six taken at site 7 and its absence in 
bottom sediments at site 7 is problematical.

The frequency of detection summary given in table 8 indicates that organic 
compounds occurred more frequently in bottom sediments of streams that drain 
agricultural areas than in most other streams or canals, probably as a result 
of pesticide applications in the citrus groves. The frequency of detention at 
Reedy Creek (sites 11 and 13), Whittenhorse Creek, Cypress Creek, and Davenport 
Creek (sites 8, 4, and 12) was 21 to 32 percent. All the sites, except site 11 
(Reedy Creek) are in or near citrus groves, or downstream from citrus groves. 
Reedy Creek at site 11 is not immediately adjacent to citrus areas, and 
although Whittenhorse Creek (which does drain a citrus area) flows into the 
RCID canal system upstream from site 11, the amount of water contributed by 
Whittenhorse Creek is small compared to discharge of Reedy Creek at site 11. 
The reason for the high rate of detection of organic compounds in bottom sedi 
ments at site 11 has not been determined and is unexpected because sites 
upstream from site 11 (except for Whittenhorse Creek) did not have high rates 
of detection. Sites near or downstream from the Theme Park, the parking lot, 
and the resort hotels (sites 1, 2, 5, and 10) had relatively low detection 
rates of organic compounds in bottom sediments.

55



Ta
bl
e 
8
.
 
S
u
m
m
a
r
y
 
of
 
or
ga
ni
c 

co
mp

ou
nd

 
de
te
ct
io
n 

fr
eq

ue
nc

ie
s 

in
 
bo
tt
om
 
se
di
me
nt
s

ON

Pe
rc

en
t

Co
mp
ou

nd

Al
dr
in

Ch
lo
rd
an
e

DD
D

D
D
E

D
D
T

Di
az
in
on

D
i
e
l
d
r
i
n

E
t
h
i
o
n

He
pt

ac
hl

or
 
ep
ox
id
e

Me
th

yl
 
pa
ra
th
io
n

PC
S

To
xa
ph
en
e

Si
lv

ex
2,
4-
D

Nu
mb

er
 
of
 
an
al
ys
es

Pe
rc
en
t 

de
te
ct
io
n

1 0 80 0 0 0 0 20 0 20 0 20 0 0 0 63 11

2 0 86 0 14 0 0 57 0 14 0 0 0 0 0 82 15

3 0 29 18 27 18 0 20 0 0 20 14 0 0 0

10
5 12

4 0 43 64 45 18 0 55 0 0 25 43
0 0 0

10
3 26

of
 
an

al
ys

es
 
in
 
w
h
i
c
h
 
de

fe
ct

ed

5 0 25 33 33
0 25 25 0 0 25 17 0 7 8

14
2 14

Si
te 6 0 50 0 0 12 0 44 0 0 25 22 11 0 12 10
4 13

No
. 7 0 50 0 17 17 0 50 0 0 0 0 0 0 0 73 11

8

12 0 62 88 25 0 50 0 0 0 0 0 0 0 69 28

9 14 43 29 14 0 0 29 0 0 0 43 0 0 0 79 15

10 0 50 0 0 0 0 17 0 0 0 17 0 0
14 77

8

11 54 64 53 33 33 0 80 0 0 25 9 0 18 0

14
7 32

12 0
30 54 77 43 0 50 33
0 20 0 0 0 8

14
3 25

13 0 50 54 64 27 0 36 0 0 17 30
0 0 0

13
6 21

Nu
mb
er
 

of
 

an
al
ys
es

12
0

10
0

12
0

12
0

12
1 48 12
1 32 93 48 10
1 94 10
3

10
2

1,
32

3

Pe
rc
en
t 

de
te
ct
io
n

8 46 3
4 37 18 2 44 3 2

15 17
1 3 4



VARIATION IN WATER QUALITY

Many natural and manmade variables affect water quality. Natural variables 
include climatological events (rainfall and drought) which affect streamflow, 
and seasonal variation in temperature which affects biological and micro 
biological processes. Activities of man may cause alterations to hydrological 
processes or changes in constituent loading of a watershed. Some variables 
that could affect water quality in the RCID area were investigated, and the 
water-quality changes attributed to them are described in this section. His 
torical water-quality data were examined to determine if changes in water 
quality of the RCID-area water bodies have occurred with time, and if these 
changes relate to development and operation of the RCID facilities.

Water Quality as a Function of Stream Discharge

Water quality of streams may vary with discharge due to variations in 
sources of streamflow or contributing drainage area. During dry periods, 
streamflow may be sustained by water stored in the basin in swamps, lakes, 
stream channels, or in the ground. Waste effluent may also sustain discharge. 
During wet periods, more water in a stream is surface runoff, and parts of the 
basin which do not contribute during dry periods may become contributive.

The relation between water quality and discharge was investigated at 6 
of the 13 sites for which records of discharge are available. A regression 
procedure was used to relate constituent concentration, or characteristic 
value, to discharge in a linear relation of the type:

concentration = A + B * discharge

where A and B are constants determined by the regression method. The values of 
the constant B were tested for significance at the 95-percent confidence level  
a nonsignificant value for B means that the 95-percent confidence interval of B 
includes zero and that the possibility of no relation of concentration to dis 
charge cannot be eliminated at the selected level of confidence. The sign of B 
indicates that concentration tends to increase (positive B value) or decrease 
(negative B value) with increasing discharge.

Six aggregate measures of water quality were selected to study the concen 
tration and discharge relation. The regressions were computed using both un- 
transformed data and transformed data, logarithms (base 10) of concentrations 
and discharges. The logarithmic transformation was used because the logarithms 
of concentrations and discharge may more closely approximate a linear relation 
than do the untransformed values.

Coefficients of determination for the regression equations which tested 
statistically significant are given in table 9. The coefficient of determina 
tion is a measure of the amount of variation in the dependent variable asso 
ciated with variation in discharge. For example, 11 percent of the variation 
in color at site 11 (Reedy Creek near Vineland) was associated with variation 
in discharge, using untransformed as well as log transformed data. Therefore, 
89 percent of the variation in color was associated with factors other than 
discharge. Color tended to increase with discharge at site 11. Inverse rela 
tions (decreasing dependent-variable value with increasing discharge) are
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indicated by a negative sign attached to the coefficient of determination. 
These signs indicate the direction of the relation; the coefficient of 
determination is, by definition, an unsigned number.

Table 9 shows that color, specific conductance, and total organic carbon 
were each related to discharge at four sites, as indicated by one or both of 
the regression procedures ("raw" data or log transformed data).

Color increases with discharge at the four sites for which the regressions 
were significant. The increases in color with discharge are probably due to 
contribution of water from swampy areas during rainy periods, and to the over 
flow of the streams into adjacent swamps and the subsequent leaching of color 
from the vegetative debris in the the swampy areas. The amount of variation in 
color associated with variation in discharge was low at sites 5 and 11 (Bonnet 
Creek and Reedy Creek), and higher at sites 12 and 13 (Davenport Creek and 
Reedy Creek). Nearly half the color variation at site 13, and more than half 
the variation at site 12, may be associated with variation in discharge. The 
lower degree of association between color and discharge at sites 5 and 11 is 
probably due to the more diverse hydrology of the basins upstream from the 
sampling sites. Reedy Creek at site 13, and Davenport Creek include extensive 
swampy areas upstream from the sampling sites, but Bonnet Creek and Reedy Creek 
at site 11 have swampy areas, lakes, drainage canals, and large impervious 
areas upstream from the sampling sites. Varying contributions to streamflow 
from these different types of land use complicate the relation between water 
color and discharge (and probably between other water-quality variables and 
discharge, as well).

Total organic carbon also increased with increasing discharge. The most 
variation in total organic carbon with discharge was at site 12. Total organic 
carbon is related to color in the RCID area, so much of the variation in total 
organic carbon is probably related to the same factors that affect color.

Specific conductance was only weakly associated with discharge, and except 
at site 11 decreased with increasing discharge.

Nitrogen concentrations, both total and organic, were not significantly 
associated with discharge at most sites, and at sites where the association was 
statistically significant, little of the variation in nitrogen was associated 
with discharge. Total phosphorus related significantly to discharge only at 
site 11. There, phosphorus concentrations decreased as discharge increased. 
The degree of association is not high, but is probably due to treated wastes 
inflow upstream from the site. During wet periods, the wastewater in the 
stream is diluted by runoff, with a resultant decrease in phosphorus 
concentration.

Seasonal Variation in Water Quality

Seasonal variation in rainfall, temperature, and vegetative life cycles 
can affect water quality. During the wet season (generally June to September 
in central Florida), stream discharges are generally largest and much of the 
streamflow is direct stormwater runoff. During the drier parts of the year, 
streamflow is maintained by water in ground or surface storage and, in some 
cases, by waste discharges. The varying relative contributions of storm runoff
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and water in storage (or waste discharges) could affect water quality. Sea 
sonal temperature variation and vegetative growth cycles could affect nutrient 
concentrations. Cold water temperatures slow nutrient intraspecies conversion 
rates and reduce uptake of nutrients by vegetation.

The seasonal variation in water quality was investigated at the 13 sites 
by assigning samples into groups, as follows:

Group 1 (March 1 to June 30) represents spring, with generally low 
discharges at least through May, warming temperatures and resumption 
of the growing season.

Group 2 (July 1 to October 31) represents warm water temperatures, high 
discharges, and the climax of the growing season.

Group 3 (November 1 to February 28) represents cooler temperatures, 
moderating discharges, low rainfall, and a lower rate of vegetative 
growth.

These seasonal grouping are, of course, somewhat arbitrary and overlap to some 
degree.

Seasonal mean concentrations were tested for difference using analysis of 
variance with a significance level of 5 percent. This means that the test 
hypothesis of no seasonal differences was rejected only if the seasonal means 
differed by more than an amount that could be expected 5 percent of the time if 
the means were identical.

Five aggregate measures of water quality were selected for the seasonal- 
variation testing. These were specific conductance, total nitrogen, total 
ammonia plus organic nitrogen, total phosphorus, and color. Seasonal means for 
these are given in table 10 for all sites at which the analysis-of-variance 
test indicated significant seasonal differences among either all three seasons 
or any pair of seasons.

Specific conductance was seasonally variable at only one of the 13 sites 
(site 2). The lowest mean specific conductance (113 umhos) was for the 
November to February group. The higher specific conductance in the July to 
October group may be due to upward leakage of water from the the Floridan 
aquifer during these months when the potentiometric surface of the Floridan 
aquifer is highest.

Total nitrogen varied seasonally at three sites, but the pattern of 
concentrations was variable. Highest nitrogen concentrations occurred from 
March through June at site 3, from July through October at site 9, and from 
November through February at site 13.

Total ammonia plus organic nitrogen varied seasonally at five sites, and 
except at site 7, was highest for the July through October samples, possibly as 
a result of increased return of organic and ammonia nitrogen to the water from 
decaying vegetative debris when water temperatures are warmest.
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Total phosphorus varied seasonally at three sites, but at two of these 
sites, the seasonal mean concentrations differed only by 0.02 mg/L or less. 
Site 11 had highest phosphorus concentrations from March through June, and the 
mean concentration for these months was greater than for the other seasonal 
groups by 0.4 mg/L or more. The higher phosphrous from March through June is 
probably due to the treated waste inflow which accounts for much of the dis 
charge at site 11 during dry periods which often occur in March, April, or May.

Color varied seasonally at five sites. Highest color occurred from July 
through October at all sites, perhaps due to increased rates of vegetative 
decay during these warm months, and increased runoff from swampy areas.

Daily Variation in Water Quality of Reedv Creek

The continuous records of specific conductance, pH, water temperature, and 
DO at site 11 provide much more insight into ranges in values and the way water 
quality varies in response to hydrologic events than do the periodic samples of 
water quality. These data have been recorded hourly beginning in June 1977. A 
summary of daily water quality, by month, is given in table 11. Duration curves 
of daily mean values are shown in figure 22.

The duration curves show that pH and DO at site 11 often did not meet 
Florida minimum water-quality criteria (6 units minimum for pH and 5 mg/L mini 
mum for DO). Daily mean pH was less than 6.0 units about 30 percent of the 
days of record, and daily mean DO was less than 5.0 mg/L about 60 percent of 
the days.

Hydrographs of specific conductance, pH, water temperature, and discharge 
at site 11 (fig. 23) show the variation in daily water quality. Specific con 
ductance generally varies inversely with discharge because of dilution of water 
in the stream by runoff. The runoff also causes lower pH, and DO (fig. 24).

Saturation concentration of DO is shown in figure 24. Saturation concen 
tration of DO in nonsaline water depends mainly on temperature, and to a lesser 
degree, on atmospheric pressure. The normal range in atmospheric pressure is 
small enough that differences in DO saturation due to changes in pressure are 
probably only 0.1 or 0.2 mg/L of DO. An atmospheric pressure of 29.9 inches 
mercury, generally considered to be the standard pressure, was used in comput 
ing the saturation DO concentration.

DO concentrations were always less than saturation, and the difference 
between observed and saturation DO concentrations was smallest in winter and 
largest in summer. The larger DO deficit in summer is probably due to accel 
eration of processes such as organic material decay which consume oxygen, and 
to runoff of water with low DO concentration during the normally wet summers.

The relation of DO concentration to discharge at site 11 is shown in more 
detail in figure 25 for a selected runoff event in February 1981 following 
about 2.0 inches of rainfall. The inverse relation of DO to runoff at site 11 
is apparent. The source of the low-DO runoff has not been confirmed, but there 
are at least two possibilities. One is that water standing in swampy or other 
low areas, depleted in DO through natural decay processes, is flushed into the
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at site 11 (Reedy Creek near Vineland), June 1977 through May 1981.
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Figure 24. Daily mean discharge and dissolved oxygen at site 11 (Reedy Creek 
near Vineland), June 1977 through May 1981.

upstream from site 11 by water-level control structures becomes stratified with 
low DO concentrations in the bottom layer. Release of this low-DO water when 
the structure gates open in response to rising water level could contribute to 
the low DO at site 11 during runoff. Additional data, including DO and dis 
charge records for the channelized reaches controlled by the water-level control 
structures, would help to delineate effects of runoff from natural areas and 
canal storage on DO depletion in Reedy Creek.
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Time Trends in Water Quality

A Kendall-Tau correlation procedure (Helwig and Council, 1979) was used 
to determine if water quality in the RCID had changed with time. The Kendall- 
Tau correlation is a nonparametric statistical method in which a correlation 
coefficient is computed according to the number of concordant (concentration 
increasing with time) and discordant (concentration decreasing with time) 
observations (Conover, 1971). A perfect correlation, with r (correlation 
coefficient) equal to 1, would indicate that each sample had a higher concen 
tration than all preceding samples, and an r of -1 would indicate that each 
sample had a lower concentration than all preceding samples. An excess of 
concordant over discordant samples is taken as evidence of an upward trend in 
concentration with time, and an excess of discordant over concordant samples 
implies the opposite. The r value can be tested for significance to judge if 
the r for a set of samples is different from 0 (no correlation) at a selected 
level of significance.

Yearly median values of selected water-quality parameters were computed 
for each of the 13 sites, and the Kendall-Tau test was applied to determine if 
yearly median values were changing with time. Results were judged at a confi 
dence level of 95 percent, meaning that a computed r value was significant if 
outside the 95-percent confidence interval centered at 0 (no correlation). 
Plots of the data were examined for verification of trends.

A regression procedure was also used for depicting trends for stream sites 
at which discharge was measured. In addition to a time variable, the regression 
function also included a discharge term to account for the variation of water 
quality with discharge, which could either obscure or account for changes in 
water quality with time. For example, if water quality were related to dis 
charge, and if samples near the end of the period of record were taken when 
discharges were lower than earlier samples (perhaps due to relatively low rain 
fall in recent years), a trend in water quality might be indicated which is due 
merely to the lower discharges that were sampled, rather than a change in the 
water quality versus discharge relation, or a change in water quality loading 
of the stream.

Choice of a regression function to include terms related to time and 
discharge is subjective and an unlimited number of functions are possible. 
The function used here was:

Log(Concentration) = A + B x Log(Discharge) + C x Date + D x Date x Log(Discharge) 

where

Log represents logarithms (base 10) of the variables

Date is the time of sampling in years, since 1970

A, B, C, and D are computed by the least squares regression procedure.

A constant of 0.01 was added to all discharges and concentrations to avoid the 
undefined condition of logarithms of zero. A trend was assumed to exist if the 
coefficient C or D in the regression function was significantly different from 
zero at a confidence level of 95 percent.

68



There are many pitfalls in the regression procedure for detecting trends, 
due to the assumptions of constant variance and normal distribution of resid 
uals about the regression function probably not always being met. Also, the 
chosen functional relation of water quality to time and discharge may not 
"fit" the data over the entire range of discharges, concentrations, and time. 
Other assumptions are inherent in the regression procedure and are described 
in statistics texts such as Draper and Smith (1966). However, the procedure 
will probably account for discharge and detect trends not related to discharge 
if the trends and the effect of discharge on concentration are relatively 
large.

Water-quality parameters selected for time-trend analysis had a relatively 
large number of samples for least 10 years; data prior to development of the 
RCID are available for some of the parameters. Results of the Kendall Tau and 
the regression time-trend testing are given in table 12 for sites at which a 
significant time trend was indicated.

Trends in specific conductance were detected at six sites, and except at 
site 2, were in the direction of increasing specific conductance with time. 
Specific conductance of water at site 2 (Bay Lake outflow canal) has decreased 
markedly during the period 1972-81 (fig. 26a). This decrease in specific con 
ductance may be due to dilution of lake water by rainfall since Bay Lake was 
drained and refilled with water from the Floridan aquifer in 1971. Three sites 
representing inflow of water to the RCID (sites 3, 4, and 12) had upward trends 
in specific conductance, probably due to the lower than normal rainfall during 
the past several years. Two sites (11 and 13), both downstream from the treated 
wastes inflow, had a significant increase in specific conductance since develop 
ment of the RCID (figs. 26b and 26c), probably due to discharge of the treated 
wastes. The increase is most apparent at site 11; pre-1970 specific conduct 
ance was generally less than 100 umhos/cm, and post-1970 specific conductance 
often exceeded 150 umhos/cm. The regression function also indicated a time 
trend at the stream sites (4, 11, 12, and 13) indicating that the trend in 
specific conductance is probably not just a result of a trend in discharge.

Dissolved oxygen deficit (the difference between saturation DO and actual 
DO concentration) showed an upward trend (lower DO) with time at sites 3 and 5. 
This could be due in part to lack of rainfall and a predominance of ground- 
water seepage, low in DO, into the canals. However, similar tends in DO should 
have occurred at other sites. Little or no trend in DO deficit is noticeable 
at sites (11 and 13) downstream from the treated wastes inflow (figs. 26d and 
26e). The lack of trend indicates that waste effluents are probably not a 
primary cause of the low DO concentrations which often occur in Reedy Creek, 
or if the wastes inflow affects the DO, it is not noticeable with the data 
available. Two samples of DO at site 11, both prior to RCID development, were 
greater than saturation concentrations. Both samples were taken during ex 
tremely low discharge (0.05 ft /s or less) and at water temperatures of 26.5° 
Celsius or greater. The high DO values were probably due to a high rate of 
production by aquatic plants in shallow and stagnant areas of the streams.

The Kendall-Tau test indicated changes in nitrogen species concentrations 
occurred with time at five sites. The changes were in organic nitrogen at four 
sites, nitrate nitrogen at three sites, and total nitrogen at two sites. The 
regression function contradicted the Kendall-Tau test in seven cases, either by 
indicating presence of a time trend where the Kendall Tau did not (nitrate

69



T
ab

le
 
1
2
. 
K

e
n
d
a
ll

-T
a
u
 
c
o

rr
e
la

ti
o

n
 

o
f 

y
e
a
rl

y
 

m
ed

ia
n 

v
al

u
e 

w
it

h
 y

ea
r 

fo
r 

se
le

c
te

d
 
p

ro
p

e
rt

ie
s

or
 
c
o
n
s
t
i
t
u
e
n
t
s

[S
tr
ea
m 

si
te

s 
(4
, 

5,
 
8,

 
11

, 
12
, 

13
) 

w
e
r
e
 
a
l
s
o
 
t
e
s
t
e
d
 
fo

r 
tr
en
d 

u
s
i
n
g
 
r
e
g
r
e
s
s
i
o
n
 
of
 
c
o
n
c
e
n
t
r
a
t
i
o
n
 w
i
t
h
 

ti
me

 
an
d 

di
sc
ha
rg
e.
 

N
S
 
i
n
d
i
c
a
t
e
s
 
a 
K
e
n
d
a
l
l
-
T
a
u
 
c
o
r
r
e
l
a
t
i
o
n
 
c
o
e
f
f
i
c
i
e
n
t
 
no
t 

s
i
g
n
i
f
i
c
a
n
t
l
y
 
d
i
f
f
e
r
e
n
t
 

f
r
o
m
 
0 

at
 
a 

95
 
p
e
r
c
e
n
t
 
c
o
n
f
i
d
e
n
c
e
 
le

ve
l]

K
e
n
d
a
l
l
-
T
a
u
 
c
o
r
r
e
l
a
t
i
o
n
 
w
i
t
h
 y
e
a
r

P
r
o
p
e
r
t
y
 
or
 
c
o
n
s
t
i
t
u
e
n
t

Sp
ec

if
ic

 
c
o
n
d
u
c
t
a
n
c
e

D
i
s
s
o
l
v
e
d
 
ox
yg
en
 
de

fi
ci

ts
/

O
r
g
a
n
i
c
 
n
i
t
r
o
g
e
n

N
i
t
r
a
t
e
 
n
i
t
r
o
g
e
n

To
ta
l 

n
i
t
r
o
g
e
n

Or
 t
ho
 p
ho

 s 
ph
a 
t e

To
ta

l 
p
h
o
s
p
h
o
r
u
s

Si
te

 
No

. 
I/

2

-0
.8

7 N
S

.7
3

N
S

.8
0 NS .8
0

3

0
.
7
5

.5
1 NS N
S NS NS NS

4

0
.
4
9

N
S

.6
6

1
/
-
.
5
6

I/
. 
49

i
/
N
S N
S

5 
8

NS
 

N
S

0.
59

 
N
S

NS
 

0
.
6
0

4
/
N
S
 

I/
-.
 3
8

4
/
N
S
 

N
S

4/
NS
 

N
S

N
S
 

N
S

9 N
S

N
S

-0
.5

0 N
S N
S

-.
62 N
S

11

0
.
6
4

N
S NS .5
7 N
S

.6
2

N
S

12

0
.
4
9

N
S NS

4/
NS

VN
S N
S NS

13

0.
63 N
S N
S

N
S N
S

.7
2

1
/
.
6
4

 S
it

e
s
 

1,
 

6
, 

7
, 

an
d 

10
 

ha
d 

no
 
si

g
n

if
ic

a
n

t 
tr

e
n
d
s 

fo
r 

an
y 

of
 

th
e
 
se

le
c
te

d
 
p
ro

p
e
rt

ie
s 

o
r 

c
o
n
st

it
u
e
n
ts

. 
^
/D

if
fe

re
n
c
e
 

o
f 

sa
tu

ra
ti

o
n

 
d
is

so
lv

ed
 

ox
yg

en
 

an
d 

o
b
se

rv
ed

 
c
o
n
c
e
n
tr

a
ti

o
n
.

 R
e
g

re
ss

io
n
 
p

ro
ce

d
u

re
 

d
id

 
n
o
t 

in
d
ic

a
te

 
a 

tr
e
n
d
 
a
t 

a 
9
5
-p

e
rc

e
n
t 

co
n
fi

d
en

ce
 
le

v
e
l.

 
ft

/R
eg

re
ss

io
n
 

p
ro

ce
d
u
re

 
in

d
ic

a
te

d
 

a 
tr

e
n

d
 
a
t 

a 
9

5
-p

er
ce

n
t 

co
n
fi

d
en

ce
 
le

v
e
l.



IO
\-

/

1
7
0

U
 

LJ
 L

J 
I6

O

H £z 
's

o
§8 O

ff
 

"4
0

SPECIF
IC 

C
 MICROMH

OS 
F

H
 

W
 

W
 00

0

Z
10

0

9
O

C C

i 
l 

I 
" 

\

~ - -

t
i
l
l

) 
U)

 
0

 
U)

 
0

 
C 

0)
 

0)
 

0)
 

0)
 

C

Y
E
A
R

Fi
gu

re
 
2
6
a
.
 
T
i
m
e
 
tr

en
d 

in
 
sp

ec
if

ic
 
co
nd
uc
ta
nc
e 

at
 
si
te
 
2 

(B
ay
 
La

ke
 
ou

tf
lo

w.



N
J

tt Ul

bf
 U

J
0
5

UCTA
N 

CENT
I

Q 
tr

Z
u

 
0

 Q
.

o 
o

0
 0

 
UJ

 (
T

(L
 
0 z

o
v
jv

j

2
7

5

2
5
O

2
2

5

2
O

O
 

1
7

5

IS
O

1
2

5

IO
O

7
5

S
O

2
5 O

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 - 
 
 - 

- 
 
 .--

i 
i 

i 
i

0 
~  

0
_ 

_
0 

  
0

* 
! 

* 
 

  
  

  
 

* 
  

* 
 

* 
*

  
  

  
~

. 
"
 

*
"
*
*
*
 
 

  
 »

- 
-

i 
i 

i 
i

(0 
in 

0 
£ 

o
c
 

0)
 

<o 
Is* 

^ 
DO

 
a

-
 

0)
 

0)
 

0)
 

0)
 

0

Y
E
A
R

Fi
gu
re
 
2
6
b
.
 
T
i
m
e
 
tr

en
d 

in
 
sp

ec
if

ic
 
co

nd
uc

ta
nc

e 
at
 
si

te
 
11

 
(R

ee
dy

 
Cr
ee
k 

ne
ar

 
Vi
ne
la
nd
).



Co

2
2

5

£ bl
 

2
O

O

2
 I

 
IT

S

£
z

D
O

 
Q

 ~ oo fe
i 

OQ Kg o>|

IS
O

1
2
5

IO
O

7
5

S
O

2
5

<n
10 <o 0)

0 0̂)

10 ^ 0)

0 GO 0)

01
 

0)

Y
E

A
R

F
ig

u
re

 
2

6
c.

 T
im

e 
tr

en
d

 
in

 
sp

e
c
if

ic
 

co
n

d
u

ct
an

ce
 

a
t 

si
te

 
13

 
(R

ee
dy

 
cr

ee
k

 n
ea

r 
L

ou
gh

m
an

.



DISSOLVED OXYGEN DEFICIT, 
IN MILLIGRAMS PER LITER

OQ
C

0> 

N3 

Cu

I 
I 
H

1961

H
0>
aCu 

H-
a
Cu 
H-

CO
o

1965

o
300 
0> 
3

1970

<
m 
>

Ml

0) 
0) 
Cu

'975

O

0) 
0) ;* 

a o>

<H-
3
fD h-1
to 
3 
Cu

1980

1982I i



L 
h

UJ
 L

0
 -

J 
6

Z
 E

UJ
 U
0
 &
 
5

o
g

UJ <0 o

(0
 

0)
If) (0
 

0)
0
 

h
 

0)

in r- 0)

0 0)
 

0)

CM
 

0)
 

0)

Y
E
A
R

Fi
gu

re
 
2
6
e
.
 
T
i
m
e
 
tr
en
d 

in
 
di
ss
ol
ve
d 

ox
yg

en
 
de

fi
ci

t 
at

 
si

te
 
13
 
(R
ee
dy
 
Cr
ee
k 

ne
ar
 L

ou
gh

ma
n)



nitrogen at site 5, Bonnet Creek, for example), or by indicating no evidence of 
a time trend where the Kendall Tau indicated a trend (nitrate nitrogen at site 4, 
Cypress Creek for example). Contradictory conclusions from the two statistical 
tests could be an indication of a discharge effect on concentration, or could 
merely be the result of the different assumptions underlying the two tests.

Organic nitrogen apparently increased with time at sites 2, 4, and 8, and 
decreased with time at site 9. At site 2, however, only three samples were 
taken prior to 1979, an insufficient number to definitely indicate a trend. 
Plots of organic nitrogen with time, shown in figure 26f for site 4 (Cypress 
Creek) and figure 26g for site 8, (Whittenhorse Creek) verify the increase in 
organic nitrogen with time. Cypress Creek and Whittenhorse Creek are outside 
the RCID and the trends in organic nitrogen are therefore not related to RCID 
development.

Nitrate nitrogen decreased with time, according to the Kendall-Tau test, 
at site 4 (Cypress Creek) and site 8 (Whittenhorse Creek), and increased at 
site 11 (Reedy Creek near Vineland). At site 4, nitrate concentrations 
exceeded 0.1 mg/L in 5 of 11 samples taken from 1963 to 1971, and have not 
exceeded 0.1 mg/L in the 18 samples since 1971. The reason for the relatively 
high nitrate concentrations prior to 1971 has not been determined. The regres 
sion procedure did not indicate a significant discharge effect on nitrate 
concentration at site 4, nor did the procedure indicate presence of a signifi 
cant time trend. A similar situation was observed at site 8, with high nitrate 
concentrations (ranging from 0.09 to 1.6 mg/L) for 1966 to 1968, and lower 
concentrations (less than 0.04 mg/L) since 1968. At site 11, downstream from 
the treated wastes inflow, nitrate shows an upward trend in concentration with 
time, but relatively low nitrate concentrations have occurred in some samples 
throughout the period of record (fig. 26h). The regression function for site 
11 indicated that both the time trend and the effect of discharge on nitrate 
concentration were significant.

Trends in total nitrogen were indicated at two sites (2 and 4) by the 
Kendall-Tau test, and at two additional sites (5 and 12) by the regression 
function. At site 2, however, only two samples of total nitrogen were taken 
prior to 1979, an insufficient number to definitely indicate a trend. At 
site 4, the regression function, contrary to the Kendall-Tau test, indicated 
no trend change in total nitrogen and no effect of discharge on concentration.

Trends in total phosphorus or orthophosphate were indicated by the 
Kendall-Tau test at four sites (2, 9, 11, and 13), and except for site 9, were 
increasing concentration with time. At site 9, orthophosphate phosphorus 
concentrations were relatively high (>0.10 mg/L) in three samples prior to 
1979, and excluding these samples, a trend is not apparent (fig. 26i). The 
regression function indicated upward trends in orthophosphate concentration at 
sites 4 (Cypress Creek) and 5 (Bonnet Creek) that were possibly obscured in the 
Kendall-Tau test by the effect of discharge. At site 2 (Bay Lake outflow), 
there were only two samples prior to 1979, an insufficient number to definitely 
indicate a trend.

A definite upward trend in orthophosphate at. site 11 is noticeable begin 
ning in 1972 (fig. 26j). There is also a tendency toward higher orthophosphate 
in years following 1972 at site 13 (fig. 26k). The regression function also 
indicated a trend in orthophosphate at site 11 and 13, indicating that the
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ORTHOPHOSPHATE PHOSPHORUS, 
IN MILLIGRAMS PER LITER
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increases in concentration were probably not due only to discharge. These 
trends in orthophosphate concentration are probably due to discharge of the 
treated wastes into Reedy Creek from the RCID sewage treatment plant, and to a 
lesser degree, possibly also from spills or seepage of sewage from the Osceola 
Services sewage treatment plant near Reedy Creek north of Highway 192. Total 
phosphorus concentrations were not determined prior to November 1971, so pre- 
RCID concentrations of this constituent are not known. However, orthophosphate 
generally accounted for most of the phosphorus in samples where both forms were 
determined.

In summary, trends in water quality have apparently occurred at several 
sites in the RCID and vicinity. The trends have generally been in the direc 
tion of increasing constituent concentration with time. Many of the trends may 
be related to a continuing deficit of rainfall which allowed buildup of chemi 
cals from the atmosphere on the land surface and in water stored in the area. 
The only trends in water quality that are explainable in terms of known devel 
opments are an increase in phosphorus and specific conductance at sites 11 and 
13 on Reedy Creek, and possibly an increase in nitrate concentration at site 11. 
These upward trends in constituent concentration are probably due to disposal 
of treated wastes from the RCID treatment plant, and possibly, to a lesser 
degree from some seepage or spillage of wastes into Reedy Creek from the 
Osceola Services sewage treatment plant.
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MASS BALANCE FOR HATER AMD SELECTED CONSTITUENTS

An input-output balance for water, dissolved solids, nitrogen, and 
phosphorus for the undeveloped area south of Highway 192 was estimated for the 
period October 1978 through September 1980. The balance was calculated to 
determine loading's in various parts of the watershed and to quantify the effect 
of wetlands on the loading of Reedy Creek. Water years 1979 and 1980 were 
selected because of the more numerous water-quality and precipitation data as 
compared to other years, including estimates of quantity and quality of 
treated-wastes inflow furnished by the Reedy Creek Utilities Company and the 
RCID Environmental Services Laboratory. The water-quantity and water-quality 
balances were computed as follows:

° Inflow was estimated as the sum of water discharged by Bonnet Creek at 
site 5, Reedy Creek at site 11, and Davenport Creek at site 12. Dis 
charges of Reedy Creek and Bonnet Creek were separated into components 
from within and outside the RCID.

° The quantity and quality of water in Reedy Creek originating outside the 
RCID was estimated by applying the yield from Whittenhorse Creek (site 8) 
to the entire drainage area of Reedy Creek lying outside of the RCID. 
According to Putnam (1975), 56.4 mi2 of the 75 mi2 Reedy Crek basin at 
site 11 is outside of the RCID, including the 12.4 mi2 drainage area of 
Whittenhorse Creek.

c The quantity and quality of water in Bonnet Creek originating outside the 
RCID was estimated by applying the yield for Cypress Creek (site 4) to the 
drainage area of Bonnet Creek lying outside of the RCID. According to 
Putnam (1975), 41.4 mi2 of the 56.1 mi2 Bonnet Creek basin at site 5 is 
outside the RCID, including the 30.3 mi2 drainage area of Cypress Creek.

° Treated-wastes loadings were estimated from records for the discharge from 
overland flow areas to Reedy Creek. Therefore, these loadings include an 
undetermined contribution from rainfall to the combined 125-acre overland- 
flow area.

® Rainfall quantity to the 14 mi^ area south of Highway 192 was assumed to
be counterbalanced by evapotranspiration and was not included in the water 
balance. Rainfall to this area was considered in the water-quality 
loadings because materials from atmospheric deposition are not removed by 
evapotranspiration. Estimates of rainfall quality were from composite 
samples of bulk precipitation (rainfall plus dry fallout) taken at 
Maitland, Fla., about 30 miles north of the RCID (Irwin and Kirkland, 
1980). Rainfall quantity was measured at site 11.

® Outflow from the area was assumed to be from Reedy Creek (site 13) and
from culverts in the levee forming the eastern boundary of the RCID, south 
of Highway 192. The quantity of water discharged through these culverts 
was not measured, but is assumed to be the difference in combined inflow 
from Reedy Creek, Bonnet Creek, and Davenport Creek, and outflow to Reedy 
Creek at site 13. Loads discharged from the culverts were estimated using 
water-quality samples from Bonnet Creek at site 5, because the culverts 
accept overflow along a channelized reach of Bonnet Creek.
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Water-quality loadings were computed from periodic samples of water 
quality. Annual mean concentrations were used with annual mean discharge 
to estimate average loadings for the 1979-80 period. Dissolved-solids 
concentrations were estimated by multiplying specific conductance by 0.65 
(Hem, 1970, p. 99). The number of samples allow only approximations of 
loadings, but the ranges in constituent concentrations were generally 
relatively low, so that the mean concentrations are probably reasonably 
accurate. A summary of water-quality data used in estimating stream 
loadings and contribution from precipitation is given in table 13. The 
error in rainfall quality is probably greater than the error in stream 
quality because rainfall quality was not actually determined in the RCID 
area. The rainfall-quality data used were for a station in an urbanized 
area. However, the rainfall-quality data probably indicate the relative 
magnitudes of rainfall and runoff loadings.

Confidence in the balance of the measured inflows and outflows to account 
for water entering and leaving the undeveloped area is supported by the data 
for water year 1980. During this year, the inflow from Reedy Creek (site 11), 
Bonnet Creek, and Davenport Creek was 47 ft /s, and equal to outflow to Reedy 
Creek (site 13). Water year 1980 was a very dry year with only 34.6 inches of 
rainfall recorded at site 11. Overflow of water through the culverts was 
probably negligible due to the low rainfall, and discharge of Reedy Creek at 
site 13 probably accounts for nearly all of the water leaving the area.

During the 1979 water year, 53.4 inches of rainfall were recorded at 
site 11, and the combined inflow from Reedy Creek, Bonnet Creek, and Davenport 
Creek (68 ft3 /s) exceeded outflow at site 13 (47 ft3 /s) by 21 ft3 /s, or 45 
percent. The excess inflow water was assumed to have left the area through the 
culverts. The wetlands of the area may have stored some of the excess inflow 
in 1979, but that water should have been released during 1980 because in 1980 
rainfall was very low. Though the possibility of errors in the water balance 
of the RCID undeveloped area is obvious, (not all inflow and outflow was 
measured, and some of the water in Reedy Creek at site 13 may originate from 
outside the RCID) the method described is probably adequate to approximate the 
hydrologic system of the undeveloped area.

The water balance and the dissolved solids balance are shown in figure 27. 
Reedy Creek contributed about 46 percent of the inflow to the undeveloped area 
for the water years 1979-80 computation period. About 68 percent of the Reedy 
Creek inflow originated from within the RCID, and about 20 percent of the Reedy 
Creek inflow was discharge from the overland flow facilities of the RCID waste 
treatment process. Bonnet Creek accounted for about 39 percent of the inflow 
to the undeveloped area, and drainage to Bonnet Creek from the RCID accounted 
for nearly all (96 percent) of this inflow. Runoff from within the RCID 
accounted for about 69 percent of the total inflow to the undeveloped area, 
although the combined drainage areas of Reedy Creek and Bonnet Creek lying 
inside the RCID account for only about 22 percent of the total drainage area of 
Reedy Creek, Bonnet, and Davenport Creek.

About 81 percent of the inflow to the undeveloped area was discharged by 
Reedy Creek at site 13. The remaining 19 percent was assumed to have been 
discharged through the culverts on the east levee south of Highway 192.

85



T
ab

le
 1

3.
 S

"t
m

na
ry

 o
f 

w
at

er
-q

u
al

it
y
 d

at
a 

us
ed

 
in

 l
oa

d 
ca

lc
u

la
ti

o
n

s

0
0

O
N

Sp
ec
if
ic
 c

on
du
ct
an
ce
, 

um
ho

s/
cm

Si
te
 

Si
te

 
No
.

Cy
pr

es
s 

Cr
ee
k 

4

Bo
nn

et
 
Cr
ee
k 

5

Wh
it

te
nh

or
se

 C
re
ek
 

8

Re
ed
y 

Cr
ee
k 

nr
 V
in

el
an

d 
11

Da
ve

np
or

t 
Cr
ee
k 

12

Re
ed
y 

Cr
ee
k 

nr
 L
ou

gh
ma

n 
13

Ma
it

la
nd

, 
Fl
or
id
a 

 
 

(b
ul
k 
pr

ec
ip

it
at

io
n)

 '

Wa
te

r 
ye

ar

19
79
 

19
80

19
79

19
80

19
79

19
80

19
79
 

19
80

19
79
 

19
80

19
79
 

19
80

19
72
-7
8

Nu
mb
er
 

of
 

va
lu
es 3 3 4 4 2 3

1/
31

5 
1/

33
4 4 4 4 5 14

St
an
da
rd
 

Me
an
 

de
vi
at
io
n 

of
 m

ea
n

16
4 

14
5

11
9

12
3

10
0 92 22
0 

17
2

13
3 

15
2

14
6 

16
6 23

23
 

10 11 3 1 2 2 2 12
 

13 22
 

17 3

To
ta
l 

ni
tr
og
en
, 

mg
/L

Nu
mb

er
 

of
 

va
lu

es 3 3 4 4 2 3 4 5 4 4 4 5 14

St
an
da
rd
 

Me
an

 
de

vi
at

io
n 

of
 m

ea
n

2.
06
 

1.
19

1.
08 .9
2

2.
10

1.
87

2.
41
 

1.
71

2.
92
 

2.
45

1.
71
 

2.
20

1.
60

0.
27
 

0.
17 .2
2

.1
5

.1
8

.2
2

.4
2 

.0
9

.3
8 

.5
3

.1
1 

.4
1

.4
3

To
ta
l

Nu
mb

er
 

of
 

va
lu

es 3 3 4 4 2 3 4 5 4 4 4 5 20

ph
os
ph
or
us
, 

mg
/L

Me
an

0.
03

 
.0

3

.0
7

.0
6

.0
2

.0
3

1.
09
 

.7
2

.0
4 

.0
7

.3
5 

.3
3

.1
8

St
an
da
rd
 

de
vi
at
io
n 

of
 m

ea
n

0.
01
5 

.0
07

.0
08

.0
06

.0
05

.0
12

.3
1 

.0
4

.0
06

 
.0
3

.1
6 

.0
9

.0
4

I/
D

ai
ly

 m
ea

n 
v
al

u
es

.
-/

Ir
w

in
 a

nd
 K

ir
k

la
n

d
, 

19
80

, 
p.

 
63

.



WATER BALANCE

BONNET CREEK 
WITHIN RCID

REEDY CREEK 
WITHIN RCID

BONNET CREEK 
OUTSIDE RCID

RCID TREATED 
WASTE OUTFLOW

REEDY CREEK 
OUTSIDE RCID

DAVENPORT CREft 
ESTIMATED INFLOW IS 57.8 CUBIC FEET PER SECOND

8 
u.
z

DISSOLVED SOLIDS BALANCE
BONNET CREEK 
OUTSIDER

DIVERTED EASTWARD

REEDY CREEK

RCID TREATED 
WASTE OUTFLOW

REEDY CREEK 
WITHIN RCID

REEDY CREEK 
OUTSIDE RCID

DAVENPORT CREEK 

ESTIMATED DISSOLVED SOLIDS INFLOW IS 36,400 POUNDS PER DAY

Figure 27. Estimated water and dissolved solids balance for Reedy Creek 
Improvement District undeveloped area, October 1978 through September 
1980 (Rainfall contribution based on average dissolved solids at Maitland, 
Florida (Irwin and Kirkland, 1980).
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The dissolved-solids balance (fig. 27) shows that about 68 percent of the 
dissolved solids load to the undeveloped area was from the RCID. The high 
percentage of dissolved solids from the RCID is largely a result of the high 
runoff, rather than a source of highly mineralized water. The treated wastes 
accounted for about 15 percent of the dissolved solids loadings and rainfall 
provided about 12' percent. The estimated dissolved solids loading of the 
undeveloped area for the computation period is 36,400 Ib/d.

About 70 percent of the dissolved-solids input to the undeveloped area was 
discharged by Reedy Creek. The culverts accounted for an estimated 12 percent 
of the dissolved-solids load. The remaining 18 percent is unaccounted for, and 
represents either error in the estimates of mean concentrations or discharges 
used to compute the loads, or storage of dissolved solids in the wetlands area. 
Plants require relatively large amounts of calcium, magnesium, and potassium 
(Nebel, 1981, p. 121), and uptake of these elements by trees and other plants 
could account for some of the dissolved solids, though eventually elements 
stored by plants would be returned to the ecosystem by death and decay.

The balance of total nitrogen and phosphorus for the undeveloped area for 
the 1979 and 1980 water years is shown in figure 28. The estimated bulk- 
precipitation contribution accounted for about 45 percent of the total nitrogen 
input. The treated-wastes nitrogen contribution was only about 4 percent, or 
considerably less than the treated wastes dissolved-solids contribution of 15 
percent. Outflow from the area accounted for about 55 percent of the inflow, 
leaving an estimated storage of about 45 percent of the inflow nitrogen within 
the undeveloped area. The total nitrogen inflow to the area, including 
rainfall, was estimated to be 1,010 Ibs per day.

The estimated total phosphorus balance indicates that the treated-wastes 
outflow from the overland flow treatment facilities furnish a substantial part 
of the phosphorus load. The treated wastes accounted for about 53 percent of 
the phosphorus load in Reedy Creek at site 11, and accounted for about 36 
percent of the total phosphrous load to the undeveloped area, a considerably 
greater proportion than for dissolved solids or nitrogen. Rainfall contributed 
an estimated 26 percent of the phosphorus load. The percentage of the 
phosphorus input stored in the undeveloped area (59 percent) was considerably 
greater than the storage percentage for dissolved solids (18 percent) or 
nitrogen (45 percent). The total phosphorus input to the area was estimated to 
be 193 pounds per day.

The major conclusions from these loading computations, subject to the 
errors inherent in the methods used, are that:

v Rainfall accounted for a considerable proportion of the nitrogen and 
phosphorus loading of the undeveloped area (45 and 26 percent, 
respectively).

w The treated wastes accounted for a significant proportion (36 percent) of 
the phosphorus loading.

* Storage of dissolved solids, and especially nitrogen and phosphorus, 
occurred in the undeveloped area.
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TOTAL NITROGEN BALANCE
BONNET CREEK WITHIN RCID

BONNET CREEK OUTSIDE RCID 
RCID TREATED WASTE OUTFLOW

REEDY CREEK 
WITHIN RCID

DIVERTED 
EASTWARD

REEDY CREEK 
OUTSIDE RCID

DAVENPORT CREEK

3
L
z

ESTIMATED NITROGEN INPUT IS 1010 POUNDS PER DAY

TOTAL PHOSPHORUS BALANCE
BONNET CREEK WITHIN RCID

DIVERTED 
EASTWARD

RCID TREATED 
WASTE OUTFLOW

REEDY CREEK 
WITHIN RCID

BONNET CREEK OUTSIDE RCID

REEDY CREEK 
OUTSIDE RCID

DAVENPORT CREEK
L
Z

ESTIMATED PHOSPHORUS INPUT IS 193 POUNDS PER DAY

Figure 28. Estimated nitrogen and phosphorus balance for Reedy Creek 
Improvement District undeveloped area, October 1978 through September 
1980 (rainfall contribution based on average concentrations at Maitland, 
Florida (Irwin and Kirkland, 1980).
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Other studies that reported on water-quality balances for lakes indicate 
that lakes are sinks for nitrogen and phosphrous and that rainfall is a sig 
nificant source of these nutrients. Joyner (1974) found that 22 percent of the 
nitrogen and 36 percent of the phosphorus input to Lake Okeechobee were re 
tained in the lake. Precipitation accounted for 30 percent of the nitrogen and 
26 percent of the phosphorus entering the lake. Greeson (1971) reported that 
20 percent of the nitrogen and 62 percent of the phosphorus input to Oneida 
Lake (in New York) is retained. This retention of material in a lake is a part 
of the eutrophication process, in which lakes are filled with sediment and 
organic debris to become marshland, and eventually, dry land. The RCID unde 
veloped area is not a lake, but entrapment of material (especially nutrients) 
in wetlands areas may be occurring in a manner similar to that in some lakes.
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SUMMARY AND CONCLUSIONS

A systematic program of data collection in the RCID and vicinity has 
provided a data base for the determination of the hydraulic and water-quality 
characteristics of the area and for an assessment of the impact of development. 
A summary of the major findings of this investigation follows.

81 Rainfall was deficient in the RCID area since development of the area 
commenced in 1968. Mean long-term rainfall for the period 1931-66 was 
52.42 inches per year, based on records for Kissimmee and Isleworth. At 
the end of water year 1980, the accumulated rainfall deficit since 1966 is 
nearly 85 inches (6.1 in/yr) based on Kissimmee and Isleworth rainfall, 
and nearly 95 inches (6.8 in/yr) at Bay Lake, within the RCID. This 
rainfall deficiency has affected stream discharge, ground-water levels, 
and possibly water quality in the RCID.

10 Long-term records of discharge of Cypress Creek, which drains the area 
north and east of the RCID, show that annual mean discharges have been 
consistently lower since 1971 than in previous years. The rainfall- 
discharge relation for Cypress Creek is variable, and during dry years, 
part of the Cypress Creek basin is probably noncontributing due to storage 
of runoff in the Lake Butler chain of lakes.

81 Long-term discharge records for Reedy Creek near Loughman, downstream from 
the RCID, indicate that discharge from 1970 through 1980 was lower, in 
relation to rainfall, than for the period 1940 through 1959. The lower 
discharge since 1970 is probably due in part to manmade alterations of the 
basin within the RCID. Retention of water by control structures probably 
increases evaporation, and diversion of water from the undeveloped area of 
the RCID south of Highwy 192 may cause an average of about 40 ft^/s of 
discharge to bypass the Reedy Creek gaging station. Some of the flow 
reduction during dry years may be due to storage of water in swampy areas 
which causes a reduction in the contributing drainage area. . ...

w Low-flow characteristics have changed in the Reedy Creek basin. At the 
gaging station near Vineland (Highway 192 crossing), discharge has not 
ceased since 1968 due to discharge of treated wastes to the stream. Down 
stream from the RCID (near Loughman), periods of no flow have occurred 
only since 1970. Retention of water in the RCID wetlands area upstream 
from the Loughman gaging station, and possibly diversion of water from the 
wetlands area, are probably responsible for the periods of no discharge.

* The potentiometric surface of the Floridan aquifer has declined as much as 
30 feet at some locations since 1961. Because the period of development 
corresponds with a period of low rainfall, it is not possible to defin 
itely assess the impact of the RCID and associated development on the 
decline of the potentiometric surface. However, the hydrographs of wells 
both near and more distant from the RCID indicate that the declines near 
the RCID are no greater than declines elsewhere. Therefore, withdrawals 
of ground water in the RCID have probably not had a widespread effect on 
the potentiometric surface of the Floridan aquifer.

*  The pH was lower than the FDER minimum criteria of 6.0 at 12 of the 13
water-quality sampling sites (exception was outflow from Bay Lake). The
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low pH values are a natural property of waters in the RCID and are gener 
ally due to leaching of organic acids from vegetative debris in canals or 
swamps. The low pH values are generally accompanied by high color as a 
result of the leaching process. However, outflow of water from South Lake 
generally had pH values lower than 6 but had low color. The low pH is 
probably the result of a combination of acidic type rainfall and a lack of 
buffering capability in the lake, which apparently receives no inflow of 
water from the Floridan aquifer.

DO concentrations are often less than the water-quality criteria set by 
the FDER (5.0 mg/L). The low DO concentrations, like the low pH's, are 
probably due to natural processes, including oxygen consumption by decay 
ing vegetative debris and by influx of ground water low in DO into the 
canals.

The highest nitrogen concentrations, based on median values of all samples, 
occurred in undeveloped areas or in areas of citrus groves. The highest 
phosphorus concentrations were at sites downstream from treated wastes 
discharge.

Mercury, zinc, cadmium, copper, silver, iron, and lead concentrations 
exceeded FDER criteria for aquatic life protection in some samples in the 
RCID and vicinity. However, criteria for cadmium, mercury, and silver are 
less than analytical detection limits used for most of this study and 
therefore, exceedance frequencies reported for these metals are somewhat 
arbitrary. Copper, iron, lead, and silver concentrations exceeded the 
water-quality criteria in only 5 percent or less of the samples. Silver 
was detected only once, at Cypress Creek, and probably originated from a 
local source. Mercury, which exceeded the criteria of 0.2 ug/L at least 
once at all sites except site 9 may originate from atmospheric deposition. 
Zinc concentrations exceeded the criteria of 30 ug/L at 10 of the 13 
sampling sites. The widespread occurrence of zinc seems unrelated to 
development. Cadmium exceeded the criteria of 0.8 ug/L in about 20 
percent of the 41 samples, and at 5 of the 13 sites. The presence of 
cadmium does not correlate strongly with areas of development, and may be 
due in part to atmospheric deposition. The overall rates at which the 
metals exceeded water-quality criteria does not correlate with proximity 
of the sampling site to developed areas, but seems to be related to the 
color of water. The water at sites with the highest frequency of metals 
criteria exceedance is also highly colored. The frequent presence of 
metals in highly colored water may be due to formation of soluble organo- 
metallic complexes with the organic compounds that cause color, or due to 
the lower pH of the highly-colored waters.

The distribution of organic compounds, principally insecticides and 
herbicides, seems related to development. Streams in undeveloped areas 
outside and in the RCID had the lowest rate of detection of organic 
compounds. Malathion, 2,4-D and silvex were the compounds most commonly 
detected near the resort areas.

Malathion most often exceeded FDER water-quality criteria for organic 
compounds (0.1 ug/L). About 15 percent of the samples for malathion 
exceeded the criteria. The criteria were exceeded at 6 of the 13 sites. 
The frequency at which organic compounds exceeded water-quality criteria
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correlates with proximity of the sampling site to the developed areas. 
The sites with the highest frequency of criteria exceedance are near the 
resort areas or receive runoff from them. Excessive concentrations of 
malathion are apparently confined to the areas of application. Malathion 
never exceeded water-quality criteria downstream from the resort areas 
where it is mostly detected and was never detected in Reedy Creek down 
stream from site 10.

Organic compounds were more widespread in bottom sediments of the area's 
streams and canals, and on a per unit weight basis, were present in much 
higher concentrations in bottom sediments than in water. Compounds 
detected in at least 10 percent of the samples of bottom sediments in 
order of decreasing frequency of detection were chlordane, dieldrin, DDE, 
ODD, DDT, PCB, and methyl parathion. These compounds were widely dis 
tributed and were detected at 7 to 12 of the 13 sites. Except for methyl 
parathion, the compounds are the insoluble and highly-persistent organo- 
chlorine type, and thus, tend to accumulate and persist in bottom sediments.

The presence of organic compounds in bottom sediments was more frequent at 
sites near agricultural areas than in the developed areas, probably due to 
their present or historical use in the agricultural areas. The widespread 
occurrence of PCB is unexpected because that family of compound is not used 
as a pesticide. DDT and its derivatives ODD and DDE have not been used 
for many years, but due to the longevity of these compounds, will probably 
continue to be detected for many years. The frequency of detection of 
organic compounds was unusually high in bottom sediments of Reedy Creek 
near Vineland (site 11), although the site is not near agricultural areas.

Trends in water quality at several sites in the RCID and vicinity have 
generally been in the direction of increasing constituent concentration 
with time. Many of the trends may be related to a continuing deficit of 
rainfall which has possibly allowed a buildup of chemicals on the land 
surface and water stored in the area. The only trends in water quality 
which seem to relate to development are an increase in specific conduct 
ance, phosphorus, and possibly nitrate nitrogen in Reedy Creek. These 
increases are probably due to disposal of treated wastes from the RCID 
treatment plant and possibly to a lesser extent to spills and seepage from 
the Osceola Services sewage treatment plant west of Reedy Creek and north 
of Highway 192.

Balances for water, dissolved solids, nitrogen, and phosphorus entering 
and leaving the RCID undeveloped area south of Highway 192 during water 
years 1979 and 1980 indicate that rainfall accounted for a considerable 
proportion of the nitrogen and phosphorus loading of the area (45 and 26 
percent, respectively). The treated wastes from the RCID overland flow 
facility accounted for more than half of the phosphorus in Reedy Creek 
inflow to the undeveloped area (at site 11) and about 36 percent of the 
total phosphorus load to the area. Some dissolved solids (about 18 
percent) and considerable quantities of the inflow phosphorus (59 percent) 
and nitrogen (45 percent) were apparently retained in the wetlands area. 
For the 2-year period, estimated input to the wetlands area per day was 
36,400 pounds of dissolved solids, 1,010 pounds of nitrogen, and 193 
pounds of phosphorus.
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SUPPLEMENTAL DATA

Summaries of data for the 13 surface-water sites are given in this 
section. Organic compounds analyzed for, but never detected at any of the 
sites are not included in the summaries. These are polychlorinated 
napthalenes, aldrin, endodsulfan, endrin, heptachlor, heptachlor epoxide, 
methoxyclor, methyl trithion, parathion, trithion, and 2,4,5-T in bottom 
sediments.

The remarks column, labeled "Rmks", lists the number of qualified 
analyses, or those reported as less than the given concentration. The data 
summaries for constituents with qualified values therefore represent a maximum 
condition, and actual summary values could, in some cases, be less than the 
indicated values.
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0.00
0.00
0.-55
0.00
0.0

0.00
0.00

135
1
0
0

10
2

360
0

0.3
1
0
0

20

135
1
0
0

10
5

313
0

0.3
1
0
0

30

160
1
0
0

10
10

500
0

0.*
2
0
0

60

PER LITEH
0.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.98
0.00
0.0

0.00
0.01

ALt IN MICH03RAMS PER

0.0
0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0
0.0

0
0

0.0
3

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0
0.0

0
0

0.0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.99
0.00
0.0

0.00
0.11

KILOGRAM

0.0
3

0.0
0.0
0.0
0.0
0.1
0.0
0.6
0.0

1
0.0

0
0

0.0
0.00
0.00
0.00
0.00
0.00
0.00
0.01
l.*0
0.00
0.0

0.00
0.65

0.0
22

0.0
0.0
0.0
0.0
0.*
0.0
3.2
0.0

3
0.0

0
0

79-OH-?0
75-01-20
75-01- ?o
7*-12-H
79-OA-Oij
75-01-^0
75-01-^0
MO-02-09
80-02-08
AO-02-08

BO-02-Ott
75-02-18
75-01-?0
75-01-20

7*-l?-ll
7»-12-ll
7*-12-Il
7*-12-ll
74-12-11
73-02-16
75-01-20
7*-12-ll
7*-12-ll
7*-12-ll

80-05-12
HO-0>3-12
BO-OS-12
80-05-12
BO-05-12
73-08-05
73-OB-05
HO-05-12
BO-05-12
80-05-12
BO-OS-12
80-05-12
75-OB-05

73-03-18
75-03-18
75-03-18
73-03-11

79-Ofe-05
75-03-18
7Q_OA-05
73-03-18
79-06-05
79-06-05
75-03-lft
7*-12-ll
7*-l/?-ll

75-02-?0
75-0<?-^0
75-0?-20
75-02-20
75-02-20
79-06-05
73-02-20
79-06-05
75-02-20
79-Oft-Ob
75-U2-?0
74-l?-I 1
75-0?-?0
7«-l/»-ll

»J1-03-1S
80-09-0?
81-03-1*
73-08-05
Bl-03-1*
81-OJ-li
81-OJ-lb
81-03-li
81-03-15
81-03-1S
81-03-1S
80-09-0?
91-03-Ii
81-03-1S

8l-03-l«>
81-03-1-J
81-03-li
81-03-1S
81-03-lb
75-08-05
75-01-20
Bl-OS-lb
81-OJ-li
81-03-1S

80-09-U-?
80-09-0?
90-09-0?
80-09-0?
BO-09-0?
80-09-0?
80-09-0?
80-09-0?
80-09-0?
80-09-0?
90-09-0?
80-09-0?
80-09-U?

80-09-0?
80-09-0?
80-09-0?
80-09-0?
BO-09-0?
80-09-0?
80-09-0'
80-09-0?
80-00-0?
80-09-0?
80-09-0?
80-09-0?
80-09-0?

80-09-0?
80-09-0?
80-09-0?
90-09-0;,
BO-09-U?
80-09-0?
80-09-0?
30-09-0.>
80-09-0?
80-09-0?
80-09-0-'
79-08-^0
80-09-0?

79-09-<?U

97
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STATION 02/»S:i«*Q

CODF BMOP-*TY OK

 lOOMO COLO-?

'10010 TFMPE^ATU&t (I'Eb C)
00070 TUtfHI'lITY (JTU)
'1007* TU^HIOITY cviu)
10005 SPECIFIC CONDUCTANCE (IIC^CO--«J^)
00300 OXYGEN, OISSOLVtO (r*3/L)
.lO'JlS CALCIUM nlssOL^EO (Mb/L AS CM
')0<->2S MAGNESIUM. UIS50LVEO (Mii/t AS «G
'I0«30 SOOIJM, OISbOLVtO (Mr?/t_ AS NA)
0093«i "OTASSIUM, ItlsSOLVEl' (Mb/L Ai <)
 JOMO ALKALINITY <«<j/L AS CAC03)
00940 CHLO^IOE, OISSDLVFU <-«j/L AS CD
 10945 SULFATF DISSOLVED ("G/L AS SJ<O

AMMONIA TOTAL
NTTWAre TOTAL
NITRITE TOTAL 

SITR'JGEN, OtJ3A>4IC TOTAL 
NiTPjr,F.M. TOT A.
B HOS-> «ATF., TOTAL 
DHOS 3 HATF, U-*T-IO» DJ5SJLV 
=HOS3MO"US, OfTHO. TOTAL 
PHOS^OWUS, TOTAL 
CARMOfl. ORGANIC TOUL

U10=< ALUMINUM, TOTAL HFCOV: rtAftL*
ulOOO AHSEMIC OISSDL«tO
 »1002 APSEXIC TOT.iL

	^FRYLLI'JM. TOTAL WtCJXLWAHLt 
	CADM 1UM TOTAL ^tCOVK-^AaLE

0103? CHKOMIUM. HtAAVALFNr, JIS.
01034 CHROMIUM, TOTAL
11040 COPPER, OISSOLvtO
'Ho*? COPPEH, TOTAL ^tcovt^udL

 >1045 I>JON, TuTAL ALCOVE ^A^Lc
0104O LEAD, fJlSSOLVfO
 110^1 LEAD. TOTAL *tC')VFKi»3Lt
7iHt>n MEKCJWY OISSOLVEO
71-»no "ll-PCJMY TOTAL ^tCOVt^A^L
010f>7 NICKEL, TOTAL -*ECOV£ ^aoL
'J1J47 St'LFNIUM. TOTAL
01077 SILVER, TOTAL
Jio^o ZINC, nissoi.vt
0109? ZINC, TOTAL Wt

MTE ?: nuTF.n* FWDM SDUTH LAKE

I
TOTAL >4MKS I HINI4UM

CONSTITUENTS AVO

9 
12 
23 
?0 
20 
18

fb 
86

0
4.2

u.o 
1
0

67
2.3
2.0
3.1
r.b
1.8

0
3.7

13.a

SUTKItNTSflN MILLIbK4MS

22
23 
21 
3* 
16 
10 
13 
21 
31 
24

0.00 
0.00 
0.00 
0.05 
0.0ft 
U.OO 
0.00 
0.00 
0.00 
0.0

10
5.0

26.0
9
8

133
7.0

9.8 
2.7

15.5
27.5

LITER

0.08 
0.00 
0.01 
0.29 
0.29 
0.04 
0.03 
O.U1 
0.02 
3.0

METALS* IN 1 CHOtiRAXS PEK LITER

2
9
4
2
3 ' i 

3
11 

3
13 

3
11 

2 
1 
8 
2 
2 
8

11 
3

10 
0 
0 
0 
0 
0 
0 
0 
0

<?0
60

0
1

0.1
0.1

0
0
0

10
10

55
10

1
0
0
0

20
3
1

50
120

0
3

0.1
0.8

0
0
0

20
20

<4EAN

27
5.0

25.1
9
3

137 
6.B 
4.6 
4.9 
9.2 
3.1 

8
15.0 
24.6

0.02 
0.08 
0.01 
0.46 
U.33 
0.04 
0.03 
0.01 
0.02 
4.6

55
10

1
0
7
0

13
9
2

47
117

1
3

0.1
0.2

0
0
0

25
20

MUM

HO
5.8

32.0
31

ft
190

10.0
6.1
6.9
11.0
5.0

4
19.0
44.0

0.13
0.20
0.05
b.OO
0.81
0.09
0.06
0.02
O.QS
20.0

100
30

1
0

20
1

20
40
4

70
170

6
4

0.1
0.2

0
0
0

50
30

DAT-
FIHST

frR-10-?*
6H-10-«?4
6«-10-24
69-07-16
73-OB-?8
hS-lO-t'*
69-10-24
6H-1U-24
60-10-2*
6H-10-24
68-10-34
69-10-24
68-10-24
6B-10-?4

71-11-23
71-11-23
71-11-23
6B-10-^4
74-OH-07
69-10-24
69-10-24
71-11-23
71-11-23
70-09-01

HO-OS-12
70-OS-27
7P-05-OB
K0-0*-12
75-09-03
71-03-01
70-08-27
70-OH-27
75-08-05
69-10-24
75-08-05
70-08-27
HO-Ob-12
70-09-27
BO-OS-12
BO-05-12
80-05-12
HO-05-12
70-08-?7
75-08-05

04TE
L4ST

H1-03-1S
80-0-J-oa
90-0-J-02
77-10-05
81-03-1S
81-03-1S
80-09-02
91-03-1*
81-03-lb
Hl-03-li
81-03-li
90-11-03
81-03-16
81-03-1S

81-03-1S
81-03-lb
81-03-1S
91-03-16
91-03-1S
75-09-0 J
72-02-09
81-03-16
81-03-16
91-03-16

«0-0«J-0?
77-10-1)3
BO-09-0?
80-09-02
80-09-0?
77-10-05
80-09-0?
77-10-Oi
80-09-0?
77-10-Oi
80-09-0^
77-10-05
80-09-0?
70-OB-27
80-09-0?
BO-09-02
BO-09-0?
80-09-0?
77-10-05
BO-09-0?

OrtliASICS IN nATE3» IN MI C*OGRA>4S PER LITER

13370 
J9S7H 
19 3 4 0 
t-t 10w

J9MO 
13S40

J97hO 
19730

19333
19351

J5373 
i-»-?71

10^,01 

137M 

19M1

OOI1, TOTAL 
OllE, ToTfll. 
OUT. TDTAL 
Oli/rmn. TUT.-,.

  T H I ;> j. T 0 T .1L 

MALATHIHN, TOTAL
OAPATHHIN, TOTAL 
3 C", TOTAL
SILVEX, TOTAL 
?,o-.u TOTAL

AL'JHII. ToT;iL IN aOTToi ^AIF-*IAL
CHLo-(OA,*F, TJTAL TN mnr:
Ol)L>, TOT/\L I ^ duTTUM "AT;
OUF., rriT.M IN ^dTTO'i MAr :
OOT, T'»Til. IN BOTTOM -UIEHIAL

I -<  T(i1 A. IN "-OTTO- 
  TOT1L IN M(IFTu>1 > 
HLUW HJDXIOF TOT. ] 

MI-fHYL J AWAM13iM, TOT. I' 
3 CH, TOTAL 1^ ^UTTO^« -Up

TOxA^HF'i*-'. TOTAL TN S'ITT' 
?,4-l, TOTAL IV HOTTO*-! M(

iHGANJCS IN

i AL
T F. K I A _

f U T AL
r. *IAL
J'-L
TTOM «IATL.
I'jM MaTL.

i AL
r^^iA.
AL

7
11
11
11
7

11
7

1 1
7
7
7
7
7

HOTTO*

11
7

11
11
11
5

10
3
s
n
7
6
S
S

0
0
U
0
0
0
0
0
0
0
0
0
0

MATfc^t

0
u
0
0
o
0
u
(i
0
0
0
0
u
u

0.0
0.00
0.00
0.00
U.OO
0.00
U.OO
0.00
0.00
0.00
0.0

o.uo
0.00

0.0
0.00
0.00
0.00
0.00
o.uo
0.00
0.00
0.00
0.00
0.0

0.00
o.uo

AL» IN MICR03RAMS PER

0.0
0

0.0
0.0
o.o
0.0
0.0
0.0
0.0
0.0

0
0.0

0
I)

0.0
0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0
0.0

0
0

0.0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0

0.00
0.00

KILOGRAM

0.0
1

0.6
0.4
0.2
0.0
0.1
0.0
0.0
0.?

0
0.0

u
0

0.0
0.00
0.00
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.0

0.02
0.00

0.0
3

4.6
8.4
1 .6
0.0
0.7
0.0
0.0
1.2

2
0.0

0
0

72-02-09
70-09-01
70-09-01
70-09-01
71-03-01
70-OV-01
71-03-01
70-09-01
71-OJ-01
71-03-01
7?-02-09
71-11-23
71-11-23

70-09-01
72-OZ-ilV
70-09-01
70-09-01
70-09-01
78-02-09
70-09-01
79-OB-^»
72-OH-I 7
72-0?-oy
72-0^-0^
/l-ll-'J
7?-on-i r
71-11-^3

80-09-0?
80-09-0?
80-09-0?
60-09-0?
BO-09-0?
BO-09-0?
80-09-0?
80-09-0?
80-09-0?
80-09-0?
80-09-0?
80-09-0?
80-09-0?

BO-09-0'
80-09-0?
80-09-0
80-09-0
80-09-0
80-09-0
90-09-0
80-09-0
80-09-0
90-09-0
BO-09-Oi
79-08-20
HU-09-0?
79-08-<IO
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STATION1 0??*4000 CHEEK

CODE

00090
00400

00010
00070
0017f-
l.'009S
 J03PO
UO^IS
U092*>
V0930
no«»35
1)0410
U0940
OQ94S

00*10
00*?0
OOMS
 JOS05
110*00
UOS50
00*60
70507
OOf-65
00090

OllOb
1)1000
0100?
0101?
"1027
0103?
 >103»
010*0
0104?
0104*
0104S
0104<-

010S1
71M90
71900
010f>7
01147
01077
01090
01092

393SP
393--0

393*5
39370
39S70
.193*0
3939«t
39140
39S30
J97 4()

39^-16
3«7«.0
39730

39333
:i9351
39^3
-H.IS*
39373
39^71
19393
.193H9
)9«?3
39->01
39 e>l l»
3'7M
.19*03
39731

 4UPEKT* 0* CUMSTITUEMT

COL04 <«LATIVU»»COi»ALT UNITS)
°H IJ'ilTS)
Tl MprnATuRE (Dili C)
TlJrtMluITY IJTU)
TUttHlolTY (i-iTliI
SPECIFIC COf'JUCTAMLE IMIC^PHOS)
OXYfiiM, r>Is«,OLvE(l (M3/L)
CALCIUM OISSOLVEO ("&/L AS CA)
MAGNESI'J*'. I'lSStJLVtO (Mii/L AS Mfi)
SODIUM. DISSOLVED (M3/L AS NA)
DOT»SSUJM. l)ls>SOLVEl> (Mb/L As <)
ALKALINITY <MI;/L AS CACOS)
CMLO^IOE. OISS3LVEO IMJ/L AS CLJ
SULFATF OISSOLvEO (M3/L AS S34)

VlTW3fi£M. AMMO^IA TOTAL
VI T^OKE'J. NlTkAlF TOTuL
NITH3iiEM« NlTrtlTE TOTAL
VITP3i>E v'« OW'iASlC TOTAL
VITP3'»FN. TOIAu

°Hos 3MATF« TOTAL
OHOS'MATF. ORl-<o« DISSOLVED
PHOS 3MO-*US. O^lMO. T3TAL
»HOS 3wo»i)s« TOTAL
CAWHIN. OPG»M: TOTAL

ALUMINUM. TOTAL Hf.CDVf R»3L F
AHSFSIC DISSOLVED
AWSEVIC TOTAL
^RVLLTUM. TOTAL REC3VEWAULH
CADMIUM TOTAL -JtCOvE^AdLE
CHWOMIU"!. Hf.XAtf ALfMTt JI5.

CMMOMUJM, TOTAL WECUVErtAflLF
COPPEW. OISSOLVEO
COPP£J, TOT«L RECOVt^A^Lt
IKON. OISSOLVtJ
1«ON. TOTAL HtCOV£K»^LE
LEAD. DISSOLVED
LEAD. TOTAL WtCOVEMAlLE
MEWCJWY OISSOLVED
«<EHCJHV TOTAL -«tCOVt9AfaL£
NICKEL. TOTAL 9ECOVE9AJL;
SELEVPJU. ToTA'_
SILVE-i. TOTAL RECOvE^AbLi
Z1HC. OISSOLVtJ
ZINC. TOTAL wf- covE^ASLt

0,,A

C^L(i->l)A->4f . Till At
oo>». TOTAL
ODE. TOTAL
DOT. TOTAt
DIA/INO'1'. TO T«-_
OIEL')><IM TOTAl
ETHIJi-l, TOTfcL
Ll^OA'lE TOTAL
"ALATH10M. TOTAL
'AHAH10M. T01AL
"CH. TOT*L
5TLVi<. TOT4L
?,4->. TOTAL

O^bAMlCS IM

ALOHlN. TOTAL 1:4 O'JTTHM *(ATf-«IAL

CHLO-JOA^E. TOTAL IN BOTTOM >.ATrRiA.
00"). TOTAL IN J'JTTO" ^ATi^IAu
Of)E. TOTAL lv ^(|TT!>'^ "AT^MltL
OUT. TOTAL iv BOTTOM "iATt-*i«L
DlA^I"iov. TiiTA.. IM n3TiiM M ATK-<IAI.
3IFLJu I"i« IDln'. IN hQMO* MAlhH'lAL
 THI^N. T01*L In «OTTOM ^ATt^IoL
HFPTACHl"o F»i.«,10F 1'JT. IM -^3TTOM >«ATL.
«FTwrL PAPfllHljN. ToT. It -tiTTOM MATL.
'CM. TOTAL I\  JOTTO'- «iAf = MlAL
SlLVfX. TOT/iL I*1' H'JIT:>^ MAT^-JIftL
TOXftSiiir -if- . T(>T»L I   >» 3DTTD-1 HAfPwlA.
?,4-D, TOTAL IS MOTT3M   UTcUlAL

SA4L

TOTAL

1AJU3

27
25
35
14

7
2S
16
22
22
21
i\
?3
26
?6

15
13

15
?5
11
10
14
1««

13
20

SETH

?
10
*
2
3
9
5

11
3

17
4

11

3
1
3
3
2
3

11
3

SlCS I

7
10
10
10

s
in

«,
10

<,
«,
7

4

4

'LtS 1
RMKS t MINIMUM

CONSTITUENTS AMD PHO 3

0
Q

0
0
0
0
0
0
0
0
o
Q

0
o

MTS.IN

0
0
0
0
0
0
0
0
0
0

S, IN 4

0
0
0
0
0
0
2
0
0
0
0
0
0
0
2
0
0
0
0
0

V MATk4

0
0
0
0
0
o
0
0
0
0
0
0
0

BOTTOM *ATE*

11
7

11
11
11

4

11

2

b
4

7
6
6
b

1)
0
0
0
0
Q
0
0
0
0
1
0
0
0

1*0
2.8
0.0

1
0

 3*

2.9
0.9
0.9
2.6
0.0

0
7.8
0.0

MLLIbHAMS PE3

0.01
O.Ob
0.01
0.3?
O.H6
0.0?
0.01
0.00
0.00
33.0

CROtiRAHS PEH

0
0
0
0
0
0
0
0
0
0
0
0
?

0.2
0.2

0
0
0

10
10

MEDIAN

E9TIES

400
4.4

22.0
2
1

95
4.9
1.9
2.2
6.9
0.2

0
15.0
4.7

LITER

0.05
0.00
0.02
1.20
1.87
0.04
0.06
0.02
0.02
60.5

LITEH

90
5
1
0
0
0

10
0
1

380
600

2
6

0.2
0.5

0
0
0

JO
10

IN MICxOtiRAXS PER

0.0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0

0.00
0.00

0.0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0

0.00
0.00

AL. IN M1CH03RAMS P

0.0
0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0
0.0

0
0

0.0
0

0.4
0.0
0.0
0.0
0.1
0.0
0.0
0.0

1
0.0

0
0

MEAN

371
4.5

20.2
5
1

117
4.9
4.4
2.5
7.1
O.S

4

15.1
10.0

0.09
0.00
0.03
1.35
1.75
0.14
0.12
0.02
0.03
64.3

90
9
9
0
0
0
 >

5
1

391
625

3
21

0.2
0.4

2
0
0

37
13

LITEH

0.0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0

0.00
0.00

£3 KILOGRAM

0.0
3

1.1
1.9
0.2
0.0
0.1
0.0
0.0
0.3

1?
0.0

0
0

1 OAT;
MAXIMUM | FIHST

S50
7.3

29.0
36

2
300
9.7

35.0
7.4

13.0
3.8

80
29.0
45.0

0.50
0.05
0.07
4.50
2.36
0.95
0.95
0.05
0.04

110.0

180
30
30

0
1
0

10
50

1
900

1300
10
56

0.2
0.5

7
0
1

BO
20

63-07-24
63-07-2*
6S-OS-?0
69-07-14
79-OR-PB
63-07-?4
67-05-09
6S-OS-20
6S-05-20
63-07-24
63-07-24
63-07-24
63-07-24
63-07-24

71-11-22
71-11-22
71-11-22

hfl-10-24
7A-OH-07
67-0'5-OB
63-07-24
71-11-22
71-11-22
70-05-20

79-08-20
70-OH-27
72-08-17
79-OB-20
79-08-28
71-03-01
70-08-27
70-OH-27
79-08-28
66-05-20
63-07-24
70-08-27
78-OB-29
70-OB-27
79-08-28
79-08-28
79-OH-20
79-OH-?8
70-08-27
79-08-2B

0.0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0

0.00
0.00

0.0
15

5.0
9.0
1.1
0.0
0.4

0.0
0.0
2.1

74
0.0

0
0

72-02-09
70-OH-27
70-08-27
70-08-27
71-05-03

70- U rt-?7
71-05-03
70-08-27
71-05-03
71-OS-03
72-02-09
71-11-22
71-11-22

70-08-27
7?-02-09
70-OH-27
70-08-? f
70-OH-27
72-02-09
fO-08-?7
79-OH-2H
72-OH-17
72-02-09
72-02-09
71-11-22
7?-Oh-l 1
71-11-22

DATE
LAST

80-05-1?
80-Ob-l?
80-05-1?
77-10-0*
80-05-1?
80-05-1?
80-05-1J
80-05-1?
80-05-1?
80-Ob-l?
80-05-1?
80-05-1 ?
80-05-1?
BO-05-1?

80-05-1?
80-05-1?
80-Ob-l?
90-05-1?
80-05-1?
70-12-0?
72-02-0-*
80-05-1'
80-05-1?
90-05-1?

80-Ob-l ?
77-10-06
80-05-1'.
80-Ob-l-1
90-05-1?
77-10-0?
BO-05-1 y
77-10-OS
80-05-1?
77-10-03
80-05-1'
77-10-03
80-05-1?
70-08-27
80-05-1?
80-05-1?
80-05-1?
80-05-1?
77-10-0^
80-OS-l?

79-OH-2!
79-OB-2:
79-08-21
79-OH-2I
79-OB-?!
79-08-?>
79-Ort-r"
79-08-2
79-08-2'
79-08-2
79-OH-?
79-OH-2
79-OH-?

79-08-?
79-08-2
79-OH-?
fJ-QH-S

79-OH-^
79-09-?
79-OB-'
79-Od-^
79-OH-e1
79-Ort-^
79-OM-<r
79-OH-r-
79-OH-;-
79-OH-'
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0« Cl»i!>TlTU*-<ir TOTAL
I
I MINIMUM MEDIAN MEAN

MAJOrf CONSTITUENTS A<4f> HRO'E^TIES

.100*0
JO&OO
) 0 0 1 0
J0070
11007*
 >no<ys
IOJOO

 IQQ15
"0925
 10930
 I093S
UOMO
10940

UO«J*5

HOMO
 .IO-S20
'10615
'10605
00*00
'10*^0
(10*60
70507
H0665
 I06HO

»110S
JlOOO
 J1002
1101?
01027
01032
01034
'(1040
01042
'11046
01045
 J10*9

'H051
71900
01067
Jll*7
01077
MlOOO
01092

COLO' (^LAT I MI.IMCORALT JNITS)
=>rt (JMTTS)
T>MP;WaTllRE dJl'i C)
TUW^IOITY (JTU)
TUHKinirv (NTH)
SPECIFIC COiiOiCTANCF. (Micnonios)
OXY'JlN. OlSt'JLVtO ("3/L>
CALCIUM OlSiOLVED ("3/L AS CA)
MAGNESIUM. OISSULVEO I^G/L Ai MG>
SOOIJ*. OISSOLi/tO («3/L AS NA)
a i)TA5SI'J*»« MlSbDLVEli (^(i/L AS K>
ALKALINITY (MO/L AS CACOS)
CHLORIDE. DISSOLVED I-^U/L AS CD
SULFATt OIS^OLVED (M3/L AS SO*)

NITPOiiFN. 4N.HONIA TuTiL
NITWOPEN. NITKATF TOToL
NTT^OiiFN. NITxlTE TdT«L
^ITPO'iF^. 0-<tiA^IC TOTAL
^ITWO('EM« TOTAL
B HOS 3f<AlF. TOTAL
BHOS^iTf.. ()ST-IO« OISbULVtn
?HOS 3HO^IJS. OWTHO. TOTAL
?Hos°HO""j <;. TOTAL
CAUhJNj PORAMI: TOTAL

ALUMINUM. TUTA W OECCIVtHA^LE
APSF^IC OISSOLVtO
A^SF'dC TOTAL
^E^lYLLI'lM, TOTAL fittOtftnAbLt
CADMJitM TOTAL ^ECOVt'AdLE
CHHOMIUI', 1^ XAI/ALF.NT, DIS.
CHROMIUM. T'lTA'. NECUVKKA^LF
COPP£J. (<IS'->OLVEO
COPPER. TOTAL -JECOVt'^aBLl
I«UU. OISSOLVhO
IKON. TuTAL «hCOVE«A3Lt
LEAO. (USSOLVtO
LEAO. TOTAL rtECl>VE-<A3Lt
MFRCJ^Y TOTAL -«ECOVE9AHLi
MICKEL. TOTAL -JECOVt^rtdL;
SELENIUM, TOTA U
SILV^W, TOTAL «tCOVt9SuLE
ZINC» OISSOLVtO
ZINC. TOTAL ftCOVErtA^Lt

17
40
36
30
11
43
10
32
32
32
32
3*
39
39

0
0
0
0
0
0
0
0
0
0
0
0
0
0

MUTHIFNTS.IN

35
37
33
42
25
11
10
33
33
35

METALS.

3
11

8
2
t,

13
7

14
7

2D
q

13
5
6
6
3
«,

14
7

ORPAMICS IN

J9350

193*0
»93f 3

19J7G
lj"»7lj
<93<*n

1939«
393*0
J9S30
J9b*u
19516
397*0
19730

19333
19351
193*3
n3*«
l-*373
19S71
1 9 .< n 3
1 J 3"^
)9<»?3
19*P1
<9r> 1 9
J97M
194u3
<mi

CHLO^DA'MF. TOTAL

01)0. TriT»l
OOF. TOTAL
DOT. TOTAL
OlA/lnON. ToTA.
DI^LJ-TH TOTAL
ETMIOM. TOT-L
LlNDAMf TOTAL
MALATHION, TOTAL
"AOATHIIJN. roi AL
=CH. TOTAL
5ILV-X. TOTAL
2.4-}. TOTAL

OxGAMCS IN

ALPWIM. TOTAL IN BOTTOM MATt^lAL
CHL(Hi>A'-IF« TOTAL IN -IClTTOM MATERIAL
00(1, TOTAL ! < JOTTO" M«T£«IAL
'Jl>F. TOTAL IM aitTTOM MATERIAL
 )''T. TOTAL IN iUTTUH .'-lATtKlAL
01 A/ PJON. T'tTA. IN bOTTUM iATf-<IAL
JIFL-l^IN. FnFA. IN hOTTOM «-iATK-*IAL
-THIVJ. TOT-IL IN ROTTOM MATK^IAI.
H'PTACHLO" hP'JKlOF TTT. IN HOTTOM MATL.
MFTHfL PAkATHlO'l. fuT. IN OOTTOM MATL.
ac^« roTAi r v .-toTTOM -IAT?WIA U
bILV/^H. TOT«L IN oyiTi*" MftTH-?IAL
TdXA3HfNF. rOfftL IN -JOT TOM MATEHIA.
?,4--j. TOTAL 1^* -10TT3-I MAT^KlAL

11

11
11
11

5
11

4
11

b
5

12
12
12

BOTTOM

12
12
12
12
12

4
12

?
11

4

12
13
11
13

0
0
0
0
0
1
0
0
0
0

IN M

0
0
0
0
0
0
1
0
0
0
0
0
0
3
0
0
0
0
0

  ATE 3

0

0
0
0
0
0
0
0
0
0
0
0
0

MATE*

0
0
0
0
0
0
0
0
0
0
1)
0
0
0

10
4.5

14.0
1
1

t>2
0.7
*.o
1.7
1.5
0.1

0
1.0
0.0

*ILLIGKAMS PE

0.00
0.00
0.00
0.02
0.27
0.01
0.02
0.01
0.02
3.0

CROGRAMS PER

130
0
1
0
0
0
0
0
1

10
2*0

0
0

0.2
0
0
0
0

10

IN MI;ROGRA«

0.0

0.00
0.00
0.00
0.00
0.00
0.00
o.no
0.00
0.00
0.0

0.00
0.00

1*0
6.*

24.0
14

2
127
4.9

11.0
3.8
6.*
1.2

25
12.0
15.0

» LITE*

0.0*
0.01
0.01
0.59
0.62
0.05
0.0*
0.0*
0.06
19.0

LITER

300
2
3
5
0
0

10
3
3

2*5
410

2
1

0.5
5
0
0

10
20

IS PEH LITER

0.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0

0.00
0.00

153
6.4

23.*
3b

3
125
5.0

11.3
3.7
6.3
1.3

27
11.0
13.5

O.Ob
0.07
0.02
0.6%
0.73
0.03
O.OS
0.0*
O.Ob
19.3

443
£
5
5
2
1

11
0
*

2*1
536

*
35

0.*
5
0
0

21
20

0.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0*
0.00
0.0

0.13
0.0*

AL, IN MICR03RAMS PER KILOGRAM

0.0
0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0
0.0

0
0

0.0
0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0
0.0

0
0

0.0
*

0.5
0.'

0.0
0.3
0.1
0.0
0.0
1.2

2
1.2

0
1

1 1 MUM

*00
7.6

30.0
180

6
190

11.2
21.0
5.1
9.0
2.1
73

17.0
21.0

0.20
0.70
0.07
2.00
1.6*
0.26
0.26
0.10
0.12
52.0

900
30
20
10
7
a

20
40
10

600
1200

20
170
0.5
17
0
0

80
40

0.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.14
0.00
0.0
1.30

0.27

0.0
64

2.3
0.9
0.0
1.1
0.4

0.0
0.0
*.8
12

15.0
0

18

OATi
FIRST

63-07-?*
61-Ob-23
61-05-23
69-07-15
78-06-05
61-05-23
67-05-08
63-07-X*
63-07-2*
63-07-2*
63-07-2*
61-05-23
63-07-2*
63-07-24

71-11-22
71-11-22
71-11-22
63-10-23
73-11-07
67-Ob-OB
66-05-20
71-11-22
71-11-22
70-0b-20

63-04-09
71-08-18
72-Ob-OB
80-0b-12
73-06-05
71-08-18
89-04-09
03-04-09
75-OH-05
6S-Ob-20
63-07-2*
71-OB-18
73-06-Ob
73-00-05
73-06-05
73-11-27
73-06-05
68-04-09
75-08-Ob

72-OH-16

72-08-16
72-OH-16
72-08-16
72-08-15
72-08-16
72-08-lb
72-08-16
72-08-16
72-08-lb
72-02-08
71-11-22
71-11-22

72-02-08
72-02-08
72-02-08
72-02-OH
72-02-08
72-02-08
72-UP-OH
79-Oh-04
72-Ofl-lb
72-02-Ort
7?-02-01
71-11-22
78-OH-16
71-1 l-/>2

DATE
LAST

fll-03-15
80-09-0?
80-09-0?
77-10-03
81-03-lb
81-03-lb
80-09-0?
81-03-15
81-03-15
81-03-lb
31-03-15
80-09-0?
81-03-15
81-03-1S

81-03-15
81-03-15
81-03-1 s
81-03-ls
81-03-1S
75-08-03
72-02-Oy
81-03-1S
81-03-lb
81-03-15

80-09-(l->
77-10-Ob
80-09-0='
BO-09-0?
80-09-0>
77-10-05
80-09-0?
77-10-05
80-09-0?
77-10-0?
80-09-0?
77-10-03
80-09-0?
80-09-0?
80-09-0?
80-09-0?
80-09-0?
77-10-05
80-09-0'-

80-09-0'

80-09-0?
80-09-02
80-09-0?
80-09-0?
80-09-0?
80-09-0?
80-09-0?
80-09-0?
80-09-0?
80-09-0?
80-09-0?
BO-09-0?

80-09-0?
80-09-0?
80-09-0-1
ao-09-o?
80-09-0?
80-09-0^
80-09-0-?
80-09-0?
HO-09-0?
BO-09-0?
80-09-0?
7^-OB-?!
90-09-n-'
79-01-21
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COOE

  oono
'»o*oo
  nnio
J0070
;»007*
 I009S
H0300
IOU1*
 1092*

)0<OO
'10935
J0*10
009*0
 i09*S

lOMO
iO«<?o
>)OM5
 »0*OS

J0*00
 - O'SbO
'IOhf-0

/OSOT
'iOb«.S
»0«.BO

 Mins
iioon

 »1UO?

 M 0 1 ?
 )10?7
I1'I3?
 1103*
|)10*0
no*?
1 1 0 » *
 110*5
'110*9
 nosi
71900
 nof.7
'm*7
MI077
 )IO<»0

'J1092

»9350

J93i">0
J936?.
J9370
191*70
J^S^O
J939H
143*0
<9S30
4-^*0
19^16
197«i<)

19730

I9J3T
03*1
19.3 «  *

193**
13.173
<9->71
«93P3
1939°
0*?3
I9h01
l?»l«
197M
19403
(9731

»*OP B.*TY OH CONSTITUENT

COLO-* (JLATtMOICOPALT UNITS)
'H UNITS)

TEMPERATURE (t'-o C)
TUHH1UITY (jriJ)
TUHHIOITY (r<TU)
SPECIFIC CONDUCT 4NCt (MICHOHOS)
OXYGEN, niSSOLVtl) (H3/L)
CALCIUM DISSOLVED (M3/L 4S C4)
<«AGN£SIUM. DISSOLVED (MG/L 65 *G)
50DIJ** OISSDLVEO (M3/L 45 N4)
°OTA5sIi>". HlS5dLVEI> <*S/L 45 «)
ALKALINITY <%I(*/L 4S C4C03)
CHLORIDE. DISSOLVED (MG/L »S CL»
SULFATF OlssOLYfc.0 <M3/L 45 SD*>

MlTPD'iE^' A"«^(iNIA T(tT4|_
 mwjOEJ' N1TWATF. TOT4L
^iT^OGF'vl. N1T*ITF TuTAL
^IT^O^EN. O^SAMlC TOTdL
MIT»Or,FNt TOT* 1.
"HOS'HATE* T01»L
3Mus 3 H*TF« O*THO. DISSOLVE')
"HOS'WQPI.'S. OH1HO. T014L
»HOS J HO*US. TlilAL
CARHON. ORGAMI" TOTAL

ALUM HUM, TnUL RECOVHJA3LF
44Sf^IC OIS-jOLVEO
4nSFMlC TDT4L
 »Ff<YLLIIJ M « TOT»L KECOVERAhLE
C40MIIJM TOT4L ^ECOVHAiJLi
CHHO^KIM, HEAAVALENI, OIS.
CHHOHIU«<t TOTA_ RECOVEKA^Lfc
COPPEW. OISSOLvtO
COP»*£H, TOTAL ^ECOVk^AsLi
I-»OM, OISSOLVtD
IKON. TOTAL RKCOV^HA3LE
LEAD. niSSOLVED
LEAOt TOTAL HKCOVERA3LL
MtRCJHY TOTAL ^tCOVt^4isLl
MICK^L. TOT4L -JECDVt^A-iLt
SELENIUM, TUTA.
S1LVEH. TOTAL ^ECOVE^AbLi
ZINCt OISSOLVKD
ZINC, TOTAL «eCOVE><A1LE

SAMPLES 1
TOTAL RMKS 1 MINIMUM MEDIAN

>IAJO^ CONSTITUENTS A YD PRO>£^TIES

IB 0
23 0
23 0
17 0
10 0
27 0
21 0
lf> 0
lb 0
Ib 0
IS 0
12 0
16 0
16 0

^UTHIFNTStlN

23 0
25 0
23 0
26 0
19 0

3 0
* 0

23 0
23 0
25 0

METALS, IN ^

2 0
7 0
3 0
* 0
2 0
7 0
3 0
* 0
? 0

111 0
2 0
a o
2 0
?. 0
2 0
2 0
2 0
n 0
2 0

0«04^ICS IS *ATE^

CHLO^OANF, IOIAL
OllO. TOTAL
ODE. TOTAL
DOT. TOTAL
3IA2INON. TOTA.
DIELO^IN TOTAL
ETHI3.4* TOT»L
LINDANf TOTAL
>!ALATmOM, 10TAL
BARATMJON, TOTAL
=CH. TOTAL
SlLV£A. TOfuL
?«4-3, TOTAL

ItSGANICS

ALDNI'U TOTAL IN «OTT.)M ^ATh-<F4L
CHLO-IDAMF , TOTAL IN 30TTDM HATEHIA.
DOt). TOTAL IN 3UTTDM »UTEKI4L
Of»F. TOTAL IM BOTTOM MATrKTAu
OUT, TOTAL IN BOTTOM MATERIAL
DIAZMOM. TOTA. IN BDTIO 1* MAIHIAL
1tEL.MTN« T'iT/>. IN KDTTO 1* MAlp^lAL
ETHI3M. TOTAL IN HUTT'J'I lATf.^lAL
 1FPT4CHLOH KPO*IOE TOT. IN eOTTOM 1ATL
"*F.THYL ^AktAiniDM. TOT. IN -OTTO* MATL.
°C^« TOTAL H duTTOf" .t»TEKlA L
SlLViH. TOTAL IN m»!TOM viATf-IIAL
TOKA=HF.<jK. TOTAL IN BOTTOM MATthlA..
2,»-D. TOTAL IM ROT13M MATFKUL

a o
H 0
M 0
1 0
6 0
y o
5 0
9 u
6 U
S 0
tl 0
9 0
9 0

IN aOTTO«n XATE*

9 0
6 0
S 0
H 0
 J 0
« 0
=* 0
3 0
 ) 0
* 0
V 0
H 0
1 0
H 0

*>0 *00
3.5 *.?

11.5 23.0
0 3
0 1

90 1*0
1.2 *.5
3.1 3.9
3.3 3.9
5.7 11. 0
0.8 2.3

0 0
2.b 20.5
0.7 20.0

MILLIGRAMS PE* LITE*

0.00 0.06
0.00 0.00
0.01 0.02
0.50 1.35
0.67 1.96
0.02 0.11
0.0* 0.12
0.01 0.03
0.02 0.0*
21.0 *8.0

CRDGRA4S PER LITER

100 500
0 13
0 2
0 5
0 1
0 0
0 10
0 10
3 6

120 **5
880 990

0 5
* 9

0.2 0.3
1 2
0 0
0 0

10 *5
30 180

4EAN

*91
*.*

21. S
9
?

1*7
*.6
*.3
*.o

10.9
2.*

2
21.3
19.2

0.76
0.09
0.03
2.19
3.50
0.12
0.1?
O.OS
0.05
67.5

500
15

7
5
1
1

10
7
5

5*6
990

9

9
0.3

2
0
0

55
180

1 DATi
MAX1MU* 1 FIHST

1000
7.0

29.0
110

7
210
3.2
9.0
5.4

U.O
4.5

1H
37.0
30.0

b.20
0.74
0.07
9.60

15. BO
0.22
0.20
0.14
0.21

220.0

900
40
20
10

2
a

20
1*

8
1300
1100

14
1*

0.3
3
0
0

120
330

IN MICROGRAXS PErt LITER

0.0 0.0

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.02
0.00 0.00
0.0 0.0

0.00 0.00
0.00 0.00

ALi IN M1CR03HAM5 °E*

0.0 0.0
0 1

0.0 0.0
o.u o.o
0.0 0.0
0.0 0.0
0.0 0.0
0.0 U.O
0.0 0.0
0.0 0.0

0 0
0.0 0.0

0 0
0 0

0.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
O.J1
o.oo
0.0

0.00
0.01

KILOGRAM

0.0
3

O.U
0.0
0.1
O.U
0.1
0.0
0.0
0.9

2?
0.0

5
0

0.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.30
0.00
0.0

0.01
0.13

0.0
15

0.0
0.0
O.-i

0.0
0.4
0.0
0.0
3.S
110
0.0

30

1

f.9-04-30
b"-0*-JO
h9-ll-24
70-12-02
78-Ob-OS
69-04-30
70-05-2»>

S.9-04-TO
69-04-30
b9-0*-30
69-0*-30
b9-0*-30
69-0*-JO
69-04-30

72-08-17
72-OH-17
72-08-17
70-OS-26
74-02-20
69-0*-30
69-04-30
72-OH-17
72-OH-17
70-0b-20

80-05-12
70-12-02
72-OH-17
eO-Ob-12
BO-OS-12
72-OH-17
70-12-02
70-12-02
RO-Ob-12

69-04- JO
80-05-12
70-12-02
BO-05-12
HO-OH-J2
HO-05-12
80-0b-12
80-05-12
70-12-02
80-05-12

72-08-17

72-OH-l f
72-08-17
72-OH-17
72-08-17
72-08-17
72-08-17
72-08-17
72-08-17

72-08-1 7
72-08-1 f
72-11-lb
72-11-lb

72-08-17
72-08-17
7?-08-U
72-08-17
72-08-17
72-08-17
72-OH-l 7
79-06-16
72-0^-ir
7?-0«-17
72-OK-17

72-11-lib
7?-08-17
72-ll-l«>

DATE
LAST

81-03-1S
80-OV-O?

fll-03-lS
77-10-0=
81-03-15
81-03-lb
81-OJ-1S
31-03-15
81-03-1S
81-03-1*
81-03-15
80-09-0?
81-03-1S
81-03-1S

81-OJ-lb
81-OJ-1-)
81-03-lb

ftl-03-li
81-OJ-1S
75-03-li
71-05-OJ
81-03-1S
81-03-1'.
81-03-lb

80-09-0?
77-10-U5
80-09-02
80-09-0?
80-OV-Oa
77-10-Oi
80-09-02
77-10-0?
80-09-0?
77-10-0-,
80-09-02
77-10-05
80-09-0?
80-09-0?
80-09-0?
80-09-0?
80-09-0?
77-10-Oa
80-09-0?

80-09-U?

80-09-0?
80-09-0?
80-09-0?
80-09-0?
80-09-0?
BO-09-0?
80-09-0?
80-09-0?
80-09-02
80-09-U?
HO-09-0?
80-09-0?

80-U9-0?
80-09-0?
80-09-0?
80-09-0?
90-09-0?
80-09-0?
80-Ov-O^
80-09-0?

80-09-0<f
riO-09-0?
80-09-0?
79-08-20
80-09-0?
79-08-20
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fATION 022b>)?^4 SITE 7: CANA. DOWNSTREAM FROM STRUCTUH; S-405 

 OOF »HOP£MTY OW CONST I TO-NT
SAMPLES I 

TOTAL R"KS I MINIMUM M-OIAN MEAN

HAJO^ CONSTITUENTS AMD PRO'ESTIES

>0«0
'40"
'010
'070
'U7«>
'095

"300
ioi^
">25
1^30
1035
1410
ii»40
 ^45

'MO
">20

MS
>U05
if,00
">50
1*60
'S07
 6*5

">«»0

IDS
'100
00?
012
0?7
032
034
040
043
04*
04S
040
I)S1
400
Of.7
147
077
090
09?

COL05 (OLATiNUMCORALT UNITS)
3H (JNITM
TEMPERATURE (l)£G C)
TURBIDITY (JTU)
TUHhl'HTY (NTU)
SPECIFIC CDuOUCTANCf-. (MICROM-IUS)
OXYGEN. DISSOLVED (MG/L)
CALCIUM DISSOLVED (MS/L AS CA)
MAGNESIUM, MbSoLVED (MWL «S MG)
SOOIJM. nissoLvto (we/L AS NA»
3OTASSIUM, DISSOLVED (1<i/L AS K>
ALKALINITY (Mti/L AS CACO3)
CHL05IOE. OISSDLVFO ("B/L «S CD
SULF4TE DISSOLVED (MS/L AS bO*»

MITPDGFN. AMMONIA TOTAL
MITRDfiEN. NIT^ATF TOTAL
MITR3GEN, NIT^ITF TOTAL
MITHOGFN. OH1JAVIIC TOTAL
NITHD^EM, TOTA L
t>HOS=»HATF, TOTAL
PHOS 3HATF, ORTHO, iJISSOLVEl11
PHOS !>HO-'US, OHTHO. TOToL
t>HoS 3HO*»US» TOTAL
CARHDN. ORGANIC TOTAL

ALUMINUM, TOTAL RFcovtHASLE
ARSEMIC DISSOLVED
ARSEMIC TOTAL
3FHYLLIDM, TOTAL HECOvEHA«Lt
CADMIUM TOTAL ^ECOVt^AetLE
CHROMIUM. HF.XAVALF.NT. uis.
CHROMIUM, TOTAL WECOVERA^LF
COPPER, DISSOLVED
COPPER, TOTAL ^tCDVtRAJLE
IRON, DISSOLVED
IRON, TOTAL RECOVEHA3LC
LEAD, DISSOLVED
LEAOt TOTAL RECOVERASLt
MERCURY TOTAL ^tCOVt^AtJLE
MICKEL. TOTAL *ECDV 9A!JLE
SELEMIUM, TOTAL
SILVER, TOTAL ^ECOVt9A«LE
ZINC, OISSOLVtD
ZINC, TOTAL MtCOVERA^Lt

11
20
21
20
7

23
20
11
11
11
11
15
17
17

MUTRIEV

23
25 .
20
25
17
5
4

20
20
23

0
0
0
0
0
0
0
0
0
0
0
0
0
0

TS.IN

0
0
0
0
0
1
0
0
0
0

METALS, IN M

2
4
3
2
3
5
3
5
4
5
5
5
3
3
3
2
2
S
3

0
0
0
0
1
0
0
0
0
0
1
0
0
0
0
0
0
0
0

ORSAMICS IN BATE?

 350

360
35S
370
T70
380
19H
.<40
-30
  40

-If.
760
'30

133
JS1
3f>3
«*t
173
-71
\*3
<QO
' ?3
 '01
 >19

K>1
-03
f3l

CHLO^DANE, TOTAL

DUD. TOT»L
OOF« TOTAL
DOT, TOTAL
OIAZINON, TOTAL
DIFLDRIN TOTAL
ETHIDJ. TOTAL
LINLIANE TOT4L
MALATHIQN, TOTAL
SARAT'-IIOM, TOTAL
»C*. TOTAL
SILVEX. TOTAL
2.4-D. TOTAL

O^bAMCS IN

ALD"IN. TOTAL in BOTTOM MATERIAL
CHLO-trtANf, TOTAL IN 4OTTOM MAT£RlA_
OOD, TOTAL IN BOTTOM MATEKIAL
ODE, TOTAL IN 3OTTO* M«T5KlAL
ODT, TOTAL IN HUTTO" MATERIAL
DIA/INOM, TOlA. IN HOTTOM MATERIAL
DIELOHIN. TDTA._ IN M3TTOM "ATh^IAL
ETHI3N, TOTAL IN HOTT'iM MATERIAL
 ^fPTfcCHLOP E 0UK10E TDT. IN eDTTOM 1ATL.
METHYL >»AWAT*I3H, TOT. IN bOTTOM MATL.
»CH, TOTAL IN BOTTOM MttTEKlAL
SILVEX, TOTAL IN BOTTOM MA TF31AL
TOXA^HENF, TOTAL I* 30TTOM MATEHU.
2,4-D» TOTAL IM HOTTDH MATERIAL

7

7
7
7
3
7
3
7
3
3
7
H
3

BOTTOM

6
6
6
6
5
3
*>
2
<3

3
6
7
S
6

0

0
0
0
0
2
0
0
0
0
0
0
0

MATE*

0
0
1
0
0
0
0
0
0
0
0
0
0
0

70
5.2

13.5
1
1

141
1.0

15.0
3.9
5.2
1.3
19

0.6
5.5

MILLIGRAMS PE*

0*04
0*00
0.01
0.08
0.57
0.01
0.03
0.02
0.03
5.0

140
6.4

24.0
5
2

163
3.6

18.0
4.7
7.6
2.2
45

14.0
15.0

LITER

0.12
0.02
0.01
1.09
1.32
0.09
0.11
0.04
O.OB
24.5

173
6.4

23.4
9
2

169
3*6
17.7
4.6
8.1
2.1
43

12.5
14.4

0.12
0.09
0.02
1.10
1.39
0.22
0.11
0.04
0.03
23. &

CROGRAMS PCR LITER

120
0
7
0
0
0

10
0
3

100
SO
0
0

0.1
0
0
0
0

10

IN MICROtiRAIS

0.0

0*00
0*00
0.00
0.00
0.00
0.00
0.00
0.05
0.00
0.0

0.00
0.00

160
3
8
0
0
0

IS
20
10

150
130

1
0

0.2
1
0
0

10
10

160
4

12
0
7
0

15
19
8

152
216

2
0

0.2
1
0
0

IS
13

PER LITER

0.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.07
0.00
0.0

0.01
0.02

AL, IN MicRosHAMs PER

0.0
0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0
0.0

0
0

0*0
2

0*0
0.0
0.0
0.0
0.2
0.0
0.0
0.0

0
0.0

0
0

0.0
0*00
0.00
0.00
0.00
0.00
0.00
0.00
0.15
0*00
0.0

0.20
0.05

KILOGRAM

0*0
2

0.0
0.0
0.0
0.0
0.3
0.0
0.0
0.0

0
0.0

0
0

UNUM

440
7.3

30.0
40

3
300
7.3

21.0
5*0
10.0
2.6
83

24.0
20.0

0.27
0.87
0.04
3.90
2.63
0.85
0.18
0.10
0.16
63.0

300
10
20
0

?0
0

20
40
10

230
480

5
0

0.3
1
0
0

40
20

0.1

0.00
0.00
0.00
0.01
0.01
0.00
0.03
0.34
0.00
0.1

1.40
0.17

0.0
S

0.0
0.2
0.1
0.0
3.3
0.0
0.0
0.0

0
0.0

0
0

1 DATE
1 FI"ST

71-08-19
71-08-19
71-08-19
71-08-19
79-06-04
71-08-19
71-08-19
71-08-19
71-OH-19
71-08-19
71-08-19
71-08-19
71-OH-19
71-08-19

71-11-23
71-11-23
71-11-23
71-OH-19
75-03-18
75-03-17
71-08-19
71-11-23
71-11-23
71-08-19

80-05-12
71-08-19
72-05-08
80-05-13
75-09-03
71-08-19
80-05-12
71-08-19
75-08-05
71-08-19
73-04-U
71-08-19
80-05-12
80-0b-13
80-05-13
BO-05-12
80-05-12
71-08-19
73-08-05

72-02-09
72-02-09
72-03-09
72-02-09
73-02-09
73-0.? -09
73-02-09
72-03-09
72-02-09
72-02-09
73-02-09
71-11-23
71-11-23

73-02-09
72-02-09
72-0?-09
73-02-09
73-02-09
73-02-09
72-02-09
79-06-04
75-05-P3
72-02-09
72-02-09
71-ll--»3
73-05-?J
71-11-23

0»TE
L»ST

81-03-15
81-03-15
81-03-15
77-10-05
81-03-15
81-03-15
80-09-02
81-03-15
81-03-15
81-OJ-15
81-03-15
80-09-02
81-03-15
81-03-15

81-03-15
91-03-15
81-03-15
81-03-15
Bl-OJ-15
75-09-0?
75-01-21
81-03-15
81-03-15
81-03-15

80-09-02
77-10-05
HO-09-02
80-09-02
80-09-0?
77-10-0*
80-09-02
77-10-05
80-09-02
77-10-05
80-09-02
77-10-05
80-09-02
80-09-02
80-09-02
80-09-02
80-09-02
77-10-05
80-09-02

HO-09-Oi

80-09-02
80-09-02
80-09-02
80-09-02
80-09-02
80-09-02
80-09-02
80-09-02
80-09-02
80-09-02
80-09-02
80-09-02

80-09-02
80-09-02
80-09-02
80-09-02
80-09-02
80-09-02
80-09-02
80-09-02
80-09-02
80-09-02
80-09-02
79-OH-^O
80-09-02
79-08-20
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CODE =»HOPEWTY Or- CONSTITUENT
SA^t^L

TOTAL
ts i
HMKS 1 M1NMUH

*AJO* CONSTITUENTS AND

UOOPO
00400
00010
00070
0007h
uoo«*s
JO 300
00415
OOS»?S
00^30
00435
00410

00440
OQ945

UOMO
00h?0

(IOMS
00605
UO^OO
UOhSO
00«Sf>0
70S07
D0665
.)0*«0

olins
i) loon
0100?
I) 1 0 1 Z
ulO?7
01032
01034
01040
1)104?
'U04S

1)1045
U104V.

JlOSl
7IH90
71VOO
') 1 0 f> 7
1)1147

 »1077
01090
 I10Q2

COLO-l <MLATINU«C04ttLT UNITS)
OH (J.viITS)  
TF.*PEHATU«£ (Diu C)
TUMIDITY (Jlu)
TUWHIOITY (NTU)
SPECIFIC COUOUCTANLf. (MlCrfOHOS)
OXYGEN, OISSOLvEO (M3/L)
CALCIUM DISSOLVED <MS/L AS CA)
MAGNESIUM. OlSS'JLVtli (HU/L AS MG)
SODIJM, "ISSOLVtO (MG/L AS MA)
POTASSIUM, DISSOLVED <M(j/L AS K)
ALKALINITY (M«,/L AS CACOSI
CHLO=*lnF. 01SS3LVFU (nb/L AS CD
SULFATE DISSOLVED (M3/L AS S34)

NITPO'^E')' AMMONIA TOTAL
NITPDHFM. NlTKATfc' TOTA L
NIT*O«FN. NITKITF. TOTAL
NITHOcFN. O^jAvilC TOTAL
NITPOGFM. TOTA W
BHOS=MATH. TOTAL
=»HOS 3HATK» (>-<T-lO» OISSOLVtf)
^HOS-MO^'JS. OPlHO. TOTAL
3MOS :>HO^US» TUlAI.
CAPHO't. ORGANIC TOTAL

ALUMINUM. TOTAL "ECOVE^A^Lt
AKSENlC OISSOLvEO
AMStNIC TOTAL
StftYLLI')**. TOTAL RtCOVtKAdLE
CADMIUM TOTAL ^ECOVt 9A-JLE
CHROMIUM. HMAvALENT. 'JIS.
CHPO^IUM. TOTA. WECOVi-IrfA^LE
CiJPPEn. OIS^OLvEO
CuPP^H. TOTAL -^KCOVt^AdLE
I'JON. DISSOLVE 5
MON. TOTAL ^KCOVF.^ASJLE
LEAD. DISSOLVKJ
LEAD. TOTAL -^tCOVEHASLt
 4EKCJHY OISSOLVEO
MFUCJRY TOTaL ^ECOVE^nBLE
NICK£L« TOTAL ^ECOVE'rtBLE
SELENIUM. TDTAi.
SILVER. TOTAL ^ECOVHAdLE
ZINC. OISSOI.VI-D
ZINC. TOTAL RtCOVEdA^LE

^3
22
30
12
b

23
13
19
1H
16
16
19
21
20

0
0
0
0
0
0
0
0
0
0
0
0
0
0

NUTPIF.NTS. IN

12
12
1?
22
10
12
12
12
12
17

METALS

1
7
2
1
1
5
3
H
1

14
1
8

1
9
1

ORHANICS IN

19^0
193*. «
J9j*5
J9J70
J9S70
.03*0
19390
19340
19530
J9540
<9S1S
197ftU
19730

J933.3
»93M
193*3
<93*M
19373
<9-j7 1
19 )«3
<9J90
194?3
*9*iO 1
(9510
  97IS1
<9403
19731

CHLO *OA^|F. . 10T*L
OHO. TOTAL
DOE. IOFAI.
OOT. TOTAL
OIAZI'iON. TOTA'.
OIFLi^IN TOTAL
ETHIJ'M. TOTaL
LINOAr)f TOTAL
HALATHION. TOTftL
DAkATHION. TOTAL
BCH. TOTAL
SILVER, TOTAL
?.4-j. TOTAL

U«RAN1CS IN

ALOPI'V, T01AL IiM ROTTOM MATfc^IAL
CHLD-»I)A^F , TOTAL IN -}()TTOH MAT£«IA'_
DUD. TOTAL IN 30TTOK ^ATEPIAL
DDF. TOTAL IN 30TTOM MATERIAL
O'JT. TOTAL IN BOTTOM MATERIAL
DIAZINO'I. TOTA. IN MOTTOM "ATt*lAL
3IEL3«I'J. TOTn 1. IN HOTTO^I "ATK^IAL
ETMION, TOT«L IN ROfTOM MATK-UAL
HEPTAC>-ll.')P KPimlLiF TOT. IN HJTTOM «IATL.
*»FTMrl. BnPATHlDN. TOT. IN HOTTOM MATL.
=»CH. TOTAL IN dOTTl)*' MATERIAL
SILVER. TOTAL IN ROTTDM MATF-«IAL
TOX63HFfif. TOTAL IN HOTTOM MATEMIA.
2.4-'J. TOTAL IN HOTTOM MATFPlAL

4
q
H
q
5
a,
5
9
T

3
4

3
3

aOTTOM

M

4

s
9
H
3
q
1
3
3
4
4

3
4

0
0
0
0
0
0
0
0
0
0

. IN v(

0
0
0
0
0
0
n
0
0
0
o
0
0
0
0
0
0
u
0
0

JO
3.5

10.5
1
1

58
0.2
2.6
1.3
5.5
0.2

0
9.7
0.0

^ILLIGHA^S

0.03
0.00
0.01
0.26
1.36
0.02
0.01
o.ol
0.01
20.0

CHOGHA^S

90
0
1
0
0
0
0
0
5
0

470
0
1

0.9
0.2

0
0
0

20
20

MEDIAN

PRO'E'UIES

320
4.6

24.0
2
2

85
3.5
4.5
2.0
7.3
0.6

0
17.0
1.6

PE* LITE*

0.06
0.00
0.02
1.J5
2.09
0.07
0.05
0.02
0.03
53.0

PEK LITER

90
10
15
0
0
0

10
6
5

395
470

3
1

0.9
0.2

0
0
0

50
20

<EAN

333
4.7

22.4
5
2

99
4.0
4.9
2.0
7.5
1.9

9
16.0
4.3

0.21
0.00
0.02
1.35
2.10
0.41
0.34
0.02
0.03
S7.9

90
17
15
0
0
2
7
9
5

431
470

6
1

0.9
0.2

0
0
0

61
20

1 OAT£
SAXHU 1* i FIHST

700
6.5

29.0
23
3

309
9.3
9.9
3.5

12.0
9.7
98

24.0
22.0

0.97
0.03
0.04
2.40
3.41
3.60
3.60
0.04
0.06
120.0

90
50
30
0
0
H

10
40
5

1100
470
20

1
0.9
0.2

0
0
0

130
20

65-OS-,'0
(><,-OS-?0
66-Ob-^O
69-07-16
79-OH-29
66-05-?0
67-05-08
66-Ob-?0
66-05-?0
66-05-20
66-05-20
66-05-^0
66-OS-20
66-05-e>0

72-02-Otf
78-02-Otf
72-02-09
69-10-23
73-11-07
66-OS-20
66-OS-?0
72-02-08
72-02-OB
70-05-20

HO-OS-12
70-08-J1
72-OH-16
HO-05-12
80-05-12
71-03-01
70-0«-31
70-08-31
80-05-12
66-05-20
80-05-12
70-OH-31
HO-OS-12
70-OH-31
HO-Ob-1?
HO-05-12
HO_Qt,_l 2
80-05-12
70-06-31
hO-05-12

OATE
LAST

80-Ob-l  >
80-OS-l i
flO-05-1 -
77-10-0?
80-05-lc
80-05-1;;
80-05-1 y
80-05-1?
80-OS-l ?
80-05-1?
80-05-1 ;
flO-05-1?
HO-Ob-1 ' >
80-05-1?

80-OS-l ?
80-Ob-l ?
80-05-li
80-OS-l?
80-OS-l?
70-12-0?
72-02-Oy
80-05-1-"
80-05-1 »
80-05-1?

80-05-1 ?
77-10-03
80-05-1 '
80-05-1?
80-05-1 ?
77-10-0=
80-05-1 ?
77-10-OS
80-05-1?
77-10-03
80-05-1?
77-10-05
80-05-1?
70-08-31
80-05-1?
80-05-1?
BO-05-1?
80-Ob-l?
77-10-05
80-Ob-li

 ATE'. IN MICK06RA*S PER LITER

Q
0
0
0
0
0
0
0
0
0
0
0
0

MATE4

0
0
0
0
0
0
0
0
0
0
0
u
0
0

0.0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0

0.00
0.00

0.0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0

0.00
0.00

AL» IN MICRU3RAMS °ER

0.0
0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0
0.0

0
0

0.0
0

0.4
1.2
0.0
o.o
0.?
0.0
0.0
0.0

0
0.0

0
0

0.0
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.0

0.00
0.00

KILOGRAM

0.2
0

0.9
1.9
0.8
0.0
o.s
0.0
0.0
0.0

0
0.0

0
0

0.0
0.01
0.00
0.01
0.00
0.00
0.07
0.00
0.00
0.00
0.0

0.00
0.00

1.3
0

3.*
5.4
1.0
0.0
2.8
0.0
0.0
0.0

0
0.0

0
0

72-02-OH
70-OH-31
70-OH-31
70-OH-31
71-03-01
70-08-31
71-03-01
70-QR-31
71-03-01
71-03-01
7?-0?-08
73-11-07
73-11-07

70-OH-31
72-02-08
70-OH-31
70-OP.-31
70-OH-.U
7?-02-0«
70-OH-.U
79-08-^1
72-OH-13
72-02-04
72-02-OS
73-11-07
7'-OH-l f}
73-11-07

79-OH-21
79-08-<!l
79-06-21
79-09-21
79-09-?!
79-08-21
79-08-21
79-08-?!
79-08-?!
79-OH-21
79-08-21
79-08-21
79-08-21

79-08-21
79-08-<;l
79-08-21
79-08-^1
79-08-21
79-Od-^l
79-08-^1
79-OS-21
79-OH-21
79-08-?!
79-Od-?l
7^-04-?!
79-08-?.!
79-08-21
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-.T4TION CANA_ FRO'* STRUCTURE S-*10

=>POP£PTY OH
SAMPLtS 

TOTAL PMKS I M IN I v»l)M MEDIAN HE AN

CONSTITUENTS AMD HHO'ESTIES

UOOHO
.10*00
00010
J0070
'10076
00095
10300
10915
')09?5
J0930
 )0935
00*10
009*0
009*5

JOMO
 )06?0
U061S
')0605
00600
1)06^0
00660
70S07
J066S
OOhMO

'1110^
 11000
' 100?
0101?
 11027
' 103?
iil03*
J1040
010*2
 U0»6
OlOAS
o ID*"
01051
71900
01067
011*7
01077
01090
01092

COL03 (PLATINUMCOHALT UNlTb)
3H ( JfJI T5)
TEMPERATURE d>EG C)
TURHir.UTY <JTU)
TOUHJJJITY (NTU)
5PFCIFIC CONDUCTANCE ( M ICRO*H')S )
OXYGEN, DISSOLVED (MG/L)
CALCIUM PIS^OH/ED (MS/L AS CAI
MAGNESIUM. i^IbSOLVED (MU/L AS MG )
soDiJM< DISSOLVED (MG/L AS NA>
POTASSIUM, DISSOLVED (MG/L AS .0
ALKALINITY c«fo/L AS c*co3>
CHLO'-UOE. OISSOLVfO (MG/L AS CD
SULFATE DISSOLVED (*3/L AS SO*)

NITROGEN. A««ONIA TOT«L
NITPO«FN, NITPATE TOTAL
NITROGFN. NITKIT1 TOTAL
NITROGEN, ORGANIC TOTAL
NITROGEN. TOTAu
PHQS'HATE, TOTAL
PHOSPHATE. O^T-IO, DISSOLVED
PHOS 3HOWIJS. OHTMO, TOTAL
PHOS 3HOHUS« TC'lAL
CARHON, ORGANIC TOTAL

ALUMINUM. TOT*. RECOVERABLE
ARSENIC DISSOLVED
APSF.NIC TOTAL
^EPYLLI'JM* TOTAL HtC3VtRAHLE
CADMIUM TOTAL ^ECOVt'^AtJLE
CMHO^IOM. HtXAVAL^NT. OI">.
CHROMIUM, TdTAi. RECOVERAJLf
COPPER, DISSOLVED
COPPER, TOTAL ^ECOVt ̂ AtJLC
IRON. DISSOLVE
IRON, TOTAL xtCovFUA^LE
LEAO. DISSOLVED
LEAD. TOTAL *ECOVErfA(3LE
MFWCJPY TOTAL 3tCOVfc~«»ABLE
NICKEL. TOTAL ^ECOVERAHLE
SfLtNIUM, TOTAL
SILVER* TOTAL 3ECOVEPA3LE
ZINC. OTSSOLVFD
ZINC. TOTAL RECOVERABLE

H
16
23
15
11
23
22
7
7
7
7

13
13
13

0
0
0
0
0
0
n
0
0
0
0
0
0
0

NUTRIF.NTS.IN

22
2*3

19
25
19

*,

2
19
19
21

METALS

2
1
2
2
3
1
2
1
*
1
3

1

2
2
2
2
2
1
3

OK6ANICS IN

19350

1936(1
J9365
39370
.39*70
393«0
J939H
39340
J9330
39S40
39S16
J9760
39730

39333
19351
39363
»936H
J9373
39^71
393 B 3
J939U
J9*?3
I960 1
19S19
»976I
<9*03
19731

CHLO^OANF. TOTAL

ono« TOTAL
OOE. TOTAL
OCT. TOTAL
OIAZINON, TOTAL
OIEL3W IN TOTAL
ETHI3N. TOT«L
LINDAMt TOTAL
MALATHION. TOTAL
3AHATHION, TOTAL
PCH. TOTAL
SILVEX. TOTAL
2.*--.). TOTAL

O^GANICS

ALDWIN. TOTAL IN BOTTOM MATP^IAL
CHLO=I1)A'<F . TOTAL IN BOTTOM MATERIAL
DOD. TOTAL IN BOTTOM MATERIAL
OOE. TOTAL IN 30TTOM MATERIAL
OPT. TOTAL IN 30TTOM MATERIAL
DIA7P40N, TOTAL IN HOTIOM MATF.PIAL
OltLJRIN. TOTA^. IN HOTTOM UATtQIAL
ETHION, TOTAL IN BOTTOM HATE-^IAL
HFPTACHLOR KPOXIDE TOT. IN HOTTOM *<ATL
MF.THYL PAkATHlDN. TOT. IN MlITOM MATL.
PCM. TOTAL IN dOTTO" MATERIAL
SILVEX, TOTAL IN HOITOM vtATHIAL
TOXA3HPUE. TOTAL IN SOTTOM MATERIAL
2,*-D, TOTAL JN HOTTOK MATERIAL

6

6
6
6
2
6
2
S
2
2
6
S
6

IN dOTTOM

7
7
7
7
7
2
7
2
7
2
7
5
7
5

0
0
0
0
0
1
0
0
0
0

, IN H

0
0
0
0
1
0
1
0
1
0
1
0
0
1
0
0
0
0
0

HATE*

0

0
0
0
0
0
0
0
0
0
0
0
0

MATE'

0
0
0
0
0
0
0
0
0
0
0
0
0
0

120
4 «H
9.5

0
0

76
1.3
9.5
3.8
4.1
1.0
10

0.8
0.0

MILLIGRAMS PE

0.01
0.00
0.00
0.11
0.79
0.01
0.05
0.01
0.01
9.0

CROGRA1S PER

10
2
0
0
0
0

10
7
1

390
SO
9
0

0.1
0
0
0

20
10

210
6.2

2*.0
3
1

104
*. 1

11.0
*.4
5.1
1.4
23

10.0
6.5

* LITER

0.0*
0.10
0.02
0.99
1.31
o.o*
0.05
0.02
0.04
26.0

LITER

15
2
1
0
0
0

15
7
6

390
210

9
2

0.1
0
0
0

20
10

219
6.1
22.4

4
1

111
*.7

11.1
*.4
5.9
1.5
25

7.9
6.6

0.07
0.15
0.02
1.10
1.46
0.10
0.05
0.05
0.07
28.7

15
2
1
0
7
0

15
7
S

390
179

9
2

0.1
0
0
0

20
13

IN MICROGRAIS PER LITER

0.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
o.oo
0.0

0.00
0.00

0.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.09
0.00
0.0

0.00
0.00

ALt IN MICR03RAMS PEP

0.0
0

0.0
o.o
0.0
0.0
o.o
0.0
0.0
0.0

0
0.0

0
0

0.0
0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0
0.0

0
0

0.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.09
0.00
0.0

0.00
0.00

KILOGRAM

o.o
10

1.5
1.1
0.0
0.0
2.1
0.0
0.0
0.0
112
0.0

0
0

Mill

360
7.3

30.0
6
2

193
1S.1
14.0
5.1

10.0
2.6
**

17.0
13.0

0.80
0.55
0.05
2.50
2.7*
0.37
0.05
0.53
0.5H
73.0

20
2
1
0

20
0

20
7

10
390
310

9
3

0.1
0
0
0

20
20

0.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.15
0.00
0.0

0.00
0.01

0.1
55

7.3
8.0
0.0
0.0

10.0
0.0
0.0
0.0
760
0.0

0
0

DATE
FIK3T

74-OH-01
74-08-01
71-0*-?7
71-0*-27
79-06-Ori
71-0*-?7
74-08-01
7*-08-01
74-Ofi-Ol
74-08-01
74-OB-01
74-08-01
74-08-01
74-08-01

74-08-01
74-Ob-Ol
74-08-01
71-04-?7
74-08-01
75-03-18
71-0*-?7
74-08-01
74-08-01
74-OH-01

80-05-12
74-OH-G1
80-05-12
80-05-12
75-09-08
74-08-01
SO-Ob-12
74-08-01
75-OH-05
74-OH-01
75-0*-l*
74-08-01
80-05-12
80-05-12
90-05-12
80-0b-18
80-OS-12
74-08-01
75-08-05

74-08-01

74-08-tll
74-Ort-Ol
74-08-01
79-Ot>-Ob
74-oa-oi
79-On-OS
74-08-01
79-06-05
79-06-05
74-OA-01
7*-l*-ll
74-12-11

74-OH-Ol
74-08-01
74-OH-Ol
74-08-01
74-08-01
79-06-OS
74-Oh-Ol
79-06-05
74-OH-Ol
79-06-0 '-3
74-08-01
74-U-ll
7*-oa-ni
74-12-H

DATE
LAST

«l-03-li
PO-O^-O?
81-03-1S
77-08-03
81-03-15
81-OJ-1S
fll-OJ-lS
81-OJ-1S
81-03-1S
81-03-l!>
81-03-1 J.
80-11-03
81-OJ-1S
81-OJ-li

81-03-1S
81-03-1S
81-OJ-1S
81-03-1S
81-03-1S
75-09-30
7S-01-21
81-03-1S
81-03-15
81-OJ-l 1)

80-09-0?
74-08-01
80-09-0?
90-09-0?
90-09-0?
74-08-01
flO-09-0?
74-08-01
80-09-0?
74-08-01
80-09-0?
74-08-01
80-09-08
80-09-0?
80-09-0?
HO-09-0?
80-09-02
74-08-01
80-09-0?

BO-09-0?

80-09-0?
80-09-0?
80-09-0?
SO-09-0?
80-09-0?
80-09-0?
80-09-0?
80-09-0?
80-09-0?
BO-09-0?
80-09-0?
80-09-0?

80-09-0?
80-09-0?
BO-09-0?
BO-09-0?
80-09-0?
flO-09-Oi
80-09-0?
eo-09-o?
80-09-0?
HO-09-0?
BO-09-0?
79-08-21
80-09-0?
7V-08-21
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383135(H13-»5bOO :>ITE 10: CANAL DOWNSTREAM FROM L-410 CANAL

SAMPLES i
COOF PROPERTY OR CONSTITUENT TOTAL PMKS I MINIMUM MEDIAN <4EAN

<4AJOR CONSTITUENTS AND PRO'ERTIES

'J00«»0
'10400
 10010
00070
'007".
10095
"030D
 )0«<15
J0935
10930
)0935
(0410
J0940
10945

lOMO
'06''0
  OM5
J0605
10600
)0650
70S07
10665
'Of>«0

'1105
HOOO
'1003
'1013
'1037
<1033
>1034
11040
'1043
I104b
H045
H04Q

"1051
M900
JI067
U147
U077
11090
(1093

COLOR (PLATINUMCORALT UUITS)
"H UNITS)
TEMPERATURE (Dili C)
TIJPRIOITY (JTU)
TURBIDITY (CiTU)
SPECIFIC CONDUCTANCE (MICROMHOS)
OXYGEN. OISSOLVEO (M3/L)
CALCIUM OISSOLvtO (MG/L »S CA)
MAGNESIUM, DISSOLVED <MG/L AS MG>
SOOIJM, DISSOLVED <f»3/L AS NA)
POTASSIUM. DISSOLVED (MU/L AS *>
ALKALINITY (MU/L AS CACOS)
CHLORIDE, DISSOLVED <MI>/L AS CD
SULFATE DISSOLVED (MS/L »S S04)

NITHOGFN. AMMONIA TOTAL
NITR3GFTN. NITRATE TOTAL
NITHO'JF.N. NITRITE TOTAL
NITROGEN. OHGANIC TOTAL
NITROGEN. TOTA'_
°HOS°HATF. TOTAL
»HOS°HORUS, OKIHO. TOTAL
PHOSPHORUS, TOTAL
CAHRON. ORGANIC TOTAL

ALUMINUM. TOTAL RECUVtRAUE
ARSENIC OISSOLVfcO
ARSENIC TOTAL
9FRYLLIUM. TOTAL RECOVERABLE
CADMIUM TOTAL RECOVERABLE
CHPOMIIJM, HtXAVALENT. DIS.
CHROMIUM, TuTAL RECOVEKA9LF
COPPER. DISSOLVED
Cf)PP£R. TOTAL RECOVERABLE
IRON. DISSOLVED
IRON, TOTAL RtCOVERA-JLE
LEAD, DISSOLVED
LEAD, TOTAL RECOVERABLE
MERCURY TOTAL RECOVERABLE
NICKEL, TOTAL RECOVERABLE
SELENIUM. TOTA_
SILVER, TOTAL RECOVERABLE
ZINC, DISSOLVED
ZINC, TOTAL RECOVERABLE

H

13
14
11
10
16
14

7
7
7
7
7
9
9

0
0
0
0
0
0
0
0
0
0
0
0
0
0

NUTRIENTS, IN

31
22
19
31
19

3
19
19
31

METALS.

2
1
2
2
3
1
2
\
3
1
4
1
2
2
2
3
2
1
2

0
0
0
0
0
0
0
0
0

IN M

0
0
0
0
1
0
1
0
1
0
1
0
0
1
0
0
0
0
0

ORGANICS IN rfATER

»9350
19360

)936S
19370
I9S70
I93HO
I93QH
19340
'9530
I9S4Q

'9i>l f.
9760

'9730

9333
9351
 »J63
9J6P
9373
9S71
9383
J399
 >»?3
9501
951 1*
9761
^03
 »731

CHLOROANF. TOTAL
000, TOTAL

DDE. TOTAL
DOT, TOTAL
OUZINON. TOTAL
DIELDRIN TOtAL
ETHI3N. TOTAL
LlNDANE TOTAL
MALATHION, TOTAL
"AHATMION. T01AL
°CH. TOTAL
S1LV5A. TOTAL
3.4-D, TOTAL

ORfiANICS

ALDRIN, TOTAL IN ROTTOM MATFRIAL
CNLOVOAMF. TOTAL IN -JOTTOH MATERIAL
000, TOTAL IN BOTTOM MATERIAL
DOE, TOTAL IN 30TTOM MATERIAL
DOT, TOTAL IN 30TTOM MATERIAL
OIAZIMON. TOTA. IN BOTTOM MATERIAL
OIF.LDRIM. TuTAL IN H3TTOM MATERIAL
iTHIOrt. TOTAL IN BOTTOM MATERIAL
HFPMCHLOR h 0 (iXIOF TOT. IN BOTTOM MATL
METHYL "ARATHlDN, TOT. IN POTTOM MATL.
°CB. TOTAL IN 30TTOM MATERIAL
SILV£X, TOTAL IN ROTTOM MATERIAL
TOXA^MENF. TOTAL IN 90TTOM MATERIA W
3.4-3, TOTAL IN BOTTOM MATERIAL

5
5

5
5
3
5
3
5
3
3
5
H
H

IN BOTTOM

6
6
6
6
6
3
5
3

. 6
J
5
7
6
7

0
0

0
0
0
0
0
0
0
0
0
0
0

MATER

0
0
0
0
0
0
0
0
0
0
0
0
0
0

130
5.3

11.5
1
0

130
0.3

1?.0
3.8

11.0
3.3

14
1.0
S.8

MILLIGRAMS PER

0.05
0.00
0.01
0.15
0.98
0.37
0.13
0.30
13.0

CROGRA1S PER

300
1
2
0
0
0

10
2
3

570
SO

8
0

0.1
1
0
0
0

10

360
6.3

33.5
4
3

160
3.3

15.0
4.3

15.0
3.8

J3
33.0
13.0

LITER

0.33
0.33
0.03
1.30
1.73
0.48
0.55
0.57
33.0

LITER

300
1
3
0
0
0

15
2
4

570
340

8
1

0.3
2
0
0
0

15

384
6.1

33.4
4
3

170
3.3

14.0
4.3

17.3
3.1

33
30.3
13.6

0.37
0.35
0.0?
1.30
1.89
0.55
0.60
0.63
36.5

300
1
3
0
7
0

15
3
5

570
370

9
1

0.3
3
0
0
0

15

IN MICROGRA*S PER LITER

0.0
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0

0.00
0.00

0.0
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.0

0.00
0.00

AL, IN MICR03RAM5 PER

0.0
0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0
0.0

0
0

0.0
13

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0
0.0

0
0

0.0
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.03
0.00
0.0

0.09
0.01

KILOGRAM

0.0
44

0.0
0.0
0.0
0.0
0.2
0.0
0.0
0.0

3
0.0

0
4

HUM

soo
6.3

39.0
7
7

330
6.8

15.0
4.6

31.0
5.1
59

33.0
34.0

3.bU
O.SO
0.06
3.7U
4.73
0.80
1.70
1.70
77.0

400
1
3
0

30
0

30
3

10
570
350

8
1

0.3
3
0
0
0

30

0.0
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.05
0.00
0.0

0.64
0.04

0.0
190
0.0
0.0
0.0
0.0
1.3
0.0
0.0
0.0
30

0.0
0

39

DAT;
FIHST

77-10-05
74-OM-01
74-0^-01
74-OS-01
7R-06-05
74-08-01
74-OB-01
77-10-05
77-10-05
77-10-OS
77-10-05
75-04-1*
75-04-14
75-04-14

74-08-01
74-08-01
74-OH-Ol
74-OA-Ol
74-08-01
75-0*-14
74-08-01
74-08-01
74-OB-01

80-05-12
77-10-05
80-05-13
 JO-Ob-13
75-09-03
77-10-05
ttO-Os-ia
77-10-05
75-09-02
77-10-05
75-04-14
77-10-05
80-05-13
80-OS-13
ttO-OS-13
bO-05-13
BO-05-13
77-10-05
80-05-13

74-01-01
74-01-01

74-01-01
74-01-01
79-Oh-l«>
74-01-01
7*-0&-16
74-01-01
79-06-16
7<*-Ofe-lt»
74-01-01
74-12-11
74-l<?-ll

74-01-01
74-01-01
74-01-01
74-01-01
74-01-01
7<*-06-16
74-01-01
73-06-16
74-01-01
7R-06-16
74-01-01
74-13-11
74-01-01
74-^-1 1

DATE
LAST

81-03-1S
BO-09-0?
81-OJ-1S
77-10-03
81-03-15
81-03-15
81-OJ-1S
81-03-15
81-03-15
81-03-15
81-OJ-15
80-09-02
81-03-15
31-03-15

81-03-15
81-03-15
81-03-15
81-03-15
81-03-15
75-09-0?
81-03-15
81-03-15
81-03-15

80-09-02
77-10-Ob
30-09-02
ttO-09-0?
BO-09-0?
77-10-03
BO-09-02
77-10-Oa
80-09-02
77-10-05
80-09-02
77-10-05
80-09-02
80-09-02
80-09-02
80-09-02
80-09-02
77-10-05
80-09-02

UO-09-02
80-09-02

30-09-02
80-09-02
80-09-02
80-09-02
80-09-02
80-09-02
80-09-02
80-09-02
BO-09-0?
80-09-0?
90-09-0?

80-09-0
80-09-0
80-09-0
80-09-0
80-09-0
80-09-0
80-09-0
80-09-0
80-OV-O
HO-09-0
80-09-0
7?-oa-ai
RO-09-0?
79-Oy-il
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SAMPLES 1
COOF

UOOflQ
0040U
00010
00070
J0076
0009S
OOJOO
00915
rIOW25
J0930
00935
00410
00940
0094?

00610
00620
10615
00605
00600
00650
00660
70b07
U0665
OOf>SO

0110S
J1000
01002
 no i?
01027
01032
01034
01040
 11042
01046
11045
0104°
"1051
nwoo
'1900
010J-7
01147
01077
01090
01092

J9350
J9360
19365
J9370
J9S70
)93«U
.O39«
19340
<9530
J-J540
1951*
<9760
19730

19333
J9351
193*3
193*-"
19373
i9->71
(93*3
'9399
(9423

PROPERTY OR CONSTITUENT

COL09 (HLATINIJMCOBALT UNITS)
°M (JMITS)
T£MP£RATURF. (UEG C)
TURHIOITY (JTU)
TURHiniTY C-'TU)
SPECIFIC CO'JOuCTANCt ( MI CHOM-iOS)
OXYGEN, DISSOLVED ("3/L)
CALCIUM DISSOLVED (MS/L AS CA)
MAGNESIUM, DISSOLVED (Mfi/L *S *G)
SODIUM, DISSOLVED IMG/L AS NAI
POTASSIUM. OISSOLVE.D IMO/L AS <o
ALKALINITY <«WL AS CACOSI
CHLO^IDt, DISSOLVED (Mb/L AS CD
SULFATE DISSOLVED IMR/L AS S04>

NITR'JGEN, AMMONIA TOTAL
NITRDRFM, NITt-AIf. TOTAL
NITROGEN, NITRITE TOTAL
<4ITROfiEN, ORGANIC TOTAL
NITROGEN. TOTAL
PHOS=HATE, TOTAL
pHos DHATt". o*T-to» DISSOLVED
PHOSOHORUS, O*IHO. TOTAL
PHOS'HORUS, TOTAL
CARBON, ORGANIC TOTAL

ALUMINUM, TOTAL RECOVERA^LF
ARSENIC DISSOLVED
ARSFNIC TOTAL
9FRYLLIUM, TOTAL RECOVERABLE
CADMIUM TOTAL 9ECOVf*A-JLE
CHROMIUM. HEXAVALENT, DIS.
CHROMIUM. TOTAL RECOVKRA3LF
COPPER, DISSOLVtO
COPPER, TOTAL ^ECOVfc^AHLE
IRON, 9ISSOLVE3
IRON, TOTAL KtCOVERA=)Lt
LEAD, DISSOLVED
LEAO, TOTAL RtCOVERASLE.
MERCJRY DISSOLVED
MERCURY TOTAL ^Ecovf?«-»LE
NICKEL, TOTAL }tCOvt3A*L£
SFLENIU*. TOTAL
SILVER. TOTAL ^iiCOVF.-JAtJLE
ZINC, DISSOLVES
ZINC, TOTAL KtCOVERAbLE

CHLOSOANF, TOTAL
DDO, TOTAL
ODE, TOTAL
OPT, TOTAL
DIAZINON. TOT«_
OIEL1RIN TOTAL
ETHI3N. TOTAL
LINOANE TOTAL
<*»L«THIPH. TOIAL
PAMATHIOM, TOlAL
OCH. TOTAL
SILVEX. TOTAL
2,4-1. TOTAL

ORGAN

ALORIM, TOTAL IN HOTTU* MATF^IAL
CHLO^OANP. TOTAL IN dOTTOM HATERIA
000. TOTAL IN BOTTOM MATERIAL
OOF, TOTAL IN BOTTOM MATERIAL
ODT. TOTAL IN BOTTOM MATERIAL
OIAZINO'N, H)TAL IM t<OTTUv( WATF«IAL
OIFL'JRIN, TOTAL IN KQTTOM MATERIAL
5THION, TOTAL IN HOTTOM MATERIAL
 1EPT6CHLOR t-3(jAlDE TOT. IN hOTTOM

TOTAL

MAJO*

43
49
70
35
13
57
41
40
40
39
39
45
49

49

RMKS 1 MINIMUM

CONSTITUENTS A<JD

0
n
0
0
0
0
<)
0
0
0
0
0
n
0

NUTRIENTS, IN

39
42

35
51
29
19
19
3b
36
45

0
0
0
0
0
0
0
0
0
0

METALS, IN M

7
16
9

5
g

16
9

22
»

29
10
19
7
1
7
6
6
6

22
7

DHbANlCS

11
15
15
15
B

l<y

7
15

fl
H

11
13
13

0
0
0
0
1
0
2
0
1
0
0
0
0
0
3
0
0
0
0
0

IN NATE4

0
0
0
0
0
0
0
1
0
0
0
0
0

ICS IN BOTTOM MATE3

13
'- 11

15
15
15
4

15
2

MAIL. 10
>9*oi MFTHYL ^APAMION, TUT. IM BOTTOM MATL. 4
<9b]9
>97M
i-X.03
19731

BCH, TOTAL IN BOTTOM MATERIAL
3ILVEX. TOTAL IM MOTTOM MATERIAL
TOXA=H£Jt", T07AL IN BOTTOM MATERIA
2,4-0, TOTAL IM 80TTOM MAT^wlAL

11
11
10
11

0
0
0
0
0
0
0
0
0
0
0
0
0
0

60
4.9
7.0

0
1

43
?.s
3.4
1.4
4.4
0.1

0
0.3
0.0

MILLIGRAMS

0.01
0.04
0.00
0.13
1.08
0.02
0.01
0.01
0.07
4.0

CRDGRAMS

160
0
1
0
0
0
0
0
1

80
220

0
1

0.5
0.0

0
0
0

10
10

MEDIAN

PROBITIES

280
6.2

22.3
4
2

142
5.3
11.0
3.5
9.9
2.0
25

16.0
9.5

PE* LITE*

0.07
0.29
0.02
1.10
1.58
0.08
0.11
0.58
0.62
28.0

PEH LITER

420
10
2

10
0
0

10
8
4

210
370

3
2

0.5
0.2

2
0
0

30
10

MEAN

286
6.2

21.6
IS
3

13S
5.7

10. B
3.4

12.1
2.4
25

16.4
8.9

0.21
0.45
0.04
1.05
1.9S
0.17
0.22
0.62
0.70
31.2

414
10
&
&
3
1

11
7
5

215
355

4
4

0.5
0.2

3
0
0

40
15

1 DATE
MAXIMUM I FIRST

600
7.3

28.0
120

9
280

10.0
17.0
S.6

33.0
7.8
71

41.0
20.0

2.60
3.00
0.36
1.90
6.78
1.35
2.20
2.00
2.50
73.0

1000
30
20
10
20
8

20
40
10

590
450
20
a

0.5
0.5
10
0
0

110
30

62-OH-21
62-08-21
62-08-21
69-07-15
79-06-05
61-OS-23
67-05-08
63-07-24
63-07-24
62-08-21
62-08-21
62-08-21
63-07-24
63-07-24

71-11-22
71-11-22
71-11-22
69-10-23
73-11-07
65-05-20
65-05-20
71-11-22
71-11-22
70-05-20

69-04-09
70-08-<'7
72-OS-09
80-02-09
75-09-02
71-03-01
69-04-09
64-04-09
75-08-05
66-05-20
63-07-24
70-OH-27
76-OS-06
70-08-27
75-05-06
76-OS-06
79-02-05
79-02-05
68-04-09
75-08-05

DATE
LftST

8l-03-lb
80-09-U?
gl-OJ-1 <,
77-10-05
81-03-16
81-03-1S
91-03-15
81-01-19
81-01-U
81-01-19
81-01-19
80-09-0?
81-01-19
81-01-19

81-OJ-lb
81-03-lb
81-03-15
81-03-15
81-03-1S
75-09-30
75-01-21
81-03-1S
81-03-1S
81-03-lb

80-11-03
77-10-03
80-11-03
80-11-03
80-11-OJ
77-10-03
80-11-03
77-10-Oa
80-11-03
77-10-05
80-11-03
77-10-Oi
80-11-03
70-08-27
80-11-03
80-11-03
80-11-03
80-11-03
77-10-03
80-11-OJ

IN MICROGHAMS PER LITER

0.0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0

0.00
0.00

0.0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0

0.00
0.00

0.0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0

0.50
0.00

0.0
0.00
0.00
0.01
0.01
0.00
0.00
0.01
0.00
0.02
0.0

6.00
0.02

AL, IN MKR03RAMS PER KILOGRAM

0.0
0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0
0.0

0
0

0.5
4

0.1
0.0
0.0
0.0
l.b
0.0
0.0
0.0

0
0.0

0
0

8.2
12

0.9
0.2
0.7
0.0
2.5
0.0
o.u
4.5

0
21.?

0
0

66.0
bd

8.B
l.S
9.4
0.0
14.0
0.0
0.0
19.0

2
210.0

0
0

72-02-08
70-Oe-?7
70-OB-27
70-08-27
71-03-01
70-08-27
71-03-01
70-08-27
71-03-01
71-OJ-01
72-02-08
71-11-22
71-11-22

70-12-02
72-02-08
70-08-27
70-OB-?7
70-Of-?7
72-02-OH
70-OH-P7
79-Oh-Oi
72-Ofl-lh
72-02-OH
72-02-08
72-0^-09
72-OH-lb
72-05-09

80-09-02
90-OV-O?
80-09-0?
80-09-0?
90-09-0?
80-09-0?
80-09-0?
90-09-0?
80-09-U?
80-09-0?
80-09-0?
90-09-U?
80-09-0?

80-09-0?
90-09-0?
80-09-U*
90-09-0?
BO-09-0?
80-OV-O?
80-09-0?
80-OW-O?
90-09-0?
RO-09-0?
80-09-0?
79-08-21
90-09-0?
79-OS-21
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STATION 0226*4X0 

COOF PROPERTY OR

bITE 12: OAViNPORT C*F.EH

TOTAL RHKS I MINIMUM MEDIAN

HAJO* CONSTITUENTS A>40 PR0 3£3TI£S

00080
U0400
iioo in
00070
 JO 076
.10091
00300
JO»1S
009?S
<)0930
00035
H0410
OOV40
00<»4S

00610
00620
U0615
 )0605
00600
00650
00660
70507
00665
00680

01105
01000
01002
01012
01027
(1103?
 11034

01040
010*2
11046
01045
1)1040

01051
71«90
71900
01067
01147
01077
01090
01092

COLO^ (PLATINUlCOBALT UNITS)
PH UNITS)
TEMPERATURE (Uilj C)
TURHIOITY (JTU)
TURHIOITY (NTU)
SPECIFIC CONDUCTANCE <MICROM*OS>
OXYGEN. DISSOLVED <C3/L)
CALCIUM DISSOLVED (MG/L AS CA)
MAGNESIUM, DISSOLVED (MG/L AS MG)
SOOIJM, DISSOLVED (M3/L AS NA)
"OTASSIUM. OlbiOLVEU (MG/L AS *)
ALKALINITY (MG/L AS CAC03)
CHLORIDE. OISS3LVEO (MG/L AS CD
SULFATE DISSOLVED <MG/L AS S04>

NITROGEN. AMMONIA TOTAL
NITROGEN, NITRATE TOTAL
NITROGFN. NITRITE TOTAL
NITROGEN. ORGANIC TOTAL
 NITRDiiFN, TOTAL
PHOS°HATE. TOTAL
PHOS'HATF. OkTHO. DISSOLVED
PHOSPHORUS. OKTHO. TOTAL
PHOS'HOSUS. TOTAL
CARHDN. ORGANIC TOTAL

ALUMINUM. TOTAL HF.COVEK/ULI:
ARSENIC DISSOLVED
ARSKNIC TOTAL
iHFRYLLIUM. TOTAL RECOVERABLE
CADMIUM TOTAL 3tCOVE<*A8LE
CHROMIUM, HhXAVALENT. DIS.
CHROMIUM. TOTAv. HECOVEKA3LF
COPPER. DISSOLVED
COPPER. TOTAL ^CCOVE^ASLE
IRDN. DISSOLVED
IRON. TOTAL RECOVERABLE
LEAD. DISSOLVED
LF.AO. TOTAL RECOVERABLE
MERCURY DISSOLVED
MFRCJRY TOTAL =»ECOVE^ABL-
NICKEL. TOTAL RECOVERABLE
SELENIUM, TOTAL
SILVER. TOTAL ^tCOVESA&LE
ZINC. OISSOLVtJ
ZINC. TOfAL RECOVERABLE.

32
41

59
30
12
45
35
29
29
27
27
31
34
35

0
0
0
0
0
0
0
0
0
0
0
0
0
0

NUTRIENTS. IN

33
35
31
43
23
12
12
31
31
36

METALS
y

15
4
2
2

15
5

18
4

22
3

17
2
1
2
2
2
2

  14
3

ORbANICS IN

393*0
39360
19365
39370
J9570
193HO
J919B
J9J40
19S30
*4S*fl
<9M6
J (<7*iO
(9730

19333
J9351
19363
19368
19373
J9S71
J93«3
)93V<»
194?3

J9»«01
19S1"
<97M
19403
<9731

CHLCHOANF. . TOTAL
ooo. TOTAL
ODE. TOTAL
ODT. TOTAL
OIAZINON, TllTAL
OIELORI'N TOTAL
ETHI'JN, TOTAL
LINOA^E TOTAL
"ALATMIfiN, TOTAL
"ARATHION. TOTAL
aCH. TOTAL
SILVEX. TOTAL
2.4-3. TOTAL

ORGANICS

ALURIN. TOTAL IN HOTTOM MAIE^I«L
CHLO^OANE. TOTAL IN BOTTOM MATERIAL
ODD, TOTAL IN BOTTOM MATERIAL
OOF.. TOTAL IN BOTTOM MATERIAL
OOT. TOTAL IN BOTTOM MATERIAL
OIAZINOM. TOTAL IN HOTTOM fATKSUL
5IELO"IN. TOTAL IN HOTTOM MATERIAL
ETHION. TOTAL In ROfTHM MATK=»IAL
HfPTACwLOR fcPouIDE TOT. In HOTTOM MATL
"F.THYL PARAfrilDN. TOT. IN BOTTOM MATL.
aCR. TDTAL IN BOTTOM MATERIAL
SILVEX, TOTAL IN HOTTOM MATERIAL
TOXA'HENE, TOTAL IN BOTTOM MATERIA 1.
?.4-3, TOTAL IN HOTTOM MATERIAL

11
15
15
15
9

15
p

15
9
9

11
13
13

IN BOTTOM

14
10
13
13
14

5
14
3
9
5

10
12
9

12

0
1
0
0
0
I
0
0
0
0

. IN M

0
o
o
0
o
0
0
0
2
0
0
0
0
0
0
0
0
0
0
0

14
5.9

10.5
0
0

7V
1.4
7.0
2.6
3.7
0.5

8
1.2
0.1

« ILL I GRAMS PE

0.00
0.03
0.00
0.09
1 «?3
0.01
0.03
0.01
0.01
3.0

CROGRAMS PER

70
0
1
0
0
0
0
0
2

10
130

0
0

0.6
0.2

0
0
0
0

20

180
6.7

21.0
2
1

132
7.0

16.0
4.4
4.5
1.3
32

11.0
9.6

* LITE*

0.03
0.89
0.01
0.94
1.99
0.10
0.07
0.03
0.04
27.5

LITER

85
10
5
0
0
0

10
4
6

135
140

1
0

0.6
0.3

2
0
0

30
20

189
6.7

21.0
s
1

13S
6.9
15.4
4.4
5.4
1.5
33

11.0
10.4

0.04
1 .05
0.02
1.06
2.25
0.09
0.13
0.06
0.07
30.7

85
11
9
0
0
0

10
7
6

275
193

3
0

0.5
0.3

2
0
0

25
23

«ATE=», IN MICHOttHAMS PER LITER

0
0
0
0
0
0
0
0
0
0
0
0
0

MATE*

0
0
0
0
0
0
0
0
0
0
1
0
0
0

0.0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0

o.oo
0.00

0.0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0

0.00
0.00

AL» IN MICR03RAMS PER

0.0
0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0
0.0

0
0

0.0
0

0.3
1.0
0.0
0.0
0.0
0.0
0.0
0.0

0
0.0

0
0

0.0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0

0.00
0.00

KILOGRAM

0.0
?

1.4
8.9
1.0
0.0
0.4
12.7
0.0
0.5

1
0.0

0
1

imim

540
7.7

2S.O
110

2
240
9.6

21.0
b.5

14.0
5.2
46

30.0
32.0

0.16
4.20
0.21
6.50
3.B3
0.22
0.57
0.71
0.71
73.0

100
30
20
0
0
2

20
20
10

2700
310
10
0

0.6
0.3

3
0
0

60
30

0.0
0.00
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.0

0.00
0.00

0.0
ir

7.1
86.0
9.5
0.0
3.1

39.0
0.0
2.5

< >
0.0

0
12

OAT-
FIRST

69-04-30
69-04-09
65-05-04
69-07-15
76-10-38
65-05-04
69-04-30
6S-04-09
69-0*-09
69-04-09
6?-0*-09
69-04-09
69-0*-09
63-04-09

71-11-22
71-11-22
71-ll-?2
69-10-33
73-11-07
6K-04-30
69-04-09
H-ll-22
71-11-22
70-OU-31

80-05-12
70-06-31
72-05-09
HO-OS-12
BO-Ob-12
71-03-01
69-04-09
69-04-09
75-04-05
69-04-09
75-09-05
70-08-31
90-OS-12
70-0«-31
80-05-12
BO-05-12
90-05-12
80-OS-12
69-04-09
75-08-05

72-OP-08
70-OH-U
70-08-J1
70-08-31
71-03-01
70-OH-31
71-03-01
70-08-31
71-03-01
71-03-01
72-Oi"08
71-11-2?
71-11-22

70-08-31
72-02-08
70-08-31
70-08-31
70-08-31
72-02-08
rO-08-Jl
79-U6-16
72-OB-16
72-02-OH
72-02-08
71-11-22
7?-08-lh
71-11-22

DATE
LAST

fll-03-lb
HO-04-0^
91-03-1S
77-10-OD
81-03-15
("1-03-15
91-03-15
80-11-03
90-11-03
80-11-03
80-11-03
80-09-0?
90-11-0 1
80-11-03

91-03-1S
91-03-1-.
81-03-1S
91-03-1S
81-03-1S
75-08-05
72-02-0=)
81-03-15
81-03-1S
81-03-1S

SO-OV-02
77-10-0^
90-09-0?
80-09-0?
80-09-0?
77-10-Ob
80-09-0?
77-10-05
BO-09-0?
77-10-05
90-09-0?
77-10-05
80-09-0?
70-08-31
80-09-0?
90-09-0?
80-09-0?
90-09-0?
77-10-05
a(l-0<i-QP

80-09-0?
90-09-0?
80-09-0?
80-09-0?
90-09-0?
90-09-0?
90-09-0?
90-09-0?
90-09-0?
80-09-0?
90-09-0?
90-09-0?
80-09-0?

80-09-0?
80-09-0?
90-09-0?
90-09-0?
80-09-0?
80-09-0?
90-09-0?
BO-09-0?
90-09-0?
90-09-0?
80-09-0?
79-08-?!
80-09-0?
7=»-OH-21
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SAMPLES I
CODE

00080
00400
OOOJO
U0070
0007h
U0095
U0300
00915
00*25
00930
U0935
00410
1)0940
00945

OOMO
00*>?0
OOM5
UObOS
UObOO
00»«50
OOifiO
70S07
00665
00680

Oil 05
01000
01002
U1012
01037
0103?
01034
01040
U104?
IJ1046
01045
U 1049
01051
71900
01067
01 147
01077
01090
U1002

PWOPEWTY on CONSTITUENT

COLO-» (PLATINU«CO«ALT UNITS)
PH (UNITS)
TEMPERATURE U»£li C)
TUWPIOITY (JTD)
TURBIDITY (HTU)
SPECIFIC CONJUCTANCF (vtlCHOmoS)
OXYGEN. OISSOLVEO (HG/L)
CALCIUM DISSOLVED (MG/L AS CA)
MAGNESIUM, DISSOLVED (MG/L AS MG>
SODIUM. OISSOLvtO (MG/L AS NA)
'OTASSIUM, OISSOLVEO (MG/L AS «, )
ALKALINITY (Mb/L AS CACD3)
CHLO-UOE. DISSOLVED (MG/L AS CD
SULFATE OISSOLVEO (hG/L AS 534)

NITRJbFN. AMvuiNIA TOTAL
NITKOGEN, NITRATE TOTAL
NITROGEN. NITM1TE TOTAL
NITKDRE^. OHSA^IC TOTAL
NITRDKFN. TOTAL
°HOS°HATt» TOTAL
PHOS'HATE, 0*T-IO» DISSOLVED
PHOS 3HO-»US, OhTHO. TOTAL
PHOS°HO*US. TOlAL
CA»J83N, ORGANIC TOTAL

ALUMINUM. TOTAL HECOVERASLE
AKSENIC OISSOLVEO
ARSENIC TOTAL
3ERYLLRIM, TOTAL RECOVERABLE
CADMIUM TOTAL RECOVERAdLE
CHROMIUM. HtXAVALENT, OIS.
CHROMIUM, TOTAL RECOVEKA-JLE
COPPER, DISSOLVED
COPPER, TOTAL *ECOVt9A8LE
IRON, DISSOLVED
IRON, TOTAL RECOVERABLE
LEAD* DISSOLVED
LEAU. TOTAL RECOVERABLE
«ERCJRY TOTAL *ECOVE9AaLE
NICKEL. TOTAL 3£COVE*A*LE
SELENIUM, TOTAL
SILVER. TOTAL 3tCOVE9AdLE
ZINC» DISSOLVED
ZINC. TOTAL *ECOVE*A3LE

TOTAL

'JAJO*

35
41
60
31
13
4-J

37
30
30
30
30
33
39
39

RMKS 1 MINIMUM

CONSTITUENTS AND

n
0
0
0
0
0
0
0
0
0
0
0
0
0

NUTHIFNTS.IN

37
40
34
46
26
13
1?
34
34
39

0
0
0
0
0
0
0
0
0
0

METALS, IN 1

6
10
10
5
9

13
9

14
9

19
9

13
7
9
7
6
7

14
9

0
0
0
0
1
0
1
0
2
0
0
0
0
3
0
0
0
0
0

ORGANICS IN rtATE3

J9350

)^3<SO
»93ft5
39370
>9570
J9390
1930M
19340
19530
19540
1951^
J97f»0
*9730

J9133
>9351
)93*3
>93«iH
19373
19571
»93P3
19399
I94?3
<9h01
19519
'97M
(9403
 9731

CHLO^DANE, TOTAL
OOD, TOTAL
OOE. TOTAL
DOT, TOTAL
DIAZINON. TOTAL
DIEL9RIN TOTAL
ETHIDN, TOTflL
LINUANE TOTAL
HALATHION, TOTAL
OARATHION, TOTAL
°CR. TOTAL
SILVEX, TOTAL
3,4-0, TOTAL

OWGANICS

ALO»IN. TOTAL IN BOTTOM MATF^IAL
CHLO^DANE, TOTAL IN SOTTOM MATERIAL
000, TOTAL IN 30TTOM MATEHIAL
ODE. TOTAL IN dOTTOM MATERIAL
OUT, TOTAL JN 30TTOM MATERIAL
OIAZINO^. TOTAL IN i*3TTO* "ATKSIAL
DIELOXIN, TOTA^ IN eoTro*t MATFRIAL
ETHI3N, TOTAL IN ROTTUM MATERIAL
HEPTACHLD^ fcPOXlOF TOT. IN RDTTOM «ATL
«ETHYL PARATMIDN. TOT. IN HOTTOM MATL.
°CH, TOTAL IN aOTTOM MATtHIAL
SILVEX, TOTAL IN ROTTOM MATt^ML
TOXA 3HfNE. TOTAL IN BOTTOM MATERIAL
3.4-D, TOTAL IN ROTTOM HATFWIAL

11

11
11
11
6

11
6

11
6
6

11
13
13

0

0
0
0
0
0
0
0
0
0
0
0
0

IN BOTTOM MATt*

11
10
11
11
11

«i
11
4
9
6

10
13
10
13

0
0
0
0
0
0
0
0
0
0
0
0
0
0

20
5.6
7.5

1
0

49
0.4

5.0
0.5
4.2
0.6

0
1.0
0.0

MILLIGRAMS

0.01
0.00
0.00
0.18
0.96
0.01
0.02
0.02
0.03
S.O

CROGRA«IS

40
0
0
0
0
0
0
0
0

30
110

0
1

0.0
2
0
0

10
10

MEDIAN

PRO'E^TIES

200
6.3

22.0
4
1

130
2.9
13.5
4.0
7.3
1.9
29

14.0
10.5

PE* LITER

0.07
0.21
0.02
1.15
1.70
0.10
0.10
0.20
0.23
28.5

PER LITER

175
10
z
0
0
0

10
9
3

320
250

6
3

0.3
4
0
0

30
10

<4EAN

233
6.3

21.2
6
2

143
3.3
18.5
4.0
8.S
2.1
30

13.3
11.1

0.13
0.55
0.03
1.32
1.94
0.19
0.13
0.33
0.39
29.9

215
9
 j

2
3
0

14
9
4

261
320

9
11

0.3
9
0
0

3b
15

1 OATi
MAXIMUM 1 FIMST

600
6.9

?9.0
JO
6

235
9.4

140.0
6.9

19.0
5.1
59

24.0
48.0

0.43
6.00
0.06
7.10
7.57
0.75
0.44
2.50
3.00
64.0

500
20
30
10
30
5

30
40
10

640
640
20
53

0.5
33
0
0

130
30

IN MICROGRA*S PER LITER

0.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0

0.00
0.00

0.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0

0.00
0.00

AL, IN MICROSRAMS PER

0.0
0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0
o.o

0
0

0.0
z

0.3
0.9
0.0
0.0
0.0
0.0
0.0
0.0

0
0.0

0
0

0.0

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0

0.02
0.03

KILOGRAM

0.0
5

1.7
1.5
0.9
0.0
0.1
0.0
0.0
0.5

?
0.0

0
0

0.1

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0

0.13
0.13

0.0
25

13.0
7.0
5.9
0.0
0.6
0.0
0.0
3.1
15

0.0
0
0

59-11-13
59-11-13
65-05-04
69-07-15
79-06-05
59-11-13
b3-04-30
59-11-13
59-11-13
S9-H-13
59-11-13
59-11-13
59-11-13
59-11-13

71-11-22
71-11-22
71-11-22
69-10-<?3
73-11-07
69-04-30
69-04-09
71-11-22
71-11-22
70-05-20

69-04-09
71-08-ld
72-05-09
80-02-09
73-05-09
71-08-18
68-04-09
69-04-09
75-08-05
59-11-13
75-08-05
71-08-18
79-11-27
73-05-09
79-11-27
73-11 _i<7
79-11-27
69-04-09
75-08-05

73-02-08

73-02-09
72-02-08
73-02-08
73-02-08
73-02-08
73-02-08
73-02-OH
72-02-08
72-02-08
73-02-OM
71-11-22

71-ll-«?3

72-02-09
72-02-09
73-02-08
72-02-08
73-0<?-08
72-0?-08
73-02-OB
75-04-30
72-OB-l'.
72-02-OH
72-02-08
71-11 -?3
72-08-lh
71-ll-?2

DATE
LAST

81-03-15
80-09-0?
81-03-11,
77-10-05
Bl-03-lb
81-03-11)
81-03-15
B1-01-H
81-01-1 J
81-01-19
Bl-01-n
BO-09-0?
81-01-1-J
81-01-19

B1-03-IS
Bl-03-lb
81-03-1S
81-03-1!.
81-03-15
75-09-30
73-02-0 1?
81-03-15
81-03-15
81-03-15

80-11-03
77-10-05
80-11-0 J
BO-11-03
80-11-03
77-10-03
80-11-03
77-10-03
80-11-03
77-10-05
80-11-03
77-10-05
80-11-03
80-11-03
80-11-03
BO-11-03
80-11-01
77-10-05
80-11-03

80-09-0--

80-09-0?
80-09-0?
80-09-0?
80-09-0?
ftO-09-0?
80-09-0?
80-09-0?
80-09-0?
80-09-0?
80-09-0?
80-09-0?
80-09-0?

80-09-0?
80-09-0?
80-09-0?
80-09-0?
HO-09-0?
80-09-0?
BO-09-0?
80-09-0?
80-09-0?
80-09-0?
80-U9-0?
79-08-?!
80-09-0?
79-08-iil
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