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INTRODUCTION

This is the latest of an ongoing series of reports from the South
Florida Water Management District (SFWMD) to the Coordinating Council
for the Restoration of the Kissimmee River Valley-Taylor Creek/Nubbin
Slough Basin (Council) concerning the status of the District's investi-
gations of water quality of runoff from agricultural lands as part of
the Council's Uplands Demonstration Project.

The SFWMD has been an integral participant in the project since
entering into contractual agreement with the Council in the Fall of 1978.
The project addresses the questions of agricultural land use practices
and utilization of wetlands for enhancement of water quality as an
alternative, either in whole or in part, for mitigating potential
water quality degradation by contribution of runoff from said lands to
the Kissimmee River and Lake Okeechobee.

The SFWMD's project responsibilities have included:

1. Achieving and maintaining hydrological integrity

at each project site, and

2. Determining hydrological budgets at each project

site.

These two obligations were fulfilled by the design and construction
of ditches, levees, culverts and concrete flow control structures. In
addition, the SFWMD was responsible for:

3. Conducting a field sampling program and performing

Taboratory analyses on water samples collected at
the various stations on the project sites, and

4, Interpretation of hydrological and water quality

data.



Previous reports to Council (SFWMD staff, 1979; Goldstein, et al.,
1980; Goldstein and Ulevich, 1981) have documented the SFWMD's interest
and activities. The first portion of this document will be a brief
review of these activities.

The second and third portions of this document will consist of a
presentation of data collected for the subject period April 1, 1979
through December 31, 1980 and its use in attempting to address the two
main questions that the District set out to answer.

These are:

1. What are the effects of different agricultural

Tand use practices in the Kissimmee River Basin
on quality of runoff leaving those areas?

2. What are the impacts of detention/retention

(D/R) areas on quality of water leaving
agricultural areas?

The fourth section of this report contains an analysis and review
of data collected from associated peripheral project studies (soil
moisture and groundwater quality). The fifth and final section is a
presentation of preliminary conclusions and pertinent discussion.

As of the subject date of this report, the SFWMD has attempted to
meet all of its contractual obligations to the Council and has had rea-
sonable success. The major setback in the program has been the delay
between the time all physical aspects of the project were anticipated
to be completed and the actual date that those aspirations became
realized. For this reason; the anticipated 3-year data base at this
time encompasses only 1% years of useful data. It appears that the pro-

ject will continue in some form for an additional period of time such



that conclusions, presented here as preliminary, can be drawn on a more

statistically sound data base.



CHAPTER I

REVIEW OF SFWMD PROJECT ACTIVITIES

INTRODUCTION

The SFWMD has contractually agreed to carry out basic hydrological
engineering design studies and to perform designated construction activity
at the five project study sites. Routine surface water quality and quan-
tity monitoring are also designated as the District's responsibility. In
addition, District staff attempted to monitor groundwater and soil mois-
ture quality at each site as well as rainfall quality at three stations
throughout the general project area. A brief review of the status of

each of these areas of activity follows.

CONSTRUCTION

Construction activities consisted of installation or modification
of existing flow controlling structures and associated dikes and levees
necessary to establish hydrological integrity at each of the study sites.
Control structures constructed or modified were either concrete critical
depth flumes or culverts with risers and associated flashboards for water
level manipulation. A Targe sand plug was constructed in the main chan-
nel at one of the study sites in order to force water laterally into and
through adjacent marsh areas. Details of these activities are discussed

in the previous SFWMD reports to Council referenced in the introduction.

HYDROLOGY
Daily flow volumes were calculated at most sampling stations follow-
ing the installation of digital stage recorders. Water levels were

recorded twice hourly. These data were converted to flows and summed to

-4-



provide a total daily discharge. Flow data for all project study sites
are available for the period of record April 1, 1980 to present. Flow
data for most stations exists prior to this date and are utilized in
these analyses where available. Details and theory of flume and culvert

use for calculating flow are presented in Goldstein, et al.{1980).

WATER QUALITY MONITORING

The SFWMD has been contractually obligated to provide water quality
monitoring on a routine and event basis. Routine surface water sampling
data has been addressed in the previous reports and will be updated in
this document. Event data is based on the definition of "storm event”
provided to the KRVCC by letter of December 13, 1979 (Goldstein, et al.,
1980). 1In this letter, "event" was defined in an inflow/discharge con-
text. That is, an event would begin when water in excess of base flow
began running off a watershed or flowing into a detention/retention
marsh. The event was considered over when discharge directly associated
with the inflow event ceased to occur. The amount of storm event data
is Timited due to the lack of a significant number of events occurring
at the study sites over the past 1% years.

Rainfall contributions of nitrogen (N) and phosphorus (P) have
been ascertained by coliecting weekly samples at the S-65D lock on the
Kissimmee River, beginning in September 1979, and comparing these data
with similar data from other sites {S-65B & the Okeechobee Field Station).
Rainfall quantity has been measured by fourteen rainfall gauges dispersed
throughout the project study area. Groundwater quality has been monitored
monthily since January 1980 at sampling welis installed on each site for
that purpose. Dry soil conditions were responsible for a failure to

obtain soil moisture samples to make similar quality measurements.

-5-



WATER QUALITY LABORATORY

Water samples collected for the Upland Demonstration Project have
been analyzed in the Okeechobee Environmental Research Center (OERC)
water chemistry laboratory. The physical design of the facility,
analytical techniques, and quality control procedures utilized to insure
an accurate product are discussed in SFWMD staff (1979) and Goldstein,

et al. (1980).

REPORTS

By contractual agreement, the SFWMD has been obligated to provide
the KRVCC with two written reports each of the last two years. The
result to date has been two annual progress reports and two semi-annual
progress reports. These reports have addressed the status of each
element of the District's project activities. Data collected through
the subject date of the reports were analyzed and presented in prelimi-
nary form. Oral presentations of project status have been made period-
ically to the Council at regular meetings and at annual project con
meetings. A presentation of project results is anticipated at a Council
sponsored post-project symposium in Spring of 1981.

This report, written in partial fulfillment of the SFWMD's con-

tractual obligations, is the latest written report to.the Council

- covering the District™s Upland Detention/Retention Project activities.



CHAPTER II /’

EFFECTS OF AGRICULTURAL PRACTICES ON WATER QUALITY

INTRODUCTION

_ _._ _The first _section of this chapter will contain a_review of the five

project study site descriptions. This will be followed by a discussion

of the time series water quality data that has been collected at the
project study sites for the period April 1, 1979 through December 13,
1980. The third section of this chapter will describe the methodology
and results of nutrient loading computations wherein hydrology data has
been integrated into the data analysis procedure. The final section of
this chapter will contain a discussion of the manner in which land use
practices impact nutrient dynamics on the five Upland Demonstration

Project sites.

SITE DESCRIPTIONS

The general Tocations of the five Upland Demonstration Project
study sites in relation to the south Florida area and the city of
Okeechobee are depicted in Figure II-1. A detailed description of each
site follows:

A.  ARMSTRONG SLOUGH

The Armstrong Slough site (Figure II-2) is located on
Latt Maxcy Corporation property in Osceola County about six
miles south of State Road 60 and east of the Kissimmee River
just upstream of the S-65A control structure. Three samp-
ling stations were established at this site where both water

quality and quantity were monitored on a routine basis. One
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sampling station was located in each of the tributary channels
contributing flow into the Armstrong Slough marsh. The nor-
thernmost channel drains a watershed area of approximately
20,000 acres of mixed use agricultural land. The major land
uses are 1light to moderate density cattle grazing and citrus
groves. Citrus composes roughly 5 percent of the total water-
shed area. The monitoring station (Station 2) was Tocated in
a section of well defined open channel roughly one mile up-
stream of the site outfall culverts under the access road to
the $-65A Tock structure on the Kissimmee River.

The south tributary drains an area of roughly 2,000 acres
of mixed pasture and native vegetation. The land is primarily
used for Tow intensity cattle grazing. The monitoring loca-
tion (Station 3) was established just upstream of the concrete
flow monitoring flume which was constricted by the SFWMD to
assist in making flow measurements at this Tocation.

Prior to May of 1980, the southern tributary channel
drained through an approximately 80 acre marsh before finally
draining into the northern conveyance channel just upstream
of the site outfall culverts. The northern channel was well
defined and flow was contained within the banks at all times
except during the rainfall/discharge events accompanying
Hurricane David. During May 1980, SFWMD construction crews
plugged the northern channel at a point about % mile upstream
of the outfall culverts in an attempt to create additional
marsh by forcing water out of the channel and across the ad-

jacent Tow 1ying areas. The present area of ungauged inflow

-10-



to the marsh area is some 453 acres. The installation of the
plug did result in creating more permanent marsh lands during
normal flow conditions.

The site outfall monitoring station (Station 1) is loca-
ted upstream of six 72-inch culverts under the access road to
the 5-65A structure. These culverts are fitted with risers and
flashboards so that water levels may be manipulated on a pre-
determined seasonal basis or as discharge events dictate.
Normal water levels in the marsh area were kept at or near 49

feet ms1 throughout the majority of this study.

ASH SLOUGH

The Ash Slough site {Figure II-3) is located in Okeecho-
bee County about five miles north of Basinger on the J. C.
Bass ranch. The site presently consists of about 240 acres
of intensively ditched and improved pasture which drains into
a 20 acre marsh in the headwaters of Ash Stough. Four monitor-
ing locations were originally established at this site. The
marsh receives runoff from two distinct land use units. The
major portion comes from a 160 acre pasture block on the west
that was extensively ditched for drainage during previous
years when the land was used for vegetable growing. In recent
years it has been converted to improved pasture and is used
for a relatively high density cattle grazing operation (.33
cattle/acre}. The sampling station is Tocated in the sole
drainage ditch that leads into the marsh, just upstream of a
concrete critical depth flume installed by SFWMD personnel to

enable accurate flow measurements to be made at this location.
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The pasture block on the east side of the marsh is
unditched and is a significantly smaller watershed (26 acres).
This pasture is also used for cattle grazing. A shallow
interceptor ditch was dug parallel to the marsh. This ditch
intercepts sheet flow runoff from the east pasture and channels
it through a small critical depth flume installed to measure
flow from this pasture into the marsh. This location was desig-
nated Station 4 and water quality samples are taken just upstream
of the flume.

Station 3 was discontinued in February 1980 following the
installation of a sand plug in the drainage ditch that allowed
runoff from an additional 150 acre pasture block to flow into
and through the western ditched pasture.

Station 1 was established upstream of the two 18-inch cul-
verts through the tie-back levee instalied to detain storm
water runoff in the Ash Slough marsh. The culverts were fitted
with risers and flashboards so that water Tevels in the marsh
could be manipulated as the need arose. A refrigerated auto-
matic sampling device was permanently installed in a shelter at

this station.

WILDCAT SLOUGH

Wildcat Slough is located on Lykes Bros., Inc. ranch prop-
erty in Highlands County north of Brighton at the intersection
of State Road 70 and Canal C-41A (Figure II-4). Rainfall run-
off from this site is conveyed through two major channels and
drains into C-41A through five 72-inch culverts. The entire

drainage area is about 15,680 acres. Three sampling stations
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were located on this site. One location was established in
the main channel roughly 3 miles upstream of C-41A. This
station (Station 3) drains an area of 6,400 acres of mostly
native with some slightly improved rangeland. This area is
used for low density (.05 cows/acre) cattle grazing. A con-
crete critical depth flume was installed at this location to
enable collection of accurate flow measurements. Water qual-
ity samples are collected immediately upstream of this flume.
A second sampling station was Tocated in a smaller but main
tributary channel that drains a 427-acre area of native range-
land and improved pasture at the western portion of the site.
One 48-inch culvert with risers and flashboards was located
in the channel and was used to measure flows. Water quality
samples were collected immediately upstream of the culvert.
Station 1 was located just upstream of the site outfall cul-
verts at C~41A. The 5,200 acre watershed area between Site

T and Sites 2 and 3 is predominantly unimproved pasture and

supports 1ight to moderate (.05 cows/acre) grazing pasture.

PEAVINE PASTURE

The Peavine Pasture site (Figure 1I-5) is Tocated on
Latt Maxcy Corporation property in Osceola County about two
miles south of State Road 60 on the west side of 01d Peavine
Road. The site is approximately 600 acres of improved pas-
ture supporting 1ight to moderate (.20 cows/acre) grazing
practices. A concrete, critical depth flume was installed
at the site outfall to accurately measure runoff discharge

at this location. A water quality sampling station (Station

-15-
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1) was established immediately upstream of the flume. Two
major conveyance channels converge immediately upstream of
the sampling site. The northern channel is plugged at the
watershed boundary. The southern channel originates on

site at a Tocation in the central portion of the watershed.
Two additional water quality sampling locations were estab-

Tished in this channel.

SEZ DAIRY

The SEZ Dairy site (Figure II-6) is an 815-acre dairy
located in Okeechobee County about three miles northwest of
the City of Okeechobee. The western portion of the site
supports a high density cattle holding and grazing dairy
operation of some 500 head of milking cows plus a 200 head
heifer and calfing operation. The central and eastern por-
tions of the dairy are used for grazing and haying opera-
tions. Waste water from the milking barn complex drains
into a Soil Conservation Service-designed waste stabiliza-
tion lagoon system. This system consists of a 1.5 acre
first stage settling lagoon and a 3.7 acre second stage
holding lagoon. Conceptually, effluent from the second
lagoon is released to a ditched seepage irrigation system
thus putting discharged nutrients onto the land. In reality,
this system suffers maintenance and management shortcomings
(Goldstein and Ulevich, July 1980) such that when discharge
from the lagoon system occurs, it flows directly into the
perimeter ditch on the north edge of the property and is

subsequently discharged directly into Wolf Creek, a

-17-
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ptqu;ary 1nnthe Tay}or Creek drainage basin.

The dairy is surrounded by a perimeter drainage ditch
that discharges at only one site, the above described Wolf
Creek outfall. Station 1 was located immediately upstream
of the 24-inch culvert and riser system that is used for
flow control at this point. Five additional water quality
sampling locations were located at points throughout the
dairy. Station 2 was established midway down the concrete
trough that conveys barnwash to the first lagoon. Station
3 was located in the first lagoon at a point in front of
the pump intake where excess water from the first lagoon
is moved into the second lagoon. Station 4 is located in
the second lagoon, just in front of the stage control
riser and culvert at the discharge point of the second
lagoon. Stations 5 and 6 were located midway down the
north and south perimeter ditches, respectively. Flow
volumes were monitored at the site outfall (Station 1) and

at discharges from both Tagoons (Stations 3 and 4).

WATER QUALITY MONITORING

Details of site preparation and methodologies of water quality
sampling and laboratory analyses have been described in periodic pro-
Ject status reports to Council (July 1979, January 1980, and July 1980).
Time series analyses of data through the report subject period were
also presented in these documents. The following is a similar discus-
sion of time series trends for the entire data set for the period of

record April 1, 1979 through December 37, 1980.

-19-



ARMSTRONG SLOUGH

Previous discussions of time series data (Goldstein and Ulevich,
1980) pointed out the fact that concentrations measured at the site
outfall (Station 1) reflected trends and magnitudes similar to those
measured in the north tributary {Station 2) and thus, practices in
that portion of the watershed would probably continue to have major
impact on quality of discharge from the site. A most radical phys-
ical alteration of the site occurred during April/May of 1980 with
the installation of an earthen plug in the main channel upstream of
the Station 1 water quality monitoring Tocation. The installation
of this plug would be expected to directly impact water quality
characteristics measured at that station. Indeed, during plug
installation and replacement of the concrete flume at Station 3,
turbidity levels at Stations 1 and 3 jumped noticeably. The plug
installation would not be expected to have impact at the monitoring
site in the south channel (Station 3} and only minimal impact, if
any (due to backwater effects), at the Station 2 monitoring site in
the north channel. Comparing the time series data (Figures II-7
through II-14), in most cases concentrations of water quality param-
eters at Station 1 seem to continue to mainly reflect trends that
occur at Station 2.

Following installation of the plug, mean concentrations of all
monitored chemical parameters were somewhat lower than mean concen-
trations of the same parameters prior to installation of the plug.
That is especially noticeable for concentrations of inorganic forms
of nitrogen and phosphorus which, under the low flow conditions that

have prevailed following the installation of the plug, have been

-20-
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STATION 2 UP STREAM FROM STA.1
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STATION 2 UP STREAM FROM STR.1
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practically eliminated from the site discharge effluent. These
data are presented in Table II-1. Following plug installation,
conductivity is the only parameter that shows a mean net increase.
This probably does not relate to plug installation at all, but
rather to an increased use of groundwater for irrigation of citrus
groves in the upper portion of the watershed during the prevailing
dry conditions. A1l other parameters showed a mean net decrease.
With the exception of pH, this net decrease was substantial, rang-
ing from a 32.9 percent reduction for TKN to 98.3 percent reduction
for NOx. Since the plug installation, inorganic forms of nitrogen
and phosphorus are usually just at or below detention levels (<0.010
mg/1).

Superficially, the installation of the plug and the resulting
increase in marsh area appear to have had a major impact on improv-
ing water quality leaving the site, and the percentage of decrease
of each nutrient species appears to be quite impressive. In abso-
lute terms, however, the actual reduction of mean total and inor-
ganic nitrogen following plug installation is only 0.48 and 0.11
mg/1 respectively, while the reduction of total and ortho phosphorus
is 0.090 and 0.030 mg/1. In other words, influent water quality to
the detention/retention marsh is not of sufficiently bad quality to
adequately test the system.

Another important aspect that must be considered is the fact
that these post installation data were collected during a period of
abnormally Tow rainfall and runoff. The total rainfall measured on
the site during the post-instaliation period was 45 cm. For this

reason, contact time of water in the marsh was maximized. Normal

~29-
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rainfall for the same period is 122-132 cm. The ability of the sys-
tem to function during periods of high flows has not yet been tested.
Given less contact time with the marsh, surface treatment efficien-
cies may change appreciably.

Finally, the six month post-plug period of record is only half
that of the pre-plug condition. Until at least a full year of data

has been collected, any conclusions drawn must be considered tentative.

ASH SLOUGH

Four distinct rainfall/runoff events occurred at Ash Slough during
calendar year 1980. These occurred in mid-February, early April, mid-
July, and early September. During each of these periods, rainfall and
subsequent runoff was sufficient to produce measurable flow into and
out of the detention/retention marsh.

Comparing time series data means and graphics (Figures II-15
through I1-22), mean concentrations of all quality parameters except
phosphorus species are highest at the Station 1 discharge point in the
marsh, followed by those at Station 2 (large flume) and finally those
at Station 4 {small flume). Phosphorus species concentrations were
greater at Station 2 than at the other two sampling locatjons. Sta-
tion 3 was discontinued after February 1980 and will not be considered
in this discussion. The difference in concentrations of conductivity,
inorganic nitrogen, and inorganic and organic phosphorus between Sta-
tions 2 and 4 are probably reflections of the different land drainage
alternatives that exist between the eastern and western sides of the
marsh. Mean concentrations of inorganic nitrogen from the western
block are twice those observed in inflow from the eastern side. Ortho

and total phosphorus concentrations from the western block are four

-31-
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and three times, respectively, of those from the eastern side.

Higher mean concentrations of all but the phosphorus species in
the marsh itself probably are indicative of a concentration effect
from evapotranspiration that occurs during periods of no inflow or
discharge to or from the marsh. It should be noted that during each
of the four observed events previously noted, concentrations meas-
ured at Station 1 decreased noticeab]y_during the periods of inflow
into the marsh.

Nitrogen continues to occur predominantly in the organic form
at all three stations while phosphorus is largely inorganic. Inor-
ganic nitrogen when, present above minimal detection limits (0.01
ppm), occurs as sharp distinct peaks which dissipate rapidly to

characteristically Tow levels.

WILDCAT SLOUGH

Time series concentration data for water quality parameters at
Wildcat Slough are presented in Figures II-23 through I1I-30. Con-
centrations of total nitrogen and total phosphorus at Station 2
{small culverts in ditch draining the western portion of the water-
shed) continue to behave in a manner different from those measured
at Station 3 (large flume at the upper end of the main watershed).
In fact, with the exception of some slight increase in total phos-
phorus levels at Station 3 in the last half of 1980, concentrations
at both Stations 1 and 3 were rarely, if ever, much above minimum
detection limits {<0.070 ppm). Concentrations at Station 2 show
sharp peaks in the Spring of both 1979 and 1980. Ortho phosphorus
concentrations at all three stations are at, near, or below minimum

detection levels (<0.010 ppm)} at all times except for a sharp Spring
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STATION 2 SMALL CULVERTS
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1979 peak observed at Station 2. With this exception, phosphorus
when present at Stations 2 and 3 is predominantly in the organic
form. Phosphorus concentration levels at C-41A are always at,
near, or below detection levels.

Nitrogen concentrations behave similarly to those of phosphorus.
Highest total nitrogen levels were observed at Station 2. Four sharp
peaks were observed, one each in Spring 1979, Summer 1979, early
Spring 1980, and late Spring 1980. The Spring and Summer 1979 peaks
correlate with similar sharp peaks of inorganic phosphorus during the
same periods. The total nitrogen concentrations during these periods
were still three to four times greater than those of inorganic nitro-
gen . There was no inorganic nitrogen peak in Spring 1980. As a
consequence, the total nitrogen Tevels were of lower absolute magni-
tude than those that occurred in the Spring of 1979. There are
higher total nitrogen concentrations accompanied by increased varia-
bility at Station 3 beginning in late April 1980. Nitrogen, when it
occurs in measurable quantities, like phosphorus, appears to be pfe-
dominantly in the organic form.

The obvious differences in nutrient quality characteristics
between Stations 2 and 3 would seem to point to a major difference
in land use practices in the contributing watersheds. Discussions
with the ranch manager have shed Tittle 1ight on the cause of the
differences in nitrogen and phosphorus concentrations at the two
stations. No satisfactory explanation has yet been found for the
Targe pulses in inorganic nitrogen and phosphorus that occurred
during the Spring of 1979. In any event, concentrations of nitro-

gen and phosphorus species at the site outfall at C-41A remained
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at continually low levels.

Physical parameters continued to show the most variability.
Even pH, particularly at Station 3, exhibited a wider range of
fluctuation than might normally be expected. The evidence suggests
that higher levels here correlate with the evaporation of standing
water behind the flume, though the data is too sketchy to firmly
reach this conclusion.

Color levels at Station 2 continue to remain higher and more
variable than those at Stations 1 and 3. This probably reflects
biological activity. Maximum color Tevels occurred during the
Spring of 1979.

Turbidity and conductivity became more erratic at Station 3
in the last half of 1980, thus following the same pattern as pH
and total nitrogen. Turbidities and conductivities at Station 2
show the same distinct peaks as noted for total nitrogen. Turbid-
ity and conductivity levels are variable at Station 1, with no
definite trends being apparent. Absolute levels at all three sta-

tions are comparatively low.

PEAVINE PASTURE

The most noticeable feature of water quality time series data
collected at the Peavine site is the dramatic increase of concen-
tration of all parameters except color and pH at the site outfall
(Station 1) beginning at the end of September 1980 (Figures II-31
through II-38}. The magnitude of these increases above previously
measured normal mean concentrations range from a four- to five-fold
increase for conductivity, turbidity, and total nitrogen to an 18-

fold increase in inorganic nitrogen. Total and ortho phosphorus
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increases were eight- and seven-fold, respectively. The magnitude
and nature of these peaks resemble similar concentration trends
noted for conductivity, turbidity, and inorganic nitrogen during
the April through June 1979 period. WNitrogen and phosphorus occur
predominantly in the organic form. With the exception of these
peaks, ortho phosphorus and inorganic nitrogen concentrations are
usually at, near, or below minimum limits of detection.

In general, concentrations of all measured parameters are
greater at Station 1 than those observed in the mid-pasture sta-
tions (2 and 3). Erratic tendencies in concentrations of these
parameters at the mid-pasture stations can be attributed to the
intermittent nature of the presence of water at these locations.
Station 2 contains water for periods of short duration following
sufficient antecedent rainfall. Station 3 will retain water
longer but is also subject to the variables associated with
dehydration and rewatering. For these reasons, no trends or
distinguishing station characteristics, other than variability

is the ruile, can be identified.

SEZ DAIRY

With the exception of turbidity and color, physical parameters
at SEZ Dairy continue to exhibit trends and levels similar to those
discussed in earlier reports (Goldstein and Ulevich, 1980). The pH
and specific conductivity data are shown in Figures II-3%9a, II-39b,
II-40a, and II-40b. Turbidity levels in the barnwash seem to have
become more erratic in the Fall of 1979 (Figures II-41a and II-41b).
This trend continues through the Spring of 1980. This factor appears

to be the cause of similar behavior of the turbidity levels in the
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lagoon system as both the primary settling lagoon and the secondary
holding lagoon show increased variability in turbjdity beginning in
May of 1980. Color (Figures II-42a & II-42b) may be following a
seasonal trend, reaching lowest levels at all six stations during
January and February.

Nitrogen and phosphorus remain at similar levels and exhibit
approximately the same magnitude of variation as reported earlier
{Goldstein and Ulevich, 1980). The data continues to suggest that
the lagoon systems function in such a manner as to significantly
reduce amounts of total nitrogen and phosphorus originally present
in the barnwash. Table II-2 presents a comparison of mean concen-
trations of each of the water quality parameters at each stage of
the treatment system beginning with the barnwash, including the two
lagoons, the north perimeter ditch, and finally, the site at Wolf
Creek. As this is time series data, it has not been weighted for
flow versus no-flow conditions. Mean concentrations of the measured
parameters in the barnwash are well within the range of those
reported for the series of barnwash quality studies discussed in
Goldstein and Ulevich (1980). The assumption can be made that the
mean concentrations reported here would be considered indicative of
lTong term steady-state conditions if such exist. Mean concentrations
of the paramters as reported at Stations 3 and 4 (primary and sec-
ondary lagoons, respectively) undoubtedly reflect long term conditions
fairly accurately as variability of the parameters measured at these
stations is usually minimal.

While Tower concentrations at Stations 5 and 6 seem to be the

rule, regular occasional peaks in concentrations to Tevels
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Table II-2 SEZ DAIRY WASTE TREATMENT SYSTEM EFFICIENCY

Data Complied for Period from 4/01/79 through 12/31/80

NOx+NH4 TOTAL N ORTHO P TOTAL P

CONDUCTANCE
STATION ymhos/cm  pH TURBIDITY COLOR
2 Barnwash
Mean 1522 7.86 153.9 300
% barnwash 100 100 100 100
% removal - _—— _— ——

3 Primary Settling Lagoon

Mean 1824
% barnwash 120
% removal ——

4 Secondary Holding Lagoon

Mean 1526
% barnwash 100
% removal ——

*5 Midway Perimeter Ditch

Mean 831
% barnwash 55
% removal 45

*] Wolf Creek Site Qutfall

Mean 469
% barnwash 31
% removal 69

7.13 86.3 288

7.53 35.5 227
96 23 76

7.26 16.2 249
92 iR 83

7.41 6.6 210
94 4 70

mg/1

28.61
100

6.01
21
79

1.25
96

- mg/1

145.26
100

4.46
3
97

*These data are gross estimates that are not
corrected for flow versus no-flow conditions.
In effect, these efficiencies calculated for
these stations are too high.
discharge from the secondary holding lagoon

significantly increase concentrations of
See

Periods of

some parameters at stations 1 and 5.
text for further explanation.

-9~

mg/ 1 mg/ 1
4,604 25,934
100 100
3.661 23.187
77 89
23 11
5,700 11.326
124 44
-—- 56
3.962 6.897
86 27
14 73
1.293 1.880
28 7
72 93



more characteristically found in the secondary holding lagoon led
to speculation that two separate phenomena were actually being
observed at these stations. It was hypothesized that lower con-
centrations measured at these two stations were in fact normal
"ambient" concentrations of parameters that would be present in
groundwater seepage and normal rainfall runoff. These are
believed to represent the water quality impacts from the pasture
land use alone. The second suspicion was that high concentrations
of the monitored parameters were reflections of discharge activi-
ties from the lagoon waste treatment system.

In May of 1980, an automatic sampling device was installed
at the Station 1 site outfall. The device was equipped with
refrigerated sample storage capacity such that samples could be
taken on a regular daily basis and stored for some period without
deterioration. These samples were collected and brought to the
laboratory twice each week. Given this daily monitoring capability,
resolution of water quality trends at this station increased to the
point that regular distinct sharp peaks were observed in nitrogen,
phosphorus, and turbidity levels (Figures II-40a, II-43a, II-44a,
II-45a, and I1I-46a). In addition, the time of occurrence of these
peaks could be cross-referenced with times that discharge events
from the lagoon system were observed to be occurring. This corre-
lation appears to be almost one to one.

These data confirm suspicions that mere mean concentrations
of parameters measured at Stations 1 and 5 are misleading if used
to determine the efficiency of the dairy waste treatment system.

If one compares the peak concentrations at Station 1 with normal
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concentrations of the same parameters in discharge from the
second lagoon, treatment efficiency of the system, while good,

s not quite so impressive. In fact, reduction of total nitrogen
and phosphorus from barnwash levels is only 56 and 69 percent,
respectively. Reduction of inorganic forms is even less impres-
sive as inorganic nitrogen is reduced only 15 percent while ortho
phosphorus, if anything, is released in concentrations higher
than those mean levels calculated for the barnwash.

Details of conversion of organic and inorganic forms of
nitrogen and phosphorus in the lagoon and ditch system at the SEZ
Dairy were discussed in Goldstein and Ulevich (1980). Additional
data collected since then and presented here (Table II-3) continues
to show the same types of results. The net conversion of organic
nitrogen to ammonia in the anaerobic conditions that prevail in the
first Tagoon and its subsequent conversion back to a more predomi -
nantly organic form by the time it Teaves the dairy is a character-
istic feature of the system. Ortho phosphorus concentrations leay-
ing the dairy during periods of lagoon discharge, while lower than
those observed in the lagoon effluent itself, are at levels similar
to those measured in the barnwash. Biogeochemical processes in the
lagoon system are reducing the organic component of the phosphorus
Toad, but as a result, the soluble reactive phosphorus 1oad is being
enhanced. When discharge from the lagoon system occurs, some reduc-
tion of the phosphorus load occurs in the perimeter ditch (probably
due to adsorption and settling to the sediment, rather than direct
conversion to organic forms, since the fraction of the inorganic
component of the inorganic/organic phosphorus ratio continues to
increase).
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Table 1I-3
INORGANIC/ORGANIC NUTRIENT RATIOS
FOR SEZ DAIRY
SAMPLING STATIONS
Station Nitrogen Phosphorus
2 Barnwash 19.7 17.8
3 Primary Settling Lagoon 60.8 15.3
4 Secondary Holding Lagoon 53.3 50.3
5 North Perimeter Ditch 34.7 57.4
6 South Perimeter Ditch 29.1 71.6
1 Site Qutfall at Wolf Creek 28.0 68.8
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The evidence implies that dairy waste treatment lagoons may
do Tittle to alleviate the phosphorus discharge problem from the
barns. Admittedly, mean total phosphorus concentrations leaving
the Tagoons are less than half of mean concentrations measured
in the barnwash, but this Toss is probably due to deposition and
storage in the lagoon sediments. Anaerobic conditions that pre-
vail there serve to convert organic to soluble forms and to set
up equilibrium conditions between the ever increasing amounts of
phosphorus in the sediment and the water column such that inor-

ganic forms are kept in solution at high concentrations.
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WATER QUALITY IMPACTS OF AGRICULTURAL PRACTICES

The previous discussion of time series water quality data provided
some insight into concentrations of water quality parameters that are
characteristic of each study site. These types of data are useful for
determining if seasonal trends exist or if any type of extraordinary
event either man-made or natural (e.9., plug installation or hurricane)
has impact by increasing or decreasing concentrations. These types of
data also provide some insight into water quality effects of various
Tand use practices. Comparisons can be made between sites based on
characteristic means, orders of magnitude, and variability, thereby
providing insights into impacts of livestock stocking intensities and
pasture maintenance programs.

The picture, though, cannot be complete without performing some
type of analyses of the quality data in conjunction with flow weighting.
That is, a determination must be made as to how volumes of water, in
addition to land use practices, impact water quality. In order to
accomplish this, Toading calculations based on quantity and quality data
are performed. As a result, concentration and volume data are trans-
formed into a total quantity (mass). In this case, the quantities of
interest are nitrogen and phosphorus species. A discussion of the Toad-
ing calculation rationale and methodology follows. The remainder of the
chapter will provide a flow weighted analysis of impacts of agricultural

land use practices based on such Toading calculations.

LOADING CALCULATION RATIONALE AND METHODOLOGY

In order to adequately determine the impacts of different types of
land uses and the effectiveness of the detention/retention concept as a

nonpoint source water quality treatment alternative, it js necessary to
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be able to calculate the quantities of each nutrient species of interest
that occur over a given time interval. In order to do this, one needs
to have both a measurement (or good estimate) of both the quality of
water and the quantity of water that flows past a point of interest for
the given time interval. An attempt has been made to collect these types
of data at the relevant sampling Tocations on the Upland Demonstration
Project sites. Water quality data has been collected routinely since
early 1979, The water quantity data record is not as complete. Instal-
lation of instrumentation and flow control structures were hardly com-
pleted when rains preceding and during Hurricanes David and Frederic in
Fall of 1979 caused damage to these devices that required repair or
replacement (Goldstein, et al., 1979; Goldstein and Ulevich, 1980). As
a result, flow volume records at some stations go back only to the Spring
of 1980. For the analyses that follow, the period of record for flow
measurements will vary for each station. The entire record will be used
where possible (i.e., impacts of land use on watersheds); however, for
analyses on effects of detention/retention areas where multiple station
records are required, by necessity the period of record will coincide
with the period of record of the station where the least amount of quan-
tity data has been collected. For this reason, the records at the
Armstrong and Ash Slough sites are not as complete as would be desirable.
It is hoped that the ongoing nature of the project will aliow us to
eliminate this deficiency.

Nutrient loadings for total nitrogen, inorganic nitrogen (NOx +
NH4), total phosphorus, and ortho phosphorus have been calculated at each

of the pertinent surface water sampling stations in the following manner:
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A representative nutrient species concentration for the
period of interest (i.e., the interval between two routine
water quality sampling dates) was calculated by computing
a mean concentration using those concentrations measured
on the routine sampling dates that define the interval.
The daily flow volumes that occurred over the same jnter-
val were summed to provide a total flow volume for the
interval. Since water quality sampling occurs at or near
mid-day, flow volume for that day is halved. One-half of
the reported volume is assumed to occur during the inter-
val of interest and the other half is assumed to occur
during the interval immediately preceding or following
the interval of interest, as the case may be.

The flow volume for the interval is multiplied times the
mean concentration for the interval and the appropriate
conversion coefficients are applied to compute a mass
loading of the nutrient species of interest for the inter-
val in kilograms.

The loading for the interval can be divided by the days
of measured discharge at the flow control structures to
determine an amount in kilograms per day of nutrient mass

that passes the sampling point.

In order to determine the actual role of land use practices on a

watershed,

1t is of essential importance to know what the role of rain-

fall is in contributing to nutrient Toading. As rainfall is a natural
process, it could be argued that nutrient loading contributed by rain-

fall is a normal and probably desirable process.
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Mass loading of the nutrient species of interest has been calcu-
lated for the Upland Demonstration Project sites using the following
methodology:

1. Rainfall quality samples were collected at three locations
in the vicinity of the Upland Demonstration Project sites.
These sites and the period of data collection used for
this study are Tisted in Table II-4.

2. Samples were éol]ected at permanent collection structures
and retained in Nalgene bottles. After each significant
rainfall, the sample was collected and poured into a
larger Nalgene container and kept refrigerated. Rainfall
samples for the week were composited in this manner. At
the end of the week, the composited sample was brought to
the laboratory and subsequently analyzed for nitrogen and
phosphorus concentration Tevels.

3.  The weekly quality observations for each nutrient species
of interest were summed over the period of record, and
mean concentrations and standard deviations were calcyl-
lated,

4. A student's t-test was run as a method to compare the mean
concentrations of each parameter at the three sampling
locations to determine if any significant differences
could be statistically detected. Computed t-scores for
each pair were highly insignificant. It was thus assumed
that mean concentrations of nutrient parameters in rain-
fall collected at each station were equally likely to

occur throughout the study area.
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5. Since the means for each parameter differed at the three
stations, the high mean and the low mean values were
chosen as representative of the maximum and minimum con-
centrations for each nutrient species that would be
expected to characteristically occur in rainfal] over
the study area.

6.  The maximum and minimum concentrations of each nutrient

species were multiplied by the surface area of each
watershed (Table II-5) in the study area and by the
amount of daily rainfall measured at the study site by
on-site rain gauges supplied and maintained by the U. S.
Geological Survey out of Orlando, Florida. The result-
ing numbers were multiplied by the appropriate conversion
coefficient to produce a range of kilograms of nutrient
species per day loading to the watershed that could be
attributed to rainfall alone.

The role of detention/retention areas as nutrient sources or sinks
1s determined in a similar manner. A1l mass loadings of the nutrient
species going into the area are calculated at the inflow monitoring
stations. To this is added the mass loadings contributed by rainfall
over the ungauged surface area of the marsh. The total mass Toads in
are then compared against the total mass Toads out as determined at the
detention marsh outfall monitoring site. The mode of the marsh as a
source or sink is determined in the same manner as described above.

This analysis is complicated somewhat by the existence of storage
area in the detention/retention marsh. For example, mass loads in might

exceed mass loads out for a given period when rainfall and subsequent
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Table II-4 RAINFALL QUALITY SAMPLING LOCATIONS
PERIOD OF RECORD

LOCATION P. 0. R,
S-658 April 1, 1979 - February 9, 1981
5-65D September 10, 1979 - December 31, 1980
Okeechobee Field Station April 1, 1979 - December 31, 1980

Table II-5 CONTRIBUTING WATERSHED SURFACE AREAS
FOR UPLAND DEMONSTRATION PROJECT SITES

(Acres)
ARMSTRONG SLOUGH : PEAVINE PASTURE:
Flume 2,000 Total: 600
Open Channel 20,000
Marsh Area 453
Total: 22,453 SEZ Dairy:
Wolf Creek Discharge 815
ASH SLOUGH: Total: 815
Ditched Pasture 162
Unditched Pasture 26
Marsh Area 52
Total: 240
WILDCAT SLOUGH:
Flume 6,400
Small Culverts 4,270
Upstream C-41A 5,207
Total: 15,677
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runoff i1l the detention/retention area. This inflow from runoff will
abate following the storm event. Discharge of the stored water in the
marsh area, however, may continue for some longer period. For this
reason, a simultaneous computation of loads in versus loads out at regu-
Tar intervals may not be appropriate. This is probably the case at Ash
STough where inflows and outflows are discontinuous and occur as dis-
tinct events following periods of significant rainfall. In these
instances, better results are obtained by treating the entire event

from beginning of inflow to the ceasation of outflow as the interval of
interest. This is a Tonger term approach and is applicable only in those
instances where distinct events occur and can be separated. In lieu of
this, long term intervals such as seasonal or annual have to be selected

and resolution of the effects of individual storms is reduced.

FLOW WEIGHTED IMPACTS OF AGRICULTURAL LAND USE PRACTICES

Flow weighting provides considerable insight into the role watersheds
play in contributing to or reducing the nutrient loads to receiving
waters. This is especially true when one examines the sources of nutrient
Toads on the watershed. Sources of nutrients to the watersheds in the
UpTand Demonstration Project were primarily rainfall loads and supplemen-
tal fertilization by landowners. At SEZ Dairy, the waste treatment lagoon
effluent was an additional source of nutrient loads at the site outfall.
With the exception of the north channel at Armstrong Slough and the SEZ
Dairy, all water volumes in the channels were the product of direct rain-
fall runoff or shallow groundwater seepage. The Tatter was probably a
very minor contributor to the overall flow. The Armstrong Slough and SEZ
Dairy watersheds mentioned as exceptions, each received flow contributions

from at least one other source. At Armstrong the source of continuous

-88-



flow is probably groundwater pumped to the surface for citrus irrigation.
At SEZ the additional source is groundwater utilized for dafry barn
operations. This source receives treatment and is only discharged from
the lagoons to impact the site outfall at irregular intervals.

In this discussion, each watershed will be addressed separately.
The nitrogen and phosphorus loads in sources will be analyzed as well as
the Toads being discharged from the watershed at each monitoring station.
Any reduction or increase in loads will be noted. A comparison of the
loads contributed by each watershed will conclude this discussion.

Loading analyses were performed on each watershed for the period of
record where concurrent water quality and quantity data were available.
While quality data has been available at all sites since early 1979,
installation of gauges, flumes, and culverts at all sites by that date
was not possible. In addition, following initial installation, major
repair and maintenance work was required at some of the sites. As a
result, loading calculations have been made for the period of record sub-
Sequent to the completion of these major activities where a continuous
record of flow volume data is avajlable. This period varies from site to
site and explains why there are more loading data associated with some

sites than with others.

PEAVINE PASTURE

Data were available and loading calculations were performed for
the period from July 1979 through November 1980. Rainfall over the
watershed ranged from none in October 1979 to 32 cm during September
1979. The total rainfall volume peaked at 769.8 x 103 cubic meters
during September, a good part of which was associated with Hurricane

David. Discharge measurements in September are not accurate in that
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some flow was observed to bypass the flume and was not measured.
In addition, some flow was probably contributed by adjacent water-
sheds as total discharge for August, September, and October 1979
exceeded total rainfall during those three months.

With the exception of the August-October 1979 period, runoff
volume leaving the site at the outfall is characteristically less
than 10 percent of the total rainfall volume (Tables II-6a & II-6b).
During February and August 1980, runoff was roughly half the cal-
culated rainfall volume. Discharge volumes in excess of rainfall are
associated with the heavy rains that preceded and followed Hurricane
David in August-October 1979. During three months no discharge
occurred at the site. Rainfall during this time was completely
absorbed on the watershed.

With the exception of the August-October 1979 period, percent
total nitrogen reduction closely reflected the percent volume reduc-
tion of rainfall to discharge on the watershed. With the exception
of October when no rainfall fell on the watershed, discharge of dis-
solved inorganic nitrogen and total and ortho phosphorus was well
beTow those levels that could be attributed to rainfall alone
(Figures II-47 through 11-50). Indeed, with the exception of the
previously discussed August through October period, discharge of
these three parameters at the site outfall was practically nonexis-
tent. The watershed was a net exporter of nutrients at no time. 1In
fact, as much as 2.88 pounds per acre of total nitrogen and .27
pounds per acre of total phosphorus were absorbed during this study.
During October 1979 when no rainfall occurred, 284.8 kg of total

nitrogen and 7.5 kg of total phosphorus were exported. The discharge
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at this time was from residual waters left by the heavy rains
during the previous month. This being the case, the reported
export merely reflects loads already dissolved in this water

and not any additional export from the watershed itself.

ASH SLOUGH

Total monthly rainfall on the Ash STough-east portion of
the watershed ranged from 1,000 cubic meters to 36,900 cubic
meters during and following Hurricane David (Tables II-7a & II-
7b). October is the sole month where net runoff exceeds rainfall.
The bulk of this appears to be water left by Hurricane David.
Total rainfall volume for September and October when summed
together exceeds the total discharge volume for these two months.
It can be concluded that extreme rainfall events result in some
detention of water on the watershed itself, as flat land and dense
grass cover combine to sTow the sheet flow of water across the
area. MWith the exception of August-September 1979 and September
1980, net absorption of rainfall on the watershed was in excess of
84 percent. During eight of the 15-month period of record, little
or no discharge occurred at the watershed outfali.

Some export of nitrogen appears to have occurred during Sep-
tember-October 1979 as total rainfall input for these months is
slightly less than total discharge from the site. This export is
probably in the organic particulate form as inorganic nitrogen
loads were reduced 80 to 95 percent during this time. Almost all
of the inorganic nitrogen in rainfall is consistently absorbed on
the watershed,

Phosphorus was exported during September and October 1979.
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Total export of phosphorus for the two months was nearly 14
kilograms, of which approximately eleven were in the ortho form,
Ortho phosphorus export appears to be correlated with months of
high rainfall runoff. Ortho phosphorus is consistently the
major constituent of the total phosphorus load being monitored
at this location.

With the exception of the high rainfall/runoff periods
previously mentioned, ortho and total phosphorus are consistently
absorbed on the watershed (Figures II-51 and I1-52). Total nitro-
gen is also almost totally absorbed except during months of
extreme events. Inorganic nitrogen is absorbed almost completely
by the watershed year round (Figures II-53 and 11-54}.

Comparison of nutrient loads in rainfall and discharge in
absolute terms at Ash Slough-west (Tables II-8a and 1I-8b) is com-
plicated by the reduction of effective watershed area by approxi-
mately half after January 1980. Trends in uptake or discharge of
nutrients and in percentages of uptake or reduction over amounts
present in rainfall alone should remain valid as the total volume
of rainfall expected in runoff should be reduced by the same per-
centages as the total watershed area.

Discharge exceeding measured rainfall during October 1979
indicates that there was some temporary storage of heavy September
rains on the watershed that continued to run off and contribute
associated nutrient loads for somewhat less than a month following
the rainfalls associated with Hurricane David.

With the exception of the month of April 1980, nitrogen was

continually absorbed on the watershed as Toads in runoff from the
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watershed were 70 to 100 percent less than those expected in rain-
fall alone (Figures II-55 and II-56). Some net increase in total
nitrogen in discharge is indicated during October 1979 and Septem-
ber 1980; however, these are probably just artifacts of the dis-
charge lag following larger rainfall volumes on the watershed
during the preceding months. This phenomenon does not appear to
be the cause of the net export of total nitrogen during April 1980.
This export is largely organic nitrogen as inorganic nitrogen loads
for the same month are substantially reduced.

Inorganic nitrogen in rainfall is almost totatly absorbed by
the watershed. There was a net discharge of a significantly larger
amount during April 1980 (over 5.5 times that discharged during the
1979 hurricane when rainfall volume on the watershed was almost
four times greater). Rainfall contributions could not be blamed as
the cause of this increase. No reasons for this single monthly Toss
of uptake capability are apparent at this time.

Phosphorus, mainly in the ortho form (Figures II-57 and I1-58)
is exported from the watershed in significant amounts following
periods of increased rainfall. Export occurred during rains in
August and September of 1979 and 1980, and during February through
April 1980. Only during periods of Tittle or no discharge did the
amount in rainfall exceed that leaving the watershed.

Reduction in nitrogen load occurs either through vegetation
uptake or atmospheric loss. An uptake of nitrogen and export of
phosphorus would suggest that the Ash Slough-west and to some extent
the Ash Slough-east watersheds are probably nitrogen 1imited. The

source of excess phosphorus, as well as the occasional peak of excess
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nitrogen is probably fertilizer application practices conducted

by the Tandowner.

ARMSTRONG SLOUGH

Heavy rain and subsequent runoff associated with Hurricane
David increased flows at the monitoring station on the north
watershed to the point that the flow monitoring stage recorder
installed there was washed away. Valuable hydrological data for
the post-hurricane period (September and October) was therefore
not obtained. The recorder was reinstalled in October 1979,
allowing a subsequent continuation of the record.

Rainfall Toading and discharge load data for this watershed
(Tables II-9a and II-9b) show, that under the low flow conditions
- which have predominated since the hurricane, that about 90 to 95
percent of the total volume of water that falls on the watershed
as rain is absorbed into the ground or is lost by evapotranspira-
tion. The data also indicates a net monthly uptake of nitrogen
and phosphorus by percentage that slightly exceeds the expected
uptake due to rainwater absorption or storage on the watershed.
On a monthly basis, total nitrogen is consistently reduced in
excess of 90 percent. Almost 100 percent of the inorganic nitro-
gen toad is retained on the watershed (Figures II-59 and 1I-60).
Phosphorus loads are reduced by a Tike amount (Figures 1I-61 and
II-62). The watershed is an efficient and effective nutrient sink
with the ability to absorb in excess of 35,400 kilograms of nitro-
gen and 2,400 kilograms of phosphorus during any one month.

The south watershed on the Amstrong Slouah site, at
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2,000 acres, is one-tenth the size of the northern area. The
land here is predominantly native rangeland. Discharge of runoff
from the watershed exceeded total rainfall during two months,
September and October 1980. The excess during these months was
due primarily to residual runoff from heavier rains during August.
The total rainfall for August, September, and October is approxi-
mately equal to total discharge from the watershed during these
same three months (Table II-10).

Nitrogen and phosphorus are consistently absorbed on the
watershed (Figures II-63 through II-66). Inorganic nitrogen loads
are consistently reduced by 85 to 100 percent from those expected
in rainfall alone. Uptake of the organic portion is consistent
but not as efficient. The apparent net export noted in September
1980 is probably in effect just the load in residual runoff from
heavier rains during August. The total rainfall for August, Sep-
tembef, and October is approximately equal to total discharge from
the watershed during these same three months,

The net reduction of total nitrogen for the August through
October period exceeds 37 percent. Reduction of total phosphorus
occurs consistently. Ortho forms are reduced in excess of 80 per-
cent. The reduction of non-ortho phosphorus is slightly Tess

efficient.

WILDCAT SLOUGH

The Wildcat Slough study site as previously described is com-
posed of two distinct watersheds, each drained by a well-defined
channel. The upper portion of the larger main channel drains a

6,400 acre area that is predominantly slightly improved rangeland
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interspersed with several small low-1ying marshy areas.

With the exception of the period during and two months follow-
ing Hurricane David, this watershed consistently absorbed practi-
cally all the rainfall and associated nutrients (Tables I1I-11a and
IT-11b; Figures 11-67 through II-70}. Rainfall on the watershed
was 1ight and associated runoff was practically nonexistent.

Hydrology data for the western watershed draining Wildcat
STough, and for the Tower portion of the main watershed, is not
available at this time. Conditions over these watersheds were
similar to those described above. During most of the study period,
no discharge was observed to be occurring at any of the flow moni-
toring stations. Results of analyses, had this data been available,
would undoubtedly be similar to those just described. Inaccuracies
in hydrology data during the lone period of high discharge preclude
drawing firm conclusions, but the data does suggest that efficien-
cies of nitrogen and phosphorus uptake may decrease under such con-

ditions.

SEZ DAIRY

SEZ Dairy is representative of a typical dajry operation in
Okeechobee County. The land use is characterized by high utilization
areas in the vicinity of the milking barn where large numbers of
cattle lounge between milking periods. The majority of the 815-acre
watershed is utilized for hay production or heijfer grazing areas.

Discharge at Wolf Creek is a combination of rainfall runoff,
groundwater seepage into the perimeter drainage ditches,and discharge
from the barnwash waste treatment Tagoons. The erratic nature of the

inflow sources (particularly rainfall and lagoon discharge) as well
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as the mixing that inevitably occurs negates the possibility of
determining the efficiency of each type of land use in nutrient
removal. Instead, the entire dairy has to be considered as a
whole singular type of land use.

A fluid and materials budget for the watershed has to take
into account all the sources as well as the discharges. The
sole discharge location for the dairy is at the perimeter ditch
culvert at Wolf Creek. Materials and fluid sources on a monthly
basis were the sum total of the rainfall on the watershed and
the lagoon system discharge for each particular month. The major
Tocations of water loss were evapotranspiration on the pasture
and in the perimeter ditches. It must be emphasized that the
period of record covered by these data was an abnormally dry one.
No firm conclusions should be drawn on impacts of wet years on
water budgets and materials reduction on this area.

Data presented in Tables II-12a and II-12b reveal that rain-
fall is the major contributor of water to the dairy. Discharge
from the waste treatment lagoons, ranging from less than one up
to seven percent of the total water input, would be relatively
insignificant except for the fact that it has high concentrations
of nitrogen and phosphorus and it is directed immediately into
the north perimeter drainage ditch. The sole treatment that this
occurs in the mile-long ditch between the Tagoon discharge point
and the site discharge point at Wolf Creek.

Nitrogen loads at Wolf Creek are consistently reduced from

5 to 97 percent of the total input with the exception of September
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~-. -and October when total nitrogen ] oads showed a total net
export (Figures 1I-71 and I1-72). These apparent exports are
probably the result of rainfall runoff stored on the watershed
following events in August and September. The total load to

the watershed for August, September, and October exceeded the
total load in the discharge by over 200 kilograms for the same
three months. The lagoon waste treatment system contributes

to the total nitrogen disproportionately to its total fiuid
contribution. The lagoon system is responsible for from 171 to
60 percent of the tota] nitrogen load on a monthly basis.

Inorganic nitrogen exhibited a net export only during the
month of September 1980. This, too, was probably due to the
temporary retention of water on the watershed such that runoff
that could be attributed to the rainfall during the preceding
month continued to occur.

The percent uptake of inorganic nitrogen generally
exceeded that of the total nitrogen component. The net result
is such that nitrogen at the Wolf Creek discharge is mainly in
organic form.

Net uptake of phosphorus, when it occurs at the SEZ Dairy
site, is less efficient than uptake of nitrogen. There is a net
export of total phosphorus during five of the ten months period
of record (Figure 1I-74). Discharge from the waste treatment
lagoons is responsible for forty percent or more of the total
load to the watershed during six of the ten months. The Tagoons
were responsible for less than 25 percent of the total only dur-

ing December 1979,
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INTERWATERSHED COMPARISONS
In order to evaluate the effects of land use practices as
they relate to the beef and dairy cattle industry, and associated
water quality of runoff from these lands, the seven watersheds
comprising the Uplands Demonstration Project area have to be
arranged in some order of land use intensity. This can be accom-
plished in terms of cattle per acre and/or pounds of fertilizer
applied per acre, etc. Given these types of criteria for eval-
uating intensities of land uses for the project study sites, the
following rankings were devised from least through most intensivel y

used:
1.  Wildcat Slough

Peavine Pasture

Armstrong Slough - South

Armstrong STough - North

Ash Slough - East

Ash Slough - West

~ (o] (5,1 L= W N
. . . . . .

SEZ Dairy

The annual loadings and export rates for nitrogen and phos-
phorus from these watersheds are presented in Table II-13. Two
watersheds stand out as contributing nitrogen and phosphorus on a
per acre basis in quantities greater than any of the others. These
two, SEZ Dairy and Ash Slough-west, are not surprisingly the two
most intensively stocked and most efficiently drained watersheds in
the Demonstration Project. Ash Slough-east is characterized by
somewhat lower export rates (with the exception of nitrogen export

at Armstrong Slough-north) than those calculated for the other, more
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It appears that land use practices have a definite impact
on nitrogen and phosphorus export rates from the watershed on a
per unit area basis. This correlation is a direct one between
increasing cattle density and nutrient export. The Ash Slough-
west pasture is the most prolific exporter of both total nitro-
gen and all forms of phosphorus. SEZ Dairy is the leading ex-
porter of inorganic nitrogen on a per acre basis. Wildcat Slough
exports the least amount of nitrogen and phosphorus on a per acre
basis. Nitrogen export rates between Wildcat Slough and Ash
Slough-west differ by about two orders of magnitude. Phosphorus
exports differ by as much as three orders of magnitude. Ash
Slough-west and SEZ Dairy are the only sites that export either
nutrient in excess of the total amounts contributed to them.
This net export is 1imited to phosphorus, a large proportion of

which is in the orthc form.
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CHAPTER III

IMPACTS OF DETENTION/RETENTION SYSTEMS

INTRODUCTION

The second main purpose of this study was to determine the feasi-
bility of using low-lying marsh areas as stormwater runoff detention/
retention facilities. It has been hypothesized that detention/retention
can be an efficient and cost effective means of reducing the impact of
nutrient loads in stormwater runoff pulses from agricultural lands.

This study was designed to test that hypothesis by creating such systems
and subsequently monitoring nitrogen and phosphorus loads that were
transported into and from them.

The sites chosen for this study were the natural low-Tying marsh
areas described at Ash Slough on the J. C. Bass ranch and the marsh area
at Armstrong Slough that was created as a result of the plugging of the
main drainage channel.

These marshes represent different aspects of detention/retention
application both in terms of hydrological regimes and -incoming nutrient
Toads that they were to be subjected to. Land use practices at Ash Slough
as compared to Armstrong Slough resulted in higher mean concentrations of
nitrogen and especially phosphorus being contributed to the dentention/
retention facility (Table III-1). Hydrological characteristics are also
very different. Ash Slough is a natural Tow area that receives and holds
water during and following rainfall events. In the absence of such events
of sufficient duration and intensity, water in the marsh dissipates
through evapotranspiration and/or seepage until the system is left dry.

Under the meteorological conditions that have prevailed during the past
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Table J11I-1

INFLOW CONCENTRATIONS OF N AND P TO ASH AND ARMSTRONG SLOUGHS

Total N

Inorganic N

Total P

Ortho P

Total N

Inorganic N

Total P

Ortho P

Means & Ranges

mean
range

mean
range

mean
range

mean
range

mean
range

mean
range

mean
range

mean
range

Ash Slough

West Pasture

2.04
0.21-6.94

0.06
<0.07-0.68

1.209
0.069-4,797

1.044
0.017-3.515

Armstrong STough

East Pasture

1.85
0.28-6.82

0.03
<0.01-0.17

0.407
0.067-1.293

0.289
0.012-1.008

North Channel

1.17
0.32-2.52

0.05
<0.01-0.23

0.091
0.033-0.429

0.037
<0.010-0.253
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South Channel

1.74
0.59-4.53

0.04
<0.01-0.40

0.085
0.013-0.207

0.016
<0.010-0.058



year of this study, the marsh has remained in the dry state for extended
periods.

By contrast, water is usually always present at the Armstrong Slough
site. This detention/retention marsh area was created by forcing water
bver the banks of a continuously flowing stream. While this system, Tike
Ash Slough, receives pulses of stormwater runoff, it is not subject to
the wet/dry extremes that were observed to occur at Ash Slough.

Having these two detention/retention sites allows for comparisons to
be made of the effectiveness of the concept for water quality treatment
under two very different, but "typical”, sets of conditions.

While not designed to specifically treat stormwater nonpoint source
runoff, waste treatment lagoons designed by the U. S. Soil Conservation
Service for wastewater management of effluent from dairy milking barn
Operations are in a sense detention/retention facilities. By defining
the lagoons as such, inclusion of their effectiveness and impacts in the
discussion is warranted at this time.

The following discussion will address the effectiveness of each of
the detention/retention facilities for waste quality treatment studied in

the Uplands Demonstration Project.

ASH SLOUGH

To assess the ability of the Ash Slough detention/retention marsh
to remove nitrogen and phosphorus, a black box approach was taken.
Loadings attributed to each source of inflow (a1l tributaries plus
ungauged runoff due to rainfall) were summed to arrive at total
Toad of each nutrient species into the marsh. Loads calculated to
be Teaving the site at the marsh outfall were assumed to be the total

transport out of the marsh. The duration of the event at Ash STough
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was defined as beginning of inflow into the marsh until cessation

~ of outflow. A1 daily flows into the marsh durina that period are
~ the discharge are summed to give total loads out for the event.

- Each event was considered as a separate entity and the reported

iéfhé‘br71d§§éémbf“h¥£Fb§én_énamﬁﬁo§bh6Pu§“¥ﬁ'thé'harSHwa?é’thé

net resuTts of the entire event.

Concurrent hydrology and quality data were collected at Ash
STough during four distinct events. The first event was in pro-
gress as concurrent monitoring began. This event was the after-
math of rainfalls that preceded and occurred during Hurricane
David in September 1979. 1In fact, over 30 days of continuous
discharge from the marsh had occurred prior to commencing event-
based monitoring on September 11, 1979. The remainder of this
event Tasted 53 days, until November 2; 1979. During this time,
discharge ranged from 56 to 8,660 cubic meters per day. The total
measured portion of the event was 186,600 cubic meters (151 acre
ft.).

The second event occurred between February 19 through
February 28, 1980. This event occurred immediately following
repair of inflow measuring flumes and levee dressing eartier in
the month. During this event, a total of 24,198 cubic meters
(19.6 acre feet) of water was calculated to have discharged from
the site. Maximum volume of water retained in the marsh during
this period was calculated to be between 8,000-9,000 cubic meters.

An event of this magnitude over the nine days observed time period

’”_W6u7d”ca05é'amtdtéT"d%§51éEéﬁéhE'6%'thémmék¥ﬁumWMéf§hm§oTbﬁéAfmmm
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- -at least three times over. Since the total marsh volume is

usually Tess than the maximum for the event, the resulting resi-
dence time of water in the marsh is probably somewhat less than
three days.

The third event occurred between March 31 through April 19,
1980. Computed discharge from the marsh totaled approximately
55,200 cubic meters (45 acre feet) with daily discharges ranging
from 330 to 11,000 cubic meters. Maximum marsh volume during
this period was about 16,000 cubic meters. While the total magni-
tude of this event was larger than the previous one, the extended
period of time over which it occurred resulted in a potentially
Tonger residence time for water in the marsh, roughly five and
one-half days maximum.

The fourth and last event monitored during the 1980 season
occurred between August 24 through September 13, 1980. This was
the largest event of the 1980 season. Total volume discharged
from the marsh was 119,500 cubic meters (97 acre feet). Discharge
rates ranges from 291 to 19,500 cubic meters per day. Maximum
marsh volume reached between 26,000 to 27,000 cubic meters. The
observed event lasted 18 days. This would allow for 4.5 complete
turnovers of maximum marsh volume and a residence time of four
days or less,

Loadings of nitrogen and phosphorus species into and from the
marsh for each event are presented in Tables III-2a and III-2b.

In addition, the total reduction of load and the percentage of
treatment is also calculated and listed.

From these data, it fs apparent that the Ash Slough detention/
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Table IIl-2a

1979-1980 STORM EVENTS AT ASH SLOUGH

Event # 1

Inflow: Pre 9/11/79 - 11/02/79
Outflow: Pre 9/11/79 - 11/02/79

Total Magnitude of Event 186,630 m3 Range of Daily Discharges 56-8662 m3

Sources of Nutrients to Marsh Total N NH4+NOx Total P Ortho P
Ditched Pasture 338.73 5.31 113.13 94.87
Unditched Pasture 58.06 0.66 14.03 10.45
Rainfall on Marsh 93.90 24.57 5.77 2.98

Total KiTograms Import 490.69 30.54 132.93 108.30

Total Kilograms Export 347.37 6.72 107.16 87.22
Difference 143.32 23.82 25.77 21.08
% Reduction 29,2 78.0 19.4 19.5

Event # 2
Inflow: 2/19/80 - 2/28/80

Outflow: 2/19/80 - 2/28/80
Total Magnitude of Event 24,300 m3 Range of Daily Discharges 1267-5222 m3

Sources of Nutrients to Marsh Total N NHA4+NOx Total P Ortho P

Ditched Pasture 28.89 0.91 58.64 52.83
Unditched Pasture Trace Trace Trace Trace
Rainfall on Marsh 6.50 1.86 0.45 0.22
Total Kilograms Import 36.39 2.77 59.09 53.05
Total Kilograms Export 18.70 0.31 19.57 21.55
Difference 17.69 2.46 39.52 31.50
% Reduction 48.6 88.8 66.9 59.4
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TabTe III-2b

1979-1980 STORM EVENTS AT ASH SLOUGH

Event # 3

Inflow: 3/31/80 - 4/19/80
Outflow: 4/1/80 - 4/19/80

Total Magnitude of Event 55,200 m3 Range of Daily Discharges 300-11,000 m3

Sources of Nutrients to Marsh Total N NH4+N0x Total P Ortho P

Ditched Pasture 315.12 20.33 26.01 20.23
Unditched Pasture 2.29 0.07 0.98 0.75
Rainfall on Marsh 39.40 11.29 2.66 1.28
Total Kjlograms Import 356.81 31.69 29.65 22.26
Total Kilograms Export 176.30 5.63 81.89 67.13
Difference 180. 51 26.06 -52.24 -44.87
% Reduction 50.6 82.2 export export
Event # 4

Inflow: 8/24/80 - 9/13/80
Outflow: 8/30/80 - 9/13/80

Total Magnitude of Event 119,500 m3 Range of Daily Discharges 300-19,500 m3

Sources of Nutrients to Marsh Total N NH4+N0x Total P Ortho P

Ditched Pasture 198.21 5.02 106.56 96.85
Unditched Pasture 15.34 0.25 3.73 2.84
Rainfall on Marsh 128.90 34.10 8.04 3.89
Total Kilograms Import 343.45 39.37 118.33 103.58
Total Kilograms Export 340.80 5.22 109.77 93.92
Difference 2.65 34.15 8.56 9.66
% Reduction 0.8 86.7 7.2 9.3
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retention marsh is fairly efficient in reducing inorganic nitrogen
loads. Efficiencies of removal ranged from 78 to 88.8 percent.

As might be expected, the highest efficiency occurred when incoming
loads were Teast. Incoming loads of inorganic nitrogen for the
four events ranged from 2.77 kilograms during the February 1980
event to 39.37 kilograms for the August 1980 event. No doubt the
system was stressed by a far larger load prior to commencement of
monitoring the after-effects of Hurricane David.

Total nitrogen loads were also consistently reduced. The
percent reduction, however, was not as dramatic as that observed
for the inorganic nitrogen. In fact, during the August 1980 event,
the observed reduction was barely perceptible and could be attri-
buted entirely to normatl variability inherent in the sampling and
analyses processes. During this event, the percent of the total
load that could be attributed to organically bound nitrogen actu-
ally increased as there was a significant reduction of the inor-
ganic fraction. Removal efficiencies of total nitrogen for the
other three events ranged from 29.2 percent to 50.6 percent. The
portion of the incoming nitrogen load that was inorganic ranged
from 6.2 to 11.5 percent. The portion of the inorganic nitrogen
1oad leaving the marsh ranged from 1.5 to 3.2 percent.

The Ash Slough marsh was only marginally successful in reduc-
ing phosphorus loads. Maximum reduction of total phosphorus was
67 percent during the February 1980 event. A large portion of this
was probably Teft in solution but retained 1in storage in the marsh.
In fact, during the subsequent event in March-April 1980, the marsh

discharged twice as much total and ortho phosphorus as could be
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accounted for by all the inflow sources. This was the only event
where actual export from the marsh occurred. Efficiency of total
phosphorus reduction was 19.4 and 7.2 percent for the September
1979 and August 1980 events, respectively. There was little, if
any, change in the ortho to total phosphorus ratios of either the
Influent or the effluent to and from the marsh during any of the

four events.

ARMSTRONG SLOUGH

Loading data for the Armstrong Slough detention/retention
marsh was treated using a "black box" technique similar to that
employed for Ash Slough. As previously noted, hydrological
regimes at the two sites are different, Unlike Ash Slough, which
undergoes extremes of wet and dry conditions, the Armstrong Slough
marsh remained wet continuously following the installation of the
earthen plug in the main channel. Given this characteristic and
generally low rainfall amounts, it was impossible to identify any
particular quantity of discharge from the marsh as having origi-
nated during any particular rainfall event. With more or less
steady-state conditions being the rule, the efficiency of treat-
ment (or lack of same) by the Armstrong Slough marsh was calculated
on a continuous basis for the period from June 1, 1980 through
October 31, 1980. Lack of a hydrology record after October pre-
cludes carrying the analysis out for later dates at this time.

Nutrient loads were calculated by the methodology previously
described. Routine weekly or biweekly sampling dates were the
nodes on which water quality calculations and loadings were based.

Hydrology was supplied on a daily basis.
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During the period April 1, 1980 through October 31, 1980,
stages at Armstrong Slough ranged from 46.79 on May 8 to 49.50
on August 14. Low stages during the initial portion of this
period were due to lowering the water Tevel at the site to
install the earthen plug in the main channel. This was accomp-
Tished in April and May. Water stages rose appreciably on May
29th and 30th following completion of the work and replacement
of flashboards in the culvert risers. Subsequently, stages
never dropped below 47.26. Marsh storage volume after May 30,
computed from stage-storage volume relationships, ranged from
roughly under two acre feet (270 m3) to 100 acre feet (123,360
m3).

Mean hydrological residence times were calculated on a
monthly basis. The mean monthly stage was used for computation

of mean marsh volume for each month, June through October

(Table III-3). This figure was divided into the number of days

at a mean residence time for water in the marsh during that month.
Mean residence time of water in the marsh was least during

August (4.02 days) and greatest during October when no discharge
occurred,

Lack of hydrological data for the southern watershed, prior
to plug installation in the main channel precludes the possibil-
ity of doing an accurate analysis of the effectiveness of the
impoundment area to remove nutrients while in its pre-plug con-

dition. Any results would be purely conjectural. District

hydrologists are currently attempting to reconstruct the record
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Table 1II-3

MARSH VOLUME/RETENTION CHARACTERISTICS FOR ARMSTRONG SLOUGH

FOLLOWING PLUGGING OF MAIN CHANNEL

1980
JUNE JULY AUGUST  SEPTEMBER OCTOBER
Average monthly volume (m3) 86,350 92,520 111,030 86,350 46,880
Total monthly discharge (m3) 151.360 85,515 855,525 174,745 0
Total days of discharge 15 23 31 19 0
Number of marsh volume turnovers 1.75 0.92 7.71 2.02 0
Average residence time (days) 8.6 25 4.02 9.4 -—
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with the data that they have available. If this proves to be
feasible, a pre-plug analysis will be included in a future report,

Some export of nitrogen and phosphorus occurred during the
April-May construction period. This export included both organic
and inorganic species. Beginning in mid-May, however, the marsh
began to consistently act as a nutrient sink for all species -
either by absorption or maintaining them
age during periods of low or no discharge. Table III-4 contains
a monthly summary of the nitrogen and phosphorus species loads
into and out of the Armstrong Slough detention/retention marsh,
the quantity retained, and the percentage of treatment attri-
buted to the marsh. Total nitrogen loads coming into the marsh
were reduced from 45 percent to effectively 100 percent when no
discharge was occurring. Total phosphorus Toads were simultan-
eously reduced from 69.6 percent during discharge to 100 percent
under no discharge conditions. Inorganic nitrogen (NHA+NOx) and
ortho phosphorus loads were substantially reduced. Inorganic
nitrogen treatment was continually better than 94 percent and in
all but one of the five cases better than 97 percent. Reduction
of ortho phosphorus loads were better than 87 percent in each
case.

There appears to be a tendency toward decreasing efficiency
of treatment with increasing total monthly flow volumes. Least
squares analyses were performed to determine the strength of this
correlation for both total and inorganic nitrogen as well as total
and ortho phosphorus. The correlation was very strong (r = .94)

for both inorganic nitrogen and total phosphorus reduction. It
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Table III-4 MONTHLY TREATMENT EFFICIENCY OF ARMSTRONG SLOUGH

DETENTION/RETENTION MARSH FOLLOWING PLUGGING

OF MAIN CHANNEL

1980
JUNE JULY AUGUST  SEPTEMBER OCTOBER
Total Nitrogen
Sources of Inflow:
North Channel 110.75 180.48 1055.13 155.16  156.92
South Channel 253.09 342.39 802.86 412.89 128.09
Rainfall on Marsh 409.00 526.00 679.00 229.00 24.00
Total Kilograms Tmport 367.93 1048.87  2536.99 797.05  309.01
Total Kilograms Export 163.24 143.98 1389.72 154.70 0
Difference 204.69 904.89 1147.27 642.35 309.01
% Reduction 55.6 86.3 45,2 80.6 100.0
Inorganic Nitrogen
Sources of Inflow:
North Channel 3.49 14.69 96.89 16.48 14.47
South Channel 2.51 4.16 6.30 8.25 6.04
Rainfall on Marsh 117.00 150.00 194.00 66,00 8.00
Total KiTograms Import 123.00 168,85 297.19 90.73 28.51
Total Kilograms Export 3.20 2.90 16.06 1.35 0
Difference 119.80 165.95 281.13 89.38 28.5]
% Reduction 97.4 98.3 94.6 98.5 100.0
Total Phosphorus
Sources of Inflow:
North Channel 6.24 10.53 68.54 16.82 17.71
South Channel 12.31 12.15 15.48 15.88 4.46
Rainfall on Marsh 27.55 35.45 44,89 14.96 1.40
Total Kilograms Import 46.10 58.13 128,91 47.66 23.57
Total Kilograms Export 6.03 4.69 39.22 7.09 0
Difference 40.07 53.44 89.69 40.57 23.57
% Reduction 86.9 91.9 69.6 85.1 100.0
Ortho Phosphorus
Sources of Inflow:
North Channel 1.99 4.74 36.14 14,02 15.05
South Channel 1.90 2.59 5.78 4.77 1.17
Rainfall on Marsh 13.35 18.36 21.73 8.94 0.73
Total KiTograms Import 17.24 25.69 63.65 27.73 16.95
Total Kilograms Export 1.99 1.45 8.15 1.64 0
Difference - 15.25 24.24 55.50 26.09 16.95
% Reduction 83.5 94.4 87.2 94.1 100.0
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was moderately strong for total nitrogen (r = .79) and ortho
phosphorus {r = .73). This is not too surprising as residence
time in the system also tends to decrease with increasing flow
through the system.

The inorganic fraction of the nitrogen load is reduced by
the system. Rainfall contains the largest percentage of inor-
ganic nitrogen (29%) followed by the north tributary (6.9%).

The inorganic nitrogen in the south tributary and at the site
outfall averages only 1.7 and 1.8 percent, respectively, of the
total nitrogen load.

Ortho phosphorus is a significant portion of the total
phosphorus Toad in the rainfall (monthly average = 50%) and the
north channel (monthly average = 46.3 %). The ortho to total
phosphorus ratio in the south channel is similar to but a Tittle
lower than that measured at the marsh outfall (24.9 and 27.9 per-
cent, respectively). The marsh appears to be a net sink of
organic and inorganic nutrients with a generally more efficient
rate of uptake of soluble inorganic forms.

While this system appears to function effectively to reduce
low level nutrient loads at low flow conditions, it must be
pointed out again that it has not been stressed to a sufficient
degree since the installation of the plug to confidently predict

its ability to remove nutrient loads during storm runoff events.
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SEZ DAIRY

The efficiency of the SEZ Dairy wastewater treatment lagoons
to remove nutrients based on time series concentration data alone
has been described earlier in this report. It was felt that
refinement of this analysis would be desirable based on flow
weighted rather than time series data. To accomplish this, the
major difficulty that had to be overcome was the development of a
methodology to measure volumes of water entering the lagoon sys-
tem from the barnwash and its subsequent transfer through the
Tagoon system and past the point of discharge.

Developing a method to measure daily discharge from the sec-
ondary (holding) lagoon was straightforward. Water levels there
are controiled by an 18-inch diameter culvert through the Tagoon
retaining Tevee with a riser and removable flashboards. As this
is the only major outlet, drops in water level in the lagoon can
be directly converted to discharge volume by using appropriate
mathematical relationships. A Fischer & Porter digital stage
recorder installed in this lagoon provided the instrumentation
necessary to produce a continuous record of water levels and con-
sequently, discharges from this lagoon.

Water volumes entering and leaving the primary {settling)
1agoon were calculated based on changes in lagoon stage {read
by OERC personnel daily on a staff gauge installed in the lagoon).
The observed daily changes in water Tevel were incorporated into

a mathematical model developed by SFWMD engineers to convert
decreasing stage levels to volume pumped to the secondary (holding)
tagoon. Computations of barnwash volume were accomplished by meas-

uring daily rises in the primary (settling) lagoon stage. This
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change was multiplied times the surface area of the lagoon and a
correction factor was applied to compensate for daily rainfall,
if any had occurred. The results are presented in Table III-5,
It is believed that given relatively steady milking barn activ-
ities, barnwash volumes should remain fairly constant allowing
for some normal variability based on weather conditions and other
external and internal factors.

The calculated barnwash volume was grouped by month and a
mean daily barnwash discharge volume was calculated for each
month. These results were compared with the 100 to 150 gallons
wastewater volume per cow per day rule of thumb as described in
Nordstedt and Baldwin (1973). According to these criteria, a 500-
cow milking operation such as SEZ Dairy should produce between
50,000 gallons (190 cubic meters) to 75,000 gallons (285 cubic
meters) per day. Average daily barnwash volumes computed for each
month at SEZ Dairy ranged from 46,750 gallons per day (177 cubic
meters per day) in July 1980 to 72,575 gallons (275 cubic meters)
per day in June 1980. Given the close agreement between the
observed and predicted volumes, the mean daily velumes for each
month were used to calculate the nutrient Toadings from the barn-
wash for that month.

The major characteristic of water quality parameters of barn-
wash is variation. The nature and causes of this are discussed in
Goldstein and Ulevich (1980). A series of mini-studies of barnwash
quality revealed that in spite of extreme variation in samples
taken during the day, the concentrations of any one parameter aver-
aged over the day were remarkably similar to the data obtained
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Table 111-5
MONTHLY SEZ DAIRY BARNWASH VOLUME
Cubic Meters
1980 Daily Range Daily Mean

May 161 - 411 256
June 209 - 367 275
July 25 - 292 177
August 124 - 352 246
September 142 - 348 267
October 195 - 376 262
November 36 ~ 555 228
December 125 - 394 242

Predicted range of barnwash volume at .38-.57 m3/cow/day = 189-284 m3/day
(Nordstedt and Baldwin, 1973)
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during studies conducted on other days. With the exception of
sTightly Tower inorganic nitrogen values, the mean concentra-~
tions of each parameter for the subject period of record April
1, 1979 through December 31, 1980, are within the ranges of the
means for these parameters observed during the mini-studies.
These data are presented in Table III-6.

Since the time series means of each parameter appear to
represent the Tong term steady-state condition of barnwash qual-
ity, these values were used along with daily flow volumes for
each month (Table III-5) to calculate typical expected loadings
to the first lagoon that could be attributed to barnwash.

These data presented as kilograms per day and total kilograms
for the month are presented in Table III-7.

Mass transfer of nitrogen and phosphorus from the primary
holding Tagoon to the secondary settling lagoon and nutrient
mass discharge from the settling lagoon were calculated using
the methodoTlogy described for calculating watershed loadings.
These data were grouped by month and total monthly loads and
monthly percent efficiency of treatment was calculated for each
stage of the lagoon system. These data are presented in Table
II1-8,

The most striking characteristic that these data depict is
that with few exceptions, mass transfer of each nutrient on a
monthly basis from the settling lagoon to the holding lagoon is
~ significantly greater than that which can be accounted for by the

Toadings in the barnwash alone. The exceptions occurred only
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Table 111-7

Total Nitrogen

SEZ DAIRY NUTRIENT LOADINGS IN BARNWASH

Daily
Monthly
NH4 + NOx

Daily
Monthly

Total Phosphorus

Daily
Monthly

Ortho Phosphorus

Daily
Monthly

I |
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Kilograms
1980
JULY AUG NOV DEC
25.7 25.7 33.1 35.2
796.7 1106.7 993.0 1091.2
5.1 7.0 6.5 6.9
158.1 217.0 195.0 213.9
4.6 6.4 5.9 6.3
142.6 198.4 177.0 195.3
0.8 1.1 1.0 1.1
24.8 34.1 30.0 34.1
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during the months when comparatively lesser volumes of water were
being pumped out of the Tagoon.

As might be expected, time series data (Table 1I-2) show
that mean concentrations of inorganic nitrogen in the settling
lagoon are greater than those in the barnwash. Mean concentrations
of the time series data for total nitrogen and total and ortho
phosphorus, however, are somewhat greater for barnwash composition
than those calculated in the lagoon. Quantities discharged from
the first lagoon, though, often exceed those entering the lagoon
via the barnwash. The results of the application of flow weight-
ing point out the fallacies inherent in drawing conclusions based
on time series quality data alone.

A net reduction of mass occurs for all monitored nitrogen and
phosphorus species at the outfall from the holding lagoon. Monthly
total nitrogen loads in the discharge are reduced 75 to 90 percent
from their levels in the settling lagoon effluent. The inorganic
portion in this load is consistently reduced on the order of 90
percent. Monthly total phosphorus loads in the discharge are
reduced approximately 80 to 95 percent below those in the effluent
from the settling lagoon. Ortho phosphorus reduction efficiencies
are less than those noted for other nutrient species but nonethe-
less, range from as low as 35 percent to as high as 86 percent on
a monthly basis. In absolute terms, the total mass of nitrogen
and phosphorus being discharged from the holding lagoon is, in most
cases, substantially less than the mass of those nutrients entering
the system in the barnwash.

The reduction in load is not due entirely to the efficiency
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of the holding lagoon to remove nutrients. In fact, the majority

(and_in some cases, all) of the apparent reduction in nutrient load

can be accounted for merely by the reduction of the volume of
water discharging from the holding lagoon compared with the volume
of water entering it (Table III-9). Once this is accounted for,
the apparent efficiency of the lagoon system to remove nutrients
is significantly reduced. On a per unit volume basis of the dis-
charge (Table III-8), the holding lagoon is consistently most
efficient at reducing inorganic nitrogen loads from 55 to 75 per-
cent on a monthly basis. It is less efficient in reducing total
nitrogen and total phosphorus loads. Total nitrogen reduction

efficiency was consistently between 35 and 80 percent while monthly

__total phosphorus reduction on a per unit volume basis ranged _

between 35 and 70 percent. Ortho phosphorus on a percent volume
basis was exported from the lagoon in greater quantities than it was
jmported during four of the 8 months of the subject period. During
September, monthly export of ortho phosphorus on a per unit flow
basis was equal to the import into the holding lagoon. During the
other three months of the subject period, ortho phosphorus loads in
the lagoon were reduced from 28 to 83 percent.

Monthly total reduction of nitrogen on a percent basis from
the barnwash through the Tagoon system ranged from 34 to 95 percent
for the inorganic form and from 54 to 82 percent for the total.
Total phosphorus loads were reduced consistently from 50 to 60 per-
cent. Ortho phosphorus loads on a per unit basis were actually
greater than those in the barnwash during four of the eight months
study period. Reduction of ortho phosphorus loads occurred during

three months and ranged from 40 to 80 percent.
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Efficiency of treatment of lagoon system discharge once it
reaches Wolf Creek cannot be computed on a day for day basis at
this time. The mass of nutrient discharge at the site outfall
results from a combination of those loads that have their origin
in shallow groundwater seepage into the perimeter ditches, and
surface runoff from rainfall or the surrounding pastures. The
Tagoon discharges, when they occur, are mixed with these other
sources. The resulting discharge peaks as observed at the site
outfall become less defined as they decrease in magnitude and

become more diffuse.
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CHAPTER IV

OTHER STUDIES

GROUNDWATER QUALITY MONITORING

Rationale and Methodology

Groundwater quality was monitored at nine stations located
throughout the five project study sites. These stations were
chosen with the objectives of:

1. Providing a means of comparison of groundwater

quality among the study sites;

2. Determining if different land use patterns on

the same site had effects on groundwater quality
at different locations around the site;

3. Determining if groundwater quality at any

location changes over time.

Sampling wells were drilled by personnel from the U. S.
Geological Survey office in Orlando during December 1979 and
January 1980, The sampling well locations and well depths are
described in Table IV¥-1. Groundwater sampling wells are also
depicted in the site description diagrams (Figures II-2 through
II-6).

Wells were located in areas that were representative of the
major types of land uses characteristic of the area. The homo-
geneity of land use practices at Wildcat Slough and Peavine Pas-
ture necessitated the placement of only one sampling well at

each site. Two wells were located at Armstrong Slough on either
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Table IV-1 GROUNDWATER QUALITY SAMPLING STATIONS

AND LAND USES

WELL DEPTH
STATION ID LOCATION {meters) LAND USE
A SEZ Dairy, East end 2.54 Light to moderate
grazing
B SEZ Dairy, Adjacent Cattle staging and
to milking barn 2.90 holding area
c SEZ Dairy, North of Seepage area
lagoon system 2.36
D Ash Slough, J. C. Bass Unditched pasture,
Ranch 2.68 light to moderate
grazing
E Ash Slough, J. C. Bass Ditched pasture,
Ranch 1.86 moderate to heavy
grazing
F Wildcat Slough, Lykes Light grazing
Bros., Brighton 2.43
G Peavine Trail, Latt Light to moderate
Maxcy 3.45 grazing
H Armstrong Slough, Latt Light to moderate
Maxcy, North of grazing
detention marsh 3.37
dJ Armstrong Siough, Latt Palmetto stand,
Maxcy, South of light grazing
detention marsh 3.39
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side of the marsh, mainly to insure that the potential effects of
jmpoundment and retention on water quality could be adequately
monitored. Two well locations were chosen at the Ash Slough site
because of the pronounced differences in pasture drainage patterns
between the east and west sides of the detention/retention marsh.
Runoff from the east pasture is a gentle sheet flow, while the
extensive ditching on the west side channels rainfall runoff away
from the land faster. Similar pronounced differences in land uses
at SEZ Dairy required the drilling of three wells on that site.
The Tand use types represented were a slightly grazed grass pas-
ture, intensively used holding pasture adjacent to the milking
barn, and the area immediately adjacent to the second waste sta-
bilization lagoon.

Each well was cased with galvanized steel pipe. The casings
were threaded at the top and were capped when not in use. In
addition, a concrete collar was poured around each casing where it
met the ground in order to eliminate the opportunities for surface
contamination around the well casing.

Each well is sampled routinely once every four weeks. Samp-
ling is preceded by initially pumping each well dry to purge
standing water. This is accomplished by the use of a "Guzzler®
hand-operated bilge pump to which is attached four meters of 1.9
cm inner diameter plastic garden hose. The hose is inserted in
the well until it hits bottom. The well is then purged and the
hose removed. After standing a few minutes, the well is ready to
sample. The sample is collected by lowering a .5 cm inner diameter

Tygon hose into the well until it touches bottom. It is then
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raised from one to three inches so that sediment in the bottom
of the well is Tess apt to be taken. The Tygon hose leads
through a peristaltic pump driven by a rechargeable electric
drill motor.

Once the water is pumped to the surface, it is allowed to
run for 30-60 seconds to clear the inside of the hose of any
contaminants. The samples are then collected in two 250 m]
Nalgene bottles with the hose inserted at the bottom to reduce
air mixing with the sample. Each bottle is filled and allowed
to overflow for 15-30 seconds. After the sample is collected,
the bottles are capped and stored on ice. The Tygon sampling
hose is then thoroughly rinsed inside and out with deionized
water. Quality analysis on these samples is carried out at the

Okeechobee Taboratory.

Results

The most outstanding characteristic of the groundwater
quality data is the Tack of variability of the observed con-
centrations following an initial stabilizing period. During
the stabilization period, sampling techniques and equipment
were being perfected and unavoidable surface contamination
introduced during installation was gradually being flushed
from each well. Enough data has been collected so that the
questions which the groundwater monitoring program set out to
resolve can now be addressed.

Table 1V-2 1ists means and ranges of key chemical and
physical parameters monitored during this study. The means
and ranges are subsequently plotted out in Figures IV-1

through IV-3.
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Narrow ranges of conductivity and significant difference of
means are outstanding characteristics of the different stations
on the study sites. Various factors can cause the differences
in conductivity and other water quality parameters in groundwater.
Local differences in water table, soil type, and point of origin
can all impact groundwater quality. For these reasons, in most
cases it is difficult to assume a direct causefeffect relation-
ship between surface land use practices and impact on groundwater
quality. Results of this study, however, show two instances
where land use may have significant impact. These occur at the
Ash Slough and the SEZ Dairy sites. These two sites represent the
areas where land use practices are most intense. Multiple samp-
Ting wells are present at these and the Armstrong Slough sites.

At Armstrong STough where the land use practices around the
wells are similar, the apparent differences in conductivity levels
in the wells is relatively small. Ash Slough and SEZ Dairy, how-
ever, exhibit widely divergent conductivity levels between intra-
site stations. Mean conductivity of groundwater in the ditched
pasture at Ash Slough (Station E) is three times greater than that
observed in groundwater in the unditched pasture (Station D) samp-
1ing Tocation. At SEZ Dairy, mean conductivity is greatest at the
station north of the holding lagoon and least at Station A in the
grazing pasture farthermost from the milking barn. The high levels
at Station C probably reflect seepage from the dairy waste treat-
ment lagoons which are filled primarily with more saline ground-
water pumped from deeper levels and used to clean the milking barn

area.
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Mean total nitrogen concentrations at the SEZ Dairy site are
higher at all stations than those measured at any of the other
sites. There is also a greater minimum/maximum range. Mean con-
centrations increase as one goes from grazing pasture to cattle
holding area to lagoon seepage area. Inorganic N (NH4+NOx) is a
relatively insignificant portion of the total N component at all
nine stations with the exception of Station C north of the SEZ
holding lagoon where it makes up 63 percent of the mean total and
is one to two orders of magnitude greater than mean concentrations
observed at the other eight stations.

Mean total P concentrations range from .038 mg/! at Peavine
to .302 mg/1 at Station A in the SEZ grazing pasture. Ortho P
levels are generally sometimes slightly greater but usually less
than detection limits.

From these data, one can conclude that in most cases ground-
water quality is fairly constant. Mean concentration of param-
eters are usually characteristic of the individual sites. Varia-
tion is generally small, however, in those cases where land use is
most intense, variation is usually greater than that observed in
areas of less intense use. It is possible that some parameters of
shallow groundwater are more apt to be affected by land use. Con-
ductivity and total nitrogen appear to be examples of these.

Total phosphorus appears to be affected much less, while inorganic
N and ortho P appear to be affected the least, if at all.
Comparison of time series data indicates no apparent trends

throughout the year. Concentration levels possibly do not change
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over time. This assertion remains in doubt, however, due to the
Timited (one year} data base and the abnormally dry conditions
that have prevailed during the study. Periods of intense rain-
fall may have impact. The groundwater quality sampling program
will continue on a routine basis for the duration of this project

so that this question may be answered.

SOIL MOISTURE QUALITY MONITORING

The soil moisture quality sampiing program was designed to collect
a cursory amount of data on potential effects of agricultural land uses
on interstitial soil moisture 12 to 18 inches below the ground surface.
Three to four samples were to be collected from each of four stations,
one each at four of the project sites. The sampling devices were suc-
tion lysimeters similar to those used by Montgomery, et al. (1979), for
collecting interstitial soil water samples in marine seagrass flats.

The devices were inserted into the soil at 12 to 14 inch depth
and surrounded by a cage of wood stakes and barbed wire to protect them
from cattle. The samplers were left in place for one month following
initfal installation to allow stabilization of the soil and moisture
around the sampler,

The initial attempt to collect soil moisture samples was late July
1980. Sampling efforts met with success at Ash Slough, Peavine Pasture,
and SEZ Dairy. The soil profile at the Wildcat Slough site was too dry
to achieve success in coliecting a sample at that site.

The subsequent lack of adequate rainfall throughout the remainder
of the year resulted in the subsurface soil dewatering to a degree that
further attempts to collect soil moisture quality samples were unsuccess-

ful at all four sites.
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The Tack of success of this portion of the sampling program
eliminates the need for further discussion on this subject at this

time.
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CHAPTER ¥

DISCUSSION AND CONCLUSIONS

To date, the current research effort has been moderately successful
in achieving the goals of answering the questions of land use and deten-
tion/retention effects on water quality as posed in the introduction.
While valuable insights have been gained, the study still suffers from
two major deficiencies. The first is the Tack of an adequate period of
record when both water quality and quantity data are available. The
second deficiency, related to the first, is that the data on hand was
collected during an abnormally dry year and may not reflect events dur-
ing Tong term or more "normal" conditions. Fortunately, both defi-
ciencies can be eliminated by continuing the current study for an addi-
tional period of time. A1l indications are that this will indeed be the
case, as all of the principle parties involved have indicated a desire
to see the study adequately achieve its objectives. Data coliection is
continuing uninterrupted into the 1981 calendar year. Given two more
years of additional data, preliminary conclusions drawn here can be
either verified or altered as the case may be.

A previous SFWMD study of nutrient flux in the Chandler Slough
marsh (just downstream from the present Ash Slough study site) by
Federico, et al. (1978), concluded that the marsh seemed to act as a net
source of nitrogen and a net phosphorus sink. The results of the present
studies of the Ash and Armstrong Slough detention/retention marshes seem
to suggest that both marshes act as net annual nitrogen and phosphorus
sinks. The efficiency of the Ash Slough marsh to remove phosphorus is

comparatively Tow, though, and there are times when it is exported from
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the marsh in a manner that cannot be explained solely as a first flush
phenomenon.

The differences in nutrient assimilative capacity of the three
marshes might be explained in part by hydrological regimes and in part
by Tand use activity in the watershed. Marsh surface area and predomi-
nant vegetative cover are also factors that probably should not be
ignored. The Armstrong Slough marsh is a continually inundated system
receiving at least a minimal base flow contribution from one of its
tributary channels. The Ash Slough marsh is subjected to extremes of
periodic inundation alternating with periods of complete emergence when
no surface water remains standing on the marsh. The Chandler Slough
marsh appears to be subject to a hydrologic regime somewhere between
these two extremes with intermittent inflows but less frequent and
shorter dry periods than at Ash Slough. Land use activities in the Ash
Slough study watershed also represent an extreme in both drainage den-
sity, shown by Huber, et al. (1976), to be an important factor in quan-
tity and quality of rainfall runoff, and by pasture maintenance activi-
ties necessary to support the cattle grazing density on the pasture that
makes up the watershed.

Lack of storm events precluded the ability to confirm the existence
of a "first flush" phenomenon at Armstrong Slough similar to that reported
in the Chandler Slough study.

In light of current supplemental feeding practices on area dairies
and the minimal needs of dairy cattle, the presence of high phosphorus
levels in the waste stabilization lagoons and in runoff from the watershed
is not surprising. Phosphorus has been identified as being important in

the proper utilization of feed and uptake of calcium for milk production.
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It is recommended that the total ration contain 0.4 percent or more of
phosphorus, of which 50-65 percent appears to be absorbed during the
digestive process (Harris, 1970). Supplemental feeding at SEZ Dairy is
carried out in the milking barn, and phosphorus in spilled feed as well
as in animal feces is flushed into the lagoon system. Nordstedt, et al.
(1971), has reported the typical dairy lagoon system to be effective in
reducing volatile solids and BOD given sufficient detention time in the
first lagoon. They also report a decrease in phosphorus levels but note
that nutrient content of the effiuent from even a three-stage lagoon
system is too high for direct discharge into natural waters.

Based on the data collected to date, the following conclusions can
be drawn on the water quality impacts of detention/retention marshes and
the agricultural land use practices in this portion of the Kissimmee River
basin. It must be reiterated that these results are preliminary, being
subject to the caveats set forth earlier in this discussion. Conclusions
based on these results may be altered substantially as the data base is
expanded and more normal hydrological conditions become established.

1. Land use intensity (as cattle grazing density} influences

export rates of nutrients from respective watersheds.

2. Extensive ditching appears to decrease the nutrient

assimilation capabilities of a watershed.

3. Agricultural watersheds in general absorb and store

quantities of nutrients normally present in rainfall.

4. Cattle stocking densities of less than 0.25 cows per

acre (1 cow/4 acres) do not appear to seriously impact
water quality of. runoff from the watershed.

5. Water quality impact of runoff is probably more a factor of
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supplemental fertilization to maintain pasture than a
direct impact of number of cattle, though the one is
directly dependent on the other.

Runoff from dairy areas and discharge from dairy lagoons
are particularly high in phosphorus. When the outfall at
the dairy study site was monitored on a daily basis, dis-
tinct peaks in nitrogen and phosphorus as well as some of
the physical parameters (especially conductivity) would
occur coincident with observed discharge from the waste
stabilization lagoon system.

Anaerobic conditions in the dairy waste stabilization
lagoons contribute to the conversion of organic nitrogen
to ammonia nitrogen and to the suspension of ortho phos-
phorus in the lagoon water column.

The ability of the dairy tagoon system to reduce nutrient

load is due primarily to the reduction of water volume of

‘lagoon discharge from volume of discharge coming from the

in the water column in the lagoon.

The Ash Slough and Armstrong Slough detention/retention
marshes appear to be annual net sinks of nitrogen and
phosphorus.

Effluent from the Armstrong Slough marsh has consistently
carried lower nitrogen and phosphoruﬁ levels than inflow
into the marsh. It must be re-emphasized that influent

quality is already fairly good. This fact, along with

_relatively long detention times, makes this result not
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11.

unexpected. The present plugged marsh system has yet to be
stressed by either extreme hydrological conditions or poorer
quality influent.

The Ash Slough marsh, while a net annual sink of nitrogen
and phosphorus during this study, did periodically export
significant amounts of phosphorus. This could not be
correlated with either hydrologic regime or detention times.
Future data may shed some light as to whether this phenom-
enon is seasonal or dependent on some man-induced activity

in the watershed.
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