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This report has been developed under auspices of the Great Lakes
Initiative Contract Program. The purpose of the Program is to

obtain additional data regarding the present nature and trends in
water quality, aquatic life, and waste loadings in areas of the

Great Lakes with the worst water pollution problems. The data thus
obtained is being used to assist in the development of waste discharge
permits under provisions of the Federal Water Pollution Control Act
Amendments of 1972 and in meeting commitments under the Great Lakes
Water Quality Agreement between the U.S. and Canada for accelerated
effort to abate and control water pollution in the Great Lakes.

This report has been reviewed by the Enforcement Division, Region V,

" Environmental Protection Agency and approved for publication. Approval
does not signify that the contents necessarily reflect the views of

the Environmental Protection Agency, nor does mention of trade names or
commercial products constitute endorsement or recommendation for use.
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ABSTRACT
The lower third of Green Bay and the Lower Fox River were intensively studied. Seven
surveys of the Bay were carried out between September 1973 and September 1974. Over
40 stations were sampled for 15 different chemical and physical parameters. In
addition, plankton samples were taken and general groupings and counts were made.
Nearly 5,000 data points were generated and inserted into the STORET system. The
surveys revealed algae blooms over the entire study area. Nitrogen forms showed
fluctuations over 3 orders of magnitude that may be relatable to nitrogen-fixing
algae. Phosphorus concentrations werelmore stable than nitrogen concentrations,
but appeared to decrease in correspondence to blue~green nitrogen-fixing algae.
Disgsolved oxygen éoncentrations in the Bay were generally acceptable except during
the winter survey. The February survey revealed critical dissolved oxygen levels

over a 50 sq. mile area north of Point Sable.

Computer models of the Lower Fox River and Green Bay were developed and used to
evaluate the effect of the final limits for the present discharge permits at all
point source discharges on the water quality, specifically dissolved oxygen. The
most critical dissolved oxygen case was determined by the model to be the summer

low flow and high temperature condition in the river. The final discharge limits
from the present permits was shown to be inadequate to meet fish and aquatic life
standards with regard to dissolved oxygen (5 mg/l) and may even violate the variance
dissolved oxygen standards now in force. A proposed "waste load allocation" to
maintain 5 mg/l of DO was developed. The WLA calls for a 377 decrease in BOD and

suspended solids from the final discharge levels on the present permits.
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SECTION I

I. INTRODUCTION

Green Bay is a long, narrow bay in the northwest corner of Lake Michigan. It has a
length of about 120 miles and averages about 20 miles in width. The Bay extends
over a generally southwest to northeast axis. Several rivers flow into the Bay
from the west and south, none from the east, Figures I-1 and I-2 show Green Bay

and its setting.

The most important tributary to Green Bay is the Lower Fox River, which enters at
the extreme southern end of the Bay, The Lower Fox River is approximately 40 miles
long. Several dams subdivide the river into a series of segments and provide
electrical power for a large population and a heavy concentration of paper and

pulp mills., The Lower Fox River provides a source of municipal and industrial waste
which results in pollution problems over a large area of Lower Green Bay. Locally
intense but smaller areas of pollution occur at the mouth of the Oconto, Peshtigo

and Menominee Rivers.

The water pollution in the Lower Fox River and Green Bay region has caused the U.S.
Environmental Protection Agency (EPA) and the Wisconsin Department of Natural
Regources (WDNR) to initiate a series of enforcement actions which involve industrial
and municipal waste discharges in the area. Also, the 1972 Amendments to the Federal
Water Pollution Control Act (Public Law 92-500) require that municipalities shall
provide, as a minimum, secondary treatment, and industries shall achieve "Best
Practicable Technology" (BPT) by no later than 1977. The law also requires that

the industries shall use "Best Available Technology" (BAT) to control water pollution

by 1983.
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Municipal waste treatment plants must apply BPT over the life of the treatment works
by 1983, New public waste treatment plants must use the best available technology
after 1983. The Amendments also require that system water quality standards must

be met.

The purpose of this work was to conduct a survey of the Lower Fox River and of' Lower
Green Bay. Emphasis was placed on those parameters which describe the quality of the
water, In addition, a goal of the work was to predict future water quality conditions

by means of a mathematical model adapted to the Lower Fox River and to the Bay.

The scope of the study is discussed in Section II. The results of past studies and
of the data collected in this study which constitute the data base for Green Bay are
presented in Section III. The data analysis and projection which constitutes the
water quality modelling appear in Section IV, A discussion of the results appears
in Section V. Recommendations appear in Section VI. References are listed in

Section VII., Appendices appear in Section VIII,
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SECTION II

ITI. SCOPE OF THE STUDY

Tagk I - Historical Data Analysis: An evaluation of the existing and historical

conditions in Lower Green Bay was carried out and the results published in August
1974 (Epstein et al, 1974)., This information was contained in the reports of

studies carried out intermittently between 1939 and 1973, 1In addition the report
lists the sources and quantity of waste discharge to Green Bay from municipalities

and industries along the Lower Fox, Peshtigo, Oconto and Menominee Rivers.

Tagk IT - Field Sampling: A sampling program was designed to improve the adequacy

of the water quality data for Lower Green Bay and to provide sets of data for
verification of the mathematical model. Seven surveys were conducted over the
period September 1973 to September 1974 in the region below Sturgeon Bay. One
intensive survey was conducted in February of 1974 when the Bay was ice-covered,
a condition which has led to critical oxygen levels in parts of the region below

Sturgeon Bay.

Task II1I - Effluent Analysis: The Lower Fox, Oconto, Peshtigo and Menominee Rivers

are the major tributaries to Lower Green Bay. The flow rates and concentrations
of various dissolved and suspended materials for these rivers indicate that, as

a quantitative source of pollution, the Lower Fox River exceeds the other rivers
by nearly an order of magnitude. The sources and quantity of both municipal and
industrial discharge to these rivers are presented in the Task I report, Epstein
et al (1974). These data include projections of the waste loadings by industries

of suspended solids and of five-day biochemical oxygen demand (BOD5) to the various
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rivers for the years 1975, 1976 and 1977. These projections are based on the

amounts specified in the Wiscomsin Pollution Discharge Elimination (WPDES) permits

for these industries.

Tagk IV - Data Analysis and Projection: A description of present water quality,

a projection of future conditions and a specification of problem areas has been
made. A water quality model has been prepared for the Lower Fox River and for
Lower Green Bay based in part on models developed for the coastal estuaries of
San Francisco Bay and Pearl Harbor and partly on programs developed specifically
for this task. This package of programs is the principal tool for the projections
of water quality that would result if effluent guidelines established by the EPA
administrator under Sections 301(b)(1)A, 301(b)(1)B, 301(b)(2)A and 301(b)(2)B
of the 1972 Amendments to the Federal Water Pollution Control Act are met. If
stream standards are not met by adherence to the provisions of the law, then
calculations are to be made of those effluent lévels which will suffice for the
"protection of fish, shellfish and wildlife and provide for recreation in or on

the water."
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SECTION III

ITII. THE DATA BASE FOR GREEN BAY

Task I - Historical Data Analysis: Extensive investigations of Green Bay have

been carried out intermittently since 1939. A major emphasis in many of these
investigations has been on measurements of the concentration of dissolved oxygen
(DO) and biochemical oxygen demand (BOD). Measurements of the concentrations

of various nutrients (nitrogen and phosphorus containing species) have also been

a significant part of several of these investigations. However, the effects of
these nutrients on the growth of algae and other species have only recently been

a subject of intensive investigations. The Sea Grant program at the University

of Wisconsin has generated several studies on Green Bay in recent years. A summary
of the results of the Green Bay surveys appear in the Task I report, Epstein et

al (1974). Reference to this report will be made for the purpose of qualitative

comparigons with the results of t%is investigation.

The following are the major subjects of extensive study in past surveys:

Dissolved Oxygen and Biochemical Oxygen Demand: The concentrations of these species

were measured extensively throughout Lower Green Bay in 1939, 1956, 1966 and 1967.
The concentration of dissolved oxygen was generally lower for the period when the
Bay was ice-covered, The same general pattern of dissolved oxygen concentration

was observed throughout this period.
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During the period of ice-cover (the months of January, February, March and part

of April), water in the Lower Fox River generally was found to have a dissolved
oxygen concentration greater than 5 mg/l. However, a front of low oxygen
concentration develops in the Bay within Long Tail Point, This front moves northward
along the eastern half of Lower Green Bay for distances of 20-30 miles by the

end of the period of ice-cover. In 1939, concentrations of dissolved oxygen dropped
to values of 3-4 mg/l in the front. 1In 1967, no dissolved oxygen was observed

near the bottom of the Bay for a wide portion of the front. Conditioms are less
severe during the period of open water due to reaeration. During the late summer
the Lower Fox River has very low or no dissolved oxygen. However, oxygen recovery

in the Bay is rapid, especially north of Long Tail Point,

Biochemical oxygen demand (BOD) has been measured less extemsively and intensively
than dissolved oxygen. As a result, it is not possible to make a generalization
about the pattern of BOD concentrations over the past 35 years. However, sufficient

data exists to show that loadings of BOD to the Lower Fox River have not changed

significantly when compared with those of 20 years ago. This is due to improved
treatment by municipalities and industries offsetting a significant increase

in population and industrial production.

Nutrients: The change in concentrations of nutrients (nitrogen and phosphorus
containing species) over the past 35 years is difficult to determine because data
from earlier years is spotty or lacking entirely. The concentration of nitrogen
and phosphorus containing species in Lower Green Bay has been a subject of
considerable interest in the last few years. In addition to concentration,

the dispersal and diffusion, the release and uptake rates by the sediments and
the effect on algae growth rates of these species have been investigated in

Lower Green Bay in past studies.
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Flow Distribution: The flow patterns in Green Bay have not been investigated

directly. Historically, qualitative descriptions of flow patterns have been based
on observations of oxygen concentrations or on the concentration gradients of

other iouns.

Benthic Fauna: Several studies since 1939 have measured the populations of bottom
awelling species. ‘Ihese studies show an increasingly large abiotic area near

the mouth of the Lower Fox River. Throughout the Lower Bay the population of
pollution intolerant species has fallen in relation to pollution tolerant species

in the last twenty years.

Algae Growth: The response of the Bay to the various nutrients has been a subject
of considerable study in recent years. For the period before about 1968, data
is limited. Recent investigations have indicated that the total algae population

may be about the same each summer but that the distribution may vary widely from

year to year.

Task II-Field Sampling: The sampling program included surveys in September

1973, February, May, June, July, August and September 1974. Nearly seventy station
sites were designated in that portion of Green Bay below Sturgeon Bay. Not all

of the stations were visited in the winter survey (February 1974) and not all
parameters were measured in each survey. Several extra sites were visited to measure
DO during the winter survey. The sampling schedule was designed to provide data

from a variety of temperature, flow and nutrient discharge conditions. The
selections of sites and of the parameters to be measured in a particular survey were
based on an analysis of the results of earlier surveys and the requirements and
capabilities of the mathematical model. The station sites and the parameters

measured at these sites are shown in Figure III-1 and Table III-1.
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Sampling Stations Used for the Green Bay Study Surveys
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TABLE III-1
Station Winter* Summer* Station Winter Summer
1 b b 21 X a
2 a b 23 X a
3 b a 24 b b
3a a X 25 b a
4 b b 26 a c
5 a a 26a a X
S5a b b4 27 a b
6 b b 27a b X
7 b b 27b a X
8 b a 27¢ b X
8a a x 28 X c
8b b X 29 X c
8c a b 30 b a
9 b a 31 a b
9a a- X 3l1a b X
9b b b 32 a a
9¢ a x 32a a X
10 b a 32b a X
11 a a 32¢ a b4
12 b b 33 b c
13 b b 34 b a
13a b a 34a b a
14 a b 34b b X
lbda b be 35 X b
15 a a 36 b a
16 b a 38 a c
16a b a 39 X a
16b a x 40 a c
lé6c b X 41 b c
17 X b 42 x a
18 a c 43 b b
19 X a 44 X a
45 b b
a DO; temperature; secchi disk
b DO; temperature; secchi disk, plankton samples at 1-1/2 meter depth; water
samples from the top two meters (if the depth exceeded 25 feet, then a water
sample was taken at 5-10 feet from the bottom.
c the same as b except that plankton samples were not taken
X no sample
* The winter survey was taken on February 18~20, 1974. The summer surveys were

taken on September 24-25, 1973, May 20-23, June 3-7, July 8-9, August 12-14,
and September 4~5, 1974.
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The results of the field sampling program in 1973 and 1974 are summarized in Figures
III-2 to ITII-20. The details of the data obtained and of the techniques employed

are presented in Appendices b and F.

Dissolved Oxygen: DO concentrations in the summer are generally above 5 mg/l,

through-out the region above Long Tail Point despite the fact that the Lower Fox
River may contain little or no dissolved oxygen. These concentrations reflect

the rapid oxygen recovery due to reaeration. There are exceptions to this generality.
At the end of the summer, when flow rates are relatively low, oxygen concentrations

as low as 3 mg/l were observed near the bottom., The region where these concentrations
were observed extended for 20-30 miles north of Long Tail Point, This region
coresponds to the maximum northward extension of the front of low DO observed

under the ice during the winter months. The low oxygen concentrations near the
bottom In summer may reflect a combination of effects. Part of the low DO may

be due to the continuing effect of sludge deposits which accumulate at this distance

from the mouth of the Lower Fox River,

Indirect evidence also suggests that a substantial oxygen deficit in these areas

is the result of nitrification activity. During the July and August surveys the
build-up of nitrate in the bottom waters of these areas is most apparent., Levels
as high as 1.0 mg/1 NO4;-N were measured. This could account for as much as 4.5
mg/1l of DO deficit. There are two sources of ammonia for this nitrification.

Dead phytoplankton from surface blooms will settle to the bottom bringing along
organic nitrogen and carbon compounds. The sediments alsg contain organic nitrogen
compounds. These compounds will undergo hydrolysis which results in the release

of ammonia which may nitrify. Support for this theory is found in the nitrate
levels which most noticeably increased during the period of highest blue-green

algae activity (July and August).
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In February 1974, there was a front of low oxygen concentration (about 3 mg/l1)
near the bottom in the region about 7 miles north of Long Tail Point. This front,
its position at the time of year and the low oxygen concentration are genmerally
conslstent with observations in other years. Precise comparisons are difficult
because the flow rates in the years 1939, 1966, 1967 and 1974 differ from one
another by more than 10% and the length of time under ice cover is not the same
for all the years. Generally, the BOD loading in 1974 was slightly less than

that in 1967 for the Lower Fox River (230,000 #/day versus 275,000 #/day in 1967).

The observed higher flows during the winter of 1974 compared to 1967 creates

the expectation of generally higher DO levels in the Inner Bay and a front of

low DO further out into the Bay. In 1967 when the average winter flow was 3380.
CFS, extensive areas of zero DO were measured. Zero DO was discovered as close

to the mouth of the Fox River as Point Sable. In 1974 (average winter flow of
4853 CFS) no zero DO concentrations were observed. The lowest values observed
were between 1.5 and 2.0 mg/1l in the Dykesville area, nearly 8 miles further north

than in 1967,

BOD: The BOD concentration within Lower Green Bay varied considerably with the
season of the year. 1In May and June, when temperatures were still rather cold,
concentrations of about 10 mg/l were observed within Long Tail and for some distance
beyond. These concentrations then fell rapidly to values of 2-3 mg/l beyond Long
Tail Point. Later in the summer, values of about 6 mg/l were observed within

Long Tail Point. These values fell rather slowly to 4-5 mg/l near Sturgeon Bay.

The concentrations for the spring of 1974 are rather similar to those observed

for the same period in 1939. In June of 1955,values as high as 15 mg/l were

observed within Long Tail Point.
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In February 1974, concentrations of BOD at the mouth of the Lower Fox River were
about 6 mg/l. Well beyond Long Tail Point values of about 2 mg/l were observed.
However, at about 10~15 miles beyond Long Tail Point an area of high BOD was observed
along the eastern half of the Bay. Values here were as high as 13.5 mg/l on the
bottom and 9 mg/l on the top. The high BOD corresponded to the position of low
dissolved oxygen. In 1939 a similar pattern was observed although the concentrations
were higher at the mouth of the river and lower in the region of high BOD beyond

Long Tail Point.

The consumption of BOD is dependent primarily on the temperature dependent reaction
rates., The observed concentrations of BOD in Green Bay reflect this dependence

quite well.

The surveys of May and June 1974 indicate substantial increases in BOD5
concentration near and slightly beyond the Long Tail Point area. This pattern
coupled with a measurement in the Fox River in July that exceeded 30.0 mg/l,
suggests the possibility that large slug-loadings of BOD to the river-Bay
system occur. This effect could be a physical phenomena resulting from seiche
waves in Green Bay that tend to stagnate the river flow from De Pere to the
mouth of the river. During the period of stagnation, BOD may build up to
high concentrations before being swept out into the Bay by the receding
portion of the seiche wave. The high BOD may, of course, come from slug loads

from dischargers in the Green Bay area.

The seiche effect in the vicinity of the mouth of the Lower Fox River is important
for this regard only when a northeast wind blows large quantities of water back

up into the river stretch from De Pere to Green Bay. No attempt was made to

include this effect in the Bay model since the hydrodynamics of the model are steady

state.
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Nitrate: Concentrations of nitrogen as nitrate vary wiaely with the season of
the year. In February 1974 the concentration of nitrate ion was approximately
0.10 mg/l over a wide region of the Inner Bay. This region corresponded closely
to the portion of the Inner Bay which had low oxygen concentrations at the same
time (the region within Long Tail Point plus the region outside Long Tail Point
and along the eastern shore for about 20-30 miles). Beyond this region there
where large negative gradients in concentrations of nitrogen as nitrate and

background concentrations of 0.0l mg/l and less were observed,

In May, concentrations of nitrogen as nitrate reached values of 0.20-0.40 mg/l in

some portions of the region within Long Tail Point. Beyond this point, concentrations
fell slowly to values of 0.02 mg/l in areas of the Central Bay. However,
concentrations near the bottom were often significantly higher, reaching

values of 0.25-0.50 mg/1.

In June, the concentrations of nitrogen as nitrate reached values of 0.7 mg/l
at some points within Long Tail Point. Beyond, concentrations fell rapidly to

values of 0.05 mg/l or less.

In August, concentrations were significantly reduced when compared with those
observed during the period of spring runoff. Within Long Tail Point, concentrations
were generally less than 0.10 mg/l. Beyond this point, concentrations fell to

values less than 0.03 mg/l. However, near the bottom concentrations in the range
0.7 to 1,0 mg/l were consistently observed. Concentrations in September were

not significantly different from those in August. High concentrations near the
bottom may reflect the effect of release of nitrogen containing compounds by dead

algae, The conversion of these organic nitrogen compounds to nitrate may also
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account, in part, for the low oxygen concentrations near the bottom. The largest
significant increase in nitrate near the bottom corresponds to the period of die-
of f of the blue-green algae bloom during late June and early July. According

to Vanderhoef et al (1972), a large fraction of this nitrate may come from nitrogen

fixation.

Ammonia: Concentrations of nitrogen as ammonia were in the range 0.5-0.7 mg/l

in February 1974 throughout the region of the Bay where low oxygen was observed.
At low temperatures, reduced rates of ammonia decay to nitrite and nitrate cause
high concentrations of ammonia., Reduced concentrations of oxygen also contributed
to a high ammonia concentration. In the spring, runoff brings large quantities

of ammonia. The warmer temperatures and the increased level of oxygen in the Bay
cause the concentration of ammonia to fall rapidly as distance from the mouth

of the Lower Fox River increases. Ammonia utilization by phytoplankton also

contributes to the nearly complete disappearance of ammonia by August.

Phosphorus: The seasonal variation of total phosphorus concentration as phosphorus
was less than the corresponding seasonal variation in nitrogen concentration as
nitrate. The dramatic rise in nitrogen concentration observed during the spring
runoff was not observed for phosphorus. During the spring runoff, the area of

the Bay in which the concentration of total phosphorus as P was greater than 0.5
mg/1l approximately doubled in size when compared with concentrations in February,
but the several-fold increase in concentration observed for nitrate was not observed
for the phosphorus species. The seasonal pattern for orthophosphate paralleled

that of total phosphorus. The ability of the bottom sediments to hold and release
phosphorus containing ions may account for the more stable levels of phosphorus ions
over the various seasons. Local fluctuations in time of the concentrations of
phosphorus containing ions have been correlated with the bloom of certain blue-green

algae. This point will be discussed later.
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Total phosphorus concentrations appeared to reach their minimum values during the
winter months when quiesent water allows particulate phosphorus to settle to the
sediments. Total phosphorus increased between the February and May surveys by about
5-fold. Between the May survey and the June survey the total phosphorus in the
Oconto-Sturgeon Bay area nearly tripled. It is doubtful whether this increase
can be totally accounted for by spring runoff. A significant amount of phosphorus
may be released from sediments that are resuspended by wind and wave action in
the shallow areas and along the shoreline. The release of phosphorus from the
sediments may be enhanced by the mixing of the water during spring (and fall)

turnover,

Temperature: In May, temperatures varied from 16°C at the mouth of the Lower

Fox River to 7-8°C in the central Bay. Variations in temperature from top to
bottom were rarely as much as 1°C. As the summer progressed Bay temperatures

not only became warmer but the thermal gradients (top to bottom) increased
dramatically. In August, temperatures near the surface ranged from 23°C at the
mouth of the Lower Fox River to 18-19°C in the central Bay. At this time, gradients

as large as 10°C (top to bottom) were observed in the central Bay.

Chlorophyll-a: Chlorophyll-a concentrations generally increased throughout the
summer. In May, concentrations of chlorophyll-a in the Inner Bay ranged between

10 and 20 ug/l. Beyond Long Tail Point, Chlorophyll-a concentrations were generally
below 10 ug/l. During the summer the chlorophyll-a increased within the Inner

Bay at the rate of about 10 ug/l per month. Between July and August this rate

of increase jumped dramatically. The concentration went from 30 and 40 ug/l

to as high as 100 ug/l. The month of August showed the highest levels of

chlorophyll-a at all locations. Concentrations as high as 70 ug/l were found in



- 18 -

FIGURE III-2

Dissolved Oxygen Contours
in Lower Green Bay

The dissolved oxygen was found to be
at or above saturation at the one
meter depth except very close to the
mouth of Lower Fox River. Also dur-
ing the February survey, very low
dissolved oxygen was observed at all
depths in the Red Banks ares.
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FIGURE III~3

Dissolved Oxygen Contours
in Lower Green Bay

Dissolved oxygen levels at the 3
meter depth were generally high but
slightly below the measured values
at 1 meter depth. In addition to
the areas of low dissolved oxygen
mentioned in Figure III-2, depressed
DO'e were seen at this depth off the
mouth of the Oconto River.
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FIGURE III-k

Dissolved Oxygen Contours in
Lower Green Bay

Dissolved oxygen measurements at the
6 meter depth were slightly lower
than those at 1 and 3 meters. During
July, there was an area beyond Long
Tail Point at the 6 meter depth that
had low dissolved oxygen levels.

This area of low DO may be a result
of decaying algee cells or BOD from
the Lower Fox River.
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FIGURE III-5

Dissolved Oxygen Contours
in Lower Green Bay

Only limited areas of the Lower Bay
are deeper than 9 meters. Dissolved
oxygen at this depth generally
decreased over the course of the
summer. This probably is a response
to decaying algae cells that sink
below the thermocline.
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FIGURE III-6

Biochemical Oxygen Demand (BODs)
in Lower Green Bay

BOD5 was generally less than 5 mg/l
beyond Long Tail Point except in
isolated cases. During the winter
survey, several samples of high BODg
in the area of low dissolved oxygen
were found. Samples in the Inner
Bay reveasled BODs concentrations
averaging more than twice those
further north. Water samples were
taken at the 1 meter depth. In
deeper areas (when stratification
was apparent from temperature or

DO deta) a second water sample was
taken 2 meters off the bottom. All
drawings show only the surface sam-
ple.
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FIGURE III-T

Suspended Splids Contours
in Lower Green Bay

Suspended solids were the highest in
all areas of the Bay during the Sept.
1973 survey. Those levels dropped
off dramatically by February 197h.
May showed a large increase followed
by a general decrease until mid-
summer. Between August and September
of 1974, suspended solids were again
increasing especially beyond Long
Tail Point.
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FIGURE III-8

Temperature Contours
in Lower Green Bay

Surface temperatures varied sbout as
would be expected through the year.

] Winter temperatures (not shown) ranged
from 0° C to 3° C. Highest tempera-
tures were seen in July when 23.5° C
was observed in several areas. In
general the water in the Inner Bay
averaged 1 to 2° above that in the
main area of the Bay.
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FIGURE III-9

Temperature Contours
in Lower Green Bay

Temperatures at the 3 meter depth did
not vary significantly from those at
the surface. The difference between
the Inner Bay and the outer area was
more significant in most surveys
ranging up to as much as 5° C.
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FIGURE III-10

Temperature Contours
in Lower Green Bay

The temperature measurements at 6
meters indicated the beginnings of
significant pattern changes from
those at 3 and 1 meters. Thermal
stratification was evidenced in all
areas of the Bay where the depth was
greater than about 6 meters. The
thermocline occurred at about a
depth of 6 meters.
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FIGURE III-11

Temperature Contours
in Lower Green Bay

Nearly all the measurements taken at
or below 9 meters were below the
thermocline. Marked temperature
stratification existed in these
areas, Vertical gradients as much
as 10° C were observed in some areas.
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FIGURE III-12

Organic Nitrogen Contours

in Lower Green Bay

Organic nitrogen levels fluctuated
considerably in the Bay, probsably in
response to various algae blooms.
During the February survey of 19Th,
high levels of organic nitrogen were
observed in the Dykesville area indi-
cating a possible winter algal bloom.
Organic nitrogen in the Inner Bay
generally exceeded .75 mg/l except
for the February and May surveys.
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FIGURE III-13

Ammonia Nitrogen Contours
in Lower Green Bay

Ammonia concentrations showed a
regular pattern of decrease in the
Inner Bay on all summer surveys.
Concentrations between .8 and .2
mg/l were regularly found in the
Inner Bay. Only during winter, when
nitrification is slowed by cold
temperatures, did higher ammonia
levels reach as far north as
Dykesville. Concentrations in
the area north of Long Tail Point
generally fell to a very low level
during the summer.
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FIGURE III-1k

Mt b e s e amns

Nitrite Nitrogen Contours
in Lower Green Bay

i

Nitrite concentrations were highest
in the Inner Bay. The winter survey
revealed the highest concentration of
nitrite observed in this study reach-
ing levels of .030 mg/l. The
concentration in the northern part

of the Bay fluctuated by about one
order of magnitude. The lowest
observed values were seen on the
September 1973 and July 1974 surveys.
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FIGURE III-15

Nitrate Nitrogen Contours
in Lower Green Bay

Nitrate nitrogen showed dramatic
fluctuations in concentration during
the study period. The July 19Tk
survey revesaled an overall level of
nitrate much lower than in any other
survey., This pattern corresponds to
the bloom of nitrogen-fixing algae.
August and September 19Tk indicated
significant increases in nitrate in
all locations. Some of this increase
may be due to nitrogen released by
nitrogen~-fixing algae cells that have
died and released their nitrogen.
Vanderhoef, et al (1972, 1973) have
suggested that ) percent of the
inorganic nitrogen contributed to
the Bay during the bloom period
(mid-June to mid-August) may come
from nitrogen fixing algae.
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FIGURE III-16

Total Phosphorus Contours
in Lower Green Bay

s ts A

Total phosphorus did not fluctuate
nearly as much as the nitrogen forms.
The highest concentrations were con-
sistently found in the Inner Bay and
along the eastern half of the Bay.
Significant decreases in total
phosphorus concentrations occurred
between the July and August 197k
surveys corresponding to the areas
of the blue-green algae bloom during
this period.
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FIGURE III-1T7

Ortho Phosphorus Contours
in Lower Green Bey

Ortho phosphorus concentrations
shoved a nearly steady increase from
September 1973 until June 197L at
nearly all locations. During the
last three surveys the concentrations
fell slowly to levels comparable to
the September 1973 concentrations.
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FIGURE III-18

Chlorophyll-a Contours
in Lower Green Bay

Chlorophyll-a fluctuated most markedly
in the lower one-third of the study
area. Both September surveys showed
fairly wniform gradients of chl-a
ranging from 80 A g/1 at the mouth
of the Fox River to about 20 X g/1
around Dykesville, Between June and
August 197k, concentrations grew
steadily. Concentrations over
"100.0 X g/1 were observed near the
Fox River mouth during the August
survey. Phaeo pigments are listed
in Appendix F.
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FIGURE III-19

Secchi Disc Reading in Lower Green Bay

Secchi disc readings generally corres-
ponded to the extent of the algae
activity. The light penetration was
consistently highest in the areas
furthest from the Fox River. Light
penetration of only 1 to 3 feet was
consistently measured in the Inner

Bay.
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FIGURE III-20

Chloride Contours in Lower Green Bay

Chloride concentration appeared to be relatively stable in the Lower Bay. Concentration
gradients ranging from 25 mg/l at the Fox River mouth to less than 10 mg/l further north

appear in nearly all surveys.
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the Red Banks area. In all surveys the concentrations dropped off sharply with
distance from the Fox River. Concentrations below 20 ug/l and usually below

10 ug/l were found north of a line from Dykesville to the Little Suamico River,

It is interesting to note that the percent of the chlorophyll-a that is phaeo-
pigments (inactive chlorophyll-a from dead algae) increased throughout the summer.
In August for example, in the Inner Bay, phaeo-pigments comprised nearly 50% of the

measured chlorophyll-a.

Algae: The purpose of the study wasto collect a background of information concerning
the principal types of planktonic algae in the lower third of Green Bay, to be

used as a starting point for further studies and monitoring. This includes

a Biomass estimate, a qualitative analysis of algae present and distribution

patterns of dominant algae.

The following is a qualitative report of observations obtained in the spring and
summer surveys and a description of schematic representation of the dominant
algae at each station based on the number of occurrences. (See Figures III-21

through III-25)

Winter 1974 (No figure included)

Limited sampling done through the ice at only two stations in the Lower Bay showed

a predominance of diatoms. Most common were Asterionmella, Cyclotella and

Fragilaria. Species of Oscillatoria, rotifers and a few Chlorophyta were also

present. The diatoms constituted about 70-90% of the algae flora.
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May 20-23 (Figure III-21)

A variety of diatoms predominated at most of the sampling stations. There was a
sizeable increase in numbers compared to the winter sample. The most common

genera were Asterionella, Cyclotella, Stephanodiscus, Fragilaria and now Melosira.

These organisms were distributed over the entire lower third of the Bay and may
represent the later stages of a diatom bloom as described by Wiersma 1974 as a

spring peak in April and tapering off in May.

It was interesting to note that Melosira was the dominant organism at the mouth
of the Lower Fox River, a condition that persisted throughout the summer. Species

of green algae, mostly of the genera Scenedesmus and Ankistrodesmus, predominated

in the Lower Bay along the eastern shoreline. Ankistrodesmus along with

Oscillatoria and diatoms predominated at stations, far from the Lower Fox River.

Small concentrations of Microcystis and Anabaena occurred at stations below the

Red River-Little Suamico River tramsect. Cyclotella and Stephanodiscus were the

outstanding diatoms in the indicated areas.

June 3-5 (Figure III-22)

A large increase in the variety of green algae and numbers of Oscillatoria

and diatoms occurred in June. Melosira and green algae dominated in the region
below Long Tail Point. Oscillatoria and diatoms dominated above Long Tail Point.
Scenedesmus and several other species of green algae were concentrated along

the eastern shoreline as far as Red Banks.
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July 8-9 (Figure III-23)

A bloom of algae occurred after the first week of June. The bloom extended over the
entire sampling area of the Bay. Blue-green algae dominated this bloom. The

most common genus was Aphanizomenon, except for stations 1 and 2 where Melosira
predominated. At stations 17, 31 and 43, (above Long Tail Point) species of

Oscillatoria predominated. The diatoms Cyclotella and Stephanodiscus were common

but not dominant at station 43, the furthest sampling station from the mouth
of the Lower Fox River. A variety of green algae persisted at some stations in

the Lower Bay and zooplankton concentrations were larger than in prior surveys.

August 12-13 (Figure III-24)

Bloom conditions continued to persist over the entire sampling area. The extent
of the bloom beyond Sturgeon Bay was not investigated. The dominant organism at
all stations beyond Long Tail Point was QOscillatoria with heavy concentrations of
Aphanizomenon near Sturgeon Bay and along the eastern shoreline below Renard
River. Melosira continued to predominate in the Lower Fox River. Microcystis
was also abundant in the Lower Fox River. Heavy concentrations of Melosira
occurred throughout the Lower Bay as far north as the Red River. Genera of

blue-green algae (Microcystis, Anabaena, etc.) occurred throughout the entire

Bay. The heaviest concentrations appeared within the Lower Bay below the Point
Sable-Long Tail Point barrier and along the eastern shore to Red Banks. Green
algae appeared most commonly along the eastern shoreline from below Point Sable

to Red Banks. A greater number of the Dinoflagellates, most notably Ceratium,

appeared in the upper stations. Greater concentrations of zooplankton than previously

observed occurred at all stations in the Bay, especially in the upper most region.
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September 4-5 (Figure III-25)

A second bloom of Aphanizomenon occurred although not as extensively as the bloom
which began in mid-June, lasting through August. Bloom conditions persisted
throughout the Bay. In the upper regions of the sampling area Oscillatoria was the
dominant organism. A noticeable increase in the concentration of the diatom

Asterionella occurred at these upper statioms.

Areas of highest concentration of Aphanizomenon occurred in the Inner Bay and above
Long Tail Point on the western side of the Bay up to the Little Suamico River,
where it dominated the community, an area which previously was dominated by

diatoms and Oscillatoria. The eastern shoreline below the Red River and the

Inner Bay was a massive mixture of many organisms dominated by Aphanizomenon,

Microcystis, Melosira, green algae, Oscillatoria and zooplankton. This condition

extended beyond the Long Tail Point-Point Sable barrier to a transect from

the Little Suamico River to the Red River.

Summary of Survey Observations

Heavy growths of algae were present in Green Bay when intensive sampling began in
late May. Large blooms occurred by mid~June and continued through early September

when sampling was discontinued. By September

'pea soup” conditions prevailed in
the Lower Bay and extensive blooms reached the upper regions of the lower third
of the Bay. Field workers described the Bay as 'the worst they've ever seen

it."
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FIGURE t11-21
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FIGURE 1123
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FIGURE i11-24
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A varlety of algae and zooplankton predominated at different times throughout
the summer. Most prominent of these were the blue-green algae Aphanizomenon,

Oscillatoria and Microcystis; the diatoms Melosira, Cyclotella, Stephanodiscus

and Asterjonella; the green algae Scenedesmus and Ankistrodesmus; Dinoflagellates,

Ceratium and the zooplankters Cladocerans, copepods and rotifers.

Discussion

The relationship between the principal algae tabulated in Table III-3 to one
another at each station at a given time is the basis for determining the dominate
algae and the distribution patterns. This does not imply that the dominant

algae is necessarily the most important in the community, but that it occurred
most frequently. No attempt was made to determine the total algal community

or standing crop from these counts. Comparison of the data from May and June

to the July, August, September sampling cannot be done because of the different
methods of sampling used. It was not possible at this time to correlate these

two methods.

Wiersma (1974) has shown which algae comprise the plankton of that part of lower
Green Bay within the Long Tail Point-Point Sable barrier. This survey attempted
to investigate the characteristics of that portion beyond Long Tail Point as far

out as Sturgeon Bay in addition to the Inner Bay.

The distribution patterns assume a continuous distribution at the 1 to 2 meter level,
but do not take into account the vertical distribution. It is not known at

this time what effect this would have on these patterns, especially the buoyant
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blue-green algae. The effects of wind and currents generally contribute to the
concentrations of algal masses along the eastern shore. This condition extended
as far as Sturgeon Bay where abundant concentrations of Aphanizomenon were
observed. Modlin and Beeton (1970) and Sager and Wiersma (1972) observed that
currents from the Fox River flow along the south and eastern shorelines of

the Inner Bay and beyond Point Sable along the eastern shoreline for some distance

causing concentrations of algae in this area.

At all stations sampled on Green Bay Melosira granulata was found in abundant

concentrations at one time or more throughout the season. It attains a peak in
June and a second, generally lesser, peak in August. Holland (1968) found this

to be the case at sample stations in the vicinity of our stations 27, 37, 43.

The other diatoms did not appear to demonstrate this characteristic. Melosira
granulata was found to be very abundant in the mouth of the lower Fox River
(station 1) throughout the entire season. Here it appears to have gained complete
dominance of the community offering excessive competition thereby contributing

to the exclusion of other algae during periods of bloom.

The distribution of the blue-green algae Aphanizomenon correlates fairly well
with the distribution information reported by Vanderhoef (1972) except that we
observed abundant Aphanizomenon concentrationms farther out into the Bay than he
did. (See Figure III-23) It appears as though this may be an increase in

the abundance and spread of the organism, but it may be a "normal"™ fluctuation
in the population. Further studies and monitoring will be needed to determine

if this is the case.
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When the Chlorophyll—-A data is segregated according to the zomes shown in
Figure III-1, the averages show a correlation to the Chlorophyll-a data of
Wiersma (1974) taken in 1973. The data shown for the zones above Long Tail
Point generally indicate lower Chlorophyll-a than for the Inner Bay zone (see
Table III-4). Indications are from this study that the biomass for May and

June show trends that correlates with the trends of Chlorophyll—.

Biomass data for July, August and September are unreliable and cannot be

used.
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TABLE III-2

Genera of Algae Observed*

CHLOROPHYTA (Green Algae) Counting Unit
Actinastrum Hantzschii single cell
Agmenellum sp. colony
Ankistrodesmus falcatus single cell
Chlorella ellipsoidea single cell
Closteriopsis sp. single cell
Coelastrum sp. colony
Crucigenia sp. colony
Dictyosperium pulchellum single cell
Dictyosperium sp. single cell
Echinosphaerella limnetica single cell
Euglena acus single cell
Euglena elastica single cell
Golenkinia sp. single cell
Hydrodictyon reticulatum colony
Kirchinella sp. colony
Micractinium pusillum single cells
Oocystis sp. single cell
Palmella sp. colony
Pediastrum sp. colony
Scenedesmus acuminatus single cells
Scenedesmus dimorphus single cells
Schroederia sp. single cell
Selenastrum gracile colony
Selenastrum sp. colony
Tetradron trigonum single cell
Tetradron sp. single cell
Tetrastrum sp. single cells
Westella sp. colony
Zygnema sp. filament
DESMIDS

Closterium sp. single cell
Staurastrum sp. single cell
Cosmarium reniforme single cell

CYANOPHYTA (Blue-green Algae)

Anabaena circinalis filament
Anabaena incenta filament
Anabaena spiroides filament
Anabaena flos-aquae filament
Aphanizomenon flos-aquae filament
Aphanocapsa sp. colony
Chroococcus sp. single cell
Coelospherium sp. colony

2y

Gomphospheria sp. colony (av. size 0.1 mm



- 69 -

Lyngbya bergei filament
Lyngbya limnetica filament
Lyngbya versicolar filament 2
Microcystis aeruginosa colony (av. size 0.7 mm’)
Oscillatoria limnetica filament
Oscillatoria subrevis filament
Oscillatoria tenuis filament
Oscillatoria sp. filament
Phormidium uncinatum ) filament
Phormidium sp. filament

BACILLARIOPHYCEAE (diatoms)

Asterionella formosa frustule
Cyclotella glomerata frustule
Cyclotella sp. frustule
Fragilaria crotonensis frustule
Fragilaria sp. frustule
Melosira binderana filament
Melosira granulata filament
Melosira sp. filament
Stephanodiscus sp. frustule
Synedra sp. frustule
Tabularia fenestrata frustule
Navicula sp. frustule
DINOFLAGELLATES

Ceratium berundinella single cell
Peridinium sp. single cell
Dinobryon sp. colony
ZOOPLANKTON

Cladocerans single cell
Copepods single cell
Rotifers single cell

xThis table represents the algal organisms observed and does not necessarily mean
they were counted as they may have occurred outside of the counting grid. Where
possible, identification was tentatively carried out to species. Single celled
green algae unable to be identified were tentatively grouped in the Order
Chlorococcales, and filamentous green algae unable to be identified were
tentatively grouped in the Order Ulotrichales.



TABLE III-3

Algae Counts

Sta. 1 Sta. 2 Sta. 4
May June July Aug. Sept. May June July. Aug. Sept. May June July Aug. Sept.

1
Melosira 2 140 276 615 432 188 188 244 276 54 160 206
Other Diatoms 496 364 37 8 350 319 271 - 271 39 26 20

1 0 ) o
Anabaena 1 1o o S8 17 18 0 16 S 38 5 5 19 7 9
Aphanizomenoti 0 0 o5 0 10 0 0 4% 9 48 B 0 37 37 67
Oscillatoria 0 21 i g 12 44 0 0 3 g 18 g~ g g- 21 67 30 29
Other Blue Green 21 37 ‘é“’_"‘ 57 20 5 21 ‘é‘ s 22 g L _"é’ &oo21 12 24 19

3 g o g &0 o u
Desnids 3 0o 0 "2 1 5 0 e 1 £ S 5 14 2 12
Dinoflagellaies 0 0 3 0 0 0 0 y 0 & ~ 0 0 0 0
Ulotrichales 0 0 g 3 0 10 0 4 7 o 5 9 7 9
Other Green3 5 124 S 2 12 48 94 S 52 8 199 37 25 47

Sta. Sta. 7 Sta. 8c
Melosiral 141 256 39 87 60 146 78 11 33 220 224 224 13 125 36
Other Diatoms 282 245 17 4 12 239 192 6 3 29 418 282 3 11 19
Anabaenal 0o o0 29 4 8 5 0 7 1 5 o 5 15 9 2
Aphanizomenon 0 0 49 49 282 0 0 48 34 244 0 0 228 85 23
Oscillatoria? 4 63 172 45 38 25 115 240 56 46 151 146 94 83 62 48
Other Blue Green 26 5 33 33 26 83 0 10 5 170 16 5 9 82 29
Desmids 3 21 26 15 6 30 0 0 22 5 11 16 52 23 1 0
Dinoflagellates? 10 0 0 0 0 5 21 0 0 0 5 0 4 0 1
Ulotrichalesl 0 16 2 5 4 10 42 2 3 30 0 37 13 23 10
Other Green3 255 401 32 39 58 256 192 34 2 121 - 829 24 36 15
No. X 103 filaments/liter
" frustules/liter
cells/liter

1
2
3 "
4
0

less than 1 X 103 or not observed

" colonies/liter (predominantly Microcystis)



1
Melosira
Other Diatoms

Anabaenal
Aphanizomenon
Oscillatoria2
Other Blue Green

Desmids> 3
Dinoflagellates
Ulotrichalesl
Other Green3

Melosiral
Other Diatoms

Anabaena1
Aphanizomenon
Oscillatoria2
Other Blue Green

Desmids3

Dinoflagellates3

Ulotrichales
Other Green

TABLE IIT-3 (continued)

Sta. 9 Sta. 12 Sta. 13

May June July Aug. Sept. May June July Aug. Sept. May June July Aug. Sept.
136 73 6 7 19 141 469 1 85 22 115 282 12 393 167
328 432 2 1 19 230 573 3 8 2 240 302 13 54 6
0 5 34 3 1 0 0 19 4 2 0 0 19 20 22
0 0 158 17 4 0 0 273 46 122 0 0 267 138 1047
125 120 60 78 68 16 222 33 33 21 26 50 48 28 76
0 10 4 3 6 16 183 13 46 91 10 10 26 38 313
0 62 5 7 1 10 65 0 1 2 16 21 2 22 22
5 5 1 0 0 0 39 0 4] 0 0 0 0 0 0
10 31 6 4 4 26 130 6 5 12 0 5 19 12 28
142 162 5 0 7 588 1461 12 2 24 129 395 60 68 16

Sta. 14 Sta. 17 Sta. 24

130 224 6 142 40 125 63 2 30 50 89 10 1 24 10
209 150 1 21 3 449 208 4 0 23 464 167 5 2 13
5 ] 65 5 5 0 0 16 2 2 0 0 9 1 3
0 5 500 87 181 0 0 24 12 47 0 0 53 35 61
31 63 18 36 42 162 334 135 93 27 198 203 47 94 45
26 0 16 60 188 0 0 2 5 8 52 0 2 5 7
0 21 3 2 12 0 5 13 3 3 0 0] 8 2 ]
0 0 0 0 0 10 10 1 0 4 16 0 1 0 1
0 26 6 22 10 26 83 2 2 4 21 10 3 7 4
260 499 11 120 16 114 99 4 4 9 255 31 0 1 5

..'[L...

1  No. X 10° filaments/liter
"

2 frustules/liter
3 " cells/liter
4 " colonies/liter (predominantly Microcystis)

0 Less than 1 X 103 or not observed



TABLE III-3 (continued)

Sta. 27 Sta. 31 Sta. 35
May June July Aug., Sept. May June July Aug. Sept. May June July Aug. Sept.

Melosira™ 9 115 11 15 43 21 89 1 1 3 78 0 3 4
Other Diatoms 281 4 1 51 323 188 3 3 34 468 2 9 6
Anabaena™ S o ;1 1 o o0 6 o 1 = 0 4 11
Aphanizomeno —— 0 293 17 32 0 0 55 17 14 2 0 20 11 2
Oscillatoria S8 33% 104 61 140 172 245 72 58 260 93 43 16 117 78
Other Blue Green 29 0 2 2 6 0 21 1 1 6 et 9 13 0 1 1
Desmids 3 S 26 12 7 6 5 36 3 6 6 5 26 1 14 1
Dinoflagellates ~ 0 0 1 4 10 0 2 0 1 “ 0 1 5 0
Ulotrichalesl 0 12 3 2 5 0 5 1 3 2 0 6 0 3
Other Greens 245 9 2 8 65 136 9 1 3 ~ 268 5 1 1

Sta. 43 Sta. 45
Melosira1 2 21 45 3 3 73 0 4
Other Diatoms 294 333 _ 12 11 296 ~ 2 32

1 § ~ g

Anabaena 0 0 = 2 0 5 0 a 2 0
Aphanizomenon 0 0 § 3 10 - 0 g 1 12
Oscillatoria? 4 37 323 34 80 88 T 402 T4 65 143
Other Blue Green 0 0 84 2 o 58 0 83 2 1

il iy, B
Desmids> 5 0 26 OF 6 3 8 20 °% 12 6
Dinoflagellates 5 2 g 1 2 o 0 3 0 0
Ulotrichalesl 10 42 & 5 3 g 10 & 3 2
Other Green3 56 104 10 6 123 1 1
1 No. X lO3 filaments/liter
2 " frustules/liter
3 " cells/liter
4 " colonies/liter (predominantly Microcystis)
0 less than 1 X 103 or not observed

_ZL_



TABLE III-4

Active Chlorophyll-a and Biomass

Plankton Biomass*

Chlorophyll-a **
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* Plankton biomass based on total volatile solids minus organic debris.

*% Chlorophyll-a minus phaeo-pigments
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SECTION IV

IV, WATER QUALITY MODELLING

Introduction: Water quality computer models were developed whose purpose was

to establiéh the capacity of Green Bay to respond to the input of various pollutants
and other chemicals. The first model to be discussed consists of a version of

the QUAL-II Model developed by Norton et al WRE, Inc. (1974) under EPA

contract no. 68~01-0713-Upper Mississippi River Basin Model Project. The ,

Wisconsin DNR has modified and implemented this model for the Lower Fox River

system.

A second model was based on a program by Water Resources Engineers, Inc., Lee

et al (1974) to simulate two dimensional systems such as Green Bay. This Dynamic
Estuary Model was modified to fit the Green Bay system and to simulate the major
water quality constituents., This model and its modifications are discussed in

detail in Appendix D (Green Bay Model Development and Documentation).

The Qual II model (as modified and used by DNR) is capable of simulating 12
constituents under steady or psuedo~dynamic conditions, BOD and DO are routed as
well as phosphorus, 4 forms of nitrogen, algae, coliforms and up to three
conservative substances. The model uses one dimensional steady state hydraulics
and waste inputs for both steady and dynamic runs. Dynamic simulation allows the
insertion of variable light intensity for evaluating the diurnal effect of algae

photosynthesis and respiration.
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NOTE: 1In 1973 the Wisconsin DNR published a Water Quality Model Study of
the Lower Fox River, Patterson (1973). This study was based on a water quality
model developed by Crevensten, Stoddard and Vajda of EPA. Since that time this
model has been used to produce a Waste Load Allocation for the Oconto River
(Wisconsin DNR, 1974). Since the waste load allocation for the Oconto River
has been completed, no additional simulations for the Oconto River have been

undertaken. The results of the Oconto River modeling are not presented in

this report.

A. Fox River Modelling

The Fox River from Lake Winnebago to Green Bay, a distance of about 40 miles,

was simulated by means of the QUAL-II computer model. The advantage of the QUAL-
IT model is its flexibility and capability of simulating simultaneously many
constituents. For instance, four forms of nitrogen can be routed while various

chemical or biological reactions take place.

The QUAL-II model has been extensively modified in its application to the Lower
Fox River. The four most important modifications include: 1) the ability to
simulate organic nitrogen, 2) reformulization of the algal growth kinetics, 3)
inhibiting nitrification rates at low dissolved oxygen levels and 4) allowing

for denitrification during very low dissolved oxygen levels. The first two
modifications are essentially similar to the scheme developed for the Bay model
(Appendix D). The appropriate theory and equations are discussed in the Green

Bay model documentation, The third and fourth modifications are consistent with
observations reported in past literature and commonly accepted theory. With the
exception of the above changes, the model operates as described by the WRE program

documentation, Norton et al (1974).
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FIGURE IV-1b
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FIGURE IV-lc
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FIGURE IV-1d
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FIGURE IV-le
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FIGURE 1IV-1f
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FIGURE IV-lg
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FIGURE IV-lh
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The QUAL-II model was then applied to the Lower Fox River. Forty-six river segments
were used to describe the Fox River. Each segment was further divided into an
integral number (from 1 to 20) of computational elements (each of these was 0.1
miles in length). In all, 389 computational elements were used. The waste sources
were located along the system and were used as waste inputs at the appropriate
computational element, The physical schematization is shown in Figure IV-1 and

tabulated in Table IV-1,

QUAL-II was verified using data obtained in the summer of 1972, This is the same
data used to verify the EPA model. The results of the verification run for June
20-21, 1972 are presented in Figures IV-2 through IV-5. Survey data was obtained
during daylight hours only. Data from the 5 automatic monitors is presented to

indicate the duirnal range of the DO during the survey period. The profiles for

DO, BOD;, NH,~N, NO;-N, Org-N, and Chlorophyll-a are presented along with the

3
data that is available, The verification run shows an agreement between the observed
data and the QUAL-II prediction that is very acceptable. It is particularly
interesting to observe the agreement for the nitrogen forms. The only area of
significant disagreement is in the N03—N profile for run one between mile points

14 and 0. The QUAL-II model indicates a 1007 increase in the NO,.-N concentration

3
while the data indicates no substantial change in the NO_ -N level. Since the

3
other forms of nitrogen show good agreement with the data, one of two possible
things is taking place to account for this -discrepancy. Either the DO levels
are low enough near the sediments to stimulate a significant amount of
denitrification at the lower end, or nitrificatiom is not taking place at the
rate used in the model for run one. The first hypothesis is in direct
disagreement with the observed DO profile. Mile 14.0 to 3.0 shows DO levels
much too high to allow for significant denitrification (Figure IV-2) unless
there is a very strong vertical stratification which would allow the DO level

to drop sharply near the water sediment interface. Thus the first hypothesis

is not very likely.
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TABLE IV-1
Physical Dimensions Used to Describe the Lower Fox River

Benthic Demand

Cross GR 02/m2/Day
Reach Sectional Verification BPT
Number Area Ft2 Depth Ft, Runs Conditions
1. 967. 2, 8.0 3.0
2, 4020, 2.5 8.0 3.0
3. 6978, 3. 8.0 3.0
4, 11660, 4, 8.0 3.0
5. 14634, 4.5 8.0 3.0
6, 15065. 5.5 8.0 3.0
7. 9837. 9. 8.0 3.0
8. 10032, 9.6 8.0 3.0
9. 3670, 6.6 8.0 3.0
10. 1676. 4, 8.0 2.0
11. 1998, 4,5 8.0 2,0
12, 619. 1.6 5.0 2.0
13. 3648, 5.8 5.0 2.0
14, 4194, 6.7 5.0 2.0
15, 4194, 6.7 5.0 2.0
le6. 2660, 3.3 5.0 2.0
17. 4556, 6.7 8.0 2.0
18. 6592, 6.5 8.0 2.0
19, 1492, 2.8 8.0 4.9
20. 3484, 6.3 8.0 4.9
21. 2900, 10.0 8.0 4.9
22, 1476, 2. 8.0 4.8
23, 6514, 4.7 8.0 4,8
24, 4703. 7.5 8.0 4,8
25, 2420, 4, 5.0 3.0
26. 2912, 5.8 5.0 3.0
27. 2912, 5.8 5.0 3.0
28. 4428, 7.7 5.0 3.0
29, 5055. 5.5 2,5 2.5
30. 8145. 5.0 2.5 2.5
31. 10146. 5.7 2.5 2.5
32. 9301, 10.3 2.5 2.5
33. 9301. 10.3 2.5 2.5
34, 4889. 3.4 2.5 3.0
35. 10824, 6.6 2.5 3.0
36. 8584, 7.4 2,5 3.0
37. 11665, 5.6 2.5 3.0
38. 15204, 5.6 2.5 3.0
39. 12042, 9. 2,5 3.0
40, 15002. 13, 5.0 3.0
41, 12978. 21, 5.0 3.0
42, 16055. 19. 5.0 3.0
43, 11880, 20, 5.0 3.0
44, - 9945, 13. 5.0 3.0
45, 14025, 16.5 5.0 3.0
46. 12194, 13, 5.0 3.0
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We are therefore left with the conclusion that nitrification rates for NH3-N are
being overestimated. If this is the case, we must account for the fact that the
rate used in the model did in fact predict an ammonia profile that agrees nicely
with the data. A closer look at the nitrogen balance discloses that organic nitrogen
decreased a total of 1.1 mg/l while ammonia increased .43 mg/l and nitrate increased
.11 mg/l. (Nitrite concentrations are normally insignificant i.e., <.05 mg/l.)
Since the nitrogen forms do not balance we must conclude that nitrogen is leaving
the system in a manner that is unaccounted for. One could immediately assume

that algal growth could make up this difference. A closer check tells us that

to account for the difference of .55 mg/l of nitrogen, we would need 6.9 mg/l

of algal biomass (assuming an algae cell is about 8% nitrogen). Using literature
conversion factors, (QUAL-II documentation), 6.9 mg/l of algal biomass would contain

350 to 690 ug/l of chlorophyll-a, an extremely high number.

This is in direct conflict with Sager &Wiersma's measurements of chlorophyll-a.
His measurements indicate maximums of about 150 ug/l in the Menasha area and
typically a 50% decrease from that level as one travels downstream to Green Bay
(Figure IV-6). Secondly, nitrogen contained in the algae would be measured as
organic nitrogen (if the sample was not filtered). We are therefore forced to
assume that organic nitrogen must be leaving the system by sedimentation and
not only by transformation to NH3—N. Using this assumption, a second
verification run is displayed in Figure IV-4, The drawn curves indicate a good
fit for all the nitrogen forms. For run two, the observed and calculated total
phosphorous curve is also shown and again the agreement is acceptable.
Verification runs for July 5-6, 1972 and August 14, 1972 were also calculated.
Dissolved oxygen data is again for daytime periods except for automatic
monitoring data. The fits for these dates are net as good as the June
20-21, 1972 run. Data for comparison is not as complete for these simulations.

These runs are diagrammed in Figures IV-7 through IV-11.
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The last constituient to be discussed on the verification runs concerns the
chlorophyll-a concentration. Figure IV-5 shows the calculated chlorophyll-a profiles
for run one and two on the June 20-21, 1972 verification. Unfortunately there .
is no data directly available to compare to the chlorophyll-a profile. Thus, no
conclusions about the models capability to simulate algae in the Lower Fox River

is possible at this time. The best information available for this parameter is

a series of chlorophyll-a profiles obtained by Sager and Wiersma during the summer

of 1971. The available data is plotted in Figure IV-6. The most apparent trend

in the plotted data is a lack of consistency. The profiles were devéloped from

data taken at 10 stations along the Lower Fox River on a biweekly basis. Samples
were taken July 28, August 10, August 25, September 7 and September 21. The highest
concentrations were obtained on the July 28, 1971 survey. During this survey

the upper half of the river had chlorophyll-a levels above 100 ug/l reaching a

peak in Little Lake Butte Des Morts of 165,1 ug/l. Only 13 days later, on August
10th the highest observed value was 8l ug/l. Nearly all stations had decreased

in concentration by over 50%. The September 7 profile shows a large peak at mile
18,0--nearly 100%Z 1larger than any other value taken on that survey. The data
represents values of chlorophyll~a in a water sample taken near the surface (1 meter).
The model, of course, considers the "well mixed" average concentration over each
element., One consistency does appear in all the fluctuations: the dramatic changes
in chlorophyll-a concentration in the upper part of the river are not matched

by such large fluctuations in the lower half. Thus we observe chlorophyll-a

levels in the Menasha area that range from 10 ug/l to 165 ug/l, while at the mouth
of the river the range is from 28 to 51 ug/l. The data seems to suggest that

the Fox River provides a more stable environment for the phytoplankton., Whereas
Lake Winnebago is characterized by periodic blooms and dieoffs during the summer,

the entering peaks and troughs of algal activity are distinctly attenuated as the

water proceeds toward Green Bay. This attentuation leads to a 50% decrease in
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chlorophyll-a concentration in general in the downstream direction. This pattern
is violated only by isolated peaks along the river and in the area near the mouth
of the river. The higher values at the mouth may be a result of seiche effects

bringing algal blooms from Lower Green Bay into the river.

It ig therefore apparent that we are on tenuous ground in trying to predict algal
activity in the Lower Fox River. It appears as if the most significant factor
determining- the level of algal activity is the amount of algae entering the system
from Lake Winnebago. We can however, note one interesting point in a comparison

of run one and run two for the June 20-21, 1972 verification. Figure IV-5 indicates
a significant change in the chlorophyll-a concentration between the two rums.

The only apparent reason for this decrease in algal activity is the concentration
of inorganic nitrogen, particularly NO3-N, which was significantly reduced in

run two. It can be concluded from this run that the level of inorganic nitrogen

in the Lower Fox River may be an important factor in algal activity! One final
point along this line needs to be explained. Denitrification is allowed in QUAL-

II and is controlled by the dissolved oxygen level in each computational element.

At zero DO, the denitrification rate is maximum at 0.4 day_1 (base e). The allowed
rate decreased exponentially as the DO rises from zero. One would, of course,
expect higher levels of inorganic nitrogen, particularly N03—N, under high DO
levels. As is shown later, this is in fact what the model predicts. Thus the
enthrophication prospects for the Lower Fox River-Green Bay system may be increased,

from an inorganic nitrogen point of view, under higher DO levels.

In light of the tremendously wide range of algal activity in the Lower Fox River,
it does not make sense to develop a waste load allocation with the expectation

that the algal concentration will be continuously adding to the oxygen levels in
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the stream, One can, however, attempt the waste load allocation such that the
algal activity is a low level component in the system. The value of 30 ug/l of
chlorophyll~a was used to represent a value well within the range observed but
toward the lower end, Under these circumstances, it is reasonable to expect the
point source waste loadings to be controlled so no water quality violation is
encountered. This 1s the strategy that was used to develop the waste load

allocation for the Lower Fox River that 1s presented in the next sectilon.

B. Lower Fox River Waste Load Allocation

The QUAL-II model as developed and presented in the section above has shown its
usefulness to simulate the Lower Fox River system., Our remaining task is to apply
the model under various waste load abatement schemes and evaluate the response

of the river system as simulated by the model. The beginning step in this process
involves determining the base line conditions that will be used to do the final
prediction simulations. This involves determining such parameters as the 7 day,

10 year low flow (7Ql0), stream temperature and reaction rates etc.

To determine the 7Q10 low flow, data from the USGS gaging station at Rapid Croche
was analyzed for the years 1918 to 1972, The value of 912 CFS was used as a result
of this analysis. This flow represents the 7 day low flow that can be expected
statistically in any 10 year period, For the low-flow simulations, the flow of 912
CFS wag considered to be constant over the entire length of the river. Table IV-

2 lists the various parameters that were chosen at the headwater of the system
(Lake Winnebago). The value of chlorophyll-a was chosen to reflect a low level

of algal activity (for that area) as discussed above, All other values were chosen
to reflect typical concentrations that have been observed in the Neenah-Menasha
area of Lake Winnebago. Table IV-~3 presents an assortment of data collected in

this area.



TABLE IV-2

Lake Winnebago Water Quality Used for the QUAL~II Prediction Simulation

Runs of the Lower Fox River

Parameter

FLOW

Digsolved Oxygen
BOD (5-day)
Organic-N

NH3-N

NOZ-N

NO3-N

Tot. P04-P
Chlorophyll-a

Temperature

TABLE 1IV-3

Concentration

912.0 CFS
8.00 mg/1
2.00 mg/1
2.50 mg/1
0.05 mg/1
0.001 mg/1
0.10 mg/l
0.20 mg/l

30.0 ug/l

80°F

Water Quality Parameters Measured in the Neenah-Menasha Area of Lake

Winnebago on various dates

Parameter May 4, 1972

DO mg/l 1
BOD mg/1

Org-N mg/1 .89

NH3-N mg/1 .02

NOo-N mg/1 .002

NO3-N mg/1 1

TOT. PO4-P mg/l

Sol, PO4~P mg/l

Temperature °C 2

pH 8.0

Chloride mg/1

Color su

Suspended Solids mg/l 2

June 21, 1972 July 6, 1972 Oct. 23, 1974

3.0

2.5
.04
.010

.22

.01
0.

3.0

1.2

11.2 10.1

1.8 2.0

.64 .55

.03 .29 W15
.004 .23 .33

.05

.1 .15 .09
.02 .092 .07
8.0 7.0

8.4 8.2

7.0 8.0

15.0 20.0

9.0 5.0

Nov. 11, 1974
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The design termperature for all prediction runs was 80°F. This temperature was
selected to reflect the data obtained from the five automatic monitoring stations
that have been operated since 1971, Daily maximum temperatures at all five stations
{Menasha, Appleton, Rapid Croche, De Pere, Green Bay), exceed 80°F during July
and August of all years since the monitors have been operated. Some maximums have

gone as high as 84°F,

The benthic oxygen demand used in the simulation runs were calculated on the basis
of suaspended solids discharged. The verification runs for June 20-21, 1972, July
5-6, 1972 and August 14, 1972 all were run with the same benthic oxygen demand
pattern. The values appear in Table IV-1 along with benthic oxygen demand values
for BPT conditions. The projected percent reduction in discharged suspended solids
at each point source was used to reduce the benthic oxygen demand in the affected
reacheg by an equal percent. As the BODg5 and suspended solids loads were reduced
in the process of finding a set of discharge conditions that would meet 5.00 mg/1
of oxygen, the benthic demand was again reduced by a corresponding amount in the
appropriate reaches. Table IV-4 summarizes the projected reduction in suspended

solids in the various segments of the Lower Fox River.

Prediction Simulations

The conditions discussed above were used to generate a simulation run of the Lower
Fox River for Best Practicable Treatment levels and low flow (912 CFS) conditions.
Table IV-5 lists inputs for each waste source considered in the model for this

run, Figures IV-12 and 13 display the QUAL-II predicted profiles. It should also be
made clear that Figure IV-12 represents the daily average dissolved oxygen level

and does not give any information concerning the daily fluctuation from algae activity.
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TABLE IV-4

Projected Suspended Solids Reductions Used to Determine Benthic
Oxygen Demands under "Best Practicable Treatment" Levels

Suspended Solids (1b.day)
Dischargers Present BPT

Neenah-Menasha Area (Reaches 1 - 9)

Neenah-Menasha STP 22500, 5000.
K. C. Lakeview 940, 1100.
K. C. Neenah 2037. 1025.
K. C. Badger Globe —
George Whitting 1635. 200.
Bergstrom 18000. ) 3628.
Wisconsin Tissue — 1602,
Menasha Sanitary District #4 50. 50.
TOTAL 45162, 12623.
% Reduction 72%
* k k % %

Appleton Area (Reach 10-16)

Riverside Paper 976. 830,
Cons. Paper 10420, 1200,
Appleton STP 20000, 4100,
TOTAL 31396, 6130,
% Reduction 817

* k k k k

Kimberly Area (Reach 17-18)

K. C. Kimberly 12246. 3000,

% Reduction 767
x k% % %
Combined Locks (Reach 19-21)

Appleton Papers 6758, 4130,

% Reduction 39%

* % % % %



TABLE IV-4 (continued)

Kaukauna Area (Reach 22-24)

Thilmany Paper 9803, 5900.

% Reduction 40%

% % % k *

(Reaches 25-34 have no significant discharges)

x k k % %
De Pere Area (Reach 35-38)
Nicloet Paper 472, 972.
De Pere STP 2160, 1185.
TOTAL 2632, 2157.
% Change 18%
* ok ok Kk %
Green Bay Area (Reach 39-46)
Fort Howard 20000, 12900.
Charmin 14983, 4140,
Green Bay Packaging 343, 1200,
American Can 6761. 8500.
Green Bay STP 23000, 13100,
TOTAL 65087. 39840,

7% Reduction 39%
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TABLE IV-5

Final Permit (1977) Loadings for Lower Fox River Waste Sources

Source
Name

K. C. Neenah &
Badger Globe

Bergstrom Paper

K. C. Lakeview

Neenah Menasha STP

Wisconsin Tissue

Menasha Sanit. Dist. E. & W.

Riverside Paper
Formost Dairy
Consolidated Appleton
Appleton STP

K. C. Kimberly
Appleton Papers

Heart of the Valley STP
Thilmany Paper
Wrightstown STP
Nicolet Paper

De Pere STP

Fort Howard Paper
Charmin Paper

Green Bay Packaging
American Can

Green Bay STP

TOTAL

BODg
kg/day (1bs/day)

498.9
1077.1
816.3
2043.5
536.9
359.6
394.5
49.0
1133.8
1859.4
907.0
1655.3
601.8
2675.7
73.5
589.6
1614.0
3945.5
3460,2
725.6
839.0
5940.9

(1100)
(2375)
(1800)
(4506)
(1184)
(793)
(870)
(108)
(2500)
(4100)
(2000)
(3650)
(1327)
(5900)
(162)
(1300)
(3559)
(8700)
(7630)
(1600)
(1850)
(13100)

Suspended Solids
kg/day (1lbs/day)

464,8 (1025)
1645.3 (3628)
498.9 (1100)
2043.5 (4506)
726.5 (1602)
359.6 (793)
376.4 (830)

e NA— e
680.3 (1500)
1859.4 (4100)
1360.5 (3000)
1873.0 (4130)
601.8 (1327)
2675.7 (5900)
73.5 (162)
440.8 (972)
1614.0 (3559)
5850.0 (12900)
3854.8 (8500)
544,2 (1200)
571.4 (1260)
5940.9 (13100)

31,797.3

(70115.)

34,082.1 (75153)
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As can be seen, significant violations of the 5,00 mg/l dissolved oxygen level

for fish and aquatic life occur at 3 locations along the river. In addition all
three DO sag areas will violate the current standard for dissolved oxygen. A
dynamic simulation run was also done for the BPT condition. (BPT is used in this
report to refer to the discharge levels to be attained by the end of 1977. 1Imn

some cases the permits are slightly lower than BPT but in general they represent
Begt Practicable Technology.) A portion of the results are presented in Figure
IV-14, This run shows that the dissolved oxygen would be expected to vary by as
much as 1.0 mg/l. In the Menasha, Kaukauna and Green Bay areas this could lower
the DO below 3.0, 2.5 and 1.0 mg/l respectively during nighttime hours. Under

such circumstances the applicable variance conditions for DO in these areas would
be violated. It is clear from these results that the wasteloads under BPT conditions
will generate water quality violations in at least three areas along the river.

If we compare the predicted DO profile to the fish and aquatic life standard of

5.0 mg/1l we find that nearly 15 miles of the river would be below this level on

a daily average basis! AS mentioned above, nighttime conditions will greatly
enlarge the area and extent of those violations. On the basis of the above results,
it can be concluded that '"best practicable treatment" for all point sources on the
Lower Fox River will not achieve a minimum level of dissolved oxygen necessary to

sustain most fish and aquatic life,

The level of treatment required to meet a DO standard of 5.0 mg/l was determined
using the model in a fashion similar to that described above. The steady state
version was applied for this purpose. Initial conditions were as shown in Table
IV-2., The procedure followed to generate the waste load allocation consisted
of reducing the appropriate discharges (BOD5 and suspended solids) from those
sources that were directly upstream from a given sag in the DO (See Figure IV~

12). Each such discharger was reduced by a flat percentage. The BOD5 and the
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suspended solids were reduced by equal percentages, The percent reduction in

the benthic oxygen demand was then recalculated on the basis of the new discharges
and those figures were entered in the model., The QUAL~II model was then executed
and the results were screened for any remaining violations. This procedure was

repeated if required.

In this way, various point source effluents were reduced until a profile was

obtained that did not violate the 5.0 mg/l requirement for dissolved oxygen on
a daily average basis. The results of this procedure are presented in Table
IV-6 and Figures IV-15 and 16. The effluents for this procedure assumed no
change in the discharge of nitrogen and phosphorous compounds. A second run
(Run B) was then made assuming nitrification was installed at all sewage
treatment plants and phosphorous removel to 1.00 mg/l was accomplished for all
dischargers. The effluents under this condition assumed the following

discharges for all sewage treatment plants:

Organic N - 2.00 mg/l
NH4-N - 1.00 mg/1
NO,-N - 3.00 mg/1
TOT-P - 1.00 mg/l

The results for this run are shown in Figures IV-15 and 17. As can be seen in
Figure IV-15, ammonia reduction at all STP does not alter the DO profile. The
DO was changed by about 0.05 mg/l in most areas. A comparison of Figures IV-

16 and 17 reveals a definite reduction of NH_-N (by as much as 0.2 mg/l) and a

3

corresponding increase in the concentration of NO3~N (by as much as 0.1 mg/l1).

The concentration of NH3—N still, however, attains concentrations in the Green Bay
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TABLE IV-6

Waste Load Allocation Loadings for the Lower Fox River Determined by
QUAL-II Simulation to Maintain 5.0 mg/l of Dissolved Oxygen

Discharger

Kimberly Clark
Neenah
Badger Globe
Bergstrom Paper
Kimberly Clark
Lakeview
Neenah Menasha STP
Wisconsin Tissue
Menasha Sanitary District
E. & W.
Riverside Paper Co.
Formost Dairy
Consolidated, Appleton
Appleton STP
Kimberly Clark, Kimberly
Appleton Papers
Heart of the Valley STP
Thilmany Papers
Wrightstown STFP
Nicolet Paper
De Pere STP
Fort Howard Paper
Charmin Paper
Green Bay Packaging
American Can
Green Bay STP

TOTAL

% Below BPT

kg/day

424.0
915.6

693.9
1737.0
456.2

305.7
268.0
49.0
771.0
1237.6
616.8
983.2
401.3
1546.4
49,0
290.2
537.4
2040,8
1632.6
580.5
544,2
3960.4

20040.8

* Based on 20 mg/l for Design Flow
*#%  Based on 10 mg/l for Design Flow

*%% Based on 25.5 mg/l for Design Flow

BOD

37%

lbs/day

935.
2019.

1530.
3830.
1006.

674.
591.
108.
1700.
2729,
1360.
2168,
885.
3410,
108.
640,
1185.
4500,
3600,
1280.
1200.
8733.

44191.0

Suspended Solids

kg/day lbs/day
395.0 871.
1398.2 3083.
424.0 935,
1737.0 3830, ***
617.2 1361.
305.7 674, k*k
256.2 565.
NA. *k
462.6 1020.
1237.6 2729 %
925.1 2040.
1276.6 2815,
401.3 885.*%
1546.4 3410.
49.0 108.*
163.3 360.
537.4 1185,.%%
2267.5 5000.
2176.8 4800.
4354 960.
544.,2 1200,
3960.4 8733.%
21116.9 46564.0

38%
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area as high as 0.72 mg/1l. This would tend to indicate that the most significant
source of NH3-N (according to the model) is the hydrolysis of organic nitrogen. This
conclusion is supported by the high levels of NH4-N observed on the June 20-21, 1972
survey (Figure IV~-4). An ammonia level of 0.72 mg/l will be toxic to fish life

if the pH is greater than 8,0 and the temperature is greater than 20°C. Since

the pH of the Fox River frequently exceeds 8.0, ammonia toxicity may be a continuing
water quality problem even if nitrification is accomplished at all sewage treatment
plants. Further~more, since the DO profile shows little response to nitrification
at the treatment plants, it appears as if there is little reason to pursue
nitrification as a viable means of improving the water quality of the Lower

Fox River at this time, If, however, higher DO levels significantly increase

the nitrification potential, a dissolved oxgyen deficit of significance may

occur, This is not likely though unless the pH of the river experiences a long
term change to a lower level. According to Srinath (et al 1974) nitrification

is markedly inhibited at pH's above 8.0, Typical pH values for the Fox River

range from 8.0 to as high as 9.2,

The model simulations discussed above concerning ammonia must be taken as preliminary
only and no conclusions should be based on them. In view of the lack of good data
for ammonia both from the sewage treatment plants and in the river (and 8 few wood
pulping operations) the main source of the ammonia in the Lower Fox River canmnot

be definitely determined. Three sources can be significant contributers: 1) point

source discharges, 2) organic nitrogen entering from Lake Winnebago that hydrolyzes

to ammonia as it travels downstream and 3) sediment release. It would be
beneficial to monitor ammonia and total organic nitrogen at all sewage treatment
plants and any significant industrial dischargers. This type of monitoring
could be made a part of each discharger permit. Until such data is available
and in light of the modelling results, no allocation of ammonia (or Kjeldahl

nitrogen) can be made.
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To angwer the question of algae effects a dynamic run was done for the waste

load allocation and reduced NH4-N loading configuration. A portion of that output
appearg in Figure IV-18. The plots of diurnal DO fluctuations indicate that

the DO will not violate 5.00 mg/l under the simulated conditions even during

the lowest point on the duirnal cycle., It should be emphasized, however, that
this does not preclude the possibility of DO standards violations. A high level
of algae (from a summer bloom) coupled with several consecutive days of very

little sunlight could possibly bring the DO below 5.00 mg/1.

With all of the above in mind, it can be concluded that the waste loadings for

BOD5 and suspended solids shown in Table IV-6 should be expected to meet 5.0

mg/l of DO in the Fox River under low flow (912 CFS) conditions. Furthermore,

it does not appear to be necessary to require nitrification at sewage treatment
plants as a means of improving the dissolved oxygen. The concentration of NO3-N

can be expected to rise slightly as a result of higher DO levels which will suppress
denitrification., Finally, the listed WLA loadings represent an average of 37%

and 38% reduction over "best practicable treatment" levels for BOD, and suspended

solids respectively.

Cc. Green Bay Modelling

As part of this project, a water quality model of Green Bay was developed. The
purpose of this model was to develop a predictive capability of the water quality
of the lower one-third of Green Bay. The model chosen for this activity was
based on the Dynamic Estuary Model developed by Water Resources Engineers.

This model was originally developed for San Francisco Bay and was later modified

for use with Pearl Harbor. The model was obtained by DNR from WRE in February
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of 1974, 1In the process of fitting the model to the Green Bay situation, extensive
modifications were made, A complete description of the model as used in the Green
Bay modelling effort is contained in Appendix D. Flow charts and program listings

along with a data set up description are included.

Two main areas of use were intended for the Green Bay model (GBQUAL). First,
information regarding the response of Green Bay under ice cover was a prime concern.
Surveys of 1939, 1955, 1967 and 1974 (part of this project) all showed extensive
areas of low to zero dissolved oxygen ?uring the ice cover period. For Green

Bay, the period of ice cover may range from two to three and one half months.

Ice cover usually begins in early January. The low dissolved oxygen levels have
hindered commercial fishing operations over as much as 150 square miles of the
Lower Bay. This region begins below a line from Long Tail Point to Point Sable

and can extend along the eastern half of the bay to beyond the Renard River.

A question that has received particular attention in this report is: what level

of treatment for point source discharges along the Lower Fox River will be required

to eliminate this problem?

The second main emphasis concerns the eutrophic nature of the Lower Bay., Highly
fertile water from the Lower Fox and other rivers have been contributing vast
quantities of nutrients (particularly nitrogen and phosphorous). These nutrients
enhance the growth of phytoplankton causing nuisance algae blooms throughout

the summer. These blooms are unpleasant from an aesthetic standpoint and serve

to severely limit the recreational uses of the Lower Bay. They also may be partly
responsible for taste and odor problems in water supplies taken from Bay water
further north., To remove these effects requires a significant expense at water

treatment facilities.
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Winter Modelling of Green Bay

Winter conditions in Green Bay complicate the water quality problems of the Bay.
Severely cold temperatures in Wisconsin normally serve to form an ice cover on
Green Bay from early January to as late as early April., The ice cover may grow

to a depth of 4 feet., This ice cover effectively shuts off any available reaeration
that would otherwise maintain high dissolved oxygen levels. If the ice is covered
by an additional layer of opaque snow, any small amount of photosynthesis that

may take place will also be virtually eliminated. Under these conditions, the

only remaining source of oxygen is the inflowiné water from the major tributaries.

The Lower Fox River, during December to April, enters the bay carrying about

8-14 mg/1l of dissolved oxygen. Unfortunately, this river water also carries

with it a high load of organic compounds from the numerous dischargers along

the Fox River. Nearly all of this organic load is capable of exerting an oxygen
demand on the Bay water and this oxygen demand severely strains the limited oxygen

resources of the ice-covered Lower Bay.

The temperature of the ice-covered Bay water ranged from 0.0°C to 3.0°C. At

thig low temperature, chemical and biological reactions take place at very decreased
rateg; however, the reactions do not stop conpletely. The long-term BOD of organically
rich water incubated at low temperatures can be significant. Two important problems
come to the fore at this point., First, we need to have the ability to predict

the long term effect of organic wastes carried in the river water. It is clear

from data obtained from various Green Bay winter surveys that the dissolved oxygen
depletion develops over an extended period of time. This analysis reveals that

the customary 5-day BOD test is inadequate to supply information of oxygen consumption

that may take place over a 60 to 90 day period. The second important aspect
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of this problem involves the choice of the rate constants required to properly
describe the low temperature BOD uptake, Both of these problems have been

investigated by the author and the results are presented below.

Figure IV-19 illustrates a curve for a long term BOD test on a sample taken from
the mouth of the Fox River. This curve shows the laboratory oxygen demand as

a function of time over a 60 day period (slightly less than the length of time
Green Bay is ice-covered during a normal winter). This curve is interesting

for several reasons. First, it shows that the 60 day BOD is considerably greater
than the 20 day BOD (frequently considered the ultimate) and is in fact nearly

4 times as great as the 5-day BOD. Secondly, this curve indicates that although
the rate of oxygen consumption is slowing, it is clearly not stopping, even after
60 days! If we attempt to fit this data to a typical BOD equation we immediately
discover that it is nearly an impossible task, Either we fit the data precisely
for the first 5 to 10 days and severely underestimate the ultimate BOD or we

can fit the ultimate range correctly but we can no longer follow the curve exactly.

We are left with the choice: To which portion of the curve can we sacrifice
accuracy? The answer, of course, is that we can fit both ends by merely including

more terms in the BOD equation. If we write the BOD equation as:

3 -k
1i
L=z L, 1~-¢e )
jop 1 63
where: L = BOD mg/l

Li = seperate ultimate BOD's for each term

k4

respective decay rates day 1l (base e)

(24
!

time (days)
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Each term is assumed to start at time zero but to proceed at a different rate
and aim toward a different ultimate, Figure IV-19 shows how this curve can be
fit with a three term equation. As can be seen, each term in the equation reacts
with a much slower decay rate than the preceding terms. This in effect extends

the time over which the total ultimate BOD is reached.

In theory this type of approach is separating the waste material into three
individual components and assigning a different decay rate to each. Each

component's percent of the total waste strength is reflected by its ultimate term.

The decay rates for term two and three are usually at least an order of magnitude
less than that for the first term. This implies that under normal circumstances
the last two terms contribute so little to the oxygen deficit that they can be
effectively ignored. However, there is an important case when this is not true.
Under ice conditions, the reaeration rate is effectively lowered to nearly zero.
As long as this condition exists, any exerted oxygen deficit will accumulate.

It is obvious that under such a condition, the effect of the last 2 terms in

equation IV-1 can be significant.

The above problems are compounded by the fact that very little long term BOD
sampling has taken place at the mouth of the Lower Fox River. There are several
reasons for this. First, until recently, the 5~day BOD measured at the Green Bay
Monthly Monitoring Station was believed to be adequate to characterize the strength
of the waste entering the Bay. This is true if the required information is merely
relative strength of the oxygen demand. The discussion above indicates why a
precise long-term BOD is required. Secondly, a severe sampling problem exists

at the mouth of the Lower Fox River. The monthly monitoring station in Green Bay
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is directly upstream of four large dischargers in the Green Bay area. Thus, the
effects of their waste on Green Bay is not included in the monthly monitoring data.
This problem will be further complicated by the new Green Bay sewage treatment
plant since the discharge location is actually a few hundred feet into the Bay
directly off the end of the Lower Fox River. Therefore, any data on pollution

loading to Green Bay from the Lower Fox River will at least be an estimate.

The first attempts to simulate the under-ice DO sag observed in Green Bay used

a single term BOD equation. It became apparent that not enough oxygen deficit
could be generated for the observed 5-day BOD and a normal conversion to ultimate
(usually 1.6 to 1.). (A single term BOD equation with a decay rate of 0.20/day
will yield a rate of BOD ult. to BODg of 1.58.) To account for thig difference,
the benthic oxygen demand was adjusted until the observed sag was generated.

The result was a set of unrealistically high benthic oxygen demands. Laboratory
and field data both have indicated benthic demands at a relatively low level
(see Appendix C-Benthic Oxygen Demand). All measurements yield numbers in the
range of .05 to 2.0 GR Oz/mz/day with a mean of about .2 GR 02/m2/day at 20°C.
Faced with this discrepancy, it was concluded that more attention had to be paid
to the '"tail end" effects of the long~term BOD data., The three term BOD supplied

the required "tail end" effects.

It should be noted at this point that the effects predicted by the above described
BOD formulation may imply that significant reduction of short term BOD will not
change the long term BOD by a corresponding percentage. It is very possible

that a treatment system that effectively removes 90% of the 5-day BOD may only

be removing 50% of the ultimate BOD. In other words a 90% reduction in short

term BOD may yield far less improvement than at first expected. All is not lost
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however. The slower rates for decay of the last terms indicate that the time
in which the sag develops will be greatly increased, thus allowing considerably
more time for natural diffusion and dilution to decrease the strength of the
waste before severe depletion can occur. The above discussion reveals that the
effects of "Best Practicable Treatment" are not at all clear without some

improvements in the modelling techniques used to describe. the system interactions.

Faced with the above problems, an attempt was made to model the system using

a three term BOD equation. In terms of the computer model, this addition was

quite simple. This was done simply by writing parallel equations for each BOD
term. The difficulty in this approach lies in the fact that we now are dealing
with six unknowns instead of two (3 K rates and 3 ultimates), To facilitate
selection of the 6 unknowns, a simble computer program was devised that used

an iterative method to fit a given long term BOD curve such as Figure IV-19.

The long term curve fitting program selected the K rates and ultimates shown.

As can be seen, the fit is quite close to the observed BOD curve. Kjeldahl nitrogen
in the long term BOD of Figure IV-19 was near 1.0 mg/l. The nitrogen component

of the BOD was therefore less than 5.00 mg/l.

The second problem mentioned above involves the selection of temperature correction
coefficients. The BOD decay rates are input to the model assuming 20°C. The

model internally adjusts each decay rate for the simulation temperature. The
correction equation takes the form:

T~20
Kp =Ky O (2)
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where: T = temperature °C
Ky = decay rate at 20°C

decay rate at T°C

5

6 = correction coefficient

Most water quality models are run for temperature ranges of 15°C to 25°C. For

this range © is usually assumed to be a constant (about 1.047 for BOD). Very
little work has been done for temperatures below 10°C and even less for temperatures
below 4°C, Zanoni (1969) did some work on temperature effects on laboratory

BOD decay rates. He presented his work along with a collection of various other
regsearch efforts along this line., Using the data presented by Zanoni the author
developed a plot of 6§ versus T for laboratory BOD rates. This plot is shown

in Figure IV-20, As can be seen, the data generally lies along a straight line

with a negative slope. A linear regression on this data yield the equation:

§ = (-0.003856)T + 1.140098 (3)

This equation was used in GBQUAL to adjust the BOD decay rates. There is very
little data available with which to verify equation IV-2, However, a sample

taken from the Petenwell Flowage on the Wisconsin River in 1971 was located.

This sample is significant for two reasons. First, the Petenwell Flowage receives
large amounts of paper mill wastes from several sulfite and kraft pulp and paper
mills located within 15 miles upstream. This is similar to the Fox River-Green

Bay area. Secondly, the particular sample was split and incubated at two temper-
atures. The incubation took place at 20°C and at 4°C and lasted a total of 150 days.
To verify the temperature equation IV-2, the 20°C curve was first fit with a three

term BOD equation. With a close fit obtained for the 20°C curve, the decay rates
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were adjusted by equation IV-2, The 4°C curve was predicted and compared to
the 4°C curve actually measured. The results of this procedure are shown in Figure
IV-21, The closeness of the fit between the observed and predicted 4°C curve

is particularly gratifying and lends support to the use of equation IV-3.

A complete list of all parameters used in GBQUAL appears in Table D-3.

Winter Verifications

GBQUAL was verified for two sets of data obtained during the winters of 1967
and 1974. The data for 1967 consists mainly of dissolved oxygen measurements
taken for scattered transects., Although the data is not complete for a good
modelling attempt, valuable information can be obtained by simulating this case.

Average Lower Fox River inflow for this simulation period was 3381.0 CFS.

During the winter of 1974, a survey of Green Bay was designed and %arried out
to gather sufficient data to attempt a proper verification of GBQUAL for ice
cover conditions. This survey, as described in Section III, obtained samples
over an extensive area of the Bay that was accessible. Samples for dissolved
oxygen were of primary importance. Measurements of BODg, ammonia, nitrate and
phosphorous were also obtained as were various other constituents. All these
samples were taken in a five-~day period in mid-February and served as the data

»

base for the 1974 verification.

Both verification runs were executed in the same manner. This consisted of first
developing the hydrodynamic scheme for the given flow rate. Next, the set of

inflowing water quality conditions was chosen to represent the average water
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quality condition of the Fox River mouth over the simulation period (Jan. 1 to
Mar. 15). GBQUAL was then executed for a 50 day initializing period to develop
the system status which was stored and used as initial conditions to the ice
cover verification runs. The initializing run assumed low temperature (2°C)
and no ice cover. At this point GBQUAL was run for a 70 day simulation with

the ice cover condition imposed. Prints were obtained at 20 day intervals.

The inflowing water quality for each simulation was determined from measurements
of monthly monitoring data in Green Bay for the appropriate period. Table IV-7
lists data observations for the winter months of 1967 and 1974, Also listed

are the values of various constituents used for the inflow in the model for each
verification run. The three BOD terms in the model (which represent ultimates)
were determined by evaluating the point source discharges of BODg during each
simulation period. Figure IV-19 represents the long term BOD curve for a specific
set of BOD loadings and river flow. From this curve, the discharged BOD5 and
river flow, the appropriate concentration for the three BOD terms was calculated

for each case.

The 1967 simulation results are shown in Figures IV-22 and IV-24. Plots have

been drawn for dissolved oxygen and ammonia concentration. Survey data for dissolved
oxygen appears in Figure IV-24, Only dissolved oxygen data is availdble for
comparison with the 1967 survey. The simulation run indicates a rapid DO depletion
over a large area just north and east of Point Sable. The area of depletion reaches
values of 2 mg/l in only 20 days after the ice cover and 0 mg/l in 40 days. By

day 60 of the simulation, DO depletion to O mg/l is indicated along the eastern

bank of the inner bay and along the eastern 1/2 of the Bay up to the Dykesville

area. Gradients of DO near the area are rather sharp. Ammonia concentrations
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TABLE IV~7

Green Bay Measured Inflow Concentrations

De Pere Dam (Mile 7.2) Mason St, Bridge (Mile 1.3)
Analysis 2/1/67 2/28/67 1/24/74 2/20/74 3/14/74
BODg 5.4 5.4 4,9 9.0 4.1
DO 10.6 10.7 11.0 5.8 11.2
Organic N .91 - 1.03 W77 .84
NH4-N 14 —_— .20 .43 .07
NO4-N .20 - .19 .11 .18
TOT~P 14 - .11 .07 .07
Temp. °C ] 5.0 1.0 2.0 3.0
FLOW CFS 3330. 4590, 2920, 5230, 6105,

Inflow Concentrations Used for the Simulation Runs
Constituent 1967 1974
BOD ultimate (1) 15.0 5.0
BOD ultimate (2) 20.0 20.0
BOD ultimate (3) 50.0 50,0
DO 10.0 10.0
Organic N .9 .75
NH3-N S5 5
NO3-N .2 .15
SOL-P .03 .03
Temp °C 2.0 2.0
FLOW 3381.5 4852.8
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FIGURE IV-22
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FIGURE IV-23
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FIGURE IV-2h
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FIGURE IV-25
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after 60 days of simulation show concentrations of 1 mg/l over approximately

the same area that had zero DO, A decreasing concentration gradient occurs in

all directions around this area. The gradients are not nearly as sharp as those
for the DO. Dissolved oxygen was measured in Green Bay on February 8-10, 1967

and March 9-10, 1967. The February survey would correspond to approximately

40 days of ice cover., Direct comparison of this data is possible with day 40

of the simulation run. The model showed a rather linear gradient of DO from

the Fox River mouth to Point Sable. The DO went from 8.0 mg/l to .5 mg/l. The
measured DO showed levels of 5 and 6 mg/l in the Bay Beach area and .5 to .1

mg /1 near Point Sable. Beyond Point Sable, a large area near Red Banks showed

0.0 mg/1 DO from the top to the bottom. Low DO's near the bottom generally covered
a larger area than those measured near the surface. Measurements during the

March survey only covered areas north of Dykesville., Low DO's were seen in all
areas but only very close to the bottom., Near the surface and at mid depths

the DO's were nearly always above 8.0 mg/l. This survey would correspond to

about 70 days after the ice cover began. The closest simulation printout is

for day 60. This printout reveals a pattern similar to the 40 day printout but
with slightly expanded extent. DO levels above Dykesville generally are above

8.0 mg/l. The Dykesville area is right in the vicinity of the positive DO gradient.

In general the match for the 1967 DO pattern is quite acceptable.

The 1974 verification is much more complete. The data includes measurements

of NH3-N, NOB—N, organic N, total and soluable phosphate as well as dissolved
oxygen and BODs. The data for the February 18-20, 1974 survey is presented in
Section III. The simulation output for various constituents is shown in Figures
IV-26 through IV-29, Ice cover on Green Bay during 1974 began about January 10th

(private communication, Wiersma 1974). Therefore the February 18-20, 1974 survey
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FIGURE IV-26
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FIGURE IV-27

~

3
_4
% NHj3
mng/l as N
1974 Simulation

7
/;7 Day O

1974 Simulation
Day 20

~

NH

Q; a mg/l as N
P 1974 Simmlation

/"64 Day 40

NH3
mg/l as N
1974 Simulation
Day 60




- 139 -

FIGURE IV-28
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FIGURE 1IV-29
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would correspond to about day 40 of the ice cover simulation. The 40 day printout
shows a 5.0 mg/l contour covering an oblong area off Red Banks. This corresponds
very well %ith the measured values in this area shown in Section III. Values

around 3.0 mg/1l DO are indicated in the data in the Red Banks area. This corresponds

nicely with the simulation output.

The ammonia profiles from the simulation output at day 40 appear to be slightly
high when compared to the measured data. The model shows a wide area, from the
center of the bay below Long Tail and Point Sable extending beyond Dykesville
across to the Big Suamico River, that is above 0.6 mg/l ammonia. Inside this
area levels are calculated as high as .85 mg/l. The survey data shows a long
triangular area centered around Point Sable and extending to Red Banks that has
0.6 mg/l ammonia. The higher level in the model may well be a result of over
estimating the inflowing concentration of NH3—N in the simulation run. Measured
values at the Mason St. Bridge (shown in Table IV-7) indicate the inflow concentration
should have been .3 to .4 mg/l ammonia instead of the .5 mg/l value. It is worth
noting, however, that the shape of the .6 mg/l area in the simulation output

is roughly correct and is centered over the same area.

Winter Prediction Runs

Two Green Bay winter prediction runs were made with the model. Both of these
runs utilized all decay coefficients the same as for the verification runs. The
only variable was the flow and concentration of BOD (high flow will of course
dilute the discharged BOD). Table IV-8 lists the inflow conditions used for

these two runs.
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TABLE IV-8

Green Bay Simulation Inflow Concentrations

Run 1 Run 2
BOD~-1 2.0 5.0
BOD-2 4,0 10.0
BOD-3 30.0 50.0
Do 10.0 8.0
Organic N 0.5 0.6
NH3-N 0.5 0.5
NO3-N 0.2 0.2
Sol-P 0.03 0.03
Temp °C 2,0 2.0
FLOW CFS 2400, 912,
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Critical flow conditions for the winter case were determined by scanning the
last 15 years of records. The lowest flow (averaged over January, February and
March) for the winter period was found to be 2400 CFS. This flow was used along
with the flow of 912 CFS, the 7 day, 10 year low flow. The results of both of
these runs are shown in Figures IV-30 to IV-37. The flow case for 912 CFS was
run for comparison purposes only. A flow this low over the entire winter period
is unrealistically low. The 2400 CFS flow case more accurately represents the

"worst case'" condition for the winter months.

The 2400 CFS run shows that after 60 days of ice cover the minimum dissolved

oxygen level drops to 6.1 mg/l. The main difficulty in accepting this result

lies in our estimation of the ultimate BOD used for the inflowing concentration

at the mouth of the Fox River., Figure IV-38 illustrates two 50 day BOD curves.

The top curve is the same BOD curve shown in Figure IV-19 and is described by

the given 3 term equation. The bottom curve was selected as representative of

the ultimate BOD curve under BPT treatment conditions and 2400 CFS. It was assumed
that the largest percent reduction would be from the most easily oxidizable substances.
Thus L) was reduced by 87.5%, L, by 75% and L3 by only 40%. Our results show

that under the given ultimate BOD inflow, 5 mg/l of dissolved oxygen will probably
be met for average winter flows as low as 2400 CFS. However, the sag in DO comes
so close to 5.0 mg/l that we must conclude that the given BOD ultimate curve
represents the maximum allowable BOD to maintain 5.0 mg/l at all times under

ice conditions. If our assumption concerning the ultimate BOD curve for BPT
underestimates the actual BOD locading, then water quality violations of the
dissolved oxygen can be expected to continue. In the Green Bay area, (De Pere

to Green Bay), BPT will represent about a 75% reduction in 5 day BOD loading based
on present permits. The curves shown in Figure IV-38 show a 74% reduction at

the 5th day. It therefore appears that our estimation is close to the expected

BPT conditions.
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FIGURE IV-30
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FIGURE 1IV-31
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FIGURE IV-32
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FIGURE IV-33
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FIGURE IV-34
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FIGURE IV-35
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FIGURE IV-36
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FIGURE IV-37
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The final waste load allocation under critical summer flow conditions (developed
earlier) shows an overall 37% reduction in the 5 day BOD loading compared to

BPT loadings. Under the WLA discharge scheme it would be extremely unlikely
that the dissolved oxygen would drop below 5.0 mg/l during the ice cover. On
the basis of the above studies, it can be concluded that the summer critical
condition in the Lower Fox River represents the '"worst case condition" for the
Fox River-Green Bay system, If high levels of DO can be maintained in the river
by limiting the BOD discharges, the winter DO sag in the Lower Bay should be

eliminated.
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SECTION V

V. DISCUSSION

Disgolved Oxygen

One of the most important objectives of this project consists of determining
the worst case condition for dissolved oxygen in the Lower Fox River-Green Bay
system. The worst case condition acts as the controlling situation in the
determination of the final "waste load allocation"., For the Bay itself, the

worst case appears to be the winter ice-cover period, During this time the

dissolved oxygen can go to zero over wide areas of the Bay. This massive DO
sag disrupts potential commercial and sport fishing in the Lower Bay. Also
chemical reactions take place in this region that may enhance the eutrophic

nature of Green Bay.

In the Lower Fox River, the critical condition occurs during the high temperature,
low flow season. During the months of late June to early September, high
temperatures and low flow can cause very low levels of dissolved oxygen over

10 to 20 miles of the Lower Fox River. Levels of DO below 1 mg/l are not
uncommon. This level of dissolved oxygen virtually excludes the possibility of

fish life in these stretches of the river.

An important question that must be asked at this point is which of these conditions
is most critical to the overall dissolved oxygen balance? The answer to this
question was not at all clear before modelling was undertaken., If we limit BOD
discharges such that the winter problem for DO is corrected, have we done enough

to correct the summer low DO's in the river also? Between the two modelling
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efforts developed for this study, the answer appears to be no. The most critical
dissolved oxygen condition will occur during the summer months and will affect
water in the Lower Fox River particularly in the Green Bay area. With all
dischargers limited to '"Best Practicable Treatment", serious oxygen problems

will still be present in the Lower Fox River, Figure IV-12 diagrams the expected
result for BPT discharges and the 7 day 10 year (7Q10) low flow. If we study

the expected BPT effect on the ice-covered Bay for low flow conditions, we note
that the DO is expected to drop no lower that about 6 mg/l (more than enough

for most species of fish).  We must observe however, that the winter low flow
rate 1s nearly 3 times the statistical 7Ql0 low flow. There are two reasons

for this. First, since the winter sag occurs over a three month period, we must
consider a 3 month average flow. Naturally, the lowest flow over a 3 month
period for a river such as the Lower Fox River will be considerably greater

than the 7Q10 flow. Secondly, the lowest flows never occur during the winter
months. Thus the average flow during January, February and March is considerably
higher than the average flow of July and August. Therefore it is not realistic
to use the 7Q1l0 flow for the winter prediction runs. The choice of 2400 CFS

was based on the lowest average flow for January through March observed in the
past 15 years of record. If we assume that 2400 CFS represents a logical choice
for the winter low flow and all dischargers are limited to "Best Practicable
Treatment", then based on the Green Bay model, the dissolved oxygen will not

go below 5 mg/l in Green Bay.

The above conclusion does not guarantee that other conditions will not interact
to lower the DO below 5 mg/l during the winter months. If a particular winter
has flows lower than 2400 CFS, DO problems may develop. The run made with 912

CFS as the average winter inflow generated a DO sag that went down to 2 mg/l.
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Secondly, all the discharge permits allow for maximum levels of discharge that

wmay range from 1.5 to 3 times the monthly average. If one or more large dischargers
release an effluent that approaches their maximum limit then the DO may be lowered
below 5 mg/l even if the flow is greater than 2400 CFS. Since there is very

little margin in meeting the 5 mg/l DO level under BPT conditions it is therefore
manditory that dischargers be regulated very tightly. Maximum discharges should

be no greater than 1.5 times the average. Vigorous enforcement must be maintained
to discourage slug load inputs that could generate a costly fish kill. Improving
water quality should generate higher populations of desirable fish amplifying the

importance of tight enforcement.

At present the Wisconsin Department of Natural Resources allows for a dissolved
oxygen variance in Green Bay. Chapter NR 103.05 (5) states that waters
"southeasterly from the navigation channel and southerly from the north line

of Brown County...shall not be lowered to less than 2 mg/l at any time" during
the period January 1 to April 1. In light of the conclusions presented above,
Chapter NR 103.05 (5) should be reevaluated. Under the Wisconsin Pollution
Discharge Elimination System (WPDES), all discharges should be meeting "Best
Practicable Treatment' levels by the end of 1977. At that time it can be
concluded that a dissolved oxygen standard of 5 mg/l should be applied to the
area of Green Bay that is specified in Chapter NR 103.05 (5). The variance
condition that now applies over that region of Green Bay will no longer be
necessary except under the extreme conditions mentioned above. It is most
likely that any violation of 5 mg/l that may occur will not be very serious and

will surely not require a 2 mg/l variance.

The dissolved oxygen conditions in the Lower Fox River itself is another matter.

Even with BPT conditions met by all dischargers, violations of the present
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variance conditions for dissolved oxygen may occur in at least 3 places along
the river during the 7Q10 flow and high temperatures. Thus by the year 1977,

one can expect water quality violations to continue in the Lower Fox River.

Table IV-6 presents the results of the "waste load allocation" applied to the
Lower Fox River using the QUAL-IT gimulation model. This Table lists the amount
of BOD5 and suspended solids that each discharger could release such that 5 mg/1l
of dissolved oxygen would still be maintained under the 7Ql0 flow and high summer
temperatures. This Table lists the maximum discharges that can be allowed under
critical conditions. Figure IV-18 gives useful information as to the size of

the diurnal fluctuations that can be expected as a result of algae activity.

A range of about 1.0 mg/l in the dissolved oxygen can be expected if the inflowing
chlorophyll-a concentration is about 30 ug/l. If larger amounts of algae are
present the fluctuation will be greater and 5 mg/l may be violated under nightime

or prolonged overcast weather conditions.

It should be emphasized that Table IV-6 represents only one possible scheme for
a "wagte load allocation'. In general most schemes will have to be fairly close

to the one given. Tradeoffs in BOD loading between dischargers located very
close together would be possible, however, increasing the discharge at a site

several miles from another that was decreased would not be possible. Secondly,
it is a matter of public interest as to whether a portion of the WLA should be
saved for future municipal or industrial growth. If a portion is to be retained,
a decision will have to be made as to how much each discharger is to be reduced
beyond that allowed in Table IV-6. This type of process will require public

participation te weigh all sides of this issue.
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Up to this point, no mention has been made of a safety factor for the WLA discharge
scheme, Table IV-6 leaves very little margin of error to meet the 5 mg/l dissolved
oxygen standard under critical conditions. 1In light of this fact, a portion

of the WLA should perhaps be withheld to allow for a reasonable margin of safety.
Again it must be emphasized that a discharge permit that allows a maximum discharge
of 1.5 to 3.0 times the average discharge will not be permissable if 5 mg/1l DO

is to be maintained. Maximum limits must be held as close to the average limit

as possible. A slug load from two or three dischargers simultaneously could create
a serious dissolved oxygen situation and may result in a fish kill, If part

of the "waste load allocation" were withheld for future growth, then that portion
would be able to act as a safety margin until such time as it is required by

municipal or industrial expansion,

Ammonia reduction at all point sources will not significantly affect the DO profile.
If nitrification had shown itself to be an important oxygen sink in the Lower
Fox River, then nitrification at all sewage treatment plants would have supplied
a useful safety factor in meeting the 5 mg/l dissolved oxygen level. Secondly,
the concentration of NH;+ is more readily absorbed by algae so a reduction in
ammonia could work to slightly lower the algae activity along the river and in
the Bay. The nitrification rates, however, appear to be very small along the
Lower Fox River (about 0,07 day'1 base e at 20°C). The low nitrification rate
in the river may arise from three sources. First, according to Tuffey et al
(1974), nitrification generally will be the lowest in moderately large streams.
This result is a conclusion based on the fact that nitrifying bacteria like to
grow attached to a surface. A small stream supplies an adequate bottom surface
area to volume ratio to affect good nitrification where as a large stream does

not. In Green Bay itself, nitrification would be expected to occur, according



- 160 -

to Tuffey, since the retention times are greatly increased and suspended material
provide sufficient medium for nitrifying bacteria. The second reason for low
nitrification rates results from the high average pH found along the Fox River,
Nitrifying bacteria flourish in a relatively limited pH range. That range is
usually reported to be between 7.0 and 8.0. Beyond either end of this range,

the rate of nitrification drops off sharply. Low dissolved oxygen levels during
the summer months also tend to inhibit nitrification. Nitrifying bacteria become
inactive if the DO drops below 2.0 mg/l. All of these conditions reduce the
importance of nitrification in the Lower Fox River, in regard to the oxygen

balance.

The simulation output indicates that ammonia is coming mainly from organic nitrogen
compounds flowing into the Fox River from Lake Winnebago. These organic nitrogen
forms (particularly dead algae) can hydrolyze to ammonia. Ammonia can also be
released from nitrogen compounds in the sediments. Because of the low nitrification
rate, the ammonia tends to accumulate often reaching toxic concentrations. Ammonia
is toxic to most species of aquatic organisms when it exists in the unionized

form. The Water Quality Criteria of 1972 (Blue Book) recommends a concentration

of unionized ammonia no greater than 0.02 mg/l. The toxicity problem is further
amplified by the high pH in the river. The high pH pushes the ammonia-ammonium
balance toward the unionized ammonia form., Thus ammonia toxicity appears to

be a problem that may not be adequately correctable by point source controls.

On the other side of this question, nitrification may be partially enhanced by
sufficient point source control of BOD for two reasons. Adequate treatment of
wastes in treatment plants will raise the dissolved oxygen concentration such

that low DO will no longer be a nitrification inhibiting factor. Secondly,
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closer control of the industrial dischargers may act to lower the average pH
of the river. These two effects could be sufficient to stimulate nitrification
to a point where ammonia will not tend to accumulate. The resulting increased

nitrification could cause a alight lowering of the dissolved oxygen in the river.

At present, the QUAL-IImodel is capable of responding to the relationship between
dissolved oxygen and nitrification., The simulation runs that were done for this
project all showed a slightly higher concentration of nitrate when the dissolved
oxygen was increased, Similarly, the denitrification rate is controlled by the
dissolved oxygen level. Higher DO's tend to eliminate denitrification as a
significant nitrogen sink in the model. These effects may combine to increase
the inorganic nitrogen that flows down the Fox River and eventually into Green

Bay.

A rudimentary sensitivity analysis was done with the QUAL~II model for the Lower
Fox River. The results of this analysis are presented in Table V~1l. The base
line conditions are those used for the low flow and BPT simulation run. Table

V-2 lists the base line headwater and reaction rate conditions. The most noteable
effect in Table V-1 1s the extreme sensitivity of the model to the benthic demand.
Algae growth and respiration rates also have a marked affect on the oxygen level.
In general, there is a correlation between oxygen and ammonia (higher oxygen leads
to lower ammonia) and between oxygen and nitrate (lower oxygen means lower nitrate
concentrations). The rate of organic nitrogen feedback to inorganic forms has a
noticeable affect on the growth of algae. Oxygen levels respond to this change

also. Organic nitrogen settling rate shows almost no effect of this sort,
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TABLE V-1

Sensitivity of the QUAL-II
Model on The Lower Fox River
(Base Conditions are for Low Flow and BPT)

Parameter Mile DO BOD Org-N NH,y-N NO3-N Chl-a
Altered Point mg/l g/l mg/1 gg?{_ mg/1 mg/l

Base 34.5 3.56 .96 1.995 <479 .099 27.15
Condition 19.0 2.91 1.58 1.492 .799 .141 28.55
No. Change 0.1 1.83 2.20 . 786 .928 .290 21.46
Benthic 34.5 .74 .96 1.995 .490 .071 27.06
Demand 19.0 .14 1.58 1.492 .833 .075 28.22
Times 1.5 0.1 .00 2.20 .784 1.030 .096 20.89
Benthic 34.5 6.40 .96 1.995 <476 .113 27.20
Demand 19.0 5.73 1.58 1.492 .789 .179 28.77
Times 0.5 0.1 5.21 2.20 . 784 .901 434 21.90
BOD 34.5 3.00 .33 1.995 .481 .091 27.10
Decay 19.0 2.42 .75 1.492 .804 .128 28.45
Times 2.0 0.1 1.11 1.62 . 786 . 935 .267 21.37
BOD 34.5 4,40 1.71 1.995 477 .105 27.17
Decay 19.0 3.53 2,58 1.492 .795 .154 28.64
Times 0.5 0.1 2.50 2.86 . 786 .922 .312 21.56
Crg-N 34.5 3.62 .96 1.733 <729 .106 29.24
Decay 19.0 3.11 1.58 1.113 1.137 .176 33.05
Times 2.0 0.1 2.06 2.20 .429 1.182 406 25.69
Org~N 34.5 3.52 .96 2.136 .343 .095 25.76
Decay 19.0 2.74 1.58 1.723 .589 121 25.19
Times 0.5 0.1 1.52 2.20 1.080 .697 .206 17.50
Org-N 34.5 3.56 .96 1.852 468 .099 27.09
Settling 19.0 2.90 1.58 1.276 .763 .139 28.26
Times 2.0 0.1 1.84 2,20 .556 .824 .272 20.71
Org-N 34.5 3.56 .96 2.071 485 .099 27.18
Settling 19.0 2.92 1.58 1.615 .819 .142 28.70
Times 0.5 0.1 1.83 2.20 941 .991 . 300 21.85
Ammonia 34.5 3.44 .96 1.995 441 .115 26.96
Decay 19.0 2.72 1.58 1.492 .693 .198 28.04
Times 2.0 0.1 1.33 2.20 . 784 .673 .402 20.72
Ammonia 34.5 3.63 .96 1.995 .500 .090 27.25
Decay 19.0 3.03 1.58 1.492 .861 .107 28.82
Times 0.5 0.1 2.24 2.20 .787 1.112 .191 21.86
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TABLE V-1 (continued)

Parameter Mile DO BOD Org-N NHq-N NO4—-N Chl-a
Altered Point mg/1 mg/1 mg/1 mg/1 ggil mg/l
Algae 34.5 4.85 .96 2.011 .463 .104 54,15
Growth 19.0 5.55 1.58 1.563 .717 .163 101.02
Times 2.0 0.1 2.07 2.20 1.079 .781 <314 99.99
Algae 34.5 2.93 .96 1.989 .485 .096 18.24
Growth 19.0 1.54 1.58 1.472 .827 .121 11.27
Times 0.5 0.1 0.0 2.20 717 1.093 .078 3.10
Algae 34.5 2.46 .96 2.005 .485 .092 12.73
Respiration 19.0 .89 1.58 1.486 .835 .106 5.86
Times 2.0 0.1 0.0 2.20 .719 1.137 .055 .65
Algae 34.5 4,20 .96 1.984 476 .102 39.64
Respiration 19.0 4.43 1.58 1.481 777 .157 59.28
Times 0.5 0.1 3.15 2.20 .816 .855 .374 81.95
1500 CFS 34.5 4.93 1.32 2.171 .333 .099 26.84
Flow 19.0 4.31 1.66 1.801 .594 117 26.04
Rate 0.1 3.56 1.74 1.162 844 .221 21.00
700 CFS 34.5 2.80 .76 1.875 .576 .097 27.74
Flow 19.0 2.08 1.50 1.308 .908 .153 31.04
Rate 0.1 .67 2.50 .619 .923 .284 20.96
Tegperature 34.5 2.74 .86 1.968 .519 .086 27.47
84 F 19.0 2.17 1.44 1.452 .875 .105 29.70
0.1 1.11 2.11 .746 1.065 .201 21.81
Temperature 34.5 5.11 1.19 2.042 .397 .133 26.69
72°F 19.0 4.37 1.86 1.566 636  .234 26.77
0.1 3.23 2,38 .865 .633 .500 20.69
Temperature 34.5 10.47 2.12 2.176 . 308 .101 24,54
35°F 19.0 11.17 3.21 1.790 .562 114 20.00
100 Lang/Day 0.1 9.73 3.35 1.159 771 .161 12.39
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TABLE V-2

Base Line Conditions for Semsitivity Runs*

Inflow Concentrations Reaction Rates (Base e)
Flow 912 CFs BOD Decay .306/day
DO 9.0 mg/1 . Org-N Decay .035/day
BOD 2.0 mg/1 Org-N Settling .025/day
Org-N 2.5 mg/l KH3-N Decay .07/day
NH3-N .04 mg/l Algae Growth 1.0/day
NO3-N .10 mg/1 Algae

PO,-P .20 mg/l Respiration .2/day
Chl-a 30 mg/1 Algae Settling 1.0 ft/day
Temp. 80°F

* For benthic demands see Table IV-1.
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Nutrients and Primary Production

The nutrient balance in Green Bay is controlled by several factors. The Lower

Fox River is the largest single source of nutrients to Green Bay. Large quantities
of nitrogen and phosphorus are continually being supplied to the Bay. Much of

the nutrients that enter the Bay arrive during the spring runoff period. As

much as 50% of the yearly inflowing nutrients may arrive during the spring period.
Figure V-1 illustrates the Lower Fox River hydrograph for the period of this

study, The peak flows in April, May and June carry high nutrient loads washed

off of partially frozen ground. In addition, to the Lower Fox River other rivers
such as the Oconto, Peshtigo and Menominee supply nutrients. These nutrients
stimulate extensive algae blooms through out the Lower and Middle area of the

Bay.

The algae growths represent one portion of a complicated nutrient cycling process.
This process is characterized by algae blooms in spring and early summer that

appear to be nitrogen limited. The nutrients consumed in this phase can be recycled
(particularly in shallow areas) or it can be carried out of the growth zone by
settling of dead algae cells. This phase is followed by an extensive bloom of
nitrogen-fixing algae. The extent of the second bloom appears to be phosphorus

limited, The nitrogen-fixing algae (Anabaena and Aphanizomenon) can contribute

significant quantities of nitrogen to the Bay during their bloom period. The
input of nitrogen from the nitrogen-fixing algae allows the nitrogen dependent
forms to once again bloom. The rotation of algae types occurs at least twice
during the summer period. This pattern was first observed by Vanderhoef et al

(1972, 1974), The surveys taken by the Wisconsin DNR during the summer of 1974



4000 6000 8000 10000 12000 14000

2000

FIGURE V-1

Lower Fox River Hydrograph During the Green Bay Study Period
(Flows in cfs)

_.991_

SEPT 73

OCT 73 NOV 73 DEC 73 JAN 74 FEB 74 MARCH 74



4000 6000 8000 10000 12000 14000

2000

FIGURE V-1 (Continued)

- lotT -

i 1 1 1 1 1 1
MARCH 74 APRIL 74 MAY 74 JUNE 74 JULY 74 AUG 74 SEPT 74




- 168 -

support this cyclic nature of the algal types. This pattern is violated in the
Lower Bay only in close to the mouth of the Fox River, High inorganic nitrogen
concentrations exist in this area all year around. For that reason, nitrogen

fixing algae never predominate.

An important aspect of the nutrient cycles in Green Bay concerns the sediment-
water exchange mechanisms. These exchange mechanisms tend to stablize the phosphorus
concentration in the Bay. The 1974 survey data suggests that an important source
of phosphorus may be the resuspension of phosphorus containing bottom sediments

in the shallow portions and along the shore in the Bay. The phosphorus released
in this way can become availabi; for primary production if the necessary chemical
reactions take place to transform the phosphorus into soluable forms. This process
appears to take place faster than algal uptake during the spring and early summer
when growth rates are still low due to cold temperatures. Later on, the growth

of algae may overtake the resoluabilization process causing phosphorus limited
primary production. This explanation is consistent with the observed increase

of phosphorus in May and June, followed by a gradual decrease for the rest of

the summer.

Phogphorus also settles into the sediments. Sinking algal cells and chemical
precipitation carries phosphorus into the sediments. 1In the deeper areas of

the Bay the sediments usually act as a net sink for phosphorus. However, under
anaerobic conditions phosphorus is resoluabilized at a rate that may be 10 times
faster than under aerobic conditions. Survey data in February 1974 indicated
slight increases in the soluable phosphorus compounds in the same region where

low dissolved oxygen was detected,
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Ammonia levels in Green Bay don't appear to be a problem except for a small area
very close to the mouth of the Lower Fox River. When the temperatures are high,
the ammonia level drops to almost unmeasurable levels over the entire Bay.
Nitrification and algae uptake during the summer account for this low level of
ammonia. Toxicity from free ammonia in Green Bay occurs only within a few
hundred yards of the mouth of the Fox River where inflowing levels are high.
During colder winter temperatures the higher ammonia levels from the Lower Fox
River penetrate into the Bay for as much as 10 to 20 miles, Ammonia measurements
near Red Banks showed 0.6 mg/l during the February survey of 1974. The higher
levels of ammonia during the winter months do not cause a toxicity problem,

however, due to the low temperatures of the water

It is interesting to observe the rather dramatic increase in nitrate in the deeper
water of the Bay during the summer. The nitrate can be coming from at least

two sources., First, ammonia released from the sediments is trapped below the
thermocline, This ammonia eventually undergoes nitrification to nitrate since
there is not enough light in the deeper waters for primary production. Secondly,
sinking algal cells release nitrogen compounds that will also nitrify. The
accumulated nitrate, however, will not become available to algae until the fall

turnover when the water mixes.

The results of the Lower Fox River modelling effort indicated that higher dissolved
oxygen levels may result in slightly higher concentrations of inorganic nitrogen
entering Green Bay. If this is true, then the early summer blooms of nitrogen
fixving algae may be delayed due to the prolonged predominance of other forms

of phytoplankton. The result would be an upset of the cyclic pattern of algal

gapecies cbserved by Vanderhoef et al (1972, 1974) and the Wiscomsin DNR.
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Improved treatment at municipal sewage plants may reduce the total nitrogen loading
to the Fox River and thereby offset the rise in nitrogen entering Green Bay.
Effective biological treatment, removing combined sewers and ending sewage overflow
bypassing would result in reductions in both total nitrogen and total phosphorous

loading along the Lower Fox River.
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SECTION VI
VI. SUMMARY AND RECOMMENDATIONS

The following list is a summary of the major findings and recommendations of

this study:

1. The most critical dissolved oxygen condition in the study area appears to be
the summer low flow period in the Lower Fox River. Substantial improvements at
point source discharges beyond "Best Practicable Treatment” will be required to
maintain a dissolved oxygen level above 5.0 mg/l at all times. BPT levels of
treatment are expected to violate variance dissolved oxygen standards at three

locations along the river during low flow and high temperatures.

2. The winter ice cover period (January to early April) has caused frequent low
dissolved oxygen problems in Lower Green Bay in the past. High organic loadings,
together with nearly zero reaeration, have caused as much as 150 square miles of
the Lower Bay to suffer severe DO depletion. The survey of February 1974, a part
of this study, indicated a 50 square mile area with 5 mg/l of DO or less along the

eastern half of the Bay from Point Sable to the Renard River.

3. The methods presented in this report show that dissolved oxygen modelling of
the winter condition in Lower Green Bay can be accomplished with a sufficient

degree of accuracy to allow conclusions to be made for various abatement schedules.

4, Dissolved oxygen modelling of the winter ice cover period in Lower Green Bay

indicates that "Best Practicable Treatment" at all point sources along the Lower
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Fox River will be sufficient to maintain 5.0 mg/l of dissolved oxygen in Lower
Green Bay during the winter period. On the basis of this modelling, it is
recomnended that the dissolved oxygen variance on Lower Green Bay be removed

effective 1977 when "Best Practicable Treatment" is to be met.

5. Long term BOD (60 days) monitoring should be considered in the Green Bay area
as a means of determining the changes that will take place in the BOD load to
Green Bay during the compliance period with the present permits. This is

especially important since the long term BOD is the prime factor in determining

the severity of the winter dissolved oxygen deficit in Green Bay.

6. Review of the location of the Green Bay monitoring station is highly

recomnended. At present, sampling is done at the Mason Street Bridge in Green
Bay. This location is upstream of three large paper mill effluents and the
Green Bay sewage effluent. The concentrations reported at this station do not
reflect accurate representations of the actual loading to Green Bay.
Unfortunately, it is probably not possible to obtain a representative sample in
this area because of the Green Bay seiche effects in the River and the location
of the new Green Bay sewage plant effluent. It may be appropriate to report
concentrations at the mouth of the Fox River (i.e., true loading to Green Bay)

by separately considering the addition from the downstream effluents.

7. Dissolved oxygen modelling of the Lower Fox River indicates that an average
reduction of the 37% below ''Best Practicable Treatment' will be required to

maintain 5.0 wg/l of dissolved oxygen during the low flow and high temperature

period. The waste load allocation developed by the model takes into account

the suspended solids reductions at each discharge location.
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Any future modifications to permits affected by the load allocation should use
the waste load allocation as a basis of the permit. This discharge scheme has
been developed to maintain 5.0 mg/l of dissolved oxygen in the Lower Fox River.
Daily maximum discharges allowable in the permits should be less than one and
one-half times the daily average allowed discharge to avoid shock loads that

could cause a substantial fish kill.

8. The largest single source of nitrogen in the Lower Fox River appears to be
Lake Winnebago. Ammonia toxicity may continue to be a problem in the Lower
Fox River during high temperatures, even if treatment plants are required to
remove ammonia from their effluents. Since nitrification in the river does not
appear to a substantial degree, little dissolved oxygen change will result from

removing ammonia.

9. Higher dissolved oxygen levels in the Lower Fox River may tend to increase
the concentration of inorganic nitrogen entering Lower Green Bay as a result of
decreased denitrification rates. This may be offset by improved treatment and

elimination of bypassing from cimbined storm sewers.

Increased monitoring of nitrogen forms should be included in the discharge permits
especially for sewage treatment plants. Monitoring should include total organic
and ammonia nitrogen forms. This type of monitoring will allow future evaluation

of nitrification as a means of reducing ammonia levels in the Lower Fox River.

10. It is difficult to determine what the phosphorus concentration will do in
the future. All treatment plants serving more than 2,500 people are now required

to remove 85% of the total phosphorus in the effluent. Bypassing and poor
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treatment at temporary add-on facilities have reduced the effectiveness of the
phosphorus removal program. New treatment systems should correct this problem
at sewage treatment plants. On the other hand, biological treatment of pulp
and paper mill wastes may require nutrient additions, including phosphorus.
Proposed regulations will limit these discharges to a concentration of 1.0 mg/l
or less. The net effect is unclear at this time, but will probably not be

significant compared to the phosphorus loading from Lake Winnebago.

11. A monthly monitoring station, similar to other monthly monitoring stations
maintained by the DNR, was begun in the Neenah-Menasha area as a result of an
early recommendation of this project. A monitoring station in Green Bay has
been sampled monthly since 1961. Results from the new station will allow

determination of the net effects of discharges along the Lower Fox River.

12. Sampling in Green Bay during the summer of 1974 revealed total phosphorus
concentrations not significantly different from those observed in 1973.
Phogphorus concentrations in 1971 were significantly higher in the Inner Bay
than those observed in 1974. The largest buildup of phosphorus in the Bay occurs
during the spring season, when sediments are stirred by spring storms and high

flows wash large quantities of phosphorus into the Bay.

13. Nitrogen forms fluctuated widely over the year. Several fold changes in
nitrate concentration were particularly evident. Nitrate appears to build up
in the bottom waters of the deep areas over the course of the summer. The most

significant source of this nitrogen is probably from sinking algae cells.

14. Dissolved oxygen concentrations in the Lower Bay recover rapidly from the

low levels of the Fox River during the summer months. Except for a small area
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in the immediate vicinity of the Fox River mouth, the dissolved oxygen level was
not a problem. Some readings taken near the bottom alsc had depressed DO's

probably as a result of decaying algae cells. The extent of this area was limited.

15. The fluctuations in algae species in the lower third of Green Bay are
dramatic. Blooms in blue-green algae (Aphanizamenon) predominated in July.

June and August saw most of the Bay dominated by Oscillatoria. Aphanizamenon are
capable of fixing nitrogen and, therefore, are more competitive when inorganic
nitrogen falls to a low level. The extent of the Aphanizamenon bloom is

probably controlled by the available phosphorus concentration. Large quantities

of nitrogen are added to the Bay by nitrogen fixing algae.

16. The concentration of chlorophyll-a generally increased during the summer;
however, a larger fraction was in phaeo-pigments (inactive or dead chlorophyll-a)

in late summer.

17. Benthic oxygen uptake in Greem Bay above Long Tail Point and Sable Point
will not change significantly as a result of "Best Practicable Treatment". In
the Inner Bay (near the Fox River mouth), improved treatment at several paper
mills and at the Green Bay sewage treatment plant should have a dramatic effect
on the condition of the Inner Bay in the next few years, particularly in regard

to sludge deposits and benthic fauna.

18. A follow-up study should be carried out in 1978 to 1980. The present permits
for "Best Practicable Treatment" will be met by that time. Emphasis should be
placed on winter dissolved oxygen in the Bay and summer conditions in the river.

Measurements of benthic demands should also be carried out to determine the effect



-176 -

of reduced loading on existing sludge deposits. Sufficient information should
be available by then from monthly monitoring data in Neenah-Menasha and Green Bay

to assess the value of increasing nutrient control along the Lower Fox River.
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SECTION VIII

APPENDIX A

Planktonic Algae Survey on Green Bay, 1974

The plankton suspended in water were collected in February, May and June, 1974,
in a 2 liter Kemmerer at a depth of 1 to 2 meters, preserved with Merthiolate
and concentrated by filtration. Samples taken in July, August and September
were collected in a Clark-Bumpus plankton sampler, preserved with Formalin

and concentrated by sedimentation. All samples were counted by a modified
drop-count method. Biomass estimates and total volatile solids were also

determined.

The water samples for planktonic algae examination were concentrated to 100 ml.
Each sample was stirred and mixed thoroughly; a calibrated pipette was used to
draw-off and discharge 0.05 ml of sample onto a microscope slide on which a 22 mm
square chamber had been comstructed and which gave an even distribution of the
sample when covered with a 22 mm coverslip. Each sample was examined under 430X
magnification to identify the organisms present and then counts were made at

100X magnification. Twenty-five ocular fields were examined in cases of sparse
occurrences and 10 Whipple fields were examined when algae concentrations were

greater. A constant pattern of examination was used throughout the study.

Cells touching the top and right side of the Whipple grid were counted while those
touching the bottom and left side were mot. Likewise when the full ocular field
was counted those cells which extended from the right side of the fileld were

counted, while those which extended beyond the left side were excluded.
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Algae were counted as frustules, single cells, filaments or colonies (See Table
I1I-2, Genera of Algae Observed). In some cases the species observed were not
tabulated because they did not occur within the Whipple grid, but were recorded
as having been observed. Filaments were counted as one regardless of their
length and colonies were counted as one regardless of the size of the colony.

In some cases a colony was considered to have a given size (See Table III-2). 1In

the case of Microcystis and Gomphospheria, an average size was determined for

counting purposes. Therefore, these criteria may have caused a lower count than
would otherwise have been obtained if definite colony and filament sizes had

been previously determined for all species.

For convenience, Euglena, cclonial and single cells of green algae which seldom

occurred, and those called Chlorococcales were collectively tabulated as green

algae, while filamentous green algae were collectively tabulated as Ulotrichales.

The techniques used for identification are described in Prescott (1951), Palmer

(1959), Smith (1933), and Weber (1971).
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SECTION VIII

APPENDIX B

Description of Methods for Chemical Analysis of Water Samples

Ortho~Phosphorus

Water samples were filtered within 12 hours through 0.45u Millipore filters.
The filtrate was analyzed by Technicon Procedure 155-71W using an Autoanalyzer

Il System. Results were reported as mg/l phosphorus.

Total-Phosphorus

Unfiltered samples were digested using the persulfate digestion procedure described
in standard methods (Autoclaved for 30 minutes at 121°C). The digested samples
were then carried through the ortho~phosphorous procedure described above. Results

were reported as mg/l total phosphorous.

Suspended Solids

A measured volume of sample was filtered through preweighed 0.45u Millipore Filters.
The filter and the collected material were dried overnight at 90°C and then
reweighed. The quantity of suspended matter in a one liter of water was

calculated from the increase in weight and volume of the sample filtered.

Results were reported as mg/l suspended solids.
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Biochemical Oxygen Demand

The BOD, a measure of the amount of dissolved oxygen utilized by micro-organisms
to stablize the organic material in a water, is made under controlled conditions
usually over a 5-day period at 20°C with nutrients and without light. The sample
dilution factor multiplied by the decrease in dissolved oxygen is reported as

the water's BOD.
Chlorides

Determined by titration with silver nitrate solution to the chromate endpoint

(Mohr Method).

Organic Nitrogen (Kjeldahl)

Unfiltered samples (30 ml) were digested according to standard metheds using
300 m1 flasks. The digest was made alkaline and the ammonia immediately distilled

off and collected in Boric Acid solution containing a mixed indicator, The

distillate were back titrated with standardized sulfuric acid. Organic-nitrogen
values reported were obtained by subtracting ammonia nitrogen values (see below)
from the total ammonia nitrogen in the distillate. Results were reported as

mg/1l organic nitrogen.

Ammonia Nitrogen

Samples were filtered through 0.45u Milliport Filters. The filtrate was analyzed
for ammonia content by Technicon Auto Analyzer procedure 98-70W. Results were

reported as mg/l ammonia-nitrogen.
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Nitrate and Nitrite Nitrogen

Samples were filtered through 0.45u Milliport Filters. The filtrate was analyzed
for nitrate or nitrite by using Technicon Auto Analyzer II procedure 100-70W.

Results were reported as mg/l nitrate or nitrite nitrogen.

Chlorophyll-a plus Pigments

An unfiltered sample (400 ml) was filtered and concentrated using 10 u bolting

cloth, The collected algae were then further concentrated by collecting on 0.45

u Millipore Filters., The filter and the algae were then homogenized in 25 ml

of 90%>acetone-lOZ water solution by grinding the mixture with an air driven

mortar and pestle. The solution was centrifuged and the absorbance of the resulting
solution was measured at 750 nm and 665 nm., After these measurements the samples
were acidified with 0.02 ml of concentrated HCl and the absorbances again measured

at 750 nm and 665 nm. All absorbances measurements at 750 nm were subtracted

from 665 nm reading to correct for turbidity remaining in the sampler. Results

3 chlorophyll-a and mg/1 w3 pheophytin

were calculated and reported as mg/l m
(physiologically inactive pigments). Calculations were made using the equations
on p. 749 of standard methods except that the volume of original filtrate is

substituted for A in the given equatioms.



Parameter

Ortho-phosphorus

Total-phosphorus

Suspended Solids
Organic Nitrogen
Nitrate Nitrogen
Nitrite Nitrogen
Ammonia Nitrogen

Chlorophyll-a

References:
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Summary of Analytical Methods Used

for DNR Water Samples

Method Reference Number

Auto Analyzer AAII 155~71W 1

Persulfate Digestion-followed by

Ortho-P procedure 2, 1 P. 526
Gravimetric 2
Semimicro Kjeldahl 2
Auto Analyzer AAIT  100-70W 1
Auto Analyzer AAIT 100-70W 1
Auto Analyzer AAII  98-70W 1

Chlorophyll-a in the presence of

Pheophytin-a 2 P, 748

(1) Technical Publication No, TJ1-0268 - Technicon Auto Analyzer II Systems -

Technicon Industrial Systems - Technicon Instruments Corporation - Tarrytown,

New York.,

(2) "Standard Methods for the Examination of Water and Waste Water'" 13th Edition,

1971, APHA-AWWA~WPCF.
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APPENDIX C

Benthic Oxygen Demand

Considerable effort has been applied recently to try to understand the kinetics

of oxygen consumption and BOD decay. However, it is usually impossible to account
for the observed deficit by BOD decay alone. Classical BOD sag equation (Streeter-
Phelps type) usually do not generate sufficient oxygen deficit. This is particularly
true for paper mill wastes when the observed BODg loading is input to the equations
with the observed decay rate. Most researchers have attempted to explain this
discrepancy by pointing to sludge banks and attributing the missing oxygen to
benthic consumption. There is no doubt that paper mill sludge deposits can exert

a considerable oxygen demand on a river. However, it is extremely difficult

to estimate the exact extent of the benthic demand. Several laboratory and field
meaguring techniques have been cited in the literature, All of these methods

are time consuming, costly and the results are subject to considerable error.

Tor paper mill deposits, oxygen demand from sludges has been estimated to lie
between 2.0 and 10.0 grams of O, per square meter per day. (Thomann 1972).
Measurements taken in the Lower Fox River indicate values in and around this

range, Table C~1 lists the benthic demand values at several locations measured
during the fall of 1972 on the Lower Fox River. These values represent laboratory
measurements on samples that were extracted from the river with a Peterson dredge.
The samples were placed in 2,5 liter bottles with a closed circuit water circulation
system attached. The flowing water moved past a DO probe which was attached

to a strip chart recorder. The entire apparatus was incubated at 20°C. The

samples were allowed to stablize for at least 2 days before a reading was started.



Benthic Oxygen Demand in the Lower Fox River

Location

Neenah-Menasha Area

Below Appleton Dam

Above Kaukauna

Below Kaukauna

Near Wrightstown

Above De Pere Dam

At the Fox River Mouth
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TABLE C-1

Sample

No.

10a
10b
10c

8a
8b
8c

la
1b
1c

2a
2b
2¢

3a
3b

4a
4b
4e
S5a

6a

Benthic Demand
GR-0, /M2 /DAY

7.75
11.28
9.59
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A second set of benthic samples was - -taken in September, 1974, These samples
were obtained from 7 locations in the Lower Bay. The procedure discussed above
was used to evaluate the benthic demand at these locations. The results are
shown in Figure C-1. The values shown are considerably below the rates measured
in the Lower Fox River in 1972, The consistency of the muds varied widely at
the shown locations. Below Grassy Island the samples consisted of non-cohesive
fluid-like silt. The sample off Red Banks had the characteristics of highly
cohesive clay. Above Long Tail Point the sample contained a high amount of fine
sand, The sample off the end of Long Tail Point contained mostly large—grained

sand.

In addition to these laboratory measurements, two attempts were made to measure
the benthic oxygen demand in situ. A large rectangular metal box was comstructed
for this purpose. The box was 2' x 2' x 1'. A flange was attached around the
bottom to support the box and prevent it from sinking too deeply into the sediments.
A Yellow Springs DO probe with a mixing device was sealed in the box. Figure

C-2 is a diagram of the apparatus. A float was anchored above the location of
the box and the instrumentation was attached to the float. The instruments
consisted of the DO probe, strip chart recorder and battery for the mixing
device. The box was lowered from the surface (no diver was used) and left in
place about 12 hours. The results at the two locations are shown in Figure C-1.
Both values are several times higher than the laboratory measurements. Since

the test was only run for 12 hours, the unusually high values may be the

result of suspended sediments trapped in the box when it was put in place.

From these results it appears that it would be desirable to allow a day or

two for this condition to clear itself before taking a measurement. In order

to do this, a method would have to be devised to change the water or raise the

DO before beginning the measurement run.



- 192~
FIGURE C-1
Benthic Oxygen Demand in Lower Green Bay
in GR 0,/m2/Day
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FIGUREC -2
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APPENDIX D

GBQUAL Program Documentation

Program History

GBQUAL as used in the Green Bay study consists of six FORTRAN computer routines.
These six routines are derived from the "Dynamic Estuary Model' documented by

Lee et al., Water Resources Engineerg (WRE) in May 1974 under contract no.
68-01-1800, The model, as described in WRE's report, has been significantly
altered to fit the Green Bay situation. Since the program changes have been so
extensive, a relatively intense program description is necessary to benefit future
users., This descriptigon is not intended to fully replace the documentation
prepared by WRE, Future users of this model are encouraged to obtain a copy of
WRE's documentation if they plan to do extensive work with the model and especially
if they will require program modifications. The enclosed descriptionms, however,
should be complete enough to: (1) allow a user to prepare a data deck and run

the model; (2) understand the basic flow of information and know where various
calculations are made; (3) acquaint the user with the capabilities and the
limitations of GBQUAL. With this in mind, the following sections will present

a general description of the quality model plus a detailed description of each
subroutine. In addition, a separate section describes the data input setup
required to run GBQUAL. The last section describes the theoretical

considerations used in formulating the reactions allowed by GBQUAL. This

section includes a table of estimated parameter ranges for the various

coefficients used in the model.
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General Description of the Green Bay Model

The water quality model attempts to simulate the significant physical, chemical
and biological reactions that take place in Green Bay. The quality model was

constructed to route the following constituents through the Bay:

1. Coliform

2. Carbonaceous biochemical oxygen demand
3. Dissolved oxygen

4, Organic nitrogen (not in phytoplankton)
5. Ammonia nitrogen

6. Nitrite nitrogen

7. Nitrate nitrogen

8. Soluable phosphate phosphorus

9, Total nitrogen as a conservative (or any conservative)
10. Phytoplankton 1 biomass

11, Phytoplankton 2 biomass

12, Temperature

A network of interconnecting channels (links) and junctions (nodes) is used to
describe the physical system. The junctions each describe an element of water
(of varying size and shape) which is assumed to be well mixed. All reactions
take place inside the junctions. The size and shape of the junctions are chosen
to coincide with the geometry of the system being represented. Secondly, the
size (volume) of the junctions must be chosen so that a reasonable time step

may be used in the model consistent with channel lengths and velocities.
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The numerical model performs a masslbalance on each constituent plus and minus
any sources or sinks of that constituent for each junction or water volume in
the Bay. A total of 87 nodes are used to describe the system. This is shown
in Figure D-1, Each element or node is described by its surface area, average
depth and total volume. Each node is also connected to the surrounding nodes
by a series of channels, The channels are described by average depth, flow length
and surface area. In addition to the physical data used to describe each node
and channel, the program requires a list of all channels entering each node (a
maximum of 8) and the nodes connected by each channel (maximum of 2), The flow
of water in each channel therefore describes the advection of water for a given
simulation run. Water is also allowed to diffuse between nodes by means of an

eddy diffusion coefficient that is variable by channel,

Figure D-2 illustrates the possible chemical and biological reactions that the
model considers. (Temperature and coliforms are not shown). These reactions
are carried out in each node at each time step. The numerical model assumes
that an element is continuously mixed and all reactions take place within the
element after advection, diffusion, inflows and outflows have been accounted

for, Figure D-3 illustrates the principle of a continuously mixed element.

Program DYNQUA is the master control program and it also contains the main water
quality routing loop. As the program executes, control is passed from DYNQUA

to INDATA through which all necessary data required for a given simulation is
pulled into the program and printed for display. INDATA calls two separate
subroutines (COEFF and METDAT) which are designed to read in separate blocks of
data. After all necessary data has been read, control passes back to DYNQUA
where various system parameters are initialized. The main quality loop is then

entered and the program cycles for the designated number of iterations.



FIGURE D-1

Showm here is the system of elements and channels
used to describe the Green Bay system in GBQUAL.
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FIGURE D-3
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If temperature is being simulated, each quality cycle (time step) will include

a call to TEMPER (an entry point in METDAT) where the heat budget is calculated
and new temperatures are determined. After the proper number of cycles have
been completed, a full or partial print out of the current system status is made.
1f desired the system constituent status is stored for later use in subroutine
QUALEX, After the requested number of cycles, a second report is generated by
QUALEX giving the minimum, maximum and average concentration of each constituent
during the number of cycles requested. After all cycles have been completed,
DYNQUA can transfer the current system status to a storage tape or file so that
the system can be restarted with the same conditions that it ended with during
the last simulation run., Thus the final conditions become the new initial
conditions. In this manner, it is possible to route the model through any
simulation period (say a year) in a piece-wise fashion without having to
reinitialize for each run. Figure D-4 illustrates the informational flow in

the program as described above.

GBOUAL has certain limits that are necessitated by the size and speed of present
day computers. Table D-1 lists the present dimensional limits of the model along
with constituents allowed. If a user wishes to extend these limits, the common
blocks in the program will have to be extended. Of course, there is a trade

off in the resolution of the physical system and the length of any computational
time step. Care must be taken to avoid advecting a significant fraction of any
elements volume during a single time step since this may lead to instabilities

in the solution. The hydrodynamics for a given simulation run must be steady

state over the simulationhperiod. The program can be restarted, however, with

a new hydrodynamic solution at any user defined interval if varying flow conditions

are desired. With the present set-up for Green Bay, time steps of 3 to 6 hours
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FIGURE D-k
FUNCTIONAL DATA FLOW IN PROGRAM GBQUAL
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TABLE D-1

GBQUAL Limitations and Routable Constituents

Quality Program:

Item

Junctions

Channels

Channels Per Junction

Water Quality Constituents
Wastewater Return Units
Quality Multiplication Factors
Junctions for Printout

Weather Data Points (per day)

Constituents that can be modelled are:

Constituent

Maximum Number

200
400
8
14
20
10
200
25

Constituent

Temperature, °

Dissolved Oxygen, mg/l
Biochemical Oxygen Demand, mg/l
Organic Nitrogen, mg/l
Ammonia Nitrogen, mg/l
Nitrite Nitrogen, mg/l
Nitrate Nitrogen, mg/l
Phosphate phosphorus, mg/1l
Chlorophyll-a(l) ug/l
Chlorophyll-a(2) ug/1l
Coliforms, MPN/100 ml
Total Nitrogen, mg/l
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seem reasonable. The computer code which was run on an Univac 1110 computer requires
approximately 60K words of core for an execution, With a 6 hour time step, a
run simulating all parameters for 75 days of actual time requires about 2 1/4
minutes of computer time, Therefore GBQUAL can simulate an extended real-time

in a very acceptable amount of computational time.

It should be noted that GBQUAL solves for the concentration of each constituent
in a step wise fashion through time. Thus the concentration in any element at
time t is a function of the concentration at (t - At) and all reactions during
At. This is 1llustrated in Figure D-5. The solution is therefore an explicit

algorithm.
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Theoretical Considerations of the Water Quality Model

Conservation of mass must be applied at all node points in the numeric scheme.

To account for this conservation, whether it be the water itself or a particular
constituent, we must look at all inflows and outflows. These consist of advection,
diffusion, any external inflow (such as a waste source) or any external withdrawal

(such as a water supply system). If we apply these conditions to a given element

j we find:
+ - . 28 e
v.C, =V .C, + z A U C*At + z K..A . xi
i \/OVU =1 X =1 @fxi
Initial Advection Diffusion (1)
nin noi
+ z Q.. C, At -~ z Q .C. At
Inflow Out flow
where: Vj = volume of j at the end of a time step
3 = volume of j at the beginning of a time step

o

c+_ = concentration of C at the end of a time step

J
Cj = initial concentration
n = number of channels into j
A = area of channel i

xi
0. = velocity in channel i

i
c* = 1/4 point concentration of C in channel 1
At = time step
de = dif fusion coefficient
Ac = concentration gradient
*1
X, = channel length

i

. = inflow

in

= outflow

Q oi

C = concentration of C in the inflow

in
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nin number of inflows

noi number of outflows

This balance accounts for the physical transport of any constituient between
nodes. The mass balance eduation is the most important equation in the system.
Equation D-1 requires that a balance between all inflows and ocutflows must occur
at all nodes. If this condition were not true, the model would be "creating or
losing mass" which is not physically possible. Thus care must be taken that

this condition be met at all points in the system.

In addition to this balance, the internal chemical and biological reactions must

be considered. Exchanges between the sediment and water interface or the air

water interfaces must also be accounted for. Figure D-2 illustrates the basic

paths that the various constituents simulated may follow. This conceptualization

is obviously a simplification of a real system and yet it allows one to mathematically
describe the major reactions that affect the system. As our understanding of

the phenomena involved increases we will undoubtably refine our conceptual diagrams

and also the mathematical descriptions of them,

The next sections will describe the mathematical formulas used in the Green Bay
Water Quality Model. Most of these reactions have been seen before, however,
some new considerations have been included and will be elaborated on. A summary

of all differential equations solved in GBQUAL is shown in Table D-2.



TABLE D-2

Sumary of Differential Equations Solved by the GBQUAL Model

Description Equation
Chemical or
Respiration Biological Heat Exchange
QUALITY PROGRAM: Advection Diffusion Inflow Outflow Decay Sedimentation Or Release Transformation Uptake or Reaeration
Conservative Constituent Ne . i (AuC), + )E (A K2y, + g Q, Y, - g Q. C). (i = channels; j = inflows or outflows per junction)
(TS, T. Nitrogen)(c): 3 jop Cx g=1 | X dax’d 341 n%in 3 j=y ou’d 4
1 J J AL,
Temperature (T): ar o7 > K
g 3t 1.21 (AxUT)i * 151 (Adeax)1 * E (Q1nT1n)J ji_:] (Qouc)j o, Cp
Coliform Bacteria (F): BVE =[§ (AuF), + }: (k4 g Q. F. ), g F) ](] - 8)
3 j= X j=1 X dax ;=7 inindg j=1 ou J 5
AU 1 I oK J J !
Ammonia Nitrogen {N,): it R 1 _ (T-20)
sen 1 3t [15 (Axuu1)1 * 1.51 (Adeax )i * .E] in ]) j§1 ou l) ](] B1) * AsalRB * VNo(1 h 35) - VA “IFZ 8
©
1
aVN 1 I aN J J
Nitrite Nitrogen (N,): 2 . _2 - -
gen 2 : [1.21 (Balpdi + 1 Bk )i + 5 @l - 1 Q) lo -8y * - e)
VN I I 3N dJd J
Nitrate Nitrogen (N,): _3 = 3 _
gen (N T = (AuNq); + 5 (AKmxrd * Z (QipNg)y 551 {Q, N5)d + Wyl - 8y) - VAug,F,
Phosphate Phosphorus (P): VP =[§ (AupP), + }I; (AK + g (0, P) - g Q. P, ] (-s,) + AR (T-20) “Vha,(u - p)
3 =1 0 X 1 g X d3x =y in Yy je1 ou’y T2 A7z 2
1 I J dJ
: aVA I (AuA), + & K + 0z A - —p—
Algae (A): HA LI (A uA); 5 (A dax)1 =z (@, )J ji] (QDUA)J + WA{u-p-o,)
Organic Nitrogen: oVN ! I aNo J J
) at SLE (R uNg); + 121 (AKgxs + E (QmNo)J - J.i] oulo) j )yl - 8! + oo



TABLE D-2 (continued)

Description Equation
Chemical or
Respiration Biological Heat Exchange
Advection Diffusion Inflow Outflow Decay Sedimentation Or Release Transformation Uptake or Reaeration
Dissolved Oxygen (0): Vo | ,I: (AuD), + g (A KQO_) + g (Q, 0) - ‘3, (Q. 0), -vB(1-8,) - (r-20) , VA(acu-agzp) - VN, (1-8,)a, = WN,(1-B,)a, + (0’-0)
it L WO L Bkedy L (G0 - %04 ) - AKgRy agh-ago 1(1-85)e, p(1-85)eg + AsKy
Carbonaceous BOD (B): a8 =[§ (AuB) + ,I; (A 8y . g Q. 8), - g (Q.B) ](1_8 )
at 521 u j=1 | X dx’d j=1 in”'j j=1 ou J 4
. 8 (1-20) “Atks 4.6,7,1,5 Ny
Rate coefficient time and 1,2,3,4,5 =R e s4,0,7,1, F. =
temperature changes: ’ N3""2'E'D’F 1 “1 + N3
-KAt ]
- piT-20) '8 -
u RA (e - 1) rz m3

By

~Kgat
RﬁT-ZO) -e Kgo )

- 607 -
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Phytoplankton

GBQUAL has the capability of routing two seperate algae populations. The growth
of both groups of algae are considered to follow Monod kinetics. The limiting
factors considered are phosphate concentration, inorganic nitrogen concentration,

light availability and temperature. The mathematical formula is given by:

B

i ]
N ,T-20 xlx PO, -P Xi NO-N + NH,-N - .
MAX P, + PO, - - K ¢
£ ) i Sp 4 P LPSN + NO3 N + NH3 N
where: uMAX = maximum growth at 20° C
0 = temperature correction coefficient
T = temperature °C
P04—P /
NO3—N ¢ concentrations
NH3-N J
PSP = half saturation constant for phosphate
PSN = half saturation constant for inorganic nitrogen
r = fraction of the maximum growth rate as a result of light

intensity

All of the above terms have been discussed in past literature except the term r. The
factor r is a function of light penetration, depth of the water, and a normalized
growth function for light intensity. Figure D-6 presents a diagram from the

EPA publication Dynamic Water Quality Forecasting and Management (O'Connor,

Thomann, Ditoro, 1973). This series of graphs illustrates the normalized growth
rate function and its comparison to three sets of observations. To elaborate

on this relationship it is necessary to describe the effects of algal populations
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and the resultant light penetration., Light penetration is normally described
by an extinction coefficient. Various equations have been developed to account
for changes in the extinction coefficient as a result of changes in the algal

density. One such equation is shown below.

ky = kg + -00268 (CHL-a) + .01645 (CHL-a)?/> )

where: kE = actual extinction coefficient (1/ft)

*oE

extinction coefficient as a result of things other than
algal

CHL-a= total concentration of Chl-a in ug/l

This formulation contributes a "self-shading" effect to dense algal populations.
A concentration of 100 ug/l of Chl-a (frequently observed in Lower Green Bay)
will contribute 0.62/ft to the extinction coefficient., Light penetration of
between 5 and 10 feet (Secchi Disk) is a typical value if we exclude the algal
gelf~shading. With a conversion of 1.9/(Secchi depth) we would have a range of
.38 to .19 fpr Ke., Thus the self-shading effect of algae in Green Bay may be

an important limiting factor in algal growth. The extinction coefficient may

increase by 200 to 300% as a result of a dense algae population.

The light intensity at any depth can then be given in terms of Ke as:

I@) = I e~ (gB) 4)
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where e = base of natural logs
I = intensity
Z = depth (positive downward)
IO = intensity at the surface

Based on the data of Ryther (Figure D-6), Steele has proposed a formulization
for the normalized growth of phytoplankton as a function of light. The equation
developed by Steele relates the normalized growth rate of algae as a function

of light intensity and a saturated light intensity. It is given by:

1
PO = e O T (5

where: F = normalized rate of growth
1 = local light intensity
IS = saturated light intensity

To obtain the average normalized growth rate over a volume element during a given
time step, we must integrate this expression over the depth and time step At.
The intensity of light is, of course, a function of depth as given above and
is also a function of the time of day. We can assume that I0 is constant over
a given time step if we use a sinusoidal light intensity function with time and
evaluate the intensity at half time steps. Then the fractional growth rate r
is given by:
-kEZ

D £ Iae
1 Iae-kEz . - =+ 1) cea (6)
T 1 8 t
[o]
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FIGURE D-6

(Taken from EPA publication 66013-73-009)
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where: D = depth
T = hours in At
f = hours of daylight in At
I, = average light intensity at the surface over At

We can integrate this formulization to obtain:

r= €))
TkED
where:
I
= 2 = kgD
Al I e E
s
I
2
A =1
[o) s

Now it remains to determine a reasonable range of values for Is, Steele's formula
was based on 2000 footcandles as being the average saturated growth intensity.
However, most measurements of sunlight are given in terms of langleys (g cal/cm?2)
which is an energy term, The conversion from footcandles to langley depends

on the frequency of light you are considering. For the visible spectrum it appears
that Is will be in the range of 0.05 to 0.15 langleys per minute. Water Resources
Engineering has suggested a half saturation constant for light as .03 langleys/
minute. If we set F(I) equal to 0.5 and Ia to 0.03 and solve for Is we obtain

a value of 0,13 langley per minute,
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The death of phytoplankton is considered to be dependent on temperature only.

The death rate is given by:

_ _p
p=9T20 1-e 20At) (8)

local death rate

where: [«

death rate at 20°C.

P20

Phytoplankton can also leave the water system by settling to the bottom. Normally
a settling rate of between .5 and 2.0 ft/day is appropriate. The mass balance
of algae applied to any element j then looks like:

Growth Death Settling
VA + V A - -
i Oy s % ) ©)

VA,
J

+
where: Aj algae biomass after At

VA = mass balance from equation 1
05 = gettling rate in ft/DAY/DFPTH

Nutrient Cycles

The nutrients considered in GBQUAL consist of 4 forms of nitrogen and soluble
phosphate, Nitrogen is allowed to transform from organic compounds to ammonia

and then to either be utilized by plankton or to nitrify. WNitrate is also utilized
by plankton. 1In addition, ammonia may be released from decaying organics in the
sediments. To complete the cycle, nitrogen associated with plankton can either
leave the system by settling or resolubilize as free organic compounds. It is
important to realize that the organic nitrogen routed by the model refers only

to the free organic N not bound up in algae.
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Phosphate can be released from sediments, precipitate to the sediments, or be
utilized by algae. The cycle is again completed by resolubilization from respired

algae or settling to the bottom out of the system.

Nitrogen Kinetics

Organic nitrogen is assumed to decompose to ammonia via a first order reaction.

The differential equation for the reaction takes the form:

dNo
-9 _ - 10
ik " t2PATep N (10)
where: N = Org. -N concentration
%o = fraction of algae that is nitrogen
057 = rate constant (1/day) for Org-N to NH3-N
The other terms have previously been defined. The rate constant %17 is assumed

to vary with temperature.

Ammonia nitrogen decays to NO,-N thru a first order reaction. It is also generated

from bottom muds or by Org~N decomposition and it is used by algae. The equation

is:

v, N
at % N Tyy () - BNy —og, mAN (1
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where: Nl = ammonia nitrogen
Y1 = release of NH3—N by sediments per surface area per time
As = surface area
Sl = rate of nitrification of NH3-N (temperature dependent)
Ny = fraction of nitrogen used by algae that is NH3-N
N1+N3

Nitrite nitrogen is allowed to decay to nitrate only. The only source (other

than inflows) is the end result of NHB-N decay, The reactions again are first

order:
sz 12)
—s = - 1
dt BNy~ oty
where: NZ = nitrite nitrogen
82 = rate of NO,-N to NO4-N

Nitrate nitrogen can only be utilized by algae or created by nitrite decay. No
other sources or sinks are accounted for aside from inflow and outflow. The

equation is:

dn N

3 3
-—— = B8,N, - a,,uAN =
dt 272 127773y Ny + Ny (13)
where: N3 = nitrate nitrogen
= fraction of algae nitrogen that comes from nitrate
Nl + N3

A possible addition to the model at this point would be the inclusion of a

denitrification term that would allow NO_-N to leave the system (as N, gas)

3

under low dissolved oxygen conditions. This would insert an additional nonlinearity.
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Phosphate (soluble) is allowed to be both used and released by algae. In additionm,

phosphate is precipitated to and released from the sediments. The equation takes

the form:
P _
-9 -u)a- o, + v, (as) 14)
where: P = phosphate phosphorus
ay = fraction of algae biomass that is phosphorous
o, = rate of phosphorus precipitation to the sediment
Yy = release rate of phosphorus per area per time
As = area

Coliform Bacteria

Coliforms are assumed toc decay by a first order reaction that is temperature

dependent.
dc _ (15)
it - keC
where: C = coliform (MPN)

c = decay rate
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Carbonaceous BOD

The BOD in the system is represented by an equation consisting of 3 parallel

terms. This equation is given by:

- k,,t -kt -k, .t
L=1, A-e 11y, L, (1-e 1275, L, -e 13 a1e)
where L= BOD mg/1
Ll, L2, L3 = ultimate BOD for each term

k first order decay rate l/day base e

11° *120 Fi3
This equation describes a long term BOD curve that consists of three separate
terms that are exerted simultaneously. The total ultimate BOD represented by
equation 16 is the sum of Ly, Ly, and L3. If Ly and Lj are zero then equation
16 reduces to the classical BOD equation. (See discussion of Long Term BOD in

Section IV-C).

The decay of BOD can be represented by the equation:

—= -3 k R (16a)

Each term also contributes its oxygen deficit to the total oxygen balance. Of
course, when using the ultimate BOD, care must be taken to remove the nitrogenous
portion either by inhibiting nitrification during the long term BOD test or

measuring the Kjeldahl nitrogen and subtracting its potential oxygen deficit.
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Dissolved Oxygen

The concentration of dissolved oxygen is a function of reaeration pressure, net
algae production of 02 and the oxidation of BOD and inorganic nitrogen forms.
In addition, oxygen is consumed at the sediment interface as a result of decaying

organics, This can be represented by the following equation:
an

3
do _
ae” tp Qg m L Kyyly = By - ByugN, + (rag - op) Aag -y 5 (as)

where: ¢ = dissolved oxygen
OS = saturation at the given temperature
k2 = reaeration rate (temperature dependent)
@, = oxygen required per unit of ammonia oxidized
as = oxygen required per unit of nitrite oxidized
g = 0, production per unit of Chl-a
oy = O, respiration per unit of Chl-a
b = algal activity factor previously defined
og = ratioc of Chl-a to algal biomass
Y, = 0y uptake from bottom sediments per area per time
A = algal biomass

Equation 17 is straightforward except for the 5th term which determines the algal
contribution., The formulation used here was developed byRyther and Yentsch and
reported by DiToro (1969). The relationship predicted maximum photosynthetic

production as a function of Chl-a concentration.
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PMAX = 0.25 (CHL - a) = %

Respiration was given as:

R=0.025 (CHL - a) = oy

R and P are in terms of mg/l/day and Chl-a is in terms of ug/l. The conversion
factors of 0.25 and 0.025 are based on averages over many types of species and
may vary considerably in specific cases. Also the 10 to 1 ratio of production
to respiration may not always be true. Accordingly, these factors are entered

as variables in GBQUAL and may be specified by the user.

Total Nitrogen

Total Nitrogen is routed through the system as a conservative substance. In fact
any conservative substance (such as chlorides) could be routed with this routine,
however, the name TOTAL NITROGEN will appear in the computer print outs. This
was done only for convenience since total nitrogen is the most frequently routed

subgtance by this routine,

A complete listing of various coefficient and parameter values appears in Table

D-3.



Parameter

Decay Rates, Per Day Base E
BOD-1
BOD-2
BOD-3
Org-N
NH_ ~N
N03—N
Coiiform
Growth Rates
ALGAE-1
ALGAE-2
Respiration Rates
ALGAE~1
ALGAE~2
Half-Saturation Constants
ALGAE-~1
(NH_~-N + NO.-N)
P04§P 3
Light (saturation constant)
ALGAE~-2 - Blue Green N Fixers
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TABLE D-3

Estimated Parameter Values

Value Range Units Reliability
0.1 -0.5 Day:i Good
0.01 - 0.1 Da.y_l Good
0.001- 0.5 Day__1 Good
0.01 - 0.01 Day__l Fair
0.01 - 0.2 Day__1 Good
0.2 - 2.0 Day_1 Good
0.1 - 3.0 Day Fair
0.5 - 3.0 Day:i Fair
0.5 - 3.0 Day Fair
.01 - 0.1 Day ™l Fair
05 - 0.5 Day Fair
0.02 - 0.4 mg/1 Good
0.005~ 0.05 mg/1 Fair
5.0 -10.0 langley/hr  Fair

NH,-N + NO,-N) 0.0001 (a small value is required to avoid
3 3
a zerp divide)
PO,-P 0.005- 0.05 mg/l Fair
Light (saturation constant) 5.0 -10.0 langley/hr  Fair
Stoichemetric Equivalence
0, > NH3 3.5 mg/mg Very Good
o, > NO2 1.2 ng/mg Very Good
CﬁL—a (dlgae 1) ~ O2 .25 ug/mg Fair
CHL-a (algae 2) - 0y .25 ug/mg Fair
Temperature Coefficients © = a; + a,T + a3T2
a; a, a3 Reliability
BOD-1 1.140098 —~-0.003856 0.0 Good
BOD-2 1.140098 -0.003856 0.0 Good
BOD-3 1.140098 -0.003856 0.0 Good
Org-N 1.047 0.0 0.0 Fair
NH3—N 1.2134705 ~0.0107843 0.0 Fair
NO-N 1.2134705 -0.0107843 0.0 Fair
Cotiforms 1.047 0.0 0.0 -
ALGAE-1 Growth 1.047 0.0 0.0 Fair
ALGAE-2 Growth 1.047 0.0 0.0 Fair
Sediment Oxygen 1.100 -0.00175 0.0 Fair
Miscellaneous
Ratio CHL-A 1/ALGAE-1 Biomass 0.025-0.10 mg/mg Fair
Ratio CHL-A 2/ALGAE-2 Biomass 0.025-0.10 mg/mg Fair
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Program Documentation

This section presents the logical flow chart for the main program and each subroutine

in GBQUAL. This is followed by a complete listing of each subroutine.

Main Program DYNQUA

This routine is the master control routine for GBQUAL and contains all the necessary
equations to route all constituents except temperature. This routine calls in

all data, cycles through the main quality loop and creates a printed report at
desired intervals. The flow chart is illustrated in Figure D-7 and is followed

by the listing. The system is controlled by a set of flags called ISWTCH(I).

These values are read in INDATA and determine if a given constituent is to be
calculated. Table D-4 lists the ISWTCH control values. In addition to the ISWTCH
array there are several other internal flags that determine printing times and

summary intervals.

Table D-4

ISWTCH(I) flags. Set ISWICH(I) equal to 1 to simulate a constituent group and set

to 0 to skip.

I Constituents
1 Coliforms
2 Org-N, NH,-N, NO,-N, NO,-N,
PO,-P, CHL-a-1
3 CHL-a-2
4 Total Nitrogen (or any conservative)
5 BOD and DO

6 Temperature
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FIGURE D-7
FLOW CHART FOR DYNQUA

1 START )

CALL
BLOCK
DATA

CALL
INDATA

INITTALIZE
SYSTEM

1': D

ENTER
QUALITY
LOOP

CALL
ISWTCH (6) . TEMPER
Y
SET TEMPEPATURE CALCULATE
ADJUSTED YES COLIFORM
COEFFICIENTS

CONCENTRATION
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FIGURE D-T

DYNQUA FLOW CHART (CONTINUED)

CALCULATE SOLAR
YES | INTENSITY, ALGAE-1,
ORG~N, NH-N,
NOo-N, NO3—§, POy, ~P
NO l
YES CALCULATE
1 SWICH
=0 (3) ALGAE-2
NO ;J
servative is
1 SWTCH (5) 1ES CALCULATE BOD, DO
=0
NO J
| S
UPDATE
CONCENTRATION
ARRAYS
4
PREVENT
NEGATIVE
CONCENTRATION

(Total nitrogen or any con-

calculated automatically)
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FIGURE D-T
(Continued)

KDCOP YES
=1
NO

PRINT
DEPLETION
CORRECTION
MESSAGES

CHECK
CONCENTRATIONS
AGAIRST SPECIFIED
LIMITS

LIMITS
EXCEEDED
NO

PRINT ERROR MSG

STOP

STORE INFORMATION
FOR LATER
AVERAGING

STORE -
YES CONCENTRATIONS
FOR RESTARTING
No !

~—

&



YES
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FIGURE D-7
(Continued)

PRINT
CONCENTRATIONS

CALL
QUALEX

YES

NO

PRINT
COMPLETION
MSG

___,( STOP

\_/""\J
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PrOGRAM DYWWUA

ENVIRONMENTAL PROTECTION AGENCY
DYWAMIC ESTUARY AnD TIDAL TEMPERATURE MODEL
WRE }5 CONSTITUENT ECOLUGIC VERSIUNW

[ T A A S PR AR R R R E R R N A N A A R R R N S E S NS S A R R A S S R AR 2 2 24

THE PROGRAM LOGIC [N THIS DECK WAS OUKJOGINALLY DEVELOPED FOR THE
WETWURKS REPRESENTING THt SAN FRANCISCU BAY-DEtTA ANU THE

SAN UIEGU BAY SYSTEM>. ITS PRESENT FORMs A Muulb ICATION LEVELOPED
FOR PEArL HAKRBUR INCLUDLES CAPABILITY Tu SIMULATE 14 CONSTITUENTS
AND VTHEIR INTERACTIUwS In A VERTICALLY MIXED CLOSED BAY OR
ESTUARYs THE GUALITY (COWDITIUONS AT THE SEwARyU BUUNDARY MUST

ot SPECIFIED. APPLICATION TO OTHER SYSTEMS MAY RewUIRE

SUrE PROGRAM MUDIFICATIONS,.

R T A R s i A N R R R T R R R R P T P Y S A S SRR S AR R R R XS]

CUMMUN/GEOM/YNEW{200) o Vulwin{200) s VvOL (200} sASUR (26U swIn(20010

NCHAR(Z2U0 98 ) yOIFFK4UO) o vIA00) v (400 ) sARKEALRUO)
BO4UU) s CLEN(HUUD yRIGUU) sCNI4QT) s NJUNCIHUUL2)
sGNET(20U) Y (20001 ,40UTL200) s VOLWOUC20U)
YBAR{(20U) s JGuWsJSyNCend

’
COMMON/MISC/ZALPHA(BU) 9 CulFFR CINCLIA2 2o CLIMITOLY) s CUNST(20414)

CTEMPLL4) s DELT sUTL EBBCON(4B8y14) sEXK)yFACTR(149210) 2 1EXC

INCYC o INTBIGIPRTZITAPE(S 2+ IwRINT s faRITE»JDIVIL20}12301V2(20)
JPRT{3UU) »yJRET1 (20 ) +vJKET2(ZU) sKBOP () H) 9 KDCyUPIKZOP s MM INEXTPR
WEXTURINGROUP(L4) yNJISTOP (141Ul sNUSTRT(14910) sNUDYNINOPRTY
NYUCYCINGPRT g NKSTR T yNSPECINOSTOP o NTAGINUMCON ,NUNITSoNIOINZD
MIQsNYOIRETFACIZO, 14 o NEX»1SWTCHIIU) s NAME(20) 9 INAME(S14)
DELTwsKDONE yMARK] yMARKZ

COMMUN/INFL/TEMPINEZ2U0) JOXRYINt20UD) s BODIN{Z00»3)»CORGIN(ZOUO)»

CNHITH(200) yCNOZIN(2UU) 2 CNOJIN(200) »PUU4IN(ZAUD
ALGINLIG200U) yALGINZ(2U0) »COLINI200) 2 THINL200)
CHALINGZOU) yCHAZIN(2UUD)

CONMUN/CONC/TEMPL200) yUAY(206) +BULI20U93)sCORGI2uGHPCNHI (20U

CNO2(20U) yC03L200) sPO4L2U0) yALGL(20U) »ALG2(200)
COL(200) 2y TN(20U) »CHLALLLOU) 9yCHLAZ(2U0)

CUMMUN/ZIASS/TEMPM{200) »uxYM(200) 2800M(20093) 21 CORGHI2A0) 1 CNHIM(2UL)D

sCNUZMAE200) ,CNO3MI20U) »PUYM(200) sALGIMI20U0) »
ALGZM(200) 2 CULMI200) s TNM{200) s CHLALIM (20U} s
cHLAazmMlcuow)

COMMUN/RATE/REQX (20U sCULDRE 2001 »BODOKRI200,3) s CNRIDK (200D

C

C

C

<

C

C

9

C

C

C

&

C

C

C

C

C

C

C

C

C
i
2
3
L‘
Ay
By
Co
U
E»
Fa
Gy

C

C
S
3
$

C

C
3
%

C

C
S
b
£

C

C
5
$
>

CORGOK(2UD) »EXPBU2(2UU) 1AGSNK1{200) yAGSNK2(200) s
CNOZ2DK$200) yPOSINK{20U0) sORYBEN{200) »CNHBENLZ2UQ) »
SECHI (200 ) sPMAAL(200) sPMAX2(2U0) s AGCHALLZ2UU) »



57
Y
59
6l
6l
62
71
72
73
74
75
76
77
78
79
gu
g1
B
83
a4
85
g6
87
88
B9
94
g1
g2
93
94
75
96
97
9
99
100
101
102
103
104
105
106
107
100
109
110
111
112
113
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3 AGCHAZI20U) yPUHBEN(2UU)Y »PRESILZ2U0) sPRESZ2(2UU)

$ VFBl01(200),0FBU0I20u»3)sDFCOL(200)LFNR3{1200)

> DFNUZ2(200) 1 LFUGN(20U) 2 DFBIO2(20U0) »EXPLEN(200)

£y EXPbUl(20U) yEAPBUD(2UUs3)2EXPCULI200) »EXPNH3(2UU)

$ EXPNUZE200) »EXPURGIZUU) s CNBEN(20U) sCSATL200)

$ OXBEN(200) »OXDELT(200U) yPOBEN(Z200) +sCFBODIALGLIPY
CUmMAUN/ATHS/wCl200) +Q@nt200) s GE(ZLUU) JENTEM(200) s XuNST20U}»QTOT (200!

Ay WS (2551 U) s WNAL29, jU) sWRNETAILZL 2y 1U) s UMINDA(25210) 2 TAALZS 01U

by TAGA{Z2501U) sAPA (255 1U) yCLOUVIZS21U) 2 IEQTEMyJWZONE(}Os2)

Cy WRNETC200) sAX{4) spA(49) s ALPR{B) sBETAIB)sPIyuBOsDTOK
C
C

CUMMUNZ ICHECR/JIGNUR{20U)
C

DIMENSIUN Cl2UU14) s CHMASSLIZ20Ur14)sCOSPEC(I20Us1Y),(T(200)

EwUIVALENCE (CUlal ) s TEMPE(E)) s tCMASSLL 1), TEMPM(L))

$ s {CSPECUI 1) o TEMPIN(LD)
C
C
C

FMACASYIZI=Z=1eU/YRALOG( | sU+A*EXPLY®»Z))

SATUAY (A2 Y)Z14¢6009=0e 3818 X+be23E=38AKa3(bm50xX®X

1 “Y (]| ebbOE=4=5eBbLE=6¢A+T 7 F6E~BEX0X)

DKR(AsYs2Z)=EXP{=XuZ}/EApP(=~XeY)
C
C

KEAUIS,=) 111
C

Ceoesse CALL SUBROUIINE TU ReAu PRUBLEM KELATED ULATA
CALL bLUCK

CALL IRDATA

Coo--nono!ootoa.ooSIEPl
F'*** INITIALIZATION

ICYCiF=ual
cBsTOT=0.0

NewB=0

KLUNE = 0

MARKE = U

MARKZ = U
VELTu=DELT*#360U.

NCOUNT = 0

KUUNTT = U

MARKI=]wRITE

NTEMP=]

VU 358 nN=1,4NC
IFINJUNCING L) =NUUNCINS2))356,358,357



i14
115
16
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140G
141
142
143
144
145
146
147
148
149
sy
191
152
153
154
1565
150
157
158
159
160U
161
162
163
164
1465
166
167
1468
169
170

357 KEEP=NJUNC(N,1)
NJUNC (NI 1) =NJUNC(NIZ)
NJUNC (N2 2)=KEEP
QRN = =w{N)
358 CONTINuUEL
WRITE(&62356) (Qi{N)s nNs| yNC)
356 FURMAT(LUF8.1)
IF(ISWTCH(6) cEQa0) GO Tp 353
DU 355 J=JSiNJ
355 CT(JI=TEMP(J)
353 (UNT]INYE
C
c . . L ] L] L] . *
Ceeoee CALCULATE
C

* ¢ e s & & * o o @ STEP 2
JUNCTION VOLUMES AT BEGINNING OF SIMULATION PERIOD
776 uG 780 J=l\NJ
VOL{J)=ASUR(J) =Y (J)
780 COnNTINUE
C
C » o o ¢ ® o« o ¢ ¢ o s o o o o o o STEP 3
Coeosee CALCULATE INITIAL MASS IN JUNCTIONS
C
DU 378 JalNJ
U0 377 N=1,WUMCON
CHASS(JaK)= ClJsK) * VO ()
CHLAIM(J)=CHLAL(J)*VOLI{y)
CHLAZM({VYsCHLAZLJ)»VOL L y)
377 LONTINUE
378 CUNTIhut
C
C . . . [] . . . . L] ] . * . L] . L] L] STEP 4
Cexvs EUDY DIFFUSION CONSTANT

(al

C ORIGEINALLY THE EODY DIFFUSIUN COEFFICIENT WAS REAU IN HERE
C NOw THE DIFFUSION COEFFICIENTS ARE KEAD IN IN SURROUTINE COEFF
<

C @ o o o o s o o o s o & o o o o o STEP b
Coewnsne COMPUTE VOLUMES OF INFLOW=OUTFLOW

C
DO 388 J=l,NJ
VOL@IN(J)==WIN(J)eDELTY
VOLAUU () =G0uT(u)s0ELTY
388 CONTINUE
S

C o o o s & 9 o & s 0 ¢ 0 . . . & » STtP é

Coevse STURE InITIAL CONDITIONS ON EXTRACT (SUMMARY) TaPE

C

[t A 2 A s 2 I A R A S N R A R R Y R R R R Y R Y YR R E Y R TR Y Y Y

C SEGIN MAIN WUALITY LOOP

CHREL et n b st at st ataRas b R AN E Rt ub ettt etecu b utsssantetatadstntntasgd
DU 536 ICYC=INCYC,NQCYC
NWCYCC = ICYC

. . . . L] [ 3 . . . . . . . L] * . STE—P 7

® % & ® @€ o 8 * & 8 ¢ % e & o s+ e STEP 9



171
172
173
174
175
176
177
178
179
18u
181
182
183
184
185
186
167
188
189
19U
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
2048
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227

Cswese UDETERMINE FLOW
C
ub 416 w=lahC
vOLFLw = W(N) =
NL = NJUNC({Ns])
NH = NJUNC(Ns2)
C UDXsSVIN)#DELTGQ
F=DX/CLEN(N)
C IF(FeGToelUeS)
F=0e25
FACTURBU+O~F
TF(QIN) e GE DU}

[}

WuURAD =
cunt =

CINLK)
CINHIK]} +
C
C ¢ o ¢ o o o s o o @
Cowens ADVECTION AND v
C

ADMASS = CONC »
VIMASS = DIFFK(N
CHASO(NH,K) = Cn
CHASS(NLK) = (M
414 CONTINUE
416 CONTINUE
C
C o o o o o 2 ¢ o o o
Coeveos
C
DO 434 J=JS»NhNy
JFIVOLQIN(J) »GE
DO 431 K=1,NuMCO
431
430 CUnNTINUE
TF(voLQuU(J)ebEe

- 231-

DIRECTIUN AND CUMPUTE

Deb iy

F=ueb

FACTOR=yub+F

VO 414 K=l ,NUMCUN
IF(CIN(K L) oL Ta=9.E+19)

GO Ty 414
= CINHex)
FACTUR « WGRAD

STEP 10

IFFUSTUW

VOLFLw

) * DELTq ®
ASSINHsN) +
ASSINLIK) =

AREA(N)
ADMASS + v
ADMASS = D

STEP 11}

g.0)
N

«0 TO 430

0s0) 60 TO 434

DO 433 K=1,RUMCON

433 CMASS(JsK)I=CMASS

434 CUNTINUE
C
C L] L] * L] L] L] . L] L] [ ]
Ceswsse APPLY wASTE WAT
C
C
Covseeoonee TEMPERATURE
[«

IF(ISUTCH(S) ekl

(JoK)=C(yrK)eVOLGOU(UD

e » o ® o o s STEP 12
Er RETUxkN FACTORS

1) 0 Ty 592

174 PUINT CONCENTRATION

* QGRAU /CLEW(N)

IMASS
I1MASS

AUD WASTE DISCHARGE ANy DIVERSION MASSES TO THE JUNCTIONS

CHMASS(JsKI=CMASS{JsK)I=CSPECIJUIR)*VOLQIN(Y)

C

CoveesCALL TEMPERATURE SIMULATION ROUTINE FOR CALCULAT]ION OF
C TEMPERATURES AT THE Ewu OF THE QUALITY TIME STEP

C

CALL TEMPER(TEMP
C
C e o o o o o o o o o
Cosveoe

C

+TEMPMIyOL s ASUR)

STEP 13

ASSIGN TEMPERATURE ADJUSTED COEFFICIENTS
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228 592 COnNTINucL

229 DO b0 J=JSaNJ

230 TEMP(O)=TEMPNH(JI/VULLU)

231 1T=TEMP(J)

232 IF(ISWTCHIG) eEQel) FT=CT (W)

233 JF(ITeLTal) 1T7=1

234 1F(lTeals50) 1T=50

235 DFBCUIJ 1) =EXPBOD(IT 1) abO0DURK{JI1I+140
236 DFp0U(ur2)2EXPBUD(IT»2)%BUDLK{JI2)¢1leU
237 DFBOL U3 =EXPBOD(IT93)#p0DUK(JI3)+] .0
2386 DFCOL(Y)sEXPCOLCIT)*#CULUK(J)I+1e0

239 OFNH3(J)=sEXPNHI(IT)ISCNA3OK(J)+1 60

240 DFNU2(J)=EXPNOZUIT)I*CRNUZUK(JI+1 40

241 VDFOON(JI=EXPORG(IT)I*CORGOK(JI+1au

242 UFplUl(V)=EXPBOL(IT)

243 DFBI0Z2(JUI=EXPBLU2(IT)

244 OXBEN(JI=0XYBEN(J)*EXPBeN(IT)I#ASUR(IY)
245 PUBEN({J)=POYBEN(J) oL XFOBENCIT)I®ASUR(J)
246 CNBEN{G)=CNHBEN(JY»EXPBEN(LIT)I#ASUR(J)
247 OXDELT(U)=0e

248 580 CUNTINUE

249 C

250 C o o o ¢ ¢ o s o ¢ o o o ¢ 3 4 o o STEP 14
251 Ceecssessces CULIFORMS

252 C

253 IF{1lonTCHL) ebWwel) &0 Ty 560

254 DU 562 JaJdSrhd

255 562 CULM(J)=COLM(JIDFCOUL({Y)

256 60 CUNT IUE

257 C

258 C o o o ¢ ¢ s o & 2 o ¢ o o o 4 o » SIEP 15
259 Coeovoesese NUTRIENTS AND ALGAE

260 C

261 IF(LISwTCHIZ)eERe)) GO Ty 610

262 HOURS= ] CYC#DELT

263 IUAYS=HUURS/ 23499999

264 TIME=HOURS=FLOAT(Z24®1uAYS)

265 1U=1DAYS+]

266 DTIME=TIME-DELT/2,

267 SET=SRI(IJ)+HDLL1Y)

268 IFLUTIME oLTe SRI(IJ) eQRe DOTIME +6Te SET) GO TO 20ULD
269 SUAVE=TL(IJ)/7HOL ([ y)

270 SONET=SOAVE® {1 e=C0S(24#3,141592«{LTIME=SRI(IJII/HDLIIYI))
271 G0 To 2010

272 200U SUNET=UQ.

273 201u CONTINULE

274 DO 6LD J=JSINJ

275 ICHECK = JIGNUR(J)

276 1F(ICHECK«GTU) G0 TU &s0UL

277 C

278 Coeeese ALGAE GROWTHs RESPIRATION AND SETTLING RATES
27% C

280 FrMUl=U,.

281 PMUZ=0.

282 FRMAXLI=(o

283 FRMAX2=0,

284 IF(SONET oLEe De) GO Ty 602
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399
400
401
402
403
404
405
406
407
4p8
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
43u
431
432
433
434
435
436
437
438
439
44U
441
442
443
444
445
446
447
448
449
450
454
45¢
453
454
455
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448 CONTINUE
C
C o o o 8 ¢ o o o o o o 8 o s o2 o @ STEP 2u
Ceswse PREVENT NEGATIVE CUNCENTRATION AND SUPERSATURATION
C
DO 464 K=1 ,NUMCON
IF(CIN{K L) el Ta=9,E+19) GO TU 464
DU 466 J=JSINJ
IF(C{JsR) eGEaU0) GO TU 466
IF(KUCDOPEGe2) GO TO 46,
458 WRITE(61460) JrICYCaKsClUyK)
460 FORMAT(39H DEPLETION COrRECTION MADE AT JUNCTION I397H CYCLE I4»
s <1H FOR CONSTITUENT NOy Ils12He CONCe WAS FlOe2,
462 C(Jrk) = 0.0
CMASS(JIK)=s Ul
466 CUNTINUE
464 CONTINUE
IF(ISWTCH(5) eEGel) GO Ty 476
C
C o s o ¢ o ¢ o o ¢ ¢ o * o ¢« 4 o STEP 21
Coesesne LIMIT UISSOLVEU OXYGEN CONCENTRATION
C
ORAT]O0=].5
DU 475 JsJSINJ
DOMAX=0RATICeCSAT(J)
IF(OXY(J) oL TeDOMAX) GO TO 475
IF(KLCOP+sEGe2) GO TU 475
WARITE(61474) ORATIOUI(CYC
474 FORMAT(47HODISSOLVED OXYGEN CONCENTKRATION WAS REpUCED TO sFdels
$ 29h TIMES SATURATION AT JUNRCTION »1497Hs CYCLE s 14)
OXY{u)=DOMAX
OXYM(J)=DOMAXEVUL(J])
475 CONTINUE
476 COnTINUE
C
C ¢ o o ¢ o o o o ¢ ¢ o o o o ¢ & o STEP 22
Cervss CHECK CONCENTRATIONS AGAINST SPECIFIED LIMITS
C
DO 482 K=l yNUMCON
IF(CIN(Kpl) oL Te=9,0E+19) GO TO 1482
DU 480 u=mlgiNy
ICHECK=JUIGNUR(Y)
1F(ICHECK 6T o0) GU T0 48U
IFICtdyR) = CLIMITIRIIH0Os48U24T7)
477 wrlTe (694781 KeCLIMIT(K) 9JsICYC
478 FORMAT(SHHUCONCENTRATION OF CUNSTITUENT NOe 12980 EXCEEDSeF7el
* 13H In JUNCTION I3s14H DURING CYCLE 15425H, EAECUTION TERMINATE
*Pe)
DO 479 L=lghy
479 wRITE(o 2481 LatMsClLal) ym=10sNUMCUN)
481 FURMAT(IBab (490l e4)/8x970040alle4))
CALL EXIT
48u CONLINUE
QU Tu 4d2
I482 CONTiHUYE
00 1460 J=)sNJ
1980 ClUrk)=U.0



456
457
458
459
464
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
508
507
508
509
510
511
512
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482 CONTINUE
C
C * L] L] L] L] . L] L] L] L] L] * L ] L ] . L] . SIEP 23
Ceeeee WRITE JUNCTION QUALITY ON TAPE FOR LATER AVERAGING
C
IF(NIU «EQe U) GO TO &uyO
IFCICYC oLTe 1wRITEIGO TO 6GOO
KOUNTT=KOUNTT+1
WRITE(NLO) ICYCH(TEMP(J)20AY (U} s80D(Jr1)4BOD(U»2)sBOD(J93)sCORGIY)
LaCNHI(U) sCNOZCII 9 CNOI(J) yPOU LI 9 CHLALLU) sCHLAZ(U) s COL(JI»TN(J)
2 JzJdSiNJ)
6000 CONTINUE
C
C o ¢ o ¢ o o o o o o o ¢ ¢ o o o o STEP 24
Ce#nses STORE OR UPDATE FOR RESTARTING
C
IF(N30JLESD) GO TO 520
IFCICYCoLToNwCYCL) GO TO 520
512 wRITE(N3Q) (ALPHA(L)s1=},8U])
WRITE(NIO) ((CUJyK) sK=] yNUMCON) 9 J=faNJ)

WRITE(69518) ICYC L ICYCTFaNTAG

518 FORMAT(LIH1//747n RESTAR| DECK TAPE wAS LAST WRITTEN AFTER CYCLEIS/
» S50H HYDRAULIC CYCLE ON EXTRACT TAPE FOR RESTARTING = 15/
L4 8H NTAG = [37/7)

REwWlIND N3O
52U CONTINUE
C
C . . L] L] . [ ] [ . .
Coseans PRINT QUALITY
C

e ® & o ¢ e o STepP 25
QUTPUT

IFCLCYC~IPRT) 424,524,524

524 IPRT=IPRT+NUPRT

528 HOURS = DELTQ # FLOAT (jCYC) / 3600.0
KDAYS = HOURS / 2399999
HUUKS = HOURS = FLOAT (24 # KDAYS)
KUVAYS=KUAYS+]
WRITE(69530) ICYC»KDAYS,HOURS

530 FORMAT(1O0X»*SYSTEM STATYS AFTER QUALITY CYCLE®t,
11445Xs DAY " »I33'HOUR  yF 4419/ /s

2' JuUn  TEMPIC) oxy LgoDy usoD2 uBou3 ORG=N N
3H3 NO2 NOJ3 P04 CHLA=1 CHLA=2 COL/MPN TOT=N?
Ga/918Xe"MG/L MG/l MG/sL MG/L MG/L MG/L MG/L
5 MG/L Ma/L uG/L va/L Ma/LYs//)

D0 534 I=1NOPRT,ILIL

JEJIPRT (1)

WRITE (85321 JsTEMPLJ)I»OXY(J) 2BODCI» 1) 90D IUIZ2)ypb0LIJ93)9CORGIJ)
1 CNH3(J) s CNO2Z2(J) 2o CNO3 (VI »PUAIJ) s CHLALLU) 9 CHLAZ(J)sCOLIJIITNIY)
532 FORMAT(LIX»I39012FFe39EF422FF43)
534 CONTINUE
C
C o ¢ o 6 ¢ o o ¢ & o ¢ o ¢ ¢ 4 o o STEP 26
Ceovee PRINT HMEAYT BUDGET INFORMATION AT EACH PRINT INTERVAL IF DESIRED
C
IFLILQTEMeEGeD) GO TO 4y4
BTUZ=QRNET(J) 132729
WrlTe(6992)
92 FORMAT( SUHIL KRADIATION TERMS AND EQUILIBRIUM TEMPETATURE
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Subroutine INDATA

This subroutine controls the input of data to the model. It also writes various
reports detailing the data used in the program. INDATA calls two other routines

that handle particular blocks of data (COEFF and METDAT). If the particular

run ig the first run in a series, then initial conditions are looked for in the

data input, If this is a restart run, initial conditions are pulled in from

a seperate restart tape or storage file. The only exception to this is the temperature.
Temperature initial conditions are input in the data deck for every run unless

it is being simulated. INDATA also allows the user to alter the restart initial

conditions by a multiplication factor applied over any group of junctions.
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FIGURE D-8
FLOW CHART WOR INDATA

e
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ENTRY CALL
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FIGURE D-8
(Continued)

CALL
METDAT
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READ SOLAR
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T
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!

READ LIMITING
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PRINT PHYSICAL DATA

RESTART 7
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FIGURE D-8
(Continued)

READ INITIAL
CONDITIONS

ISWTCH (6)
=0

NO
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TEMPERATURES

READ & PRINT INFLOW
QUALITY BY
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SUBRUUTINE INUDATA

CUMMON/GEOM/YNEW(200) s VOLQIN(200) s VOL(200) sASUR(200),QINC2CG0I»
1 NCHAN{(20028) 4DIFFRK(400)»VL400) 24 (400) »AREAL400)

2 Bl400) sCLEN{H400) yRIAUO) o CNI400) s NJUNC (4UDN2)

3 tQNET(200) Y (2001 ,90UTL200)svoLGOUL200)

4 YBEAR(20U) s Jon e JSyNCaNJ
COMMON/MISC/ALPHA(BO) sCOIFFRCINCI4 2 1) 2 CLIMIT(L4) CONST(20,514)

Ay CTEMP{14) sDELTsDTUEBBCON(48914) sEXRyFACTR(14910)»1EXC

8, INCYCrINTBIGIIPRT ) ITAPE(S) s INRINTIWRITE»JpIVI(20)+40IV2(20)
Cs JPRY(3CG0) »JRETI(20) s JRET2(20)2KBOP(14) 9KDCUPsKZOP I MM INEXTPR
Dy NEXTWRaNGROUP(14) y)NJSTOP(14910)sNUSTRT(14s10) sNODYNONOPRT

Es NQCYCINWUPRTINRSTRT ¢NSPECINSTOPyNTAGINUMCON,NUNJTS+NI1DsN2D

F N3OsN40IRETFAC(20,)19) yNEX» ISWTCHULIQO) ¢yNAME(20) s INAME(Ss14)

G DELTQIKDONE s MARK] yMARK2

COMMUN/INFL/TEMPINC200),0XYINC(200) sBODIN(200+3),CORGINI200)

$ CNH3IN(200) )CNO2IN(200)»CNOJIN(200) 4spO4IN(200)
% ALGINI(200) ,ALGINZ2(200)sCOLINC200) +TRIN(Z200),
$ CHATIN(200) 4CHAZIN(2U0)

CUMMON/CONC/TEMP (200} 20xY(200) +80D(20U»3)sCORGL(200) +CNHIL2UD)
$ CNU2(200)»CNO3(200)2P041200),ALGE(200)2ALG2(2001
$ COL(200) »TN(200) sCHLAL(200)CHLAZ(200)

COMMUN/MASS/TEMPM(2U0) »0XYMIZ200) sB0UMI20093)sCORGMI200) 2CNHIM(200)

% s CHUZM(2DU) 4 CNOIMI200) yPOAM{200) »ALGIMI200)
$ ALGZM(200) 2 COLMI200) s TNM(200) »CHLALIM(200)
% CHLAZM(Z200)

CUMMUN/RATE/REUX(200)yCuLDKL200)+B00DK(200,3)»CNHIADK(200)
CORGDK (200) 4EXPB02(20U) v AGSNKLI(200) 3A6S58K2(200)
CNOZDK(200) yPOSINK(200) vOXYBEN{200) yCNHBEN(20GG)»
SECHI(2U0) »PMAXLI{200) 2PMAX2(2U0) sAGCHAL(200)
AGCHAZ21200) yPO4YBENC(200) oPRES](200) s PRESZ2(200)
DFBIOI(200),0FBUD(20U3)»DFCOL(200),pFNH3I(200)
DFNOZ(200) »uFO0GN(2001sDFBIOZI200) »EXPBEN(20U)
EXPBO1(200) ,EXPBUD(2UUs3)»EXPCOL(200) +EXPNH3I(200)
EXPNO2L20U) ,EXPORGL2UD) »CNBEN(200) s CSAT(200)»
OXBEN(200) »0XDELT(200) 2POBEN(200) sCFBUDIALGIP
ALGINIPSPIypPSNLIPSLEIWALGZ2P »ALG2NsPSP2sPSN2ZIPSL 2
OXNH3 UANUZ 4 OXRESIyOARES290XFACLI20XFAC21DKBOD
UKCUL ¢ RACINRACEX

[V R

COMMUN/ZSUN/Z TLI365)9SRI(3651,HDL(365)

CUMMUN/ATMS/GCIZ00)»qw(200) st (ZUUDIYEQTEMI200) »XuNS(200),QTOUT(200)
Ay GNSI25510) ygNALZ5,10) 1 GRNETA(25»1U) sUWINDA(25210) 2 TAA(LS,10)
B TAWAL25910) sAPA(Z25410) 4yCLOUD(Z2501U) v IEQTEMyJWLUNE(1052)

Cy WRNET(200) 1AX{4) sbuX{49) »ALPHUB) yBETALIB) sPlsuwb0,»DTOK



57
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o4
65
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67
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70
71
72
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74
75
76
77
78
79
80
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82
83
84
85
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-4
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9?1
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97
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111
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COMMON/ICHECK/JIGNOR{20u)

UIMENSTION JUNL(5) 3 JUNZ2(5)sCUEF(S)eCT(200)

DIMENSIUN CL200s14) CMASS(200+34)9CSPEC(200414)
EQUIVALENCE (CULsi)sTEMP(1) )9 (CMASS(Lol)TEMPM(]))

$ 2 {CSPEC(L 1) »TEMPIN(L))

2 & & ¢ e ® ¢ ¢ @ * o 2 ¢ s STEP i

e READ CUNTROL AND HYDRAULIC DATA

REAULS 10011 NJINCOLELT
FORMAT(ZI5»F 100}

READ(54+88) (JIGNOR(J)» y=1nNJ)
FORMAT (4012)

READ(5,80) (ITAPE(I)»1=},5)

DO 82 I=]s4

N=1TAPE(I)

IF(NeGTeO) REWIND N

CONTINUE

NIOSITAPE(])

NZO=1TAPE(2)

N30=ITAPE(3)

N4U=ITAPE(H)

FORMAT(1615)

MM=1

READ(5,1002) (ALPHA(I)»j=180)
FURMAT (20A4)

READ(59=) | CN(N)sNs] onC)
REAL(5,=) | RON)sN=] 9ynC)
READ(Sys=) B(N)aN=]anC)
KEAD(S5y=) (CLEN{N)sN=]ynC)
READ(Sy=) ((NJUNC(N2l)sl=1s2)sn=}oNC)
READ(5,=) ( YiJ)ed=land)
READ(S5y=) (ASUR(J) sJd=Laivd)
READ(Ss=) (INCHAN{JIK)sKk=lsB)aJd=1r9NJ)
DU 9003 N=}NC

R{NI=0.U

REAU(S =) (Q{W)y N=JanC)

DU FU00 N=1NC

AREA(N) = BIN)SKR(N)

VIN) = Wi(N)}/AREA(N)
ATENLIU=10e0®#é

DO 9001 J=ishNJ

ASUR(J) = (ASUR(JI)) = ATEN]IC
® o ® 4 9 e 5 € 8 ° 8 e ¢ * @ STEP 3
REAU INUEPENDENT CONTROL DATA

READ(5,84)

% INCYCyNGCYCHIKZOPIKDCUPINTAGsJUSIIEXC
FURMAT(715)

REAV (554001 (ISwTCHL)sl=]1196)

FURMAT(1015)

REAV(5480) IPRTIyNWPKT IWRITE,

IWRINT o NUPRT



114
115
116
117
118
119
129
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
ly49y
150
151
152
153
154
155
s
157
158
159
160
161
162
163
164
16h
166
167
1os
169
17U

C
C
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REAUVIS,192){0PRTUI)»i=) yRUPKT)
192 FURMAT(1415)

wRITE(63105) (ALPHA(L)sl=1960)
1Us FORMAT( 14 (20X 02UA y/ ))

UeLTa=pELT#360U.

VELTGI=DELT

LELTWw2=DELTwl*FLOAT (NGFRT)

whkITE(62107) INCYCaNGCYCH DELTwevELTGIL
1U7 FURMAT(LOX»"INITIAL QUALITY CYCLE='s150/,
i TUXs*FINAL QUALITY (YCLE =0,159/,
2 I0X2*0UTPUT INTERVAL HOURS=',F10s3s/,
3 10X *TIME STEP HOURS 2, FlUe3s///)
WRITE(62108) (ITAPE(T)sI=104)
108 FORMAT(50H THE rOLLOWING TAPe ASSIGNMENTS HAVE BetN MAUE r/
% 45H INTERNAL SCRATCH FILE 2y [30/
s 45H HYDRAULIC FILE FRUM HYORAULIC PRUGKAR 11397
3 45H RESTART FILE FOR AUDITIONAL SIMULATIUNS sy 132/
[N 450 FILE CONTAINING RESTART DATA y130/77/)

wikITE(62109) IPKRT
109 FORMAT(3)IH PRINTOUT 1S TO BEGIN AT CYCLE 14//)
DIL = DELTWL 7/ 24.
NUMCON=14
IF(JSeLELO) JS=]

¢ e e° & ¢ & 2 & & s s ¢ &+ o o+ o STEP 4

Coosee PRINT CONSTITUELNT SELE(CTED FOR SIMULATION

C

WwRITE(69120)

120 FURMAT( 6UH THE FOLLOWING CUNSTITUENTS ARE BEING CONSIDERED
$IN THIS RUN 2/t CONSTITUENT NOs CONSTITUENT?)
J=1

IF(ISWTCH(6) oEwe0) WRITE(69122) Js (INAME(KpJ) sK=]95)
IF(ISaTCH(B) sEQel} QU TQU 52
WRKITE(69122) (Jr(INAMELKyJ) 1K®] 35) 2d=235)
52 CONTINUE
IF(ISWTCH(2) sEWel) WO Tu 5u
WRITE(69122) (Jr (INAME(KyJ)sKk=125)9Jmb,y}])
50 CUnNTInUE
J=12
IFCISWTCH(3 ) sbwe0) WRITEL(63122) Jr(INAME(Kyu)sK=]1195)
IF{ISATCH(L)eEWQel) WO Ty 5%
J=13
WRITL(69122) Je(INAME(K)yJ)sK=]1,5)
54 CONTINUE
Je14
WRITe(69122) Jy{INAME(K J) sK=L 5}
124 FURMAT (1821 UXDAY)
IFLISwTCH{6)eEwel) w0 Tu 125

Cooevneesece CALL FUR WEATHER UATA

CALL METDATIOELTQ)

125 CONTINUE
IFCISHTCH(Z) oEWe 1) GO TOU 8020
H=FLUAT(INCYC-1)#DELT
ILU=H/2349999



171
172
173
174
17%
176
177
178
179
180
181
182
183
184
185
186
187
18y
189
190
191
192
193
194
195
156
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
21¢
213
214
215
216
217
218
219
22U
221
222
223
224
225
226
227

C
C
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lvo=jvutil
HEFLUOAT(NRCYC)*LELT
1bD22H/ 349999

DU BLUOL KK=IlDLslOD2

BUU0 KEAU{S9+8Ul0} TL(KK}#SKkI(KK) sHOLIKK)
ULy FURMAT(3IFlUeH)
8020 CONTINUE

Cesees CALL SUBROUTINE COEFF [0 KEAD AND PRINY SYSTEM COEFFICIENTS

[«

C
C

CALL CUEFF

® & 82 0 & ¢ 8 ° s e s @ s 9 4 *+ STLP 5

Cennee READ MAXIMUM ALLUNABLE (ONCENTRATIUNS

C

C
C

C

C

C
C

C

110 FORMAT(BFI0«0)
READ(L110) (CLIMITIK) szl s NUMCON)
CLIMIT(LI)=CLIMIT(LL)/AGCHAL(NJ)
CLIMETO12)=CLIMIT(I2)/AGCHAZIND)
v..o..--STEPb

L] L] .
Cowens PRINT NETwORK AND HYDRALLIC PARAMETERS

wK1TE(69193)

193 FURMATU{LIHLI////42Ks90H venns SUMMARY OF HYDRAULIC INPUTS .
weun//86H ®» JUNCTION HEAD AND HYWe RADIUS AND X~SECTIONAL AREA OF
2CHANNELD ®emasnsnnvdsosugnis///

» BUHES S R RS QRS C IR U s FO R BB ERRR OSSN CHANNEL DATA sratanyt
[F2 XSS SRR AR SRS X B X 2 /

» 8UH CHAN LENGTH wlibTH AREA MANNING NET FLOW HYD
sxAvluS  JUNCs AT ENUS /)

WRITe(62194) (NSCLEN(N) sBINI pAREA(N) 9 CRURN) s NET(N)»

# KIN)yINJURCINIK) 9K=192) 3N=1 3 NC)

1949 FORMAT(I5»2F6e0sF9eUsF8,30F12e29F1U0el019,16)
wRITE(69195)

195 FURMAT(oO6HS st atssstsatnesnstnsun JUNCTION DATA CEPR PN E RPN NG
sevesduemaves  /4BH JUNCe INFLOW AREA(FT2) hEAD CHANNELS/)
WRITE(61196F (JsQINGI) 0aSURTU)I Y (J) s INCRANLCJIK) px=138)sJ=] Ny}

196 FORMAT(4X91499FFel s3X9FljeUsF7e29159714)
WRITE (699101
WRITE(699103) (QEN)s N=lahC)

9101 FORMAT(30QH FLOw DISTRIBUTION BY CHANREL)
9103 FURMAT(1IQFEe2)

IFINYU+6TeD) GU TO 124

e e 0 L S . L] L * 9 @ L] STEP 7

. .
Ceseoe READ INITIAL JUNCTION GUALILITY

DO 126 L=lNJ

READ(5,200) J19J2»(CTEMP(K) 1K=19NUMCON)
20U FURMAT(215,7F10.0/8F1lUwu)

IF(J2sEwe0) GO TO 130

DU 129 J=JlrJd2

DU 128 K=1yNUMCUN
128 ClUIR)=CTENP(K)



228
229
230
231
232
233
234
235
236
237
235
239
240
241
242
243
244
245
246
247
248
249
254
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
2740
271
272
273
274
275
276
277
278
279
28U
281
282
283
284

S CT(J)=ClUrl)

149
126

C v 0

Coosvees

124

(e}

s0U3
8001

sUJZ

U0y
C
Cl....

C
130

leo4

2u3
202

Cenvece

16U

162

135

132

CONTINUE
CUNTINUE

* ® » 8 & o 8 ® e o o & 4 & & STEP 8

READ INITIAL TEmMP IF TEmP IS NOT SIMULATED AND THIS

IF (ISWTCH(6) +Ewe 0) GO TO 8004

FORMAT(S(214,F8.u))
READ(5,68003) (JUNL(L)yJUNZIL)»COLF (L) sl=]1s5)
D0 BUUZ I=]»s5

Ji=Juni ()

IF{Jl +Eqe O) GO TO 8004
J2=JuUN2(1)

w0 8u02 JU=Jlsu2
CT(J)=CUEF L T)

CONTINUE

G0 Tu suol

CUNTINUE

«REAU [NFLOW QUALITY

CUNTINUL

WhN=18

DO le4 U=l Ny

WOUT(J)=0e0

win(Jd)=0,0

OU le4 K=l ,NUMCUN
CSPEC(UIK)=U.0

VO 132 JalyNy

READ(59203) (NAME(K) sK=},20)
FORMAT(<DA4)

READ(53202) JJsdrs CCTEMP(K) sk=] s nUMCON)
FORMAT(IBs9F8eU/L6X18F8B,0)
IF{JusEuwel) GO TO lbo
NN=Njy+]

@« & & & & e s s s s s % 4 * s STEP 9
PRINT INFLOs wUALITY By DISCHARGERK

IF(NineLEel8) GO TUO 160D

UR1ITE(69243)

e

CONTINUE

WRITE(63162) (NAME(K) 9K=] 420)
FURMAT(1HD,20A4)

ARITE(621244) VJr»QU o (CTEMPIK) 9K=]) s NUMCON)
IttugebtteDeU) GU TO 135

DO 134 K=1,NUMCUN
CSPEC(JUJIK)IBCTEMP(K) o+ SPEC({JUIK)
winfud)=wIinldJ) +Qu

@0 To 132

CUnTINULE

GUUT(JUI=QoUT(JV)=Qu

CUnTINUL

IS A RESTART



285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
30l
302
303
3u4
3ub
3ué
307
308
3uy
310
311
3t2
313
314
315
316
317
3is
319
320
321
322
323
324
325
3206
327
328
329
330
331
332
333
334
335
336
337
338

339

340
341
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166 CUNTINUE
C
C ¢ o o ¢ o ¢ o o » o & & o o 4 3 @ STEP 10
Ceveee DETERMINE JURCTIUN InNFLUW WUALITY
C .
QU 170 J=laNJ
IF(QIN{JIoLESsOeu) GU TU |70
DU 172 K=1,NUMCON
172 CSPeC(JsKI=CSPECLUIR)/WINGY)
CHALIN(J)=ALGINL(J)
CHAZIN(J)=ALGINZ(J)
ALGINI(UI=ALGINL(J)/RACN
ALGIN2(J)=ALGINZ2IU)I/KRACTIN
C
170 CONTINUE
IFINGU oEGe 0O) GO TU 13s
C o o o o o o ¢ o o o o ¢ ¢ ¢ o o o SIEP 11
Ceoees READ RESTART TAPE

C
KEAD (N4U) (ALPHA(L) 2 Is],8U)
READ(iv4U) ((C(JsKI KRSy nUMCUNDI su=LaNY)
DU 154 J=JdSivd
ALl (J)=ALGI(J)wAGCHAL(J)
ALG2(IUI=ALGRIJ)®AGCHAZ (D)
154 CUNTINnUE
243 FURMAT(45H INFLYUW QUALTTY (MG/L EXCEPT AS WOTED) /
$* Jui FLUW(CFS) TEMPI(C) oxY BODL=1 80D=2 BOD=3 ORG=N
% NH3 NO2 NO3 PU4 ChiL=A=] CHL=A=2 COL/MPN TOT=N*/)
136 CUNTINUE
294 FURMAT(LIX9I39Flue2912FB8431E8429F8e3)
C

C o o &« o o o a o o ® o o o o o o o SIEP 3
(esxes READ WASTE wATeR RETURN FACTUKS
C
C o 5 ¢ ¢ 8 o o ¢ o 9 s » & s 4 % » STEP 14
Ceswss REAU AND APPLY FACTORS TU ALJUST INITIAL CONCENTRATIUNS
C
DU 222 I=14NUMCUN
REAV(5,132) NGRuUp (1)
112 FURMAT(IS)
IFIRGROUPLI)eLTe) GU Ty 23%
IF(NGRKOUP (1))2224222,218
216 FURMAT(52HOND MULTIPLICATION FACTUR APPLIED TUO CUNSTITUENT nOeI2/)
218 NG = NGROUP ([)
REAV(5,220) (FACTREUTAKDIONJISTIRT (1 9K)sNJSTOP(I9K) 9oK=]1,NG)
22U FURMATIFSe012159FSeus2lb,F5¢092159F5¢002154F5409215)
222 COnNTINULE
WRITE(69224)
224 FURMAT(7UHI*seespylL TIPLICATION FACTURS APPLIED Ty OBTAIN STARTING
*CONCENTRATIONS//
- o1H CUNSTITUENT akUUP FACTOR JUNCTION NUHMBERS)
DO 230 1=l ,NUMCON
IF(NGROUP (1))230U+23042c6
226 NG = NGROUP (1)
WRITE(69228) I s (KoFACTRU L oK) aNJSTRT (1K) NJSTOP(1sK) sK=1,NG)
228 FORMATUIIH /77189111 9F11e2311292H =914/
. (119sF11e29]0292H =9]4))



342
343
344
345
346
347
348
349
35U
351
3n2
353
3sH4
355
356
as7
ass
359
KY-3t
3561
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
gz
383
g4
38%
386
387
3ss
389
390
391
age
393
394
395
3gé
397
398

C
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23d CUNTinUt
BO 232 islasNUnCun
IFINGROUP (1))23142314242
231 wRITE(6r218601
232 CUNTINUEL
LU 238 MalynNUMCUN
IF(NGROUP (M))238,238,233
233 NG = NGROUP (M)
LU 236 K=1 NG
NJL = NJUSTRT (MaK)
NU2ENJYSTOP (MK
DU 234 Jy=NJlaNJ2
CldrM)=C(JyMIRMFACTRIM»K)
234 CONTINUL
236 CUnNTINUE
Z£38 CUNTINUL
239 CUNTINUE

* ¢ s 8 % ¢ s * " s 2 ® 3 s 4 ¢

STEP 15

Ceveeee PRINT INITIAL wUALITY CunDITIONS

C
C

NN=bHyY

LU 250 J=JSINJ

TerP(J)=CT(J)

IFINCHAN(Js 1) ovEweB) GU TO 2h0

NN=NN+]

IF (NneLtoe50) GO TO 252

W=l

WRITE{60241)
241 FURMAT(4741}

INLIIAL CONDITIONS

$' JUN TEMPIC) oxy usuDy uBOD2
$h3 NO2 NO3 PU4 CHLA=]
$/)

252 CONTINUE

WRITE(61292) JalC(JIK) sx=1 s NUMCUN)

CHLAL{UI=ALGL ()
CHLAZIY)=ALG2(Y)
ALGLIJ)=ALGLLJ)/AGEHALLY)
ALGZ2(J)=ALG2(J)/AGCHAZL )
242 FURMAT(IX913312F9e¢31E9e2,FF7¢3)
25U CUNTINUE

STEP 16

Coe¥swe REAU AND PRINT BOUNDARY CONCENTKRATIONS

C

READ(54,80) (KBOP (M) sM=1 5 )suyMCUN)
DO 187 ti=1,NUMCON
185 READ(S,184) CIN(M,yL)

ITFCCINIMmal) olTe Ged Clp(iMal)a=9.FE+19

lay FURMAT(8F100)

187 COnNTINUE
Clietlls1)=CINCLES1)/RACEX
CING1291)=CINCI2y))/RACEX

191 CONTINYE

KETURN
END

{MG/L EXCEPT AS NOTED)

uBoODJ ORG=N

CHLA=2

COL/MPN

/
N

TOT~nN?
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Subroutine COEFF

This subroutine reads in all spatially variant and spatially invariant system
coefficients, After reading all coefficients, a report is generated listing each
coefficient for each junction. A second report is generated detailing the

nonvariant coefficients,

Before control leaves COEFF, an array of temperature adjustments for each coefficient
is generated. These arrays are used in DYNQUA to set the coefficients that are
temperature affected during each time step. Figure 10 is the flow chart for COEFF.

If the user desires, COEFF will also calculate the reaeration coefficient internally.

All coefficients are input for 20°C, and assumes base e, COEFF adjusts the coefficients

according to the time step used in the simulation.
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Subroutine COEFF

This subroutine reads in all spatially variant and spatially invariant system
coefficients. After reading all coefficients, a report is generated listing
each coefficient for each junction, A second report is generated detailing the

nonvariant coefficients.

Before control leaves COEFF, an array of temperature adjustments for each coefficient
is generated. These arrays are used in DYNQUA to set the coefficients that are
temperature affected during each time step. Figure 10 is the flow chart for

COEFF. If the user desires, COEFF will also calculate the reaeration coefficient

internally.

All coefficients are input for 20°C, and assumes base e. COEFF adjusts the

coefficients according to the time step used in the simulation.
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FIGURE D-9

FLOW CHART FOR COEFF

READ REAERATION
COEFFICIENTS

COEF (1) =0

NO

CALCULATE
REAERATION
COEFFICIENTS

—r

READ REMAINING
COEFFICIENTS

WRITE SPATIALLY
NARYING COEFFICIENTS

READ AND WRITE
SPATIALLY INVARIENT

COEFFICIENTS

B

ADJUST COEFFICIENTS
FOR TIME STEP

!

DETERMINE
TEMPERATURE
ADJUSTMENT

ARRAYS

RETURN
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SUBROUTINE COEFF

Cosoes THIS SUBROUTINE READS yALUES FOR NUMBERUUS CUEFFICIENTS AND CONVERTS

C
C

(el el

~

[al

(o)

(o)

Inkd AS NECESSARY 10O Ey4UIVALENT VALUES FUR THE (OMPUTATIONAL TIME STeF

CUMMON/GEUM/YREW (20U) 2o VOLQIN(200) sVOL (200 ) »ASUR(200) sGINTRUU) »

1 NCHAN(2UD B ) yDIFFK{400) s v (400 s (400) sAREALLU0)

2 BO400) 2 CLEN(400) yRIHBUUD s CNI400) ZsNJUNCEHUO2)

3 PQNET(200) o+ Y (200) 4Q0UT(200) sVOLQGLVU200)

4, YOAKR(ZUU) s dygnsJSsNCINJ
COMMUN/ZMISC/ALPHA(BO ) s CulFFRIyCINCIY o ) s CLIMITILIN ) 2 CUNSTLZ0914)

Ay CIEMPLIA) sDELT L TL EBBCONI4891d) sEXRYyFACTR{I4210) 2 1EXC

B8 INCYCHINTRIGr IPRTITAPE(S) »IARINT IGRITE»Julvii2U0)sJ01IV2(20)
Co JPRTU300)YsURETI(20) s JReT2(2U) 9KBOP(14) yKDCuPsKLZOP I MMy NEXTPR
Y NEXTARyNGROUP T 14) yNJUSTOPLLI921U0) s NUSTRT (149 1U) s NUDYNINOPRT
£y NQCYCOINGPRT ¢ NRSTRT s NSPECINSTOP yNTAGINUMCON yNUNTITSaNIUSINZD
F NIOINYUIRETFALIZ2L 14 ) sWEX s ESHTCAHILIG) s NAME(20) s INAME(S 1 4)
Gy DELTWIKDUNE yMARK Y y MARKZ

COMMUN/ZINFL/TEMPINC20U) OXYIN(20U) +BO0DIN({20Us3)sCORGINIZCO)

% CNH3IN(200) 3 CNOZ2INI2Z2UB) 9CNUIIN(2UU) »rG4iNL2030)
% ALUINI(200) ,ALGIN2(20U) 2COLINL20U) 2 TRINILZ2GG)
S CHALIN{200) yCHAZIN(20O)

CUMMUN/CONC/TEMP (20U) »0XY(2L0) sBUDI20U I )1 COURGI2GUDI 2 CNH3(20U)
$ CROZ(2UUIH»Cr03(200)H»PO4L2U0) yALLLL200) »ALG2(200)
% COL(20U) s TINC2UU) yCHLAL(200) yCHLAZ2(2Uy)

CUMMUN/MASS/TEMPM(2U0) »UXYML20U) »BOUMIZU0»3)1CORGMIZUD) s CNRIMI200)

$ yCNU2ME200) o CNO3MI20U) s POYMI200) 2 ALGIMI200)
$ ALG2M{2UD) sCOLMI20U0) »TNN(200) sCHLALIM{ZUU)
% CHLAZ2M20U)

CUOMMUN/RKATE/REUX(20U) »COLDK (20U)»BOLDK2UU3) s CNH3IVK(200)
CORGDK (2001 ,EXPB02(2UU) »AGSNKLI(200) ¢y AGSNK2(Z0Q0 )
CNUDKUZUU) yPOSINKI20U) »UXKYDEN{200) 9 CNHBENT200)
SECHI(20U0) »PMARLL200) sPMAK2(20GU) sAGCHAL (20U
AGCHAZ2(200) ,POYBEN(20U) »PRESI(200) sPRES2(2001)
VFBI01(200) ,DFBUD(20ur340FCOLL200)yuFNR3(20GU)
UFNU2(2UO) »UFOGN(200U) sDFBLO2(20U) yEXPBEN(200)
EXPBOL1(2UU} JEXPBEODL2UUL3) sEXPCOL(200) sEXPNH3I1200)
EXPNU2(200) yEXPURG(200) »CNBEN(2UD) »CSAT(2UC)
UXBEN{Z2UQ) +UXDELT(200) sPOBEN(20U) »CFOL1ALGIP)
ALGINIPSP1sPSNIIPSLIsALG2PsALG2NIPSP2ZIPON2ZIPSL2
OXNH330XKNU2,0KRES1 yOXKES210XFACL 2 0XFAC29DKBOD)
UKCULsRACIN,RACEX

RS VBB E VY EE S

CUMMUN/ZSUN/ TLI365)15R1 (365) yHDLI3I6D)

CUMMUN/ATMS/GCL2U01 QW 200) +QELZUU) »EWTEMI200) 9 XoNS(200),QT0OT(200)



57
54
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

76
77
78
79
80
8l
82
a3
84
85
8é
87
88
89
90

92
93
94
95
96
97
$8
99
100
101
1o2
103
104
105
tué
107
1g8
109
lio
111
i12
i13
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Ay QANS(25910) suNALZ2S54310) 2GQRNETA(Z5910)»UWINDA(25910U) 2 TAAL25410)
By TAWALZ2591U) 1 APA(25,1U) yCLOUVD(25910) 2 IEQTEM,JWZONEL(}101+2)
Cy QRNET20U0) 2 AX{4) 20X (4) s ALPH(B) +DETA(EB) 2Pl suBOsDTOR
C
C
COMMON/ICHECK/JIGNOKRI(20U)
C
DIMENSIUN CC20U314) sCMASS(2U0r 14 1CSPEC(200014)
EQUIVALENCE (CULal)sTEMP(L)) 9o (CMASS(1 1) TEMPM(L )
5 v (CSPEC Ly 1) 4 TEMPINCL))
C
C
C
C
C
DIMENSTON JUNBI(5) s JUNZ2{L)»COEFLS)
DIMENSION AW10€(10,3)
C
C o o ¢ o o o o 8 & @ o 5 o o 5 ¢ o STEP 1
Ceeoes REAERATION (ASSIGNED Ok CALCULATED)
&

200 KEAL(S3100) (JUNLCI)2JUNZCI 1 2COEFL]L)i=},5)
100 FORMAT(5(214:F8.0))
IF(COEF(1)ebTo0s0) GO Ty 206
DU 2u2 I=l,45
Ji=Jduni(l)
IFLJl+EQeU) GO TO 204
J2=JUNZ2(T)
PU 202 J=Jled2
REOX(JU)=COEF (1}
202 CONTINUE
aU TO 200
2dé CUNTINUE
C
C ¢ ¢ o o ¢ ¢ ¢ o o o o o ¢ ¢ ¢ o o STEP 2
Coesees CALCULATION OF REAERATION COEFFICIENTSs IF SO CHUSEN
C
DO 18 J=s1aNJ
DEP=SQRT(Y(J))
VAH=( .
AC=U.
DU 2uU K=]1»8
N=NCHAN(JK)
IF(NeEweD) GO TO 22
ABAR=CLEN(NI#B(N)
VVRABS(VIN)}
VAHRSVAH+SQRT(VV)$ABAR/DEP
AC=AC+ABAR
2d CONTINUE
22 CONTInUE
REOX({J)I=REOX(J)+VAH/AC
18 CUNTINUE
DU 24 U=1NJ

C 12495=56400*SGRT(2e25E=p) =~ = SECUNUS & MOLECULAR DIFFUSJON COEFF

24 REUX{JISREOX(J) 12695/ (Y (JISFLOATIMM))
204 CONTINUE



114
115
116
117
118
P19
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
13y
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
i54
15%
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170

C
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® e e & 8 e & o 8 9 e % e *r s * » STEP 3

Coe COLIFORM BACTERIA DECAY

C

C

iy REAV(5,100) (JUNT (L) sJUNZ2(T)9COEF(T)yl=],5)
DU 212 (=145
JIzsJdUNL ()
IF{JleEweD) GO TO 214
JZ=JUuN2( 1)
DU 212 usJlru2
CULLKJ)I=CUEF ()
212 CONTinUE
U TO 21U
214 CONTINUE

Ces BOD DLECAY

C

C

22u READ(S,100) (UUNTLTD2suUN211),COEFL])yim},5)
LU 222 I=1,5
JizJUNY L)
IF(JleEWal) GO TO0 224
J2=JUNZi1)
PO 222 JdsJd]lrd2
BUDDK (U1 )=COEF(])
222 CONTINUE
GU TOo 220
224 KEAVIS5,100) (JUNLLT ) youUnw2(1)COEF(I)yim},5)
DO 225 =145
Ji=JUN] (D)
IF{Jl obQe U) 60 TO 226
JZ2=JUN2(T)}
YU 22 J=xJ]lrd2
BOOVK(Jr2)=CQEF L)
225 CUNTINuE
G0 Tu 224
220 REAUL(S1U0) (JUNLEE) g JUNZ(T)»COEFLI)yi=),5)
DO 227 I=1,5
Jl=sJdUNI(])
1FLJl +EQe U)GO Tu 228
Ja=JunN2(l)
DU 227 J=adlrJd2
BOUDK(J93)=COEF(])
227 CUNTINUL
G0 Tu 226
226 CUNTINUE

Cee AMMUNIA DECAY

C

23U READ(S5,100) (JUNTLT)2JUL2(€T),COEF(TL)yi=]1,5)
DO 232 I=1,5
Ji=Junti )
IF(JieEWeU) @0 TO 234
J2=JUn2 (1)
DO 232 J=Jdlrd2
CNH3DK(J)I=COEF (1)
232 CONTINUE
60 Tu 230
234 CUNTINLE
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171 C

172 Cee NITRITE DECAY

173 C

174 23U REAL{S,100) (JUNIB(T)ogUn2(1)2COEFLTL) 4021 ,5)
175 VU 242 I=1+5

176 Ji=JuUn]l (1}

177 [F(JleEWeO) GO TO 244

178 Jé=JuN2(1])

179 DO 242 J=dlrd2

18U CNORLK(JU)=CUEF(I)

181 242 COUNTINUE

182 GU TU 244

183 244 CONTINUE

184 C

185 CoooeURGANLIC NITKOGEN UECAY

186 C

187 250 REAVIS,100) (JUNI(T)sJdUnN201)CORFL(T)slm],5)
184 DU 292 l=1,45

189 Jisduinjtl)

190 IF{(JleEWeD) QU TO 254

191 Jé=JunNzi{l)

192 DU 252 J=Jlrd2

193 CORGUKIJ)=COEF(])

194 252 CONTINUE

195 G0 TQ 250

196 2b4 CUNTINUE

197 C

198 CeosessAl.GAE SINK KATES FT/DAY

199 C

200 27U KEAD(5,100) (JUNLCL) sJdUn2UTD)3COEF (T ylm),5)
201 DU 272 [=1,.5

202 JizJdunitln)

203 IF(Jl+EWQe0) GU TO 274

204 JesJuNz2(1l)

215 DY 272 J=sdiru2

206 AGSNKI(J)=CORF (1)

2U7 272 CONTINUE

208 U TQ 270

209 2/4 CUNTINUE

210 28U KEAD(S5,100) (JUNLI () sgUn2CT)COEF(TI)yI=1,5)
211 DO 282 I=1,5

212 JIsJUnLET)

213 IF(JleEweO) GO 10 234

214 J2sJuhNz2 ()

215 DU 282 J=JdlrJ2

216 AGSNK2Z(JI®=CUEF (1)

217 282 CONTINUE

218 60 TG 280

219 zo4 CUNTINUE

22V C

221 Cesses ALGAE RESPIRATIuUN KATES |/VAY
222 C

223 380 READ(S,100) (JUNI (LTI sJUL2CTD»COEF(T)»I=1,4,5)
224 U0 382 I=2l4b

225 JI1sJUNL(D)

226 IF(JUleEWs0) GO TO 384

227 J2=JUN2(T)
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228 DU 32 u=sJdjrJl

229 PRESI(J)=COEF (1)

230 382 CUNTINUE

231 Gu TU 3b0

232 384 CONTINUE

233 390 READ(5,100) (JUNT(E) sdUnNZ2ETIyCOEFCTI)2Im],45)
234 DO 392 I=isb

235 Ji=sJuinl(l)

236 IF{JleEwel) GO TO 394

237 J2=JuN2(1)

2338 DO 392 J=JdlrJ2

239 PRESZLJI=COLF (L)

24U 392 CUNTINUE

241 o0 To 39u

242 394 CUNTINUE

243 C

244 Ceeoee PHOSPHATE REMOVAL (NET SINKR) RAJE == INCLUDING yPTAKE=EXCHANGE
245 C UR PRECIPITATION AnU SpTTLING

246 C

247 290 READ(S,100) (JUNI(TI ) »uUN20I)2COEF(I)sl=],45)
24bu DO 292 I=lsb

249 JimsJUNi(l)

250 IF(JleEwel) GO TO 294

251 J2=JUnN2(1)

252 DU 292 J=Jdlrd2

253 PUSINK(J)=CVEF ()

254 292 CUNTINuUE

255 @0 TU 29vU

256 294 CUNTINUE

257 C

2548 Cosnes PHOSPHATE BENTHIC SOUR(E RATE =« RELEASE FRUM DECAYING ORGANIC SED
259 C

260 3UD READIS,100) (JUNILI DY sdUn2U1) sCOLFLT)im],5)
261 DU 302 l=1,5

262 Jl=JdunNlitl)

263 IF(JleEWweD) GO TO 3U4

264 J2=JunN2(1)

265 DO 302 J=Jlrd2

266 PU4BEN(J)SCUEF (1)

267 3U2 CUNTINUE

268 a0 Tu 3U0

269 3u4 CUNTINUE

270 C

271 Cee BENTHIC UPTAKE RATE OF uXYGEW

272 C

273 310 READLIS,100) (JUNLLED aJUNZLL) »COEF(T)si=],5)
274 DU 312 I=1,5

275 Jl=Jduni (i)

276 IF(JletweO) GO TO 314

277 J2=JUNZ(])

278 DY 3i2 J=dlrd2

279 OXYBENIJ)I=COEF(])

280 31z CUNTINYE

281 60 TU 310

282 314 CONTINUE

283 C

284 Coevoes AMMONIA SUURCE RATE == RELEASE FROM DECAYING ORGANIC SEDIMENT



285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
3ol
gz
3pa
KYIL]
305
3gs
307
306
o9
310
311
312
313
314
315
3t6
317
it
319
320
azi
322
323
324
325
326
327
328
329
330
331
3z
333
334
335
336
337
dis

33¢

340
341

C
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32U READ(S,100) (JUNL(T)9duni2(1) sCOLF L) y1=m1,5)
DU 322 I=l.b
JI=JUNILT)
IF{JleEetl) GO 10 324
J2=JuNzil)
p0 322 usdlsJ2
CNHbBEN(JI=COEF (1)
322 CONTINUE
60 Tu 320
324 CONTINUE

Ceooee SECCHI DISC

C

C

330 READ(S,100) (JUNLCE) 9uUn2(L)2COEF(I)aIm},5)
DI 332 I=1,5
JisJUNL(T)
1IF(Jlebwe0) GO TO 334
J2=JUNZ2 (1)
LU 332 JsJlrd2
SECHI(JI=COEF (])
332 CONTINUE
G0 TO 330
334 CUNTINUE

CoooaesALGAE MAXIMUM GROWTH KATES 1/DAY

C

C

340 REAVI(S,10U0) (UuUNB(TI)YsyUn2U1)COEF(T)ix],5)
DO 342 I=ly5
JizJdunji il
IF(JleEWe0) GO T0 344
J2=Juna2i1)
00 342 u=zdJdlrd2
PHAKRL{J)=COEF(])
342 CONTINUE
GU Tu 34U
344 CONTINUE
350 READ(5,100) (JUNL(T)sdUN2(T) sCOEF(T)y1m],5)
V0 352 1=1,45
JisJuni (1
IF(Jl+EweD) GO TU 354
J2=JUNZI(])
vl 352 J=JdlJd2
PMAKZ2(J)=COEF(])
352 CONTINUE
G0 T0 350
354 CONTINUE

CeooeeeRATIUS OF CHL=A TO BIOMASS MG/MG

C

36U KEAU(B,100) (JUNL (I} sJdUnZUT)yCOEF(L)1%]),5)
DO 362 I[=1,5
Ji=JuN ()
IF{Jl1+EQeD) GO TO 364
J2sJUN2LT)
DO 362 JU=JirJz
AGCHAL(J)I=COEF (1)



342
343
344
345
346
347

348
349
350
351

352
353
354
355
356
357
358
359
36U
361l

362
363
36t
365
366
367
368
369
370
371
372
373
374
37%
376
317
378
7y
380
381
KY:¥4
383
dgu
385
386
387
388
389
390
391

392
393
394
395
396
397
398
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362 CUNTINUE
GG Tu Jdeéu
364 CUNTINUE
37u KREAV(S4100) (JUNL D) s uUn2(T) )COEF (T Iz} ,5)
DU 372 1=1,5
JI=JuN1(I)
IF{JleEwel) GO TO 374
JZFJUNZ2(])
DO 372 J=JlsJdz2
AGCHAZ2(J)=CUEF (1)
372 CUNTINUE
60 Tu 370
374 CUNTINUE
C
C EvDY DIFFUSION COEFICIENTS KEAD HERE BY JUNCTIONS
C
1LUU0 REALI(S,100) CJUNLELD) o JUNZEL) 2o COEF L)y I=1459)
DU 1luuz I=195
JI=JuNL1(l)
IF {(JlebEgel) @O TO 1OUY
J2=JUN2(1)
DO 1lu02 Jy=Jlird2
DIFFK(JI= COEF (1)
1UuZ CONTINUE
60 TQ 1000
LUy COUNTINUE
C
C . * . [ - . . . . . . L] . A4 . . . STtP 4
Ceeeos WRITE SPATIALLY VARYING CUEFFICIENTS

C
WRITE(691401
DO 180 J=1,Ny
TFINCHAN(J L) e EQoU) GU TO 180
WRITE(6 141 JlREOX‘J)’bOUUK(Jol)iBUDDK(J’Z)'BODUK(Jo3)OCORGDK(J)D
3 CNHIDK(U) s CNO2UK(J) s
1 PMAXI(I) sPMAX2(J) 2PRESI(J) yPRESZ(JI 1AGCHAL(JU) AGCHAZ(U) »
2 UxYBEN(J):POHhEN(J)sCNHBEN(J).AhSNKl(d)nDlFFK(J)
180 CONTINUE
14U FORMAT(IHI s495x930HSPATIALLY VARYING COEFFICIENTS/,
1* JUN UXYGEN JoOD uBubz UyBOD3 ORG=N NH3 NOQ2 ALG=1
2=2 ALG=1 AL G=¢ RAT]O RATIO OxYBEN PHOS NH3=N ALG=]
3/+6xy*ReAER  DECAY DECAY DECAY DECAY DECAY G(ECAY GROWTH GROWT
4H RKESP RESP CHLA=] (HLA=Z SINK SOURCE SOQURCE SINK DIFF
S/+6X»'1 /DAY  L/0AY L/7VbAY 1/7DAY  1/DAY  1/DAY 1/DAY 1/DAY
6Y 1/DAY 1/DAY - MG/ FT2/DAY=== FT/DAY FT2/S%,
7/
141 FORMAT(14918F742)
C

C ® o 4 o ¢ o o o o ¢ o s o ¢ o« s &« STEP 5

Ceoooe SPATIALLY INVARIANT COLFFICIENTS

C

Conone ALGAE RELATED COEFFICIENTS

C

110 FORMAT(BFI0«U)

RtAD(SolIU)ALGlP’ALGlNlPSPl’PSN]’PSLI
REAU(S3110)ALG2PyALS2ZNIPSP29PSN2sPSL2
READ(59110) OXNU2,0XNH3,0XRESL1OXRESZ2»0XFACLIvOXFAC2
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399 READ(S5,110) RACINIRACEX

400 C

401 Ceoves TEMPETATURE CORFFICIENTS

402 C

403 DU 9138 I=1+10

404 9138 KEAD(5,9137]) CARIU(T»d)y w3l 3)

45 Y137 FORMAT(IFIO«U)

406 C

407 Cevees STUICHIOMETRIC EQUIVALLNCES

408 C

409 C

410 C o o o o » o 8 » o ¢ o o s« » o o « STeP &

411 Coosse PRINT SPATIALLY INVARIANT CUEFFICIENTS

412 C

913 WRITE(b9138)

414 138 FORMAT(IHL /779450 SPATIALLY INVAKIANT SYSTEM CORFFICIENT /71
415 WwhITE(6sl44) CCAQIOCE syl au=133)01=1010)

416 144 FURMATI{//7+40H w10 TEMPERATUKE COcFFICIENTS '/

417 $ 4UH COLIrORM DIE OUFF 13(FI0e3)/
418 $ 4Uh BOO=) DECAY s 3{FiUe3)/
419 $ 40n bOD=z VECAY 13(FlUe3}/
420 $ GUH bUb=~3 DECAY 13(Flusdl/
421 L3 4Uh AMMUNTIA DECAY s 3(FiLe3)/
422 $ HUH NITRETE DECAY 23(F1U«3)/
423 % 4UH ORGANIC SEDIMENT DECAY 13(F10U«3)/
424 3 4UH UKGAWIC v DECAY 13(F1U31}/
425 LY qUH ALG=1 GRUATH AND RESPIRATION 23(FL1UC3)/
426 5 qUH ALG=g GRUWTH AND RESPIRATION 23iF10e3))
427 wRITE(62146) OANO2s0XNH3I yUXRESI JUXRESZ22UXFACL 90xFACL

428 146 FURMAT(//79481 STOICHIUMETRIC EQUIVALENCE BETWEEN UXYWEN AND s/
429 $ 4Uhn NITRITE VECAY sF1063/
434 $ 4uUn AMMON]A UDECAY sFlOe3/
43] $ 4UH ALG=] KRESPIRAIIONSOXRESI®*CHL=A 1F10e3/
432 3 40H ALG=¢ RESPIRATION=UXKESZ2#CHL=A yFi0e3/
433 [ 4UH ALG=] GRU&TH sUXFACl#CHL=A 1F1063/
434 % UM ALG=2 GRUyTH =UXFACZeCHL=A 1F103)
435 whRITE(63148) PSPL1sPOSP2yPSNIPSNZyPSLLIIPSLZ

436 l4b FURMAT(//40H nALF=SATUKATIUN CONSTANTS FOR ALGAE '/
437 > ’ ALG=]1 P'310XsFlue3rluXxs? ALG=2 P*]0X,FiUe3/

434 % ’ ALG=1 NY's1UAsFluedslUuXs? ALG=2 NY 10X, ,FiIlUeds/

439 3 ' ALG=1 L3 J0A Fluedsliuxy? ALGe2 L*yJUX,Fl0e39//)

440 pRITE(60150) ALGIPIALGZ2K yALGINIALGZN

441 150 FURMAT(// 940K CHEMICAL COMPOSITIunN OF ALGAE v/

442 B ALG=1 P'2»J0XsFlue3s? ALG=2 P*' l0XsFlUe3s/

443 s ALG=] N*»10xsFlueds? ALG=2 NY L 10XsFiD.39/)

444 wWHITE(69155) RACINIRACEA

445 155 FORMAT(//9v4UR RATIOQ OF (HLOROPHYLL A TO ALGAE s/

446 $ q4Uh FOR ALL INFLOWS sFlUe20/
447 k] 4UH FOR tXCHANGE 1F10e29/)
448 C

Hy49 C & o o o s o s o s » o & ® o o o o STEP 7

450 Ceseoe ADJUST CUEFFICIENTS FUR TIME STEP

451 C

452 DRBOU=BUDDK (UG 1)

453 DRCULsCULDK fJGaN)

454 DO 400 J=lehy

455 SECHI(J)I=1e90/SLCHIY)
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456 REUX{JIZ ) sU=EAP{=REVUX U} #0TUL)

457 COLUK(J)=EXP(=COLDK{J)*yuTO)=140

458 BUDUK(Js 1) mEXPL=BODUK(J,y1)*UTD) =10

459 BUDUR(J12)=EXP(=BOUDK(J,2)80TD)=1+0

4560 BUOUVUK(J93)=EXP(=BODUK(Js3)2DTD)I =10

461 CNHIUK(J)SEXP(=CNH3UK{J)*DTD)=140

462 CNORUK(JI=EAP(~CNOZ2UK(JU)#DTD) =140

463 CURGUK(J)I=EXP(~CORGUK(J)#DTD)=1eu

464 PMAXLI{JISEXP(PMAXLItJ)#DTD)~1e0

465 PHAXZ(J)sEXPIPMAX2(J)sUuTD)=1 0

466 PRESI{JI=EXP(PKESLI(J)euTD)~1eU

467 PRESZIJISEXP(PRESZ(JI«DTD)~1.0

468 AGSNNL(J)ZAQSNKLI(J)*DTO

469 AGOSNK2(J)I=AGSNK2LJ)*0TL

47U PUSINK(JIBPUSINK(J)*®OTD

471 OQAYBEN(J)I=CKYBEN(JUI*DTDe,,UIBI1H%6067

472 CNHOEN(JISCNHBEN(J) *DTD»eU35314667

473 PU4BEN(U)I=PORBENLJU) *DTUS 0353140667

474 4y CUNTINUE

475 C

“’76 C . . L) . L] * L) [ . . [ . [ [ . . . S]EP 8

477 Coevess SET TEMPERATURE DEPENDENT ARRAYS

478 C

479 DU 62 [=]s5U

480 TA=FLOAT(I)1=20.

481 Tu=fLOAT (L)

482 QloCubl=Ayglullal) + AQLULL2)eTg + Awlul(l,3)«TosTB
483 WwiloBuD=AGILl21) + AQlUl2e2)elb + AwluUu(2,3)%Tbely
484 woQV22=Aaglul3ald + Aglul3s2)eTp + Awlt3,3)eTB*iB
485 GBOU33sAglUu(4»l) + Awl0(492)¢Tp + Awlu(4,3)eTEeTb
436 WIUN3=AQLGLS 1) + AwlO(92) i + Agluls,3)»TusTs
487 Qlonuz=Aylutesl) + AglU(os2)eiB + AwlO0(46,3)+Tae*TH
488 wlUuBEN=AGLlU(T71) + AQIU(/22)Tb + Alul7,3)#Tu=TH
489 wluURG=AwlIu(8s 1) + AglUtlds2)sln + AwlUl(B,3)*TBelB
49u wivsul=aglutysl) + AQIDE992)eTp + Aglu(9,3)%lpeTd
491 wluguzzAgloutldsl) + AglU(1U0s2)*7B + AdlU(1093)eTEeTb
492 EXPBENTI)SGIUBENs»TA

493 EAPBULI(1)=GlUBUl*eTh

494 EAPBU2(1)=glUuBUuc*eTh

495 EAPCUL(L)=gluCuL»eTA

496 EXPoUDtLsl)=wllUBUD®*TA

497 EAPBUD{I92)FWBUV22%*TA

498 EXPBUDLI23)=qBOL33s¥TA

499 EAPNUZ2(T)=GIONDZesTA

50U EXPNA3(I)SWIUNHIneTA

501 EAPUKG(1)=gl00RGesTA

502 a2 CUNTINUL

503 C

504 RETURN

505 £EnNp
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Subroutine METDAT

This subroutine consists of two separate sections (METDAT and TEMPER). The first
section is called from INDATA and is used to input all required meterological

data needed by the simulation run. (If temperature is not simulated, METDAT

and TEMPER are never called.) METDAT reads in the number of weather zones, and

the number of observations in the data deck, It produces a report listing the
information, Before returning to INDATA, METDAT calculates the initial best balance
for the simulation run. TEMPER (an entry point of METDAT) is called during the
main quality loop. Its purpose is to calculate the best budget as the simulation

proceeds through time. Figure 11 provides the flow chart for METDAT.



CALL FROLII
INDATA

READ WEATHER
DATA INFORMATION

PRINT WEATHER
DATA REPORTS

\_/r\

COMPUTE
SHORTWAVE
RADIATION

COMPUTE
LONGWAVE
RADIATION

PRINT CALCULATED
INFORMATION

\/r\

RETURN
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FIGURE D-10
FLOW CHART FOR METDAT AND TEMPER

ENTRY POINT
TEMPER
FROM DYNQUA

CALCULATE NEW
HEAT BUDGET

CALCULATE
NEW WATER
TEMPERATURES

CALCULATE
EQUILIBRIUM
TEMPERATURE

IF WANTED

RETURN
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SUBRUUTINE METDAT(DELTW)
COMMON/ATMS/GC(200) 2qu 2001 »qE(20U)»EQTEMI200) 9 xuNS(2001 ,4TOT(2060)

Ay GNS{25,10) s GNA(25,510) yqRNETA(RS210)sUWINDA(25210) 2 TAA(25,410)
B TAWA(253 U »APA(25410) ,CLOUD(Z253s10) v IEQTEM JWZONE(IO42)
Co WRNET(20U) sA(4) sB(4) s ALPH () ¢sBETA(B) yPl o WBG»DTOR

DIMENSIUN TEMP (2002 TEMPMI200)2vOL(2U0)1ASUR(200)

¢ o * ¢ e 8 » B et & * g v STEP 1

« REAU AND PRINT WEATHER DATA

REAU(S,500) NAZONE'NWPTS yNwCSMeNRCALC, IEQTEN,IDAY

DO 5U0 L=1yNWZOUNE

READ(S,90) (JWZONEL(L I 2I=1s2) s XLATIXLONSEPSsTURBsAA BB
FORMAT(21537F100)

FORMAT(L16I5)

FURMAT(BF1U«0)

DAY=1DAY

WRITE(o2U4) Lo (JUWZUNE(L I o I=192) o XLAT o XLONsTURB»IDAYsAAIBB

FORMAT{IHLs///740H) WEATHER DATA SUMMARY FUR WEATHER ZONE 112,
A 1iH» JUNCTION $i3913H TO JUNCTION 13/,

C 20HU LATITUDE Flusls/

120H0 LONGITUDE sF10+1/720HU ATMOS TURBIDITY sFlOe)/
220H0 DAY OF YEAk s 10/

32UHU EVAP A 1E1U39/720H0 EvaP 8 Ej0e3)

INT®360U®24/(NPTS=~1)

PO 200 1a)4NPTS

READ(S,102) GQRNETACT L) sunINDACT L) 2CLOUDITIOL) sTAALTI L)
A TA&A{TeL) pAPALT L)

IF(URINDACT sL) oL TelOoUS) URKINDA(INL)=Qe0S

CONTINUE

SMERD=Io# [FIX(XLON/L15.0)

DELTS=EPS* (SMERD=XLON)/ 56U

DECL = 044092 » COSC Qeui72) % ( 17240 ~ DAY )} )
fA = TAN( XLAT « DTOR ) « TAN( DECL )

HSKR = 1240 * ACOS{ = TA ) 7/ PI

SUNUP = 12.0 = HSR + DELTS

SUNSET = 120 + HSR + DELTS

11 = SIng DECL ) # SIN( XxLAT » DTOR )

T2 = COS( DECL ) » COS( xLAT & DTOUR )

¢ 8 0 2 9 & 2 & e * 5 s 4 ¢ STE-P 2

COMPUTE LONGWAVE ATMUSPHEHR. RADIATION

DO 132 WN=LaNPTS
TAS1e23b=16%(1e0+0el74CLOUDI(NNIL)I®®2)
WNACNNSL)ETAS LTAWAINN,L)+273.0)8%6
CUNTINVE

SHORTWwAVE SOLAK RAVDIATION

DO 13U NN=1WNPTS

GUNS(NN,L)SUU

TIiME=(2¢nN=1)®InNT/720u

IF(TIME oLEs SUNUP eORe TIME eGEe SUNSET) GO TO {31
CLO=CLOUDINN,L)
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57 HA = P # ( TIMe = 12,0 = DELIS ) / 12eu

58 SINA = 1] + T2 » COS( Ha }

59 RAD = w80 # SINA

60 Al = Uel28 = 0eUbY * ALUGIOL 140 /7 ABS( SINA ) }

61 TA 3 TUKB # Al / SINA

62 RAD = RAD / EXP( TA )

63 RAD = RAD ® (leslU = ob65 & CLUw#2)

64 NC= 2,0 » (CLD +1,0)

65 IF(CLL oGle De05 ¢ANDe CLU obLTe Le95) GO TO 150

b6 NC= |

67 ITFICLD «GTs Ue9%) NC=4

68 150 ALBEDO = A(NC) # ( 5743 o ASINC SINA ) ) % BINC)

69 WNSI{NNyL)=RAD* (|l eD=ALBELU)

70 131 CONTINUE

71 IF(NKCALCoNEL1) QRNETA(NNoL)=uNS(NNoL)+QNA(NNoL)

72 130 CONTINUE

73 C

74 L= IFIX(DELTW)

75 FINT=FLUAT{INT)

76 C

77 C-ooqocoo-OnDQOcooSTEP3

76 Coeseoe PRINT REMAINING WEATHER DATA

79 C

80 WRITE(69112)

81 112 FURMAT(///

82 1110H INCOMING wiND CLouD LDRY BULB wel BULSB
83 2 ATMOSPHERIC ShORT WwAVe LONG WAVE /
84 3110H RADIATION SPtEy COVER TEMPERATURE TEMPERATURE
85 4 PRESSURE SOLAR{CALC) SOLAR(CALC) /
86 5110h (KCAL/M2/SEC) {i1/SEC) FRACTION (C) (C)
87 -3 (M) (KCAL/M2/5eC) (KCAL/M2/SEC) )
88 LU 136 1=1,NpPTS

89 WRITE(&5110) MRNETA(I-L).UWINDA(I’L).CLOUD([.L)-TAA&I:L)-

U A TAwA(l-L)nAPA(I.L)pQNS(loL)-@NA(lyL)

91 136 CONTINUL

92 110 FUORMAT(LH Flu.ﬂ»FlZ-l.FlU-lvFll.hoFlS-lnFlS.OpFlH-ﬂ»Fl7.4)
93 500 CONTINUE

94 RETURN

95 C

96 ERTRY TEMPER(TEMP,TEMPM,yOL3ASUR)

97 C

98 C o o o o ¢ o » ¢ o o o ¢ o o o o » STEP 4

99 Cosone DETERMINE NECESSARY JNTERPOLATION DATA

100 C

101 NQCSMaNGCOM+]

102 [TIM=NQLSMelIDg

103 ITIT=]TIM=(ITIM/B64UD) ®564U0U
104 IsITIT/ZINT
105 FACT=FLOAT(ITIT=1eINT)/ZFINT

106 I=1+]

io07 Jusle]

108 IF(JJeGToNPTS) Ju=sl
i09 C
110 C o o o o ¢ ¢ o ¢ 8 ¢ o o 05 o ¢ s o STeEP S

111 Coseoe INTERPOLATE BETWEEN wWEATHER DATA POINTS

112 C

13 DU 300 L=iyNWZONE
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114 JIsuwZOUNE(L])

115 JZ2BJWwiLONE(L2)

116 QNET=(GRNETA(JJL)=QRUETACI L) ) F ACTHQRNETA (T 2L)
117 UWIND=(UWINDA(UJ L) =UnwINDACT L)) oFACT+URINDA(T WL
118 TAIRSITAA(JI L) =TAALT oL ) )#FACT+TAA(T4L)

119 TwAT=(TANA(JJ L) =TAWA(L L) I#FACT+TAwWA(L L)
120 AP (APA(JJ L) =APA(T L) )afFACT+APA(LL)

121 Cosvasevsoe RHOW = Go935 » 10256 (SPECIFIC HEAT » DENSITY OF SEA WATEK)
122 RHOW=9 60U

123 EAE241718EB¢EXP(=4157 40/ (TWAT+239¢09))

124 % “APS(TAIR=TWAT)® (bLebE=4+7 e S5FE=70TwAT)

125 TIiI=RHOws (AA+BBeUGIND)

126 C

127 C o o ¢ o o o« o & s o o * &« ¢ 4 ¢ o SitpP é

128 Cesnee HEAT BUDGET TEKMS AND NEw wWATER TEMPETATURE
129 C

130 D0 310 Jsdlssu2

131 WEKNET(J)=uNET

132 KGNS CJI=(UNSIUJsL ) =ANSL [ L)) FACT+QNS{T o)
133 TuC=Temr(J)

134 HV=597e0=0e57*TRC

138 ES®Z2e [ 7IBEE¥EAP(=4157 U/ (THC+239.L9))

136 RUXDKR2]1 o0/ {VOL(J)*304e8)/7ASURIJ))

137 TisTilsHY

138 GE(J)=TLIS(ES=EA)

139 IF(QE(J)ebLEeGe0) wkid)=y,L

144 WC(JI=GebleT el TWC=TALR)

141 WW(J)I=0eu736+GoLULLIT7#TWL

142 WTOT{J)=GRNET (J)=QElJ)=yClUul=Qi (o)

143 TEMPM(J)STEMPM(J)+QTOT(y)PVELTQReROXUR®YUL(Y)
144 IF({IEQTEMeEWeU) G0 TO 4ou

145 C

146 C o o ¢ o 6 o 5 & o o o 9 o o 5 o o STEP 7

147 Coooee DETERMINT EqULIBRIUM TEMPERATURE IF KEGUESTED
148 C

149 422 COUNTINULE

154 IF{TuhCouaEetUeU) TwC=39e%9

isl IFtTuCelTeOod) TWC=UWU

152 NN=IFIX(TWCI/5+]

163 TZ2=BETA(NN)+Gelb=4*AP

154 T3=ALPHI{NN)=LA=aslE=48APaTAIR

155 XCHCF=0e00117+T}»T2

156 DNUMEQRNET(J)=0s0U736=T1leT3

is7 EGTEM(J)=DNUM/ XCHCF

i5y DTEM=TWC-EQIEM(Y)

159 TEMZ=LGTEM(JI+DTEMPLXP(=ROXUReXCHCF*DELTG)
160 11=1F1X(TEM2)/5+1}

161 IFiNnNneEwell) GO Ty 442U

162 ThC=TEM2

) 00 Tu 422

164 42y CONTINULE

165 3lu CONTINUE

166 300 CUNTINUE

147 KRLTUKN

168 EnU
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SUBRUUTINE blLUCK
C
Coesee THIN pLOCK VATA SUPPLIES SPECIFIC INVARIANT INFORMATION
C
COMMUN/MISC/ALPHALBU) s COTFFRICINGIA 1) 2o CLIMIT(14)9CUNST(20014)

[}

8

A CTEMPU14)sDELT sDTU£BoCONI4B s 14) 9EXRIFACTR (149102 IEXC

B INCYCHINTBIGeIPKT I TAPELS) s LaRINT»JWRITEyupIVI(2U),JDIV2(20)
Cy JPRT(30UY yIRET1I(LU) s JRET2(20) 2 KBOP(14) s KDCUP sKZOP s MM NEXTPR
Vs NEXTwR o NGROUP(14) yNJSTOP (149 1U) s NJSTRI(1491G) s NODYNINUPRT

E, NQCYCINWPKT s NRSTRYT o NSPLCINSTOP yNTAGINUMCON,NUNTTSaNIOINZO

Fo N3IOINYUIRETFACC20s14) o NEX s ISuTCHUL0) 9y NAME(20) o INAME(D 1Y)

Gy DELTWIKDONE sMARKL s MARKZ

CUMMUN
Ay
B
Coe

Coacne CONDT

C

C

DATA 1
Ay
B
- X3
L X
Co
Do
Ey
[
LR}
2y
1
Hy
J

Cessvsee INITI

C

VATA X
DATA A
DATA B
DATA A
DATA B
DATA P
RETURN
END

JATMS/4Cl200) sQwl200) s QEC20U ) yEQTEM(20U) pXuNSE20U) »QTOUT 200U}
QANS(25310) suUNA(2521U) 1 gRNETA(25310)sUWINDA(29218)»TAALZS»1ULY
TANACZO s lU) sAPA(Z25 9 U sCLOUDI25910) 2 IEQTEMsJWLONELL1D02)

GHUNET (20U s ALH) 38 (4) »ALPHIB) »BETA(8) sPIaWBOI»DTOR
TTubnT TITLES

NAME/9RTEMP 3 Y4HERAT y4URE o 4H »H4H
HHD ISSy4HOLVE s4HD OXs4HYGEN»4H
4HMCARS»4IUNAC 4HEUUSs4H BOD Y4 H=-]
YHCARS s 4HONAC » HHEUUS 34t BOD s 4H=2
HHCARB s HHONAC s 4HEDUS 941 bOD 4 H=3
4HORGAIAMNIC y4HNITRIGHOGEN ) 4H
YHAMMU P HHNTIA JHHNITRy4YHOGEN s 4K
YHNITRI4HITE J4HNIJTRy4HOGEN o4 H
YHNTITRIHHATE H,4nnN]JTRe4HOGEN 94 H
HHPHOS »4HPHAT y4HE PHe4HOSPHIS4HURUS
ARCHLO y4HKRUPH y4HYLL s4HA==) 44
GHCHLO s Y4HROPRAAYLL s4NA==244H
HHCOLT 9 4hFORMo4H BACIHHTERI s 4HA
HHTOTA 4L NI 4RTROG»YHEN »4H

ALTZATION OF METEROLOGIC CONSTANTS

WinS/20ue) o/

LPH/6005156 1012665, =2e041290943=22.299=404639~66+%0/
ETA/De%229047 1050095410 10265910659920151924761123e511/

/141832209 Ue9550435/7
/=077 3206979 ~0e7b9=0e45/
17341494159/ WBO/0U63333333/s DTOR/UWUL745/
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Subroutine QUALEX

QUALEX produces a summary of all water quality information that is handled by

the simulation over a specified time, Information concerning the concentrations

of each constituent at each junction and time step can be stored on tape or file
during every time step if desired. At user intervals, QUALEX then produces a
specified summary of all stored data, determining the minimum value, the maximum
value and the mean during the interval for each junction. A report is generated to

display the calculated summaries. The flow chart for QUALEX is shown in Figure 13.
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FIGURE D-11
FLOW CHART FOR QUALEX
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SUBRUGUTINE WUALEX
CUMMON/GEOM/YNEN(20u) s VOLGIN(200) s VOLL200) sASUR(200) ,aIN(200)

i NCHAN(Z00+8) 3, DIFFK{40uU) s V(4U0) 2w (400 ) AREALCH4UD) »

2 BEHUG) s CLEN{GDU) ¢yRIJWDI»CNIL4L0) s NJUNCIHUD»2)

3 YQNET (2000 Y (200),@0UT(200)»vOLGOUC(20(0)

4 YBAR(200) sJuwsJdSeNCany
COMMUN/MISC/ALPAA(BUY 9 CLIFFRK CINCLIG2 ) s CLIMIT(I4)2sCONST(20014)

A CTEMPULI4) s DELTIDTUJEBbCUN{H48314) s XRHyFACTR(1I4210)91EXC

By INCYCrINTRIGrIPRT pITAPELS) s IWKINT 9 IWRITE»JuIVI(20),JD1IV2(20)
Cy JPRT(I300) s JRETI(20) 2 IKET2(20)sKBOP(14) 9KDCUPIKZOPIMMyNEXTPR
D NEXTWRyNGROUP(14) yNJISTOP{14¢1U) aNJSTRT{14¢10) s NODYNINOPRT
Es NGCYCINQPRT oNRSTRT yNSPECINSTOP yNTAGINUMCON NUNITSsN1UIN20
Fo NIDsNYUIRETFACI2U, J4) o NEX s ISWTCH(IO) sNAME(20) v INAME(S5914)
Gy DELTQ!'KDONE yMARKI yMARK2

COAMUN/INFL/TEMPINCZOG) yOXYIN(20U)9BOUINI20043) 2 CORGINIZ2UD) »

$ CNH3IIN(200) yCNOZIN(200) +»CNO3IN(200) »PO4IN(200)
$ ALGINI(200) 4ALGIN2{200)»COLINI200D) s TNINC200)
$ CHALINC200) ,CHAZIN(20U)

COMMON/CONC/TEMP(200) s0xY(200) sBUL(2U0043)9CORG(200)ICNHI(R200)
$ CNOZ{20U) s CnOU31200) sPOH4(200),ALGLI20UY) 1ALG2(200)
$ COL(200) s TN(2UU) »CHLAL(200)sCHLAZ(200)

COMMUN/MASS/TEMPM(2U0) »UXYM(200) sB00MI200s3) 9CORGMI200U) s CNHIN(200)

$ sCNU2MI200) ,CNO3IM20U) yPOUM(200) s ALGIMI200) s
% ALGEM(200)sCOLM{200) »TNM(200) s CHLALIM(20U) s
$ CHLAZM{Z200)

COMMUN/RATE/REOX(20U) »COLLK(200) »BOUDK{20093) 2 CNR3DK(200) s
CORGOK(200) yEXPBO2(200) 1AGSNKI(200) »AGSNK2(200)
CNU2DK(200) yPUSINKI(Z2U0) sOXYBEN(2UD) o NHBEN(200) »
SECHI(200)9PMAXL(200) sPMAK2(20U) sAGCHALL20U0) »
AGCHA2(200) ,POYBEN(200) s PRES11200) »PRESR(200)
DFBI01(Z200) ,DFBODL(2U03)sDFCOL(200)y0FNH3(200)
DFNG2(200)2sDFO0GN(200) sDFBIOZ{200)+EXPBEN(20U)
EXPBOL(20U) ,EXPBOD(2U0,3)19EXPCOL(200) syEXPNH3I(20U1}»
EXPNO2(200) yEXPORG(200) »CNBEN(20U) 9»CSAT(200)»
OXBEN(ZUO) 20XDELT(200) »PUBEN{200) +CFBODIALGLIP
ALGINIPSPLlsPSIN] sPSL1sALG2PIALGZN,PSP2sPON2sPSL 2y
OXNH3,0XNO2,0ARES]I sOXRESZ22)0XFAC) sOXFAC29DKBOD
UKCOL RACIN,RACEKX

[ I OV T I T

CUMMON/SUN/ TLU365)sSRI(365),HDL(365)

COMMON/ATMS/QCL200) sGqw(200) s QE{200) »EQTEM(200) 9 XuNS(200) +QT0T(200)

A UNS(25910) s GNAT25,JU) s QRNETA(25910) sUWINDA(25010)»TAA(25,10)
B TAWAL25030) s APA(25,10) yCLOUDI25010) 1 JEQTEM,JWZONE(1042)
Cs QRNETC200) s AXE4) s X (4) 9ALPH{B) sBETA(B) yPIswBOKDTOR



57
58
59
6U
61
62
63
64
65
66
67
68
69
7u
71
72
73
74
7%
76
77
786
79
8u
81
82
83
84
85

87
88
89
90
91
92
93
94
95
96
97
98
99
100
1ol
102
123
104
105
106
107
108
109
i10
11l
112
113
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C
CurMMmuNhN/ ICHECK/JIGNOR(200)
C
UIMENSTION Cl20U0014) 2vCMASS(20014)0COPEC(200014)
EQUIVALENCE (CU1sl)sTEWMP(LI)) s (CHASS{L 1) ,TEMPMLL))
Y s (CSPEC (sl ) o TEMPINC(LID))
C
C
C
C
CUMMUN/LONE/ CAVE({2U0214) 9CMIN(2u0214)9CMAXI20014)9CX0200014)
C
REaIND N1U
C

C o o o ¢ o o ¢ ¢ o o s 9o 0 o o ¢ o STEP 1
Cosese VETERMINE CONTRULS AND CLUCK TIME
C
HOURS1=FLOATIMARKK]I )®DELT-DELT
HOURSZ2=FLOATIMARKZ)*DELT
KDAYSI=HUURS1/2349999
KUAY>2=HOURS2/2349999
HOUKRS] = HOUKRSI] = FLOAT (24 o KDAYS))
HUURSZ2 = HOURS2 = FLOAT (24 # KDAYS2)
KDAYSI=KDAYS1+1
KUAYS2=KDAYS2+]
WHITE(G6»L11) MARKISKDAYS ) srHOURS 1 sMARKZIKDAYS29yHOURSZ
C
C L] . * . L] 1 ] * . L] L] [ ] . Ll . . . L] STEP z
Cooene PRINT SUMMARY HEAUDLINGS

C
1ii FORMAT(LHL/Z///TiHeenanssusntassrnatuvivanys GUALLITY SUMMARY
L X R N R N NS R RS RN YR AR Y
s 551 SUMMARY STARTS AT SUMMARY ENDS AT/
$ 6t CYCLESISs6H (UAY 2]396H HOUR »FS5el,313H) CYCLE »
- 19y2n (»I395H DAYS,Fuels7H HOURS)I////7)
C

C o e o o ¢ o ¢ e o o o & o o o ¢ o STEP 3
Ceeese DETERMINE MAXIMUMs MINIMUM AND AVERAGE
C
114 REAVINLIU) ICYCu o ((CXIUIK) sk=1 s NUNCUN) 9 J=JUSeNJ)
IF(ICYCW = MARKI)11499211lb,116
115 DO 117 J=l Ny
OU 116 K=l yNUMCON
CAVE(J9K) & (0e5 #CX(J3K}
CMINCJ9K) =CX(JrK)
CHMAX(JsK) =CX(JsK)
116 CUONTINUE
117 CONTINUE
GO TV 114
118 DU 124 Jd=labNy
DU 122 K=1,yNUMCON
CAVE(JaK) = CAVE(JIK) +CX{JrK)
IFCCHINTEYIK) =CX (UKD ) 12001199019
119 CnINGJak) =CX(JaK)
QU TO 122
120 IF(CMAXGJPRI=CALIK)) 12191219122
121 CMAXIJWK)I=CK{JK)
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114 122 CunTinut

115 1249 CUNTINUE

116 TFLICYCW=MARKZ) 1]149r1206,1206

117 leo DU 13U J=laNy

118 DU 128 K=l NUMCUN

119 CAVE(Jan)= CAVE(JsK)I=o5CAlUsK)

12u CAVE(JIKRI=CAVE(J»KI/FLUAT(MARKKZ=MARK] )}
121 128 CONTINUE

122 13u CUNTINUE

123 C

124 C . . . . . . . . STep o4

125 C eseseePRINT RESULTS

126 C

127 DU 133 LL=1»3

128 NZzSwl |

129 NI=NZ~4

13u FF(NZ «E£Qe 15) wN2=1H4

131 ARITE(G 131} CUINAME(T ) al=135) sN=NiINZ)
13¢ 131 FURMAT(/312Ks4(5A415X)r15A4/

133 1 132H JUNCo MINe MAXe AVE, MIN, MAXe AVE
134 2 MIiNe MAK» AVt e MIN MAX, AVES. MING MAX.
135 3 AVbers/)

136 NiN=U

137 ULO 133 u=li.bd

138 IF(NCHAN{Js L) oEwe U} Gu TO 133

139 NNENi+ |

140 IF{iviv oLTe 51} w0 TV 35

141 WN=]

142 WRITE(G62131) (LINAME(Lan) oISt ah) eN=iN] sNZ)
143 135 CONTINULE

144 WRITE (601320 Ja(Crldluan) s CMAXIJIK) 9 CAVE(JyR ) sK=l aN2)
145 132 FURMATULI493Xs501X31P3EB.2))

146 133 CONTINUE

i47 KewliD w10

148 RETURHN

149 END
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Data Preparation for GBQUAL

GBQUAL requires several blocks of data to be input in the runstream for any given
simulation. Some of the blocks of data originate from other computer programs.
There are 3 major blocks of data that must be prepared and merged to form the
full input requirements of the model., There are: (1) Physical data and quality
simulation parameters and coefficients, (2) The hydrodynamic data that determines
the spatial movement of water during the simulation period, (3) Meterological
information. Each of these blocks of data originate from a different source

and must be prepared according to GBQUAL formats., Figure D-12 illustrates the
flow of data required to construct an operationally complete deck. The next
section describes the formation of these blocks of data. (Since the formulation
of the hydrodynamics portion is really a separate program, that portion will

not be described. Figure D-13 illustrates the type of flow data required by
GBQUAL.) The input format and order will be described in the same way it is

read by GBQUAL. A listing of a sample deck will appear at the end,

Input Data Description

This section lists the exact format and order of all data necessary for a simulation

run of GBQUAL.
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FIGURE D-12
FUNCTIONAL DATA FLOW TO CREATE A DATA INPUT SET FOR GBQUAL
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FIGURE D-13

Typical Hydrodynamic Input to GBQUAL
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System Setup Parameters

Card Card FORTRAN
Type Column Format Name Description
1 — None I1II Controls print interval. A value of 1 will
print all junctioms, 2 will print every
other junction, etc.
2 1-5 15 NJ Number of system junctions.
6-10 15 NC Number of channels
11-20 F10.0 Delt Time step (hours)
3 1-80 4012 JIGNOR NJ numbers are read here in 40I2 format.
If JIGNOR(I) is set to 1 then that junction
is ignored in the calculations. Set to O
to keep it in the calculations,
4 1-5 15 ITAPE(1) Unit for internal scratch file.
6-10 15 ITAPE(2) Hydrodynamic extract file.
11-15 15 ITAPE(3) Unit to store last cycle for future restart.
16-20 I5 ITAPE(4) Unit for reading restart data.
Physical Data to Describe Simulation System
5 1-80 8044 ALPHA (80) A four line alpha description.
6 1-80 None CN (NC) Mannings N for each channel.
7 1-80 None R(NC) Hydraulic radius for each channel (FT).
8 1-80 None B(NC) Width of each channel (FT).
9 1-80 None CLEN(NC) Length for each channel (FT).
10 1-80 None NJUNC A pair of numbers for each channel., This
(NC,1), describes the junctions that any channel
NJUNC connects.
(¥c,2)
11 1-80 None Y(NI) Depth of junction (FT)
12 1-80 None ASUR(J) Surface area of each junction in units of
million sq. ft.
13 1-80 None NCHAN One card is read here for each junction. It

(NJ, 1...8)1lists the channel numbers that touch that
junction.
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Card Card FORTRAN
Type Column Format Name Description
14 1-80 None Q(NC) Flow in each channel (ft3/sec). Flows are
positive if they move in the +x or +y
direction.
Simulation Control Options
15 1-5 I5 INCYC Initial quality cycle.
6-10 I5 NQCYC Final quality cycle.
11-15 I5 KZOoP Option to summarize output by zomes. (This
is no longer used, Set to 2)
16-20 I5 KDCOP Control option to print depletion correction
messages. Set to 2 to delete messages.
21-25 I5 NTAG Set equal to 1,
26-30 15 Js Number of the first junction to be
simulated. Usually set equal to 1
31-35 I5 IEXC Set equal 0

Constivuent Selection

(To simulate a given group, set its ISWTCH value to zero)

16 1-5

6-10

11-15
16-20
21-25

26-30

17 1-5
6~10

11-15

16-20

21-25

I5

I5

I5
15
15

I5

I5

I5

I5

I5

I5

ISWICH(1)

ISWTCH(2)

ISWTCH(3)
ISWICH(4)
ISWTCH(5)

ISWTCH(6)

Coliforms

For the group (Org-N, NH3-N, NOo-N, NO4-N,
PO4~P and Algae 1)

Algae 2
Total nitrogen as a conservative
BOD and DO

Temperature

Print Control Options

IPRT
NQPRT

IWRITE

IWRINT

NOPRT

Initial cycle for quality print out.
Number of time steps between prints.

Initial cycle for storage of data for
quality summary.

Number of time steps for quality summary
print,

Number of junctions printed in each quality
print,
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Card Card FORTRAN
Type Column Format Name Description

Printing Order

18 1-70 1415 JPRT This array lists the printing order (by
(NOPRT) junction) of the quality print out,

Meteorological Data
(Card Types 19 through 21 contain data required to compute diurnal
temperature fluctuations, If temperature is not being simulated,
card types 19-21 can be deleted.)

19 Data limits, 1 card

1-5 I5 NWZONE Number of weather zones.,

6-10 I5 NPTS Number of data points used to describe one
day's weather,

11-15 I5 NQCSM Number of quality time steps between the
start of the quality simulation and
midnight,

16-20 15 NRCALC Net radiation calculation switchj; if NRCALC
= 1, net radiation will be calculated from
sun angle and cloud cover,

21-25 15 IEQTEM Equilibrium temperature calculation switch,
if IEQTEM = 1, the equilibrium temperature
will be calculated.

26-30 15 IDAY Day of the year.

Repeat Card Types 20 and 21 for NWZONE weather zones (one set per
weather zone).

Weather zone general data, 2 cards

20 1-5 15 JWZONE(I,1)First junction in weather zone I.
6-10 15 JWZONE(I,2)Second junction in weather zone I.
11-20 F10.0 XLAT Latitude of the study area, degrees.
21-30 F10.0 XLON Longitude of the study area, degrees.
31-40 F10.0 EPS Site location code:

-1, = West longitude
+1, = East longitude

41-50 F10.0 TURB Atmospheric turbidity factor. Values
range from 2.0 for clear unpolluted
atmosphere to 5.0 for highly polluted
atmosphere.
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Card Card FORTRAN
Type Column Format Name Description
51-60 F10.0 AA Evaporation Coefficient "a" (usually 0.0Q).
61-70 F10.0 BB Evaporation coefficient "b" (usually 1.5
x 1079).
21 Atmospheric data, NPTS cards (one card per weather data point)
1-10 F10.0 QRNETA Net incoming radiation (leave blank if
NRCALC=1) kcal/sq. Meter/sec.
11-20 F10.0 UWINDA Wind speed, meters/sec.
21-30 F10.0 CLOUD Cloud cover, fraction.
31-40 F10.0 TAA Dry bulb temperature, °C.
41-50 F10.0 TAWA Wet bulb temperature, °C,
51-60 F10.0 APA Atmospheric pressure, millibars.

Solar Intensity
(This is needed only if algae is simulated., There must be 1 card
for each day of simulation including partial days.)

22 1-10 F10.0 TL Total amount of incident solar radiation
in langleys.

11-20 F10.0 SRI Hour of sunrise
21-30 F10.0 HDL Number of hours of day light.
Chemical, Physical and Biologic Coefficients

(Card types 23 through 27 contain the reaction rate constants and
other coefficients for those constituents being modeled.)

Spatially varying coefficients
(Repeat Card Type 23 as necessary to input spatially varying
coefficients over the total network. (5 sets of junction and
coefficient values per card for each of the listed coefficients.)
Terminate each set of coefficient data with one blank set of data).

For each coefficient in the list below:

23 1-4 14 JUN1(1) First junction for which the coefficient
applies.
5-8 14 JUN2(1) Last junction for which the coefficient

applies.
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algae type. Both cards are required.

1-10

11-20

21-30

31-40

41-50

F10.0 ALGTP
F10.0 ALGIN
F10.0 PSP1
F10.0 PSN1
F10.0 PSL1

Card Card FORTRAN
Type Column Format Name Description

9-16 F8.0 COEF(1) Coefficient value

65-68 14 JUN1(5) Five sets of junctions

69-72 T4 JUNl(S)E; and coefficients per

73-80 F8.0 COEF(5) card

The following coefficients are input in the above manner and in the

order listed.
FORTRAN Data (Decay rates
Name Coefficient Units are all base

e)
REOX Reaeration (if reaeration is to be calculated
set COEF(1) = -1.) day~1

COLDK(1) Coliform bacteria dieoff rate day‘l
BODDK (1) Coliform bacteria dieoff rate day_l
BODDK(2) BOD decay rate day_1
BODDK(3) BOD decay rate day'l
CNH3DK Ammonia decay rate day:i
CNO2DK Nitrite decay rate day
CORGAK Organic nitrogen decay rate day‘1
AGSNK1 Algae sink rates ft/day
AGSNK2 Algae sink rates ft/day
PRES1 Algae respiration rate day'1
PRES2 Algae respiration rate day_1
POSINK Phosphate precipitation rate day"1
PO4BEN Source rate of phosphate mg/ftZ/day
OXYBEN Benthic uptake of oxygen mg/ftzlday
CNHBEN Release of ammonia from sediments mg/ftz/day
SECHI Secchi disc depth feet
PMAX1 Algae max, specific growth rate day'1
PMAX2 Algae max. specific growth rate day"l
AGCHAL Ratio of chlorophyll a to algae biomass(mg/mg) decimal
AGCHA2 Ratio of chlorophyll a to algae biomass (mg/mg) decimal
DIFFK Eddy diffusion rate ft2/sec
24 Algae related coefficients, 2 cards., Repeat Card 24 for the second

Phosphorus content of Algae -1, fraction
of total biomass.

Nitrogen content of Algae -1, fraction
of total biomass.,

Phosphate half-saturation constant, mg/l
as phosphorus,

Nitrogen half-saturation constant, mg/l.

Light saturation constant, langleys/hour.
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Card Card FORTRAN
Type Column Format Name Description
25 Spatially invariant coefficients: stoichiometric equivalences, 1 card
1-10 ¥10.0 OXNO2 Stoichiometric equivalence between oxygen
and nitrite, mg/mg.
11-20 F10.0 OXNH3 Stoichiometric equivalence between oxygen
and ammonia, mg/mg.
21-30 F10.0 OXRES1 Stochiometric equivalence between
respiration and Chl-a.
31-40 ¥10.0 OXRES2 Oxygen produced by photosynthesis per mg
of Chl-a,
41-50 F10.0 OXFAC1 Oxygen produced by photosynthesis per mg
of Chl-a.
51-60 F10.0 OXFAC2 Oxygen produced by photosynthesis per mg
of Chl-a.
26 Algae related coefficients, continued, 1 card
1-10 F10.0 RACIN Ratio of chlorophyll a to algae biomass
in all inflows.
11-20 ¥10.0 RACEX Ratio of chlorophyll a to algae biomass

at the exchange junction.

Temperature Correction Coefficients

27 1-10 F10.0 AQ10(1)
11-20 F10.0 AQ10(2) Three coeff. for temperature correction for
each temperature adjusted coefficient.
21-30 F10.0 AQ10(3)

AQ10 1 thru 3 are used in the following equation:

- = AQIO(1l) + AQLO(2)* T + AQLO(3)* T* T

where T is the temperature in °C.

Card 27 is read for each of the following list in the given order:

Decay Coefficient

1. Coliform decay
2. BOD-1 decay
3. BOD-2 decay
4, BOD-3 decay
5. Ammonia decay
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Card Card FORTRAN

Type Column Format Name Description
6., Nitrite decay

7. Benthic oxygen demand

8. Organic nitrogen decay

9. Alg-1l activity

10, Alg-2 activity

Input Data cards 28-30 and 32 require data for each of 14 constituents,
The following data order must be used to insure that the data are stored
in the correct positions in the storage array.

Constituent No. Constituent

1 Temperature

2 Dissolved oxygen

3 Ultimate biochemical oxygen demand
(BOD-1)

4 Ultimate biochemical oxygen demand
(BOD-2)

5 Ultimate biochemical oxygen demand
(BOD-3)

6 Organic nitrogen

7 Ammonia nitrogen

8 Nitrite nitrogen

9 Nitrate nitrogen

10 Phosphate phosphorus

11 Algae-1

12 Algae-2

13 Coliforms

14 Total nitrogen

Maximum Allowable Concentrations
Card Type 28 sets maximum concentrations for all constituents.
Simulation terminates when any of these values are exceeded.

28 Concentrations, 2 cards
1-10 F10.0 CLIMIT(I)™ Maximum allowable concentration for the
fourteen constituents. Two cards are
required with eight values on the first and
71-80 F10.0 CLIMIT(I+6))six on the second.

If this is a restart deck then skip card type 29 and 30. If
temperature is not being simulated then do card type 31l. If
this is not a restart deck then do Card type 29 and 30 and skip
31.

Initial Concentrations
Repeat Card Types 29 and 30 until all initial quality groups are
given, Terminate data with two blank cards.

Initial quality group concentrations, 1 card.

29 1-5 15 J1 First junction of an initial quality group.
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Card Card FORTRAN
Type Column Format Name Description
6-10 I5 J2 Last junction of an initial quality group.
11-20 F10.0 CTEMP(1) Temporary read array for entering
the initial concentration of the first
71-80 F10.0 CTEMP(7) seven constituents.
30 Initial quality group concentrations, continued, 1 card
1-10 F10.0 CTEMP (8) Temporary read array for entering
the initial concentration of the last
71-80 F10.0 CTEMP(14)) seven constituents,

Initial Temperature for Restart
(Do only if temperature is not being simulated and this is a restart
deck. Use the same format as for card type 23.)

31 1-4 14 JUNC1(1) First junction for which the temperature
’ applies.
5--8 14 JUNC2(1) Last junction for which the temperature
applies.
9-16 F8.0 COEF(1) Temperatures.
65-68 I4 JUNC1(5) Five sets of junctions and initial
69-72 14 JUNC1(5)
73-80 F8.0 COEF (5) temperatures per card

One blank set should appear to terminate this input.

Inflow/Outflow Quality
Repeat Card Types 32, 33 and 34 until all junctions with inflow/outflow
are listed, Terminate with three blank cards.

32 Inflow/outflow description, 1 card

1-80 20A4 NAME Description of the inflow or outflow
33 Inflow/outflow rate and concentrations at junction, 1 card

1-80 I8 JJ Junction number

9-16 F8.0 QQ Inflow or outflow rate, inflows are

positive and outflows are negative,

17-24 ¥8.0 CTEMP (1) Temporary read array for entering the inflow
concentration of the first eight constituents.
73-80 F8.0 CTEMP(8) Leave blank if this is an outflow.
34 Inflow concentration, continued, 1 card
1-16 16X Blank
17-24 F8.0 CTEMP(9) Temporary read array for entering the inflow

concentration of the last six constituents.
65-72 F8.0 CTEMP(15) \ Leave blank if outflow.
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Caxd Card FORTRAN
Type Column Format Name Description

Quality Adjustment Factors
(Card Types 35 and 36 contain initial quality concentration adjustment
factors by constituent for areas described by given junctions.)

Repeat Card Types 35 and 36 for each constituent (I). If a constituent

is not going to be altered, set NGROUP(I)=0 and card 36 can be omitted.

If no factors are going to be applied to the remaining constituents, set
NGROUP=~1 and do not repeat for each constituent.

35 Data limit, 1 card
1-5 15 NGROUP(I) The number of groups of junction numbers
for which it is desired to increment the
initial concentrations of constituent I
which was previously read as input. There
is no limit (up to NJ) to the number of
junctions. comprising a group but the
numbers must be consecutive. Max,
number of groups = 10.
36 Adjustment factors by constituent and group, NGROUP/5 cards
(5 groups per card)
1-5 F5.0 FACTR(I,K) Multiplication factor to be applied to the
initial concentration of constituent I at
those junctions in group K.
6-10 15 NJSTRT The first (lowest) junction number in the
(1,K) sequence of junctions comprising group X
for constituent I,
11-15 15 NJSTOP The final (highest) junction number in the
(1,K) sequence of junctions comprising group K
for constituent I,
61-65 F5.0 FACTR
(I, K+b)
66-70 I5 NJSTRT Five junction groups per card for
. (I, K+4) constituent I.
71-75 15 NJSTOP
(I, K+4)

Boundary Junction Quality
(Card Types 37 through 38 describe constituent concentrations at the
seaward boundary of the system throughout the tidal cycle.)

37 Control options, 1 card
1-5 I5 KBOP(1) Control option for specifying cogcentrations
¢ . of each constituent at the boundary. If

- -

. v the concentration is constant over all
71-75 15 KBOP (15) cycles, KBOP=1; if variable, leave blank.
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Card Card FORTRAN
Type Column Format Name Description

Use one card with one concentration (CIN(I,1l)) for each constituent (I).
If the constituent is not to be modeled, set CIN(I,1l)=-1, All fourteen
constituents must be listed.

38 Boundary junction concentration
1-10 F10.0 CIN(I,J) Boundary junction concentration
at each time step (J) in the tidal
71-80 F10.0 CIN(I,J+6)} cycle.

Output Description

The Quality Program will produce two types of output: (1) printed reports, or

(2) a binary (file/tape) restart data file.

Printed Reports

Printed output includes: echo reports of much of the input data and a report at
selected time intervals of the quality at specified junctions. The use of various
printout options also allows printing of a summary of all water quality parameters
at each junctions over a specified number of ecycles., This report gives the
minimum, maximum and average value for any constituent in each requested junction.
It is possible to use this output form as a check on the steady state of the

system, If a given run is given steady hydrodynamics and steady inflowing quality,
then a steady state in the system will eventually be attained. This can be checked
by comparing the maximum versus minimum value of a constituent (particularly

a conservative) during the summary period. An example input deck and output

reports for a typical model run appear in the next section.
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The binary restart file is used to feed the final conditions of a completed run
into the next run as the initial conditions. In this way, the user can keep
continuity between runs and still have flexibility in updating inflowing quantity
and quality and/or temperature of the system. Depending on the computer system

the restart file can be written to a tape or a mass storage file. It is also
possible to direct this output to a card punch and develope the restart information

in the form of punched cards.
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APPENDIX E

HYDRODYNAMIC MODELLING

The circulation patterns used in the water quality simulation in this report were
generated by using a separated hydrodynamic model developed independently. This
appendix provides a brief presentation of the formulation and the structure used
in the hydrodynamic model. The broad objective of the model was to investigate
the hydrodynamic response of Green Bay to the meteorological input at the surface,
to the effects at open boundaries in the Bay, and to the river inflows. The

flow in the Bay is affected by the boundary conditions at the shore and the
bottom as well as the open ends. The model is designed to calculate Bay-level
disturbance and water circulation generated by wind fields over the region in

a numerically reproduced combined river-shallow sea system.

Fundamental Hydrodynamic Equations

The flow in the Bay is basically unsteady and three dimensional. The equations
which describe the circulation in the Bay can be written in the form of a set

of nonlinear partial differential equations for conservation of mass and
conservation of momentum in the Eulerian form. The Cartesian coordinate system

igs chosen where X and Y are taken in a horizontal plane of the undisturbed

surface with X eastward and Y northward and Z is vertically upward. The basic
governing equations for a three dimensional model and two-dimensional model for

an estuary were thoroughly discussed and derived by Pritchard (1971). Considering
Green Bay, a fresh water estuary, one can assume a two-dimensional model with the

following equations:
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Sh 3 ey L 9 = (1)
So gy () + = (V) = 0

30 35U 3U 1 %%, 5h 1 2)
e TVt Ve T o w8 TV E (x m el

5y v sy 1 %%, 5h 1 (. -1.) (3)
e tUin*Vey ™ Ty TEn Wty ow B

where the notation is as follows:

o
"

elevation of water surface

H
]

Coriolis parameter

Pa = surface atmospheric pressure

p = vertical mean water density
E = bottonm elevation (z = -H)
g = acceleration due to gravity

(U,V) = vertical mean horizontal velocity averaged from the water gurface to
the bottom in (x,y) direction
(T )

(

,T surface wind stress in (x,y) direction
wx’ wy

TBX,TBy) = bottom frictional stress in (x,y) direction

These equations are similar to those used by Leendertse (1970) in his work on the

Jamaica Bay simulation.
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Surface and Wind Stress and Bottom Frictional Stress

The bottom frictional stress, Thx and TBy’ is expressed in the fomrm:
,/UZ 2
+ V
Tpx " PEU 2 (4)

C

By = ogv |V1? + v (5)

C2

where C is the Chezy coefficient. The Chezy coefficient depends on the roughness
of the bottom and the depth of the water. The Chezy coefficient may be related to

Manning's roughness coefficient, n, by the familiar formula:

C = (1.49/n) B/ 6)

The Chezy coefficient in the formula has the units ftllz/sec and H is in ft. An
appropriate unit conversion should be made because the model computation is made

in the cgs system. The value, n, changes as the type of bottom varies.

The wind streas at the water surface is approximated by assuming the validity

of a logrithmic distribution of wind velocity with height. Therefore:

wa = Cw Pa Uw Uﬁ "N
Ty ™ C, Pa Vo Vo (8)



- 296 -

where P, is the air density, UW and Vw are the wind velocity compontents measures

at a height 10 meters above the water surface and wa is the wind stress coefficient.
Wu (1969) suggested two approximate formulas for the wind stress coefficient based
upon the compiled data of thirty observations. Cw = 0.5 (wind speed) 1/2 for

light wind, Im/sec<(wind speed)<l5m/sec. Cw = 2.6 x 10“3 for strong winds

(>15m/sec). For breeze, Cw = 1.25 x 10—3/Cwind speed)l/s'

Numerical Scheme

A set of finite difference equations are used to replace the governing
differential equations. The numerical scheme used is a space-staggered scheme where
velocities, water levels, and depths are described at different grid points.
Figure E-1 illustrates the scheme. The water level h is described at integer
values of j and k, the velocity U is described at integer and one half values of
j and integer values of k, and the velocity V is described at integer values of
Jj and integer and one half values of k. The basic scheme is widely used by many
investigators (Platzman, 1959; Heaps, 1969; and Leendertse, 1970). The scheme
has the advantage that in the equation for the variable operated upon in time,
there is a centrally located spacial derivative for the linear term. A detailed
mathematical formulation can be found in Lee (1974). The operation consists of
two successive time intervals. The first time level is Faken from time n to
time n+% and the second time level is taken from time n+%-to ntl. The field
(“J'%) . U“'%

1
variables h and Vn+§ are obtained from h(n), U(n) and V(n). The

process involves solving h and U implicitly and V explicitly. 1In the second

1 1 1
time level, the variables hn+§, Un+f and Vn+§ are used to compute hn+1, Un+1,

and Vn+l. The operation is implicit in h and V and explicit in U.
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SPACE—STAGGERED SCHEME
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- = U velocity (u)
X | V velocity (v)

Figure E-1,The Space Staggered Numerical Scheme
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Finite Difference Grid Network

The finite difference grid for the model covers.the lower half of Green Bay from the
mouth of the Fox River at its southwest corner to the northeast 10km above Sturgeon
Bay. There are 55 grids eastward and 53 grids northward. Each grid is 1016m by
1016m. The water depth or the elevation is measured at the center of each grid.
Figure E-2 illustrates the grid network used in the computation. The land-water
boundary is not a fixed boundary in order to account for the possible flooding

of some area near the shore.
Boundary and Boundary Conditioms

The boundary of the problem includes a solid boundary at the shore and bottom,

an open boundary at the surface, an open boundary at the River mouth and an open
boundary at the open Bay. Because the numerical scheme is designed in accordance
with the type of boundary conditions, the numerical operations in the two time
levels are postulated differently. Therefore, an extensive system is developed
for the purpose of tracking the boundary and boundary conditions and matching
an appropriate numerical scheme efficiently. The flooding in the shallow flat

area around the bay was also considered.

The boundary conditions at the free surface are specified by the atmospheric
pressure, wind speed and direction patterns. For the case studies made in the
report, seasonal statistical means were sought using the office records of the

U.S. Weather Service at Austin Straubel Field in Green Bay for the years 1968

through 1974. 1In each case, a calm sea state was used as the initial condition.

The Chezy roughness coefficients at the bottom of the Bay vary with the depth and the
Manning's n. The n values varied from 0.036 for sand and gravel bottoms to 0.075

for shallow weed beds.
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Figure E~2.The Finite Difference Grid for the
Hydrodynamic Model of Green Bay
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The river inflow to Green Bay was calculated by using the data at the Rapide Croche
Dan for the corresponding period. Since there is no measured physical data to be
used as the boundary condition at the open Bay, a numerical scheme is imposed to
insure the mass balance at the boundary. Furthermore, the boundary is located

far from the interested region so that the local boundary effect at the open Bay

would be minimal.
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APPENDIX F

STORET RETRIEVALS OF THE

DATA GENERATED BY THE

GREEN BAY STUDY
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STORET RETRIEVAL DATE 75/06/18

DATE
FROM
T0

74/07/701
MONTH

74/08/00
74/08/01
MONTH

74/09/00
74/09/01
MONTH

74/10/00

TIME DEPTH
OF
DAY FEET

NUMBER
MAXIMUM
MINIMUM
MEAN
VARIANCE
STAND DEV
COEF VAR

NUMBEK
MAXTMUM
MINIMUM
MEAN
VARIANCE
STAND DEV
COEF VAR

NUMBER
MAXIMUM
MINIMUM
MEAN
VARIANCE
STAND DevV
COEF VAR

coolo
WATER

TEMP

CENT

136,000
27.5000
?.00000
19.3912
16,8215
4,10140
«211508

161,000
23,0000
9.00000
18.0329
1147553
3442861
0190130

121.000
22.0000
13.0000
17.4215
1e79622
1.34023
LN769298

0u299
Do
PROBE
MG/L

133.0n0
105000
1.50000
7.09917
4447345
2.115n5
0297930

161.0n0
10+60n0
2.20000
6.86141
3473171
1493176
«281541

121.000
11.40n0
4.100n0
B,48174
2¢69987
164307
«193718

pdo78
TRANSP
SECCHI
METERS

470000
2.,40000
«300000
135531
«252401
«5U2097
370466

47.0000
2,40000
« 450000
134212
«306312
«553455
«412373

4540000
2,10000
300000
132355
300437
548121
414129

003io
80D

S DAY
MG/L

24,0000
30.0000
2,50000
6479583
287369
5,36069
«788820

31.0000
740000
3.30000
4.90322
e 976318
+ 988088
«2061518

300000
7.40000
2450000
44496333
l+64584
1428290
«287432

oo0312
8ob

6 DAY
MG/L

700000
7.+40000
3«10000
4074285
197292
1440460
0296152

00940
cHLORIDE
L
MG/L

31.0000
400000
Se.00000
10e2903
3647463
6006187
«589085

31.0000
210008
3«0uluo
106452
190366
4436310
407867

30.0000
28.0000
5.00000
107833
30e5464
5452688
«512539

0053y
RESIDUE
TOT NFLT

MG/L

31.0000
2044000
«40000U
5.14838
22.109%92
470205
«913306

3ieg00U
3644000
«100000
6419354
7142052
8,43832
1.36244

310000
74,0000
l.2p000
14e¢9U96
2614749
161787
l.08512

0000Q0Q0 0OCOOOOOOODD

- 90¢ -



STORET RETRIEVAL DATE 75/06/10

pATE'
FROM
T0

73709701
MONTH

73/710/00
74702/01
MONTH

74/03/00
74/05/01
MONTH

74/06/00
74/06/01
MONTH

74/07/00

TIME DEPTH
OF
DAY FEET

NUMBER
MAXIMUM
MINIMUM
MEAN
VARIANCE
STAND DEV
COEF VAR

NUMBER
MAX I MUM
MINIMUM
MEAN
VARTANCE
STAND Dgv
COEF VAR

NUMBER
MAXIMUM
MINIMUM
MEAN
VARIANCE
STAND DEV
COEF VAR

NUMBER
MAXIMUM
MINIMUM
MEAN
VARIANCE
STAND DEV
COEF VAR

0ose71
pHOS=DIS
ORTHO
MG/L P

36.0000
0440000
»0utp000
JUu75277
L0U00724
«008%103

1.13053

23.0000
.0320000
.001yc00
+Qu90000
.0000640
.0u80000

«888693

26,0000
.020g000
.0510000
0091923
0000265
«AU51461

+559824

30.0000
.0300000
.0020000
0090000
0000305
.0065521 1

«b13462

ugéss
PHOS=TnT

MG/L P

36,0000
«3546000
«0030000
s 0829142
«0084575
« 0919645
110912

23.00n0
«3090N00C
«00200nU
«0480848
+0042063
20648554
1434872

28.0000
«210000
«013000n0
+0629998
«0021718
«0466025
¢739724

30.0000
«170000
«0500000
«0863329
«0012378
«0351811
«407528

g06usS

ORG N
N
MG/L

34640000
1,00000
opoouno
336111
u789443
«280970
«835946

23.0000
1460000
« 100000
«273913
115652
«340076
1e24155

2840000
+500000
« 1000600
»235714
164551
0128277
544208

30,0000
140000
+ 100000
«533333
167816
«4U09653
768101

ogusle
NO3=N

DISS

MG/L

36.0000
«113000
«0ulpuoo
«U367499
«0004459
«02111562
5745466

23.0000
«122000
«0030000
“U663%910
«UD017047
«0412882
«b21894

28,0000
«600000
«U20yvoOL
«181428
sU205755
« 143442
2790625

30.0000
«730000
«U10p000
«1796686
«0403754
«200936
1411839

aué13
NQ2=N

DISS

MG/L

36,00uUC
«0070000
«u000000
0021944
«u0000a1Y
«U013902

«633497

23,0000
«035000U
«+0050000
«0168695
« 0000868
« 0093191

«552420

28,000U
.0320000
.0020000
123214
«U000426
0065266

e529699

30.0000
«05700u0
«0020000
«0l44000
«0001169
«0108138

«750957

ugseto
NH3=N
TOTAL

MesL

36.000U
«574000
«000ua0o0
W1l41472
«03231131
«152030
107463

23.0000
» 746000
«0210000
380043
JU659876
«256881
e675925

28.,000u
«570000
+uouuooo
«214000
«0186969
« 136737
«638958

3040000
«7243000
.0100000
«167333
20339164
184164
110058

32211
CHLRpPAYL
A UG/L
CORRECTUVL

36.0000
70.000uU
3,0gugu
2341944
4504104
202510
873098

3.00000
159000
970000
1201333
109436
3.30811
0272647

13.0000
14.6400U
1.50000
10+0538
175111
4.18462
eylbp22l

17.0000
22,8000
S,40000
1202471
3344876
5.78685
472549

32218
PALOPHTN
A
Ua/sL

34,0000
26,0000

1+00000
Be02941
4843931
6e954652
«866379

3.00000
2.,40000
+00u0000
133333
149333
1622202
«916515

8.00u00
4450000
1e2000U
2485000
177715
1433310
«467753

1640000
8480000
«0UuooOU
-3e63124
543829
2433201
eb42208
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STORET RETRIEVAL DATE 75/06/10

DATE
FROM
T0

74/07/01
MONTH

74/08/700
747068701
MONTH

74/09/700
74/09/0]

MONTH

74/10/00

TIME DEPTH
oF
DAY FEET

NUMBER
MAXEMUM
MINIMUM
MEAN
VARTANCE
STAND DEV
COEF VAR

NUMBER
MAXIMUM
MINIMUM
MEAN
VARIANCE
STAND DEV
COEF VAR

NUMBER
MAXIMUM
MINIMUM
MEAN
VARTANCE
STAND VLEV
COEF VAR

w0671
pHOS~DIS
ORTHO
MG/l P

31,0000
.0260000
0030000
.0088709
20U00217
0046601

+525319

31.0000
,0360000
.0030000
«0131290
0000722
0U84999

«b647413

31.0000
20639999
«0020000
«0121613
.0u02070
«0143877

1.,18307

00665
PHOS=ToT

MG/L P

31.0000
e1780n0
«0210000
«06i6128
«0011599
« 0340566
+552752

31.00n0
«1230n0
«01300n0
«0370947
«0008752
»0295841
0756690

3l.0000
«3340D0
«0140000
«0836771
«0o8uBRB
«0899376
107482

00605
URG N

MG/L

3140000
4410000
. 100000
$ 741933
»707182
+ 840941
113344

31.0000
1.10000
« 100000
461290
us84517
241768
«524112

31.0000
1.90000
«100000
416129
e 176731
«420394
1.01025

00618
NO3 =N
Dlss
MG/L

3le0000
1.,13000
«0050u00
+ 145064
U642437
0253464
1e74725

31.0000
1.08000
« 0250000
«246419
«11866}
«344472
13979

3le0ULD
«940000
«02U0u0U
197096
662078
«257309
1.30550

060613
NO2=N

DIss

MG/L

3l.00u0
137000
+u0100u0
+D2U58ué
2007655
2D27668¢C
134437

31.0000
0230000
«0 100Ul
sUDB77097
«0000418
wUDbY46463

«B8387,8

31.00ub
«080999%9
«0L02000u0
«01200u0
«U002091
0144614

120512

[IVE-RN1]
NH3=N
TOTAL

MGerL

3ll.0000
3.57000
»000000U
1793226
408996
«639528
3430975

3l.0000
»330000
0100000
0925801
sUUY2331
0960891
182748

31.0000
1.04000
»01lupoou
W 137967
20388730
197162
142905

32211
CHLRPHYL
A UG/L
CORKECTUL

17 e0Uub
57.600u
Jeb60U0OU
19.8117
188.,9u6
137443
6923744

17,0000
7542000
«L000YUL
l1e0412
434,695
2008493
1.88833

l16.0UUU
6148000
«0g0goUuO
15e4200
315.uU81
177505
lelsi14

32218
PHEOPHTN
A
Uer/sL

15.000u
11.49000
«200GU00
4472666
1341993
363308
e 768535

17.00u0
749.0000
3eluclO
33.0411
649,380
254829
e 771249

16.u00U
693000
«00uuGLU
2146562
4824472
2149653
leulsz?

0uo0puUO0 oouoOoOODOOO

- 80 -~



STORET RETRIEVAL DATE 75/064/06
053002 4290AC053002
44 32 10«0 088 00 30.0
GREEN 8AY STUDY DNR STA |
55 WISCONSIN
LAKE MICHIGAN

21415 21liz02
2 0046 FEET DEPTH
72028 72029 posto goz9e 0go78 ac3le go3i2 QU940 gus30
DATE TIME DEPTH AZIMUTH DISTANCE WATER 00 TRANSP B8UD 800D CHLORIDE RESIDUE
FROM OF FR SOUTH FR SOuTH TEMP PRUBE SECCHI 5 DAY 6 DAY (98 TOT NFLT
To DAY FEET DEGREES FEET CENT MG/i METERS Ma/l MG/L Ma/L MG/L
73/09/17 gnol 18,0 LTY] Oed
73/09/717 Q007 11.0 16
73/09/17 0o10 18,0 60
73709717 0p20 18.0 6e0
74/05/22 0003 15.5 8.8 OeS
747058722 o007 Fe8 13 9
74/05/22 oail3 1845 8.8
74/05/22 0030 140 7¢6
74/06/03 0003 18,0 7e2 Oeb
74/06/03 0007 9.8 13 20
74706703 0013 17.5 742
74/06703 Q030 1645 be2
74707709 0003 25.0 562 0.9
74407709 0007 300uUL HU 20
74707709 oola 240 449
74/07/09 oglé 220 3ed
74/07/09 0023 22.0 249
74707709 0030 210 Zet
74/08/712 0003 23.0 Se7 Oe¢é
74/08712 Q0a7 22.8 45 49 19 17
74708712 oolo 22.0 Jeb
74708712 a3 2140 Jey
74/08/12 a0le 20.0 3.0
74/08/712 go020 190 249
74/08/32 0p23 1940 Z»8
74708712 002e 190 2:8
74709704 0003 2240 7s2
74/09/04 G607 b7 23 25
74/09/04 aaz2o 20.0 645
74/09/04 6pa3o 19.0 &0
053002 4290AC053002
44 32 10+0 088 0L 300
GREEN BAY STULY OnR STA 1
&5 AISCONSIN
LAKE MICHIGAN
FAL R E] 2ittage
2 Ouz2e FEET DEPTH
00671 Q06&6s 00é05 oL618 gpéia 00610 32211 32238
DATE TIME DEPTH pHOS~DIS PHOS=ToOT QRG N NO3=N NG2=N NH3=N CHLRPHYL PHEQPRTN
FRQN OF ORTHO N Diss 01sS TOTAL A UG/L A
To DAY FEET MG/L P MG/L P MG/L Me/L MGe/L MG/L CORRECTD Ue/L
73/09/17 0007 0.044 Ge247 1.000 g.03 0002 0.101 S1ebL0 26,00
74705722 0ga7 0.017 Qe2i0 d«100 Oel8 Gelllé Ueld2u 13¢30 4450
74/046/03 owo7 0.012 0,370 G700 Qe28 0eCG1lS Ueb20 17«10 6440
74/07/09 goo7 0.026 Oeil4 4.100 007 0.015 3874 27.00 7e90
74708712 0007 0.014% D076 C.500 Q07 0.012 0.28u 75420 31.70

74/09/04 0Qo7 0,009 Osl11 4 G.800 Oe¢l2 GeQué& Oel4u 34420 14.90

w3eq TIV 30 Buyisyl

- 60€ —



STORET RETRIEVAL DATE 75/06/06
053u03 4290AC053003
44 32 2540 088 00 140
GREEN 8AY STUDY DNR STA 2
55 "ISCUNSIN
LAKE MICHIGAN

21415 2111202
2 Judé FEET QEPTH
72028 7202¢ 000l w0299 oog7s gu3lo gualz 0u940 00530
DATE TIME DEPTH AZIMUTH DISTANCE WATER 00 TRANSP BOD 80D CHLUR[OE RESIDUE
FROM OF FR SOUTH FR SOUTH TEMP PRUBE SECCHIE S DAY 6 DAY (49 TUT NFLT
To DAY FEET DEGREES FEET CENT MG/L METERS Mo/l MG/L Ma/L MG/L
73/09/17 0go3 20.0 3e7 Ot
73709717 0007 . B8e3 29
73/09/17 oolo 18,0 445
73/09/717 co1ls 18.0 47
747058722 D003 15.0 8e5 Dol
74705722 o007 Beb 9 14
74/08/22 golo 15.0 845
74/05/22 Ooleé 15,0 8e2
74/06/03 0003 18.0 68 Deb
74/046/03 0007 .8 16 22
74/06/03 aglo 17.0 7e4
74/06/03 0020 165 7e8
74707709 0go3 24.0 Je4 0«3
74%/07/0% opo7 7.0 i4 5
74/07/09 0glo 22.0 3e2
74/07/09 dp20 21.0 3e2
74708712 0003 21.5 Y4a3 Oe8
74/08/712 0p07? 21.90 3e9 $ed 20 14
74708712 aol1o0 21.0 3.9
74/09/04 0003 20.0 401 0.3
74/09/04 0007 74 28 74
74/09/04 ooic 1940 447
74709704 0023 19.0 562
053003 429U0AC0US3003
44 32 2540 088 00 140
GREEN BAY STULY ONR STA 2
5% WISCONSIN
LAKE MICHIGAN
21%1s 2111202
2 Qu2é FLET DEPTH
Qo671 uobés 00605 upos18 00613 uG610 322114 32218
DATE TIME DEPTH pHOS=DIS PHOS~ToT GRG N NO3=N NO2=N NH3=N CHLRPHYL PHEUPHTN
FROM OF ORTHO N DISsS 0iss TOTAL A UGg/L A
70 DAY FEET MG/L P MG/L P MG/L MG/L MGe/L Ma/L CORRECTD Ue/L
73709717 voo7 0,008 0.251 0+.900 0e03 0.003 0524 SQ.00 8.uu
74/05/22 coa7z 0,017 Ue127 0+400 Oel18 0.019 0e38U 1010 2,00
74/06/03 ooo7 0.012 0.170 0.700 Uedl 0«019 U.46U 17«06u 441U
74/07/09 0po7 0,010 Gs.178 0900 De07 O«016 Deb60 26400 1le4u
74/08/712 ogo7 0.012 U.088 1100 0e.08 Oe018 De330 53450 48,50

74709704 uoa7 0.012 Ue328 1.900 De27 Qe014 1e04U 47460 49.30

- 01¢ -



STORET RETRIEVAL DATE 75/06/06

72028

DATE TIME DEPTH AZIMUTH

FROM OF FR SOUTH

T0 DAY FEET DEGREES
73/09/717 voo3
74/08722 0003
74/05/22 0013
74705722 0023
747067023 0uo3
74/06/03 0013
74/06/03 0023
74/07/09% 0003
74/07/09 go1lo
74/07/09 Dol
74/07/09 op23
74s08712 0003
74/08/12 0013
74708712 oo23
74/09/04 0003
74/09/04 oolo
74/09/04 0023

72028

DATE TIME DEPTH AZIMUTH

FROM OF FR SOUTH

T0 DAY FEET DEGREES
74702719 0003

72029 odolo
DISTANCE wATER
FR SOyYTH TEMP

FEET CENT

1545
1445
115
17.5
16.5
1540
22,0
21,0
2040
20.0
2u.U
2U.0
19.0
190
1840
18.0

72029 guaolo
DISTANCE WATER
FR SouTtH TEMP

FEET CENT

00299
Y]
PROUBE
MG/L

848
9.0
1UeQ
Teu
76
8e5
3e5
34
34
3.5
4o4
4eo4
4e6
4¢5
be2
b5

00299
Do
PROUBE
MG/L

946

53004 4290AC053004
44 33 0Be0 087 59 53.U

GREEN BAY OPEN WATER DNR STA 3
55 WISCONSIN

LAKE MICHIGAN

21%1S 2111202

2 0u26 FEET DEPTH
a0o7s 0U310 go3tz Qu?40 00530
TRANSP 800 60D CHLORIDE RESIOUE
SECCHI S DAY 6 DAY (48 TUT NFLT
METERS MG/L MG/L Me/L MG/L

7el

7.0

Oet

D8

U8

PR

053005 4290ACUS3005

44 32 5540 087 58 5640

GREEN wAY OPEN WATER ONR STA 3a
55 WISCONSIN

LAKE MICHIGAN

21wisS 2111202

2 0026 FEET OQEPTH
ogo7s 00310 00312 Q0940 00530
TRANSP 8ob 80D CHLURIDE RESIDUE
SECCHI 5 DAY 6 DAY L TUT NFLT
METERS MG/L MG/L Ma/L MG/L

- T1€ -



STORET RETRIEVAL DATE 75/06/06

DATE
FROM
T0

73/09/17
73709717
73709717
73/09/17
74/05/722
74/05/22
74708722
74/05/22
74/06/03
74/04/03
74/06/03
74/06/03
74/06/03
74/07/09
74/07/09
74/07/09
74/07/09
7408712
74/08/12
74/08/12
74708712
74709704
74/09/04
74/09/04
74/09/04

DATE
FROM
T0

73/09/17
74705722
74706703
74/07/09
74/08712
74/09/04

TIME OEPTH
oF
DAY FEET

0003
ogaz
0016
0026
ago3
ugo7
0013
go23
0003
ooa7
golo
ag20
0026
ooo3
0007
col3
oo2é
ggo3
0007
0gieée
0033
0003
0007
0c13
0033

TIME DEPTH
OF
DAY FEET

goar
0go7
ogo7
goo7
opa?
apo7

72028
AZIMUTH
FR SOQUTH
DEGREES

00671
pHOS=DIS
ORTHO
Ma/L P

ag.008
0.012
0.012
0.006
0,014
0.014

72029
DISTANCE
FR SOUTH

FEET

00665
PHOS=ToT

MG/L p

0,239
Ue095
Os160
D.073
U058
Ue168

go0ajio
WATER

TEMP

CENT

16,0

16,0
1640
15.0
15.0
13,0
11.0
17.5

1640
15,0
14.0
22.0

19.0
18,0
20.0

2040
1840
20.0

18.0
18.0

poé05
URG N

MG/L

D«800
0«500
1e100
0600
Qe.700
1.200

00299
oo
PROBE
MG/L

beb

602
5«0
Fe5
Fe5
Fe2
102
7.2

Teb
Fe5
Fe7
Sel

40
de7
649

be2
406
9ol

647
6.8

Qo618
NO3~=N

DIss

MG/L

0.02
Qel8
Uedb
Oall
Gel2
0«08

G53006
44 33 53.0 087 59 2140
GREEN BAY OPEN WATER DNR STA 4
WISCONSIN

55
LAKE MICHIGAN
21WIS
2
00078 00310
TRANSP 80D
SECCHI S DAY
METERS MG/L
0.3
6ol
Oe9
7.0
Oeb
0.9
645
Oe8
Se3
De4
49
053006

4290AC053008

44 33 53.0 087 59 210
GREEN BAY OPEN WATER DnNKR STA 4
NISCONSIN

55

LAKE MICHIGAN

21%1S
2

00613
NO2=N

DISs

MG/1L

0.002
0e020
0025
Ge014
De0lS
g.012

oueéelo
NHI=N
TOTAL

MG/l

U260
0s260
0e720
Q.200
0,060
UeS30

2111202
0026 FEET DQEPTH
g0312 00940 00530
80D CHLORIDE RESIDUE
6 DAY cL TOT NFLT
MG/L MG/L MG/L
47
10 34
14.0 15 17
9 7
16 24
17 34
4290AC053006
2111202
U026 FEET DEPTH
32211 32218
CHLRPHYL PHEUPHTN
A UG/L A
CORRECTL Ue/L
494,00 19,00
21.70 1,20
26460 11.20
5400 71,00
5420 69,30

A (A



STORET RETRIEVAL DATE 75/06/06

72p28
DATE TIME DEPTH AZIMUTH

FROM OF FR SOUTH
70 DAY FEET DEGREES
73709747 0003
73/09/47 0007
73/09717 aolo
74/05722 0003
74/05722 0013
74/05722 0032
74706703 0003
74/06/03 Qoio
74/06/03 Colé
74/07/0%9 0003
74707709 00lé
74/07/09 0030
74/08712 0003
74/08/12 0007
74/08/12 0013
74/08/12 ooz20
74708712 0026
74/09/04 goo3
74/09/04 0010
74/09/04 0p20
00671
DATE TIME DEPTH PHOS=DIS
FROM OF ORTHO

T0 DAY FEET MG/L P

73/0%/17 ooo7 0.005

72029

DISTANCE
FR SOUTH

FEETY

Q0668
PHOS~TOT

Ma/L P

0,094

00019
wATER

TEMP

CENT

15,0

15,0
12,0
1140
0.5
14,5
19,5
14.0
21.0
17.0
17.0
1845
18,0
17.0
1640
16.0
190
17.0
17.0

p060%
ORG N
N

MG/L

0.600

00299
Do
PROBE
MG/L

8e¢7

847
1146
fle4
110
1048
103
104

be?

S5ei

3e1

be7

547

408

2¢8

2+8

Be7

be7

600

opstls
NQ3=n

Diss

MGe/L

CelOH

053007 429UACO53007
44 34 480 087 58 37.0

GREEN BAY OPEN WATER UNR STA 5
55 WISCONSIN

LAKE MICHIGAN

21nl5 2t11202

2 0o2é6 FEET DEPTH
00D7e 00310 po3l2 00940 Qus3g
TRANSP 80D BOD CHLORIVE RESJOUE
SECCH] 5 DAY 6 DAY CL TUOT NFLT
METERS Me/L MG/sL Ma/L MGg/L

Gs5

S5 17

1+3

0.9

1e2

1e2

Gebs

0530607 4290ACU53007

44 34 48.0 0OB7 58 37.0

GREEN BAY OPtN WATER uUNR STA §

55 WISCONSIN

LAKE MICHIGAN

21wlS 211202

2 Uude FEET DEPTH
0oéi3 ouslo 32211 32218
NQ2=~N NH3=N CHLRPHYL PHEOPHTN
018s TOTAL A UG/L A
MG/L Ma/L CORRECTV Ue/L

0001 0.072 310U 12,00

- €1€ -



STORET RETRIEVAL DATE 75/06/06

72028
DATE TIME DEPTH AZIMUTH

FROM OF FR SOUTH

T0 DAY FEET DEGREES
74702719 oovo3
74/02/19 ogoio

72029
DISTANCE
FR SOuTH

FEET

000ia
WATER

TEMP

CENT

00299
09
PROBE
MG/L

9e2
78

053008 4290AC053008
44 34 140 087 57 2640
GREEN BAY OPEN WATER DNR STA 5a
85 WISCONSIN
LAKE MICHIGAN

21WI5 2111202
2 0006 FEET DEPTH
00078 00310 a03t2 00940 00530
TRANSP 80D 80D CHLORIDE RESIDUVE
SECCHI 5 DAY 6 DAY cL TOT NFLT
METERS MG/L MG/L Ma/L MG/L

- %1€ ~



STORET RETRIEVAL DATE 75/04/06
053009 4290AC053009
44 3b 4640 087 59 4640
GREEN BAY OPEN WATER DONR STA o
55 wWISCUNSIN
LAKE MICHIGAN

21wls 2111202
2 0u09 FEET DEPTH
72028 72029 00010 00299 00078 0u3lo pu3l2 Qu940 0us3o
DATE TIME DEPTH AZIMUTH DISTANCE wATER Y] TRANSP 80D 80D CHLORIDE RESIDUE
FROM OF FR SQUTH FR S0yTH TEMP PROBE SECCHI 5 DAY & DAY cL TUT NFLT
T0 DAY FEET DEGREES FEET CENT MG/L METERS MG/L MG/L Mo/L MG/L
73/09/17 0oos 14,5 9e2 Oeé
73709717 coo7 34 11
74/05/22 0003 160 1143 Oe9
74/08/22 0007 1640 11e3 748 7 14
74/05/22 0010 1145 a4
74/06/03 0003 15.0 lU0eQ 0e9
74/06/03 0go07 94 10 10
74/06/03 0olo 15.0 1062
74707709 ooo3 23.0 8e2 Ge9
74/07/09 0007 7.8 13 4
74/07/09 ooio 19.0 5¢3
74/08/12 0003 190 75 160
74/08/12 auo7 4e1 14 3
74/08/12 0013 19.0 7.7
74/09/04 0003 19.0 10e2 140
74/09/04 o007 6e5 12 10
74/09/04 outo 1840 7eb
053009 4290AC0S53009
44 35 4440 087 59 4640
GREEN BAY OPEN WATER DNR STA &
55 WISCONSIN
LAKE MICHIGAN
21%1S 2111202
2 0009 FEET DEPTH
00671 gubes 00605 00é18 00613 goslo 32211 32218
DATE TIME DEPTH pPHOS<DIS PHOS=ToOT ORG N NO3=N NO2=N NH3=N CHLRPHYL PHEOPHTN
FROM OF ORTHO N p1ss D1SS TOTAL A UG/L A
10 DAY FEET MG/L P MG/L p MG/L MG/L MG/L MG/L CORRECTD UasiL
73/09/717 ooo7 0.006 0.071 0,700 0,001 0.00t 0.025 21400 12,00
74/05/22 0007 0.009 U.080 Ue300 0603 De014 Uel20 12450 4,20
74/06/03 0001 0.013 0.100 1.000 005 De012 Uslé0 Be4uU
74/07/09 oo0o7 0.005 0.068 0+600 0«01 0.010 04060 26400 7.60
74/08/12 0007 0,014 UeD28 0.600 De0sb De0O7 0e010K DeU0 70,90

74/09/04 0007 0,010 U076 U.600 003 0.0023 O.114 6e7U 29,20

- §T€ -



STORET RETRIEVAL DATE 75/06/06

DATE
FROM
T0

73709718
73/09/18
73/09/18
73709718
74/02/19
74702719
74/02/19
74705722
74/05/722
74/05/22
74/04/03
74/046/03
74/046/03
74/046/03
74/07/09
74/07/09
74/07/09
74/07/09
74/08712
74/08/12
74/08/712
74708712
74/09/04
74/09/04
74/09/04
74/09/04

DATE
FROM
T0

73/09/18
74702719
74705722
74/06/03
74/07/09
74708712
74/09/04

TIME DEPTH
OF
DAY FEETY

0003
0007
aglo
Go3o
0003
ao07
ooieée
oga3
oao7
0016
0003
0Qa7
ogtco
0020
0003
0007
0013
0020
0003
0007
0gl0
0020
0vo3
ogo7?
aplo
0020

TIME DEPTH
OF
DAY FEET

apo?
o007
goo7
o007
ooo7z
0007
ano7

72028 72029 p0clo
AZIMUTH DISTANCE wATER
FR SOUTH FR SOyTH TEMP
DEGREES FEET CENT

15.0

15.0
15.0

1.0

13.0
13.0
12.0
1345

13.5
13.0
22.0

21.0
1640
19.0

19.0
18.0
20.0

i17.0
1740

00671 00665 00605
PHOS=DIS PHOS=ToT ORG N
ORTHO N
MG/L P MG/L p MG/L

0,006 O.101 G.4p0

a.007 0.060 0.100K

0,010 0.073 O.100
0,009 0.060 0.800
0.007 U045 G+500
0.018 0.018 0g.700
0.010 D071 0.500

00299
00
PROBE
MG/L

9.0

8.0
7e7
743
7.0
7.0
117
117
104
104

106
100
8e2

7.5
2e¢7
7.9

76
6e2
T8

74
Tey

pusele
NOJ3=N

piss

MG/L

0.03
0«12
Oels
010
0.01
UeDY
De02

053010
44 35 00.0 087 56 5840
GREEN BAY OPEN WATER DNR STA 7
WISCONSIN

55
LAKE MICHIGAN
21wlS
2
00078 0u3lo
TRANSP 800
SECCH! 5 DAY
METERS MG/L
0.8
4.0
2.3
1.0
1240
1e2
1.2
7.0
15
4l
0.9
45
053010

4290AC053010

44 35 0040 087 56 58.0
GREEN BAY OPEN WATER DNR STA 7
w]1SCONSIN
LAKE MICHIGAN

55

21wiS
2

00613
NO2=N

DISS

MG/L

0.002
0.021
0011
G.010
0D.008
0.00%
g0.002

00610
NH3=N
TOTAL

MG/L

Oel26
0.599
0.360
0110
GeT10K
0.010K
u.070

2111202
QLOY FEET DEPTH
00312 00%40 00530
80D CHLORIDE RESIpUE
6 DAY cL TOT NFLT
MG/L Ma/L MG/L
28
i5 3
10 13
8e6 9 [
1t 2
10 Do
11 8
4290ACU53010
2111202
0QLY FEET DEPTH
32211 322,8
CHLRPHYL PHEOPHTN
A UG/L A
CORRECTL uGe/L
27.00 10,00
12430 2,40
Fe40 3. uu
17430 UebU
0+80 12450
0-0Q 45. 1D

- 9T¢ -



STORET RETRIEVAL DATE 75/06/0¢6

DATE
FROM
T0

73/09/18
73/09/18
73/09/18
73/09/18
73/09/18
74/02/18
74/02/18
74/02/18
74/02/18
74/05/22
74/05/22
74/05722
74/06/03
74/06/03
74/06/03
74/07/09
74/07/09
74/07/09
74/07/09
74/08/12
74/08/712
74/08/12
74/09/04
74/09/04
74/09/704

DATE
FROM
T0

73/709/18
74/02/18

TIME DEPTH
oF
DAY FEET
0003
0007
6010
0020
0030
0003
6007
o010
0020
0003
0013
6030
0003
0013
0029
0003
0013
0016
0020
0003
oolg
0020
0003
0010
0023

TIME DEPTH pHOS~DIS

OF

DAY FEET
0007
ooo7

72p028
AZIMUTH
FR SOUTH
DEGREES

72029
DISTANCE
FR SOyTH

FEET

o001l0
WATER

TEMP

CENT

1540

15,0
15.0
15.0

0.7

D.8

l'3
115
10.5

9.0
1245
1245
12.0
22.0
21.0
21.0
16,0
i9.0
19.0
18.0
18.0
17.0
17.0

00671 00668

PHOS=TO.T

goéus
ORG N
ORTHO N
MG/L P MG/L P MG/L
g.007
0,005

0e094
Oe044

0.300
Oe«100K

00299
0o
PROBE
MG/L

Ge2

87
8e4
Beld
15¢4

10.8
85
117
10.8
10.8
105
1Ue4
10e2
Bel
bl
7+8
Je2
Be2
7e9
77
940
745
6e2

Qo0s18
NO3~N

pDiss

MG/L

0.05
Oel0

053011 4290ACUS53011
44 36 4640 087 55 420

GREEN BAY OPEN WATER DNR STA 8
55 WISCONSIN

LAKE MICHIGAN

21wls 2111202
2 0026 FEET DEPTH
onQo78 go3lo g03le 00940 00530
TRANSP 8OD 80D CHLORIDE RESIpPULE
SECCHI 5 DAY & DAY L TOT NFLT
METERS MG/L MG/sL MGa/L MG/L
Oe8
4.9 23
245 16 2
108
l1eb
1
1¢3 w
et
-~
1
1e8
le3
0583011 4290AC053011
44 36 4640 DB7 55 4240
GREEN BAY OPEN WATER DNR STA 8
55 WISCONSIN
LAKE MICHIGAN
21%l18 2111202
2 0u26 FEET DEPTH
00613 Qo610 32211 32218
NO2=N NH3=N CHLRPHYL PHEOQPHTN
PRR-3- TOTAL A UG/L A
MG/L MG/L CORRECTD ve/L
D«083 De046 21400 17.00
0.022 Ueld93
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STORETY RETRIEVAL DATE 75/706/06

72028
DATE TIME DEPTH AZIMUTH
FROM OoF FR SoUTH
T0 DAY FEET DEGREES
74702718 ugoe
74/02/18 0016
74706703 0003
74/06/03 0007
74/06/03 0010
74706703 001e
74/07/09 0403
74/707/09 aogaz
74/707/09 0016
74708712 0603
74708712 6007
74709704 Qo033
74709704 0007
00671
DATE TIME DEPTH pHOS-DIS
FROM OF ORTHO
T0 DAY FEET MG/L P
74/06/03 Qoo7 0.005
74/07/09 Qgo7 n.008
74/08/12 0007 0,015
74/09/04 goo7 0.010

72029
DISTANCE
FR SOUTH

FEET

Q0665
PHOS=T0T

MG/L P

Oe1p0
U.087
Ue095
0.067

[s¢]v R N ]
wATER
TEMP
CENT

0.8
Ue8
1540

1540
14.0
24.0
2345
23,0
2140
2140
18.0
17.0

00605
ORG N
N
MG/ L

0.800
G+500
Ue700
0.300

053014 4290AC0S53014
44 37 0840 087 52 120

GREEN BAY OPEN WATER ONR STA 8¢
55 WISCONSIN

LAKE MICHIGAN

21wIS 2111202
2 0019 FEET DEPTH
00299 00078 go310 po3i2 00940 00530
0o TRANSP BOD BOD CHLORIDE RESIDVE
PROBE SECCH!] S DAY 6 DAY L TOT NFLT
MGa/L METERS MG/l MG/L Me/L Me/L
443
3e4
10.8 10
948 12 7
1064
Fe2
Feb Oe9
9.2 Te4 12 5
Beb
106 Qeb
106 74 15 i8
846
90 449 8 il
1
W
&
i
053014 4290AC053014
44 37 (8.0 087 52 12e0
GREEN BAY OPEN WATER ONR STA 8¢
55 WISCONSIN
LAKE MICHIGAN
21w1S 2111202
2 QulY FEET DEPTH
goé618 00613 00610 32211 32218
NO3=N NO2=N NH3=N CHLRPHYL PHEOPHTN
DISS DISs TOTAL A VUG/L A
MG/L MG/L MG/L CORRECTOD va/siL
De22 0019 Os170 1800 5,50
0.03 6.010 04240 24420 3.3
0+04 0.007 0.010K 1330 58,450
0«09 0.003 U.09%0 2450 53,50



STORET RETRIEVAL DATE 75/06/06
0%3015 4290ACUS301s
44 39 220 087 53 49.0
GREEN BAY OPEN WATER OUNR STA ¢
55 WISCONSIN
LAKE MICHIGAN

21wls 2111202
2 Qu2é FEET DEPTH
72028 72029 goglo Qo299 00078 00310 ob3lz 00940 ousao
OATE TIME DEPTH AZIMUTH DISTANCE VvATER 00 TRANSP 80D 80D CHLURIDE RESIDUE
FROM OF FR SOUTH FR SOyTtH TEMP PROBE SECCHI S DAY 6 DAY (48 TUT NFLT
T6 DAY FEET DEGREES FEET CENT MG/L METERS MG/L MG/L MG/L Mo/l
73709718 0003 1545 948 10
73/09/18 0007 4e3 18
73709718 oolo 15.0 9l
73709718 uo20 150 8e8
74/02/18 00402 0.8 1746
74/02/18 ooaz7 1.0 150 241 9 Ueb
74/02/18 0913 1.0 107
74/02/18 0020 13 o5
74/02/18 0p23 1.0 840 3.1 17 9
74/02/18 0026 1e4 8e3
74/05/20 Goo3 9.0 lley 162
74/05/20 aolto 9.0 1143
74/05/20 002u 8.0 l1ie8
74/06/03 0003 1245 104 16
74/06/03 0010 12.5 1ue2
74/06/03 sozo 12.0 10+0
74/06/03 0030 11.0 ?e3
74/07/09 0003 2240 8+5 18
74/07/09 oule 2040 5e§
74/07/09 uo3o 14.0 5e2
74/08/712 0go3 1945 Beb 18
74/08/12 0013 1945 8e3
74/08/12 ggzl 19.0 Bel
74/08/12 0026 1540 2.8
74/09/04 0003 19.0 ded4 146
74/09/04 oo13 18.0 743
74709704 0030 17.0 742
053015 429UACUS3ULS
44 39 2240 087 53 490
GREEN BAY OPEN WATER ONR STA ¢
55 WISCONSIN
LAKE MICHIGAN
2418 2ili1a202
2 Uu26 FEET DEPTH
ugs71 QubéR goéas ouéLs 00613 Quéelo 32211 3228
DATE TIME DEPTH pHOS=DIS PHOS=ToT ORG N NO3=N NO2Z=N NH3=N CHLRPHYL PHEOPHTN
FROM OF ORTHO N LRS- viss TOTAL A UG/L A
T0 DAY FEET Ma/L P MG/L p MG/L MG/L MG/L MG/L CORRECTO Ue/L
73/09/18 voo7 0.008 0058 0.400 0«05 0.003 0e126 51.00 25400
74/02/18 oop7? 0,002 UeOl Y 0.200 Uel02 0.008 u.08Y

74/02/18 go23 0.007 Ue047 C.100K Usll Ue026 UeblH

- 0ze -



STORET RETRIEVAL DATE 75/06/06

72028 72029 000lo

DATE TIME DEPTH AZIMUTH DISTANCE WATER

FROM OF FR SOUTH FR S0yTH TEmp

T0 DAY FEET DEGREES FEET CENT
74/02/18 0003 1.0
74/02/18 6020 15
74/02/18 0026 1e6

6523016 4290ACA53016
44 40 16+0 D87 52 39e0

GREEN BAY OPEN WATER DNR STA 9a
55 WISCONSIN

LAKE MICHIGAM

21wls 2111202
2 0026 FEET DEPTH
00299 00078 00310 go3l2 00940 00530
Do TRANSP BOD BOD CHLORIDE RESIDUE
PROBE SECCHI S DAY 6 DAY CL TOT NFLT
MGe/L METERS MG/L MG/L Ma/L MG/L
164y
8.8
603

- T12¢ -



STORET RETRIEVAL DATE 75/06/06

DATE
FROM
T0

74702718
74702718
74/02/18
74705720
74705720
74705720
74/05720
74706704
74/06/04
74/06/04
74706704
74/06/04
74/07/09
74/07/09
74/07/09
74/07/09
74708713
74/08713
74/08713
74/08/713
74708713
74709704
74/09/04
74/09/04
74/09/04

DATE
FROM
T0

74/02718
74/05/20
74/06/04
74/07/09
74/08713
74/09/04

TIME DEpPTH
(73
DAY FEET

ggo7
ap20
0gz2e
opo3
ooo7
0gl13
0030
0003
auo7
auto
0020
0030
0po3
0007
0013
0u3o
voa3
goo7
golo
0023
0u2e
003
0po7
ao1s
0030

TIME DEPTH
oF
DAY FEET

ogo7
g007
4po7
ago7
ugo7
go07

72028
AZIMUTH
FR SOUTH
DEGREES

00671
pPHOS=DIS
ORTHO
MGg/L P

0.008
0.004
0.010
g.008
o.ul0
0.009

72029

DISTANCE

FR SOUTH
FEET

00665
PHOS=ToT

Ma/L p

De046
0.077
U080
VeD42
G014
0.033

o00glo
WATER

TEMP

CENT

145
0.9
1.2
845
845
8.5
8.0
12,0

12.0
1240
10.5
22.0

210
1245
20.0

2040
19.5
1640
18.0

18.0
18.0

006065
ORG N
N
MG/L

0«100K
0.300
0.200
0.300
0e300
0400

00299
0o
PROBE
MG/

Se7
Sel
33
1le8
1les
118
11e8Bo
Feb

Feb
9e4
7.2
BsS

8e0
4¢3
8¢}

7.9
75
Se9
Te9

7.2
Se9

o0és18
NO3=N

oiss

MG/L

Delo
D.06
CsUS
Q.03
0«06
O.l0

853017
44 39 41.0 087 51 050

GREEN BAY OPEN WATER DNR STA 9g
WISCONSIN

55
LAKE MICHIGAN
21wls
2
00078 g031a
TRANSP aop
SECCHI 5 DAY
METERS MG/L
201
1e2
leb
leé
49
1e8
449
1e5
3.3
053017

4290AC053017

2111202
0022 FEET DEPTH
00312 00%40 00530
800 CHLORIOE RESIDUE
6 DAY cL 10T NFLT
MG/L Mu/L MG/L
17 4
4.5 io 9
8 2
9 \
t
w
]
9 OelK :
6 6

4290AC053017

44 39 41.0 087 5] 05e0
GREEN BAY OPEN WATER ONKR STA 9g
WISCONSIN

585

LAKE MICHIGAN

21nls
2

apst3
NO2=N

DISsS

MG/L

De02C
0.007
0.008
De.008
0005
0.003

00610
NH3=N
TOTAL

MG/L

0D.598
0.160
O.06U
uello

Ge01UK

0.020

2111202
0022 FEET DEPTH
32211 32218
CHLRPHYL PHEOPHTIN
A UG/L A
CORRECTOD ve/sL
1260
P40 4,00
113U 1,80
V.00 14,20

3.30 18.,4u



STORET RETRIEVAL DATE 75/06/06

72p28 72029
DATE TIME DEPTH AZIMUTH DISTANCE
FROM OF FR SOUTH FR SOuTH
T0 DAY FEET DEGREES FEET
74/02/18 ooo3
7470218 0023
72p28 72029
DATE TIME DEPTH AZIMUTH DISTANCE
FROM OF FR SOUTH FR SOUTH
T0 DAY FEET DEGREES FEET
74702718 0003
74/02/18 0013

74/02/18 0620

053018 4290AC053018
44 38 590 0B7 49 l4e0
GREEN BAY OPEN WATER DNR STA 9¢
5% WISCUNSIN
LAKE MICHIGAN

21wls
2
poarzs oQ3lo 0031¢
TRANSP aud BOD
SECCHI 5 DAY 6 DAY
METERS MG/L MG/L
0s3019 4290AC053019

44 3% 06«0 087 49 580

GREEN BAY OPEN WATER DNR STA 9(B

55 WISCONSIN
LAKE MICHIGAN
21%1S 2111202
2 Uul9 FEET
00078 ou3to goatz
TRANSP 800 BOD
SECCHI 5 DAY 6 DAY
METERS MG/L MG/L

2111202
0022 FEET

- €T¢ -



STORET RETRIEVAL DATE 75/06/06
053020 4290ACU53024

44 32 100 087 59 000

GREEN BAY OPEN WATER DNR STA |o
5% @ ]SCONSIN

LAKE MICHIGAN

21%1S 2111202
2 QU6 FEET DEPTH
72028 72029 poolp 00299 00078 pou3lo p03l2 0u940 00530
DATE TIME DEPTH AZIMUTH DISTANCE WATER 09 TRANSP BOD 80D CHLOREIDE RESIDUE
FROM OF FR SOUTH FR SOUTH TEMP PROBE SECCHI 5 DAY 6 DAY CL TOT NFLTY
T0 DAY FEET DEGREES FEET CENT MG/L METERS Ma/L MG/L MG/L MG/L
73709717 0003 17.5 5¢2 Oett
73709717 0007 7e4 60
74/02/19 0003 10e1
74702719 0007 1.0 1001 &el 18 54
74/05/22 0003 1545 848 0.7
74/05/22 0007 1540 943
74/06703 0003 1645 642 Oeb
74706703 oob7 1645 6e2
74/07/09 uoo3 23,0 4e2 0.8
74708712 00063 2245 649 Oe4
74/08712 0010 2245 6e7
74/09/04 0003 19.0 545 Ce3
053020 4290ACU5302u
44 32 10.0 087 S9 0G0«U
GREEN BAY OPEN WATER DNR STA Jg
55 WISCONSIN
LAKE MICHIGAN
21n1S 2111202
2 U006 FEET DEPTH
00671 00665 00605 pos18 00613 Qo610 32211 32218
DATE TIME DEPTH pHOS=DIS PHOS=TQT ORG N NO3=N NO2=N NH3=N CHLRPHYL PHEOPHTN
FROM oF ORTHO N DISS DISS TOTAL A UG/L A
TO DAY FEET MG/L P MG/L p MG/L MG/L MG/L MG/L CORRECTD versiL
73709717 0007 0.009 0s356 0,700 0e03 0002 O.484 70000 17.00

74/02719 ooo7 D.,032 0.309 0« 100K Qetl 0e031 Us536 I5+90 244V

- g -



STORET RETRIEVAL DATE 75/06/06

72p28

DATE  TIME DEPTH AZIMUTH

FROM OF FR SOUTH

To DAY FEET  DEGREES
73/09/17 0003
73709717 0007
74702719 0003
74/02/19 0007
74705722 6003
74/05/22 Go1gQ
74/06/03 0003
74/06/03 goto
74/07/09 ugo3
74/07/09 0010
74/08/12 aoo3
74/08/12 o010
74/09/04 0003
74/09/04 0007

00671

DATE  TIME DEPTH pHOS=DIS

FROM oF ORTHO
To DAY FEET  MG/L P
73/09/17 poo7 0.023

72029
DISTANCE
FR SOUTH

FEET

00665
PHOS=ToT

MG/L p

0251

poolo
wATER

TEMP

CENT

17.0

1545
1540
1645
1645
2440
2245
2240
2240
19,0
1840

p060S

ORG N
N
MG/L

0.400

00299
0o
PROBE
MG/L

“.2

P8
849
Ile}
10.8
7'4
745
8e2
Je2
7.8
748
8.4
609

00618
NO3 =N
DIsSs
MG/L

O+04

053021 4290AC053021
44 32 03sU 087 57 G540

GREEN BAY OPEN WATER DNR STA 1}
55 WISCONSIN

LAKE MICHIGAN

21wl1s 2111202
2 0006 FEET DEPTH
00078 p031po po3l2 ou94p ons3o
TRANSP 30D BOD CHLORIDE RESIpUE
SECCHI s DAY 6 DAY L TOT NFLT
METERS MG/L MG/L MG/L MG/L
Qe
H4¢6 32
Qe9
Oe8
09
Qeb
Ded
0534021 4290A€05302)
44 32 03+0 087 57 050
GREEN BAY OPEN WATER DNR STA |}
56 WISCONSIN
LAKE MICHIGAN
2iwlsS 2111202
2 0006 FEET DEPTH
00613 00é6i0 32211 32218
NO2=N NH3=N CHLRPHYL PHEUPRHIN
DISS TOTAL A Ua/L A
MG/L MG/L CORRECTOD Vast

G004 0.325 6100 11.00

- €2¢ -



STORET RETRIEVAL DATE 75/064/06

DATE
FROM
T0

73/09/717
73/09/17
74702719
74/02/1¢9
74/058/22
74705722
74/058/22
74/06/03
74/06/03
74706703
74/07/09
74/07/09
74/07/09
74/08/12
74/08/12
74/08/12
74/09/04
74/09/04
74709704

DATE
FROM
T0

73/09/17
74/02/19
74/05/22
74/06/03
74/07/09
74/08/12
74/09/04

TIME DEPTH
OF
DAY FEET

0003
0007
0003
coo7
0003
0007
oglo
0003
goo7
coto
0g03
Goo7
0010
0003
0007
oolo
0003
0007
anin

TIME DEPTH
OoF
DAY FEET

ooo7
ooo7
0go7
opo7
goo7
0007
coo07

72028
AZIMUTH
FR SOUTH
DEGREES

00471
PHOS=-DIS
ORTHO
MG/L P

0.006
0.007
0,016
0.004
0,007
g.022
0.064

72029
DISTANCE
FR SOuTH

FEET

00665
PHOS~ToT

MG/L P

Uel99
Oel17
Oe117
Uet20
0.089
O0.074
0e241

o00lo0
wATER

TEWP

CENT

16.0

0.7
1.3
15,5
1545
1445
1700

17.0
2445

23.0
22.0

22,0
19.0

le.o

00605
ORG N
N
MG/L

0.100
0+100K
0.200
1200
0.800
0.600
1.000

Qo299
Do
PROBE
MG/L

7ol

12+8

be2
111
111
1040
10e0

Fe8
Fe7

Fe3
842

Be2
1040

7.0

00618
NO3=N

DiIss

MG/L

0.03
0.02
0429
059
UeO4
Celi
Oel2

053022
44 32 27.0 087 56 02.0
GREEN BAY OPEN WATER DNR STA {2
WISCONSIN

55
LAKE MICHIGAN
21w1S
2
00078 00310
TRANSP 800
SECCHI S DAY
METERS Ma/L
Oet4
4¢3
0.9
846
O«8
81l
Q.9
b5
Det
5.7
us3u22

4290AC053022

2lilzoz2
0009 FEET DEPTH
g0312 U940 00530
80D CHLORIVDE RESIDUE
6 DAY cL TOT NFLT
MG/ MGsL MG/L
24
18 30
13 15
948 14 7
15 7
17 17
21 21
429UALU53022

44 32 2740 087 56 Q2.0
GREEN BAY OPEN WATER DLnR STA 12
WISCONSIN
LAKE MICHIGAN

55

21als
2

00613
NO2=N

DISS

MGa/L

0004
04033
0.017
0D.027
0.010
Ce014
0.009

00610
NH3~=N
TOTAL

MG/L

0.473
0.578
0,570
U.31U
Oesl0uU
Ue20U
Ue.240

2111202
JuuY FEET DEPTH
3221 32218
CHLRPHYL PHEOPHTN
A ug/L A
CORRECTD UersL
51.0U 15,00
1460 1.20
22.80 S.9U
25470 6.8UL
10«10 58,50
3042 12,50

- 9%¢ -~



STORET RETRIEVAL DATE 75/06/06
053023 4290AC053023
44 33 0440 087 57 D840
GKEEN BAY OPEN WATER ONR STA 13
5 WISCONSIN

LAKE MICHIGAN

21wl1S 2111202
2 Ou09 FEET DEPTH
72028 72029 gogolo 00299 00078 00310 po3l2 vo%40 ous30
DATE TIME DEPTH AZIMUTH DISTANCE wATER bo TRANSP 80D 800 CHLORIDE RESIOVE
FROM OF FR SOUTH FR SOyuTH TEMP PROBE SECCHI 5 DAY 6 DAY cL TOT NFLT
70 DAY FEET DEGREES FEET CENT MG/L METERS MG/L MG/L Ma/L Mo/
73/09/1%7 0p03 1640 Se?7 Oe4
73/09/717 00067 34
74/02/19 0063 Fe2
74702719 0007 1.0 90 5e¢5 16 20
74702719 golo 8¢3
74705722 0003 155 10«0 Oe9
74/05/22 0007 1545 1le} 645 12 14
74/05/22 Qglo 13.5 Be8
74/06/03 0003 16,0 746 0.9
74/06/03 0007 842 14 12
74/06/03 0010 16.0 7.8
74/07/09 [e]ek) 24.0 845 0.9
74/07/0¢% 0007 7.0 14 4
74/07/09 coto 24,0 el
74708712 Quo3 2240 Teb Oed
74708712 uoo07 b¢5 21 36
74708712 gglo 2240 746
74/09/04 0o03 18,0 Bel Dot
74/09/04 ooo7 Se7 21 22
74/09/04 0010 1840 743
053u23 429UAC053023
44 33 D440 087 57 G8eU
GREEN BAY OPEN WATER ONR STA |3
56 wISCONSIN
LAKE MICHIGAN
21v IS 2111202
2 QUuU9 FERT DEPTH
00671 gubses p0é0s gosls o613 Quélo 32211 32218
DATE TIME DEPTH pHOS~DIS PHOS-TOT URG N NO3=N NO2=N NH3=N CHLRPHYL PHEOPHTN
FROM OF ORTHO N 0Iss DISS TOTAL A UG/L A
TO DAY FEET MG/L P MG/L P MGa/L MG/L MG/L MG/L CORRECTU Ue/L
73/09/17 0007 0,022 0.200 0.000 0.04 O0«004 De574 6100 11.00
74702719 0007 0.010 Ue0us 0«100K [{FRN] 04035 Ue525
74/05/22 ago?7 0,018 U.108 0.200 Ue20 0«013 0.300 FebU 1.20
74/706/03 upo7 0.009 Uslt0 1100 073 0025 Ue450 18+20 5,20
74/07/09 0907 0.LD3 04120 0.700 Ue04 OeULS U.l0UL 35430 SelU
74/08/12 0go7? 0,034 0.123 0.800 Dell Oe014 UsedI0 1ebU 74,00

74/09/04 0007 0,048 G.218 U600 dell DeUll 0e190 618U V.0V

Lee -



STORET RETRIEVAL DATE 75/06/06
053024 4290AC053024
44 33 26«0 087 55 370
GREEN BAY OPEN WATER ONR STA ]13A
55 WISCONSIN
LAKE MICHIGAN

21wlS 2111202
2 0009 FEET DEPTH
72028 72029 00010 06299 goo7s 00310 p0312 00940 00530
DATE  TIME DEPTH AZIMUTH DISTANCE  wATER 00 TRANSP 80D BOD CHLORIDE RESIDUE
FROM OF FR SOUTH FR SOUTH TEMP PROBE SECCHI 5 DAY 6 DAY cL TOT NFLT
To DAY FEET  DEGREES FEET CENT MG/L METERS MG/L MG/L MG/L MG/L
74/02/19 0003 9.5
74/02/19 0Go07 1.0 95 3.4 14 11
74/02/19 oo1o0 648
74/05/22 0003 1545 lies 0e9
74/05/22 0010 1540 110
74/06/03 0003 1645 9.9 0e8
74/06/03 0ula 1645 10.0
74/07/09 0003 24.0 9.2 049
74/07/09 o010 2440 94
74/08/12 0003 2240 8.1 0.8
74/08/12 oolo 2240 7.2
74/09/04 0G03 19.0 949 Oeb
74/09/04 coto 1840 641
1
w
053024 4290AC053024 M
44 33 260 087 55 37.0
GREEN BAY OPEN WATER DNR STA 13a '
55 WISCONSIN
LAKE MICHIGAN
21w18 2111202
02 0009 FEET DEPTH
00471 00665 0060S. 00618 00613 00610 32211 3228
DATE  TIME DEPTH pHOS=-DIS PHOS-ToT  ORG N NO3=N NO2-N NH3=N CHLRPHYL PHEOPHTN
FROM oF ORTHO N piss DISS TOTAL A UG/L A
To DAY FEET MG/L P MG/L p MG/L MG/L MG/L MG/L CORRECTD ve/sL

74/02/19 8007 0.001 0.081 0.100K Qel2 00230 0.688



STORET RETRIEVAL DATE 75/06/06

053025 4290AC053025
44 34 16.0 087 55 0500

GREEN BAY OPEN WATER DNR STA 14
SS WISCONSIN
LAKE MICHIGAN

21wis 2111202
2 0009 FEET DEPTH
72028 72029 00010 00299 ooo7s 00310 00312 00940 00530
DATE  TIME DEPTH AZIMUTH DISTANCE  wATER Do TRANSP 80D 80D CHLORIDE RESIDUE
FROM OF FR SOUTH FR SOUTH TEMP PROBE SECCHI & DAY 6 DAY 4% TOT NFLT
To DAY FEET  DEGREES FEET CENT MG/L METERS MG/L MG/L Ma/L MG/L
73709718 0003 15.5 Bey 0.5
73709718 00087 27
73/09/18 0010 1545 843
73/09718 0013 15.0 840
74702719 0003 8.9
74/02/19 0007 643
74/05/22 0003 15.0 11e2 Ge9
74/05/22 0007 1540 1le4 11,0 15 14
74705722 oolo 13.5 Beb
74/06/03 0003 1545 9.5 De¥
74/06/03 0007 1540 946 8.2 14 10
74/07/0%9 0003 25.0 idet Oeb
74/07/09 ooo7 9.4 14 4
74/07/09 o013 2440 9.8
74/08/12 0003 2145 Bed 0.8
74/08/12 0o07 645 16 8
74/08/12 00i0 21.0 8o
74709704 0003 18.0 9.6 Oeb
74/09/04 voo7 645 13 12
74/09/04 colo 18,0 7+2
053025 4290AC053025
44 34 }640 DB7 55 050 :
GREEN BAY OPEN WATER DNR STA 14
55 WISCONSIN
LAKE MICHIGAN
21wls 2111202
2 0009 FEET DEPTH
00671 00665 00605 00618 00613 00610 32211 32218
DATE  TIME DEPTH PHOS-DIS PHOS=TOoT  ORG N NO3=N NOZ=N NH3=N CHLRPHYL PHEUPHTN
FROM oF ORTHO N plss DISS TOTAL A uG/L A
To DAY FEET  MG/L P MG/L p MG/L MG/L MG/L MG/L CORRECTD vesi
73/09/18 0007 0.027 Ge182 0+l00 009 0.007 0+264 34,00 12,00
74708722 voo7 0.009 U125 U200 D439 0.013 U390 13.00 4,00
74/06/03 0007 D.008 04130 1.400 Ueld2 04015 0.380 1340 8,80
74/07/09 ouo7 0.006 Gelnd D¢600 0.02 0005 0,140 57460 5,60
74/08712 ouo7 0,036 D103 0,400 Uell 0023 0.180 9420 27,00

74709704 cao7 0,015 0.12% G300 V.08 0003 0.050 20410 25,10

- 62€ -



STORET RETRIEVAL DATE 75/06/06
053027 4290AC053027
44 35 44.0 087 54 1640
GREEN BAY OPEN WATER ONR STA 1g
55 WISCONSIN
LAKE MICHIGAN

21w15S 2111202
2 QUl3 FEET DEPTH
72p28 72029 g00lo 00299 oog7s 00310 g03i12 00940 00530
DATE TIME DEPTH AZIMUTH DISTANCE WATER PYY] TRANSP 800D 80D CHLORIDE RESIDUE
FROM oF FR SOUTH FR SOUTH TEMP PROBE SECCHI 5 DAY 6 DAY Cct TOT NFLT
T0 DAY FEET DEGREES FEET CENT MG/L METERS MG/L MG/L MG/L MG/L
73709718 0003 15,0 Feb 0.8
73/09/18 o007 12
73/09/18 0010 15.0 945
73/09/18 6013 1540 9ei
74702719 ouoe 5¢2
74702719 0015 5.7
74/05/22 0003 i15+5 11e4 08
74/05722 oote 14,0 i10e2
74/06/03 U003 1540 10.8 0.9
74/06/03 0010 1540 1Ue8
74/07/09 0003 23.U 91 08
74/07/09 0007 23.0 8eb
74/08/12 0go3 2140 8e7 0e6
74/08/12 0013 2140 Be7
74/09/04 0003 18,0 ge7 0.9
74/09/04 goto 17.0 Beb
053027 4290ACU53027
44 35 4440 D87 54 1640
GREEN BAY OPEN WATER DNR STA. 15
55 WISCONSIN
LAKE MICHIGAN
21wls 2111202
2 Qul3 FEET DEPTH
00671 D0665 00605 00618 00613 U610 32211 2228
DATE TIME DEPTH pHOS=DIS PHOS~TQT ORG N NO3=N NO2=N NH3~N CHLRPHYL PHEOPHTN
FROM OF ORTHO N vIss DISS TOTAL A UG/L A
T0 DAY FEET MG/L P MG/L P MG/L MG/L MG/L MG/L CORRECTD ve/L

73/09/18 go07 0.008 De058 0.500 Del7 0.003 Oe.126 19.00 8.00

- 0ce -



STORET RETRIEVAL DATE 75/06/06

DATE
FROM
10

73/09/18
73/09/18
73/09/18
73709718
74/02/18
74/02/18
74/02/18
74/05/720
74705720
74705720
74/05720
74/06/03
74/06/03
74/06/03
74/07/09
74/07/709
74/07/0¢9
74/08/13
74/08/13
74/08/13
74709704
74/09/04

DATE
FROM
T0

73/09/18
74/02/18
74/05/20

TIME DEPTH
oF
DAY FEET

goo3
goo7
oolo
0020
ggo3
0007
0013
ogo3
opo7
0013
0p23
0003
6o10
0o20
0003
cola
0g23
0003
0olo
go23
0003
0023

TIME DEPTH
OF
DAY FEET

goo7
Qo007
Qgo7

72028 72029 a00io
AZIMUTH DISTANCE WATER
FR SOUTH FR SOUTH TEMP

DEGREES FEET CENT

i545

1545
!5.0
Oe6

0.8
9.0

9.0

9.0
14,5
1445
13.0
23.0
22.0
22.0
2U.0
20.0
17.0
18.0
17.0

g0671 00668 00605
pHOS=DIS PHOS=TOT ORG N
ORTHO N
MG/L P MG/L p MG/L

0.005 0.063 0500

0.020 0045 04100

0.006 Ge.086 0.500

00299
0o
PROBE
MG/L

8e7

845
8ol
S5e¢2
52
Je7
11e2

11e2
11e3
108
1Ue5
9.0
845
749
Teb
8.0
79
7.8
B8e2
8e0

post8
NO3=N

Diss

MG/L

Oel1
0elQ
Oel4

053028

4290AC053028

44 37 34.0 087 51 02.0
GREEN BAY OPEN WATER ONR STA 1s
S5 WISCONSIN

LAKE MICHIGAN

21iwlS

2
00078 oc3lo
TRANSP X' D]
SECCHI 5 DAY
METERS MG/L

0.9

053028

2111202

Gul3 FEET OEPTH

g03l2 00940
80D CHLORIDE
6 DAY L
MG/L Ma/L

18

4290AC053028

44 37 3440 087 51 02.0
GREEN BAY OPLN wATER DNR STA 14

0053¢0
RESIDUE

TOT NFLT
MG/L

20

10

55 WISCONSIN
LAKE MICHIGAN
21wlsS 2lilla2oz
2 UG13 FEET DEPTH
00613 06Q610 32211 32218
NO2=N NH3=N CHLRPHYL PHEOPHTN
D1SsS TOTAL A UG/L A
MG/L MG/L CORRECTOD Ve/L
0.00t 0.038 S0.u0 15,00
0«014 O0e472
0.0t2 0.190 13.10

- 1€¢ -



STORET RETRIEVAL DATE 75/06/06

DATE
FROM
T0

73709718
73709718
73709718
73/09/18
74/02/20
74/02/20
74/02/20
74/02/20
74/02/20
74/02/20
74/02/2¢0
74/02/20
74702720
74/02/20
74/02/20
74705720
74705720
74705720
74/06/04
74/046/04
74/06/04
74/07/0%9
74/07/09
74707709
74/08713
74708713
74708713
74709705
74/09/0%
74/709/05

DATE
FROM
T0

73709718
74/02/20
74702720

TIME DEPTH
OF
DAY FEET

0003
goo?
0gio
Qu20
ogou
vooz
4005
G006
goo7
goto
0013
0g1%
0020
go23
0026
ugo3
0010
6o20
0003
0013
0023
6go3
go10
0020
guo3a
0dlo
0n20
0003
oglo
0oza

TIME DEPTH
OF
DAY FEET

aoo7
gouaz
gp20

72028
AZINUTH
FR SOUTH
DEGREES

315.0

315.0

315.0

00671
PHOS=DIS
ORTHO
MG/L P

0,005
0.0u5
0.014

72029
DISTANCE
FR SOyTH

FEET

4000.0

4000,0

4000.0

00665
PHOS5=ToT

MG/L P
0.046

0.005
Qe053

poulo
nATER

TEMP

CENT

1545

1545
1545
0.0
De0
0.0
Ue2

C.0
0.2
et
0.1
1.0
10
9.0
9.0
?.0
1440
1440
14.0
24,40
2340
24.0
20.0
19.5
1945
18.0
18,0
1840

00605
ORG N
N
MG/L

0.000
1600
04800

00299
bo
PROBE
MG/L

9.0

?+0
9.0
Fe2
124
11.8
1246

8¢2
5.4
248
245
le8
Le7
1204
120
1240
FeS
Feol
Feod
Fe2
8e9
Be8
Bey
843
8e3
?e6
Feb
9e5

0gse18
NO3 =N
olss
MG/L

002
CeD4
Gelo

053029
110 087 47 12«0

GREEN BAY OPEN WATER DNR S5TA [sA
WISCONSIN

44 39

4290AC053029

2111202
U019 FEET UDEPTH

po3l2 0u%40 0us3o
80D CHLORIDE RESIpUE
& DAY <L TOT NFLT
MG/L Ma/L MG/L
15
9 0.5
18 21
4290AC053029

110 087 47 120
GREEN BAY OPEN WATER DNR STA JpsA

2111202
Oul9 FEET DE#TH

32211 3228
CHLRPHYL PHEOPHTN
A Us/u A
CORRECTD Va/L
7+00 S5.00
?e70 0.00

5%
LAKE MICHIGAN
21w1S
2
00078 00310
TRANSP 80D
SECCHI S DAY
METERS Me/L
1e2
543
7.0
1e2
1e5
10
1e5
1e6
053029
q4 39
55 wISCUNSIN
LAKE MICHIGAN
21015S
z
00613 austo
NOZ=~N NH3=N
vISS TOTAL
MG/L MG/L
0.002 0,095
0005 0,058
0010 Ueb09

- €€ -



STORET RETRIEVAL DATE 75/06/06
053030 4290AC0S3030
44 39 58e0 087 48 560
GREEN BAY OPEN WATER DNR STA |48
55 WISCONSIN
LAKE MICHIGAN

21wIS 2111202
2 0uZ6 FEET DEPTH

72p28 72029 p001lo 00299 00078 go3lgo po312 00940 00530

DATE TIME DEPTH AZIMUTH ODISTANCE WwATER Du TRANSP 80D 80D CHLORIDE RESIDUE

FROM OF FR SOUTH FR SOyTH TEMP PROBE SECCHI 5 DAY 6 DAY cL TOT NFLT

To pAY FEET DEGREES FEET CENT MGa/L METERS MG/L MG/L Ma/L MG/L

74/02/20 0003 315.0 4000,0 0.0 100
74/02/20 0005 0e0 1le0
74/02/20 0006 0.0 943
74/02/20 0oto 31540 4000,0 0.0 5.9
74702720 0oi2 0.0 Te4
74/02/20 0019 0.0 3.0
74/02/20 0020 315.0 4000,0 0.1 46
74/02/20 0026 315,0 4000.0 142 1e7
74/02/20 0027 1.0 1e5

- £€€ -



STORET RETRIEVAL DATE 75/06/06

DATE
FROM
T0

74/02/20
74/02/729
74/02/20
74/02/29
74/02/20
74/02/20
74/02/20
74/02/20
74/02/20
74/02/20
74/02/20
74/02/20
74/02/20
74/02/20
74702720
74/02/20
74/02/20

DATE
FROM
To

74/02/20
74/02/20

TIME DEPTH

OF
DAY

FEET

0002
0003
U004
oaos
goue
0007
gglo
goll
golz
0013
0019
gu20
goz1
0p2é6
oo28
0p29
0030

72028
AZINMUTH
FR SOUTH
DEGREES

31540
315.0
315.0
315.0

31540
315.0

315.0
315.0

315.0
315.0

315.0
315.0

00671

TIME DEPTH PHOS-DIS

OF
DAY

FEET

ago7
0026

ORTHO
MG/L P

0.003
o.Ut2

72029
DISTANCE
FR SQuTH

FEET

5000.0
2500,.,0
10000.0
5000.0

5000,0
10000.0

2500.0
10000,u

5000.0
2500,0

5000,0
10000.0

QUbsS
PHOS=-TQT

MG/L P

0e.011
0.096

poolo
LATER

TEMP

CENT

Q.0
U.0
Ue0
0.0
0.0
U.0
0.0
U.0
U0
Ul
0.1
U0
0,0
1.0
1.0
1.0
1.0

00405
URG N
N
MG/L

0+300
0300

00299
Do
PROBE
MG/L

11+5
Fe2
95
1262
8e8
be8
S5e6
Fe3
S5e7
6eb
5.8
3e8
445
1e7
Lot
246
3e4

goéis
NO3 =N
DISS
MG/L

0.09
Uel9

153001 4290AC153001
44 40 5440 087 51 5640
GREEN BAY OPEN WATER DNR STA jscC
55 WISCUNSIN
LAKE MICHIGAN

21415 2111202
2 UUZ2 FEET DEPTH
aoo7s 00310 00312 QU940 00530
TRANSP 80D 80D CHLORIDE RESILUE
SECCHI 5 DAY 6 DAY cL TuT NFLT
METERS Ma/L MG/sL Ma/L MG/L
940 13 3
1345 19 61
153001 429U0ACI53001
44 40 S54.0 D87 5) S6eU
GREEN BAY OPEN WATER DNR STA jgcC
55 wISCUNSIN
LAKE #ICHIGAN
21v 15 21112v2
2 Vuz22 FEET DEPTH
goe13 poe6lo 32211 32218
NO2=N NH3=N CHLRPHYL PHEOPHTN
VISS TOTAL A UG/L A
MG/L MG/L CORRECTD ue/L
0+013 0e247
DeU19 Ue714

- yeg -



STORET RETRIEVAL DATE 75/06/06

DATE
FROM
T0

73/09/18
73/09/18
73/09/18
74708720
74/05/720
74/08/72Q
74/06/03
74/06/03
74/06/03
74/07/09
74/07/09
74/07/09
74/07/09
74/08/12
74/08/12
74/08/712
74/08/12
74/09/04
724/709/04
74/09/04

DATE
FROM
T0

73/09/18
74/05/20
74/06/03
74/07/09
74/08712
74/09/04

TIME DEPTH
oF
DAY FEET

ago3
ago7
6010
0003
goa7
0013
uoo3
oao7
agl3
0003
0007
oolo
0ote
0003
uoo7
0013
0016
aoo3
0007
gglo

TIME DEPTH
oF
DAY FEET

aoa7z
0qo7
ouo?
ogo7
Qpoo7
0007

72028
AZIMUTH
FR SOUTH
DEGREES

00671
PHOS=DI1S
ORTHO
MG/L P

0,003
0.004
g.008
0.005
0.011
0.011

72029
DISTANCE
FR SOuTH

FEET

0066%
PHOS=ToT

MG/L P

G.033
0.049
Usvsu
O0.044
0.033
Us086

00010
WATER

TEMP

CENT

1445

14,0
11.0
ite0
11.0
13.5

135
21.0

21.0
16.0
17.0
19.0
1940
170
18.,0

l7.0

gné0s

ORG N
N
MG/L

0.200
0«400
1e0UU
04300
Ueb00
0e.l00

ou299
Do
PROBE
MG/L

102

100
112
11e2
1162
1086

10e7
8¢3

7.8
4¢3
7.9
79
7.7
4e7
Fe3

7¢3

oosle
NO3=N

DIss

MGa/L

Qe04
Ue09
DeU&
0402
QeUs
009

053031

44 36 430 087 58 210
GREEN BAY OPEN WATER UNR STA }7

4290ACUS3031)

55 #1SCUNSIN
LAKE MICHIGAN
21wis 2111202
2 QuLY FEET DQEPTH
ooo7s8 ou3io 00312 QU940 00530
TRANSP BOD BOD CHLORIDE RESIDUE
SECCHI S LAY & DAY CL TOT NFLT
METERS MG/L MGa/L Ma/L MasL
lel}
14
1e2
4,5 1t 11
15
Beb 9 2
18
4l 8 3
1.8
33 14 Oe4
le5
53 9 9
053031 4290ACUS 303
44 36 4340 DBT7 58 2140
GREEW BAY OPEN WATER ONK STA 37
S5 wISCONSIN
LAKE MICHIGAN
21wlS Z2il112u2
2 Qu0% FEET DEPTH
onél3 Quelo 32211 3228
NO2=N NH3=N CHLRPHRYL PHEUPHTN
DI3S TOTAL A VUG/L A
MG/L Ma/L CORRECTOD Va/sL
0s002 04133 15400 1.00
0«011 Ue250 1e5U
D.0023 UeO4u 9«30 180
Us001L U.040 10«4V L480
Q.011 0eUl0UK Ue80U 25400
U.003 Uslbu 10s1U 19,20

- GE€ -



STORET RETRIEVAL DATE 75/06/06

DATE
FROM
T0

73/09/18
73/09/718
73/09/18
73/09/18
74/02/18
74/02/718
74705720
74/05/720
74/05/20
74/05/2¢0
74/06/703
74/06/03
74/06/03
74/06/03
74/07/09
74/07/09
74/07/09
74/07/0¢9
74/08/712
74/08/12
74/08/712
74708712
74/09/04
74/09/04
74/0%9/04

DATE
FROM
T0

73/0%9/18
74/05/2¢0
74/046/03
74/07/09
74/08/12
74/09/04

72028
TIME DEPTH AZIMUTH
oF FR SOUTH
DAY FEET DEGREES

0p03
6po7
golo
0g20
ugas
0ol3
gpo3
6007
volo
0p20
0003
apo7
goig
0gle
0po3
Gou7
ugoto
dolé
0o03
Qaa7
goto
Gote
6003
0go7
og13

vo671
TIME DEPTH PHOS=-DIS
OF ORTHO
DAY FEET MG/L P

007 0.004%
0007 C.006
ugo7 0,010
0po7 02006
auo? 0.U00%
coo7 0.014

72029
DISTANCE
FR SOUTH

FEETY

00665
PHOS-TOT

Me/L P

Usgz9
0.032
0.050
0.040
0,037
0.048

o0olo

WATER

TEMP
CENT

1445

14¢3
1460

1.1

2.0
1G.0
10.0
10.0
10.0
13.0

130
13.0
2145

21 .0
160
2060

200
190
1940

170

Qoéus
ORG N
N
MG/L

0200
Ue100K
0.800
0.300
0s700
0.300

00299
po

PROBE

MG/L
P8

Felt

940
1845
16+2
11e3
113
11e5
110
10e4

105
104
Beb

8e¢2
el
le5%

7.3
6e8
Bl

00618
NO3=i

DIss

MG/L

Q04
0s10
Oe.Ub
.03
0eC6
007

D53032 4290AC053032
44 38 1040 D87 57 39.0

GREEN BAY OPEN WATER DNR STA 18
55 WISCONSIN

LAKE MICHIGAN

44 38 jO«0 087 57 390

GREEN BAY OPEN WATER DNR STA g
55 WISCONSIN

LAKE MICHIGAN

21wiS 2111202
2 0Ule FEET DEPTH
00078 oudig 00312 0u940 Q053¢
TRANSP 800 80D CHLORJDE RESIDUE
SECCHI 5 DAY 6 DAY cL TOT NFLT
METERS MG/L MG/L MG/L MG/L
1e3
23
fe5
347 10 7
148
Beb 8 Oe4
145
343 8 3
[ ]
4e9 1! 1
1s6
4l 8 10
053032 429UAC0S3u32

21w18 2111202
2 Uuie FEET DLPTH
00613 00610 32211 32218
NO2=N NH3=N CHLRPHYL PHEOPRTN
D1SS TOTAL A‘uG/L A
MG/L Ma/L CORRECTV ue/L
Ge002 Qe 145 1000 5,GU
0e011 Ue260
D.002 U.03U
0s004 u,.03u
0e006 Us010K

Oe002 Ue0#4U

- 9¢¢ -



STORET RETRIEVAL DATE 75/06/0¢
053033 4290AC053033
44 38 2640 087 S9 07.0
GREEN BAY OPEN WATER DONR STA 19
55 WISCONSIN
LAKE MICHIGAN

21wlS 2111202
2 0013 FEET DEPTH
72028 72029 0001o 00299 0Do78 oo3io p03l2 00940 00530
DATE TIME DEPTH AZIMUTH DISTANCE wATER Do TRANSP BOD BOD CHLORIDE RESIDUE
FROM OF FR SOUTH FR SOUTH TEMP PROBE SECCHI 5 DAY & DAY cL TOT NFLT
10 DAY FEET DEGREES FEET CENT MG/L METERS Me/L MG/L MG/L MG/L
73709718 0003 1443 9.6 1+0
73/09/18 co07 9
73/09718 goio {40 e
73/09/18 0g13 1345 93
74/06/703 0pa3 i4.0 104 145
74/06/03 0010 1440 1Ue5
74/06/03 agle 1440 1Ues
74/07/09 0003 21.0 8e4 leS
74/07/09 0po7? 2140 et
74/07/09 0o13 1645 3.8
74/08/12 0003 2140 8.8 1.0
74708712 0007 2140 8.7
74/08712 0013 2040 Te7
74/09704 0003 19.0 9l 13
74/09/04 oglo0 18,0 o4 .
w
w
~
1
053033 4290AC053033
44 38 260 087 59 0740
GREEN BAY OPEN WATER DNR STA 9
585 WISCONSIN
LAKE MICHIGAN
21%1S 2111202
2 0Ul3 FEET VEPTH
goé7} 00665 00605 pos6ie 00613 goéio 32211 32218
DATE TIME DEPTH pHOS=DIS PHOS-TQT ORG N NQ3~N NO2=N NH3~=N CHLRPHYL PHEOUPKTN
FROM OF ORTHO N DISS DISS TOTAL A UG/L A
To DAY FEET Ma/L P MG/L P MG/L MG/L MG/L MG/L CORRECTD ve/sL

73/09/18 0007 0.005 G.032 04300 004 0.003 0.133 15.00 2.Q0



STORET RETRIEVAL DATE 75/06/06
053034 4290AC053034
44 37 140 087 59 210
GREEN BAY OPEN WATER ONR STA 2
55 WISCONSIN
LAKE MICHIGAN

21w%IS 21il202
2 0009 FEET DEPTH
72p28 72029 go0aicg 00299 00078 00310 po03l2 00940 00530
DATE TIME DEPTH AZIMUTH DISTANCE wATER 00 TRANSP 80D BOD CHLORIDE RESIDUE
FROM OF FR SOUTH FR SOUuTH TEMP PROBE SECCHI 5 DAY 6 DAY CL TUT NFLT
TO DAY FEET DEGREES FEET CENT MG/L METERS MG/L MG/L MG/L MG/L
73709718 0003 14,5 10.0 0+9
73/09/18 0go7 20
73/09/18 0010 14,5 100
74/06/03 ouo3 13.0 110 15
74/06/03 0010 13,0 108
74/07/09 0003 21.0 743 145
74/707/09 opto 2060 bel
74/08/12 0003 2140 8eb 0.8
74/08/12 ugoz 2045 843
74708712 0013 195 be8
74/09/04 0003 18,0 Pl 12
74/09/04 0010 17.0 843
1
(%]
&
1
053034 4290AC053034
44 37 14.0 087 59 2.0
GREEN BAY OPEN WATER DNR STA 2}
55 WISCONSIN
LAKE MICHIGAN
21WiS 2111202
2 0009 FEET DEPTH
00671 00665 go0é0s 00618 00613 G610 32211 32218
DATE TIME DEPTH pHOS-DIS PHOS=ToT ORG N NO3=N NO2~N NH3=N CHLRPHYL PHEOPHTN
FROM OF ORTHO N DISS DISS TOTAL A UG/L A
T0 DAY FEET MGg/L P MG/L p MG/L MG/L NG/L MG/L CORRECTD Ua/sL

73/09/18 0o07 0,008 G.040 0.400 0.04 0.002 Oeldd 18400 4.00



STORET RETRIEVAL DATE 75/06/06

DATE
FROM
T0

73/09/18
73/09/18
73/0%/18
74/05/20
74/08/20
74/06/04
74/06/04
74/07/09
74/07/09
74/08/12
74/08/12
74708712
74/09/04
74/09/04

DATE
FROM
T0

73/09/18

TIME DEPTH
OF
DAY FEET

0003
ooo7
0010
0003
0013
0p03
0013
0go3
golao
0003
ggo7
0010
06003
golo

72028 72029 oo0o0lo
AZIMUTH DISTANCE wATER
FR SOUTH FR SOyTH TEMP
DEGREES FEET CENT

13,7

1347
10.0

95
13.5
13.0
19,0
18.0
22.0
22.0
2240
18.0
l7l0

00671 00665 00605

TIME DEPTH pHOS~-DIS PHOS~TQT ORG N

OF
DAY FEET

0007

ORTHO N
MG/L P MGa/L P MG/L

0.007 0034 0+«600

co299
0o
PROBE
MG/L

Fe6

Feli
1242
1le6
102
102

68

Sei

ey

93

Fe3

T3

Fe7

cuéts
NOJ~=N

DIss

MG/L

0«03

433006

4290AC433006

44 41 44.0 087 58 29.0
GREEN BAY OPEN WATER DNR 5TA 23
55 WISCONSIN

LAKE MICHIGAN

21wis
2

goo7e 00310
TRANSP 80D
SECCHI 5 DAY
METERS MG/L

1¢2

1.8

433006

2lilacz
Oulbs6 FEET DEPTH
00312 00940 0us530
BOD CHLURIDE RESIDUE
6 DAY cL TOT NFLT
Ma/L Ma/L MG/L
15
1
w
W
-
]
4290AC433006

44 41 4440 087 58 29.U
GREEN BAY OPEN WATER DNR STA 23
55 WISCONSIN

LAKE MICHIGAN

21wlS
2
00613 00élo
NO2=N Nr3=N
Diss TOTAL
MG/L MG/L

0.00! 0.027

2111202
0006 FEET DEPTH
32211 32218
CHLRPHYL PHEOPHTN
A UG/L A
CORRECTL versL
1300 1.00



STORET RETRIEVAL DATE 75/06/06

72028
DATE TIME DEPTH AZIMUTH
FROM OoF FR SOUTH
T0 DAY FEET DEGREES
73/0%9/18 0g03
73/09/18 o007
73/0%9/18 0010
73/09/18 0020
74/02/18 oo07
74/02/18 oole
74705720 0003
74/08/20 0007
74705720 oolo
74705720 op20
74/06/04 0003
74/06/04 goo7
74706704 oo12
74/706/04 op23
74707709 0003
74/07/09 opo7
74707/09 og10
74/07/09 Gozo
74/08/12 0003
74708712 Qoo7
74708712 o013
74708/12 ag1leé
74708/12 0020
74/09/04 0po3
74/09/04 0go7
74/09/04 golo
74/09/04 0p23
00671
DATE TIME DEPTH pHOS=DIS
FROM OF ORTHO
T0 DAY FEET MG/L P
73709718 0007 0,005
74/02/18 aoo07 0.004%
74/05/20 0007 0.006
74/086/04 0007 0,005
74/07/09 ogoz 0.012
74/08/12 0007 0,006
74/09/04 0007 0.011

72029
DISTANCE
FR SOUTH

FEET

Go665
PHOS=ToT

MG/L p

Oe.034
O.014
0.037
Ue050
D.044
C.018
0.033

poolo
WATER

TEMP

CENT

14.0

i4.0

14.0'
1ed
1ol
9.0
7.0
8.5
8.0

12.0

12.0
12.0
21.0

20.0
14.0
19.0
19.0
19.0
18,0
15.0
19.0

17.0
17.0

p0605
URG N

MG/L

0+200
0. 100
Ueloo
0.300
0.300
0.600
0.300

po299
oo
PROBE
MG/L

Fe5

Fe5

95
18¢6
i8¢0
118
11.8
118
120
104

103
104
8.8

8.1l
Se8
83
843
7e9
7e4
Se2
842

7+8
7e6

00618
NGO3=N

DIss

MG/L

0«03
0.02
0«10
Ue01
D03
UeD7
GelUb

433007 4290AC433007
44 41 0640 087 S6 05+0

GREEN BAY OPEN WATER UNR STA 24
55 WISCUNSIN

LAKE MICHIGAN

21wlsS 2111202
2 Uul9 FEET DEPTH
00078 00310 o3tz [T 00530
TRANSP 800 80D CHLURIDE RESIDUE
SECCHI 5 DAY 6 DAY L TUT NFLT
METERS MG/L MG/L Ma/L Mo/L
12
25
1.8 9 4
1.8
3.7 9 6
1.9
9 1
1e6 1
445 [ 2 w
®
o
1
1+5
543 10 GelK
16
4el 9 3
433007 4290AC433007
44 41 0be0 087 56 0540

GREEN BAY OPEN WATER ONKR STA 24
55 WISCUNSIN
LAKE MICHIGAN

21wnls 21112u2
2 DULY FEET DEPTH
o613 uuélo 322114 2218
NO2-N NH3=N CHLRPHYL PHEOPHTN
DISS TOTAL A UG/L A
MG/L MG/L CORRECTD UGe/L
U003 0.020 1500 leuU0
QeL0O7 0.131
Oe0l12 Us180 Fe70L
0e007 UaU6U 570 2,30
D«0U4 0.040 6e7U 3,80
04005 D.010K UeGuU 34,80
0002 U.010 f6e7U UelO



STORET RETRIEVAL DATE 75/04/06

433008 4290ACH433008
44 44 5440 087 55 07.0

GREEN BAY OPEN WATER ONR STA 25
EY) WISCONSIN

LAKE MICHIGAN

21WlS 2111202
2 QUUé6 FEET ODEPTH
72028 72029 00010 00299 00078 go31o0 g0312 00940 0usdg
DATE TIME DEPTH AZIMUTH DISTANCE wATER oo TRANSP 8o0pd 800 CHLORIDE RESIDUE
FROM OF FR SOUTH FR SOuUTH TEMP PROBE SECCHI 5 DAY 6 DAY CL TUT NFLT
T0 DAY FEET DEGREES FEET CENT MG/L METERS Ma/L MasL Ma/L MG/L
7370%9/18 0003 13.0 1C.0 0.9
73709718 0007 10
74705720 oQ03 10,0 11e7 l+8
74/05/2¢0 ogolo 9.0 1242
74/06/04 0003 13.5 104 19
74/06/04 0007 13.5 105
74/07/09 0003 20.0 746 1¢3
74708713 ggoo3 21.0 842 1.0
74708713 0013 19.0 Bel
74/09/05 0003 17.0 10.8 15
74/09/0% ool0 17.0 108
1
w
&
]
433008 4290AC433008
44 44 S440 087 55 07.0
GREEN BAY OPEN WATER DNR STA 25
55 WISCONSIN
LAKE MICHIGAN
21wls 2111202
2 OUls6 FEET DEPTH
G067t g066g coeéegs 00618 00613 Qoét0Q 32211 32218
DATE TIME DEPTH pHOS=DIS PHOS=TQT ORG N NO3=N NO2=N NH3=N CHLRPHYL PHEUPHIN
FROM OF ORTHO © N DISS DISS TOTAL A UG/L A
T0 DAY FEET MG/L P MG/L p MG/L MG/L MG/L MG/L CORRECTD Uarsy

73/09/18 o007 0,006 Ue040 0.600 0.03 0+001 04041 800 4,00



STORET RETRIEVAL DATE 75/06/06

DATE
FROM
TO0

73/09/18
73/09/18
73/09/18
73/09/18
73/09718
74/02/20
74/02/20
74/02/20
74/02/20
74/02/29
74/02/20
74/02/20
74/02/20
74/02/20
74/05/20
74/05/20
74/05/20
74/05/20
74/05/20
74/06/04
74706704
74/06/04
74/06/04
74/06/04
74/07/09
74/07/09
74/07/09
74/07/09
74/07/09
74/07/09
74/08/13
74/08/13
74/08/13
74/08/13
74/08/13
74/08/13
74/09/05%
74/09/05
74/09/05
74/09/05

TIME DEPTH
OF
DAY FEET

0003
0007
ooio
goz20
G030
0oo3
gooe
oolo0
0g12
0o2u
goz2s
0p30
Q033
ap3é6
Ple[0R)
ooda7
0010
uo29
0g3e
0003
ggaz
0013
co23
0033
apo3
0ao7
0oio
0g20
0024
0033
oupo3
opo7
ug13
0026
0030
0033
Goo03
0oa7
0013
0033

72028

AZIMUTH
FR SOUTH
DEGREES

315.0
315.0
315.0
315.0

315%.,0

72029
DISTANCE
FR SOyuTH

FEET

5000.0
5000.,0
5000.0
5000,.,0

SU00.0

00010
wATER

TEMP

CENT

15.0

15,0
15.0
15.0
U.0
0.0
G.0
.1
0.3
D.1
1.0
142
1.0
8.0
8.0
8.0
740
7.0
12,0

11.5
1145

9.0
2240

2040
19.0
15.0
12.0
19.0

19.0
19.0
140
11.0
17.0

17.0
17.0

00299
Do
PROBE
Ma/L

Fe2

92
940
8.8
12.8
12e4
12.8
11e4
107
8ol
F.5
3.9
747
1245
1245
1244
1240
1245
10«3

1062
7.8
beb
847

845
8e0
b6e2
546
- XX}

8.4
8el
3¢5
202
9.9

10.0
748

433009 4290AC433009
44 42 460 0B7 5] UQ.0
GREEN BAY OPEN WATER DNR STA 24
5% WISCONSIN
LAKE MICHIGAN

21wlS 2111202
2 0uz29 FEET OEPTH
ooo7s 00310 u03le Ou?40 00530
TRANSP 800D BUD CHLORIVDE RESIDVE
SECCHI 5 DAY 6 DAY CL TUT NFLT
METERS Ma/L MG/L Ma/L Ma/L
13
13
1e7
401 14 7
241
9 Oel
9 6
1e8
3¢3 8 Ued
3.7 8 18
1e%
Sed 9 Oel
4ol 7 OelkK
19
Je3 8 -3

-t -



STORET RETRIEVAL DATE 75/06/06
433009 4Z290ACH33009
44 42 4640 087 51 00«0
GREEN BAY OPEN WNATER ONR STA 24
55 WISCOUNSIN
LAKE MICHIGAN

21wl1S 2111202
2 0029 FEET DEPTH
00671 00665 00605 00618 00613 ooélo 32211 32218
DATE TIME DEPTH pHOS=DIS PHOS=ToT ORG N NO3=N NO2=N NH3=N CHLRPHYL PHEOPHTN
FROM OF ORTHO N DIsSsS DISS TOTAL A UG/L A
T0 DAY FEEY MG/L P MG/L p Me/L MG/L MG/L MG/L CORRECTD VersL
73/09/18 opo7 0.006 Ge02a7 0.500 0403 0002 0.081 14+00 1.00
74705720 cpo7 0.006 Ue0S0 Us200 Gel3 0e015 Us210
74/06/04 coo? 0.008 0.050 D.100 0.03 0008 0.050
74/06/04 0033 0.010 0.080 0.800 0407 0e.008 UelllO
74/07/09 goovy 0,010 Ue043 0.100K 0,005 0.00% 0.010K
74/07/09 0033 0.011 0s049 0.500 Oe54 0.038 0.040
74/08/13 06007 0.0i4 DeD14 0300 017 De0U3 0.010K
74/08/13 0033 0.010 0.014 0.100 083 0014 0.010K
74/09/05 cpo7 0.005 0.022 0.700 0.02 0006 04010
74/09/0% 0033 0,006 0s334 1.000 0.08 0.008 U.080

- €%¢ -



STORET RETRIEVAL DATE 75/06/06
153002 4290AC153002
44 41 4240 087 48 300
GREEN BAY OPEN WATER DNR STA 244
55 WISCONSIN
LAKE MICHIGAN

21WIS 2111202
2 0029 FEET DEPTH
72028 72029 oo0olo 060299 00078 00310 go0312 DU940 gos3o
DATE TIME DEPTH AZIMUTH DISTANCE WATER 0o TRANSP 80D 80D CHLORIDE RESIDVE
FROM OF FR SOUTH FR SOUTH TEMP PROBE SECCHI 5 DAY 6 DAY cL TOT NFLT
T0 DAY FEET DEGREES FEET CENT MG/L METERS MG/L Ma/L Ma/L MGg/L
74/02/20 a00s 135.0 5000.,0 13.3
74/02/20 0006 Oel 1i.8
74/02/240 oolao 13540 5000.0 0.3 12.8
74/02/20 oo12 0.1 11e2
74/02/20 gozo 135.0 5000.,0 0.4 T3
74/02/20 0021 0.0 7+6
74/02/20 0031 135.0 5000.0 1.2 33
74/02/20 0033 1e2 4e7

- byE -



STORET RETRIEVAL DATE 75/06/06

DATE
FROM
T0

73/09/18
73/0%9/18
73/09/18
74/702/20
74/02/20
74/02/20
74702720
74/05/20
74/08/20
74705720
74705720
74/06/04
74/08/04
74/06/04
74706704
74/07/09
74/07/09
74707709
74/07/09
74708713
74/08/712
74708713
74708713
74/08/143
74/09/0s
74/09/0s8
74/09/08
74709708

DATE
FROM
T0

73/09/18
74/05/2g
74/06/04
74706704
74/07/09
74/07/09%
74/08/713
74/08/13
74/09/08
74/09/05

TIME DEPTH
OF
DAY FEET

dgo3
ono7
upi3
0003
0010
0020
0026
vu02
uoo7
oglo
0016
0Q03
bga7
0010
oga0
0go3
quo7
guto
0023
0go3
coo7
oglo
gu23
ou2é
Guol
0go7
Golag
do2s

TIME DEPTH
oF
DAY FEET

ago7
0gg7
Qgoz7
Qo240
0po7
0p23
Qgo?
do2s
ooz
0p2s

72028

AZIMUTH
FR SOUTH

DEGREES

00671
pPHOS=DIS
ORTHO
MG/L P

0.006
0,007

o.ull
o.ull
0,011
0,021
0.007
0.008
0,007

72029

OISTANCE
FR SOuUTH

FEET

00665
PHOS=ToOT

MG/L P

O.030
0.092

0.090
U085
U.081
U023
Ue028
0«02}
Us040

00010
WwATER

TENP

CENT

20.0

20.0
20+0
19.0
18.0

18,0
17.0

00605
ORG N

MG/L

0+700
0«300

0+200
D+500
0,300
Ge300
Oeb00
G500
Ue 00K

00299
00
PROBE
MG/L

Tel

Feb
i2e4
12.0

3.1

3.2
1i1ed
1245
1ie2
1ieS
10e2

10«1
Fe9
Fe7

841
Teb
5e8
LYY

Feb
7oy

0ps618
NQ3=N

Diss

MG/L

0«03
Oel7

0.0}
G.02
UeD2
Geld
0,02
0.02
D.08

053035 4290AC0530G35
44 40 2640 0B7 45 3240
GREEN BAY OPEN WATER DNKR STA 27
55 WISCONSIN
LAKE MICHIGAN

21wls 2111202
2 0uz2z FEET DEPTH
00878 00310 po3l2 QU940 00530
TRANSP 80D 80D CHLORIDE RESIDUE
SECCHI S DAY & DAY (4% TUT NFLT
METERS Ma/L MG/L Ma/i MG/L
1+5
8
[e2
445 12 14
143
s
543 15 4
0.9
645 1u L]
el 10 ' 11
1.8
S5e3 9 UelK
5.7 9 1
1.8
449 9 15
3.3 [ 34
053035 4290AC053035
44 4U 26D DB7 45 32.0
GREEN BAY OPEN WATER ONR STA 27
55 wWISCUNSIN
LAKE MICHIGAN
2inls klilzu2
2 0022 FLET DEPTH
00613 00610 32211 32216
NO2=N NH3I=N CHLRPHYL PHEOPHTN
01Sss TOTAL A UG/L A
MG/L MG/L CORRECTD Ua/L
0.001 0.067 12.00 3.00
OeD1S Ue240
9460 4460
Q.010 0.030
0006 u.D20 17+60 1440
0+00% 0. 040
0.001 U.03u 0e8U 3.lu
0.001K De010K
Ue006 V06U 15410 0400

us0D9 U150

- GhE -~



STORET RETRIEVAL DATE 75/06/06

DATE
FROM
T0

74/02/20
74702720
74/02/20
74702720

DATE
FROM
T0

74/02/20
74/02/20

72028 72029
TIME DEPTH AZIMUTH DISTANCE
OF FR SOUTH FR SOyTH
DAY FEET DEGREES FEET
0007
golo
0020
oo3lée
00671 0ub65
TIME DEPTH pHOS=DIS PHOS-TOT
OF ORTHO
DAY FEET MGg/L P MG/L P
goa7 D.002 Qe.0n7
0036 0.005 0.005%

000lo
WATER

TEMP

CENT

0.0
0.1
0.1
1.0

00605
CRG N

MG/L

0300
U«500

00299
Do
PROBE
MG/L

13.2
130
122

be7

00618
NO3=N

DISs

MG/L

De0}
UeD4

00078

SECCH!I
METERS

NO2<=N

153003 4290AC15300
44 44 3140 087 49 120
GREEN BAY OPEN WATER ONR STA
-3 WISCONSIN
LAKE MICHIGAN

21%iS 2111202
2 GUJ3é FEE
ou3lo po3lz 0
TRANSP 80D 80D CHL
5 DAY & DAY
MG/L MG/sL M
240
9.8
153003 4290AC15300

44 44 310 087 49 12.0

GREEN BAY OPEN WATER ONR STA
55 WISCUNSIN

LAKE MICHIGAN

21%1S 2111202

2 Ou3dé FEE

00é13 guela 32211 3

NH3=N CHLRPHYL PHE

DISS TOTAL A UG/L

MG/L MG/L CORRECTL Y
0.G05 C.084
Ge0QU?7 V.U79

3

27A

T DEPTH
u?40 DUS3Q
ORIDE RESIDUE

CL TOT NFLT
G/L Ma/L

10 0.5

3

T o9%E

27A

T VEPTH

2218
UPHTHN
A

e/L



STORET RETRIEVAL DATE 75/04/06

72p28 72029
DATE TIME DEPTH AZIMUTH DISTANCE
FROM OF FR SOQUTH FR SOUTH
T0 DAY FEET DEGREES FEET
74/02/20 0003
74/02/720 Qo010
74/02/20 gu2o
74702720 0033
72028 72029
DATE TIME DEPTH AZIWMUTH DOISTANCE
FROM OF FR SQUTH FR SOuTH
TO DAY FEET DEGREES FEET
74702720 ao07
74/02/720 0o12
74/02/20 0026
00671 00668
DATE TIME DEPTH pHOS=DIS PHOS-ToOT
FROM oF ORTHO
To DAY FEET MG/L P MG/L P
74/02/20 ao07 0.003 8e002
74/02/20 quzé o.008 0031

poolo
WATER

TEMP

CENT

O.1
0.2
0.3
1.2

goolo
wATER

TEMP

CENT

0.0

U.0
«deld

006065
ORG N

M6/L

0300
Ue200

00299

PROBE
Ma/L

133
1341
1242

H4a7

00299
o
PROBE
MG/L

126
12e2
40

00618
NO3=N

DISS

MG/L

0.02
0«06

153004 4290AC153004
44 43 24.0 D87 46 4640
GREEN BAY OPEN WATER DNR STA 278
S5 WISCUNSIN
LAKE MICHIGAN

210l5 2111202
2 0u29 FELET DEPTH
aoo7s 00310 Quai2 ou940 00539
TRANSP 80D 800 CHLORJDE RESIDUE
SECCHI 5 DAY 6 LAY L TUT NFLT
METERS MG/L MG/L Ma/L MG/L
153005 4290AC153005
44 42 3540 087 44 1240
GREEN BAY OPEN WATER DNR STA 27¢C
55 WISCONSIN
LAKE MICHIGAN .
w
21V 1S 2111202 5
2 Quc2 FEET DEPTH i
0078 go3lo 00312 GuP4y 00S3o
TRANSP BOD BOQ CHLORIDE RESIpUE
SECCHI 5 DAY 6 DAY cL TOT NFLT
METERS Ma/L Ma/k MG/L MG/L
240 8 5
449 15 8
153005 4290AC153005

44 42 3540 087 44 12.0

GREEN BAY OPEN WATER ONR STA 27C
1Y WISCONSIN

LAKE MICHIGAN

2iwls 2111202
2 0022 FLET QEPTH
00613 00610 32211 32218
NO2=N NH3=N CHLRPHYL PHEOPHTN
LIEH TOTAL A UG/L A
MG/L MG/L CORRECTD ve/L
0.010 0.021
0.012 U504



STOREY RETRIEVAL DATE 75/06/06
433010 4290AC433010
44 49 2040 087 54 2640
GREEN BAY STUDY DNR 5TA 28
55 WISCONSIN
LAKE MICHIGAN

21w1S 2111202
2 0006 FEET DEPTH
72p28 72029 poolo pop299 00078 gu3ig poatz QU740 00530
DATE TIME DEPTH AZIMUTH DISTANCE wATER Do TRANSP 80D 80D CHLOURIDE RESIDUE
FROM OF FR SOUTH FR SOUTH TEMP PROYE SECCHI 5 DAY 6 DAY CcL TOT NFLT
70 DAY FEET DEGREES FEET CENT Me/L METERS Ma/sL MG/L Me/L Ma/L
74/05/722 0003 18,0 be9 De8
74/05/722 coo7 1640 be4 8.0 8 17
74/06/04 0003 18.0 62 De9
74706704 0007 lé.0 54 4ol 9 6
74/07/0% 0p03 2240 5.8 069
74/07/09 ooo7 16,0 52 9.8 9 9
74/08/13 0003 23,0 5e¢5 0.9
74/08/13 o007 2145 441 5e¢3 10 11
74/09/05 0go3 17.0 849 1e2 ’
74/09/05 0007 6e5 10 20
1
w
»
I
433010 4290AC433010

44 49 20.0 087 S4 2600
GREEN BAY STUDY ONR STA 28
55 WISCONSIN

LAKE MICHIGAN

21%15 2111202
2 0UG6 FEET DEPTH
006714 00665 p0é05 ooé&18 00613 poueélo 3z2z11 32218
DATE TIME DEPTH pHOS=DIS PHOS~ToOT ORG N NOJ3=N NO2=N NH3=N CHLRPHYL PHEUPHTN
FROM oF ORTHO N pIss DISS TOTAL A UG/L A
T0 DAY FEET MG/L P MG/L p MG/L MG/L MG/L MG/L CORRECTVL va/sL
74705722 6007 ~ 0.01% 04090 0.200 005 0.014 0.040
74/06/704 0007 0.030 O.100 0.600 0ell 04034 0.150
74707709 0007 0.012 0103 D«.700 0+20 D.018 0030
74/08/713 0007 0.028 0.061 0.600 0.08 0.023 0.010K

74/09/0% 0007 0.048 0.162 04700 Oell 0s022 0.310



STORET RETRIEVAL DATE 75/06/06

72028
DATE TIME DEPTH AZIMUTH
FROM OF FR SOUTH
10 DAY FEET DEGREES
73/09/18 0003
73/09/18 0go7
73/0%/18 aolo
74/05/22 0003
74/05/22 0007
74705722 oolo
74705722 Go1é
74/06/04 0003
74/06/04 0p07
74/06/04 aoio
74/046/04 golé
74/07/0% 0003
74/07/09 0Qo7
74/07/09 0gilo0
74/08/13 0003
74708713 ogo7
74/08/13 oola
74/09/0s% 0po3
74/09/0% 0007
74/09/05 ool
00671
DATE TIME DEPTH pHUS=DIS
FROM OF ORTHO
T0 DAY FEET Me/L P
73/0%9/18 ao07 Q.003
74/05/7/22 0oo07 0.001
74/06/04 0po7 D.010
74/07/09 0007 0,007
74/08/13 goa7 0.003
74/09/05 opo?7 g.009

72029
DISTANCE
FR SOyUTH

FEET

00665
PHOS=T0T

MGg/L p

0.027
0.020
0,060
0.051
0.018
0.029

gooile
WATER

TEMP

CENT

13.2

13.2
12.0
1240
1045
10.0
1440

13.0
12.5
1745

13.0
19.0

1645
17.0

1740

vo0éus

ORG N
N
Ma/L

0.+200
Ge20Q0
De200
0.100
0.4%00
0+100K

00299
Do
PROBE
MG/L

102

10e2
118
122
12¢2
1242
104

1004
10e5
7.6

be2
8el

S+9
10«8

108

00618
NO3=N

Diss

MG/L

Ue04
0«04
0.0
Ge02
Gel2
0.02

43301t 4290AC433011
44 48 1540 087 52 i4.0

GREEN BAY OPEN WATER DNR STA 29
55 WISCONSIN
LAKE MICHIGAN

2inlsS 2111202
2 00313 FEEY DEPTH
goa7s a0310 go3l2 0u?40 00530
TRANSP 80D 80D CHLORIDE RESIDUE
SECCHI S DAY & DAY (48 TOT NFLT
METERS MG/L MG/L Mo/L MG/L
les
17
19
8.0 7 10
241
401 8 1
145
Se7 8 7
13 t
Se3 10 3 w
-
-]
leb 1
445 9 12
433011 42904AC433011%
44 48 1540 D87 52 140

GREEN BAY OPEN wWATER DNR STA 29
55 WISCUNSIN
LAKE MICHIGAN

2iwlS 2111202
2 Vuld FEET VUEPTH
00613 udslo 3221 32218
NO2-N NH3=N CHLRPHYL PHEUPRIN
D1Ss TOTAL A UG/L A
MG/L Mu/L CORRECTD ve/L
0.001 UeUBS 6400 SeUU
0.002 0.0G10
0010 J.010K
0e0Q01K Us010K
0«009 0.010K
G.007 0.080



STORET RETRIEVAL DATE 75/06/04

72028
DATE TIME DEPTH AZIMUTH
FROM oFf FR SOUTH
T0 DAY FEET DEGREES
73/09/18 0003
73/0%9/18 ooo7
73/09/718 oglgo
73/09/18 0o2o0
73709718 0030
74/05/22 0002
74705722 0013
74/0%/722 003u
74/06/04 0003
74/046/04 dola
74/06/04 0020
74/06/04 0p30
74/06/04 0043
74/07/09 ooo3
74/07/09 oolo
74/07/09 ouleée
74708713 0003
74/08/13 0glo
74708713 aolé
74/08/13 gp020
74/09/05 0go3
74/09/05 0010
74/09/0% 0p23
74/09/08 0033
74/09/08 ooH43
40671
DATE TIME DEPTH pPHOS=DIS
FROM OF ORTHO
To DAY FEET Me/L P
73/09/18 goo7 D.003

72029
DISTANCE
FR SOuTH

FEET

00645
PHOS=TqoT

MG/L p

0023

puolo
»ATER

TEMP

CENT

1445

145
145
1445
1i.0

745

60
12.0
11e5
110
1140

8.0
2040
185
13.5
2G.0
19.0
1745
13.0
1740
7.0
17.0
1740
1740

00605
ORG N
N
MG/L

0.100

ou299
oo
PROGE
Ma/L

Bey

Bey
Be4y
Bed
122
1243
12«0
11e2
112
108
104
802
8e3
802
7.2
8.8
8.0
bel
He9
Fe7
LR
847
449
4e¢

ous18
NO3=N

DIss

MG/L

0403

433012 4290AC433012
44 47 0leU 0B7 SO 12y
GREEN BAY OPEN WATER DNR STA 3p
55 WISCONSIN
LAKE MICHIGAN

21%l5S 2ili202

2 Jyu29 FEET DEPTH
opo7s cudlo go3lz2 00940 uous3o
TRANSP 800 80D CHLORIDE RESIDUE
SECCHI 5 0AY & DAY CL TOT nFLT
METERS MG/L Me/L Ma/L Ma/L

leb

18

Jet

21

148

145

te9

433012 4290AC433012

44 47 ulel UB7 50 12.0

GREEN BAY OPEN #ATER LNR STA 30
55 W1SCUNSIN

LAKE MICHIGAN

21415 2111202
2 QUzZ9 FEET DEPTH
00613 0gs6l0 32211 322,18
NO2=N NH3=N CHLRPHYL PHEOPRHIN
DIss TOTAL A UG/L A
MG/L Ma/L CORRECTOD Vu/L
G001 gelld 4e0U

- 0s¢ -



STORET RETRIEVAL DATE 75/06/06

153006 4290AC153006
44 45 300 087 47 35«0

GREEN BAY OPEN WNATER ONR STA 3,
55 WISCOUNSIN

LAKE MICHIGAN

21w15 2111202
2 0u3? FEET DEPTH
72028 72029 00010 00299 00078 0o3lo 00312 00940 00530

DATE  TIME DEPTH AZIMUTH DISTANCE  wATER po TRANSP 80D 80D CHLORIDE RESIDUE

FROM OF FR SOUTH FR SOytH  TEmMP PROBE SECCHI 5 LAY 6 DAY cL TOT NFLT

T0 DAY FEET  DEGREES FEET CENT MG/L METERS MG/L ne/L Me/L MG/
73/09/18 0g03 15,0 8e3 1.5
73/09/18 6007 13
73/09/18 o023 1540 843
73/09/18 0039 15.0 8.0
74/02/20 soo3 Ge0 13.0
74/02/20 ogoz7 3
74/02/20 oo1l0 Ol 128
74/02/20 0023 Ue3 1ls2
74/02/20 0039 Uo7 102
74/05/22 0003 8,5 1244 2.3
74/05/22 ugo7 845 1244 846 6 7
74/058/22 0013 745 1245
74/05/22 0030 740 1242
74/05/22 0033 645 12.y 744 7 4
74/05/22 0043 640 118
74/06/04 0003 12,0 1uss 106
74/06/04 uca7 3.6 9 Uel
74/06/04 oalo 11.5 10e4
74/06/04 Gozo 115 102
74/06/04 vo3o 11,5 Fe9
74/06/04 0039 8.0 9.0 343 9 3
74/07/09 Lgo3 2140 8e7 18
74/07/09 ouo? 3.7 8 5
74/07/09 uoze 18,0 7.5
74/07/09 0g39 1240 6ol 249 8 1
74/08/13 0003 2040 9e0 Lot
74/08/13 ouo7 4.5 8 1
74/08/13 aole 20,0 8e4
74/08/13 0033 1840 7.1
74/08/713 0036 12,0 4e6
74708713 0039 1140 45
74/08/13 0043 11.0 4.8
74/08/13 0046 11.0 448 3.3 8 1
74/09/05 0003 17.0 Fe6 1e9
74/09/05 0007 2.9 9 7
74/09/05 o023 170 902

74/09/05 Q049 1540 8e3 45 8 18

- IS¢ -



STORET RETRIEVAL DATE 75/04/06
153006 4290AC1530006
44 45 3040 087 47 35.0
GREEN BAY OPEN WATER DNR STA 3}
55 WISCONSIN
LAKE MICHIGAN

21wlsS 2itlzoz2
2 0039 FEEY DEPTH
00671 Q06685 00605 Qos18 00613 00610 32211 32218
DATE TIME DEPTH pHOS=DIS PHOS-TOT ORG N NO3=N NO2-N NH3=N CHLRPHYL PHEOPHTN
FROM OF ORTHO N DIsSS DISS TOTAL A UG/L A
To0 DAY FEET MG/L P MG/L P MG/L MG/L MG/L MG/L CORRECTO varsL
73/09/18 gooc7 0.003 J.034 0.000 0.04 0.003 O.118 3.00
74/02/20 oo07 0,006 0.006 0.l00K 0.003 0.010 0.109
74/05/722 0ao7 0.004 0.017 De200 Oel7 0.005 0150 450 3.30
74/05/722 0033 0.00% 0.017 0.300 Oe24 0.005 0.030
74/06/04 o007 0.012 Ue060 0.300 0«06 0.011 O.010K 5S¢40 3.40
74/06/04 0p39 0,009 0.,070 G.200 017 0.011 0.050 )
74/07/09 0go7 0,005 0.048 G.l00 Q.03 0.003 0.010K 4030
74/07/09 0039 0,003 0044 0.500 0«50 Oeu37 U.030
74/08/13 0007 0.010 0.018 D.800 006 0e«007 0«010K 4.20 8,40
74/08713 . 0046 0,010 Ge021 0.200 1.02 0.011 U.010K
74/09/05 0go7 D.008 0.014 De200 007 O«011 0.060 10.80 1.60
74/09/05 0049 0,006 0e135 G.l00 Us46 0.019 0.060

- IS¢ -



STORET RETRIEVAL DATE 75/06/06
153007 4290AC153007

44 44 47.0 087 45 4440

GREEN BAY OPEN WATER ONR STA 31A
55 WISCONSIN

LAKE MICHIGAN

21wl1S 2111202
2 0Udé6 FEET DEPTH
72028 72029 goalo 00299 00078 00310 p63i2 QU940 00530
DATE TIME DEPTH AZIMUTH DISTANCE wATER 0o TRANSP 80D BOD CHLORIDE RESIDUE
FROM OF FR SOUTH FR SOUTH TEMP PROBE SECCH! 5§ DAY 6 DAY cL TUT NFLT
T0 DAY FEET DEGREES FEET CENT MGa/L METERS MG/L MG/L MG/L MarsL
74/D02/20 0007 0.0 127 245 8 3
74/02/20 oglo Ol 12466
74702720 og2c 0.1 124
74/02/20 0030 0.7 902
74/702/20 0039 iel Seb 7.0 10 7
]
W
w
w
1
153007 4290AC153007
44 449 47,0 DB7 45 44.0
GREEN BAY OPEN WATER ONR STA 3}4A
55 WISCONSIN
LAKE MICHIGAN
21wlsS 2t1lz202
2 QU36 FEET QDEPTH
po671 00665 00605 oos18 00613 ooslo 32211 32218
DATE TIME DEPTH pHOS-DIS PHOS-ToOT ORG N NO3=N NO2=~N NH3=N CHLRPHYL PHEOPHTN
FROM OF ORTHO N DiIss DISs TOTAL A uUG/L A
T0 DAY FEET MG/L P MGa/L p MG/L MG/L MG/L MG/L CORRECTD VUersL
74/02/20 go07 0.,00% 0.005 0.500 0«02 0012 0.063

74/02/20 0039 0,013 Ue013 u.100 0.04 0.01% O.184



STORET RETRIEVAL DATE 75/06/06
153008 4290AC153008
44 43 5140 087 43 580
GREEN BAY OPEN WATER DNR STA 32
55 WISCUNSIN
LAKE MICHIGAN

21wisS 2111202
2 0029 FEET DEPTH
72028 72029 c00lo 00299 0oo78 60310 po0312 au940 00530
DATE TIME DEPTH AZIMUTH DISTANCE wATER 00 TRANSP 800 8oD CHLORIDE RESIDUE
FROM OF FR SOUTH FR SOUTH TEMP PROBE SECCHI 5 DAY 6 DAY L TOT NFLT
T0 DAY FEET DEGREES FEET CENT MG/L METERS MG/L MG/L MG/L MG/L
73/09/18 0go3 1545 Beb 15
73/09/18 goo7 12
73/09/24 0023 15.0 Beb
74/02/20 apo3 0.0 130
74/02/20 0glz g.0 12¢6
74/082/720 gp2u 0.5 116
74/02/20 0oa3o 1e2 445
74/05/722 6po03 1045 1les 1«0
74/05722 oulo 10.0 11eb
74/06/04 gpoa 15.0 100 1.0
74706/04 0013 1440 Feb
74706704 Guz3 1440 ?e5
74/Q07/09 0uo3 23.0 Fel 0.9
74/07/09 0ot3 22,5 L XYY
74/07/09 go2é 21.0 8,2
74/08/13 0003 21.0 90 15
74708713 vgle 2140 8e7
74/08/13 0p23 19.0 8e3
74/08/713 0026 1540 3e2
74/08/13 0030 1440 3e2
74/09/06 0003 18.0 T8 148
74/09/0% 0013 17.0 90
74/09/05 og3u 17,0 Fe2
183008 4290AC153008
44 43 SleQ 087 43 580
GREEN BAY UPEN WATER DNKR STA 32
55 WISCUNSIN
LAKE MICHIGAN
21uls 2111202
2 Ju29 FEET DEPTH
uoé71 0lé66% 006405 ousls 0ns613 puétlo 322114 3z218
DATE TIME DEPTH pHOS=DIS PHOS-TOT ORG N ND3I=N NO2=N NH3=N CHLRPHAYL PRHEOPHIN
FROM OF ORTHO N Dlss DISS TOTAL A Ua/L A
To DAY FEET MG/L P MG/L P MG/L MG/L MG/L Me/L CURRECTVL VersiL

73/09/18 co07 0.003 0.021 0.000 005 0e003 0.103 7000 3400

- #S¢€ -



STORET RETRIEVAL DATE 75/06/06

DATE
FROM
T0

74/02/27
74702727
74/02/27
74/02/27
74/02/27
74/02/27
74/02/27
74/02/27

TIME DEpTH
of
DAY FEET

0003
ap04é
golo
ool2
o020
6o21
002%
0033

72028
AZIMUTH
FR SOUTH
DEGREES
31540
315.0

315.0

315.0

72029

DISTANCE

FR SOUTH
FEET
5000,0
5000,0

5000.,0

5000.0

poolo
wATER

TEMP

CENT

00299
Do
PROBE
MG/L

148
I5+6
145
148
142
8.0
7.8
49

153009 4290AC153009
44 47 1640 D87 40 530
GREEN BAY OPEN WATER DNR STA 324
85 WISCONSIN
LAKE MICHIGAN

21wls 2111202

2 OuzZ9 FEET DEPTH
00078 so03io p03t2 QU940 00530
TRANSP 80D 80D CHLOR1DE RESIDUE
SECCHI 5 DAY 6 DAY CL TUT NFLT
METERS MG/L MG/L Ma/L MG/L

- 6S¢ -



STORET RETRIEVAL DATE 75/06/06
153010 4290AaC153010
44 48 07.0 087 43 190
GREEN BAY OPEN WATER ONRKR STA 32B
55 WISCONSIN
LAKE MICHIGAN

21wl1S 2111202
2 UU45 FEET DEPTH
72028 72029 goolo 00299 00078 Qo310 p03l2 0094y 00530
DATE TIME DEPTH AZIMUTH DISTANCE &ATER Do TRANSP 800 BOD CHLORIOE RESIDUE
FROM OF FR SOUTH FR SOyTH TEMP PROBE SECCHI 5 DAY &6 DAY cL TOT NFLT
T0 DAY FEET DEGREES FEET CENT Ma/L METERS MG/L MG/L Ma/L MG/L
74/02/27 0003 315.0 5000.0 152
74/02/27 Qooe 148
74/02/27 voto 315.0 5000.0 1498
74/02/27 ogl12 142
74/02/27 0020 3150 5000.0 1406
74/02/27 go21 140
74/02/27 0030 31540 5000,0 12.0
74/02/27 0031 11e2
74/02/27 0039 XY
74/02/27 0U43 315.0 5000.0 6ok
153u14 4290AC153011
44 46 5540 087 45 51U
GHREEN BAY OPEN WATER wNR STA 32C
55 WISCONSIN
LAKE MICHIGAN
21nlS 2111202
2 Qu49 FEET DEPTH
72028 72029 poola po299 00074 u031lu p03l2 Ou940 00530
DATE TIME DEPTH AZIMUTH DISTANCE WwATER oo TRANSP BOD 80D CHLURIDE RESIDUE
FROM OF FR SOUTH FR SOUTH TEMP PROBE SECCHI 5 DAY 6 DAY L TUT NFLT
T0 DAY FEET DEGREES FEET CENT MG/L METERS MG/L MG/L Ma/L MGe/L
74702727 opo3 1561
74/02/27 go10 150
74/02/27 oonz20 14+0
74/02/27 0030 1240

74702727 o043 7e¢6

- 96¢¢ -



STORET RETRIEVAL DATE 75/06/06
433013 4290AC433013
44 53 32.0 087 S0 07.0
GREEN BAY STUDY DNR STA 33
55 WISCONSIN
LAKE MICHIGAN

. 21wlS 2111202
2 0u06 FEET DEPTH
72028 72029 pooilo 00299 opo7s 00310 po3l2 00940 00530
DATE TIME DEPTH AZIMUTH DISTANCE SATER Do TRANSP 80D 8OD CHLORIDE RESIDUE
FROM OF FR SOUTH FR SOUTH TEMP PROBE SECCHI 5 DAY 6 DAY L TOT NFLT
T0 DAY FEET DEGREES FEET CENT MG/L METERS MG/L MG/L MG/L MG/L
74/05/22 0003 16.0 48 0e7
74/05/22 0007 14,0 6e8 6ol L] 13
74/06/04 0003 1840 640 1e2
74/06/04 0007 1740 640 36 6 2
74/07/08 0003 2745 645 10
74/07/08 ooo7 22.0 4.8 4,3 5 2
74/08/13 ooo3 2240 60 162
74/08/13 goo7 Se7 7 5
74/08/13 0010 1640 3.9
74/09/0% goos 19.0 849 1e2
74/09/05 0007 3.3 5 6
1
w
g
1
433013 4290AC433013
44 53 320 087 50 07+8
GREEN BAY STUDY DNR STA 33
55 WISCONSIN
LAKE MICHIGAN
21wl1S 2111202
2 0006 FEET DEPTH
00671 00665 00605 00618 00613 00410 32211 3228
DATE TIME DEPTH pHOS=DIS PHOS=TQT ORG N NO3=N NO2=N NH3=N CHLRPHYL PHEOPKHTN
FROM OF ORTHO N DIsSS D1Ss TOTAL A UG/L A
T0 DAY FEET MG/L P Me/L p MG/L MG/L MG/L MG/L CORRECTD va/L
74/058722 ooo7 0,009 0s062 0.300 Ce60 0.032 Ge410
74706704 ogo7 0.00% 0,080 Os400 Deb4 040587 0.180
74/07/08 aga7 0,013 04046 3.100 1eld Oe137 04150
74/08/713 ooo07 0,010 0.013 0.300 0eB2 0.007 0.010K

74/09/05 0007 D.012 0.033 0.100 DeB6 0.081 D170



STORET RETRIEVAL DATE 75706706

DATE
FROM
T0

74/0%/22
74/705/22
74/05/22
74706704
74707709
74/07/09
74/07/09
74/08/713
74708713
74/08/13
74/09/05
74/09/08
74/09/05

DATE
FROM
T0

74/05/22
74705722
74705722
74/06/04
74/07/09
74/08/13
74709705
74/09/05

TIME DEPTH
oF
DAY FEET

0083
gglo
oga23
0003
0003
galu
0023
apo3
uglo
uoieé
0003
2010
goz2o

TIME OEPTH
COF
DAY FEET

[fefek}
0viu
oo1é
gg03
0003
Goo3
0003
00g7

72p28 72029 p001g
AZIMUTH DISTANCE H#ATER
FR SQUTH FR SOUTH TEMP

DEGREES FEET CENT

1245
11.0

7.0
155
20.0
13.0
1245
1740
13.0
11.0
1640
15.0
1540

72028 72029 goolo
AZIMUTH DISTANCE  wATER
FR SOUTH FR SOyUTH TEMP
DEGREES FEET "CENT

1145
11,0
10.0
1640
19.0
18.0
17.0
17.0

00299
0o
PROBE
MG/L

10y
Jles
1le8
10e2
Bey
75
75
7.8
50
Se0
106
103
909

00299
oo
PROBE
Ma/L

14e7
11e8
12+2
948
8e9
9.1
11e0
1le4

433014 4290AC433014
44 53 1540 087 48 5640

GREEN BAY OPEN WATER ONR STA 34
55 WISCUNSIN

LAKE MICHIGAN

21wls 2111202
2 UQué FEET OQEPTH
00078 00310 gu3iz Ou?40 0u530
TRANSP 8uD 800 CHLURIDE RESIDUE
SECCHI 5 DAY 6 DAY L TOT NFLT
METERS MG/L LIVAS MG/t MG/L
1e3
1.2
Leb
1e8
12
1
W
n
@
i
433015 4290AC433015

44 52 %1eU BT 847 2140

GREEN BAY OPEN WATER DWNK STA 34a
55 WISCUNSIN

LAKE MICHIGAN

21nlS 211t20¢

2 UUU3 FEET (OEPTH
Quo7e go03io g03le 0074y gus3o
TRANSP 80D 80D CHLURIDE RESIDUE
SECCHI 5 DAY 6 DAY L TOT wNFLT
METERS MGe/L Ma/L Ma/L MG/

1e8

12

le8

1.8

1eé



STORET RETRIEVAL DATE 75/06/06
433017 4290ACH433017
44 52 G940 087 44 280
GREEN BAY OPEN WATER ONR STA 3s
55 WISCONSIN
LAKE MICHIGAN

Ziwls 2111202
2 OU45 FEET DEPTH
72028 72029 goolg wu299 ooa?s 0o3lo 00312 00940 0us39

DATE TIME DEPTH AZIMUTH DISTANCE #ATER 00 TRANSP 80D 80D CHLURIDE RESIDUE

FROM OF FR SOUTH FR SOUTH TEMP PROBE SECCHI 5 DAY 6 DAY L TOT NFLT

To DAY FEET DEGREES FEET CENT MG/L METERS MG/L MG/L Ha/L MG/L
74/02/27 0005 1350 5000,0 1548
74702727 0006 159
74/02/27 0p07 13540 10000.0 146
74/02/27 oolo 135.0 5000,9 1542
74/02/27 op1) 135.0 10000.0 14,2
74/02/727 a0 155
74/02/727 ag19 1350 10000.0 1302
74/02/27 oo2o0 13540 $000.0 130
74702727 Q021 9.0
74/082/27 ag2¢e 13540 10000.0 1146
74/02/27 0030 1350 5000,0 1242
74/02/27 0031 126
74/02/727 0043 13540 SU00.0 9.0
74/02/27 0044 13540 10000.0 8e8
74702727 0045 1202 '
74/05/22 0003 90 122 1e9 w
74/05/22 ooo7 9.0 122 Se3 7 6 2
74/05/22 Qo020 645 12¢2 '
74/05/722 0033 640 120 4a1 7 7
74705722 ao3’ 5.0 tie8
74/06/04 0003 12.0 1009 2.5
74/06/04 0007 2.0 8 Oel
74/06/04 0010 12,0 1Ue8
74/06/04 ov20 i1.0 1UeB
74/06/04 0g3a 8.0 tte0
74/06/04 0043 7.0 102 1e6 & 0ol
74/07/09 ocoo3 21.0 848 1.8
74/07/09 0907 441 8 5
74/07/09 cote 190 8e3
74/07/09 0033 155 745
74/07/09 0ga9e 1440 74
74/087/09% 0o4e 11.0 7.8 7.8 [} 5
74/08/13 0003 195 o4 2e1
74/08/13 0007 Yob 8 Ol
74/08/13 0013 19.0 848
74/08/13 oo26 16.0 7.1
74/08/13 0o3o 14,0 4e8
74/08/13 0833 105 4e8
74/08/13 0046 9.8 5.0 343 7 5
74/09/05 0oo3 17.0 9e2 1.9
74/09/05 0007 3.7 8 6
74/09/05 0023 1740 97

74/09/08 op49 15,0 Fe? 245 7 ]



STORET RETRIEVAL DATE 75/06/06

DATE
FROM
TO

74/05/22
74/05/22
74/06/04
74706704
74/07/09
74/07/09
74708713
74/08713
74/09/05
74/09/0%

00671

TIME DEPTH pHOS=DIS

oF
DAY FEET

0007
0033
goo07
0043
goaz
0o4é
goo7
ag4eé
ooo7
0o49

ORTHO
Me/sL P

0,009
0.009
0.005
0.003
0.005
0.010
0.003
0.012
0.007
0.003

00665
PHOS=ToOT

Ma/L P

0.027
0.030
O.060
0.060
0«040
0.081
0.037
0ge.021
J.021
0.020

00605
ORG N

MG/L

0.100
0«400
Q.100K
04200
04100K
Ge«800
0«200
0.200
Oe«l100
O«100K

puels
NO3=N

DISS

MG/L

0.02
De38
0+.04
0.25
0023
056
004
1.08
0.0%
Qe?4

433017
44 52 090 087 44 2840
GREEN BAY OPEN WATER DNR STA 35
WISCONSIN
LAKE MICHIGAN

56

21W1S
2

go613
NO2=N

DIss

MG/L

0.003
0e.002
0.008
0.013
0.003
0.038
0.002
0.001
C.010
0020

goéelo
NH3=N
TOTAL

MG/L

0.000
0002
0D.030
0.040
0,010
0.030
G.010K
0.010K
0.020
04170

4290AC433017

2111202
0U4S FEET DOEPTH
32211 322)8
CHLRPHYL PHEOPHKTIN
A UG/L A
CORRECTO ve/sL
be20 0480
3460 140
910 9450
5+90 5,90

- 09¢ -



STORET RETRIEVAL DATE 75/06/06

72028

DATE TIME DEPTH AZIMUTH

FROM OF FR SOUTH

T0 DAY FEET DEGREES
74/02/27 0003
74/02/27 oolo
74/02/27 0020
T4/02/27 0030
74702727 0u43
74705722 603
74/05/22 0pi3
74/05/22 0p30
74/05/22 0043
74706704 ap03
74/06/04 0oto
74/06/04 0020
74/06/04 o030
74/06/04 ou43
74/07/09 0003
74/07/09 oule
74/07/0%9 op23a
74/07/09 oo2é
74/07/09 vo3lo
74/07/09 0p33
74/07/09 0039
74/07/09 0044
74/08/13 ouo3
74/08/13 oul3
74708713 0030
74/08/713 0033
74/08/13 0034
74708713 0039
74708713 0043
74/09/05 0003
74/09/0% o0p23
74709705 ag49

72028

DATE TIME DEPTH AZIMUTH

FROM OF FR SOUTH

T0 DAY FEET DEGREES
74/02727 0003
74702727 oglo
74/02/27 oo2n
74/02/27 0033

72029 00010
DISTANCE wATER
FR SOuTH TEMP

FEET CENT

7.0
645
6.0
6.0
115
fleU
100
100
8.0
21.0
20.U
19.8
190
1.0

9.0

9.0
20,5
2049
17.0
10.5
105
105
105
1744
17.0
1740

72029 0uolo
DISTANCE . ATER
FR SOyTH TEMP

FEET CENT

Qo299

PROBE
MG/L

1446
1444
127
1UeS
b2
1243
12+4
120
12.0
1145
1le7
tled
1le2
1047
8ed
8e2
8e¢3
844
B8e5
be2
662
be2
P2
8.9
8.4
4.9
4.9
He9
449
Fe9

F+8

ou299
0o
PROBE
Ma/L

134
134}
13«0

Vel

153012 4290AC153012
44 50 46.u UBT7 41 Q2.0
GREEN BAY OPEN WATER DNR STA 34
55 KRISCONSIN
LAKE MICHIGAN

21%15 2111202

2 QubS FEET VLEPTH
00074 00310 p03le Que40 0Us3g
TRANSP 800 BOD CHLORIDE RESIDUVE
SECCHI 5 DAY 6 DAY L TUT NFLT
METERS MG/L Mme/L Ma/L MG/L

247

247

Lot

1.5

148

153013 4290AC153013

44 49 30«0 uB87 38 35.0

GREEN BAY OPEN WATER ONR STA a7
55 wISCUNSIN

LAKE MICHIGAN

211 2111202

2 Qu3Y FEET DEPTH
0oo7s 0031lo Qo312 QU940 00530
TRANSP 80D 800 CHLURIPE RESIDUE
SECCHI S DAY & DAY (¥R TUT NFLT
METERS MG/L Ma/sL Me/L Mo/l

- T19¢ -



STORET RETRIEVAL DATE 75/06/06

DATE
FROM
T0

73/09/24
73/09/24
73/09/24
73709724
73709724
74705721
74/05/21
74705721
74706704
74706704
74/06/04
74706704
74707708
74/67/08
74/07/08
74/07/08
74/07/08
74/07/08
74/08/13
74/08/13
74/08/13
74708713
74/09/05
74/09/0%
74709705
74/0%9/08

DATE
FROM
To

73/09/24
74705721
74/06/04
74/07/08
74/G8/13
74/09/08

TIME DEPTH
OF
DAY FEET

ggo3
goo7
oolo
0020
go0z3
goo3
coa7z
guteé
0003
0p07
0oto
0g1lé
goo3
0007
goilo
o013
0016
002y
0002
Qoa7
o010
go290
0003
Q007
ggio
0020

TIME DEPTH
OF
DAY FEET

Jua?
0007
ugo7
aco7
apa?
voa7

72028
AZIMUTH
FR SOUTH
OEGREES

00671
pHOS=DIS
ORTHO
MG/L P

0.002
0.003
0.006
0,006
g.012
0.003

72029

DISTANCE

FR SOUTH
FEET

00665
PHOS=TQT

MG/L P

g.008
Qe047
Ue060
Ue021
G.028
0«028

pouiop
WATER

TEMP

CENT

13.5

1345
13.5
13.5
940
940
7.0
135

i3.0
13.0
205

190
1840
15,0
14.9
17.0

15.0
i1.0
1640

15,0
i5.0

00605
GRG N
N
MG/L

Celo0
0s200
Ue200
1.700
U.300
0+J 00K

D299
vo
PROBE
Ma/L

Gt

9e5
Fe5
Fey
122
1242
1202
10e6

105
lUeS
Fel

744
8.0

7e6
Seb
1046

1046
10e6

0oéi8
NO3=N

DiIsSsS

MG/L

Ue.00t
Q.02
Ge12
0«02
026
0.28

433018

4290AC433018
49 56 D2.0 087 44 510
GREEN BAY OPEN WATER DNR STA 33

55 WISCUNSIN
LAKE MICHIGAN
218158 2111202
2 0013 FEET DEPTH
00078 00310 00312 00940 00830
TRANSP 800 80D CHLORIDE RESIDUE
SECCHI 5 DAY 6 DAY L TOT NFLT
METERS Me/L Me/L MG/L MG/t
145
2
149
3.3 8 8
2.1
2.5 8 1
149
449 8 5
149
4.5 8 3
1e9
41 8 3
433018 4290AC433048
44 56 02.0 087 44 5140

GREEN HAY OPEN wWATER DNR STA 38
55 4ISCOUNSIN

LAKE MICHIGAN

21nis
2
0Dé13 u0selu
NQ2~N NH3=N
DISs TOTAL
MG/L Me/L
a.qau U.030
G.005 Q.170
Qe008 a.l00
D.008 G.240
0.004K 4.010x

0.017 Vo100

2111202
0013 FEET DEPTH
32211 32218
CHLRPHYL PHEOPHIN
A Va/L A
CORRECTD UasL
9«00 3.00

- 29¢ -



STORET RETRILVAL DATE 75/06/06
153014 4290ACI53014
44 53 38.0 087 40 13y
GREEN BAY OPEN WATER UNR STA 39
5% WISCUNSIN
LAKE MICHIGAN

21WlS 2itl2u2
2 Que2 FEET DEPTH
72028 72029 po0l0 00299 opo7s oulio 00312 ou940 0u530
DATE TIME DEPTH AZIMUTH DISTANCE wATER Do TRANSP 80D 80D CHLORIDE RESIQUE
FROM OF FR SQUTH FR SOuUTH TEMP PROBE SECCHI 5 LAY &6 DAY cL TOT NFLT
To DAY FEET DEGREES FEET CENT MG/L METERS MG/L MG/L Ma/t MG/L
73/09/24 0003 14.0 9.8 1e9
73/09/24 oun7 7
73/09/24 golo 14.0 947
73/09/24 0020 14.0 9.7
73/09/24 0030 14.0 947
73/09/24 0039 149.0 Fe?
73/09/24 0049 13.5 9.6
74/08/2} 0003 8.0 1240 244
74/05/721 ooto 7.0 1240
74/05/21 0020 640 [SRYY
74/05/21 0030 6.0 iles
74/05/21 0043 6.0 11e8
74/06/04 0003 1245 110 244
74/06/04 ouio 12,0 1le2
74/06/04 vo2u 10.5 11e8
74/06/04 003 10.0 1ieo
74/06/04 0043 8.0 1Us8
14/07/08 0003 20.5 He8 2e4
74/07/08 op23 1740 /et
74/07/08 0047 13.0 704
74/08/13 ool 19.0 942 2.4
74/08/13 0016 1640 749
74/08/13 0033 13.0 b}
74/08/13 LETY 10.0 640
74/09/05 0oo3 17.0 Fe2 2.1
74/09/05 o023 1640 7e6
74/09/05 0049 1640 943
153014 4290AC153014
44 53 3840 087 40 13e0
GREEN BAY¥ OPEN WATER ONR STA 239
55 WiSCONSIN
LAKE MICHIGAN
21nlS 2111202
2 0U62 FEET DEPTH
00671 a066% 00605 oueld 00613 un610 32211 32218
DATE TIME DEPTH pHOS=DIS PHOS=TQT ORG N NO3=N NO2=N NH3=N CHLRPHYL PHEOPWTN
FROM OF ORTHO N DIss 01ss TOTAL A UG/L A
T0 DAY FEET MG/L P MG/L P MG/L Mo/L MG/L MG/L CORRECTVD ue/L

73/09/24 ago7 0.0063 0e012 0e.i00 DeO% 0.003 0.030 600 3.00

- £9€ -



STORET RETRIEVAL DATE 75/06/06
153015 4290AC15301t5
44 51 1840 087 35 550
GREEN BAY OPEN WATER ONR STA 4g
55 WISCONSIN
LAKE MICHIGAN

2iwls 2111202
2 0052 FEET DEPTH
72028 72029 ooo1o 00299 00078 00310 o032 00940 00%30
DATE TIME DEPTH AZIMUTH DISTANCE wATER Do TRANSP 80D 80D CHLORIDE RESIDUE
FROM OF FR SOUTH FR SQuTH TEMP PROBE SECCHI S DAY 6 DAY cL TUT NFLT
T0’ DAY FEET DEGREES FEET CENT MG/L METERS MG/L MG/L MarsL MG/L

73709724 0g03 14,5 10.7 I «5
73709724 0oa7 3
73/09/24 0010 1445 95
73709724 0020 i4.5 Fel
73/09/24 oo30 14.0 8e7
73709724 0039 14.0 Beb4
73/09/24 vo49 14,0 843
74705721 0a03 8,0 122 1.9
74708721 0007 8.0 1262 3.3 10 9
74705721 0013 643 120
74708721 0030 &e3 12«1
74705721 0043 6.5 1145 367 10 9
74/06/04 ago3 14,0 105 18
74706704 apay 2+5 9 26
74706704 oolo 13,0 104
74706704 ou2o 12.0 10.8
74/06/04 0gao 12,0 108
74/06/04 o043 12.0 1047 3.3 7 Oe1l
74707708 0po3 22.0 Fe8 1¢2
74/07/08 goo7 5.5 10 2
74/07/08 go23 19,0 BeY4
74/07/08 0046 1040 7.5 3.1 8 1
74/08/13 0003 19.0 Fel 21
74708713 agpo7 409 9 4
74/08/13 0gle 1845 Beb
74708713 0033 14,5 602
74/08/13 0046 10,0 403 37 7 4
74709708 0gQo3 17.0 1061 149
74/09/05 0oo7 3.3 9 &
74709705 0o1s 17.0 P46
7%4/09/0% VP30 17,0 Fe2

74/09/0% 0049 1640 4¢8 265 8 12

- %9¢



STORET RETRIEVAL DATE 75/04/06
1563018 4290AC153015%
44 51 1840 087 35 5540
GREEN BAY OPEN WATER DNR STA 4Q
55 WISCONSIN
LAKE MICHIGAN

21wlisS 2111202
2 0052 FEEYT DEPTH
00671 00668 00605 00618 00613 0oélo 32211 3228
‘DATE TIME DEPTH pHOS=DIS PHOS=ToT ORG N NO3=N NO2=N NH3=N CHLRPHYL PHEOPHTN
FROM oF ORTHO N DISS DISS TOTAL A UG/L A
TO DAY FEET MG/L P MG/L P MG/L MG/L MG/L MG/L CORRECTD ve/L
73/09/24 goo07 0.002 0,008 0.100 De04 0.002 0.046 5400 4.00
74/05/2] 0007 0.006 0.017 0s100 Oell 0.009 0e240
74705721 0043 0.020 0.024 00100 030 0.009 0s100
74/06/04 op07 D.012 0120 1,000 0.27 De013 0.100
74/06/04 0043 0019 0.070 0.200 0+03 0.009 0+250
74/07/08 0po7 0,009 0.047 0.700 0e01 0+006 G,000
74/07/08 0046 g.010 U024 14200 036 0e038 0.000
74/08/13 0go7 g.007 0.059 04300 0.03 D+004 Ue010K
74/08/13 0046 0.007 0.017 0+200 108 0.001K G.010K
74/09/0% 0go7 0,003 0.017 0+100K 0.07 0.006 0.120
74/09/08 0049 0.002 U037 0+100K 0e91 Ds029 0.110

- 69¢ -



STORET RETRIEVAL DATE 75/06/06
383003 4290AC383003
44 58 2540 087 39 1540
GREEN BAY STUDY DNR STA 4]
55 WISCONSIN
LAKE MICHIGAN

21wls 2111202
2 0009 FEET DEPTH
72028 12029 00010 00299 00078 00310 00312 00940 00530
DATE  TIME DEPTH AZIMUTH DISTANCE  wATER 00 TRANSP 80D 80D CHLORIDE RESIDUE
FROM oF FR SOUTH FR SOUTH TEmp PROBE SECCHI 5 DAY 6 DAY 1 TOT NFLT
TO DAY FEET DEGREES FEET CENT MG/L METERS MGa/L MG/L Me/L MG/L
74705721 cpoo3 15.0 Se7 0.8
74705721 0007 150 Se7 7.0 3 11
74705721 aolo 15.0 640
74/06/04 goa7 175 5e2 1.0 Yol 2 i
74/07/08 0003 2540 leS 1e2
74/07/08 ooo07 Tek 5 2
74/07/08 0c10 25,0 1e7
74/08/13 0003 22.0 3.8 1e2
74/08/13 0007 4.1 3 4
74/08/13 coto 17.0 547
74/09/05 0003 19.0 601 1.2
74/09/05% 00a7 1840 60 5
383003 4290AC383003
44 58 25.0 087 39 1540
GREEN BAY STUDY DNR STA 4
56 WISCONSIN
LAKE MICHIGAN
21u1s 2111202
2 0009 FEET DEPTH
00671 00665 00605 00418 00613 00610 32211 3228
DATE  TIME DEPTH PHOS=DIS PHOS=TOT  GRG N NO3=N NO2Z=N NH3=N CHLRPHYL PHEOPHTN
FROM oF ORTHO N DISS 01SS TOTAL A UG/L A
T0 DAY FEET MG/L P MG/L p MG/L MG/L MG/L MGe/L CORRECTD vGarsL
747065721 aoo07 0.026 O+ 100K 0.03 0e«018 00260
74/06/04 0go7 0,008 0.070 Oe100 0.05% 0.017 0.070
74/07/08 0007 0,019 0.047 0.500 0.01 0.026 0.020
74708713 0po07 0,024 0.032 0300 0013 0004 0.010K

74/09/08 ooa7 0,005 0.032 0+300 D34 0.019 0.017

- 99¢€ -



STORET RETRIEVAL DATE 75/06/06

72028

DATE TIME DEPTH AZIMUTH

FROM OF FR SOUTH

T0 DAY FEET DEGREES
73/09/24 0003
73/09/24 0007
73/09/24 golo
73/709/24 0o20
73/09/24 0g3o0
74/08/721 ooo3
74705721 0013
74/05/72) o030
74/0572) ou43
74/06/04 0003
74/06/04 oglo
74/06/04 0020
74706704 0030
74/06/04 0045
74/07/08 Goo3
74/07/08 0o17
74/07/08 0030
74708713 oou3
74/08713 aglé
74/08/13 go3o
74/09/05% 0003
74/09/05% 0020
74/09/0% 0039

00671

DATE TIME DEPTH pHOS=DIS

FROM OF ORTHO
TQ DAY FEET MG/L P
73/09/24 aoe? 0.002

72029
DISTANCE
FR SOuTH

FEET

006658
PHOS=ToT

MG/L p

U.003

ooolo
nATER

TEMP

CENT

13.5

1345
13.5
13.5
7.5
5.0
Sel
Se0
13,0
12.0
b0
5.0
5.0
2040
1245
11.0
18,5
1640
115
1740
1540
14.0

00605
URG N
N
MG/L

0.100

00299
00
PROBE
Me/L

9e3

Fel3
963
Fe2
1202
1240
11le4
112
10.8
107
10.2
10e4
102
105
95
7.2
Pel
Te7
beb
102
LXY:]
749

auels
NQ3=N

olss

MG/L

003

383uU04 429VAC383004
44 57 0Seu QB7 39 1640

GREEN B8AY OPEN WATER ONR STA 42
Sh WISCONSIN

LAKE MICHIGAN

21wls 2111202
2 0udé FEET DEPTH
00078 gulio po3la 0u?40 00530
TRANSP 800 80D CHLURIVE RESIDUE
SECCHI 5 DAY 6 DAY cL TOT NFLT
METERS MGesL M6/L Me/L MG/L
241
4
245
19
1.8
1e6
Le¥
383004 429UAL38300Y
44 H7 Ubels UB7 39 Llbou
GKEEN BAY OPEN WATER Divkk STA 42
55 wISCUNSIN
LAKE MICHIGAN
21a19 2111202
2 GU3s FEET DEPTH
00613 Vo610 32211 32258
NO2Z=N NH3=N CHLRPHYL PHEUPRTN
LISS TOVAL A UG/L A
MG/L MGe/L CORKECTL Va/sL

g.001 V061 4e00 4,0uU

- 198 -



STORET REYRIEVAL DATE 75/06/06

DATE
FROM
TG

73/709/24
73/09/24
73/09/24
73/09/24
73/09/724
74/05/72)
74/05/21
74/05/721
74/05/21
74/05/21
74/05/721
75/06/04
74/06/C4
74/06/04
74/0&/04
74/06/04
74/04/04
74/07/08
74/07/08
74/07/08
74/07/08
74/08/13
74708713
74/08/13
74/08/713
74/08/713
74/09/05
74/0%9/05
74/09/05%
74/09/0%

TIME DEPTH
OF
DAY FEET

0003
0go7
0u20
0039
0049
g003
0go7
0013
0030
0043
6059
0003
ogo7
0010
0020
ag3o
0043
coo3
0go7
0023
0046
0093
ago7
00lé
0030
0046
0003
0o07
ogz2s
0050

72028
AZIMUTH
FR SOUTH
DEGREES

72029
DISTANCE
FR SOUTH

FEET

00019
LATER

TEMP

CENT

14.0

14.0
14.0
13.0
8,0
8.0
645
5.0
qls
445
13.0

125
1040
7.0
6.5
200

1740
12.0
18.0

165
1245

940
1840

1640
13.0

00299
vo
PROBE
MG/L

8e7

8e7

Be7

847
1262
122
122
118
11e8
118
11e2

112
P11e3
11e2
11e2

940

7e4
945
940

8.}
b6e7

Pe5

945
745

153016
44 55 0840 U087 35 37.0
GREEN BAY OPEN WATER UNR STA 43
WISCONSIN

55

LAKE MICHIGAN

21¢ 1S
2

00074
TRANSP
SECCHI
METERS

2.1

Do3lo
800D
S DAY
MG/L

249

2¢5

4290AC153016

2111202

0065 FEET DEPTH
00312 00940 D0OS30
BOD CHLURIDE RESIDUE
& DAY (98 TUT NFLT

MG/L Ma/L MG/L

3
249 8 9
3.7 9 7
7 1
8 Ued
8 4
8 2

- 89€ -



STORET RETRIEVAL DATE 75/06/06

DATE
FROM
To

73/09/724
74705721}
74705721
74/06704
74/07/08
74708713
74/09/08%

00671

TIME DEPTH pHOS=DIS

OF
DAY FEET

0007
0007
0gs9
0007
o007
0007
0go7

ORTHO
MG/L P

0.003

0.012
0,002
0.012
0,003
0,003

00665
PHOS«TOT

MG/L P

04011
0+013
Ce016
0.060
04032
O.0231
0.025

00605
ORG N

MG/L

0s100
0+100
Oe400
0e 100K
Be700
0200
O+ 100K

ouéeis
NO3=N

Dlss

MG/L

0«01
027
Oe46
Q+01K
Q.03
Oell
Del9

153016
44 55 08.+0 087 35 37.0
GREEN BAY OPEN WATER DNR STA 43
WISCONSIN
LAKE MICHIGAN

5%

21wls
2

00613
NO2=N

DISs

MG/L

04002
Q+017
0e.018
0.006
0077
G.Q01K
G011}

00610
NH3=~N
TOTAL

MG/L

0.046
04230
04160
G120
0,050
0D.010K
0.070

4290AC153018s

2111202
0065 FEET DEPTH
32211 32218
CHLRPHYL PHEOPHTIN
A UG/L A
CORRECTD ve/L
600 1,00
3480 ’
660 1260
1170
4010 4,70

- 69¢ -



STORET RETRIEVAL DATE 75/06/06

72029
DISTANCE
FR S0yutH

FEET

00665

MG/L P

72028
DATE TIME DEPTH AZIMUTH
FROM OF FR SQUTH
To pAY FEET DEGREES
73/09/24 6po3
73/09/24 goo7
73/709/24 oglo
73/09/24 oga2o
73/0%9/24 0030
73/09/24 0039
74705721 ooo3
74705721 8013
74705721 0030
74705721 0043
74/06704 8003
74/06/04 o0olo
74/06/04 agao
74/06/04 0o3o
74/06/704 0043
74707708 0003
74707708 ag23
74/07/08 0046
74/08/13 0003
74708713 001e
74708713 Qu3l
74/08/13 0046
74/09/0% oge63
74/09/05 0023
74/09/05% 0043
74/09/0% 0049
vos71
DATE TIME DEPTH pHUS=DIS PHOS-TQT
FROM OF ORTHO
0 DAY FEET MG/ P
73/09/24 0c07 0.002

0.012

00010
wATER

TEMP

CENT

14,0

14.0
14,0
1440
14,0

845

7.0

645

6.0
13.0
12.0
12.0
115
1les
21.0
19.0
il.0
19.5
18,0
16,0
1640
1840
17,0
16,0
13.0

006usS

ORG N
N

Me/L

gelo0

Qu299
1Y)
PRUBE
MG/L

92

Pl
?e0
8a8
Be7
1402
123
1240
1244
111
11.1
1le2
11e2
tleu
Feu
8eb
7.9

By
749
748
1040
ey
840
746

ousls
NOJ=N

D1IsSs

Me/L

Ue03

153017 429uAC1S3017
44 53 02eU 0UB7 32 130
GREEN BAY OPEIN WATER ONK STA 44
55 WISCUNSIN
LAKE MICHIGAN

21.15 2111¢02

2 QUG5 FEET DEPTH
Qpo78 Quliu uu3t2 U980 ous30
TRANSP 800 60D CHLORIDE RESIDUE
SECCHI 5 LAY 6 LAY L TUT NFLT
METERS Ma/L MG/L Me/L MG/L

241

3

21

186

2.4

243

leb

153017 4290AC153u17

44 53 0240 087 32 13.0

GREEN BAY OPEN WATER UNR STA 44
55 WISCUNSIN

LAKE MlCHIGAN

21415 2lil202
2 JuésS FEERT OEPTH
00613 Qo610 32211 32218
NO2=N NH3=N CHLRPHYL PHEUPHTN
V1SS TOTAL A UG/L A
MG /L Mo /L CURRECTY Ya/L
0.000 0.000 5.00 J.0u

- 0l -



STORET RETRIEVAL DATE 75/06/06

DATE
FROM
T0

73/09/24
73/09/24
73/09/24
73709/24
73/09/24
74706704
74/06/04
74706704
74/06/04
74706704
74/06/04
74/07/08
74/07/08
74/07/08
74/07/08
74/08/13
74/08/13
74/08/13
74/08/13
74/08/13
74/08713
74708713
74/0%9/05%
74/09/05
74/09/05%
74/0%9/05

DATE
FROM
T0

73/0%9/24
74/06/04
74/06/04
74/07/08
74/07/u8
74/08713
74/08/13
74/09/08
74/09/05

TIME DEPTH
oF
DAY FEET

0003
ugo7
0olo
0020
030
0oo3
guo7
vglo
0020
Qp3o
0045
0oa3
0007
oozl
0046
0003
ooo7
6p13
up2é
8030
0033
uo4é
0003
uou?7
on2s
op49

TIME VEPTH
OF
DAY FEET

0go7
0go7
ugYs
Ggo7
0n46
aoo7
oo4é
0007
oo49

72028
AZIMUTH
FR SQUTH
DEGREES

00671
PHOS=DIS
ORTHO
MG/L P

g.001
0,003
g.003
0.UCs
0.006
OlU12
0.u03
0,003
0.002

72029
DISTANCE
FR SOuUTH

FEET

00648
PHOS=ToOT

MG/L p

8.010
UeDB8Y
U.080
U.040
Ge041
Us014
Ue018
beD21
0.017

gog0io
wATER

TEMP

CENT

14,0

1440
14,0
1440
12.0

11.5
1145
il.0
1140
2145

2040
13,0
19.0

1845
1840
15,5
13.0
12.0
1840

18,0
1640

00605
ORG N

N
MG/L

O.100
0.100K
0.100K
04400
0.500
0300
U200
0e100K
Jel00K

00299
Do
PROBE
MG/L

904

el
93
Fe2
1ie6

11s5
1le4
1163
1162

Fe4

845
7+5
9e3

8.9
842
7e4
547
57
101

Fe8
Fe8

00618
NO3=N

DIlss

MG/L

0«04
UelU&
032
Uev2
D.48
U004
Ue73
VeD2
030

163018
44 53 44.0 087 25 Ub.D
GREEN BAY OPEN WATER DNR STA 45
#ISCUNSIN

55
LAKE MICHIGAN
21wls
2
00078 00310
TRANSP BOD
SECCHI 5 UVAY
METERS MG/L
241
243
3.3
2.9
15
201
49
4ol
leb
3.3
3.3
153018

55

21%18
2

00613
NO2-N

DISs

NG/L

0.000
0.010
0.012
0.020
00052
D«001K
0004
O.0US
D.011

0061y
NH3=N
TOTAL

MG/L

0.000
0.100
G.050
G.0pL
0.000
0.010K
0.01UK
0.050
UsObU

4290AC153018

2111202
0U45 FEET DEPTH
00312 00?40 0us30
800 CHLORIDE RESIDUE
6 DAY L TUT NFLT
MG/L Me/L Me/L
1
8 Ok
8 Uel
443 7 Uek
3.7 8 4
8 3
8 4
8 3
8 4

4290AC153018
44 53 44.0 087 25 U6+0
GREEN BAY OPEN WATER DNR STA 45
#[SCUNSIN
LAKE MICHIGAN

2111292
0U4S FEET DEPTH
32211 32218

CHLRPHYL PHEGPHTN
A Ua/L A
CORRECTD ua/L

6e(G0 2,00

940 d.00

5430 Ge20

000 ?.40

3430 2,450

- e -
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