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ABSTRACT
CHLORIDE AND NITROGEN

CONCENTRATIONS ALONG THE WEST
SHORE OF LAKE ERIE

By

Thomas Joseph Ecker

Chemical concentrations of chloride and selected nitrogen
parameters were measured in the area near the western shore of
Lake Erie over the period May, 1970, to June, 1975. Samples were
taken at six stations in Lake Erie in the vicinity of the Detroit
Edison Monroe Power Plant as well as in the Raisin River and the
power plant discharge canal. The study began one year before the
power plant began operating and continued until full operation
was reached. Similar chemical data was obtained from a three year
U. S. Environmental Protection Agency sponsored study of the power
plant cooling system. Additional chemical data were obtained from
various agencies for the Detroit and Maumee Rivers.

Chloride was used as a conservative element to determine the
relative contributions of the three major tributaries in the study
area, the Detroit, Maumee, and Raisin Rivers. Changes in nitrogen
parameter concentrations were noted with respect to chloride
concentrations.

Water in the near shore lake stations consisted primarily of
Detroit River water. The composition ranged from 74 to 95% Detroit
River water, the highest value occurring in the fall and the Towest
in the spring. The Maumee River had its greatest impact in the

spring, making up 14 to 18% of the lake water. Its contributions
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dropped. to about 11% in the summer and 5% in fall. Apparently Maumee
River water mixes with Detroit River water and retains these proportions
as the water moves northward through the study area. The impact of

the Raisin River was shown to be greatest at the lake station closest

to the river output, and ranged from 12% in the spring down to 5% in

the fall.

Nitrate concentrations in the lake were determined by tributary
inputs and showed a distinct maximum in spring. Nitrate decreased
through the year from assimilation and dilution. Organic nitrogen
increased slightly through the growing season, but ammonia nitrogen
showed much less seasonal variation than either nitrate or organic
nitrogen. The most important source of nitrogen in the study area
is the nitrate received from the Maumee and Raisin River watersheds
during heavy winter and spring runoff. Concentrations of inorganic
nitrogen measured in the lake did not agree well with calculated
values. There seemed to be a deficit of from 25 to 50% in spring
and fall and 65 to 75% in summer by the time the water entered the
study area from the south. There was no compensating change in
organic nitrogen. In addition, there was a continued loss of nitrate
as the water moved through the study area although ammonia increased
in partial compensation. Insufficient data exists to determine
whether the nitrogen is lost to the atmosphere or sediments. Due
to the relatively high inorganic nitrogen present through all seasons,
nitrogen fixation would seem to be insignificant in the study area.

The power plant cooling system has little if any effect on
the nitrogen concentrations beyond those due to mixing of Raisin

River water with Lake Erie water prior to its discharge into the
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lake. There may be a slight Toss of ammonia nitrogen in spring,

but Tittle if any change in organic, nitrate, or total nitrogen.
Effects of the Raisin River-discharge canal system are undiscernable
more than 5 km distant as the water rapidly mixes to ambient
temperature and chemical concentrations. Chloride concentrations

in the lake were shown to be closely related to nitrate nitrogen

concentration, but not to ammonia or organic nitrogen.
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INTRODUCTION

Large steam-electric power plants with once-through cooling
systems require large quantities of water to maintain their steam
cycles. Where there is access to large bodies of water, once-through
cooling is usually the most economical means of cooling; and, therefore,
it is used at many power plants on the Great Lakes. Potentially,
these plants may at least locally redistribute and alter influent
waters of varying qualities which include such chemical elements
associated with eutrophication as nitrogen. This paper describes the
impact of the once-through cooling system at the Monroe Power Plant
on the distribution of nitrogenous compounds along the western shore
of Lake Erie.

The western basin of Lake Erie receives water from a densely
populated watershed. Nitrogen may enter the lake from numerous
artificial as well as natural sources. The major potential sources
to the western basin are three tributaries, all of which enter the
basin at the western end. By far the largest tributary, the Detroit
River, carries nitrogenous waste from the city of Detroit. The
second largest tributary, the Maumee River, drains nitrogen from an
intensively farmed watershed and the city of Toledo. Located between
these two major rivers, the smaller Raisin River contributes relatively
less amount of nitrogen. However, the close proximity of the Raisin
River to the power plant potentially has a disproportionate effect on
the local distribution of nifrogen.

1



The effects of any environmental alterations produced by a power
plant or any other source are difficult to separate from natural and
artificial background variation without some knowledge of local
hydrodynamics. Measurement of the impact on the local coastal zone
requires knowledge of water movements through the affected area,
including the usual quality of water that enters the study area.

The relative impacts on water quality can not be assessed without
differentiating the effects of the various sources of water on the
area concerned.

Data collected over a five year period (1970-1975) show the
relative impact of the Monroe Power Plant and the Detroit, Maumee
and Raisin Rivers on the nitrogen concentration in the Brest Bay
area of western Lake Erie. The derivation of waters in the study
area was traced by the relative concentrations of the chloride ion,
and the relative importance of dilution was determined for the
distributions of nitrate nitrogen, ammonia nitrogen and organic
nitrogen. The data indicate that more than enough nitrogen enters
this part of Lake Erie via tributaries to explain the observed
distributions. In fact, some nitrogen may be lost from the water
column as it passes through the study area although nitrogen
distributions mostly reflect the mixing of tributary waters. The
Monroe Power Plant enhanced the mixing of water from the Raisin River
and the lake water in the vicinity but, otherwise, had little effect

on nitrogen concentrations.



DESCRIPTION OF THE STUDY AREA

Western Basin of Lake Erie

General Description

The study area is the western basin of Lake Erie near Detroit
Edison's Monroe Power Plant at Monroe, Michigan (Figure 1). The
western basin of Lake Erie covers an area of about 3000 km2 which
is morphologically distinguished from the rest of the lake by an
archipelago that lies roughly along a Tine drawn from Point Pelee
to Cedar Point. The mean depth of the western basin is about 7 meters
and the overall mean depth of Lake Erie is about 19 meters (Beeton,
1971). The western basin receives more than 90% of the total water
discharged into Lake Erie, but it comprises only about 5% of the
total lake volume. Therefore, the minimum possible flushing rate
for the western basin is estimated to be about two months (Beeton,
1961) while that for the entire lake is estimated to be about three
years (Beeton, 1971). Because of the relatively rapid flushing of
the western basin, its water quality depends primarily on the input
from the tributaries.

In the western basin, the temperature is moderated through the
heat capacity of the lake; summer heating and autumn cooling are
delayed with respect to the air temperature. Cole (1973) showed that

the temperature regime in the near shore lake study area reached a
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minimum of 1°C in January 1971 and 1972 and a maximum of 24°C in the
summers of 1970, 1971 and 1972. The mean annual air temperature is
about 10°C (50°F). The shallow western basin is generally vertically
homogeneous both thermally and chemically due to the action of wind
and seiche, but temporary stratification can occur under the proper
conditions (Carr et al., 1965).

Rainfall in the area has a long term average of about 73.7 cm
(29 in.) per year. Precipitation for the calendar years 1970 through
1974 at Monroe, Michigan, averaged 73.4 cm (28.9 in.) with a minimum
of 57.2 cm (22.5 in.) in 1971 and a maximum of 82.6 cm (32.5 in.) in
1973 (U. S. Weather Service). Precipitation is well distributed
throughout the year, but the minimum usually occurs in February.

The prevailing winds are from the southwest and blow from that
direction approximately 23% of the time (Anon., 1965), and the monthly

resultant wind is nearly always from the southwest (Figure 2).

Hydrodynamics

The largest single inflow of water to the western basin is the
Detroit River which contributes about 95% of the annual input. The
flow is relatively uniform over the year (Figure 3) and is determined
by the relative heights of Lake Huron, Lake Erie, and their connecting
waterways.

The Maumee River contributes about 2.5% of the water discharged
into the western basin while the Raisin River adds less than 0.5%.
Both rivers have pronounced annual cycles with maxima occurring in
spring and minima in late summer (Figures 3 and 4). The river flow

is not correlated directly with precipitation because of the impact
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of other seasonal factors (Figure 4). Discharge rate means and
extremes for the three rivers are given in Table 1. Langlois (1954)
believes that the input of all other tributaries to the western

basin occasionally exceeds that of the Detroit River during so-called
“freshet" periods.

Circulation in the western basin of Lake Erie was previously
investigated by Olsen (1950), Verber (1955), Herdendorf (1969),
Kovacik (1972), and the Public Health Service (1965). Their models
allowed broad predictions of water mass movements in the near shore
area. In general, a large part of the inflow from the Detroit River
passes directly into the central basin of Lake Erie via Pelee passage.
But Kovacik (1972) and Walters et al. (1972) show that some Detroit
River water reaches the southern shore with relative chemical and
physical integrity. This southward flowing Detroit River water,
combined with the northward flowing input from the Maumee River,
tends to form a large clockwise gyre in the southwestern corner of
the western basin. Day to day variations in these currents are
pronounced because of such contributing factors as the changing
hydraulic loadings and changing winds.

Verber (1953), Olsen (1950), Andrews (1948), and O'Leary (1966)
reported that surface water currents tend to directly follow the
wind. Results in western Lake Erie (Olsen, 1950; Hartly, 1968) tend
to support the assumption that bottom currents in shallow water follow
the same general circulation as surface currents. Cole (1972)
estimated mean monthly water velocities based on locally measured
wind driven currents along the western shore for 1970. Those estimates

indicated that the prevailing monthly resultant current was northward
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along the west shore. Verber (1955) presents evidence that the
longitudinal seiche of Lake Erie is a major contributing factor to
these water movements. As the water rises and falls, it has a net
westward movement south of Pelee Island and a clockwise progression
around the western basin. Seiches can create pulses in the discharge
of the Detroit River (Herdendorf, 1969); and, at times, have been

able to briefly reverse its flow (Langlois, 1954).

Water Quality

Both phytoplanktonic (Davis, 1964) and chemical (Verduin, 1969)
data indicate that Lake Erie is eutrophic. The water quality of the
western basin is particularly sensitive to the impact of its influent
waters because of its short flushing time. The qualities of these
influent rivers differ enough to plot the movement of water by
physical and chemical measurements (Herdendorf, 1969; Walters et al.,
1972; Kovacik, 1972; Andrews, 1948). Water quality in the western
basin is determined basically by the biggest contributor, the Detroit
River. Compared with the smaller tributaries in the watershed, the
Detroit River has lower conductivity, temperature, and concentrations
of chloride and alkalinity. The Detroit River has been described
(Harlow, 1966) as a major supplier of nitrogen and phosphorus to
Lake Erie because of its massive discharge. However, the Maumee
River has an impact much greater than indicated by discharge alone.
According to FWPCA (1968) estimates, the Maumee contributed 25% of
the phosphorus and 38% of the total BOD that entered the basin during
the 1960's. The impact of the Maumee River has been determined by

Curl (1957) who described the high phosphorus loading, Chandler and
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Weeks (1945) who noted the nitrogen inputs, and Verduin (1964) who
described the high silt loadings. Verduin further states that the
high silt loadings, combined with increased phosphorus loading, is
primarily responsible for the eutrophic state of Lake Erie today.
The Raisin River is the smallest of the tributaries discussed
here, but it nevertheless has a strong local impact on the study
area (Carr and Hiltunen, 1965; Cole, 1972). Besides draining a large
agricultural area, the Raisin River receives both municipal and
industrial effluent including that from paper mills. The Raisin
is reported to have experienced anoxic conditions during summer and
fall as early as 1929 (Wright et al., 1955). Recent improvements
in municipal and industrial wastewater treatment may be reversing

that effect.
The Monroe Power Plant

In 1967 the Detroit Edison Company began building a 3200 megawatt
coal fueled power plant on a filled portion of the Raisin River delta.
The intake for cooling water was sited on the Raisin River (Figures 1
and 5) within a kilometer of the river mouth. A discharge canal was
constructed to be approximately 2.6 kilometers long and 150 meters
wide. It empties into Lake Erie about 3.5 kilometers southwest of
the mouth of the Raisin River.

The design allows the plant to pump cooling water from the
Raisin River to condense steam from turbine operation with subsequent
discharge of the heated water into the canal. When the river discharge
was less than the plant pumped, water from Lake Erie would provide

the difference by inflow via the Raisin River mouth.
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Figure 5. Map showing the vicinity of the Monroe Power Plant and sampling
locations in the cooling system. Locations of Stations 15 and

16 are from samples obtained in the thermal plume which altered
position with wind changes.
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Four 800 megawatt power units were built and brought into
operation at a rate of about one unit per year between May, 1971 and
May, 1974. Three cooling pumps circulated the cooling water for each
unit. Each pump is rated at approximately 7 m3/second, with a
maximum pumping rate of approximately 84 m3/second for all four units.
In 1971 and 1972, power was generated very sporadically as the plant
experienced numerous shut-downs due to testing, maintenance, and
various mechanical adjustments. Cooling water was pumped more
consistently than power was produced, but pumping averaged slightly
less than 21 m3/second (three pumps) for the balance of 1971. In
May of 1972, the second power unit began pumping followed by the
additional units in October, 1972 and September, 1973. The operation
of the pumps preceeded the initiation of power production in each
unit.

Because of intermittant operation, the average pumping for 1972
was only 29 m3/second while the means for 1973, 1974, and the first
half of 1975 were 50, 54, and 55 m3/second, respectively. Pumping
rates in the future are expected to average higher as power production
becomes uniformly greater. The most cooling water was pumped in
the summers of 1974 and 1975. Conversely, in the 1974-75 winter
pumping was decreased from maximum because of the cooler ambient
temperature. In addition, winter pumping is decreased relative to
the discharge canal because some of the discharge water is routed
back to the river to maintain an ice-free intake.

When the river flow was high in winter or spring, the discharge
water could consist almost entirely of river water; but at times of

low river flow, such as in late summer and fall, almost all the water
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came from the lake. Whenever plant pumping exceeded river discharge,

essentially all of the river water passed through the plant.

Sampling Locations

The Detroit Edison Sites

Studies of the water samples from the Detroit Edison samrling
sites (Figures 1 and 5) were supported by the Detroit Edison = mpany.
The sites consist of stations in the power plant cooling system and
in Lake Erie. The lake stations were sampled from 1970 through
mid-1975 to identify the effects of the plant effluent on water
masses as they followed a generally northern course from station 6
to station 1 (shown in Figure 1). Sampling stations 9, 8, and 7
were respectively located in the Raisin River, the power plant
discharge canal, and a shallow embayment (Plum Creek) which adjoins
the discharge canal. Lake stations 1 to 6 were approximately 1.5
to 2 kilometers from shore and 1.5 kilometers apart except for
station 6 which was approximately 3.5 kilometers from shore and 5.5
kilometers SSW of station 5. The depths at these lake stations
ranged from 4 to 6 meters. Plum Creek (station 7) is shallow (less
than two meters) and discharges less than 1 m3/second into the
discharge canal. The discharge canal itself (station 8) is 6 to 7
meters deep, approximately 150 meters wide ahd 2.6 kilometers long.
Station 9 is located in the Raisin River, upstream from the power
plant intake.

Samples were collected from stations 1 to 9 on a biweekly basis,

weather permitting, from May 7, 1970 to June 24, 1975. Generally
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unfavorable weather conditions precluded all except sporadic sampling
from November through March of each year. The samples were collected
with an eight liter Van Dorn bottle in triplicate at two depths (0.5
and 2.5 meters) at eight stations and at only the 0.5 depth in Plum
Creek, station 7.

Samples for nitrogen analyses were placed in polyethylene bottles
and preserved with 42 milligrams per liter (mg/liter) of mercuric
chloride (Howe and Holly, 1969). Samples to be analyzed for chloride
remained unpreserved. The water bottles were returned to MSU for
analysis.

In the spring of 1975, stations 1, 2, 4, 5 and 7 were not sampled
although sampling continued at stations 3, 6, 8 and 9. In addition,
16 stations were randomly selected from a grid superimposed on a map
of the sampling area (Figure 6). Half of the samples were taken
from an area which was periodically warmed by the discharge plume of
the power plant, and the other half came from the adjacent waters

beyond the direct influence of the plume.

The U.S.E.P.A. Sites

A three year study on entrainment effects of the cooling system
was undertaken in November, 1972, with a grant from the United States
Environmental Protection Agency (USEPA). Seven stations were chosen
(Figure 5) to sample the river (station 9) and lake (station 17) as
sources of cooling water as well as to follow its course through the
discharge canal (stations 12, 8, and 14). In addition, two plume
stations (stations 15 and 16) were sampled in order to trace the

progress of the discharge water as it mixed with the lake. Station 15
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was sampled along the main axis of the plume where the temperature had
fallen half way from the discharge canal temperature to the ambient
lake temperature. Station 16 was also sampled along the main axis of
the plume but in a position where the temperature was only 1 to 2°C
above ambient lake temperature. Therefore, stations 15 and 16 changed
position in response to wind driven currents as well as power plant
discharge. Figure 5 shows the positions of stations 15 and 16 during
the first year of the study. Station 18 was an artificial station
whose composition was calculated on the basis of the Raisin River
discharge and plant pumping rates. It was assumed that only river
water was drawn into the intake until plant pumping exceeded river
discharge, when additional water was drawn from Lake Erie via the
Raisin River mouth.

At each station, five replicates were taken by random sampling
at five depths except at stations 15 and 16 where samples were all
from just below the surface. Sampling was carried out on a bimonthly
basis from November, 1972, to September, 1975. Each set of samples
included a mercury (II) preserved set for nitrogen analysis and
three sets of unpreserved samples for chloride analysis, each
designed to sample one of the periods: morning, afternoon, and
evening. These three sets were taken over a two or three day period
while the nitrogen samples were taken at the same time as one of

the chloride sets.

Other Data Sources

Chloride data were obtained from the Monroe Water Treatment

plant for the days on which the study area was sampled (W. LePage,
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personal communication). The intake is located 1.5 kilometers west
of Stony Point (Figure 1). Chloride data were also obtained from
near shore stations at the Swan Creek-Fermi study site (Figure 1)
during 1973. Shaffer (1975) sampled at the stations in triplicate
on six dates during the year.

Chemical data for the Detroit River were obtained from two
agencies. Sampling was conducted across the mouth of the Detroit
River along a transect referred to as Range 3.9 (Figure 1). The
Ontario Water Resources Commission (OWRC) reported chloride and
inorganic nitrogen concentrations for 1971. The Michigan Water
Resources Commission (MWRC) reported chloride and inorganic nitrogen
concentrations for the period 1970 through 1974. Both agencies
sampled about six times a year during the ice-free season.

Chloride and inorganic nitrogen concentrations in the Maumee
River were obtained from the Toledo Pollution Control Agency (TPCA)
for the years 1970 through 1974. Samples were taken from the west
bank of the river at the Toledo Terminal Bridge (Figure 1), approxi-
mately 1.5 kilometers from the river mouth, on a monthly basis.
Additional chloride data for the Maumee River were obtained from the
U. S. Geological Survey. Chloride values were taken bimonthly at
Waterville, Ohio, approximately 34 kilometers from the mouth of the
river.

Daily discharge values of the Raisin and Maumee Rivers were
obtained from the State Offices of the U. S. Geological Survey.
Monthly discharge values for the Detroit River were obtained from

the Lake Survey Office of the U. S. Corps of Engineers.
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Wind information was obtained from the U. S. Weather Service
office at East Lansing for the Toledo Express Airport. Monthly
precipitation values were also obtained for Monroe, Michigan, from

this office.



METHODS AND MATERIALS

Laboratory analyses were carried out for chloride, total
Kjeldahl nitrogen, nitrate nitrogen, ammonia nitrogen, and nitrite
nitrogen. Chloride analyses were accomplished with mercuric nitrate
titration of a 25 milliliter sample to the diphenylcarbazone-mercury
complex endpoint. A mixed indicator containing Xylene cyanol FF w1s

used, as outlined in Standard Methods (Anon., 1965).

Total Kjeldahl nitrogen was measured by digesting a 50 ml sample
with a mercury catalyst. Ammonia formed in the digestion of nitrogen-
containing organic compounds and nitrogen already present as ammonia
were then distilled and determined by the Nesslerization reaction.
The micro-Kjeldahl method that was followed was outlined in Standard
Methods (Anon., 1965) and in the FWPCA (Anon., 1969) and EPA (Anon.,
1971) manuals.

Nitrate nitrogen was determined by the method of Jenkins and
Medsker (1964), slightly modified in EPA Methods (Anon., 1971) by
elimination of the chloride masking reagent. Samples containing
more than the maximum standard of 0.7 mg/liter had to be diluted
to within the standard range.

Ammonia nitrogen analyses were carried out via distillation and
Nesslerization. Originally, the distillation pH was buffered at 7.4
(Anon., 1965) but it was changed to 9.5 (Anon., 1969) to reduce the

possibility of any hydrolysis of nitrogen-containing organic compounds.

21
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In 1972 the method for ammonia nitrogen was changed to the phenate
method of Harwood and Kuhn (1970). This method eliminated the
distillation step completely, was easier and faster to perform, and
was more precise than previous methods. Although the ammonia analysis
method was changed to insure against error, no significant differences
were detected between methods when they were tested with samples from
the study area.

Nitrite analyses were carried out with a method similar to the

one provided in Standard Methods (Anon., 1965) except that acetic

acid alone was added as a pH control, instead of an acetate buffer.
The nitrite analyses were discontinued in 1970 because the values
were usually insignificant (<0.01 mg/liter).

Organic nitrogen was calculated as the difference between total
Kjeldahl nitrogen and ammonia nitrogen. Inorganic nitrogen was
calculated as the sum of ammonia nitrogeh and nitrate nitrogen,
discounting any nitrite. Total nitrogen was assumed to be the sum
of nitrate nitrogen and total Kjeldahl nitrogen. This is equivalent
to the organic nitrogen plus inorganic nitrogen, and it is equal to
the total bound nitrogen of the sample.

Mean values for all stations on each sampling date are given in
Appendix Tables Al through A7 and seasonal means in Tables A8 through
Al14. Analysis of variance tests were performed on each date through
the 1972 sampling year. Where station differences were significant
(p < 0.05), Tukey's multiple range test (Steele and Torrie, 1960) was
performed, and significance (p < 0.05) was indicated by underlining.
Where significant (p < 0.05) depth differences were present, a dagger

(+) was placed next to the date. Asterisks (*) next to a station



23

number denote that insufficient replicates were available to include
that station in the analysis of variance model. However, the value

is included for comparison. After 1972, the analysis of variance

was discontinued.



RESULTS AND DISCUSSION

Chloride and Hydrodynamics

Only negligible fractions of the chloride concentrations in
the Great Lakes are influenced by chemical reactions of either
physical or biological origins. Therefore, the chloride concentra-
tions may be used effectively to trace the movements and mixing of
different water masses (Hem, 1970; Kaufman and Orlob, 1956; Spain
and Andrews, 1970; Ketchum, 1951 and 1967). A mass balance calcula-
tion is used, and if the chloride concentrations of all sources are
known, then the relative proportions of each sourcé are easily
calculated (Hem, 1970). The value of chloride as a tracer is limited
by the degree of difference in concentrations between sources, and
by the temporal variability of each source. The conditions are best
when the sources are of widely differing and constant concentrations.
Chloride concentrations in the study area are characterized by wide
differences among waters in the lake near the Monroe power plant,
the Detroit River, and the similar Maumee and Raisin Rivers (Table 2).
Concentrations in the Maumee and Raisin Rivers consistently averaged
about two times the concentration in the lake from 1970 to 1974 and
more than twice the concentrations reported for the Detroit River.
Data presented in Table 2 show that the lake concentrations most
strongly reflect the input of Detroit River water even though the
Maumee and Raisin Rivers are relatively close to the lake stations

that were sampled.

24
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Chloride concentrations at the lake stations varied widely over
the study period from 1970 to 1974 (Figure 7). The differences in
chloride concentrations at station 1 through 6 in the study area
were frequently significant (p < 0.05) on any one particular date,
but the differences were not particularly consistent from one sampling
date to another. This inconsistency could have resulted from the
changing chloride concentrations introduced to the lake from the
tributaries and other sources as well as by a changing composition
caused by mass movements of water. Figure 7 indicates that early
spring chloride concentrations in the lake tend to exceed those at
other times of the year, but the seasonal variations are not marked.
During the high spring runoff, chloride residuals from winter street
saltings may contribute to higher concentrations in the lake.

Part of the seasonal variability in lake chloride concentrations
may result from the relative variability of annual inputs of water
from the Detroit, Maumee and Raisin Rivers (Figures 3 and 4). These
three tributaries contribute almost 99% of the flow to the western
basin of Lake Erie while most of the remainder flows in from the
Huron River near the mouth of the Detroit River. The Detroit River
contributes about 95% of the annual flow into the basin. However,
the proportion and amount varies considerably according to the
season. Although the Detroit River contributes a stable flow,
particularly during the ice-free seasons, the mean monthly flow of
the remaining tributaries typically varies by one order of magnitude.
Although the Maumee River discharge averages only two to three

percent of that from the Detroit River, it usually contributes eight

to 15 percent of the winter or spring discharge and 0.2 to 0.4% of
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the late summer discharge. Daily discharges from the Maumee River
contributed up to 30% of the Detroit River flow during the sthy
period.

Based on seasonal variations in discharge alone, the relative
contribution of tributary flow to the lake study area could be
expected to change as much as one order of magnitude from one season
to the next. Nearly all of the chloride entering the study area at
the western end of Lake Erie seems to be derived from these three
tributaries. A small but significant contribution could come from
the Huron River, but it is assumed to behave as part of the flow
from the Detroit River. Other contributions of chloride may enter
the western shore from tributaries other than the Maumee River or
the Raisin River. The total water contributed by these other small
tributaries to the study area is far less than that from the Raisin
River; and their chloride concentrations probably are similar to
those in the Maumee and Raisin Rivers because of the similar geology
and land use patterns in their watersheds.

For the most part, small and scattered chloride inputs seem to
have only local shoreline effects as indicated in Figure 8. iradients
of chloride concentrations seem strong within 0.5 kilometers of
shore but become much more difficult to define off shore. In Figure
8, the relative concentration of chloride seems to be influenced by
the input from the Raisin River via the discharge canal of the Monroe
Power Plant and possibly from southward moving intrusions of water
around Stony Point from the Detroit River area. However, the current
data indicate that southward moving water with high chloride concen-

tration is unlikely to contribute routinely to the relatively high
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RAISIN

0.6

Figure 8. Relative chloride concentrations for Spring 1975. Contours were
drawn for data taken on four separate dates. On each date the
highest concentration was assigned a value of 1.0 and all others
calculated as a decimal fraction of the highest value.
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concentrations indicated in northern Brest Bay. If so, the chloride
concentrations measured at the Monroe City water intake west of

Stony Point (Figure 1) and near the mouth of Swan Creek at stations
a, b, and ¢ (Figure 1), would reveal relatively high concentrations
compared with those in the study area at station 1 in northern Brest
Bay (Table A8). However, concentrations at these two sites typically
are lower than those found at stations in northern Brest Bay (Tables
2 and A8).

Although the input of chloride from the tributaries is indicated
in the relative chloride concentrations shown in Figure 8, the Raisin
River waters seem to mix readily into the lake water so that even the
high spring contributions appear to be indefinable within a short
distance from the mouth of the discharge canal. Chloride concentra-
tions measured in the cooling system of the Monroe Power Plant and
tﬁe thermal plume in the lake also indicate that the impact of the
river is very local (Table 3). The chloride concentrations were
measured at the leading edge of the thermal plume along its main
axis. In all instances, the relatively high chloride concentration
of the Raisin River had mixed to ambient concentrations in the lake
within five kilometers of the point of entry at the mouth of the
discharge canal. Therefore, the impact of Raisin River water was
not measurable in the lake north of station 3 or south of station 5
(see Figure 1). Chloride concentrations at stations 6, 2 and 1,
therefore, varied according to the mixing of water from sources
other than the Raisin River, including the Detroit and Maumee

Rivers and local shoreline inputs.
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Previous studies of currents in the western basin, taken
collectively, indicate that the wind is the primary determinant
for water movements, and the currents are predominantly northward
along the west shore (Andrews, 1948; Verber, 1953 and 1955; Olsen,
1950; and O'Leary, 1966). Relatively rare northeasterly winds or
calm weather foster a particularly strong intrusion of Detroit
River water into the study area. Brisk southerly winds enhance
any effect of the Maumee River on the study area, particularly at
times of high discharge. Although the wind frequently shifts,
monthly resultant winds are almost always southerly. Therefore,
the net water movements were expected to traverse the study area
from station 5 to station 1, while in the process mixing with Raisin
River water and other minor shoreline sources.

The vacillating winds cause current reversals which obscure
concentration gradients, but long term averages reveal consistent
trends for the relative impact of Maumee, Detroit, and Raisin
River waters (Table 2). In Figure 9, it is assumed from datia reported
in Table A8 that Raisin River water has no influence beyond station 5
to the south or station 3 to the north. The mean rise in chloride
concentration observed at stations 5, 4 and 3 is believed to have
been caused entirely by the Raisin River input just west of station
4 except in 1970 when it was west of station 3. There are no other
potential sources along the shore in that vicinity except the extensive
human settlement on the northern shore of Brest Bay. Therefore,
water at station 6 and station 2 is believed to reflect measurable

mixtures of Detroit and Maumee River water, whereas station 1 may
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be locally influenced by culturally enriched tributaries and direct
inputs from shore zone settlements.

The relative contributions of Maumee and Detroit River waters
that mix in the study area can be estimated from data gathered on
chemical concentrations in the Detroit and Maumee Rivers by govern-
mental agencies over the period of study. Detroit River chloride
data was obtained both by the Ontario Water Resources Commission
(OWRC) and the Michigan Water Resources Commission (MWRC) along the
same cross-river transect (Figure 1) but at different sampling
times in 1971. The Michigan Water Resources Commission measured
chloride throughout the study period. A1l of the profiles compared
in Figure 10 agree closely and reveal the stable annual contributions
of chloride to Lake Erie. Data were obtained by the Toledo Pollution
Control Agency (TPCA) on chloride concentrations at one location on
the west shore near the mouth of the Maumee River. This part of the
river is influenced by lake seiches which can conceivably mix lake
and river water at this location. These data, however, were assumed
to be representative of lower Maumee River concentrations, and they
agreed closely with chloride data obtained 34 kilometers upstream
by the United States Geological Survey.

Assuming, then, that stations 2 and 6 are composed of Detroit
and Maumee River water, and that stations 3, 4 and 5 contain Raisin
River water in addition, a mass balance equation can be formulated
and the relative contribution of each source determined. These
calculations indicate that the Maumee River is particularly influential
in the spring and less so in times of low water input during the

fall (Table 4). 1In fact, fall contributions from the Maumee reflect
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an exceptional spate during the fall of 1972. Without that exceptionally

high runoff, the Maumee River would not have had more than trace effects.
At certain times of very high discharge, which might exceed the mean
spring seasonal discharge by five or ten times, almost all of the
water in the study area could have come from the Maumee River.

The proportion of Maumee River water remains fairly constant
as the water masses proceed northward through the study area.
Apparently Detroit and Maumee River water mix to the proportions
found in the study area near the mouth of the Maumee River, and those
proportions tend to be retained until after the water passes Stony
Point. There it could be diluted to concentrations approaching the
mean Detroit River concentrations, as indicated by Monroe city water.
Water from the Raisin River mixes into this northward moving vacillating
mass. Only at station 4 is the impact of the Raisin River as important
as the impact of the Maumee River along this sampling transect.
But, by far, the major source of water in the study area is the
Detroit River, particularly during the late summer and fall. This
also has been indicated by synoptic surveys conducted over a few
days by Hartley, Herdendorf, and Keller (1966). These observations
also support those of other workers who have suggested that a clock-
wise gyre usually dominates the circulation in the southwestern corner

of western Lake Erie.
Nitrogen

Nitrogen potentially could enter the gyre of southwestern Lake
Erie from the Detroit, Maumee and Raisin Rivers as well as from the

atmosphere. It may be lost to deep sediments or to the atmosphere as
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water passes through the western basin. This study generally indicates
that the most important source of nitrogen to the study area is the
watershed. Nitrogen fixation in the lake did not appear to be an
important source. The nitrogen concentrations usually fluctuated
widely in the study area (Figure 11) with the complexity of the
changing tributary discharges and vacillating, wind-driven lake
currents. But there were discernible seasonal trends. The nitrate
nitrogen concentration (Figure 12), in particular, was high in spring
and low in late summer and early fall. The ammonia nitrogen (Figure
13) was seasonally less variable than either nitrate nitrogen or
organic nitrogen (Figure 14); the latter tended to increase through
the growing season and peak during late summer and early fall. The
concentrations of nitrogen measured in the Raisin River also exhibited
the same seasonal trends (Table 5). These trends have been widely
recognized by others (Vollenweider, 1968; Feth, 1966; and Hutchinson,
1957).

Assuming that the net movement of water through the study area
is northward and, therefore, that Raisin River water mixes with
water moving northward from station 6, the relative proportion of
Raisin River water can be calculated from the chloride concentration
of the sources for stations 4 and 5. The percentage compositions
shown in Table 6 were calculated from chloride concentrations by
assuming that Raisin River water and station 6 water combine to form
station 5 water, and that station 5 and Raisin River water combine
to produce station 4 water. As shown in Table 6, measured total
nitrogen was usually less than had been predicted by this mixing

scheme. The difference was most consistently due to nitrate nitrogen
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Table 5. Seasonal concentrations of nitrogen species in the Raisin River.

1970 1971 1972 1973 1974 Seasonal Mean

Total Nitrogen

Spring 4.06 3.27 .76 .31 .22 .52

Summer 1.77 1.43 .09 .95 .64 .38

Fall 1.49 2.56 .33 .70 .20 .66
Nitrate Nitrogen

Spring .69 1.90 4.75 .68 .02 .01

Summer .51 0.26 .06 .97 .27 .61

Fall 0.29 .28 6.22 0.62 0.46 1.57
Ammonia Nitrogen

Spring .36 .48 1.03 .31 0.09 .45

Summer .29 0.47 .81 .43 0.70 .54

Fall .15 0.71 .46 0.46 1.21 .80
Organic Nitrogen

Spring 0.94 1.14 0.98 1.32 1.11 1.10

Summer 1.14 0.69 1.30 1.55 1.67 1.27

Fall 0.24 1.10 1.66 1.62 1.53 1.23
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differences with Tittle, if any, compensation from other forms of
nitrogen. The Raisin River, therefore, has slightly less of an
impact on total nitrogen concentration at the lake stations than
simple dilution of river water by lake water would indicate.

There was very little indication that mean annual nitrate
nitrogen (Table 7) changed in concentration as river and lake water
mixed and passed through the cooling system of the Monroe Power Plant.
There may have been a slight loss of ammonia nitrogen in spring
(Table 8), but little change in organic nitrogen (Table 9) during
passage. But overall, there was little change in total nitrogen
(Table 10).

The nitrogen data obtained randomly from the study area in 1975
were plotted against the relative chloride concentrations (Figure
15). Concentrations of nitrate nitrogen were closely related to
the chloride concentrations, probably reflecting coincidental shore
zone inputs. The concentrations of organic nitrogen varied indepen-
dently of the chloride concentrations, and concentrations of ammonia
nitrogen were not as clearly related to chloride concentrations as
were the concentrations of nitrate nitrogen. Most of the nitrogen
that enters the lake from the tributaries comes in the form of
nitrate nitrogen. Both ammonia and organic nitrogen are readily
formed by biological processes in the lake proper from some portion
of the nitrate nitrogen that enters the lake. Therefore, neither
ammonia or organic nitrogen are as likely to be directly associated
with shore zone inputs that have relatively high chloride concentra-

tions.



e e wwl w w o w1 s

..... wo mi @t w s w wo e

el we owe  we we o we  owe w
9l Gl vl 8 ¢l 8l 6 Ll 43

uoL3els 9xe

*leued 3bueYISLP 8Y3 UL SUOLIBUIUIOUOD u3BOUFLU B3eUJLU |[enuuy °/ 3|qel



49

oL0 GL'0 2¢’0 6L°0 6170 6L°0 8e"0 vL°0 G/6l

9l 51 pl 8 Al 8l 6 L1 FL-D)
uoL3e3S 3YeT

*leued 3bJeydsLp 8yj UL SUOLIPUIUSDOUOD uaboujLu eLuowwe [enuuy g d|qel



50

69°0 1870 98°0 £€8°0 680 6,£°0 L0°1 0L°0 uesp pueuy
..... wo wo  wo  wo  wo  we et wo st
..... m%w%-- - Mm”o- N -MW.W - 85°0 i -MM.M--lunuuwo.o - 20’1 €970 vi61l

..... wo o e wi wt wi at e s
9L Gl vl 8 ¢l 8l 6 Ll AR3\

uoL3els 3xeT

" leued abueydSLp Yl UL SUOLILAIUBOUOD UdbBOUF LU DLueBUO |enuuy

"6 9LqeL



51

v0°¢ L9°¢ 9¢°¢ 0¢°¢ ve'€ 68°¢ €8°¢ A4 uesy puedy

9€°¢ 0§°¢ 96°¢ €8°¢ ¥8°¢ LE°¢ G9°'¢ 8L L G/bl

9p L S6° L Gg'¢ LE°¢ Ev e ¢lLe ve'€ 99°1 vi6l

Le-¢ GG°¢€ 9v'v 6E" Y ShP 8LV 09°¥ L2°¢ €6l

9l Sl pl 8 Al 8l 6 L1 4e3A
uoL3e3s 9xeT

*|eued abueydSLp 8Yy3 UL SUOLILAJUBOUOD usboujiu (303 |enuuy °Q| 3lqel



52

*s9|dwes wopued ‘G/p| ‘buLuadS dyz 40} UOLIRAFUIIUOD
9pPLAO| YD SALJE |34 “SA UOLJFPUJUBIUOD U3DOUFLU RLUOUNIR puR “DLuebUO “d3PUJLU DALIR|S4 40 S3O|d

"Gl d4nbi4

N3O0HLIN VINOWWY N3OOHLIN DJINVOHO N3IOOYLIN 3JIVHLIN
ol 80 90 vo a0 00 o'l 80 90 0 20 0o ol 80 90 14 20 0o
— N A N A R N " L A — . A — PO . — s . 00
| L L
L L F2'0
S0 =4 ! 9¢ =4 ! 9 =u 1G =4 g
bl + %20 =A ! €9 +x02" =A . €9 +xgZ =k Lo
. i . i ° [
[ ] (] ° [ ]
. . M * ° b * < - o o 00 F9'0
°
“. i o “ Y . ° ® .“ ¢ ..p \0\ ° .0 ° 0....”‘...\
e 20 e L *. - * Jovoo\‘oo\ i N . o ® S o * i
A * . ¢ 0 ® . e ® * o o.o\obo\\ ®e * ° 2 ) o\o\v Q O %
° « 0 ¢ . - o\b\ ¢« oo ° i - \oo ° g0
b e o ® L * e,
«* s ] s *e o o L o ® ¢ L
] . )
[} ° o o - o LX) ° L L Y [ rO._

3AI¥OTHD



53

Some data were collected on nitrogen concentrations for the
Detroit and Maumee Rivers in conjunction with chloride measurements
by the Michigan Water Resources Commission and the Toledo Pollution
Control Agency. Only estimates of nitrate and ammonia nitrogen
are available, however (Table 11). The predicted concentrations
of inorganic nitrogen in the study area were not manifested as
predicted by the mixing of different source waters alone (Table 4).
Inorganic nitrogen (Table 12) was always less concentrated than
predicted; 25 to 50 percent less in spring and fall, and 65 to 75
percent less in summer. The one exception was station 6 in the
fall which showed only a six percent discrepancy. There also appeared
to be a further decline as the water masses moved northward through
the study area even though this decline was not predicted by any
mixing phenomena. Both nitrate (Table 13) and ammonia nitrogen
(Table 14) were less concentrated than predicted at station 6, but
only nitrate nitrogen continued to decline in concentration as the
water progressed northward through the study area. The ammonia
concentrations may have increased slightly in partial compensation.
Seasonal concentrations of organic nitrogen (Table A13) varied
through the study area but with no indication of any trend up or
down.

Substantial quantities of nitrogen seem to be lost from the
water column mostly before it enters the study area during all
seasons. Some nitrogen may be lost directly to the atmosphere as
ammonia, although the usual pH encountered in western Lake Erie
(less than 9.0) would seem to be too low to foster this loss.

Organic nitrogen may settle to the bottom where denitrification
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Table 11. Seasonal nitrate and ammonia nitrogen concentrations in the
Maumee and Detroit Rivers.

1970 1972 1973 1974 Mean

Nitrate nitrogen concentrations

Spring Detroit River 0.37 0.35 0.28 0.36 0.34
Spring Maumee River 3.25 9.15 4.27 1.28 4.49
Summer Detroit River 0.37 0.29 0.21 0.22 0.27
Summer Maumee River 4.05 8.05 3.10 2.60 4.45
Fall Detroit River 0.13 0.19 0.25 0.22 0.20
Fall Maumee River 1.60 4.23 2.07 2.75 2.66
Ammonia nitrogen concentrations
Spring Detroit River 0.50 0.52 0.38 0.48 0.47
Spring Maumee River 1.80 2.45 1.23 2.15 1.90
Summer Detroit River 0.46 0.46 0.37 0.35 0.41
Summer Maumee River 2.60 1.20 1.20 1.75 1.69
Fall Detroit River 0.29 0.31 0.40 0.35 0.33
Fall Maumee River 3.85 0.70 3.23 2.10 2.47
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could take place. Although atmospheric nitrogen fixation probably
takes place in western Lake Erie at least for short periods of
time (Mague and Burris, 1972; Howard et al., 1969), these data
indicate that it is not likely to be a primary source of nitrogen
in the study area because seasonal concentrations of inorganic
nitrogen tend to be relatively high even during the summer.

Because of high concentrations, the Maumee and Raisin Rivers
contribute inordinately higher masses of nitrogen to southwestern
Lake Erie than indicated by their discharge. Therefore, nitrogen
fixation may be relatively uncommon in this part of the western
basin.

The Monroe Power Plant seems to have little effect on the
dynamics of nitrogen other than to enhance the mixing of Raisin
River water with waters derived almost entirely from the Detroit
and Maumee Rivers. There appears to be a slight decrease in nitrogen
concentration as water passes through the cooling system and into the
lake. However, such decreases also seem to occur naturally on a much

larger scale as water moves northward through the study area.



CONCLUSIONS

From calculations based on the chloride concentrations in
major influents, water in the study area was shown to be composed
of Detroit, Maumee, and Raisin River waters. The relative proportions
are a function of tributary discharge and wind driven currents. The
Detroit River has a relatively high quality and uniform discharge
that consists of water from the upper Great Lakes and wastewaters
from the Detroit and Windsor municipalities. The Maumee and Raisin
Rivers, on the other hand, receive municipal effluent in addition
to runoff from an intensely farmed area. The difference in source
waters coupled with the seasonal discharge characteristics of the
Maumee and Raisin makes their impact on the study area highly
variable over the ice-free seasons.

The chloride concentrations show that the tributary input remains
in the near shore area, because chloride concentrations remain
higher than that of the Detroit River. On a short term basis, the
shore region can be flushed with low chloride lake water when the
proper conditions are achieved. However, on a seasonal basis, the
near shore waters seem to consist of tributary input other than the
Detroit River. This water probably moves in either direction along
the shore in response to wind, river input, and seiche activity.

Most of the nitrogen is contributed to the study area by the

Maumee and Raisin Rivers as well as other small tributaries that

59
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drain land in the area. The great majority of this nitrogen is
input as nitrate during periods of high discharge in winter and
spring and occasionally in fall. This is a considerable proportion
of the total nitrogen input to Lake Erie and its origin in the
watershed is of considerable importance to those wishing to control
nutrient inputs.

Based on chloride behavior, which is considered conservative,
nitrogen in the study area shows a consistent net decrease from
the values calculated from river inputs. Insufficient data are
available to evaluate the mechanism of these losses; however, they
are probably due to some combination of sedimentation and denitrifi-
cation.

The main impact of the Monroe Power Plant, as traced by chloride
ion, seems to be the movement of Raisin River waters to a new input
site on Lake Erie and the dilution of that water by lake water prior
to discharge to the lake. Discharge canal studies show a rapid
mixing of discharge water with lake water, such that chloride concen-
trations are usually diluted to ambient lake values within five
kilometers.

Some nitrogen may be lost on transit through the discharge
canal, possibly controlled by the same factors that operate in the
lake proper. The elevated temperature in the canal would also tend
to accelerate any biological processes occurring therein.

This long term investigation into the seasonal impact of major
tributaries in the study area, provides important background data
needed to understand the biological processes in the ecosystem.

Hopefully, it will contribute to the evaluation of present
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perturbations to the system, as well as provide meaningful methods
and criteria for future planning, including power plant siting.

To be most helpful, continuing studies of this area should
include year around monitoring of the major tributaries. With this
information, Lake Erie's nitrogen and hydrodynamic systems could be
modeled more accurately. Continuous monitoring would also provﬁde1
better evaluation of both long and short term tributary effects.

Studies over the area might be expanded to investigate how
mixing gradients are affected by the distance from shore. Hydro-
dynamics could also be more accurately ascertained by evaluating
at least two independent conservative quantities. Chloride has been
amply proven to be the best natural tracer so far, but perhaps
sodium or sulfate could also be demonstrated to be useful as
conservative tracers. With two conservative tracers the proportions
of water consisting of three sources could be unambiguously defined.
In addition, investigations nearer the shore might reveal some
previously unrecognized source explaining the anomalously high

chloride values at station 1.
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Table Al. Mean concentration of chloride in mg/1 by station.

1 May 70 19.1 19.8 21.1 21.4 21.9 23.3 29.3 33.2 33.5

15 May 70" 19.1 19.8 19.9 20.4 20.5 21.8 24.2 25.3 29.4

27 May 70 16.5 17.8 17.9 18.8 19.7 22.4 27.5 28.4 29.8

10 June 70 18.4 19.2 19.6 19.8 20.3 20.9 22.4 24.3 31.5

23 June 70" 20.3 20.4 20.8 =21.1 21.9 22.2 31.6 32.1 36.8

7 Jduly 70+ 14.5 17.3 18.8 18.9 19.1 19.3 23.0 23.9 31.3

21 July 70 17.3 19.0 19.5 20.1 20.1 20.4 30.1 30.7 32.5

4 Aug 70 23.8 27.8 28.3 29.3 30.7 31.8 32.3 35.4 35.9

18 Aug 70 25.5 33.6 34.2 34.3 34.5 34.7 39.8 40.3




Table Al (con't.)

1 Sept 70

15 Sept 70

27 Sept 70

10 Oct 70

25 Oct 70

7 Nov 70

22 Apr 72

11 May 72

31 May 72

13 June 72

67

6 5 3 1 4 2 8 7* 9
22.4 23.1 24.1 25.5 25.7 26.2 27.5 28.0 36.6
6 4 3 1 5 2 7* 8 9
21.9 23.2 23.9 24.7 24.7 25.0 26.2 30.0 32.0
6 2 4 1 5 3 7* 8 9
20.9 22.7 23.5 24.3 24.9 25.0 26.3 27.4 40.2
2 6 5 1 3 7* 4 8 9
7.6 18.0 18.7 18.7 19.4 20.1 20.3 36.6 39.0
3 6 5 4 8 7* 1 2 9
18.8 19.3 19.4 19.5 20.0 21.5 22.3 22.6 26.3
6 3 2 8 1 4 7* 5 9
15.2 20.8 21.9 22.5 23.4 24.1 24.3 29.3 30.3

2 1 5 9 4 3 8 7*
32.7 35.0 38.2 40.3 44.0 44.0 46.2 61.3
3 2 4 5 6 1 9 8 7*
14.7 16.3 24.8 25.1 26.1 26.3 41.8 42.2 50.0
6 5 1 4 3 2 8 7* 9
19.6 21.0 23.4 24.1 24.3 24.5 29.3 31.2 33.8
2 6 5 1 3 4 8 7* 9
19.3 19.8 19.8 20.0 20.3 20.4 24.9 25.8 45.5




Table Al (con't.)

27 June 72

12 July 72

25 July 72

16 Aug 72

29 Aug 72

12 Sept 72

29 Sept 72

6 Oct 72

13 Oct 72

27 Oct 72

15 Nov 72
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5 3 4 1 2 6 8 7% 9
9.6 9.9 11.1 11.2 1.4 12.8 18.7 25.0 46.0
6 1 2 3 5 4 8 9
14.5 14.9 15.2 17.9 19.1 19.5 23.1 45.6
1 4 2 3 5 6 7* 8 9
12.4 13.0 13.1 13.3 14.4 15.9 16.7 17.5 24.2
5 1 2 4 3 6 7* 8 9
4.4 14.9 15.0 15.0 16.4 17.4 20.5 20.9 40.3
2 6 3 1 5 8 4 7* 9
15.7 16.1 16.7 20.9 21.8 23.8 24.0 24.1 46.6
2 4 5 1 3 6 8 7* 9
17.4 17.4 18.0 18.3 18.7 19.2 24.0 24.5 41.8
2 6 1 4 3 5 7* 8 9
15.2 16.3 18.3 18.4 18.5 19.1 30.6 30.8 42.5
3 8 9
17.2 30.8 43.0
2 3 6 5 1 4 8 7* 9
14.7 17.9 18.0 18.1 18.3 19.2 31.8 33.3 44.2
5 3 4 6 1 2 8 7* 9
12.3 16.3 16.9 17.2 18.2 21.8 35.0 37.2 43.1
2 3 1 4 5 6 8 7* 9
9.0 12.8 15.5 15.6 17.0 18.2 30.5 33.7 34.1




Table Al (con't.)

7 Feb 73

24 April 73

11 May 73

30 May 73

20 June 73

6 July 73

17 July 73

1 Aug 73

15 Aug 73

28 Aug 73

10 Sept 73

24 Sept 73

8 Oct 73

14.

18.

15.

16.

14.

14.

15.

16.

15.

20.

20.
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29.

20.

16.

16.

17.

16.

30.

22.

26.

18.

27.

24.

28.

22.

20.

20.

26.

20.

18.

20.

15.

31.

25.

29.

22.

20.

20.

27.

20.

20.

20.

15.

18.

29.

29.

26.

33.

30.

39.

43.

34.

46.

32.

31.



Table Al (con't )

13 Nov 73

14 Mar 74

3 April 74

17 April 74

7 May 74

22 May 74

31 July 74

13 Aug 74

11 Sept 74

27 Sept 74

7 Oct 74

24 Oct 74

7 Nov 74

18 Mar 75

25.

25.

22.

18.

19.

70

25.

22.

19.

19.

18.

21.

19.

19.

28.

27.

28.

20.

22.

20.

24.

30.

29.

26.

25.

24.

20.

20.

21.

18.

14,

20.

27.

30.

31.

28.

26.

24.

21.

21.

22.

18.

14.

21.

27.

30.

33.

28.

36.

25.

42.

44.

39.

45.

23.

27.

40.
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Table A1 (con't.)

6 May 75 3 6 8 2
15.4 22.2 28.3 28.5

4 June 75 6 3 8 9
19.3  24.1 29.2 38.3

24 June 75 3 6 8 9

17.7 18.0 20.8 33.8
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Table A2. Mean concentration of total nitrogen in mg/1 by station.

6 1 2 9 3 8 4 7* 5
1 May 70 2.18 2.20 3.24 3.64 3.74 3.75 3.97 4.13 4.66
1 2 6 3 4 5 7* 8 9
15 May 70 0.93 1.07 1.53 1.63 2.01 2.14 2.21 2.27 2.44
2 1 3 5 6 4 7* 8 9
27 May 70 0.43 0.54 0.89 1.33 1.42 2.07 2.90 3.47 5.93
1 2 9 7% 3 8 6 4 5

10 June 70" 1.43 1.88 2.08 2.10 2.25 2.34 2.48 3.00 3.53

6 5 1 4 2 3 8 7* 9
23 June 70 1.42 1.48 1.62 1.81 1.90 1.92 3.28 3.76 6.08
2 3 1 6 5 4 8 9 7*
7 July 70" 0.71 0.8 0.94 0.96 1.12 1.22 1.78 1.89 1.98
2 3 1 4 6 5 8 7* 9
21 July 70 0.70 0.71 0.8 0.87 0.92 1.00 1.46 1.98 2.15
2 1 6 4 3 5 7* 8 9
4 Aug 70 0.65 0.71 0.72 0.73 0.75 0.76 1.76 1.83 2.08
6 1 3 2 4 5 8 9 7*

18 Aug 70 0.53 0.57 0.58 0.62 0.67 0.77 1.45 1.52 1.95
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Table A2 (con't.)

4 5 b 2 1 3 9 8 7*
1 Sept 70 0.58 0.60 0.63 0.67 0.67 0.72 1.27 1.39 1.56
3 2 1 6 5 4 9 8 7*
15 Sept 70 0.46 0.46 0.51 0.51 0.53 0.58 1.04 1.21 1.35
3 2 1 5 6 4 9 7* 8
27 Sept 70 0.56 0.60 0.65 0.74 0.74 0.77 1.33 1.43 1.51
4 3 1 6 7* 5 2 8 9
10 Oct 70 0.80 0.89 0.92 0.93 1.00 1.02 1.09 1.46 1.47
5 4 3 1 2 6 7* 8 9
25 Oct 70 0.93 0.93 0.99 0.99 1.06 1.07 1.61 1.61 1.69
4 2 3 5 6 7* 1 8 9
7 Nov 70 0.88 0.91 0.92 1.04 1.04 1.10 1.15 1.25 1.90
2 8 7*
23 Jan 71 0.60 1.37 1.79
1 7*
18 Feb 71 0.52 1.95
6 2 5 1 3 4 9 8 7*
16 Apr 71 0.50 0.87 0.92 0.98 1.15 1.34 2.68 2.84 3.28
1 2 6 4 3 5 8 9 7*
1 May 71 1.89 2.10 2.20 3.27 3.45 3.5 3.93 3.99 5.10




Table A2 (con't.)

20 May 71

1 June 71

18 June 71

2 quly 717

15 July 71

29 July 71

17 Aug 71

2 Sept 71

16 Sept 71

2 Oct 71

1 2 6 3 5 4 8 9* 7*
0.98 1.28 1.31 1.46 1.49 1.66 2.13 2.48 2.58
2 3 1 6 5 4 7* 8 9
0.52 0.74 0.77 0.78 0.88 1.51 2.45 3.72 4.72
1 2 3 9 6 8 4 7* 5
1.31  1.85 1.97 2.54 2.64 2.65 2.71 3.35 3.66
6 5 4 3 8 2 7* 1 9
0.96 1.07 1.29 1.33 1.48 1.56 1.65 1.98 2.13
6 1 5 4 8 2 3 9 7*
0.80 0.82 1.12 1.15 1.20 1.25 1.25 1.35 1.40
3 6 2 5 1 8 4 9 7*
0.78 0.79 0.8 0.84 0.8 0.8 0.90 1.19 1.33
4 5 3 6 1 2 8 7* 9
0.8 0.71 0.76 0.81 0.82 0.89 1.27 1.37 1.44
3 2 4 1 6 5 S 8 7*
0.717 0.77 0.79 0.81 0.8 0.93 1.03 1.07 1.28
6 2 3 5 1 4 7* 8 9
0.61 0.66 0.66 0.76 0.79 0.85 1.04 1.06 1.26
5 6 3 7* 1 4 8 9 2
0.75 0.76 0.99 1.08 1.09 1.15 1.20 1.46 1.74
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Table A2 (con't.)

5 6 3 4 1 2 8 7* 9
15 Oct 717 0.59 0.65 0.70 0.71 0.73 0.74 1.26 1.39 1.73
5 3 6 2 4 1 8 7* 9
30 Oct 71 0.94 1.00 1.001 1.05 1.11 1.15 1.43 1.89 1.96
3 2 1 4 5 6 8 7* 9
12 Nov 71 0.81 1.02 1.02 1.05 1.26 1.51 1.74 2.52 4.06
7* 8 9
2 Dec 71 1.44 1.48 2.33
3 4 1 7* 8 9
19 Dec 71 0.90 0.91 0.96 3.09 3.19 4.76
3 4 9 8 7*
11 Jdan 72 1.81 3.37 7.15 7.77 9.66
3 1 8 7* 9
18 Feb 72 1.40 1.46 2.89 3.08 4.32
2 1 3 4 5 9 8 7*
22 Apr 72 1.65 1.75 1.84 2.02 2.31 10.68 12.44 17.08
3 2 1 4 5 6 9 8 7%
11 May 72 0.60 0.74 0.94 0.94 0.9 1.73 8.40 9.00 9.46
6 5 7* 3 4 8 1 2 9
31 May 72 1.61 1.61 1.86 2.04 2.13 2.28 2.62 2.72 3.03
4 2 6 5 8 1 7* 3 9
13 June 72 1.95 2.16 2.21 2.25 2.46 2.46 2.63 3.00 4.70




Table A2 (con't.)

27 Jdune 72

12 July 72

25 July 72

16 Aug 72

29 Aug 72

12 Sept 72

29 Sept 72

6 Oct 72

13 Oct 72

27 Oct 72
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5 3 2 1 6 4 8 7* 9
0.62 0.64 0.67 0.84 0.84 0.92 2.95 3.63 7.00
6 3 7* 1 2 8 4 5 9
0.91 1.10 1.16 1.24 1.28 1.34 1.66 1.78 1.90
2 3 6 1 4 5 8 7* 9
0.0 0.70 0.79 0.83 0.89 0.99 1.04 1.10 1.27
1 4 2 5 3 6 7* 8 9
0.7 0.72 0.75 0.77 0.82 1.02 1.03 1.05 1.44
6 1 2 3 4 5 7* 8 9
0.72 0.84 0.93 1.08 1.24 1.79 2.32 2.34 7.00
4 3 5 2 6 1 7* 8 9
1.12 1.12 1.16 1.32 1.34 1.48 1.94 2.21 3.83
2 5 3 1 4 6 7* 8 9
1.14 2.00 2.07 2.27 2.38 4.03 7.30 7.97 8.79

3 8 9
2.32 6.55 10.46

2 1 3 5 4 6 8 7* 9
1.79 1.93 2.08 2.15 2.60 2.74 4.86 4.92 5.62
5 3 4 6 1 2 8 7* 9
0.97 1.65 1.70 1.72 1.95 2.16 6.38 6.46 7.04




Table A2 (con't.)

15 Nov 72

7 Feb 73

24 Apr 73

11 May 73

30 May 73

20 June 73

6 July 73

17 July 73

1 Aug 73

15 Aug 73

28 Aug 73

10 Sept 73

2 3 1 5
0.70 0.88 1.21 1.30
3 1 8 7
0.89 1.23 5.80 6.08
5 3 2 4
1.32  1.63 1.84 1.97
6 5 1 2
0.70 0.73 1.07 1.10
5 2 b 4
1.06 1.10 1.20 1.38
1 4 5 2
1.27 1.39 1.64 1.76
1 6 2 5
1.13  1.50 1.45 1.85
3 4 2 5
0.97 1.03 1.20 1.25
6 3 5 1
1.31 1.39 1.43 1.45
3 1 5 2
1.31 1.36 1.42 1.43
6 2 3 1
0.88 0.88 0.8 0.91
3 5 4 2
0.86 0.87 0.94 0.95

1.46

7.44

2.01

4 8 7* 9
1.89 9.16 9.41 9.68
7 8 9
3.11  3.30 4.20

3 8 7 9
1.55 2.15 2.41 2.54
3 8 9 7
1.50 5.50 5.63 5.8l
6 8 7 9
3.30 3.36 3.40 4.87
3 7 8 9
3.33 7.29 7.35 7.38
6 7 8 9
1.63 1.94 2.01 2.70
4 8 7 9
1.60 2.26 2.42 4.09
4 7 8 9
1.72 1.72 1.73 3.09
4 8 7 9
1.03 1.25 1.28 1.89
1 7 8 9
1.04 1.45 1.51 3.31



Table A2 (con't.)

24 Sept 73

8 Oct 73

13 Nov 73

3 Apr 74

17 Apr 74

7 May 74

22 May 74

16 July 74

31 July 74

13 Aug 74

11 Sept 74

27 Sept 74

0.71

0.80

0.82

0.88

1.07

0.73

1.07

0.54

0.83

0.69

0.81

0.50

0.74

0.86

0.88

1.08

1.58

0.87

1.61

0.62

0.88

0.72

1.01

0.55

78

0.74

0.84

0.90

0.79

1.04

1.36

1.38

2.76

2.79

4.93
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Table A2 (con't.)

2 1 4 6 3 5 8
7 Oct 74 0.45 0.46 0.48 0.49 0.56 0.69 0.86
1 4 5 6 2 3 8
24 Oct 74 0.63 0.63 0.65 0.65 0.70 0.72 1.24
6 5 3 4 2 1 8
7 Nov 74 0.85 0.91 0.92 1.05 1.22 1.34 1.34
3 6 8 9
18 Mar 75 1.52 3.71 3.82 3.93
3 6 8 9
22 Apr 75 1.59 1.60 6.18 6.33
3 6 8 9
6 May 75 1.13 1.82 3.98 4.18
6 3 8 9
4 June 75 1.70 3.27 3.60 5.21
3 8 6 9

24 June 75 1.81 2.29 3.07 5.24

0.90

1.25

1.60
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Table A3. Mean concentration of nitrate nitrogen in mg/1 by station.
1 6 9 2 8 7* 3 4 5
1 May 70 1.43 1.63 .32 2.47 2.70 2.80 2.97 .07 .62
2 1 3 9 7* 6 8 5 4
15 May 70 0.40 0.45 .97 1.07 1.13 1.13 1.43 .57 .58
2 1 3 5 6 4 7* 8 9
27 May 70 0.18 0.22 .50 0.62 0.93 1.60 1.63 .32 .83
7% 9 1 8 2 3 6 4 5
10 June 70 0.47 0.58 J7 0 1.37 1.37  1.47 1.97 47 .88
6 5 1 4 3 2 7* 8 9
23 June 70 0.90 0.97 .98 1.12 1.37 1.40 1.70 .70 .67
2 7* 1 8 9 3 6 5 4
7 July 70 0.20 0.23 .33 0.40 0.45 0.45 0.48 .60 .67
8 7* 2 1 3 6 4 5 9
21 July 70 0.15 0.17 .22 0.25 0.28 0.30 0.30 .37 .88
5 6 2 3 1 7* 4 8 9
4 Aug 70 0.12 0.12 .16 0.18 0.18 0.20 0.23 .55 .73
1 5 4 3 8 2 7* 9
18 Aug 70 0.08 0.09 .10  0.12 0.13 0.14 0.19 21
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Table A3 (con't.)

1 Sept 70

15 Sept 70

27 Sept 70

10 Oct 70

25 Oct 70

7 Nov 70

23 Jan 71

18 Feb 71

16 Apr 71

1 May 71

3 1 5 2 6 4 7* 8 9
0.07 0.07 0.08 0.08 0.09 0.09 0.12 0.13 0.26
2 1 6 7* 5 3 8 9 4
0.06 0.06 0.08 0.08 0.09 0.10 0.10 0.14 0.18
9 3 2 5 4 6 7* 1 8
0.13 0.13 0.14 0.15 0.15 0.16 0.16 0.16 0.17
9 4 3 7* 8 2 1 6 5
0.14 0.19 0.21 0.24 0.25 0.26 0.27 0.27 0.35
8 1 5 3 7* 4 2 6 9
0.24 0.24 0.24 0.24 0.24 0.25 0.28 0.31 0.46
7* 4 8 2 5 3 6 1 9
0.25 0.25 0.26 0.26 0.27 0.27 0.30 0.31 0.58

2 8 7*
0.55 0.99 1.10
1 7*
0.45 0.27
6 1 2 5 3 4 9 8 7*
0.30 0.47 0.50 0.64 0.67 0.96 1.47 1.75 2.43
1 6 2 9 8 4 3 5 7*
1.30 1.75 1.92 2.48 2.55 2.87 2.92 3.12 3.65




Table A3 (con't.)

20 May 71 0.51

82

1 June 71 0.21

18 June 717 0.68

2 July 71 0.49

15 July 717 0.26

29 July 71 0.08

17 Aug 71 - 0.07

2 Sept 71 0.07

1 2 9 3 8 6 5 4 7*
0.71 0.87 0.88 0.89 0.96 1.04 1.12 1.48
2 3 1 5 6 7* 4 8 9
0.31 0.45 0.52 0.52 0.93 1.17 2.48 3.66
] 8 9 2 3 7* 4 6 5
0.84 10.1 1.18 1.27 1.43 1.9 2.00 3.03
8 5 9 6 4 7* 3 2 1
0.53 0.54 0.55 0.57 0.59 0.62 0.68 0.95
4 7* 6 8 1 9 3 5 2
0.27 0.27 0.34 0.35 0.40 0.45 0.56 0.56
1 8 3 4 2 9 5 7* 6
0.08 0.08 0.10 0.12 0.13 0.14 0.6 0.16
1 3 2 4 6 5 8 9 7*
0.08 0.08 0.08 0.09 0.10 0.11 0.14 0.16
5 2 3 9 1 8 6 4 7*
0.07 0.08 0.09 0.10 0.11 0.11 0.12 0.16
1 8 6 9 7* 5 3 2 4
0.117 0.117 0.13 0.13 0.14 0.19 0.20 0.23

16 Sept 71  0.10




Table A3 (con't.)

2 oct 717

15 Oct 71

30 Oct 71

12 Nov 71

2 Dec 71

19 Dec 71

11 Jan 72

18 Feb 72

22 Apr 72

83

6 4 3 5 8 7* 9 2 1
.04 .09 0.09 0.10 .12 0.15 0.17 0.19 0.25
2 1 3 5 6 4 8 7% 9
.05 .05 0.05 0.05 .07 0.09 0.11 0.13 0.16
5 6 3 9 4 7* 8 2 1
.19 .20 0.24 0.26 .26 0.29 0.31 0.37 0.37
2 3 1 5 6 4 7* 8 9
.10 .12 0.17 0.19 .25 0.26 0.31 0.33 0.70

7* 8 9*

.97 .78 8.35

3 4 1 7* 8 9

.35 .36 0.37  2.22 27 3.72

3 4 9 8 7*

.19 .60 5.51 6.23 .95

1 3 7* 8 9

.72 .74 1.48 1.54 .35

1 5 4 3 2 9 8 7*
.74 .75 0.82 0.86 .89 9.37 11.12 15.4



Table A3 (con't.)

11 May 72 0.31

84

31 May 727 1.00

13 June 72 1.41

27 June 72 0.26

12 July 72 0.20

25 July 727 0.22

16 Aug 727 0.20

29 Aug 72 0.08

12 Sept 72 0.06

3 2 4 5 1 6 9 8 7%
0.32 0.50 0.54 0.60 1.34 7.16 7.97 8.50
7% 9 8 6 3 4 5 1 2
1.4 1.14 1.37 1.5 1.59 1.72 2.03 2.1
4 7% 8 9 2 5 1 6 3
1.41 1.52 1.57 1.61 1.81 1.90 1.96 2.42
5 2 3 1 6 4 8 7* 9
0.27 0.29 0.3 0.38 0.48 1.90 2.60 4.49
1 2 8 6 3 9 4 5
0.25 0.46 0.54 0.54 0.57 0.94 1.22
1 8 7% 9 3 2 6 5 4
0.22 0.23 0.23 0.23 0.23 0.27 0.30 0.30
1 2 5 4 8 3 7* 9 6
0.21 0.23 0.28 0.32 0.32 0.33 0.40 0.48
2 1 6 3 4 5 8 7* 9
0.10 0.14 0.18 0.26 0.38 0.79 0.83 3.28
] 4 3 5 2 6 8 7% 9
0.07 0.07 0.07 0.08 0.09 0.16 0.17 0.38
2 1 5 3 4 6 7* 9 8
0.57 0.62 0.76 0.96 2.74 5.37 5.99 6.09

29 sept 727 0.34




Table A3 (con't.)

6 Oct 72

13 Oct 72

27 Oct 72

15 Nov 72

7 Feb 73

24 Ppr 73

11 May 73

30 May 73

20 June 73

6 July 73

17 July 73

1 Aug 73

85

3 8 9
0.97 4.78 8.34
2 3 1 5 4 6 8 7* 9
0.51 0.67 0.90 1.03 1.25 1.62 3.16 3.28 3.33
5 4 3 6 1 2 8 7* 9
0.41 0.82 0.82 0.88 1.01 1.12 4.86 4.87 5.15
2 3 5 1 6 4 8 7% 9
0.36 0.51 0.51 0.57 0.72 1.39 7.67 7.78 8.23
3 1 8 7 9
0.55 0.71 4.51 4.54 6.02
5 3 2 1 4 7 8 9
0.72 0.97 1.10 1.22 1.24 1.83 2.05 2.67
5 6 1 2 4 3 8 7 9
0.28 0.31 0.42 0.47 0.48 0.68 1.00 1.12 1.31
2 1 5 3 6 4 8 9 7
0.34 0.36 0.37 0.39 0.42 0.54 3.75 3.90 3.9
1 4 2 5 3 7 8 6 9
0.25 0.44 0.44 0.74 0.74 1.94 1.99 2.22 2.83
1 2 6 5 4 3 9 7 8
0.50 0.61 0.67 1.12 1.97 2.24 5.70 5.82 5.84
4 3 2 5 1 7 8 6 9
0.31 0.38 0.46 0.52 0.59 0.79 0.84 0.8 1.17
1 6 3 5 2 4 8 7 9
0.64 0.70 0.72 0.74 0.77 0.80 0.98 1.01 1.28



Table A3 (con't.)

15 Aug 73

28 Aug 73

10 Sept 73

24 Sept 73

8 Oct 73

13 Nov 73

3 Apr 74

17 Apr 74

7 May 74

22 May 74

16 July 74

31 July 74

0.09

86

0.45

0.86

0.56

0.48

0.43

0.94



Table A3 (con't.)

13 Aug 74

11 Sept 74

27 Sept 74

7 Oct 74

24 Oct 74

7 Nov 74

18 Mar 75

22 Apr 75

6 May 75

4 June 75

24 June 75

87




88

Table A4. Mean concentration of total Kjeldahl nitrogen in mg/1 by station.

1 May 70 0.5% 0.77 0.77 0.77 0.90 0.917 1.04 1.32 1.33

15 May 70 0.40 0.43 0.48 0.57 0.66 0.67 0.949 1.08 1.38

27 May 70 0.24 0.32 0.39 0.47 0.48 0.71 1.12 1.16 1.26

10 June 70 0.51 0.52 0.65 0.66 0.73 0.78 0.98 1.50 1.64

23 June 70 0.50 0.52 0.53 0.64 0.70 0.97 1.41 1.58 2.06

7 July 70" 0.43 0.48 0.51 0.52 0.55 0.61 1.38 0.44 1.74

21 July 70 0.43 0.49 0.57 0.57 0.62 0.63 1.30 1.31 1.81

4 Aug 70" 0.49 0.50 0.53 0.57 0.60 0.65 1.18 1.27 1.56

18 Aug 70 0.47 0.48 0.49 0.55 0.68 1.31 1.33 1.76




Table A4 (con't.)

1 Sept 70 0.49
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15 Sept 70 0.36

27 Sept 70  0.42

10 oct 707 0.60

25 Oct 70 0.68

7 Nov 70 0.62

23 Jan 71 0.05

18 Feb 71 0.09

16 Apr 71 0.20

1 May 71 0.35

4 5 6 2 1 3 9 8 7*
0.52 0.54 0.59 0.60 0.64 1.01 1.26 1.43
3 4 2 6 5 1 9 8 7*
0.40 0.41 0.43 0.44 0.45 0.90 1.11 1.26
3 2 1 5 b 4 9 7* 8
0.46 0.48 0.59 0.60 0.62 1.20 1.27 1.34
5 4 6 1 3 7* 2 8 9
0.60 0.66 0.66 0.68 0.76 0.82 1.21 1.34
4 5 3 6 1 2 9 7* 8
0.69 0.75 0.75 0.76 0.78 1.24 1.36 1.38
4 3 2 6 5 1 7* 8 99
0.65 0.65 0.73 0.77 0.83 0.8 1.00 1.32
2 8 7*
0.37 0.69
1 7*
0.67
6 5 2 4 3 1 8 9 7*
0.28 0.38 0.39 0.48 0.50 0.75 1.21 1.23
2 4 5 6 3 1 8 7* 9
0.41 0.44 0.46 0.51 0.59 1.37 1.45 0.51
6 5 1 4 2 3 7* 8 9
0.45 0.47 0.50 0.57 0.58 1.10 1.41 1.63

20 May 71 0.36




Table A4 (con't.)

1 June 71

18 June 71+

2 July 717

15 July 71

29 July 71

17 Aug 71

2 Sept 71

16 Sept 71

2 Oct 71

15 Oct 71

90

6 2 1 4 5 3 9 8 7*
0.26 0.31 0.33 0.34 0.37 0.44 1.09 1.42 1.52
5 1 6 2 3 4 9 8 7*
0.63 0.63 0.64 0.68 0.71 0.75 1.53 1.81 1.92
6 5 3 4 2 8 1 7* 9
0.41 0.55 0.71 0.72 0.87 1.00 1.03 1.07 1.59
1 6 5 2 3 8 4 9 7*
0.47 0.51 0.57 0.69 0.81 0.86 0.90 0.95 1.12
6 3 5 2 1 8 4 9 7*
0.63 0.69 0.70 0.72 0.78 0.80 0.81 1.06 1.17
4 5 3 6 1 2 8 7* S
0.59 0.62 0.66 0.72 0.75 0.81 1.16 1.22 1.30
3 4 2 1 6 5 9 8 7%
0.64 0.67 0.70 0.71 0.73 0.86 0.94 0.96 1.12
2 3 6 4 5 1 7* 8 9
0.45 0.47 0.53 0.61 0.62 0.69 0.90 0.95 1.13
5 6 1 3 7% 4 8 9 2
0.65 0.72 0.88 0.89 0.93 1.06 1.08 1.29 1.55
5 6 4 3 1 2 8 7* 9
0.54 0.58 0.62 0.65 0.68 0.69 1.14 1.27 1.57




Table A4 (con't.)

30 Oct 71

12 Nov 71

2 Dec 71

19 Dec 71

11 Jdan 72

18 Feb 72

22 Apr 72

1 May 72

31 May 72

13 June 72

91

2 1 5 3 6 4 8 7* 9
0.69 0.75 0.76 0.76 0.81 0.8 1.12 1.61 1.70
3 4 1 2 5 6 8 7* 9*
0.69 0.79 0.85 0.92 1.08 1.26 1.41 2.21 3.36

7* 8 9

0.80 0.95 1.76

4 3 1 8 7* 9

0.55 0.55 0.59 0.94 0.94 1.04

3 4 8 9 7*

0.61 0.77 1.54 1.64 1.7

3 1 8 7* 9

0.66 0.74 1.35 1.60 1.98

2 3 1 4 9 8 5 7*

0.77 0.98 1.02 1.20 1.31  1.49 1.56 1.68

3 1 6 2 5 4 7* 8 9
0.29 0.34 0.39 0.42 0.43 0.45 0.96 1.03 1.25
6 5 3 4 1 2 7* 8 9
0.24 0.29 0.50 0.54 0.59 0.62 0.8 1.16 1.89
6 5 4 2 1 3 8 7* 9
0.41 0.44 0.55 0.56 0.56 0.58 1.10 1.21 3.13




Table A4 (con't.)

27 June 727 0.35
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12 July 72 0.38

25 July 72 0.37

16 Aug 72 0.45

29 Aug 72 0.57

12 Sept 72 1.06

29 Sept 72 0.80

6 Oct 72 1.35

5 3 2 4 6 1 8 7* 9
0.36 0.40 0.44 0.46 0.50 0.86 1.03 2.50
6 5 3 4 8 2 1 9
0.56 0.56 0.72 0.88 1.03 1.04 1.32
2 3 6 4 1 5 8 7* 9
0.47 0.53 0.59 0.61 0.69 0.82 0.88 1.05
4 3 1 5 6 2 7* 8 9
0.50 0.54 0.54 0.55 0.55 0.71 0.73 1.04
6 1 2 3 4 5 7* 8 9
0.74 0.85 0.90 0.98 1.41 1.49 1.56 3.72
4 3 5 2 6 1 7% 8 9
1.06 1.09 1.23 1.25 1.42 1.77 2.05 3.45
2 6 3 5 4 1 8 7* 9
1.27  1.32 1.32 1.4 1.70 1.8 1.93 2.8]
3 8 9
1.77  2.11
1 5 6 2 4 3 7* 8 9
1.12 1.12 1.29 1.35 1.41 1.64 1.70 2.34

13 Oct 72 1.04




Table A4 (con't.)

27 Oct 72

15 Nov 72

7 Feb 73

24 Apr 73

11 May 73

30 May 73

20 June 73

6 July 73

17 July 73

1 Aug 73

15 Aug 73

28 Aug 73

93

5 3 6 4 1 2 8 7* 9
0.57 0.83 0.84 0.88 0.94 1.04 1.52 1.59 1.89
2 3 4 1 6 5 9 8 7*
0.34 0.37 0.51 0.64 0.74 0.79 1.42 1.49 1.63

3 1 8 9 7
0.34 0.51 1.29 1.42 1.54

5 3 4 2 1 8 7 9
0.60 0.65 0.73 0.74 0.79 1.26 1.28 1.53

6 5 2 1 4 3 8 S 7
0.39 0.45 0.63 0.65 0.65 0.87 1.15 1.23 1.29
5 2 6 4 1 3 9 8 7
0.69 0.76 0.79 0.85 1.05 1.11 1.73 1.75 1.90
5 4 1 6 2 8 3 7 9
0.90 0.9 1.02 1.09 1.32 1.37 1.43 1.46 2.04
1 5 6 2 3 4 7 8 9
0.64 0.73 0.83 0.84 1.09 1.15 1.46 1.51 1.68
3 4 5 2 6 1 7 8 9
0.59 0.73 0.73 0.74 0.78 0.87 1.15 1.17 1.53
6 3 5 2 4 1 8 7 9
0.61 0.67 0.70 0.72 0.80 0.81 1.28 1.41 2.81
5 6 4 3 2 1 8 7 9
0.85 0.8 0.87 0.88 0.98 1.06 1.22 1.33 2.23
2 1 3 6 4 8 5 7 9
0.75 0.80 0.81 0.84 0.87 0.9 0.97 1.00 1.33



Table A4 (con't.)

10 Sept 73

24 Sept 73

8 Oct 73

13 Nov 73

14 Mar 74

3 Apr 74

17 Apr 74

7 May 74

22 May 74

16 July 74

31 July 74

13 Aug 74

3
0.79

0.53

0.55

0.57

0.66

0.37

0.32

0.49

0.57

0.39

0.74

0.57

0.79

0.55

0.60

0.58

0.74

0.40

0.41

0.50

0.63

0.41

0.79

0.60

0.87

0.58

0.61

1.16

0.79

0.43

0.45

0.64

0.7

0.41

0.81

0.79

94

0.88

0.58

0.61

1.23

0.84

0.53

0.53

0.64

0.86

0.51

0.83

0.85

0.92

0.63

0.62

1.51

0.97

0.59

0.56

0.66

0.95

0.52

0.88

0.91

0.99

0.70

0.69

1.29

0.73

0.65

0.69

0.97

0.71

0.91

1.08

1.28

0.81

0.83

1.36

0.86

0.88

1.43

0.95

1.00

1.12

1.28

0.84

0.96

1.19

2.84

2.33

1.85

1.47

1.07

1.03

1.80

1.33

1.49

2.35

2.83



Table A4 (con't.)

6

11 Sept 74 0.67

6

27 Sept 74 0.38

7 Oct 74 0.38

24 Oct 74 0.49

7 Nov 74 0.59

18 Mar 75 0.60

22 Apr 75 0.60

6 May 75 0.53

4 June 75 0.63

24 June 75 0.44

0.90

0.40

0.39

0.50

0.66

0.87

0.64

1.05

1.01

0.55

95

2.04

1.41

2.82

4.24

1.84

1.85

3.02
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Table A5. Mean concentration of ammonia nitrogen in mg/1 by station.
8 4 5 3 9 6 7* 2 1
1 May 70 0.10 1 .12 0.12 .21 0.23 .27 0.51 .63
1 5 6 8 3 4 7* 9 2
15 May 70 0.06 .08 .08 0.09 .09 0.11 11 0.12 17
1 2 7* 6 3 4 9 8 5
27 May 70 0.15 .19 .22 0.29 31 0.35 .38 0.51 .54
2 1 6 4 5 3 8 7* 9
10 June 70 0.20 .29 .33 0.35 .37 0.37 .47  0.59 .60
3 5 2 6 4 8 1 9 7*
23 June 70 0.25 .27 .27 0.28 .33 0.44 .51 0.51 .79
7* 4 8 3 5 1 6 9 2
7 July 70 0.14 .16 .18 0.18 .20 0.22 .23 0.29 .30
4 5 1 6 3 7* 2 9 8
10 Oct 70 0.47 .50 .53 0.59 .63 0.71 .75 0.88 .95
5 4 8 6 2 3 7* 1 9
25 0ct 70 0.56 .59 .67 0.69 .69 0.69 .73 0.74 .08
4 3 2 6 5 1 7* 8 9
7 Nov 70 0.56 .57 .59 0.64 .70 0.72 .78 0.91 .23




Table A5 (con't.)

23 Jan 71

18 Feb 71

16 Apr 71

1 May 71

20 May 71

1 June 7]+

18 June 71

2 July 717

15 July 71

97

2 7* 8
.01 .12 .13
1 7*
.01 .12
b 4 2 5 3 9 8 1 7*
L1 17 7 017 0.17  0.33  0.37 0.39 0.44
1 5 3 4 2 6 7* 8 9
13 .18 .18 0.19 0.20 0.23 0.38 0.44 0.60
2 4 1 5 6 3 8 7* 9
.09 1 1 0.12 0.18 0.23 0.49 0.50 0.52
1 2 6 4 3 5 7* 9 8
.12 .14 .17 0.19 0.20 0.23 0.44 0.49 0.70
5 2 3 4 6 1 7% 9 8
.21 .21 .24 0.32 0.32 0.33 0.35 0.43 0.59
6 5 4 2 3 1 8 7* 9
.14 .18 .18 0.27 0.27 0.27 0.33 0.42 0.50
5 6 1 2 3 4 8 9 7*
.15 .15 .16 0.18 0.19 0.24 0.32 0.35 0.4]




Table A5 (con't.)

29 July 71

17 Aug 71

2 Sept 71

16 Sept 71

2 oct 717

15 Oct 71

30 Oct 71

12 Nov 71

2 Dec 71

19 Dec 71

11 Jan 72

98

5 6 3 2 1 4 8 9 7*
0.09 0.09 0.11 0.4 0.14 0.15 0.24 0.51 0.53
2 6 1 5 3 4 8 7* 9
0.04 0.07 0.08 0.08 0.08 0.10 0.47 0.52 0.6]
2 6 5 3 1 4 9 7* 8
.10 0.11 0.18 0.18 0.19 0.21 0.40 0.45 0.51
2 3 6 5 4 7* 1 8 9
0.22 0.24 0.25 0.26 0.31 0.35 0.36 0.43 0.55
6 3 5 1 4 2 7% 8 9
0.25 0.30 0.31 0.34 0.45 0.45 0.50 0.52 0.60
6 5 3 2 1 4 7* 8 9
0.13 0.16 0.6 0.18 0.21 0.24 0.50 0.64 0.67
5 2 6 3 1 4 8 7% 9
0.22 0.26 0.27 0.28 0.31 0.31 0.60 0.60 0.68
1 2 3 4 5 6 7* 8 9
0.23 0.25 0.26 0.27 0.28 0.31 0.55 0.55 1.04

7* 8 9*

0.50 0.56 0.94

4 3 1 8 7* 9
0.27 0.28 0.36 0.57 0.58 0.63
4 3 9 8 7*

0.36 0.39 0.72 0.88 0.93




Table A5 (con't.)

18

22

n

31

13

27

12

25

16

29

Feb 72

Apr 72

May 72

May 72

June 72

June 72

July 72

July 72

Aug 72

Aug 72

99

3 1 7* 8 9
0.53 0.64 0.65 0.65 1.12
3 2 4 1 5 9 8 7*
0.45 0.47 0.51 0.53 0.55 0.57 0.60 0.70
3 4 1 6 2 5 7* 8 9
0.15 0.15 0.16 0.17 0.18 0.22 0.52 0.53 0.59
6 5 4 3 1 2 7% 8 9
0.13 0.14 0.22 0.26 0.26 0.27 0.36 0.59 1.08
6 5 4 1 3 2 8 7* 9
0.01 0.02 0.03 0.09 0.09 0.11 0.54 0.54 1.46
3 4 5 2 1 6 8 7* 9
0.01 0.02 0.03 0.03 0.03 0.08 0.38 0.4 1.44
6 5 3 4 7* 8 2 1 9
0.15 0.6 0.23 0.31 0.35 0.36 0.36 0.42 0.51
3 2 6 4 1 5 8 9 7*
0.10 0.13 0.24 0.24 0.29 0.31 0.47 0.50 0.51
5 4 6 3 1 2 7* 8 9
0.08 0.10 0.11 0.12 0.12 0.14 0.18 0.22 0.60
4 3 1 6 5 2 7* 8 9
0.01 0.02 0.02 0.03 0.04 0.04 0.20 0.34 1.14




Table A5 (con't.)

12 Sept 72

29 Sept 727

6 Oct 72

13 Oct 72

27 Oct 72

15 Nov 72

7 Feb 73

24 Apr 73

11 May 73

30 May 73

20 June 73

100

6 5 1 4 3 2 7% 8 9
0.01 0.01 0.02 0.02 0.04 0.05 0.417 0.44 1.3
4 6 5 3 1 8 7* 2 9
0.02 0.03 0.03 0.03 0.03 0.20 0.22 0.25 0.60

3 8 9

0.01 0.23 0.48

2 1 4 5 6 3 8 9 7*
0.02 0.02 0.02 0.03 0.03 0.04 0.17 0.57 0.73
5 6 4 1 3 2 7* 8 9
0.02 0.02 0.02 0.03 0.04 0.06 0.24 0.25 0.4
3 8 2 4 9 6 1 5 7%
0.12 0.14 0.17 0.20 0.22 0.22 0.22 0.25 0.25
3 1 8 7 9

0.04 0.10 0.29 0.32 0.38

4 1 2 5 3 8 7 9
0.02 0.06 0.06 0.09 0.10 0.20 0.21 0.27

6 5 4 2 3 1 7 8 9
0.01 0.01 0.01 0.02 0.02 0.03 0.19 0.22 0.26
2 4 5 6 3 1 8 7 9
0.01 0.01 0.01 0.01 0.03 0.08 0.31 0.32 0.35
4 5 3 2 6 1 8 7 9
0.00 0.00 0.01 0.02 0.03 0.08 0.22 0.28 0.36



Table A5 (con't.)

6 July 73

17 July 73

1 Aug 73

15 Aug 73

28 Aug 73

10 Sept 73

24 Sept 73

8 Oct 73

13 Nov 73

3 Apr 74

17 Apr 74

7 May 74

6
0.01

0.02

0.03

0.01

0.01

0.01

0.00

0.01

0.01

0.01

0.12

0.00

0.02

0.03

0.04

0.01

0.02

0.02

0.01

0.02

0.03

0.05

0.13

0.00

0.04

0.05

0.03

0.02

0.02

0.01

0.03

0.23

0.06

0.13

0.02
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0.07

0.04

0.1

0.08

0.21

0.34

0.31

0.22

0.08

0.11

0.25

0.32

0.18

0.33

0.18
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Table A5 (con't.)

22 May 74 0.02 0.03 0.03 0.04 0.05 0.07 0.08 0.09 0.14

16 July 74 0.03 0.04 0.06 0.06 0.08 0.12 0.19 0.26 0.31

31 July 74 0.01 0.0 0.02 0.02 0.03 0.06 0.06 0.13 0.45

13 Aug 74 0.01 0.02 0.03 0.04 0.04 0.06 0.11 0.13 0.38

11 Sept 74 0.05 0.06 0.06 0.07 0.09 0.11 0.38 0.39 1.67

27 Sept 74 0.01 0.01 0.0 0.02 0.02 0.02 0.17 0.25 2.49

7 Oct 74 0.01 0.01 0.01 0.01 0.01 0.04 0.0 0.18 0.68

24 Oct 74 0.00 0.01 0.01 0.02 0.02 0.02 0.06 0.22 0.39

7 Nov 74 0.19 0.21 0.35 0.36 0.37 0.37 0.46 0.52 1.26

18 Mar 75 0.25 0.29 0.40 0.4

22 Apr 75 0.06 0.18 0.23 0.30

6 May 75 0.14 0.16 0.18 0.22

4 June 75 0.19 0.25 0.31 0.37
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Table A5 (con't.)

3 6 8 9
24 June 75 0.01 0.01 0.05 0.24
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Table A6. Mean concentration of organic nitrogen in mg/1 by station.

6 2 3 1 4 8 5 7* 9
1 May 70 0.29 0.34 0.54 0.59 0.78 0.8 0.92 1.06 1.07
6 4 1 5 2 3 8 7* 9
15 May 70 0.31 0.32 0.43 0.49 0.50 0.57 0.8 0.9 1.25
2 3 4 1 5 6 8 9 7*
27 May 70 0.05 0.09 0.12 0.17 0.17 0.19 0.63 0.75 1.04
6 5 2 1 4 3 8 9 7*
10 June 70 0.21 0.28 0.32 0.37 0.38 0.41 0.50 0.90 1.04
2 1 6 5 4 9 3 8 7*
23 June 70 0.23 0.24 0.26 0.27 0.36 0.72 0.72 1.14 1.27
2 6 3 5 1 4 9 8 7*
7 July 70" 0.21 0.25 0.26 0.32 0.39 0.40 1.14 1.20 1.61
7* 3 2 6 5 4 1 8 9
10 Oct 70 0.04 0.07 0.07 0.10 0.11 0.14 0.15 0.26 0.46
3 6 1 2 4 5 9 8 7*
25 Oct 70 0.06 0.06 0.07 0.09 0.10 0.13 0.39 0.54 0.64
2 4 5 7* 3 6 8 9 1
7 Nov 70 0.06 0.06 0.07 0.08 0.09 0.09 0.09 0.09 0.11
2 8 7*

23 Jan 71 0.04 0.24 0.57



Table A6 (con't.)

7 May 74

22 May 74

16 July 74

31 July 74

13 Aug 74

11 Sept 74

27 Sept 74

7 Oct 74

24 Oct 74

7 Nov 74

18 Mar 75

22 Apr 75

6 May 75

3
0.32

0.52

0.35

0.72

0.54

0.59

0.36

0.37

0.48

0.32

0.35

0.46

0.37

0.47

0.60

0.35

0.78

0.57

0.83

0.37

0.38

0.49

0.38

0.57

0.53

0.89

0.48

0.69

0.36

0.79

0.75

0.84

0.50

0.40

0.51

0.40

0.65

1.50

0.91

105

0.60

0.83

0.39

0.81

0.79

0.85

0.51

0.40

0.52

0.51

0.71

1.59

0.97

0.64

0.86

0.43

0.81

0.89

0.89

0.67

0.47

0.53

0.57

0.64

0.88

0.45

0.82

0.95

0.96

0.69

0.56

0.60

0.57

1.01

0.99

0.59

0.90

1.07

0.98

0.84

0.60

0.78

0.66

1.05

1.23

0.80

0.92

1.08

1.04

0.64

0.88

0.73

1.72

1.26

1.18

1.90

2.45

1.75

1.45

1.75




Table A6 (con't.)

18 Feb 71

16 Apr 71

1 May 71

20 May 71

1 June 71

18 June 71

2 guly 117

15 July 71

29 July 71

106

1 7*
0.04 0.55
6 5 1 2 4 3 8 7* 9
0.09 0.13 0.20 0.21 0.22 0.31 0.52 0.79 0.88
2 4 6 5 3 1 9 8 7*
0.17 0.22 0.23 0.27 0.34 0.46 0.91 0.94 1.05
6 5 3 1 4 2 7* 8 9
0.24 0.33 0.36 0.37 0.42 0.48 0.60 0.93 1.11
6 5 4 2 1 3 9 8 7*
0.10 0.14 0.16 0.17 0.21 0.22 0.60 0.72 1.71
1 6 5 4 3 2 9 8 7*
0.30 0.32 0.43 0.45 0.46 0.47 1.10 1.33 1.58
6 5 3 4 2 7* 8 1 9
0.28 0.37 0.44 0.54 0.61 0.65 0.66 0.76 1.09
1 6 5 2 8 9 3 4 7*
0.32 0.36 0.42 0.51 0.54 0.60 0.62 0.66 0.72
6 9 8 2 3 5 1 7* 4
0.54 0.54 0.56 0.58 0.58 0.61 0.63 0.64 0.66




Table A6 (con't.)

17 Aug 71

2 Sept 71

16 Sept 71

2 Oct 71

15 Oct 71

30 Oct 71

12 Nov 71

2 Dec 71

19 Dec 71

11 Jan 72

107

4 5 3 6 1 8 7* 9 2
0.49 0.5 0.58 0.66 0.68 0.69 0.69 0.70 0.78
8 3 4 1 9 6 2 7* 5
0.45 0.46 0.46 0.52 0.54 0.58 0.59 0.67 0.68
3 2 6 4 1 5 8 7* 9
0.24 0.24 0.28 0.31 0.33 0.36 0.53 0.56 0.58
5 7* 6 1 8 3 4 9 2
0.35 0.44 0.47 0.55 0.56 0.59 0.61 0.70 1.09
5 4 6 1 3 8 2 7* 9
0.38 0.38 0.45 0.47 0.49 0.50 0.51 0.77 0.9
2 1 3 8 5 6 4 7* 9
0.42 0.45 0.51 0.52 0.54 0.54 0.55 1.00 1.02
3 4 1 2 5 8 6 7* 9
0.43 0.52 0.62 0.70 0.80 0.86 0.95 1.67 2.33

7* 8 9
0.30 0.31 1.48
1 3 4 8 7* 9
0.23 0.27 0.27 0.36 0.36 0.42
3 4 8 7* 9
0.22 0.41 0.66 0.78 0.92




Table A6 (con't.)

18 Feb 72

22 Apr 72

11 May 72

31 May 72

13 June 72

27 June 727

12 July 72

25 July 727

16 Aug 72

108

3 1 8 9 7*
0.13 0.15 0.70 0.85 0.9
2 1 3 4 9 8 7* 5
0.45 0.49 0.53 0.69 0.74 0.89 0.98 1.02
3 1 5 6 2 4 7* 8 9
0.14 0.18 0.20 0.22 0.24 0.30 0.44 0.50 0.67
6 5 3 4 1 2 7* 8 9
0.117 0.15 0.24 0.32 0.33 0.35 0.50 0.55 0.81
6 5 2 1 3 4 8 7* 9
0.40 0.42 0.44 0.48 0.49 0.51 0.57 0.67 1.67
5 3 2 6 4 1 8 7* 9
0.33 0.34 0.37 0.39 0.42 0.47 0.49 0.62 1.07
b 3 5 4 8 1 2 9
0.23 0.33 0.40 0.42 0.52 0.62 0.67 0.81
2 6 1 8 4 3 7* 5 9
0.24 0.29 0.32 0.34 0.35 0.37 0.37 0.38 0.55
4 3 2 1 6 9 5 8 7*
0.34 0.38 0.41 0.42 0.43 0.44 0.46 0.50 0.53




Table A6 (con't.)

29 Aug 72

12 Sept 72

29 Sept 72

6 Oct 72

13 Oct 72

27 Oct 72

15 Nov 72

7 Feb 73

24 Ppr 73

11 May 73
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6 1 2 3 4 8 7* 5 9
0.55 0.72 0.80 0.88 0.96 1.22 1.29 1.38 2.58
3 4 5 2 6 7* 1 8 9
1.02 1.0 1.08 1.19 1.24 1.36 1.40 1.61 2.14
2 6 3 5 4 1 8 7* 9
0.55 1.24 1.28 1.35 1.40 1.67 1.68 1.71 2.20

3 8 9
1.33  1.54 1.63
7* 1 5 6 2 4 3 8 9
0.90 1.00 1.09 1.09 1.27 1.33 1.38 1.53 1.77
5 3 6 4 1 2 8 7* 9
0.55 0.79 0.83 0.8 0.91 0.99 1.27 1.35 1.49
2 3 4 1 6 5 9 8 7*
0.17 0.25 0.31 0.42 0.52 0.54 1.21 1.35 1.39
3 1 8 9 7
0.30 0.41 1.00 1.04 1.22
5 3 2 4 1 8 7 9
0.50 0.5%6 0.69 0.71 0.73 1.05 1.07 1.26
6 5 2 1 4 3 8 9 7
0.39 0.44 0.61 0.63 0.64 0.8 0.93 0.97 1.09




Table A6 (con't.)

30 May 73

20 June 73

6 July 73

17 July 73

1 Aug 73

15 Aug 73

28 Aug 73

10 Sept 73

24 Sept 73

8 Oct 73

13 Nov 73

3 Apr 74

17 Apr 74

5
0.67

0.90

0.51

0.56

0.58

0.82

0.64

0.72

0.51

0.51

0.55

0.33

0.75

0.93

0.71

0.69

0.62

0.82

0.72

0.77

0.55

0.57

0.56

0.34

0.29

0.78

0.95

0.74

0.71

0.65

0.83

0.73

0.80

0.58

0.58

0.93

0.43

0.32

110

0.83

1.06

0.82

0.71

0.66

0.86

0.77

0.85

0.59

0.58

0.99

0.43

0.38

0.97

0.90

0.73

0.72

0.93

0.78

0.90

0.61

0.61

1.09

0.54

0.43

1.07

0.97

0.78

0.74

1.04

0.79

0.99

0.68

0.62

0.57

0.46

1.38

1.29

1.34

0.96

0.97

0.83

0.76

0.73

0.67

0.62

1.44

1.42

1.38

1.06

1.08

1.23

0.94

0.78

0.77

0.86

0.67

1.58

1.68

1.55

1.17

2.14

1.85

1.02

2.20

1.89

1.33

0.89

0.89
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Table A6 (con't.)
6 3 8 9
4 June 75 0.44 0.70 0.83 1.67
8 6 3 9
24 June 75 0.39 0.54 0.66 1.16
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Table A7. Mean concentration of inorganic nitrogen in mg/1 by station.

6 1 9 8 2 7* 3 4 5
1 May 70 1.86 2.06 2.53 2.79 2.97 3.07 3.09 3.18 3.73
1 2 3 9 6 7* 8 5 4

15 May 70 0.51 0.57 1.06 1.19 1.22 1.24 1.52 1.65 1.69

27 May 70 0.37 0.38 0.81 1.16 1.22 1.8 1.95 2.82 5.17

.i.

10 June 70 1.06 1.06 1.18 1.5 1.84 1.84 2.29 2.75 3.25

23 June 70 1.18 1.22 1.45 1.49 1.61 1.67 2.14 2.49 5.18

7* 2 8 1 3 6 9 5 4
7 Jduly 70 0.37 0.50 0.54 0.56 0.63 0.71 0.74 0.80 0.82

10 Oct 70 0.6 0.79 0.8 0.86 0.8 1.02 1.02 1.19

25 Oct 70 0.80 0.8 0.917 0.93 0.97 0.97 0.98 1.00 1.54

7 Nov 70 0.81 0.84 0.85 0.95 0.96 1.03 1.04 1.17 1.81




Table A7 (con't.)

23 Jan 71

18 Feb 71

16 Apr 71

1 May 71

20 May 71

1 June 71

18 June 71

2 July 71

15 July 71

29 July 71

113

1 8 7*

0.56 1.11 1.22

1 7*
0.46 1.39

6 2 5 3 1 4 9 8 7*
0.41 0.67 0.81 0.8 0.87 1.12 1.80 2.11 2.87
1 6 2 8 9 4 3 5 7*
1.40 1.97 2.12 2.99 3.05 3.06 3.13 3.30 4.03
1 2 3 6 5 4 8 9 7*
0.62 0.80 1.10 1.14 1.16 1.22 1.38 1.39 1.98
2 3 1 5 6 4 7* 8 9
0.35 0.51 0.57 0.74 1.19 1.36 1.37 3.19 4.15
1 2 8 9 3 7* 4 6 5
1.00 1.39 1.44 1.44 1.51 1.78 2.28 2.32 3.23
6 5 4 8 3 2 7* 9 1
0.9 0.70 0.75 0.82 0.89 0.96 1.00 1.05 1.22
b 4 1 3 8 7* 5 2 9
0.43 0.50 0.51 0.63 0.66 0.68 0.71 0.74 0.74
3 1 5 4 6 2 8 9 7*
0.19 0.22 0.23 0.25 0.25 0.26 0.32 0.65 0.69




Table A7 (con't.)

17 Aug 71

2 Sept 71

16 Sept 71

2 Oct 71

15 Oct 71

30 Oct 71

12 Nov 71

2 Dec 71

19 Dec 71

11 Jdan 72

18 Feb 72

114

2 1 6 3 5 4 8 7* 9
0.12 0.14 0.16 0.16 0.17 0.19 0.59 0.68 0.74
2 5 3 6 1 4 9 7* 8
0.17 0.25 0.26 0.26 0.29 0.33 0.49 0.61 0.62
6 5 2 3 1 7* 8 4 9
0.36 0.41 0.42 0.43 0.46 0.48 0.53 0.54 0.68
6 3 5 4 1 8 2 7* 9
0.29 0.39 0.41 0.54 0.58 0.64 0.65 0.65 0.76
6 5 3 2 1 4 7* 8 9
0.20 0.21 0.21 0.23 0.26 0.33 0.63 0.76 0.83
5 6 3 4 2 1 7* 8 9
0.41 0.47 0.52 0.57 0.63 0.68 0.89 0.91 0.9
2 3 1 5 4 6 7* 8 9*
0.36 0.38 0.40 0.46 0.53 0.56 0.85 0.88 1.73

7* 8 9*

1.47 5.34 9.28

3 4 1 7* 8 9
0.63 0.64 0.73 2.79 2.84 4.35
3 4 9 8 7*

1.59 2.96 6.23 7.11 8.88

3 1 7* 8 9

1.27  1.31 2.12 2.23 3.47




Table A7 (con't.)

22 Apr 72

11 May 72

31 May 72

13 June 72

27 June 72

12 July 72

25 July 72

16 Aug 72

29 Aug 72

12 Sept 72
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1 5 3 4 2 9 8 7*

1.27 1.29 1.31 1.33 1.36 9.94 10.59 16.10

3 2 4 1 5 6 9 8 7*
0.46 0.50 0.65 0.75 0.76 1.51 7.75 8.51 9.02
7* 6 8 3 4 5 9 1 2
1.36  1.49 1.73 1.80 1.81 1.86 2.22 2.29 2.38
4 2 5 7* 6 1 8 3 9
1.44 1.72 1.83 1.95 1.97 1.99 2.06 2.51 3.03
5 3 2 1 6 4 8 7* 9
0.29 0.30 0.30 0.37 0.45 0.50 2.27 3.01 5.93
2 7* 1 6 3 8 9 4 5
0.61 0.62 0.62 0.68 0.77 0.82 1.08 1.25 1.38
3 2 6 1 4 5 8 9 7%
0.33 0.36 0.50 0.51 0.55 0.61 0.70 0.73 0.74
5 1 2 4 3 7* 8 6 9
0.31 0.32 0.35 0.38 0.44 0.50 0.54 0.59 1.00
1 2 6 3 4 5 7* 8 9
0.12 0.12 0.17 0.21 0.27 0.42 1.03 1.12 4.42
1 5 4 6 3 2 7* 8 9
0.08 0.08 0.09 0.10 0.11 0.13 0.58 0.60 1.70




Table A7 (con't.)

29 Sept 72

6 Oct 72

13 Oct 72

27 Oct 72

15 Nov 72

7 Feb 73

24 Apr 73

11 May 73

30 May 73

20 June 73

6 July 73

116

2 1 5 3 4 6 7* 8 9
0.59 0.60 0.65 0.80 0.98 2.77 5.59 6.29 6.59
3 8 9
0.99 5.01 8.41
2 3 1 5 4 6 8 9 7*
0.52 0.71 0.92 1.06 1.27 1.65 3.33 3.91 4.02
5 4 3 b 1 2 8 7% 9
0.42 0.84 0.8 0.89 1.04 1.04 5.11 5.11 5.56
2 3 5 1 6 4 8 7* 9
0.53 0.63 0.76 0.79 0.94 1.59 .82 8.03 8.47
3 1 8 7 4
0.60 0.82 4.80 4.86 6.40
5 3 2 4 1 7 8 9
0.81 1.07 1.15 1.26 1.28 2.04 2.25 2.94
5 6 1 2 4 3 8 7 9
0.29 0.32 0.45 0.49 0.49 0.70 1.22 1.31 1.57
2 5 3 6 1 4 8 7 9
0.35 0.38 0.42 0.42 0.44 0.55 4.06 4.23 4.25
1 4 2 5 3 8 7 6 9
0.33 0.44 0.47 0.74 0.76 2.21 2.22 2.25 3.19
1 6 2 5 4 3 9 7 8
0.61 0.68 0.71 1.13 2.14 2.43 5.83 5.95 5.97




Table A7 (con't.)

17 July 73

1 Aug 73

15 Aug 73

28 Aug 73

10 Sept 73

24 Sept 73

8 Oct 73

13 Nov 73

3 Apr 74

17 Apr 74

7 May 74

22 May 74

16 July 74

0.40

0.43

0.20

1.66

0.45

1.08

0.31

1.22

2.24

0.59

3.34

0.33

1.52

1.95

1.24

0.87

0.88

1.46




Table A7 (con't.)

31 July 74

13 Aug 74

11 Sept 74

27 Sept 74

7 Oct 74

24 Oct 74

7 Nov 74

18 Mar 75

22 Apr 75

6 May 75

4 June 75

24 June 75

1.06

0.76

1.26
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0.65

0.25

0.26

0.65

0.40

0.33

0.46

0.87
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