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SUM MAR Y

Annual loads to ~he Great Lakes from U. S. tributaries were estimated
for total phosphorus, sQluble artho phosphorus. suspended solids, total
nitrogen, nitrate nitLogen, ammonia nitrogen, and chloride. Loads were
calculated for water years 1975 and 1976 using all available data. All
loads for monitored tributaries were calculated using the ratio-estimator
calculation method except for Lake Erie tributary loads which were obtained
from the Lake Erie Wastewater Management Study. In order to provide complete
coverage of the basin, loads from unmenitored watersheds were estimated
from unit area loads determined from s1milar and usually adjacent monitored
watersheds.

Lake Erie received the highest phosphorus and suspended solids
tributary loads during water year 1975, and Lake Superior the smallest.
Tributary loads of most parameters were higher during th~ 1976 water year
than the 1975 water year for all Lakes except Lake Superior. Differences in
loads generally corres?onded with trends in flow. Tributary flows during
water years 1975 and 1976 were higher than the long-term average flows,
with the exception of Lake Superior tributaries.

Municipal and industrial point sources discharging to U. S. Great Lakes
tributaries were inventoried and their loading contribution estimated.
Emphasis was placed on phosphorus and suspended solids loads, with the most
complete information being available for ~unicipal sources. When 100
percent transmission to the river mouth was assumed, identified point sources
accounted for a relatively small percent of the total t~ibutary load.
Significantly reducing the assumed delivery of identified point source loads
generally resulted in only a slight increase in the proportion coming from
non-point sources. The non-point OT diffuse unit area loading rate varied
widely from year-t0-year as would be expected due to annual variations in
total tributary loads.

Two broad categories of Great Lakes tributaries were noted. Loads
from "event response" tributaries were greatly influenced by runoff events.
However, loads from "stable response" tributaries were not as greatly
influenced by runoff events, since con~entrations did not usually vary
greatly with flow, and variations in flow with time tended to be more
moderate. Event reaponse tributaries (such as many of the Lake Erie
tributaries) had high annual diffuse unit area loading rates for phosphorus
and suspended solids, while stable response tributaries (such as many found in
the eastern basin of Lake Michigan) had relatively saall annual diffuse unit
area loading rates for these parameters. Although many factors probably
influence tributary response, the texture of surface soils in the watershed



is thought to oe very important. Event response tributaries tend to drain
wa~er8heds whose soils have a high proportion of fine grained, clay particle••
while stable response tributaries have watersheds with relatively coarse­
grained. sandy soils.

Importantly, while thp estimated loads are believed to be based on the
beat available information. they are nsturally subject to the limitations of
the data and must be interpreted with theae limitations in mind. A major
source of frror for the estimated loads of some tributarieo is the lack
of represeutative data over different flow regimes during the annual cycle.
However. if the data are carefully interpreted with the limitations of specific
situations in mind, much useful information can be obtained. Moreover,
the loading information presented should serve as a foundation for expanding
and improvinll Load estimates as more extensive and long-term data become
available.

?



CON CLUSID NS

1. Annual loads from U. S. Great Lakes tributaries were estimates for
total phosphorus, soluble ortho phosphorus, suspended solids, t~tal nitrogen,
nitrate nitrogen. ammonia nitrogen, and chloride. Loals for all parameters
were calculated (except for Lake Erie loads, which wer~ taken directly from
the Lake Erie Wastewater Management Study), using the ratio estimator ~ethod,

which was found to be a useful method for estimating loads on a comparable
basins. Individual loads were calculated for 43 to 110 (depending on the year
and parameter) U. S. tributaries. Loads from monitore~ tributaries account
for about 55 to 80 percent of the U. S. Great Lakes drainage basin.

2. Loads from monitored U. S. tributaries account~d for about 65 to 80
percent of the total U. S. tributary load on a lake basin basis during the
1~75 .ater year. In some cases, the 1976 U. S. monitored tributary loads for
inJividual tTibutaries accounted for less than this amount, indicating less
extensive fi~ld sampling during the 1976 water year.

3. While the estimated loads are believed tv be based on the bes~

available info~ation, they are subject to limitations of the data and must
be interpreted with these specific limitations in mind. A major source of
~rror in estimating river mouth loads for some (but not all) streams is the
lack of a representative temporal and spatial distribution of sample data over
the annual cycle.

4. For most parameters, loads were generally higher during the 1976
water year than ciu~ing the 1975 water year. The one exceptio~ was Lake
Superior, where the opposite occurred. This pattern corresponds with general
trends in flow over the same period. Wide variation in loads from year to
year is not unc~on and, as is necessary in esti~ating representative flows,
long-term records are necessary to establish an "average" or "mean" load.
Nevertheless, a reasonable judgement on whether or not a load can be considered
typical can J·e reached by c01Iparing hist('rical flow information with current
flow conditiona.

5. Annual mean daily discharge to each of the Gre.at Lakes was generally
higher than the historical average in water years 1975 and 1976, except fo~

Lake Superior, where the 1976 flow was slightly less than the historical
average flow. Individual tributaries exhibited wide variations in mean
annual flow as compared to their historical averages, implying in certain
cases local climatological variations. Many streaas had higher 8prin~

(March, April and May) flows during 1976 than in 1975.
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6. Flow per unit area of watershed was highest for Lake 0ntat"io. Unit
area flows for the other four Great Lakes were approximately equivalent.

1. Lake Erie received the largest U. s. tributary total phosphorus
and soluble ortho phosphorus loads, while Lake Superior received the smallest.
Suspended solids and nitrogen tributary loads were also highest to Lake Erie.
It appears that Lake Ontario receives the largest chloride tributary load.
Lake Erie again received the largest diffuse loads (total load minus point
source loads) per unit area of watershed.

8. Analysis of loadings during water year 1975 indicated that the Maumee
River, which drains into Lake Erie. contributes about twice as much total
phosphorus to the Great LakeR as the Saginaw River, the next largest
tributary contributor. Other Lake Erie tributaries and the Grand River
in Michigan were also among the hignest total phosphorus contributors.
Soluble artho phosphorus loads followed a similar pattern, with the Grand
River (Michigan), Black-Rocky Complex (Lake Erie). and the Saginaw River
ranking behind the Maumee River as the largest contributors.

9. During water year 1975 the largest suspended solids load from any
tributary was also contributed by the Maumee River. The load from the
Maumee was about twice as great as the next largest contributors. which
included several other 1.ake Erie tributaries, the Genesee River (Lake
Ontario), and the Ontonagon River (Lake Superior). Excluding Lake Erie
tributaries, for which ]976 data were not av~ilable, the Genesee River was
the largest suspended solids contributor to thp- Great Lakes in water year
1976.

10. The diffuse load, which is defined as the total tributary l~ad

&I1:luS the identified point source inputs, includes contributors from both
surf~ce ru~off and base flow. Diffuse sources accounted for a large percentage
ot the total load for most parameters. assuming 100 percent transmission of
identified point source input~. During 1975 about 70 pprcent of t~e total
phosphorus load and about 60 percent of the soluble ortho phosphorus
tributary load to the Great Lakes was classified as attributable to diffuse
sources. The 197~ water year suspended solids load to the Great Lakes
was attributable almost entirely to diffuse sources. Ammonia nitrogen
loads to the Great Lakes were least affected by diffuse sources, as less
than 50 percent were considered to be derived from diffuse sources. With
the exception of Lake Superior. the total phosphorus diffuse load contri-
buted to each of the Greal Lakes was higher in water year 1916 than in water
year 1915. reflecting the general increase in total tribu~ary loads. No
coaparison can be made for Lake Erie due to the lack of 1976 data.

11. Since assuming 100 percent delivery of point sources may overestimate
the tributary point source load to the Lakes (at lea~t on a short-term basis).
loading estimates were alse derived assuming 50 percent delivery of upstream
point SOUIces and 100 percent delivery of downstream point sources. Generally.
the assumption of 50 percent upstream point source transmission increased the
diffuse load by only a small percentage when compared to the diffuse load
derived under the assumption of 100 percent delivery of both upstream and

4



downstream sources. However, in some cases, the effect was significant.
increasing the diffuse load by as much as 20 percent. Loading
data bad been categorized in a format which facilitates the calculation vf
the total diffuse load under a variety of delivery assumptions.

12. A1J ailht be expected, diffuse unit area loads calculated for
different watersheds varied widely from basin-to-basin and fra- year-to-ye~r.

Phosphorus and suspended solids unit area loads varied soaewhat analgously,
with estiaates highest for the Lake Erie basin, the thumb area of the Lake
Huron basin, and parts of the Lake Ontario basin. A relatively low unit
area load was derived for a major portion of the eastern Lake Kichigan basin.

13. Municipal sources accounted for most of the phosphorus point Bou,ce
load to the Great Lakes. Municipal sources also accounted for most of the
nitrogen and a large part of the chloride load. although all of the industrial
point sources for each of these parameters may not have been identified.
Point source inputs of suspenced solids to tributaries appear to have little
impact on the total suspended solids tributary load. Several chloride poillt
sources associated with mining or industrial operations had major impacts on
the chloride load.

14. Analysis of available information indicates that municipal point
sources discharging less than 0.1 mgd (2.83 x 10-3 m3/s) , although numerous
in some areas. do not cignificantly affect loads. at least on a Lake basin
approach.

15. Under existing flow conditions found f c ; municipal wastewater
treatment plants, discharging into U. S. tributaries 00es not include direct
sources), a reduction of effluent total phosphorus concentrations from
1 mgll to 0.5 mg/l would have a relatively minor effect on the total
tributary phosphorus load to the Great Lakes. This is particularly true
for Lake Superior and Lake Huron.

lb. Although the relationship between flow and the concentration of
various flow sensitive parameters (e. g., phosphorus or suspended solids)
varies wid~ly among tributaries. two broad groups of tributary responses
were noted. Certain tributaries seem to be greatly influenced by runoff
events. These are referred to as "event response" tributaries. However,
other tributaries are not dominated by runoff events because concentrations
do not vary greatly with flow, and the flow itself t('nds to be less eratic
(less flashy). These are referred to as "stable r es-pouae" tributaries.
Event response tributaries, such as many of the Lake Erie U. S. tributaries,
tend to have high annual diffuse unit area loads associated with flow
sensitive parameters, such as phosphorus and suspended solids. On the
other hand, stable response tributaries, such as Lake Michigsn's Grand
River and many other Lake Michigan tributaries, tend ':0 have relatively
...11 annual diffuse unit area loads associated with ~hese parameters.
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17. Although there are probably many factors which influence whether
a stream fits either an event response or tributary response clas~ification,

the texture of the soil in the ~Q:~~~nprl appeaTR ~n be very important.
Those watersheds with surface soils containing considerable amounts of fine
clay-sized particles tenu to contribute significantly higher unit area loads
of flow sensitive substances than watersheds that have more coarse-grained
sandy 80ils. Streams draining sand) soils generally had more stable chemical
concentrations and flows than streams ~rplning clayey watersheds. The
differences in the chemical and physical characteristics of clay-sized particles
and coarse-grained particles and the infiltration capacity of sandy Boils
versus clayey soils are major factors which cause a different loading response.
Detailed information on soil texture characteristics of U. S. Great Lakes
watersheds have been compiled, and further analysis of the effect of soil
texture on tributary loads will be conducted in Subactivity 3-4 of U. S.
Task 0 (PLUARG).

18. Because of the differences between stable response and event response
tributaries, it is felt that not every stream needs to be sampled routinely
during runoff events for the purpose of calculating loads. By examining
watershed characteristics, including but not limited to surface soil textures,
it may be possible to predict whether an event response or stable response
can be expected. Where possible, however, limited sampling during one or
more runoff events, particularly during the spring, would provide more
definitive information on whether routine event sampling is necessary to
characterize the annual load. Also, in many streams where concentration
remains fairly stable, sampling over several years on a monthly basis may
produce representative data which can be used to estimate loads in future
years. In other words, for certain rivers a knowledge of the daily flow
over a given year may be all that is necessary to reasonably estimate the
load, assumi~ no major changes occur in tbe characteristics of the watershed
or in the point source inputs.



I NT ROD UCTID N

B~th Canada and United States define the major activities under Task D
of the Pollution from Land Use Activities Reference Group (PLUARG) 8S

(1) assessment of shoreline erosion, (2) survey of river sediments and
~ssociated water quality, and (3) assessment of the effects of river inputs
on Boundary waters. In April of 1975, a Plan of Study was developed to
further define the United States portion of Task D. This Plan of Study
posed the following general questions.

(1) Is shore erosion a significant pollutant source to the lake?

(2) What is the tributary loading to the lake that is attributable
to land drainage, including the pollutant loading associated with
river sediments?

(3) How have river inputs derived from land drainage affected the lake?

In order to help answer the ~econd question, Subactivity 2-3 of Task D
was defined as indicated below:

"Based on existing data, a careful estimate of the
tributary output (input to the Great Lakes) c~

pollutants, including total suspended solids and
chemical pollutants in particulate and soluble
forms, will be made. In recognitiun of the importance
·)f high flow conditions, particularly spring runoff,
~o the loading of many substances, the output from
river mouths during high flow ar.d base flow (no surface
runoff) will be considered. Based on estimates of
point source inputs to the tributaries, estimates of the
pollutant output attributable to diffuse sources will
be made. In all cases, esttmates of U. S. loading will
be delineated according to individual major watersheds,
the 15 planning subareas, and the 5 lake basins."

This report represents the completion of Subactivity 2-3 of U. S. Task D
by presenting estimations of U. S. tributary loads of selected chemicals
and solids, including both point and non-point tributary contributions.

7



Tvo previous subactivities of U. S. Task D provided essential background
information for Subactivity 2-3. First. existing river mouth flow and
eoncentration data were inventoried in Subactivity 2-1 of U. S. Task D.
The report frOlll this task. entitled "Existing River Mouth Loading Data in
the 1:. S. Great Lak,'s B'19in" (Hall. et a1.! 1976) served as a major reference
for this work. Infol~tion on waterB~ed demarkations. monitored tributaries,
parameters monitored. ~~equency of monitoring. and others. were used in sorting
out data useful for actual :oad calculations. Second. info~ation from
Subactivity 2-2 of U. S. lask D. which consisted of a detailed monitoring
program of th~ Grand River near the river's entrance into Lake Michigan.
was very useful to this study. This specialized monitoring program, which
W3D r~~ommended as a result of an interim report of Subactivity 2-1 of
U. S. Task D. has provided some extremely valuable and unique information
of hasinwide application.

Subactivity 2-3 also is intended to serve as baseline information for
other U. S. Task D studies. such as Subactivity 2-5 (phosphorus availability).
Subactivity 3-2 (biological impacts of loads). and Subactivity 3-4 (summary
of Task D). Importantly, this study is paramount to the central theme of
Task D. which is to determine the relative importance of non-point sources
of pollution with respect to other sources or other factors which affect
the water quality of the Great Lakes. This study will also be useful to
other Tasks in PLUARG. particularly the "overview modeling" integration
activity.

While much specific information is contained in this report, quite a
large amount of supplementary information. such as loads from individual
point sources. were not included due to the volume of the material. This
supplemental information is available. however. and interested persons
should contact the authors at the Great Lakes Basin Commission offices for
further information.

8



MET HOD 0 LOG Y

~ARAMETERS

Loadings havt been calculated for total phoRphorus, soluble ortho
phosphorus, suspen.ted solids, total nitrogen, nitrate (+ nj trite)
nitrogen, ammonia I itrogen, and chloride. Phosphorus, nitrogen, and
suspended solids ale all important non-point source pollutants which are
being emrhasized in the PLUARG study. Suspend~d solids are of concern not
only a6 a non-point source pollutant, but also because toxic trace
substances aud nutr.ents are often associated with suspended material.
Chloride is Impor t ar.t, becaase of its conservat1.ve nature and the fact that
it can be used as a "tracer" to provide general insight on loadings to the
lakes. Chloride can also be contributed by non-point sources, such as
runoff from urban or r~s:!.dential areas wher:! salt compound~ have been
applied for road de- ..cing purposes.

There are other substances for which it '~uld be useful to have
loading information. For example, detailed annual loads to the Great Lakes
of certain toxic heav r m"tals, such as ca dmfum or z Lr.c, would be useful
information. However. there are very little data available on these and
similar substances fr'~ which loadin~d may be calculated. It is likely
that more information will be avall<lble in the near future on these
parameters from which Great Lakes loadings can be calculated (loads of
certain toxic substances will likely be estimated or projected as part of
the Great Lakes Basin Plan planning process of the Great Lakes Basin
Commission). For a di~cussion of the a~ailability of river mouth data for
a number of paramet:!rs that wele not discussed in this report, such as
total solids, partIcle size, silica, total soluble phosphorus, chlorlrle,
manganese, iron, total and dissolved heavy metals, pesticides, and
industrial organics, refer to Hall et 81. (1976).

All loadings were calculated based on existing data and no attempt was
made to determine the quality of the data used. No dete1~inations were
made, for example, on the adequacy of the analytir.al techniques used to
generat~ the data or the quality control employed in the analysis. Further,
the statistical validity of the data was not critiqued. Since anyone
parameter could be determined by a variety of methods, many of which are
operationally defined and not always directly comparable, a certain amount
of judgement was used in determining whether the data found for a cert",l.••
tributary were reasonable. For example, tn the case of dissolved reactive
phosphorus, the type of filter paper used may have a bearing on the results
reported. Soluble phosphorus data obtained using a glass fiber filter
..y not correlate exactly with data obtained using a 0.45 micron ~embrane

filter. However, where results from two operationally defined techniques

9



define approximately the same form or fraction of a given pollutant,
for the purposes of these loading estimations, they were generally
considered as the same parameter. For the purposes of these river mouth
loading estimates, slight modifications in methodology were not assumed
to have any significant bearing on the results.

There were some problems (alth~~gh rare) associated with the terminology
used for certain parameters, especially in the C8se of phosphorus. A
variety of terms have been used for different phosphoros fractions, and it
is sometimes difficult to determine which form of phosphorus is actually
implied. For example, the term "phosphate P" could mean several different
fractions, including total inorganic phosphorus or soluble reactive
phosphorus. In cases such as these, it was sometimes necessary to look at
the analytical methods used to see what form of phosphorus was actually
implied. Again, even if slight differences in techniques were determined to
have occur=ed, the effect on the loading estimates would generally be
very s'll8l1, if not undetectable. In order to get a better understanding of
the different types of phosphorus forms and how they are analyzed Gud thus
operationally defined, the reader is referred to Figure 4 pa~p 25 in
Hall et a1. (1976).

~itrogen data used in the calculations generally caused few problems.
Nitrate nitrogen was often meahured in combination with nitrite nitrogen.
Since nitrite is absent or present only in minute quantities in most the
waters due to its instability in the presence of oXYb~n, no diatinction was
made between nitrate loads and nitrate + nitrite loads.

Total nitrogen loads were calculated based on reported total nitrogen
values whenever possible. When total nitrogen was not reported, the sum of
in~rganic plus organic nitrogen concentrations or total Kjeldahl nitrogen
plus nitrate (+ nitrite) nItrogen was used.

TOT~ RIVER 14)l!TH LOAD CALCULATIONS

All river mouth loads that were calculated and used in this report are
presented in Appendix A. These loads, calculated for individual tributaries,
serve 8S th~ basis for other calculations such as the computation of unit
area loadings.

Data Sources

River mouth loads vc.re calculated using the best available concentration
and flow information. Every effort was made to utilize all data available
for any given tributary, since the confidence in a loading estimate is
generally improved as the nueber of data points is increased. Primary
sources of data include State water surveillance programs, U. S. Geological
Survey programs, International Joint Commission PLUARG and Upper Lakes
Reference Group studies, the U. S. Army Corps of Engineers Lake Erie
Wastewater Management Study, and other work done by universities and
special State or Federal projects.

10



In ~eneral, data on the seven parameters considered wex~ available on
all aajor U. S. Great Lakes tirbutaries. Appendix A indicates the n!Slbar
of flow and concentration data pairs that were used in each loading
c31cul...tion.

The primary source of daily and m~an a~'nual flaw information was U. S.
Geological S.lrvey Water Resources Data Rei'0rts. SOl8e State surveillance
programs also collected flow data (generally at the time of the ss_ple
collection) which were used where appropriate.

B.lse Years

All loadings were calculated ~ccording to the water year as standardized
by the U. S. Geological Survey. In an effort to make this report as current
as possible and compatible with other PLUARG ~ork, water years 1975
(Oct~ber I, 1974-September 30, ]975) and 1976 (October I, 1975-September 30,
1976) were chosen as the base periods for annual load calculations. For
many tributaries the mean annual daily flow during water year 1975 was
~imilar to the mean annual daily flow for the historical period of record.
Althol:.gh it would be imprope.r to call ~ater year 1975 a "typical" year,
since no year is "typical." water year 1975 does provide a good base for
comparison with other years.

Watershed Areas

In this report tributaries and thei.r watersheds have been organized
according to individual tributaries, hydrologic areas, river basin
groups, and lake basins following the procedure used in Subactivity 2-1
of U. S. Task D, PLUARG (Hall et al., 1976). Each of the 72 hydrologic
areas consists of a single major watershed or a complex of small watershed&
draining individual tributaries. Hydrologic areas are grouped into 15
larger river basin groups which contain a~ywhere from one to eight
hydrolog1~ areas. F.ach lake basin consists of two or more river basin
groups. A description of the U. S. tributaries, their organization and
maps of their drainage basins have been previously recorded in Hall et al.
(1976). --

Table 1 shows the watershed areas used in this study. Watershed area
measureMents were obtained primarily f roe the Great Lakea Basin Framework
Study, Appendix 1, Altet'native Frameworks. Additional drainage area
information, especially for areas containing =he smaller rivers, was
obtained from a computerized list of water!lhed areas compiled for the
ConHervation Needs Inventory by the U. S. Soil Conservation Service.

11



Table 1

DllAlJL\GE AREA MEASUREMENT (HYDllOlDGlt) 1

LAU SuPERIOR BASIN

Il1ver Basln GTOUp 1.1
1. Superior Slope Complex (Minnesota)
2. Saint Louis lliver
3. Apostle Island Complex
4. Bad River (Wisconsin)
5. Hontreal River Complex

River &asin Group 1.2
1. Porcupine Hountains Complex
2. Ontonagon River
3. Keweenaw Peninsula ColIIplex (Michigan)
4. Sturgeon lliver (Hichigan)
5. Huron Mouneain Complex (Michigan)
6. Grand Karais Complex (Michigan)
7. Tahquamenon River (Hichigan)
8. Sault Complex (Hichigan)

LAKE HICHIGAN BASIN

River Basin Group 2.1
1. Menominee Complex (Hichigan)
2. Hen01lllinee River
3. Peshtigo River (Wisconsin)
4. Oconto River (Wisconsin)
5. S:lam1.co CoIlIplex (Wisconsin)
6. F~x Il1ver (Wisconsin)
7. Green Bay Complex (Wisconsin)

River BaFin Group 2.2
1. Chicago-Milwaukee Coaplex

River Basin Gro~p 2.3
1. Saint Jose~h River
2. Black Il1v.r (South Haven) Complex (Kichlgan)
3. Kalamazoo Il1ver (Hichigan)
4. Black 1l1ver (Ottawa Co.) Complex (Michilan)
5. Grand River (Hichigan)

liver Basin GTOUp 2.4
1. Huskeson 1l1ver (Hichisan)
2. Sable Collplex (Michigan)

1,000 Bectare.

4,ltOO

2,391
595
944
514
258

80

2,009
272
353
350
183
252
311
218

70

11,741

4,367
273

1,061
298
275
125

1,710
625

563
563

3,356
1,211

93
520
66

1,466

3,455
685
503

1,000 Acrt>s

10,P.71

5,907
1,470
2,334
1,2f>9

637
197

4,964
672
872
865
4~2

622
768
540
173

29,011

10,791
674

2,621
731
680
:no

4.225
1,544

1,392
1,392

8,292
2,992

229
1,285

163
3,623

8,536
1,692
1,242

lArea ~asur.-eftts also include small watershedB, .treams, and land
areas that drain directly into Basin Lakes. Source: Great Lakes
Basin Framework Study. Appendi:r 13, Laud Use and Kanagement. Does
not include najor inland water.
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Table 1 (CoatlDued)

DRAINAGE AREA MEASUUMIRT (BYDIOLOGIC)

3. Manistee River (M1chlgm)
4. Traver.e Complex (Michlgm)
S. Seul Qlolx-GToscap Complex (Hichilm)
6. Manistique River (Michigan)
7. Bay De Noc Complex (MichiRan)
8. Escanaba River OUchlgan)

LAKE HURON BASIN

River Sasin Group 3.1
1. Les Cheneaux Complex (Michigan)
2. Cheboygan River (Michigan)
3. Presque Isle Complex (Michigan)
4. Thunder Bay River (Hichigan)
S. Au Sable and Alcona Complex (Michigan)
6. Rifle-Au Gres Complex (Michigan)

River Basin Group 3.2
1. Kawkawlin Complex (Mic.higan)
2. Saginaw River (Michigan)
3. Thumb Complex (Michigan)

LAKE ERIE BASIN

River Basin Group 4.1
1. Black River (Michigan)
2. S~. Clair Complex (Michigan)
3. Clinton River (Michigan)
4. Rouge Complex (Michigan)
5. Huron River (Michigan)
6. Swan Creek Complex (Michigan)
7. Raisin River

River Basin Group 4.2
L Ottawa River
2. HalJllee River
3. Toussaint-Portage Complex (Ohio)
4. Sandusky River (Ohio)
S. Huron-Vermilion Complex (Ohio)

River Basin Group 4.3
L Black-Rocky Complex (Ohio)
2. Cuyahoga River (Ohio)
3. Chagrin Cl1IIJllex (Oblo)
4. Grand River (Ohio)
S. Ashtabula-CDDDeaut Complex

13

AUA
1..000 Hectar.. 1,000 Acres

S20 1,284
683 1,689
142 352
375 926
310 765
237 586

4,192 10,358

2,108 5,208
364 901
409 1,010
145 358
327 808
576 1,422
287 709

2,084 5,150
100 248

1,617 3,995
367 907

5,559 13,735

1,347 3,328
180 446
155 383
203 501
189 468
220 ;43

7:+ 182
32(: 805

2,685 6,635
44 109

l,7l1 4,229
266 656
397 980
267 661

843 2,082
230 5ft8
234 578

77 189
212 525
90 222



Table 1 (CoDt1nuad)

DRAINAGE AREA MEASUREMENT (HYDROLOGIC)

LAKE ONTARIO RASIN

River Rasin Group 5.1
1. Niagara-Orleana Complex (New York)
2. Genesee River

River Basin Group 5.2
1. Wayne-Cayuga CCllIlplex (New York)
2. Oswego River (New York)
3. Salmon Complex (New York)

River Baain Group 4.4
1. Erie-Chautauqua Complex
2. Cattaraugus Creek (New York)
3. Tonawanda COlIplex (New York)

AREA
1,000 Hectares 1,000 Acres

684 1,690
169 418
144 355
371 917

4,577 11,309

911 2,250
269 664
642 1,586

1,766 4,363
177 437

1,316 3,252
273 674

1.900 4,696
521 1,289
126 311

430 l,Ob2

823 2,034

Multiply By
2.471Acres (ae)

ToTo Convert From
Hectares (ha)

River Basin Group 5.3
1. Black River (New York)
2. Perch Complex (New York)
J. Oswagatchie River (New York)
4. Grass-Raquette-St. Regis Complex (New York)

Table 1

DRAINAGE AREA MEASUREMENT (HYDROLOGIC)

1,000 Hectares 1 ,000 Hectar~s

STATE SUMKaUY

Illinois
Indiana
Michigan
Minnesota

16
944

15,030
1,591

Maw York
Ohio
Pennay1vania
Wisconsin

'5,146
3,027

156
4.558

CltEAT LADS TO'rAL

To Convert FrClll
Hectares (ha)

To
Acres (ac)

!!!!!ll~
2.471
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Correcting Loads to the River Hauth

Not all chemical stations and flow gaging stations are located at the
river mouth. In order to present a total river mouth load in these
situations, it was necessary to adjust flow and 90me concentrations to
account for the area below monitoring stations.

In order to adjust flow measurements to the river mouth, gape flow
was muJtiplied b:' the ratio of the total drainage area over the gaged
drainage area. For example, if a river drains a total area of 1,000 square
kilometers, but the farthest downstream flow gage is located 15 river
kilometers upst:ea~ from the mouth and accounts for only 900 square kilometers,
the gaged flow would be multiplied by 1,000/900 or 1.11 to provide a
corrected flow. All flows used in loading calculations in this report
were corrected in this matter, if not already reported as accounting for the
total watershed drainage area.

In most cases, chemical monitoring stations were located at or very
near the river mouth. Consequently, ~J concentration adjustments were made,
and it was assumed that concentrations at the mouth were the same as those
measured at the monitoring station. An exception to this procedure occurred
if the monitoring station were above a major impoundment. In these few
cases, the load was calculated at the s'3tion above the impoundment, and the
remaining area was considered to be unmunitored and treated in a manner
similar to those streams that have no chemical or flow information on them
(as will be discussed in a later section).

Loads determined by the U. S. Army ~~rpH of Engineers Lake Erie
Wastpwater Management S~udy (U. S. Army Corps of Engineers, 1975) were
us~d in determining Lake Erie tributary iaputs. These loads were not
corrected for the distance between the ~age and the lake. Consequently,
for this study the Corps river loaJs were extrapolated from the gage to the
river mouth using the area ratio approach for flow outlined above.

Method of Calculating Load~

Loadings calculated for this report, other than those to Lake Erie,
were done using the ratio estimator method, employing a computer program
developed specifically for applying the calculation method (Clark, 1976).
This method has been widely reviewed and is generally accepted by the Great
Lakes resealch and surveillance community as the preferred and, importantly,
standard method for calculating tributary loads. Table 2 illustrates a
sample calculation of load using the ratio estimator program.

The ratio estimator method calculatea an average daily load at the
river mouth adjusted to some extent for the variability of flow over an
annual cycle. For example, monitoring programs that employ monthly sampling
may misti high flow events. If a mean daily flow were calculated based on
the days sampled, an improper estimate of the total annual load would result.
However, if the mean daily load 1s adjusted by multiplying it by the ratio
of the mean daily flow for the year over the mean daily sample flow, some
of the bias can be reaoved from the calculated load. It is also deslra~le

15



T'.BLE 2

~ <AMPLE O· LOM» CALCULATION USING

THE RAT 10 gSTlKATOa PlIOGlWI

TRIB: FOX ~,\;~U(; MLCHIGA:1
WATER YEAR: 1975 r ....RAMLIER: TOTAL PHOSPHORUS

LOADINGS FL()W~ CONCENTRATIONS
kg/day ID3see .sf! IDg/liter

4III 39.8 1405.5 0.140
914 105.8 3736.3 0.100

1228 118.4 4181.3 0.120
562 50.0 1165.7 0.130
838 97.0 3425.5 0.100
795 liS.O 4061.2 0.080

1692 17fl.0 6286.0 v.110
15" 7 199.0 7J27.6 0.090
2955 111.0 6038.8 0.200
1854 58.0 2048.2 0.370

626 29.0 1024.1 O. :50
847 70.0 2472.0 0.140

MEAN SAMPLE FLC~ ~ 102.58 m3/see

MEAN Sfu~LE LOG '"' 1194.9 kg/day
MEAN ANNUAL FLOW • 118.393 m3/see or 4181 c f s

THE BIASED RATIO ESTIMATE'"' 13;9.1 kg/day
APPROX. UNBIASED RATIO EST. '"' }3(-9.0 kg/day
CORRECTION FOR BIAS OF EST. '"' -10.0 kg/day

RATIO OF MEAN ANNUAL FLOW TO ~lliAN SAMPLE FLOW IS 1.15
BASED ON VALUES OF 118.39 and 102.58 m3/see, RESPECTIVELY

EST. MEAN DAILY LOADINC IS THEREFORE 1369.0 kg/day

EST. MEAN EFFOR OF THIS EST. IS 168.5 kg
EST. LOADING rOF YEAR'"' 499698 kg, or 499.7 METRIC TONS
EST. MEAN ERROR FUR THIS TOTAL'"' 61520 kg or 61.5 METRIC TONS
EST. ARE BASED ON 11 DEGREES OF FREEDOM
SUH-OF-SQUARES-ERROR· 140906 (kg/d)**2 or 45417 (t/ye~r)**2

ARE THE DATA CORRECT FOR ENTRY TO THE FILE
1
FOX MIeR 1 499.7 3784.8 12
DATA HAS BEEN ENTERED.
EXECUTION TERMINATED

16
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ro provide an error statement associated with the calculations ba'!led on th"
variability of the data, such as a Bean square error term. The ratio
]3tt.ator method provides such an error estimate.

The following equations summarize how the ratio estimator, as well 8!

how the mean square error tera, is calculated.

The ratio estimator, 'u, is defined in International Joint Commission
(1976) as

III

'~y - lIx • ;!-
x

where

Jl + ~ • !;-)_
[1 + ~ ~:x]

lIx - mean daily flow for the water year

III - mean daily loading for the days concentrationa
y were determined

m - mean daily flow for the day. concentrationa
x were determined

n • number of days concee ~rl.tions were determined

Sxy

n

L
1-1

n-1

• m -111
y X

and the Xi and ~i are the individual measured flow and

calc~lated loading, respectively. for earh day co~entration8

were determined.

17



The mean-square-error of this estimator may be estimated to terms
of the order n- 2

• assuming the population aize Is very large by.

-[~ S 2 S 2 S
E {CO - \.Iy> 2 } 11 2

( II
X 2 +~ _ 2 ..!I....

y 11'.
X Y X Y

S 2 S 2 S+ I _
[ X) 2 X 2L.2 -(=-r -4=-r;r 11 .. ••X X X Y

+ (!;-r
s 2

~] ]+ x
;-z-

x y x

Where S 2 Is calculated analagously to S 2.
Y X

For a further exoLana t Lon 0f the ratio es t tm.•tor used. see Menominee
River Pilot Watershed Study (1977).

If the mean annual daily flow is not known, LoarLnga are estimated
using the sample mean of the calculated daily loadin~s. Also, in some
cases the sampling program was designed to collect data during high flow
events. For situations such as this, the data were divided into two or
three flow strata and a separate load and error were calculated for each
strata. Table 3 illustrates the use of the ratio estin'<ltor program
using two strata.

All loads and the mean square error terms derived from the ratio
estimator approach are presented in Appendix A. It is important to note
that ern,r statements generated by this procedure do not necesaar I Iv
reflect the accuracy of the calculated load. This point will be discussed
in detail in a later section.

In order to av~id duplicating work, some loading estimates were not
calculated from concentration and fl~~ data, but were obtained directly
from other reports. U. S. Army Corps of Engineer6 have developed a flow
interval calculation method for use in the Lake Erie Wastewater Management
Study. This appro3ch is analagous to the ratio estimator method in that
it uses additional flow information for the year to weight the loads. It
also provides an error statemP.nt. In our report all Lake Erie mean annual
loads were obtained directly from the Lake Erie Wastewater Management Study,
and no attempt was made to recalculate loads using the ratio estimator
approach.



TABLE 3

EXAMPLE OF RATIO ES1IMA't'llR RIVER !l)UTH

LOAD CALCULATION USINC STh\U

TRIB: BAD RIVER BASIN: SUPERIOR
WAtER YEAR: 1975 PARAMETER: SUSPENDED SOLIDS

S1RA'j'UM 1 UPPER FLOW CUTOFF • 1000.0000 I DAYS: 342

LOADINGS FLOWS CONCENTRATIONS
kg/day m3/se-c--cfs mg/liter

2334 9.0 318.0 3.000
1620 9.4 331.0 2.000

1003£> 8.3 293.0 14.000
13486 12.0 424.0 13.000

3190 9.2 326.0 4.000
4392 10.2 35'1.0 5.000

31928 14.8 522.0 25.000
24363 21. 7 766.;> 13.000
47209 22.8 804.0 24.000
14009 11.6 409.0 14.000

8573 8.3 292.0 12.000
11470 8.3 293.0 16.000

5926 4.9 173.0 14.000
6275 4.8 171.0 15.000
6068 4.4 155.0 16.000

11528 4.3 !."i2.0 31.000
2496 5.8 204.0 5.000
6028 10.0 352.0 7.000

14004 18.0 636.0 9.000
4587 10.6 375.0 5.000

11377 13.2 465.0 10.000
17136 11. 7 ~12.0 17.000

7724 12.8 451.0 7.000
24275 12.8 451.0 22.000

4551 3.5 124.0 15.000
9214 7.6 269.0 14.000
4541 3.3 116.0 16.000

MEAN SAMPLE FLOW - 10.11 m3/sec

MEAN SAMPLE LOG • 11419.9 kg/day
MEAN STRATL~ FLOW • 15.631 m3/sec or 552 cfs

THE BIASED RATIO E~TJMATE • 17650.3 kg/day
APPROX. UNBIASED RATIO EST•• J 7707.8 kg/day
CORRECfION FOR BUS OF EST. • 57. 5 kg/day

RATIO OF MEAN ST~TUM FLOW TO MEAN SAMPLE FLOW IS 1. 55
BASED ON VALUES OF 15.63 and 10.11 a3/sec, respectively

EST. MEAN STRATUM LOADING IS THEREFORE 17707. B kg

10
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TABLE 3 CONTINUED.•.

EST. MEAN ERROR OF THIS EST. IS 1368.2 kg
EST. ARE BASED ON 26 DEGREES OF FREEDO"t.
SUH-OF-SQUARES-ERROR· 50544992. (kg/d)**2 or 6733851. (t/year)**2

TRIB: BAD RIVER BASIN: SUPERIOR
WATER YEAR: 1975 PARAHFTER: SUSPENDED SOLIDS

STRATUM 2 'DAYS: 2 j

LOADINGS FLOWS CONCENTRATIONS
kg/day m3/see-- efs mg/liter

199:10 , 67.8 2396.0 34.000
5399CJP4 173.1 6113.0 361. 000
83453' , 173.1 6113.0 558.000

1824,,6 48.0 1695.0 44.000
740314 66.9 2364.0 128.000
140140 101.4 3580.0 16.000

6597989 178.4 6301. 0 428.000
2756731 185.5 6551.0 172.000

10959018 332.0 11726.0 382.000
127144 46.0 1624.0 32.000

MEAN SAMPLE FLOW· 137.23 m3/sec

MEAN SAMPLE LDG = 3544755.0 kg/day
MEAN STRATUM FLOW = 156.366 m3/sec or 5522 c f s

THE BIASED RATIO ESTIMATE· 4038986.0 kg/day
APPROX. UNBIASED RATIO EST.• 4134327.0 kg/day
CORRECTION FOR BIAS OF EST. - 95341.0 kg/day

RATIO OF MEAN STRATUM FLOW TO MEAN SAMPLE FLOW IS 1.14
BASED ON VALUES OF 156.37 and 137.23 m3/sec. RESPECTIVELY

EST. MEAN STRATUM LOADING IS THEREFORE 4134~27.0 kg

RBG: 1

EST MEAN ERROR OF THIS EST IS 698087.4 kg
EST. ARE BASED ON 9 DEGREES OF FREEDOM.
SUM-OF-SQUARES-ERROR • 4873259057152 (kg/d)**2 or 649239461888. (t/year)**2

SUHHARY FOR THE BAD RIVER
OVER 2 STRATA:

EST. MEAN DAILY LOADING IS THEREFORE 277111.1 kg/day

EST. MEAN ERROR OF THIS EST. IS 44007.7 kg
EST. LOADING FOR YEAR - 101145552 kg, or 101145.5 METRIC TONS
EST. MEAN ERROR FOR THIS TOTAL - 16062825 kg. or 16062.8 METRIC TONS

EST ARE BASED ON 9.02 EFFECTIVE DEGREES OF F
ARE THE DATA COlRECT FOR ENTRY TO THE FILE??
1
BAD RIVER SUPE 1 101145.5 258014192.0 10
DATA HAS BEEN ENTERED.
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The Upper Lakes Reference G':"'tlp (ULRG) also calculated mean daily
river loada (Upper Lakes Reference Group. 1976) for Lake Superior and
Huron tributaries. Their sampling program was monthly with extra samples
taken in the spring. To calculate a mean daily load. a load for each day
tbat s.-ples were taken was generated and then averaged. This procedure
is shown mathematically below:

n
E QiXCi

i-I
n

L - mean daily river load

Qi - river flow for any g~ven day i

Ci - concentration for day i

n • total number of days sampled

At first it was thought that these loads could be used directly in this
report. However, a significant difficulty was obserVed with this
calculation technique in that it is strongly biased toward the springt~me

(and generally high flow events) sampling. For e~ample, if 16 samples
were taken over the year, one in each month except for the month of April
where five samples were taken, the mean daily load calculated from these
data would be biased toward the April samples. If the April data were
obtained during high flows (and higher concentrations for some parameters),
the annual load for some parameters could have been over-estimated.
Because of this problem, mean annual loads reported by ULRG were not used
in this report ex,ept where no mean annual daily flow data were available
for recalculation of the loads using the ratio estimator method. In many
cases significant differences were observed between the mean annual load
calculated by the ratio estimator method and the ULRG method. despite the
fact the same data were used.

In calculating river mouth l~ads, an understanding of the influence
of high flow events is crucial. For example. for tributaries draining
into parts of Lake Erie it is clear that high flow events have a major
t.pact on the total load of sediment and c~rtain chemical substance~.

However, the relationship between. flow and concentration varies widely
over the U. S. Great Lake. Basin. The importance of high flow events will
be discussed in a later 8~tion. but it should be noted here that all
data. including high flow event data that were available. were used 1n
caleulating river mouth loads.
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POINT SOURCE LOADS

In order to determine the relativ~ importanc~ of non-point or diffuse
sources to the total river mouth load, munIcipal and industrial discharges
which potentially contribute to river mouth loadings have been determined.
The difference between total load and point source inputs delivered to the
river mouth provides an estirAte of non-point or diffuse load to the Great
Lakes from a tributary.

Data Sources

Point source dischargers within the U. S. Great Lakes Basin were
identified from a number of di~ferent sources. Summaries or computerized
files of point source information were consulted whenever possible. A
brief description of the major sources of information used is discussed
below:

National Pollution Discharge Eltmi~ation System

(NPDES) - Thiu system was the ba3is for much of the in:ormation used
in this report. The U. S. Environmental Protection Agency (EPA)

maintains this file. Region V of U. S. EPA supplied most of
the information which was in turn collected and supplied to EPA
from the Great Lakes States.

Internationa1. .Toint Commission

The 1':175 and 197& Water Qualit:' Board reports provided information
on phosphorus discharges for municipal plants with discharges
greater than one million gallons per day. Appendices Band C
of the Water Quality Board reports (the Survei:lance Subcommittee
and the Remedial Programs Subcaamittee Reports) alae provided
information, particularly with regard to municipal and industrial
discharges in defined problem areas. Industrial point 30urce
information compiled for the Upper Lakes Reference Grou~, which
was for the most part derive<1 from NPDES penait inforntat:'on.
formed the basis of industrial point ROUlce infonaation for
Lakes Huron and Superior. Other iaformacion coeipf.Led by the
IJC Great Lakes Regi~nal Office. such as a computeri?ed list of
municipal facilities with design flow and type of tre~tment,

was also used to supplement this informa~ion.

New York.

The New York Department of Environmental Conservation supplied
most of the New York State point source information through a
computer printout irom the State's Pollution Discharge
Elimination System. The Department of Environmental Conservation's
"Water Quality Management Plan f cr the St. Lawrence Basin" (1975)
and "lot. Lawrence River Basin Plin for Pollution Abatement" (1971)
also were used. particularly fOl noint sources affecting the
international section of the St. La~~ence.

22



WiscODsin

The Wisconsin Departlllent of Natural Resources' "Water Quality
Management Basin Plan for the Rivers of the Northwest Shore of
Lake Michigan" (1975) provided location of \lOst point sources
in the area as well as limited discharge infonaation for municipal
plants. "Southeast Wisconsin River Basins - A Drainage Basin
Report" (Southeast Wisconsin Regional Planning Commission. 1976)
pr~vided poinL source information on the south2rn part of the
state. The "Hanitovoc River Basin Report" (Wiscousin Department
of Natural Resources. 1977) was used to obtain information on the
~.anitowoc River Basin. The SouthE:ast Wisconnin Regional Basin
Commission kindly provided preliminary information on municipal
and industrial point sources identified in their area. Finally.
while some NPDLS summaries of Wisconsin were used. complete
and extensive computerized NPDES list of point source dischargers
provided by the state was receive~ too late to be reviewed in
detail for this report. However. preltminary examination
indicated that most of the point sources were accounted for
through otner sources of information.

Michigan

A listing of industrial and municipal point source discharges
was obtained from lhe Michigan Department of Natural Resources.
Available DNR files in Lansing were also surveyed to obtain
additional details ou point source inputs. Information on point
sources was also partially derived from the East Central Michigan
Planning and Development Region (Chester Engineers. 19/7).

Lake Erie Wastewater Management Study

The Lake Erie Wastewater Management Study (U. S. Army Corps of
Engineers. 1975) ;.rovided a large amount of information on point
source discharges to Lake Erie. Information available included
a detailed listing of non-industrial point source loads. N~

data were available on industrial inputs to the Lake Erie B~8in

except for information provided by the New York Department of
EnvirOlUllen~lll Conservation.

u. S. EPA Special Reports

Special reports. particularly the Water Pollution Invp.stigation
Series (Sargent. 1975; Patter~on et a1., 1975) were used to
gain suppleaental point source information.
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lr. compiling point source information, NPDES records and IJC information
(supplied basically by the states) were t~e primary information sources
used. Other information was used to supplement this data. In some cases,
a combination of information sources was used to obtain the required
information (for example, the receiving water of the discharger may have
been obtained from one source and the load of certain parameters from
another).

Location of Point Sources

A great deal of effoTL was expended in locating where a point sourL~

enters a tributary to the Great Lakes. Obviously, many physio-chemical
and biological factors may affect tne delivery of point source discharges
to the river mouth of a tributary. Consequently, all point source inputs
to a Great Lakes tributary were classified as an "upstream" or "downstream"
source. The cut-oif between upstream and downstream was arbitrarily
chosen as approxtm,.tely 50 river kilometers upstream from the river mouth
or at the outlet of ~n impoundment or lake-like widening of the river
where such occurs within 50 river kilometers of the mouth. Grouping data
into these upstream and downstream categories permits calculations of
different point source deliveries to the river mouth when different
delivery or transmission ratios are known or assume~.

Base Years

As discussed previously, water years 1975 and 1976 were chosen as
base years for loading calculations. Consequently, poi'lt source annual
loads for these periods were also sought.

In many instances, point source discharges were not available for all
parameters for both base years. When an annual load was available for only
one year, that load was assumed to apply to the ether year. If data were
not available for either year in question, but were presented for another
year previous to 1975, then the most recent data were used to calculate
an annual pollutant discharge, on the assumption that these data are
typical of the two base years. If known upgrading of the point source
wastewater treatment facility had occurred between the year of available
data and the base year, such as of~en occurred in the case of phosphorus
removal at municipal treatment plants. non-base year data were not used
and a load estimated as described below.

Sage point source annual loads are reported according to the calendar
year instead of the water year. However, since annual loads are often
determined frem a few samples per year (or even less), no attempt was made
to adjust annual point source inputs to the water year. Any annual
disc~arges reported or calculated for the calendar year were assumed to
apply to the water year (if loads for the water year were not available).
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Estimation of Point Source Loads

Point source loads were estimated for both municipal and industrial
dischargers. Because of the differences in available data, municipal
loads were determined somewhat differently than industrial loads.

Municipal Point Slurces. For each municipal discharger identified
(over 800), infor~ation was collected on the name of the discharger, the
receiving tributary, the water year in which the data were collected, the
data source, ~he load for that year for available parameters of interest,
whether the source was discharged into an upstream or downstream s~gment,

th~ effluent flow per day. aad the plant's location in relation to the
river mouth water quality sampling station. In terms of loading information,
data on phosphorus and suspended solids were most often found. Actual
loading figures for the other five parameters considered in this study
were often not readily available from the various data sources.

In cases where phosphorus and suspended solids data were not available
for loading calculation work, an average phosphorus concentration obtained
from an analysis of those municipal plants with existing loading information
was multiplied by the known flow to obtain a load. Actual flow data, or in
some cases design flow, was found for all municipal discha-gers identified
as a contributor. In a few of the more obscure plants, where only a load
was found, the flow was back-calculated using average concentrations as
described below.

In determining an "average" phosphorus and suspended solids concentration,
known municipal concentration uata were grouped according to treatment type
as shown in Table 4. The combined average of primary and secondary
treatment plants and the average of tertiary plants given in Table 4
were used in estimating loads for primary and secondary plants and for
tertiary plants, respectively, for which concentration information was
nor available.

In gathering information for Table 4, it was noticed that several
plants that were listed as haVing tertiary treatment (phosphorus removal)
had relatively high phosphorus concentrations in their effluents. While
these concentrations or the actual treatment were suspect. they were still
used for calculating an average concentration. Consequently, the average
effluent phosphorus concentration frO£ tertiary plants (1.3 mgll p)
could be slightly high.

Table 4 also shows the average phosphorus concentration for those
plants that have a flow of between 0.1 mgd and 1 mgd. The average
concentration obtained for these small plants compares very closely with
the average concentration calculated for primary treatm~nt plants. This
indicates that while the small plants may be insignificant as far a~ total
flow is concerned because of their higher concentration, they may indeed
provide a sigaificant phosphorus load.
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TABLE 4

MEAN EFF". Elr~ t:UfCi;;~lTRATlONS FOR GREAT LAKES
lnJNICIPAL TRrATMENT PLANTS

(Plants genel'ally 1 mgd Jr greater except as noted)

Number of
Paral.leter mgll. Plants Standard Deviation

P lO".;horus (as P) 5.5 9 1.8.. 3.9 51 2.2

" 4.1 66 2.2

II 1.3 94 0.1
5.2 12 3.4

S isper.ued Solids 59.3 1 26.9
II 31.6 30 20.1

II 36.8 37 24.2
II 24.8 63 16.1

TYpe of Treatment

Primary
Secondary
Primary +

Secondary
Tertiary

~P removal) 1
Small Plants

Primary
Secondar-y
Prilllary +

Secondary
Tertiary
All Plants

(Primary +
Seconary +
Tertiary) II 29.2 100 20.5

1
12 plants considered with flow between 0.1 and 1.0 mgd. Data from Lake
Erie Wastewater Management Study (Preliminary Feasibility Report.
Volume 11. Appendix A, 1915)

Only very limited information was available on the parameters of
interest other than phosphorus and suspended solids. To estimate point
source loadings for these other parameters. average effluent concentrations
determined by the U. S. Army Corps of Engineers Lake Erie Wastewater
Managelaent Study. as shown in Tahle 5. were used as representative
concentrations for all Great Lakes municipal point sources. Note that
soluble ortho phosphorus concentrations were estimated to be fifty percent
of the total phosphorus concentration reported or derived from Table 4.
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TABLE 5

KUNICIPAL PLANT EFFLUENT CONCENTRATIONS 1

Soluble Ortho Phosphorus (ss P)

Nitrate (Nitrite) Nitrogen

Ammonia Nitrogen

Organic Nitrogen

Chloride

0.5 x Total Phosphorus Concentration

6.6 mg/l.

7.9 mgll.

2.33 mgll

160 mgt!

1
Provided by U. S. Army Corps of Engineers Lake Erie Wastewater
Management Study (1975)

Only thOSe municipal plants that had a continuous discharge were
considered as a pollutant point source. Further, facilities with a
discharge less than 0.1 mgd were not considered. Any plants that
discharged to cl lagoon or that discharged very infrequently were not
considered when calculating total point source loads. It was felt that
there was no accurate way to aSSess the annual pollutant impact of a
lagoon, which may discharge only one or two times a year. Lagoon treatment
systems were identified and located, however, so information is available
on lagoons for further analysis oeyond this report.

Industrial Point Source~. Of the 700 industrial point sources
identified as possible con t rdbutors of the pollutants under consideration,
loads were detemined for about 200 dischargers. These dischargers were
thought to represent MOSt of the major industrial point sources contributing
to U. S. streams draining into the Great Lakes. Industries identified
but for which no loads were estimated, had no or insufficient data
available on the pollutants of concern to perait estimating an annual
load. A special effo:t was made, however, to include all dischargers
that .ight be signifi:ant, particularly in terms of dischargers of
phosphorus and suspenJed solids. For industrial dischargers it was not
possible to estllDate the output of all seven pollutants considered, but
if annual outputs of some parameters were available or computable, they
were u8ed.
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In a few cases special assumptions were made with regard to point
sources that are worth mentioning. Point source contributions to the
Indiana Harbor Canal and Burns Ditch, although located in a major urban
area on the south shore of Lake Michigan, were not considered ~s part of
the tributary load. Due to the unusual hydrology involved, these waters
were considered direct dischargers (direct dischargers will be compiled
in Subactivity 3-4 of U. S. Task D). In the Lake Ontario watershed, the
New York Barge Canal intersects (through a lock system) with the Genesee
and Oswego Rivers. Point source inputs to the canal were thus assigned
either to the Genesee or Oswego River. Point sources ent.eri~ the
Barge Canal east of the Genesee were assigne1 to the Oswego. Otherwise,
the point sources were considered to contribute to the Genesee system.
Also, since Tonawanda Creek (located in the western part of the Lake
Ontario basin) flows into the Niagara River (ultimately) about fifty
percent of the year and into the Barge Canal the rest of the year, half
of the annual point source load was assigned to Tonawanda Creek and half
to the Genesee River.

Any point source that was found below the river mouth water quality
station was considered to be a direct discharge to the lake and was not
inclUded in the total rive~ mouth load. These direct sources, along with
other point sources discharging directly to a lake rather than to a
tributary, were not included in the river mouth or diffuse loading
calculations as they do noc influence tributary water quality within the
monitored areas.

DIFFUSE LOADS

For the purposes of this report, diffuse loads were considered to be
that portion of the total tributary load not attributable to a point source.
Examples of diffuse pollutant sources are agricultural runoff, highway
deicing activities, sheet and gully ~roslon and streambank erosion.
Another source included in the diffuse category is base flow or groundwater
input to streams, which for some tributaries and parameters, contributes
a large fraction of the total d;f(use load.

Two methods of calculating diffuse loads were utilized. One method
was applicable to river basins for which river mouth monitoring data
(i. e •• field data) were available. The second, more indirect method,
was used to estimate diffuse loads from areas where no river mouth
monitoring data were found. The following section explains these two methods.

Monitored Areas

Diffuse loads from monitored areas were calculated by subtracting
point source inputs from the total river mouth loads. However, since all
point sources discharged may not actually reach th~ Great Lakes, subtracting
all point source inputs from the total tributary load, regardless of
where they entered the tributary system (far upstream or near the mouth),
_y result in an underestimation of the diffuse or non-point source J.oad.
Since the actual ratio of point source inputs contributed to a tributary
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to that delivered to the river mouth is unknown. the point source data
were aisregated in such 9 way that permits v~ryins assumptions on point
source transmission.

For the purposes of this report. two tra~smission assumptions were
.ad~ and used to calculate point source loads delivered to the river mouth.
The first assuaption was si.ply that all relevant point source pollutants
discharged into watershed reached the river mouth. The second assumption
was that only fifty percent of the upstream sources but all of the
downstr,,'am sources reached the river lIIOuth (the definition of upstream and
downstream, ourcea wall presente!! earlier). COIIIparison of the diffuse
loads calculated with these two scenarios provirl, insight into how
poi~t source transmission may affect the distribution of point and
no~-point contr:butions to the total tributary load. While only two point
source transrr~sion scenarios have been calculated for this report. the
method~logy waE designed to permit the effect of other assumptions of
point source transmissions on the diffuse/point source load ratio to be
readily calculated.

Unmonitored~

Unmonitored areas were those hydrologic areas and tlldividual
tributaries which were insufficiently monitored so as to prevent a loading
calculation using the ratio estimator method. In order to estimate a load
from these areas, an annual diffuse unit area load (kg/ha/year) from a
monitored area with similar basin characteristics was multiplied by the
watershed area to provide an annual loading.

Unit area loads for monitored areas were calculated by dividing the
diffuse load (total load minus point source load) by the area of drainage.
Because of the two different point source transmission scenarios used,
two different unit area loads were calculated for each monitored area.
Consequently, two different estimates of loads for unmonito~ed areas were
generally calculated for each water year.

In applying a diffuse unit area load factor fro~ a monitored area
to an unmonitored area. care was taken to be sure the unit area load applied
was a reasonable representation of actual conditions. For example. the
comparability of watersheds with respect to soil texture. soil erodibility.
surficial geology. and runoff characteristics we~e considered in the
application of diffuse unit area annual loads to unmonitored areas. In
addition. an attempt was made to consider the effects of geographic
variations in rainf~ll, atmospheric inputs, and land use practices.
Whenever feasible, adjacent or nearly adjacent areas with calculated
diffuse unit area ~0ad8 were used to estimate unmonitored diffuse loads.

Once a diffuse load was calculateJ for an unmonitored area.
tdentified point ~~~~ce inputs were added to give a total load for a given
year. Two different total loads were thus calculated for each water year,
one assuming 100 per(;eut delivery of point source inputs to the river
80uth and the other assuming delivery of 50 percent of upstream point
source inputs and 100 percent of the downstream point source inputs.
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In most cases lnmo,itoren arQaB had few 1f any point sources in their
watersheds.
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RES U L T S

Tables 6 and 7 present tributary and land runoff loading information
for the entire U. S. Great Lakes drainage basin. Table ~ gives
information on by Lake and total U. S. Great Lakes Basin, while Table 7
gives information on an individual hydrologic area and river basin group
basis. All values presepted in these tables are based upon analysis of
point and non-point inputs t~ individual rivers draining in the U. S.
Baa1n. ':'be numbers for the hydrologic areas have been rounded t,) two
significant figures. The river basin group totals, lake totals, and U. S.
Great Lakes Basin totals are ~ummations of the hydrologic area numbers.

Data are presented for seven parameters for both 1975 and 1976,
except for Lake r.rie. for which 1976 data are not yet available. The
"Total Load" column represents the total diffuse and point source load
coming i~to the Lakes from the tributaries within a given area. The
"Monitored Load" column gives that porr Lor. of the tota I load that was
calculated from existing flow and concentration field data on individual
tributaries within a particular area. An estimated load was also made
for the unmo:'.itored areas based on a vest judgement application on unit
area loads to unmonitored areas. The estimated unmonitored load plus
the IIIOn1 tored Load e luals the total load. The "Pet-cent; Diffuse" column
represent" that p< rtion of the total load which is non-po tnt or from
diffuse sources C ic Ludas base flow. see page 100). TIlis value i& obtained by
subtracting all blown point source lnads contributing to the drea in
question. It was assumed that 100 percent of all point source inputs
within a 6iven basin are deliv~red to the Lake In calculating this
diffuse l~ad (point source loads assuming a 50 percent delivery of upstream
seurcet. have also been calculated but are not presented her!'). The
"Unit ArelJ" colUlllC. presents the total (monitored plus umDOnltored area)
diffuse unit area load. This value was obtained by dividing the total
diffuse load by the given area.

Values presented in the U. S. Gre~L Lake~ Tributary Loading Summary
table for total load and monitored load aTe summations of the river basin
group inforaation. The percent diffuse and unit area loads are calculated
for each Lake based on the diffuse load and the diffuse load divided
by the drainage area of the given ;.ake. respectively. All values
presented in these cables are base·] upon the best aVailable data for both
river 80uth and point source loadi~g information.
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Table (;,

U.S. GPEAT LAKES

TRIBUTARY LOADINGS

Lake Total Phosphorus 1975 Total Phosphorus 1976

Total l
Monitorcd2

%3
UnU 4 Tota11 Monltored

2
%3

Dif- Dif- Unit
Number Name Load Load fuse Area Load Load fuse Area

1 Lake Superior 1,3M 999 90 .28 964 464 86 .:7.0
2 Lake Michigan 3,190 2,772 55 .15 3,596 3,062 63 .19
3 Lake Huron 1,720 1,472 66 .27 1,954 1,563 83 .40
4 Lake Erie 8,639 6,899 81 1.3 NA NA NA NA
5 Lake Ontario 1,966 1,424 51 .23 ....hill 2,580 72 .56

TOTAL 16,904 13,566 71 .40 - - - -
Lake Soluble Ortha Phosphorus 1975 Soluble Ortho Phosphorus 1976

1 Lake Supa r Ior 464 133 58 .09 361 86 86 .07
2 Lake Hie-higsn 1,224 1,055 56 .06 1,153 933 55 .05
3 Lake Hurcu 45f> 365 45 .05 843 663 83 .17
4 Lake Erie· 2,070 1,320 62 .23 NA NA NA NA
5 Lake Ontario 522 ~ 45 .05 549 416 32 -:.2i

TOTAL* 4,736 3,247 60 .10 - - - -
Lake Suspended Solids 1975 Susp~p.ded Solids 1976--

I Lake Superior 1,380,500 1,011,200 96 300 720,800 447,030 93 150
2 Lake ~ichigan 608,800 455,700 93 49 742,400 602,100 95 57
3 Lake Huron 467,300 256,300 98 110 765,100 424,100 99 180
4 Lake Erie· 6,054,900 3,822,000 99 1,100 NA NA NA NA
5 Lake Ontario 1,054,000 779,000 95 220 1;;45,000 1,316,000. 96 330

TOTAL* 9,565,500 6,324,200 98 :nO - - - -

rotal load from Hydrologic Area (metrIc tons/yr)

PortIon of total load that was monitored (metric ton8/yr)

1976 Lake Erie data not available (NA)

3percent of total load from diffuse sources (nonpoint)
4
Total diffuse unit ar~a load (kg/hectare/yr or

10-1 metric tons/km Ivr)



Table 6

U.S. GREAT LAKES

TRIBUTARY LOADINGS

Lake Total Nitrogen 19:') Total Nitrogen 1976

Total1 Honitored2
X"

Unit4 Tota1 1 Monitored2
X.)

Dif- Dif- tmh
N'.IIIher Name Load Load fuse Area Load Load fuse Area

1 Lake Superior 13,530 9,830 96 2.9 10,900 4,440 94 2.3
2 Lake Michigan 4 i ,410 39,940 79 3.2 54,530 44,930 82 3.6
3 Lake Huron 29,130 23,772 88 6.4 27,470 20,130 86 5.9
4 Lake Erie'" 111,670 79,550 92 19. NA NA NA NA
5 Lake Ontario 24,970 19,220 66 3.6 35,260 26,300 76 ~•TOTAL 226,710 172,292 85 6.4 - - - -

Lake Nitrate (Nitrite) N 1975 Nitrate (Nitrite) N 1976

1 Lake Superior 3,118 2,381 94 .66 2,145 830 en .44
2 Lake Michigan 20,050 16,950 81 1.4 22,697 18,717 84 1.6
3 Lake Huron 18,250 14,873 94 4.1 15,011 10,154 93 3.4
4 Lake Erie· 85,918 63,650 96 15. NA NA NA 1IA
5 Lake Ontario 13,500 10,210 82 2.4 17,920 13,160 86 H-

* - --TOTAL 140 836 108 064 92 4.3 - - - -
Lake AlIIIOOnia N 1975 AD.monla N 19:'6

1 Lake Superior 1,565 1,061 87 .31 B95 443 75 .15
2 Lake Michigan 5 ~61 4,761 49 .24 5,160 4,321 33 .IS
3 Lake Huron 2,423 2,236 32 .19 1,740 1,517 25 .10
4 Lake Erie· 6,236 3,551 40 .82 ~A NA NA NA
5 Lake Ontario 3,419 -.b1.5..Q 35 ~ 3,844 2,826 26 --:l!

TOTAL* 19,604 13,959 44 .28 - ~ - -

Total load froa Hydrologic Area (.etric tons/yr)

Portion of total load that vaa monitored (metric tons/yr)

1976 Lake Eri~ data not available (NA)

3Percent of total load fro. dlffU8e sources (nonpolnr)
4
Total diffuse unit ar!a load (kg/bectarefyr or

10-1 .etric tonB/k. /yr)



Table 6

u. S. GREAT LAKES

TRIBUTARY LOADINGS

Lake ChlOride 1975 Chloride 1976

Total1 Honitored2
%3

Un1t4 Totai l r-lDn1tored2
%3

Unit
4

Number Name Dif- Dif-
Load Load fuse Area Load Load fuse Area

1 Lake Superior 92.-,680 50,520 61 13 81,600 26,680 55 10
, 2 Lake Michigan 775,500 636,960 65 43 711,600 563,650 72 42

3 Lake Huron 377,400 351,290 66 60 422,100 359,030 70 74
4 take Erie· 855,600 577,800 90 oi NA NA NA NA
5 Lake Ontario 11 199.900 1,149,200 52 140 1 607 800 1,553,300 64 220

*Total 3,301,080 2,765,770 66 74 - - - -

ITotal load from HydroloBic Area (metric tona/yr)
2Portion of total load that was monitored 'ue~ric tODs/yr)
•1976 Lake Erie dat3 not available (HA)

3Percent of total load fro. diffuse sources (ooQPotnt)
4Total diffuse unit area load (kg/heetare/yr or

10-1 metric tons/k.2/ yr )



Table 7

HYDROLOGIC AREA LOADS

LAKE SUPERIOR

--
Hydrologic Area Total Phosphoru3 19i'5 Total Phosphorus 1976

Total l
Honitorel

%3
Unlt 4 Total l Konitored2

%3
Unit

4
Dif- Dif-

Hullber N_ Load Load fuse Area Load Load fuse Area

1.1.1 Superior Slope Complex 180 140 100 .30 180 0 100 .30
1.1.2 Saint Louis River 260 260 67 .18 120 120 58 .08
1.1.3 Apostle Island Complex 420 140 100 .80 280 95 100 .54
1.1.4 Bad liver 160 160 100 .60 52 52 100 .20
1.1.5 Montreal River Complex -.n. R _~J J1. -lL .is. ..ll. .ao.

River Basin Group 1.1 Total 1,053 727 91 .39 654 286 91 .25

1.2.1 Porcupine Mountains Complex 26 20 79 .07 28 0 80 .08
1.2.2 Ontonagon River 160 160 100 .45 100 100 99 .28
1. 2. 3 Keweenaw Peninsula Complex 22 0 97 .06 22 0 97 .06
1.2.4 Sturgeon River 19 19 100 .10 39 39 100 .21
1. 2.5 Huron Hountain Complex 46 38 28 .05 51 0 25 .05
1. 2.6 Grand Harala Complex 31 12 100 .10 31 0 100 .10
1. 2.7 Tahquamenon River 13 13 64 .04 20 20 77 .07
1. 2.8 Sault Colllplex -.!.2.. ...ill 100 =.1L J.2... .n, ...lQQ.. .1L

liver Basin Group 1.2 Total 336 272 87 .14 310 178 77 .1'3

1Total load from Hydrologic Area (metric tons/yr)
2Portlon of total load that was monitored (metric tons/yr)

3Percent of total load from diffuse sources (nonpoint)
4Total diffuse unit area load (kg/heetaTe/YT or

10-1 metric tona/k.2/ yr )



Table 7

HYDROLOGIC AREA LOADS

LAKE MICHIGAN

Hydrololic Area Total Phosphorus 1975 Total Pho~phoru8 1976

Total1
%3

Unit
4 Total1 2

~3

Unu42
Dif-Monitored Dif- Monitored

HUlllJer Hallie Load Load fuse Area Load . Load fuse Area

2.1.1 Henoainee Coeplex 11 5 100 .0.. 35 15 100 .13
2.1. 2 Ilenoll1:lee IUver 87 B7 83 .05 73 73 66 .05
2.1. 3 Peshtigo River 59 59 100 .20 39 39 100 .13
2.1.4 Oconto River 51 51 99 .19 57 57 98 .22
2.1.5 Suaaico C01llpiex 44 16 100 .35 92 32 100 .73
2.1.6 Fox Rlver 500 500 24 .07 520 520 31 .09
2.1.7 G~eeD Bay eo.plex 220 150 52 .32 200 120 83 .26

River Basin Group 2.1 Total 972 868 -56 -:IT 1.016 856 """"59 :T4
-

2.2.1 Chicago-Milwaukee Collp1ex· 300 160 81 .42 470 300 85 .73
-

2.3.1 Saint Joseph IUver 450 450 450 44 .16 490 490 55 .23
Z. 3. Z Black River (S. Baven) Coep1ex 14 a 100 .15 18 0 100 .19
2.3.3 bl.uzoo IUver 230 230 :)4 .15 230 230 35 .15
2.3.4 Black Rner (Ott_a Co.) Comp. 78 0 16 .19 81 0 ), .23
Z. 3. 5 Grand River 760 760 ~ .24 860 840 55 .31

liver Basin Group 2.3 Total 1,532 1,440 42 -:l9 1,659 1,560 51 :is

2.4.1 Muskegon River 81 79 90 .10 100 100 92 .13
2.4.2 Sable Coaplex 94 64 99 .20 130 91 99 .29
2.4.3 Maniatee River 53 53 61 .06 61 56 66 .08
2.4.4 Traverse r~~lex 51 12 84 .06 51 12 84 .06
2.4.5 Seul Choix-Groacap Complex 11 0 10C .08 13 0 100 .09
2.4.6 Hanistique River 46 46 8.5 .10 51 51 86 .12
2.4.7 Bay De Hoc COllplex 13 13 100 .04 13 3.6 100 .04
2.4.8 Escanaba River 37 .si 99 .15 --E 32 98 .:13.

River BaKin Group 2.4 Total 386 304 88 .10 451 346 90 .12
~.

1
Total load from Hydrologic Area (metric tons/yr)

2
Portion of total load that was monitored (metric tons/yr)
•Point sources to the Indiana Harbor Canal and Burns Ditch

are considered direct; set:' page 87.

3
Percent of total load from diffuse sources (nonpolnt)

4Total diffuse unit ~~ea load (k&/hectare{yr or
10- metric tons/km Iyr)



Table 7

HYDROLOGIC AREA LOADS

LAKE HURON

Hydrologic Area Total Phosphorns 1975 Total Phosphorus 1976

Totall Honltored2 %3
Unit4 Total l 2 %3

Unit4
Dii- tbnitored Dif-

NUliber Naae Load Load (uBe Area Load Load fue,! ;lrea

3.1.1 Lea Cheneaux eo..,lex 78 18 100 .26 94 22 100 .31
3.1.2 Cheboygan River 30 29 100 .07 24 23 99 .06
3.1.3 Presque Iale eo..,lex 5.7 2.5 100 .04 15 6.6 100 .10
3.1.4 Thunder Bay River 33 33 100 .10 15 15 100 .05
3.1. 5 Au Sable and A1cona eo~lex 33 30 100 .06 40 36 100 .07
3.1.6 Rifle-Au Cres Co.plex 58 54 84 .17 45 24 80 .:.ll

River Baain Croup 3.1 Total 238 166 96 .11 233 127 96 .11

3.2.1 lawkawlir eo~lex 42 18 73 .31 41 0 73 .03pbwRim 1,200 1,200 53 .39 1,400 1,400 77 .68
3.2.3 Thu~ Complex 240 88 -22. .:M. ~ ~ -2.2. .a.ll

River Basin Croup 3.2 Total 1,482 1,306 61 .43 1,721 1,436 81 .68

1Total load fra. H)drologic Area (metric tons/yr)
2Portion of total load that was .cnitored (.etric tona/yr)

3Percent of total load froa diffuse sources (nonpoint'
4Total diffuse unit area load (kg/hecldre/yr or

10-1 ~trlc tons/k.2/yr)



Table 7

HYDROLOGIC AREA LOADS

tAKE ERIE

Hydrologic Area Total Phosphorus 1975 Total Phosphorus 1976

Tota11 Honltored2
%3

Unlt4 Tctal l Honltored2
%3

Unit4DJf- DH-
Nullber Ma_ Load Load fuse Area Lud Load fuse Area

4.1.1 Black River 46 46 86 .22
4.1.2 St. Clair Co~lex 64 23 92 .40
4.1.3 Clinton River 260 260 58 .76
4.1.4 Rouge Collplex 320 200 9G 1.6
4.1. 5 Huron River 250 250 60 .70
4.1.6 Swan Creek Complex 60 0 1.00 .70
4.1.7 RalBin River 310 280 72 .70

River Basin Group 4.1 Total OW 1,059 76 -:f4

4.2.1 Ottava River 69 0 95 1.0
4.2.2 HaUilee River 2,600 2,600 86 1.3
4.2.3 Toussaint-Portale C08plex 240 150 85 .77
4.2.4 Sandusky River 620 600 81 1.3
4.2.5 Ruron-Ven-41ion Co.,lex -.l!Q 220 86 1.0

River Basin Croup 4.2 Total 3,839 3,570 85 1.2

4.3.1 Black-Rocky Co.,lex 750 660 76 2.5
4.3.2 CuyahoBa River 790 790 05 2.2
4. J. 3 ChagrIn Cc>lIPlex 160 140 96 2.0
4.3.4 Grand River 380 330 100 1.8
4.3.5 Asht.bula-Conneaut COlIPlex 190 170 97 2.0

River Ba1in Croup 4.3 Total 2,270 2,090 79 2.1

4.4.1 Erie-Chautauqua Co.,lex 300 0 92 1.6
4.4.2 Cattaraugus Creek 180 180 94 1.2
4.4.3 Tonawanda Collplex 740 0 63 1.6

River Basin Group 4.4 Total 1,220 180 75 1.5

1Total load from Hydrologic Area (metric tons/yr)
2Portion of total load that was monitored (metric tons/yr)

3Percent of total load from diffuse sources (nonpolnl
4Total diffuse unit area load (kB/hectare/y~ or

10-1 metrIc tons/km2/yr)
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Table 7

HYDROLOGIC AREA LOADS

LAKE ONTARIO

Hydrololie Area Total Phosphorus 1975 Total PhOSDhorus 1976

Total l
%3

Unit4 Totail Monitored2
%3

Unit4Honitorei mr- Dif-
HUllber Naae Load Load fuse Area Load Load fue Area

S.1.1 Niagara-Orleans Co~lex 290 0 56 .61 360 0 68 .90
S.1.2 Genesee River 590 530 71 .61 -!QQ 720 78 .90

River Basin Group 5.1 TotJl 880 530 b6 .61 1,160 720 75 .90

5.2.1 Wayne-Cayuga Complex 83 a 92 .61 120 0 95 .90
5.2.2 Oawego River 510 510 0 - 920 920 39 .27
5.2.3 Sal-.Jn COllplex 66 0 93 .25 -!!O 0 -l! .76

River Basin Group 5.2 Total 659 510 21 .08 1,230 920 53 .39_.
5.3.1 Black River 154 154 85 .25 410 410 96 .76
5.3.2 Perch Collplex 33 0 100 .27 83 0 100 .66
5.3.3 OBwagatchie River 130 130 91 .27 290 290 96 .67
5.3.4 Grass-Raquette-St. Regis Compo 110 100 42 .06 ~ 240 n .:l!

River Basin Group 5.3 Total 427 384 77 .17 1,123 940 90 .54

1Total load from Hydrologic Area (aetric tons/yr)
2Portion of total load that was monitored (metric tons/yr)

3Percent of total load from diffuse sources (nonpoint)
4Total diffuse unit aIea load (kl/heetare/yr or

10-1 metric ton~/k. Iyr)
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Table 7

HYDROLOGIC AREA WADS

I.AKE SUPERIOR

Hydrologic Area Soluble Ortto Phosphorus 1975 Soluble Ortho Phosphorus 1976

Total1
Honltored2

%3
Unit

4 Tota11 Honitored2
%3

Unit
4D1£- Dif-

MUllber "Ule Load Load fuse Area Load Load fuse Area

1.1.1 Superior Slope Complex 60 0 100 .10 60 0 100 .10
1..1.2 Saint Louis River 120 0 78 .10 73 0 65 .05
1.1.3 Apostle Island Complex 140 48 100 .27 94 0 100 .18
1.1.4 Bad River 32 32 100 .12 11 0 100 .04
1.1.5 Hontreal River Complex 6.2 5.6 48 .04 .u 9.4 71 .Jll.

River Basin Group 1.1 Total m- 86 92 -:l4 249 9:4 88 .09

1.~.';' Porcupine Mountains Co~lex 16 0 38 .02 4.1 1.4 100 .01
1.2.2 Ontonagon River 19 19 99 .05 39 39 99 .11
1. 2. 3 Keweensv Peninsula Co~lex 7.3 a 96 .02 7.0 0 100 .02
1.2.4 Sturgeon River 4.7 4.7 100 .03 8.2 8.2 100 .04
1.2.5 Huron Mountain Co~lex 24 2.8 36 .04 25 24 35 .04
1.2.6 Grand Marais Co~lex 21 7.9 100 .07 20 0 100 .07
1.2.7 TahquUlenon River 7.9 7.9 71 .03 4.1 4.1 44 .01
1.2.8 Sault Collplex 6.6 4.4 100 .07 4.6 0 100 .07

R1v~r Ba.in Group 1.2 Total ~ rr: 74 -:04 ~ sr: 83 :os

I Total load fra. Hydrologic Area (metric tona/yr)
2Portion of total load that was monitored (metric tona!yr)

3Percent of total load fro. diffuse sources (nonpoin
4Total diffuse unit srea load (kg/hectare!yr or

10-1 metric tons/km2/yr)
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Table 7

HYDROLOGIC AUA LOADS

I.AKE MICHIGAN

--
IIydrololic Area Soluble Ortho Phosphorus 1975 Soluble Ortho Phosphorus 1976

Total1
:3

Unit
4 Total1

13

Unit
4Honitored2

Dl£- Honitorei Dif-
H"er He_ Load Load fuse Area Load 1....... fuse Area

2.1.1 Meno-tnee Co~lex 6.4 2.8 100 .02 7.3 3.2 100 .03
2.1.2 Menoainee River 37 37 61 .02 23 23 37 .01
2.1.3 Peshtigo River 34 34 100 .11 10 10 100 .03
2.1.4 Oconto liver 15 15 96 .06 9.4 9.4 94 .03
2.1.j Suallieo Complex 21 7.5 100 .17 20 7.0 100 .16
2.1.6 Pox liver 220 220 65 .08 110 110 41 .03
2.1. 7 Green Bay eo.p1ex 140 80 8A .20 110 ..M- 85 ~

River 8llsin Croup 2.1 Total 473 396 77 .08 293 227 66 .04

2.2.1 OJicaso-M11waukee Collplexjl'I'l 68 45 64 .08 99 24 74 .13

2.3.1 Saint Joseph River 96 96 0 - 160 160 32 .04
2.3.2 Black River (S.lLIven) ColIPlex 3.9 0 100 • Of: 4.2 0 100 .04
2.3.3 1a1all8%00 River 95 95 23 .04 87 87 30 .05
2.3.4 Black River (Ottawa Co.) Collp. 14 0 61 .13 11 0 48 .08
2.3.5 GrlRld River 320 320 36 .08 340 340 46 .11

River Basin Group 2.3 fotal 529 511 28 :05 602 587 4i :06

2.4.1 Muskegon River 29 29 87 .04 38 37 67 .04
2.4.2 Sable ColIPlex 24 0 95 .05 34 0 97 .07
2.4.3 Manistee liver 19 19 8 .03 18 18 4 .011<:*
2.4.4 Traverse CoBplex 23 4. I 83 ',., 74 5.4 80 .03.v ..
2.4.5 Seu1 Choix-Groscap Collplex 6.7 0 100 .05 5.9 0 99 .04
2.4.6 Hanistique Iliver 26 25 100 .07 20 20 100 .05
2.4.7 Bay De Roc Colllplex 2.5 0 100 .01 2.5 .7 lOO .01
2.4.8 beanab. River 24 24 100 .10 -l!!.- 14 100 .06

River Ba8in GrQup 2.4 Total 154 103 83 .04 157 95 77 .04

1
Total load frOD Hydrologic Area (..tric tODs!yr)

ZPortfon of total load that was monitored (metric to~s/yr)

"K • less than
**PQ1nt SQurces to the Indiana Harbor Canal and Burns Ditch

are considered direct; see page 87.

3
Percent of tQtal load frQa diffuse sources (nonroint

4Totai diffuse un1t ~!ea load (kg!hectare!yr 01'

10- aerr1c rODS!km /yr)



Table 7

HYDROLOGIC AREA LOADS

LAKE HURON

Hydrologic Area Soluble Ortho Phosphorus 1975 Soluble Ortho Phosphorus 1976 --
total l Honitorei

%J
Vnit4 Tote11

Honitored2 %.J
UnIt"Dl£- Dif-

Muse r Name Load Lond fuse Area Load Load (lUIe ~re.

3.1.1 Les Oteneaux Complex 36 8.5 100 .12 28 6.5 100 .09
3.1. 2 Cheboygan River 13 12 100 .03 5.9 5.7 100 .01
3.1. 3 Presque Isle Complex 8.6 2.2 100 .06 4.3 0 100 .03
3.1. 4 Thunder Bay River 10 10 100 .03 2.7 2.7 100 .01
3.1.5 Au Sable and Alcona Complex 21 20 100 .04 13 12 100 .02
3. J.6 Rifle-Au Gres Complex 22 .zi 82 ~ .u, ~ .za .....ll!.

River Basin Group 3.1 Total 111 74 96 .05 68 23 94 .03

3.2.1 Kawkawlin Complex 15 5.1 61 .09 15 0 61 .09
3.2.2 Saginaw River 260 260 7 .01 620 620 78 .30
3.2.3 Thumb CoIllp1ell .ss. .zs.. 9~ ~ ill JQ. ~ ...H

River Basin Group 3.2 Total 345 291 211 .05 775 641) 82 .30

1Total load from Hydrologic Area (metric tona/yr)
2Portion of total load that waa monitored (metric tODs/yr)

3Percent of total load from dlffu8P source. (nonpoint'
4Total diffuse unit area load (kg/heetarefyr or

10-1 ~tric tons/km2/yr)



Table 7

HYDROLOGIC AREA LOADS

LAKE ERIE

lIydrologic Ar~a Soluble Ortha Phosphorus 1975 Soluble Ortho Phosohorus 1976

Total l Konitnred2
%3

Unlt' Total l 2
%)

Unit4Dlf- Monitored Dif-
Mu_er_ Ma_ Load Load fuse Area Load Load fuse Area..

'•. 1.1 Black River 26 26 87 .12
4.1., St. Clair Co~lex 21 0 89 .12
4.1. 3 Clinton River 78 0 32 .12
4.1.4 Rouge Coaplex l/Cl 110 96 .86
4.1.5 Huron River 40 40 0 -
4.1.6 SW3r. Cre~k Cv~l~K 11 0 • "n .12.\ ~~

4.1.7 bidn Ither 100 0 ~ ~
River Baain Group 4.1 Total 446 176 67 .22

4.2.1 Ottawa River 17 0 90 .24
4.2.2 Mauaee River 610 610 68 .24
4.2.3 Toussaint-Portage Co~lex 77 52 75 .22
4.2.4 SandU*ky Rbpr 85 33 31 .07
4.2.5 Ruron-Ver.ilion Co~lex ..22. 44 59 .12

River Badin Group 4.2 Total 844 789 64 .20'--------_ .. '- ---------
4.1.1 Black-Rocky Co~lex 320 140 72 1.0
4.3.2 Cuyahogs R: ~ r 180 180 32 .25
4.3. ] Chagrin CollPlex 24 22 85 .26
It. 3.4 Grand River j7 0 99 .26
4.3.5 Ashtabula-Conneaut eoaVlex 27 0 89 .26

River Basin Group 4.3 Total 608 342 64 .47

4.4.1 Erie-Chautauqua Complex 39 0 67 .16
4.4.2 Cattarausus Creek 13 13 54 .05
4.4.3 Ton_anda CoIIplex 120 0 12 ~

River Basin Group 4.4 Total 172 13 28 .07
--

1Toral load fro. Hydrologic Area <..tric tons/yy)
2Portion of total load that ~as monitored (.etric tons/yr)

3Percent of total load fro. diffuse 80urces (nonpoll

4Total diffuse unit area It'ad (kg/hectare!yr or
10-1 metric ton8/~/yr)
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Table 7

HYDROLOGIC AREA LOADS

LAKE ONTARIO

Hydrologic Area Soluble Ortho Phosphorus 1975 Soluble Orrho Phosphorus 1976

Total l Honitored2
%3

Unit4 Total1 Monitored2
%3

Unit 4D1£- D1I-
limber Name Load Load fuse Area Load Load fuse Area

5.1. ] Nf~gara-Orleans Complex 58 0 15 .03 68 0 25 .06
5.1.2 Genesee 'Uv~r 86 68 25 .03 no 89 40 .06- -

River Basin nroup 5.1 Total 144 68 21 .03 178 89 34 .06
.•.

5.2.1 Wayne-Ca)uga ColIIPlex 7.2 0 56 .03 11 0 72 .06
5.2.2 Oswego River 120 120 0 - 200 200 0 -
5.2.3 Sall1lOn COlllfllex 49 0 9/ .20 _)1 0 92 .08

River Basin Croup 5.2 Total 176 120 29 .OJ 232 200 12 .02--
5.3.1 Black River ~ ... ~ 110 90 .20 50 50 83 .08, Llj

5.3.2 Perch Colllplex I 7. :> 0 100 .06 8.0 0 100 .06
5.3.3 O&wagatchie River I 31 31 82 .06 33 33 83 .06
5.3.4 Grass-Raquette-St. Regh Camp. 54 45 42 .03 48 44 19 .01

River Basin Group 5.3 TotHl 202 185 76 .08 139 127 62 .04

1Tot4l load fro. Hydrologic Area (.etric tona/yr)
2Portion of total load that was monitored (.etri~ tonR/yr)

3
Percen~ of totsl load froa diffu~c sourcea (nonpoint

4Total diffuse unit area load (kg/hectare/yr Dr
10-1 metric tons/km2/yr)



Table 7

HYDROLOGIC AREA LOADS

LAk.E SUPERIOR

Hydrologic Area SUSTended Sol ids 1975 Suspended Solids 1976

Total1
Honitored2

%3
Unit

4 Total1 Monitored2 13

t1nLt
4

llif- Dif-
JlUllber Name Load Load fuse Area Load Luad fuae Area

1.1.1 Superior Slope Complex 43.000 35.000 100 72 61.000 3,800 100 100
1.1.2 SRint Louis River 70.000 70.000* ~2* 24 27.000 27.000* 0* -
1.1.3 Apostle Island Complex 470.000 1&.0.000 100 900 220.000 74.000 100 420
1.1.4 Bad RLver 100.000 100.000 100 390 150.000 150.000 100 590
1.1. 5 MOntreal River Complex 5.900 4.700 9Q _LL 3,400 2,700 99 43

River Basin Group 1.1 Total 688,-900 3&9,700 93 270 461.400 257,500 94 180

1. 2.1 Porcupine Mountains Complex 36,000 17.000 &f> 88 34,000 4,700 35 50
1.2.2 Ontonagon River 580,000 580.000 100 1600** 150,000 150,000 100 410··
1.2.3 K~weenaw Peninsula Complex 17 .000 0 100 41 12,000 a 100 35
1.2.4 Sturgeon River 20,000 2 J.OOO 100 110 26,000 26.000 100 140
1. 2. 5 Huron Mountain Complex 12,000 5,100 100 48 8,700 930 100 35
1. 2.6 Grand Marais Complex 9,900 3.800 100 32 11,000 0 100 35
1. 2.7 Tahqua.enon River 7,400 7,400 100 34 7,900 7,900 100 36
1.2.8 Sault COlIIPlex 9,300 _}_, 200 100 130 9,800 0 100 140

River B•• Ln Group 1.2 Total 691,600 641,500 98 330 259,400 189,530 9i 120

•Over 46,000 trr/yr from ,loint sources
••Drains a large clay are,l

1Total load frOB Hydrologic Area (metric tons/yr)
2Portion ~f total load that vas monitored (metric tons!yr)

3Percent of total load fro. diffuse sources (nonpoint)
4Total diffuse unit srea load (kg/hectare/yr or

10-1 metric tonR/k.2/yr)



Table 7

HYDROLOGIC AREA LOADS

LAKE MICHIGAN

Hyd':'ololic Area Suspended Solids 1975 Suspended Salida 1976

Total1
%3

unit4 Totai l
%3

Unu42
Honttored2Monitored Dif- lllf-

lI\P1ber Ha. Load Load fuse Area Load -Load fuse Ar_

2.1.1 Meneainee Co~lex 5.700 2,500 100 21 17,000 7,500 100 63
2.1. 2 ~n.>lline. River 13,000 13,000 fi8 11 16,000 16,000 91 14
2.1.3 Peshtigo River 4,000 4,000 100 13 6.000 6,000 100 20
2.1. 4 Oconto River 7.300 7.300 8'3 24 10,000 10,(100 88 36
2.1. 5 Suaaico <:o.piex 26.000 9,300 100 210 52,000 18.000 100 42
2.1. 6 lox R.tver 60,000 60,000 65 23 100,000 100,000 87 52
2.1. 7 Gre~n Bay Complex ~O~ 41,000 1°0 120 _24,000 13,000 100 2!

River Basin Group 2.1 Total 194.000 137,100 88 38 225,000 170,500 B 3S

2.2.1 Chicago-Milwaukee CollP1ex " 100,000 50,000 96 lSn 67,000 32,000 9~ 110-
2.3.1 Saint Joaeph Rivet' 82,000 82,000 97 66 110,000 110,000 98 91
2.3.2 Black River (S.Haven) Complex 3,600 2,800 100 39 4,900 ) 100 53
2.3.3 lala_zoo River 27,000 27,000 82 43 37,000 37,000 82 59
2.3.4 Black River (Ottawa Co.) Co.p. 2,700 0 93 39 3,700 0 95 53
2.3.5 Grlmd River 76.000 76,000 94 49 150,000 150,000 97 98

liver Baain Group 2.3 Total 191,300 187,800 94 54 305,600 297,000 % 87 c_
2.4.1 HuskegOft liver H,OOO 40,000 100 57 63,000 61,000 100 89
2.4.2 Sable Co~lex 16,000 o 99 36 14,000 0 99 31
2.4.3 Mantatee Uver 20,000 20,000 91 36 lS,OOO 16,000 90 31
2.4.4 Traverae CollPlex 21,000 4,700 99 32 19,000 4,200 99 28
2.4.5 Seul Cholx-Gro8cap Complex 4,800 0 100 33 5,900 0 100 41
2.4.6 Manistique River 12,000 12,000 100 31 16,000 16,000 100 41
2.4.7 lay De Hoc COllp1ex 4,900 0 100 16 4,900 1,400 100 16
2.4.8 Escanaba Il1ver -.it.!00 4,100 96 16 4,000 4.000 116 !!>.

I
River Basin Group 2.4 Total 123,SOO 80.800 98 36 144,800 102,600 98 42

I
Total load from Hydrologic Area (.etric tons/yr)

2Portton of total load that was monitored (metric tt'ns/yr)
"Point sources to the Indiana Harbor Canal and Burns Ditch

are considered direct; see page 87.

3
Percent of total load from diffuse aourcea (nnnroint)

4Total diffuse unl~ ~~ea load (kg/hectare/yr or
10- metric tons/km Iyr)
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Table 7

HYDROI..oGIC AREA LOADS

LAKE HURON

Hydrologic Area Suspended Solids 1975 Suspended Solids 1976

Total l 2 %J
Unit4 Total l

IotJnitored2 %3
Un1t

4
Monitored Dif- Dif-

Nu-tler Haae Load Load fuse Area Load Load fuse Area

3.1.1 Les Cheneaux Co.plex 180.000 43.000 100 600 57.000 13.000 100 190
3.1. 2 Cheboygan River 7.200 6.900 100 17 8.800 8.400 100 21
3.1.3 Presque Isle Complex 8,700 2,200 100 60 11.000 0 100 74
3.1.4 Thunder Bay River 6,000 6.000 100 18 6.900 6.900 100 21
3.1.5 Au Sable and Alcon. Complex 12,000 11.000 100 21 16,000 15,000 100 28
3.1.6 Rifle-Au Gres Complex 30,000 _27,000 100 103 22.000 13,000 100 77

River Basin Group 3.1 Total 243,900 96,100 100 120 121.700 56,300 100 60

l.2.l Kawkawlin Complex 3,400 2,200 98 33 3.400 0 98 33
3.2.2 Saginaw River 120,000 120,000 91 68 360.000 360,000 97 220
3.2.3 Thu-tl Complex 100,000 38,000 100 280 280.000 8,800 100 850

River Basin Group 3.2 Total 223,400 160,200 95 100 643,400 368,800 98 lOO

ITotal load fr~ Hydrologic Area (metric tons/yr)
2Portion of total load that vas .cnitored (.etric tons/yr)

3percent of totsl load fro. diffuse source. (nonpoint'
4Total diffuse unit area load (kg/hectare/yr or

10-1 metric tons/k.2/yr)



Table 7

HYDROLOGIC AREA LOADS

LAKE ERIE

Hydrologic Area Suspended Solids 1975 Suspended Solids 1976

Totall Honitored2
%3

Unit
4 Total l 2 1

3

Unit401£- Monitored Dlf-
Mu1Iber Na. LoAd Load fuse Area Load Load fuse Area

4.1.1 Black River 16,000 16,000 100 86
4.1.2 St. Clair Co~lex 13,000 a 100 86
4.1.] Clinton River 18,000 a 96 86
4.1.4 Rouge Collplex 23,000 17,000 26 86
4.I.S Huron River 23,000 23,000 82 92
4.1.6 Swan Creek ColIPlex 7,900 ° 100 Q2
4.1.7 RJlillin River 150,000 ° 99 460

River Basin Group 4.1 Total 250,900 56,000 91 177

•. l.! Ottawa River 54,000 0 100 840
4.2.2 Mauaree River 1,400,000 1,400,000 100 840
4.2.3 Toussaint-Portage Complex 110,000 66,000 100 420
4.2.4 Sandusky River 340,000 320,000 100 860
4.2.S Huron-Ver.ilion Co~lex 280.000 180,000 100 1,000

River Basin Group 4.2 Total 2,184,000 1,966,000 100 817

4.3.1 Black-Rocky ro~lex 460,000 240,000 100 2,000
4.3.2 Cuyahoga River 630,000 630,000 99 2,700
4.3.3 Chagrin Co.plex 270,000 250,000 100 3,600
4.3.4 Grand River 570,000 0 100 2,700
4.3.5 Ashtabula-Conneaut Complex 240,000 ° 100 2,700

R.iver Basi.. Group 4.3 Total 2,170,000 1,120,000 100 2,600

4.4.1 Erie-Chautauqua COllplex 450,000 0 100 2,700
4.4.2 Cattaraugus Creek 680,000 680,000 100 4,800
4.4.3 Tonawanda Colllplex 320 000 0 sa 1,100

RIver Basin Group 4.4 Total 1,450,000 680,000 100 2,300

1Total load fro. Hydrologic Area (metric tons/yr)
2Portion of total load that was -anitored (metric tons/yr)

3Percent of total load fro. diffuse sources (nonpolr
4Total diffuse unit area load (kg/hectare/yr or

10-1 metric tons/km2/yr)



Table 7

HYDROLOGIC AREA LOADS

LAKE ONTARIO

Hydrologic Area Suspended Solids 1975 Suspended Solids 19'/6

Total l Monitored2 X3
Unit

4 1 2
%3

4
01£- Total Monitored Dif- Unit

MUllber Malle Load Load fuse Area Load Load fuse Area

5.1.1 Wiagara-Orleans Co~lex 75,000 0 96 270 75,000 0 96 270
5.1.2 Genesee River 590,000 540,000 99 840 1,100,000 l,lOO,OOv 100 1,600

River Basin Group 5.1 Total 665,000 540,000 99 680 1,175,000 1,100,000 99 1.2C:l
.

5.2.1 Wayne-Cayuga Co.,lex 45,000 0 7(, 270 4U,OOO 0 86 270
5.2.2 Oswego River 100,000 100,000 76 56 141,000 141,000 77 87-
.5.2.3 Sal.,n CollPlex 49,000 0 100 200 52,000 0 80 _170----River Basin Group 5.2 Total 194,000 100,000 78 93 233,000 141,(fOO 79 ~.10

5.3.1 Black River 73,000 73,000 94 130 41,000 41,000 88 70
.5.3.2 Perch CollPlex 5:t,OOO 0 100 420 53,000 0 100 420
5.3.3 Oswagatchie River 44,;)')0 44,GOO 100 100 20,000 20,000 100 45
5.3.4 Crass-RaQuette-St. Regis Comp. 25,O.OY Z2,00Q. 98 30 23,001) 14,000 98 28

River Basin Group 5.3 Total 195,000 139,000 98 100 137,000 75,000 96 69

1
Total load fro. Rydrclogic Area (~tric tons/yr)

2
Portion of total load that was monitored (metric tons/yr)

3percent of total load fro. diffuse sources (nonpoint)
4Total diffuse unit a!ea load (kg/he~tarelyr or

10-1 metric tons/km /yr)
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Table 7

HYDROLOGIC AREA J.OADS

LAKE SUPERIOr

Hydrologic Area Total Nitrogen 1975 Total Nitrogen 1976

Total l
%3

Unit4 Total1 Monitored 2
%3

Unit"Honltored 2 ntr- Dif-
lIulllber Nalle Load Load fuse Area Load Load fuse Area

1.1.1 Superior Slope Compl~x 3.100 2,500 100 5.2 2.600 0 100 4.4
1.1.2 Saint Louis River 2,500 2,500 91 2.4 1.200 1.200 81 LO
1.1.3 Apoat1e Island Complex 1.400 490 100 2.8 1.300 430 100 ;.(,4
1.1.4 Bad River 640 640 100 2.5 65a 650 100 2.5
1.1.5 Montreal IUver Complex ~ -lli -M .i..2 ~ ---UQ -ll .1...Q

River Basin Grou.. 1.1 Total 8,040 6.450 97 3.3 6.030 2.510 95 2.4

1. 2.1 Porcupine Mountains Complex 700 420 82 2.1 580 150 76 1.6
1.2.2 Ontonagon River 1.100 1.100 100 3.1 740 740 100 2.1
1.2.3 Keweenaw Peninaula Complex 940 0 100 2.7 1.000 0 100 2.9
1.2.4 Sturgeun River 490 490 100 2.6 360 360 100 1.9
1.2.5 Huron Mount3in Complex 810 420 83 2.7 880 210 84 2.9
1.2.6 Grand Haraia Comp1eK 700 270 100 2.2 640 a 100 2.0
1.2.7 Tahquamenon River 500 500 96 2.2 470 470 96 2.0
1.2.8 Sault COIIIPlex ~ ----.!!!.Q 100 b.l 200 __0 100 M

River Basln Group 1.2 Total 5,490 3,360 95 2.5 4,870 l,9lO 94 2.2

I Total load from Hydrologic Area (me~rlc tons/yr)
2Portion of total load that was monitored (metric tons/yr)

3Percent of total load from diffuse sources (nonpointl
4Total diffuse unit area load (kg/hectare/yr or

10-1 metric tons/km2/yr)



Table 7

HYDROLOGIC AREA LOADS

LAIC! MICIlIGAN

Hydrolo.le Area Total Nitrogen 1975 Total Nitrogen 1976

Tctall
13

Unlt4 Total l 13
Unit4

2
Monlrored2Monitored Dif- Dlf-

NUilbec Malle Load Load fuse Area Load . Load fuse Area

2.1.1 Menoainee Collplex 450 200 100 1.6 560 250 100 2.1
2.1.2 Menollinee River 1,600 1,600 94 1.5 1,600 1,600 94 1.4
2.1. 3 PeahUgo R1ver 600 600 100 2.0 840 840 100 :!.8
2.\.4 Oconto Rive r 1,400 1,400 100 5.5 1,700 1,700 100 6.7
2.1.5 Suaalco COllplex 450 160 100 3.6 410 140 100 3.2
2.1.6 Fox River 4,700 4,700 63 1.7 4,600 4,600 65 1.8
2.1.1 Green Bay Complex 2,400 1,300 94 3. 7 3,400. 1,800 95 H

River Basin Group 2.1 Total 11,600 9,960 83 2.2 13,110 10.930 86 2.6

2.2.1 Chicago-Milwaukee Collplex* 4,000 2,000 88 6.2 4,200 2,100 88 6.5

2.3.1 Saint Joseph River 7,700 7,700 70 4.5 10,000 10,000 77 6.4
2.3.2 Black River (5. Haveu) Complex 940 750 100 10 940 0 100 10
2.3.3 Kala_zoo River 3,800 3,800 57 4.2 3,600 3,600 52 3.6
2.3.4 Black. River (Ottawa Co.) C01IIp. 710 0 45 4.8 730 0 46 5.2
2.3.5 Grand River 11,000 11,000 21 5.4 13,000 13,000 ...J1. .sa.

River Basin Group 2.3 Total 24,150 23,250 70 5.0 28,270 26,600 74 5.2

2.4.1 Huskegon River 1,600 1,600 96 2.2 2,200 2,100 96 3.0
2.4,2 Sable eoaplex 1,000 0 96 2.2 1,400 0 97 3.0
2.4.3 Kinistee River 1,200 1,200 95 2.3 1,300 1,100 95 2.3
2.4.4 Traverse Collplex 1,100 1,100 92 1.5 1,400 360 94 2.0
2.4.5 Seul Choi~Gr08cap Complex 420 0 100 2.9 430 0 100 3.0
2.4,6 Haniatique River 1,100 1,100 100 2.9 1,100 1,100 100 3.0
2.4.7 Bay De Moe COIlp lex 690 0 100 2.3 590 110 100 2.2
2.4.8. Escanaba River 550 --21Q 100 2.3 530 ---11Q 100 2.2

River Basin Group 2.4 Total 7,660 4,730 97 2.2 S,950 5,300 97 2.5

.-
1
Total load fro. Hydrologic Area (metric tons/yr)

2
Portion of total load that was monitored (metric tons/yr)

*Point sources to the Indiana Harbor Canal and Burns Ditch
are considered direct; see page 87.

3Percent of total load from diffuse sources (nnnpoint)

4Tot81 diffuse unit ~~ea load (ks/hectare/yr or
10- metric tons/k. Iyr)
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Table 7

HYDROLOGIC AREA WADS

LAKE HURON

Hydrologic Area Total Nitrogen 1975 Total Nitrogen 1976

Total l Honitorei
%3

Unlt4 Total l Monitored2
%3

Unit4Dif- Dif-
Nu.e~ Halle Load Load fuse Area Load Load f~e Area

3.1.1 Lea Cheneaux Coaplex 1.100 250 100 3.6 440 100 100 1.5
3.1.2 Cheboygan Rivel 590 560 100 1.4 320 500 100 1.3
3.1. 3 Presque Isle Complex 360 92 100 2.5 290 a 100 2.0
3.1.4 'fttunder Bay River 530 530 100 1.6 380 380 100 1.2
3.1.5 Au Sable and Alcons Comr1ex 750 690 100 1.3 770 700 100 1.3
3.1.6 Rifle-Au Gres Complex 1,000 970 98 3.6 1.000 580 99 3.5

River Basin Group 3.1 Total 4,330 3;092 99 "2.l 3.400 2.260 100 D

3.2.1 lawkawlin Co~lex 1.100 580 96 10 970 0 95 9.2
3.2.2 Sagina'" River 18.000 18.000 81 9.3 17.000 ,17.000 79 8.1
3.2.3 'l'hu..,IJ Co.-plex 5,800 2....!QO 100 16 6.100 870 100 17

Riyer Basin Group 3.2 Total 24,800 20.680 86 1() 24,070 17.870 as 9:'i

ITotal load frua Hydrologic Area (metric tons/yr)
2Portion of total load that was monitored (metric tona/yr)

3percent of total load froa diffuse sourcea (nonpoint'

4Total diffuse unit area load (kg/hectare/yr Dr
10- 1 metric tons/k.2/yr)



Table 7

HYDROLOGIC AREA LOADS

LAKE ERIE

Hydrologic Area Total Nitrogen 1975 Total Nitrogen 1976

'rotal l Honitored2 13

Unit lt Total l Monitored2 13

Unit4Dif- D1£-
Humer fta_ Load Load fuse Area Load Load fuse Area

4.1.1 Black River 1,100 1,100 98 5.9
4.1. 2 St. Clair Complex 800 0 98 5.9
4.1. 3 Clinton River 2,500 0 47 5.9
4.1.4 Rouge Collplex 620 580 17 .57
4.l.~ Huron River 1,200 1,200 36 2.0
4.1.6 Swan Creek Complex 170 0 100 2.0 ~

4.1.7 Raisin River 5,300 __0 88 !.L_
River Basin Group It.l Total 11,770 2,880 72 6.3

4.2.1 Ottawa River 1,700 0 99 27
4.2.2 !laulllee Rivf'r 48,000 48,000 96 27
4.2.3 Toussaint-Portage Complex 5,300 3,200 95 19
4.2.4 Sandusky River 7,300 6,900 96 18
4.2.~ Huron-Ve~ilion Co~lex 3,900 2,700 96 lL..

River Basin Group 4.2 Total 66,200 60,800 96 23

4.].1 Black-Rocky Collplex 16,000 8, JOO 97 67
4.].2 C\.'yaboga River 4,800 4,800 50 10
4. J. 3 Chagrin Coaplex 1,100 970 98 14
4.3.4 Grand liver 2,900 0 100 14
4.J.5 Ashtabula-Conneaut Complex 1,200 0 98 .!L

River Basin Group 4.3 Total 26,000 14,070 88 27

4.It.l Erie-Chautauqua COllplex 2,200 0 97 13
4.4.2 cattaraugus Creek 1,800 1.800 98 12
4.4.3 Ton_anda l.ollple:lt 3,700 0 94 12

River Basin Group 4.4 Total 7,700 1,800 96 12

1Total load fro. Hydrologic Area (.etric tons/yr)

2Portion of total load that was monitored (~tric tons/yr)

3Percent of total load fra- diffuse sources (noopoinl
4
T~tal diffuse unit area load (kg/bectare/yr or

10-1 metric toos!k.2/yr)
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Tahle 7

IIYDROLOGIC AREA LOADS

LAKI-: ONTARIO

Hydrologic Area Total Nitro~en 1975 Total Nitrollen 1976

Total1 Honilored
2

%3
Unit

4
Total l Honitored

2
%3

Unit
4DH- Dl£-

Number Name Load Load fu",e Area Load Load fuse Area

S.1.1 Niap,ara-Orleans Complex 2,800 0 66 6.8 3,600 0 74 9.9
5.1. 2 Genesee River 5,300 ~OO 88 6.8 ~OO ~OO 91 9.9

River Basin Group 5.1 Totsl R,lOO 4,800 80 6.8 11,100 6,9,,0 86 9.9

5.2.1 Wayne-Cayug~ Complex 880 0 97 6.8 1,300 0 98 9.9
5.2.2 Oswego River 8,400 8,400 23 1.5 12,000 12,000 47 4.4
S.2.) SailOn Compl'?x 680 0 98 2.8 1,300 0 99 5.2 _

River Basin Group 5.2 Total 9,960 8,400 35 2.0 1/, ,600 12,000 56 4.9

5.3.1 Black River 2,200 2,200 94 4.0 3.200 3,200 98 6.1
S.3.2 Perch Colllplex 510 0 100 4.0 760 0 100 6.1
5.3.3 Oswagatchie River 1,400 1.400 97 3.2 1,900 1,900 98 4.2
5.3.4 Grass-Raquette-St. Regis Compo 2,800 2,400 94 3.2 ...1..J.12Q 2,300 94 ~

River Basin Group 5.3 Tota! 6,910 6,000 95 3.5 9,560 7,400 96 4.9

-
1
Total load from Hydrologic Area (metric tons/yr)

2Portion of total lo8~ thAt was monitored (metrIc tons/yr)

JPercent of total load from diffuse sources (nonpol~

4Total diffuRe unit area load (kg/hectare/yr or
10-1 metric tons/km2/yr)



Table 7

HYDROLOGIC AREA LOADS

LAKE SUPERIOIl

Hydrolollc Area Nitrate (Nitrite) N 1975 Nitrate (Nitrite) N 1976

1
Honitored

2
%3

U!11t
4 I HonitoredZ 13

Unit
4

Total Dif- Total Dif-
IlUllber Name Load Load fuse Area Load Load fuse Area

1.1.1 Superior Slope Complex 820 670 100 1.4 600 37 100 1.0
1.1.2 Saint Louis River 880 880 90 .83 230 230 61 .15
1.1.3 Apoetie lsIarod COlllplex 210 71 100 .40 210 72 100 .41
1.1.4 Bad River 120 120 100 .47 100 100 100 .40
1.1. ~ Montreal River Compbx 84 70 80 .86 64 55 74 .61

River BaAin Group 1.1 Total 2,114 1,811 95 -:B4 1,204 494 ""9i .46

1.2.1 Porcupine Mountains Complex 160 81 62 .34 130 22 50 .24
1.2.2 Ontonagon River 140 140 100 .39 140 140 100 .38
1.2.3 Keweenaw Peninsula Complex 140 0 99 .39 140 a 99 .39
1. 2.4 Stut"geon River 98 98 100 .54 64 64 100 .35
1.2.5 Huron Mountain Colllplex 120 64 81 .39 110 25 78 .39
1.2.6 Grand Marais Complex 220 84 100 .71 220 0 100 .71
1. 2.7 Tahquamenon River 74 74 90 .30 85 85 91 .37
1. 2.6 Sault Collp1ex 52 -ll .lQQ .Jl ....21 ~ .l.QO ~

River laain G~oup 1.2 Total 1,004 570 91 .45 941 33.6 90 .42

1
Total load fror. Hydrologic Area (metric tons/yr)

2Portion of total load that was monitored (metric tons/yr)

3Percent of total load fro. dlffuse sources (oonpolnt)
4Total diffuse unit area load (kg/heetarefyr or

10-1 metric tons/kM2/ yr )
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Table 7

HYDROLOGIC AREA LOADS

tAKE MICHIGAN
~.

Nitrate (Nitrite) N 1976Hydrololic Area Nitrate (Nitrite) N 1975

%3
Un1t4 Total1

Monitored2
%3

Unit4Total1 Honitorei Dif- D1£-
Rumer lIa_ Load Load fuse Area Load ,Load fuse Area

2.1.1 Heno.iDee Coaplex 71 31 100 .26 64 28 100 .23
2.1.2 Heno.inee River 450 450 9i. .39 410 410 90 .35
2.1. 3 Peshtigo River 320 320 100 1.1 230 230 100 .75
2.1.4 OConto lliver 190 190 99 .72 170 170 99 .66
2.1.5 Suaaico Coapiex 170 59 100 1.3 68 24 100 .54
2.1.6 Fox River 940 940 29 .16 370 310 0 -
2.1. 7 Green ky Coaplex 1,100 -----.580 94 .hL 1,800 -lli. .si 2.8

River Basin Group 2.1 Total 3,141 2,570 76 .56 3,112 2,162 86 .61

2.2.1 Chicago-Milwaukee Co~lex * 2,3(10 1,100 90 3.6 2,700 1,300 92 4.4

2.3.1 Saint Joseph River 4,300 4,300 79 2.8 6,000 6,000 85 4.2
2.3.2 Black River (S.Haven) Complex 310 250 100 3.4 220 0 100 2.4
2.3.3 Kala_zoo River l.,BOe 1.800 73 2.6 1,800 1,800 71 2.4
2.3.4 Black River (Ottawa Co.) Compo 240 0 73 2.6 220 0 72 2.4
2.3.5 Gr.md River 5,500 2..L~°.Q ~ b1 5,700 5,700 78 l:.Q.

River Basin Group 2.] Total 12,150 11,850 78 2.8 13,940 13,500 80 3.3

2.4.1 Huskegon River 580 470 94 .64 790 770 96 1.1
2.4.2 Sable Complex 300 0 98 .64 490 0 99 1.1
2.4.3 Manistee River 450 450 96 .84 490 440 97 .91
2.4.4 Traverse Complex 460 no 95 .65 580 150 94 .83
2.4.5 Seul Choix-Groscap Comp1e~ 99 a 100 .69 :)5 0 leo .67
2.4.6 Manistique River 260 26\J 100 .69 ~50 250 100 .67
2.4.7 Bay De Hoc Coaplex 170 a 100 .57 130 25 !GO .50
2.4.8 Escanaba lliver ~ 140 100 -.J1 -.-llQ ------.ill 100 ~

River Basin Group 2.4 Total 2,359 1,430 97 .67 2, "1+5 1,755 93 .81

I
Total load fro. Hydrologic Area (metric tons/yr)

2
Portion of total load that was monitored (metric tons/yr)

•Point sources to the Indiana Harbor Canal and Burns Ditch
are co.~idered direct; see page 87.

3percent of 'otal load from diffuse sources (nnnpoint:
4
Total diffuse unit ~~ea load (kg/heetare/yr or

10- metric tons!km /yr)
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Table 7

HYDROLOGIC AREA WADS

LAKE DUROli

Hydrologic Area Nitrate (Nitrite) N 1975 Nitrate (Nitrite) N 1976

Totall Honitored2 %3
Unit' 1 2

%]
Unit'Dit- Total Monitored Dif-

MUliller Halle Load Load fuse Area Load Load (use Area

3.1.1 Les Cheneaux Co~lex 110 27 100 .38 63 15 100 .21
3.1.2 Cheboypn Riwr 110 100 100 .26 120 120 100 .29
3.1.3 Presque lale Co~lex 99 25 100 .68 99 0 100 .68
3.1.4 ,",under Bay River 71 71 100 .22 49 49 100 .15
3.1.5 Au Sable and A1cona Co1llplex 140 DO 100 .24 ISO 140 100 .27
3.1.6 R.ifl~-Au Gres Complex 430 400 .se L.L 470 270 ....ll. .L.L

River Basin Group 3.1 Total 960 753 99 .46 951 594 99 .46
~........ '---

3.2.1 Kawkawlin C4>lIplex 490 320 96 4,7 46iJ 0 96 4.4
3.2.2 saginaw River 12,':>00 12.000 ~l 6.0 8.900 8.900 88 4.9
3.2.3 ,",ulllb ColIPlex ~,SCC: 1.~f)(1 !')o n 4.700 . 660 100 1.3

River Baain Group 3.2 TQtal 17.290 H,120 94 7:8 14,060 9.500 9Z T?

ITotal load froa Hydrologic Area (metric tona/yr)
2Portion of total load that was monitored (Iletric tons/yr)

3Percent o~ total load fro. diffuse sources (nonpoint'
4Total diffuse unit area load (kg/hectar~/yr or

10-1 metric tODa/k.2/ yr )



Table 7

HYDROLOGIC AREA J.oADS

LAKE ERIE

----
Hydrologic Area Nitrate (Nl~rlte) 1915 Nitrate (Nitrite) 1976--- ..._- - - -

Honltored2
%3

Unit
4 Tota11 Hc>u'.-ored

2
%3

Unlt
4Total1 Dl£- Dl£-

NaE Load Load fuse Area Load Load fuse Area_-,

aclt River 710 710 98 3.9
• Clair Collplex 580 0 94 3.9

!inton River 1,300 0 60 3.9
uge Colllplex 290 180 98 1.5
ron River 4')0 450 33 .68
an Creek Co~le. ;8 0 100 .68
isin River 4,200 __0 ...!l!!. 12
veT Baain Group 4.1 Total 7,588 1,340 85 4.8
-
ta"a River 1,500 a 100 23
UIIet' Rt ver 41,<'J0 41,000 98 23
~.8aint-Portage Complex 4,800 2,900 98 18
!utUtllty River 6,500 6,200 98 16
ron-Ver-ilion Co-rlex 2,900 1,900 98 10
~er Baain Group 4.2 Total 56,700 52,000 98 20

ao.:lt-Roclty Collplex 12,000 6,200 98 51
yabola River 2,600 2,600 64 7.2
agrln CoIIplex 570 510 98 7.3
and Itl'/er 1,500 0 10C: 7.3
btabull1-Conne:mt Complex 660 ____0 98 7.3
ver "aJln Group 4.3 Total 17 ,330 9,310 93 19--
i~- ~autauqua Complex 1,200 ° 98 7.0
.~ -'ISUB Creek 1,000 1,000 98 7.0
n",J1l1d. CulllPlex 2,100 __0

~ 2.:..Q
ver Basin Croup 4.4 Total 4,300 1,000 97 7.0

B
S
C
Ro
Hu
S",
Ita
"R

o
Ha
To
Sal
Ru
R

!r
ca
To
Rl

81
Cu
Ch
Gr
As
Iti

Mldlber

4.1.1
4.1.2
4.1. 3
4.1.4
4.1. 5
4.1.6
4.1. 7

--
uo I 4.2.1
011

4.2.2
4.2.3
4.2.4
4.2.5

---
4.3.1
4.3.2
4.3.3
4.3.4
4.3.5

-
4.4.1
4.4.2
4.4.3

1Total load froa Hydrologic Area (metric tons/yr)
2Portion of total load that was monitored (..tric tons/yr)

3pprcent of total load fro. diffuse sourr-ea (Donpo
4Total diffuse unit area load (~g/hectare/yr or

10-1 metric tons/It.2/yr)



Table 7

HYDROLOGIC AREA LOADS

LAKE ONTARIO

Hydl'ologic Ana Nitrate (Nitrite) N 1975 Nitrate (Nitrite) N 1976

Total 1 Honitored2
%]

Unit" Total1 Monitored2
%3

Unit"Dl£- Dif-
Nllllbu RalDe Load Load fuse Area Load Load fuse Area

5.1.1 Niagara-Orleans Co~lex 1,200 0 76 3.4 1,800 0 84 5.6
5.1.2 Genesee River 2,1l00 2,400 90 ~ 4,100 3,800 94 5.6

River Baain Group 5.1 Total 3,800 2,400 8t 3.4 5,900 3,800 91 5.6

5.2.1 Wayne-cayuga Complex 440 0 98 3.4 710 0 99 5.6
5.2.2 Oswego R1vel' 3,500 3,500 49 1.3 5,900 5,900 70 ].2
~.2.3 Salmn Ca.plex -ZQQ 0 99 2.8 -ill. 0 99 1.:1

liver Basin Group 5.2 '[otal ",640 3,500 61 1.7 7,420 5,900 76 3.4

5.3.1 Black River 2,300 2,300 98 4.4 1,800 1,800 98 3.5
5.3.2 PerCh Co.-plex 550 0 100 4.4 440 0 100 3.5
5.3.3 Oswagatchie River 610 610 97 1.4 460 460 96 1.0
5.3.4 Graaa-Raquette-St. Regis Co~. 1,600 1,400 94 1.8 1,900 1,200 96 2.2

liver Ia.in Group 5.3 Total 5,060 4,310 97 2.6 4~600 3,460 97 2.4

-.
1Total load from Hydrologic Area (metric tons/yr)
2Portion of total load that was monitor~d (metric tons/yx)

3Percent of total load from diffuse sources (nonpoint)

"Total diffuse unit alea load (kS/hectare/yr or
10-1 metric tons/k. /yr)



Table 7

~YDROLOGIC AREA LOADS

LAKE SUPERIOR

Hydrologic Area AlIDIIOn ia ;~ 1175 Ammonia N 1976

Tota11
%3

Unit4 Total1 Honitored2 13
Unit4

l1onitored2 Dif- Dif-
NUlIIber i'l8lle Load Load ruse Area Load Load fuse Area

1.1.1 Superlor Slope COilplex 240 190 100 .40 140 0 100 .24
1.1.2 Saint Louis River 280 280 62 .19 120 120 8 .01
1.1. 3 Apostle Island Complex 230 78 100 .44 130 44 100 .25
1.1.4 Bad River 85 85 100 .33 64 64 100 .25
1.1. 5 Hontreal River COllplex 42 38 58 .28 13 13 0 -

River Ia.in Croup 1.1 Total an 671 ----a6 -:3l 467 241 74 -:n

1.2.1 Porcupine Mountains Co~lex 31 24 76 .08 31 2.9 26 .03
1.2.2 Onton.gop River 150 150 100 .43 74 74 98 .21
1.2.3 Keweenaw Peninsula Complex 154 0 99 .43 74 0 98 .21
1.2.4 Sturgeon River 29 29 100 .16 12 12 100 .07
1. 2.5 Huron Hountain Collplex 250 140 74 .73 180 98 65 .36
1.2.6 Gr.nd Harais Complex 37 14 100 .12 28 0 100 .09
1. 2. 7 Tahquaaenon River 19 19 54 .05 15 15 43 .03
1.2.8 Sault Collplex 18 14 100 .12 13 0 100 .19

River Basin Group 1. 2 Total 688 390 ---sa .30 1~28 202 n -:l6

I
Total load from Hydrologic Area (metric tons/yr)

2Portion of total loa~ tbat was monitored (metric tons/yr)

3Perceltt of total load fro. diffuse sources (nonpolnt
4Total diffuse unit area load (kg/heetare/yr or

10-1 metric tons/k.2/yr)



Table 7

HYDROLOGIC AREA LOADS

LAKE MICHIGAN

Hydro1ollc Ar_ Ammonia N 1975 ADaonia N 19'1S

1
%3

Unit4 Total
1

%3
Unit4

2
Monltored2 Dif-Total Monitored Dlf-

......r Ha_ Load Load fuse Area Load Load fu•• Area

2.1.1 MeaoId.n.. CoIIplex 49 22 100 .18 52 23 100 .19
2.1.2 MellOlltnee liver 240 240 81 .18 43 43 0 0
2.1.3 hshtllo liver 80 80 100 .27 73 73 100 .24
2.1.4 Oconto aiver 1,100 1.100 100 4.2 750 750 100 2.8
2.1.5 Suall1co CoIIpiex 95 33 100 .76 72 25 100 .58
2.1.6 Pox liver 740 740 0 a 710 710 a 0
2.1. 7 Green Bay eo.p1ex ~ 180 -lJ.. ~ 250 _ 160 71 ~

liver Basin Croup 2.1 Total 2,584 2.395· 66 .39 1.950 1.784 58 .26

2.2.1 Chicalo-Milwaukee Co.p1ex ...
240 9 .04630 260 65 .73 43

2.3.1 Salnt Joaeph River 390 390 0 - 580 '580 0 0
2.3.2 Black liver (S.Raven) ColIPlex 47 37 100 .51 47 0 100 .51
2.3.3 Kala..zoo liver 250 250 0 0 180 180 0 0
2.3.4 Black River (Otta". Co.) Co.p. 280 0 12 .51 160 0 21 .51
2.3.5 Gr_d River 980 ~ --.Q ~ 1,400 1.400 -.Q -.Q.

liver B.. in Group 2.3 Total 1,947 1.657 17 .09 2.367 2.160 J .02

2.4.1 Mu8ltelOO River 50 49 42 .03 86 85 53 .06
2.4.2 Sable CoIIp1ex 96 0 75 .16 53 0 55 .06
2.4.3 Haniatee liver 150 150 98 .29 82 74 97 .l~
2.4.4 Traverae Co.plex 130 50 11 .14 220 70 82 .27
2.4.5 5eul Cholz-Croacap Co.plex 34 0 100 .24 25 0 100 .17
2.4.6 ManiaUque Illver 90 90 100 .24 65 65 100 .17
2.4.7 lay De No~ Co.plex 140 0 100 .47 36 3.6 100 .15
2.4.8 Esc8lllaba River _---!.L0. ----.l!Q 100 .47 36 36 100 ~

lUver Baain Croup 2.4 Total 800 449 88 .21 603 334 82 .14

1
Total load fro. Hydrologic Area (metric tons/yr)

2Portlon of total load that was BOnltored {metric toos/yr)
*Point sources to the Indiana Harbor Canal and Burns Ditch

are considered direct; see page 87.

3percent of total load from diffuse sources (nnnroint)

4Tot81 diffuse unit ~!ea load (ltg/hectare/yr or
10- metrIc tons/ka Iyr)



Table 7

HYDROLOGIC AREA LOAD~

LAKE HURON

Hydrologic Area Ammonia N 1975 Ammonia N 1976

Totall
Honitorei

%3
Unit4 Tota11

Honltored2 %3
unit4Dif- Dl£-

Nullber Haae Load Load fuse Area Load lnad fuae Ar.a

3.1.1 Lea Cheneaux eo.plex 99 23 100 .32 69 0 100 .23
3.1. 2 Cheboygan River 32 30 100 .08 19 18 100 .04
3.1. 3 Presque Isle Complex 16 4.2 100 ~1 12 0 100 .07
3.1.4 Thunder Bay River 39 39 lOCI .12 12 12 100 .04
3.1. 5 Au Sable and Aleon. Complex 27 24 100 .05 29 26 100 .05
3.1.6 Rifle-Au Gre. Complex 48 45 75 .13 ~ 17 -M. ..mi

River Basin Group 3.1 Total 261 165 95 :u 176 73 93 .08

3.2.1 Kawkawlin CO~lex 32 21 93 .33 44 0 51 .22
].2.2 Saginaw River 2,000 2,000 19 .23 1,400 1,400 9 .08
3.2.3 'nluT:lb Collplex -l1Q. ~ .si. ...li. J2Q ~ .u. ~

River Basin Grouv 3.2 Total 2,162 2,071 24 .25 1,564 1,444 17 .13
-

1Total load froa Hydrologic Area (..tric tons/yr)
2Portion of total load that was .cnltored (metric tons/yr)

3Percent of total load fro. diffuse sources (nonpoint)
4Total diffuse unit area load (kg/hectare/yr or

10-1 metric tons/k.2/yr)



Tabl.. 7

HYDROLOGIC AREA LOADS

LAKE ERIE

Hydrololic Area Ammonia 1976

1I"lIber

4.1.1
4.1.2
4.1. 3
4.1.4
4.1.5
4.1.6
4.1. 7

4.2.1
4.2.2
4.2.3
4.2.4
4.2.5

Mae

Black ll1ver
St. Clair Co~lex

Cllnton River
Iouge Co..,lex
Huron River
Swan Creek C~lex

Ralaln River
ll1ver Ba.in Group 4.1 Total

Otta",a River
Ma_e River
Toua.aint-Portage Complex
Saadu";,y liver
Huron-Vemilion Colllplex
liver Ba.in Group 4.2 Total

Total l

Load

47
37

650
230
270

12
340

1,586

12
1,100

83
260

-l:!Q.
1,565

47
o
o

230
270

o
--...Q
547

o
1,100

78
250

89

1,517

73
75
58
o
o

100
14

10

47
13
o

52
47
22

unu4

Area

.19

.19

.19

.14

.14

.12

.09

.09

.34

.19

.13

Toul l

Load

%3
Honitored2 Dif-

Load fu.e
Unit4

Area

4.3.1
4.3.2
4.3.3
4.3.4
4.3.5

4.4.1
4.4.2
4.4.3

Black-Rocky Collplex
Cuyahoga River
Chagrin CollP1ex
Grand liver
Ashtabula-Conneaut Complex
River Basin Croup 4.3 Total

Erie-Chautauqua Co~lex

Cattaraugus Creek
Ton_anda Collplex
River Basin Group 4.4 Total

1,200
620

95
230

--.!!Q
2,255

220
180
430
830

600
620
87
o

__0

1,307

o
180

o
180

78 4.0
o -

88 1.1
99 1.1
~ .!.:..L
60 1.6

84 1.1
87 1.1
76 1.1- --
80 1.1

1Total load frog Hydrologic Area (metric ton./yr)

ZPortion of total load that was monitored (-.tric tons/yr)

Jpercent of total load from diffu.e .ource. (nonpoint
4Total diffuse unit area load (kg/hectare/yr or

10-1 metric tons/kaZ/yr)



Table 7

HYDROLOGIC AREA I.OADS

LAKE ONTARIO

Hydro1oaiC' Area Ammonia N 1975 AJ:monla N 1976

%3
Unit4 Total l Monitor@d2 13

lJnit4Total] 2Monitor@d DH- Dif-
MUliber Ma.e Load Load fuse Area Load Load fuee Area

5.1.1 Niagara-Orleans Cnmp1@x 660 0 17 .42 730 0 25 .68
5.1. 2 Genesee Riv~r -2.2Q --.2QQ 49 .42 780 ~ 61 .:M

River Basin Group 5.1 Total 1,250 500 32 .42 1,510 670 43 .68

5.2.1 Wayne-Cayuga Complex 64 0 83 .42 97 0 89 .68
5.2.2 Osw@go Riv@r 1,200 1,200 0 - 1,800 1,800 0 -
5.2.3 Salmn Complex 130 0 95 .52 29 0 78 .09

River BaDin Group 5.2 Total 1,394 1,200 13 ~ 1,926 1,800 6" .06

5.3.1 Black River 330 330 83 .52 86 86 57 .09
5.3.2 Perch Collpl@x 65 0 100 .52 12 n 100 .09...
5.3.3 Oswagatehie River 140 140 88 .30 100 100 79 .18
5.3.4 Gras.-Raquett@-St. Regis Comp. ~ 180 58 .:E1. --m -.!lQ ~ .:.!l

River BaBin Group 5.3 Toul 775 650 77 .32 408 356 61 .13

Irotal load from Hydrologic Area (metric tons/yr)
2
PO"~i.,n of total load that vas ..,nitored (_tric tons/yr)

3Percent of total load fr~. diffuse sources (nonpoint)
4Total diffuse unit a~ea load (ka/heet.re/yt o.

10-1 metric tofts/kID /yr)
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Table 7

HYDROLOGIC AREA WADS

LAKE SUPERIOR

Hydrologic Area Chloride 1975 Chloride 1976

Total1 Monitored2
%3

Unlt4 Total1 KonltoredZ
%3

Unh
4Dif- Dif-

RUliber a-e Load Lol!.!L- fuse At"ea Load Load fuse Ares

1.1.1 Superior Slope Co.p!ex 8,800 7,100 100 15 5,900 360 100 10
1.1.2 Saint Louis River 25,000 25,000 93 25 14,000 14,000 85 14
1.1.3 Apostle Island Co~lex 2,800 940 100 5.4 2,000 700 100 4.0
1.1.4 Bad River 2,400 2,400 100 9.1 1,600 1,600 100 6.1
1.1.5 Montreal River Co~lex 1,400 1,200 72 13 1,300 1,100 69 11

liver Ba8in Group 1.1 Total 4G,4OO ~ 94 ~ 25,200 17,760 90 """"'9:)

1.2.1 Porcupine Mountains Complex 36,000* 2,600 9 12 36,000* 820 8 11
1.2.2 Ontonagon River 3,700 3,700 99 10 3,400 3,400 99 10
1.2.3 Ieveenav Penlnsula Complex 2,400 0 98 6.7 6,200 0 100 18
1.2.4 Sturaeon River 2,000 2,000 100 11 1,300 1.300 100 7.1
1.2.5 Huron Mountain Co.,lex 3,000 2,000 56 6.7 5.700 1.800 77 18
1.2.6 Grand Marais Co.,lex 2,600 1,000 100 8.4 1.700 0 100 '.4
1.2.7 rahqu...non River 1,700 1,700 88 6.8 1,600 1,600 89 6.6
1.2.8 Sault Collplex 880 610 100 8.4 560 o 100 8.1

liver Badn Croup 1. 2 Total 52,280 13.610 34 ---g:o 56.400 8,920 39 rr-

*33,000 Hetric Tons/Yr from point
80urces on the Mineral River

1rotal load fra. HydroloSic Area (.etrie tons/yr)

2Portion of total load that w.s monitored (metric ton8/yr)

3percent of total load fro. diffuse .ources (nonpoit
4Total diffuse unit area load (kg/hectare!yr or

10-1 metric tons/k~/yr)
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Table 7

HYDROLOGIC AREA LOADS

LAKE MICHIGAN

Hydrololic: Area Chloride 1975 Chloride 1976

Total l
%3

Unit4 Total l 2
%3

Unu
42 Dif-Monitored Dif- Monitored

HUllber IIaJIe Load Load fuse Area Load LnAd fUBe Area

2.1.1 Menoainee Co.plex 2,200 980 100 8.2 1,700 750 100 6.2
2.1.2 Menotinee River 3,200 3.200 72 2.2 4,000 4,000 77 2.9
2.1.3 Peshtllo River 2.100 2,100 100 7.1 1,900 1,900 100 6.5
2.1.4 OConto River 6,200 6,200 99 24 6,300 &,300 99 25
2.1.5 Suallic:o Co.plex 1,600 580 100 13 3,800 1,300 100 30 I2.1.6 'Ollt River 51,000 51,000 72 21 56,000 56,000 76 25
2.1. 7 Green lay Ca.p1ex 23,000 13,000 ~ ~ 32,OO.Q 18,000 ~ 1L

River Basin Group 2.1 Total 89,300 77,060 81 17 D5,700 88,250 85 21

2.2.1 Qlicago-Mi1waukee Co.plex'" 59,000 29,000 \13 97 72,000 36,000 94 120

2.3.1 Saint JOBeph River 78,000 78,000 72 46 87,000 87,000 75 54
2.3.2 Blaclt River (5. HaveD) CQIIP1ex 4,300 0 100 46 5.000 0 100 54
2.3.3 lCa1...~oo River 60,000 60,000 79 91 57,000 57,000 76 84
2.3.4 Black River (Ottawa Co.) ColIp. 4,200 0 73 46 4,700 0 76 54
2.3.5 GUild River 170,000 170,QOO -J!l 97 50 000 150,000 --!! 83

River lasia Group 2.3 Total 316,500 308,000 80 76 1303,7(l)0 294,000 79 60

2.4.1 tt1sltelOR River 48,000 46,000 99 67 48,000 46,000 98 66
2.4.2 Sable Coaplex 63,000 'J 48 67 66,000 0 46 66
2.4.] Manistee I1ver 160,000 160,000 5 15 87,000 86,000 11 18
2.4.4 Traverse eo-plex 11,000 2,800 93 15 13,000 31300 94 18
2.4.5 Seul Chola-Groscap Ca.p1ex 1,600 0 100 11 1,500 0 100 10
2.4.6 HanbUque lliver 4,100 4,100 100 11 3,900 3,900 100 10
2.4.7 Bay De Moc Co-,lex 13,000 0 100 44 5,700 1,100 100 21
2.4.8 lacanaba River 10,000 10,000 100 44 5,100 ~ 100 21

River Ba8in Group 2.4 Total -- - -310,700 222,900 40 31 30,200 145,400 50 34

1
Total load fraa Hydrologic Area (metric tons/yr)

2
Portion of total load that vas monitored (metric ton8/yr)

",

Point sources to the Indiana Harbor Canal dnd Burns Ditch
are considered direct; Eee page 87.

3percent of total load fraa diffuse sources (nonpoint)

4Total diffuse unit ~~ea load (kg/hectare/yr or
10- metric tons/km Iyr)



Table 7

HYDROLOGIC AREA LOADS

LAKE HURON

1976

Hu.ber

3.1.1
3.1.2
3.1. 3
3.1.4
3.1.5
3.1.6

Hydrologic Area

Name

Les Cheneaux eo.plex
Cheboygan River
Presque Isle Complex
'nlullder Bay River
Au Sable and A1cona Co~lex

Rifle-Au Gres Complex
River Basin Group 3.1 TotRl

Tota11

Load

4,700
6,500
1,100
5,500

11,000
14,000
42,800

Chloride 1975

2 %3
Monitored Dif-

Load fuse

1,100 100
6,200 100

490 100
5,500 100
9,900 100

13.000 .za
36,190 99

Un1t
4

Area

16
16

7.8
17
19
sa.,
21

Total l

Load

2,000
6,700
1,500
4,300

11,000
~
42,500

Chloride

2Monitored
Load

460
6,500

670
4,300

10,000
9,800

31,730

13
Dif­
fUBe

100
100
100
100
100
.ss

99

Un1t
4

Ate.

6.6
16
10
13
19
ll.
22

0­....

3.2.1
3.2.2
3.2.3

Kawkawlin Complex
Saginaw River
Thu!IIb Complex
River Basin Group 3.2 Total

7,600
00,000
27 :>00
34,600

5,100
300,000
10,000

315,100

94
58

100
62

72
100

14
98

7,600
320,000
52,000

379,600

°320,000
7.300

327,300

94
61

W
67

72
120
~
120

lTotal load fra. Hydrologic Area (metric tons/yr)
2Portioa of total load tbat vas .anitored (metric tons/yr)

3Percent of total load fro~ diffuse aources (nonpointJ
4Total diffuse unit area load (kg/hectare/yr or

10-1 metric tons/km2/yr)
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Table 7

HYDROLOGIC AREA LOADS

LAKE ERIE

Hydrologic Area Chloride 1975 Chloride 1976

Total l Monttored2
%3

Unit" Total l Monitored2 13
Unit4Dif- Dif-

Hullber HaDe Load Load fuse Area Load Load fuse Area

4.1.1 Black River 8,100 7,80e 97 43
4.1.2 St. Clair Complex 6,600 0 97 43
It.l.3 Clinton River 26,000 ° 52 70
4.1.4 RoUp! Complex 29,000 18,000 99 150
4.1.S Huron R~ver 29,000 29,000 74 96
4.1.6 Swan Creek Comp1e~ 8,300 a 100 96
4.1. 7 Raisin River 37,000 a 84 96

River Basin Group 4.1 Total 144,000 S4,800 82 87

4.2.1 Ottawa River 9,600 0 99 lSO
4.2.2 Mau_e River 270,000 270,000 93 150

!4.2.3 Toussaint-Portage Compl~x 32,000 20,000 92 110
4.2.4 Sandusky River 49,000 47,OOC 95 120
4.2.5 Huron-Ver-ilion Complex 26,000 17,000 95 92

River Basin Group 4.2 Total 386,600 354.000 93 130

4.3.1 Black-Rocky Complex 53,000 27,000 90 210
4.3.2 Cuyahoga River 110,000 110,000 79 380
4.3.3 Chagrin Collplex 24,OOn 22,000 99 310
4.3.4 Grand River 66,000 0 100 310
4.3.S Ashtabula-Conneaut Complex 28,000 0 ~ 310

River Bqsin Group 4.3 Total 281,000 159,000 90 300

4.4.1 Erie-Chautauqua Complex 12,000 0 94 68
4.4.2 Cattaraugue Creek 10,000 10,000 95 68
4.4.3 Ton_lll.da CollPlex 22,000 0 90 -~~

River Basin Croup 4.4 Total 44,000 10,000 92 68

ITotal load from Hydrologic Area (metrIc tona/yr)

2Portion of total loa~ that was monitored (metric tons/yr)

3percent of total load froa diffuae sources (nonpoj
4Total diffuse unit area load (kl/hect~re/yr or

10-1 meL.ic tODs/k.2/ yr )
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Table 7

HYDROLOGIC AREA LOADS

LAKE ONTARIO

Hydrologic Area Chloride 1975 Chloride 1976

Tota11 Honitorei
%3

Un1t
4 Total1 Mnnitorei

%3
Unu4Dff- D1£-

NUllber Name Load Load fuse Area Load Load fue Area

5.1.1 Niagara-Orleans Complex 26,000 0 74 72 26,000 0 74 72
5.1.2 Genesee River 140,000 130,000 96 190 140,000 130,000 96 190

River Basin Group 5.1 Total 166,000 130,000 92 160 166,000 130,000 92 160

5.2.1 Wayne-Cayuga Complex 9,400 0 98 72 9,400 ° 98 72
5.2.2 Oswego IUver 1,000,000 1,000,000 44 350 1,400,000 i,400,OOO 60 630
5.2.3 Sa11110n COlllplex 3,200 0 96 13 3,600 0 96 14

River Basin Group 5.2 Total 1,012,600 1,000,000 45 280 1,413,000 1,400,000 61 500

5.].1 Black River 7,500 7,500 85 12 8,600 8,600 87 14
5.3.2 Perch Collplex 1,400 0 100 11 1,900 0 100 15
5.3.3 Oswagatchie l1wr 4,800 4,800 91 10 7,300 7,300 94 16
5.3.4 CrasR-Raquette··3t. Regie Comp. 7,600 _ 6,900 72 6.7 11,000 7,400 87 .-ll

River BaBin Group 5.3 Total 21,300 19,200 83 9.3 28,800 2~t300 90 :'4

-

1Total load fro. Hydrololic Area (~tric tons/yr)
2Portion of total load that vaa IIIOnitored (-etric tons/yr)

Jpercent of total load fro. diffuse sources (oonpol0

4Total diffuse unit aJea load (kg/hectare/yr or
10-·· _trlc tons/Ial Iyr)



DIS CUS S ION

ACCURACY OF TRIJ)UTARY LOADING ESTlH.\TES

The results of the tributary l"ading study presented :In the previous
section are based upon the best availahlp data. The loaJing estimates
probably ~epresent the .ast complete coapilation of such data ever made for
the entire U.S. Great Lakes Basin. It must be relllemberlEod, however, when
utilizing this info1..tion that the loading estiaates are only as good
as the available field data and that many potential sources of error exist
in the collection of data for load calculat1ons.

Perhaps the most significant source of error during any given year
is the frequency of sampling. It is often impossi~le to precisely
characterize the annual load contributed by any given river w1th, for
example, twelve monthly sa.ple8. The effect of hydrologic and cheaical
factors (1. e., runoff events, droughts, point scurce spills and chemical
exchange reactions) aay be overlooked if the sampling is infrp~uent.

Consequently, it is possible within any given year to Ilisrepresent the
actual load if the sampling progrBD aisses critical runoff events or other
occurrences.

During the analysis it was often noted that data }Joints collected for
a given tributary exhibited a high degree of variation. It was then
necessary to carefully ex_ine these points to deter1lline if they could be
readily explained by a high flow event or sc.e other phenOlDenon. In
several cases extreme concentration data were rejected, especially if
they did not coincide with long-term historical trends or highflow
runoff events and were therefore perceived as potential sources of
reporting or data handling error.

As part of the ratio estillllltor .ethod an estimated mean-square-error
(the square root of which 1.8 the estimated standard error of the mean)
is calculated along with each annual load est:t.&te. AppendiX A contains
theae .ean-~quare-el~orvalues calculated for individual tributaries.
While theae _an-square-~rror terms are useful statistical inforaation.
a low !lean-square-error does Tlot neceaaarily uply that the estiaated load
18 an accurate representation of the "true" load.

The -ean-square-error is only an estiaate of the error of the load
deterllined froa a limited n~er of daily ...plea, baaed on the pr_ise
that the true load can be determined by s_pl~ng flow and concentration
at the river .auth each and every day of the year. Thus, thf! error
estillate illll11es that the true total annual load i8 that load given by
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the sum of 365 daily obBervationB. This assu.ption, of course, implies
that sampling i~~trumentation and measurement errors may be neglected
and that an in~tantaneous flow/concentration measurement is a perfect
representation of tributary conditions on a particular day. Consequently,
while the nean-square-error terms are useful, they do not necessarily
reflect how close the estimated load is to the true load. For more
information on the statistical theory, statistical texts such as Kendall
and Stuart (1968) should be ~onsulted.

In summary. the major source of error in est4mating river mouth
loads is likely to be the inability of the 9amp11ng program to provide a
representative temporal and spatial distribution of samples. Sampling
programs mus~ ~e tailored to the unique characteristics of individual
streallS if th!!y are to be both effective and efficient. Importantly,
all streams wi.l not require high sampling frequencies 1n order to
accurately characterize their loading contributions, e. g., monthly
instead of dail~ or weekly sampling may be sufficient to provide a
reasonable estimate of load. These individual tributary characteristics
which require consideration in the design of the sampling program will be
discussed in subsequent sections.

IJC Surveillance Versus U. S. Task D Total Phosphorus Loads

Total phosphorus loads have a130 been calculate1 by the Surveillance
Subcolllllittee of the International .loint Commission. It is important to
point out the differences (a~d similarities) between the Surveillance
Subcommittee total phosphorus load~ and the U. S. Task D (this study) loads.

Table 8 compares t~e li. S. total tributary loads estimated to be
delivered to Lakes Superior. Huron, and Michigan during 1916. Loads
estimated for Lakes Ontario and Erie were not directly comparable due to
the unavailability of 1976 Erie data as well as differences in drainage
demarcations.

Both estimates were based on the same computation method (ratio­
estimat.or method), but con~iderably more data were used 1n computing
the Task D load. Table 8 shows the total number of sample~ and the
number of rivers fram which the loads were computed. Stat£ surveillance
data were the primary data source used by the Surveillance Subcommittee,
but for U. S. Task D, in addition to the state surveillance data, other
data were also used from university studies. the U. S. Geological Survey.
special EPA studies. and PLUARG Pilot Watershed studies. Consequently,
differences 1n loads as shawn in Table 8 can be accounted for fn part
by the differences in sample numbers. Note that in this study (U. S.
Task D) loads were calculated for different parameters. while the
Surveillance Subcolllllittee calculated loads for total phosphorus only.
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TABLE 8

COMPARISON OF SUllVEILLANCE SUBCOMMITTEE AND
U. S. TASK D 1976 TOTAL PHOSPHORUS TRIBUTARY LOADS

Lake
Survel1lence U. S. Task D
SUbc2!pittee ~is Study)

.etrlc tons/year

Superio~

Huron

Michigan

84!

l8~4

3894

964

1954

3596

COMPARISON OF THE TOTAL NUHBER OF SAMPLES AND NUMBER OF RIVERS MONITORED
WHl(H WERE USED IN CALCULATING 1976 TOTAL PHOSPHORUS LOADS BY

SUllVEILLANCE SUBCOMMITTEE AND U. S. TASK D

Superior

Huron

Michigan

N.). of Samples Rivers Cpnsldered

Surveillance U. S. Task D S'.Irveillance !!.:2.:J~
SubcOIIIIIIittee Subca.a1ttee

95 157 10 11

1!-7 402 9 15

3 4 740 27 27

7J



EVALUATICN OF U. S. GUAT LAKES TltIBUrAJlY LOAD ESTIMATES

Flow

In order to evaluate the changes in load that occur from one year to
the next, it is helpful to first consider the variability in flow, Table 9
contains the Annual He&l Daily Tributary Flow to the Gr~at Lakes foT.
water years 1975, 1976, and the historical average. The~e flows are
based on USGS gaging station records. Flows from gaged rivers were
adjus~e.j to river mOULns. Also, fl~w from ungaged tributaries were
estimclcd by extrapolating flow from gagpd areas so that the flows
estimated in Table 9 account for the total Lake waten.t,ed area.
Flow fcom ungaged area was estimated by multiplying t~e unmonitored
Greas by the ratio of the appropriate monitored flow to monitored area.

TABLE 9

ESTIMATED TOTAL ANNUAL MEAN DAILY TRIBtrrARY FLOW TO

THE GREAT LAKES 1

cis {m
3/s)

Superior

Michigan

Huron

Erie

Ontario

Total
8as1n

1975 JJl76 Historical Record

16,380 (463.88) ]4,250 (403.56) 15,660 (443.49)

4::!,780 (1211.53) 45,540 (1289.70) 37,530 (1064.27)

14,910 (422.25) 17,660 (500.13) 11,610 (328.80)

22,520 (637.77) 22,340 (632.67) 17,'130 (507. ?")

28,860 (817.32) 41,100 <1163.95) 25,1>20 (731.22)

125,460 (3553.03) 140,91C (3990.S7) l08,~00 (3075.55)

1 Flows based on measured flow plus estimated flow for ungaged areas
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Table 9 shows that the total ann.ual mean daily discharge during
water years 19/5 and 1976 vas generally higher than the historical
discharge. Flows were higher in 1976 compared to 1915 for the Basin as
a Whole and specifically for Ontario, Huron, and Hichlgan tributaries.
The 1976 tributary flow to Lake Ontario vas particularly high.

Table 10 contains Basin tributary flows nor.slized according to the
area of drainage. lnterestingly. the flow per unit area of watershed
was approxlb8tely equivalent f~r Lakes Superior, Michigan. Huron, and Erie.
The unit area tributary flaw into Lake Ontario was significantly higher
than the flow ioto the other Lakes, particularly during 1976.

Table 11 provides .are detailed information on the di8ch~rge from
indivIdual tributaries. All tributary flows have been adjusted to the
river mouths (see methodology for discussion). Significant differences
occurred in the discharge of tributaries bet_een water year 1975 and 1976.

TABLE 10

-orAL ANNUAL DAILY FLOW PER UNIT AREA OF WATERSHED

3 2
m IkJn /year

Lake 1975 1976 Historical

Superior 330.000 290,000 320,000

Michigan 330.000 3S0,000 290,000

Huron 320,000 380,000 250,000

Erie 360,000 360,000 290,000

Ontario HO,OOO 810,000 no, 000

Total Basin 370,000 420.000 320.000
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TABLE 11

INDIVIDUAL ANNUAL KlAN PLOW

n~ U.S. CREAT LAKES TRIJlutARIES

RIVER DBAIMAGE 1915 1~76 HISTORICAL AVG.
AREA. kII2 FLOW FLOW FL~

efe(m3/s} de(_J/s) efe(a3/e}
Superior Basin

Pigeon 1,554 505(14.30) 505(14.30)

Baptism 363 155( 4.39) 153(4.33) 168(4.76)

St. LouiR 9.440 2,984(84.51) l,6d4(47.70) 2,432(68.87)

Nemadji 1,290 437(12.38) 347(9.83)

Bois Brule 492 261(13.93) 262(7.42) 270(7.65)

Bad 2,580 866(24.52) 1,087(30.78) 999(28.29)

TahqulUllllnon 2.180 1,014(28.72) 984(27.87) 989(28.01)

Black 612 270(7.65) 323(9.15) 282(7.99)

Presque Isle 886 342(9.69) 360(10.20) 356(10.08)

Sturgeon 1.828 888(25.15) 810(22.94) 848(24.02)

carp 192 91(2.58) 100(2.83) 86(2.44)

Ontonagon 3 530 1,459 (41. 32) 1.453(41.15) 1.470(41.63)

% of Total Basin
Accounted for by Gaged Rivers 57 53 54

Michigan Basin

Menominee 10,610 3.558(100.76) 3,382 (95.78) 3.406(96.46)

Pellhtigo 2.983 1.007(28.52) 1.006(28.49) 946(26.79)

Oconto 2,551 947(26.82) 966(27.36) 912(25.83)

Pensaukee 414 113(3.20) 118(3.34)

Fox 17.100 4.183(118.46) 4.386(124.21) 4.478(126.82)

Kewaunee 354 108(3.06) 94(2.66} 90(2.55)

East Twin 344 81(2.29) 103(2.92}

Manitowoc 1.443 296(8.)8) 368(10.42)

Sheboygan 1.127 298(8.44) 261(7.39) 241(6.83)

Milwaukee 1,893 547(15.49) 462(13.08) 424(12.01)

Henc.cmee 344 107(3.03) 85(2.41) 95(2.6cn

Root 514 124(3.51) 154(4.36) 162(4.59)

St. Joseph 12.110 4.63.7f'~1.32) 5,236(148.28) 4,182 (118. 43)

B1ack(South Haven) 742 429(12.15) 398(11. 27) 350(9.91)

Kala_zoo 5.200 2,492(70.57) 2.446(69.27) 1.772(50.18)
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TABLE 11 continued•••

RIVE" DRAlMAGE 1975 1916 HISTORICAL AVG.
~, ka2 FLOii ~ FLOW

cfs(a3/.) cfs(m3!s) cfs(m3/s)
Michigan Basin cont' d..•

Black (Ottawa Co.) 494 208(5.89) 259(7.33) 173(4.90)

Grand 14,660 5,683(160.94) 6,491(183.83) 4,029(114.10)

Muskegon 7,118 2,694(76.29) 3,401(96.32) 2,200(62.30)

White 1,352 681(19.29) 876(24.81) 566(16.03)

Pere Marquette 1,':109 839(23./6) 953(26.99) 671(19.00)

Manistee 5,487 2,692(76.24) 2,476(70.12) 2,313(65.50)

Boardman 740 252(7.14) 298(8.44) 246(6.97)

Manistique 3.746 2,177(61.65) 2,257(63.92) 1,861(52.70)

Escanaba 2.370 905(25.63) 917(25.97) 968(27.41)

Ford 1.236 457(12.94) 412(11.67) 399(11. 30)

% of Total 8asin
Accounted for by Gaged Rivers 83 83 81

Lake Huron Basin

Pine 644 371(10.51) 306(8.67)

Cheboygan 4,090 1,724(48.82) 1,748(49.50) 1.488(42.14)

Thunder I\ay 4.271 1.030(29.17) 1.013(28.69) 1.004(28.43)

Au Sable :>,756 2.306(65.30) 2.387(67.60) 1.996(56.53)

Au Gres 727 132(3.74) 189(5.35) 162(4.59)

Rifle 1.013 378(10.70} 428(12.12) 376(10.65)

Kawkawlin 582 146(4.13) 291(8.24) 131J(3.68)

Saginaw 16.170 5.950(168.50) 7,849(221.28) 4,026(114.02)

Pigeon 322 83(2.35) 144(4.08) 70(1. 98)

% of Total Basin
Accounted for ~y Gaged livers 81 81 80

Lake Erie Basin

Black 1,800 396(11.21) 687(19.46) 400(11.33)

Belle 544 185(5.24) 189(5.35) 119(3.37)

Clinton 2,030 931(26.37) 962(27.24) 546(15.46)

Rouge 1,188 388(10.99) 495(14.02) 283(8.01)

Stony Cr. 306 72(2.04) 104(2.95) 76(2.15)

Raisin 3,206 901(25.52) 1,136(32.17) 836(23.68)

Huron 2,200 653(18.49) 842(23.85) 521(4.75)
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TABLE 11 continued ••.

lIVER DRAINAGE 1975 1976 HISTORICAL AVG.
AREA, kll2 rww iUlii FLOW

Lake Zrie Basin coot I d ••• cta(.3/.) ch(a3/.) cfs(.3/a)

Ottawa 440 141(3.99) 122(3.46) 134(3.79)

Mauaee 17,110 5,545(157.03) 5,848(165.62) 4,989(141. 29)

Portage 1,566 458(12.97) 513(14.53) 434(12.29)

Sandusky 3,970 1,418(40.18) 1,060(30.02) 1,168(33.08)

Huron 1,041 369{l0.45) 322(9.12) 319(9.03)

VerDli11 100 704 310(8.78) 252(7.14) 249(7.05)

Black 1,209 583{l6.51) 323(9.15) 379(10.73)

Rocky 746 424(12.01) 256(7.25) 231(7.96)

Cuyahoga 2,340 1,783(50.49) 1,384(39.19) 1,001(28.35)

Chagrin 692 507(14.36) 441(12.49) 352 (9.97)

Crand 2,120 1,410(39.93) 1,196(33.87)

Ashtabula 355 218(6.17) 210(5.95) 167(4.73)

Conneaut 500 306(l!.67) 356(10.08) 280( I. 93)

cattaraugus 1,440 1,055(29.88) 1,150(32.57) 925(26.20)

Buffalo 1,129 651(18.44) 858(24.30) 576(16.31)

Tonawanda 1,573 787(22.29) 702(19.88)

% of Total Basin
Accounted for by Gaged Rivers 87 84 83

Lake Ontario Basin

Genesee 6,420 3,326(94.19) 3,991(113.03) 2,752(77.94)

Sterling 261 171(4,84) 141(3.99)

Oswego 1,3160 7,618(215.74) 11,030(312.37) 6,305(178.56)

Sandy 368 308(8.72) 473(13.40) 276(7.82)

Black 5,210 4,521(128.03) 6,405(181,39) 3,902(110.50)

Oswegatchie 4,309 2,654(75.16) 4,431(125.49) 2,874(81.39)

Grass 1,668 1,230{34.83) 1,655(46.87) l,lS0( 32.57)

Ilaquette 3,253 2,220(62.87) 3,354(94.99) 2,180(61. 74)

St. Regis 2,207 1,391(39.39) 1,808(51.20) 1,391(39.39)

% of Total Basin
Accounted for by Gaged Rivers 81 81 81
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Often the 1975 and/or 1976 flows were different fra. the historical
record flow. Even within a lake baSin. both relatively high and low flows
can occur during the saae year.

Important differences in flow can occur during the spring prriod
when for some streams a large fraction of the annual 10l\d (of sOIDe
sub.tances) is delivered. Table 12 gives the ratio of the 1975 to
1976 spring river mouth flow for a number of tributaries. As can be
se'n. many of the tributaries in Table 12 had higher spring flows in
1976 compared to 1975 (ratio less than one). Notably, two major
tributaries, the St. Louis River (draining into Lake Superior) and
the Maumee River (draining into Lake Erie) had higher spring flow in
1975 compaled to 1976. Important high flow eventR also often occur in
February or other fall-winter months which are not accounted for in
Table 12. Also. s!.ort-term peak flow events may have a major ~ffect on
mean daily flows.

TABLE 12

RATIO OF SPRING (MARCH + APRIL + HAY) PLOWS POR
SEVERAl. GREAT LAKES TRIBUTARIES

St. Lollis River
Nemadji River
Bad River
Ontonagan River
Grand River (Lake Michigan)
Huskegon River
Rifle River
Au Sable lUver
Black River (Mich.• Lakp Erie)
Rouile River
Huron River
Mau"llee River
Sandusky River
Cuyahoga River
Genesee River
(lawego River
Oswe6atchie River

1975/1976.

1.783
1.085
0.650
0.917
0.771
0.500
0.694
0.795
0.641
0.806
0.643
~.• 134
0.220
0.312
0.718
0.604
0.552
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Differences in flow fra. year-to-year certainly account for some
of the variation in loads and will be considered in the ensuing discussion.
However, other factors, such as the ttme, amount and intensity of
precipitation, meteorological conditions, year-to-year differences in
land use and agricultural practices, variances in point source inputs,
and many other factors affect the load for anyone year. IdeallY,
a long period of record for loads, such as is available for discharge
on many tributaries, would give a better indication of year-to-year
v~rtabilities in loads. For several streams a long-tera data base is
beginning to be built up, and it is imperative that such monitoring be
continued. Until more long-term information is available, however, it
must be realized that tributary loads are the result of dynamic processes
and can be expected to vary widely from year-to-year.

Great Lakes Load Summary

Table 6 presented in the Re~ults section summarizes loads to the
Great Lakes on a total Great Lakes Basin level and by individual
Lake basins. Summarized 1975 and 1976 loads are given for seven different
parameters, except for Lake Erie, where 1976 data were not available at
the time of this writing. It should be noted that discussion of the
losding data should not be taken to imply the estimated loads are
necessarily absolute. While they are believed tu be the best estimates
available, an understanding of the limitations of the data is necessary for
proper use and interpretation of the estimated loads.

The largest and smallest total phosphorus tributary loads were
received by Lake Erie and Lake Huron, respectively. Lake Erie and
Lake Michigan tributaries received the largest point source input of
total phosphorus. Lake Erie received the largest annual diffuse total
phosphorus load per unit area of watershed. The monitored loa~

(calculated from actual flow and concentration data) comprised a large
portion of the total load to each Lake, particularly during 1975. Total
phosphorus loadings were higher in 1975 than in 1976 for Lake Superior,
while the reverse was true for the other Lakes. This is attributable
in part to fluctuations in annual discharge, but is also probably
attributable to many other factors, such as variations in the sampling
program, the accuracy of the data r~ported. the temporal and spatial
distribution of precipitation in different watersheds. and the int~nsity

of precipitation.

Suspended solids tributary loads during water year 1975 (Table 6)
were highest for Lake Erie, followed by Lake Superior and Lake Ontario.
In 1976 the Lake Ontario suspended solids load exceeded the Lake Superior
suspended solids load, which decreased significantly in water year 1976.
Other lakes (with the exception of Lake Erie, for which no 1976 loading
data w~re available) received larger suspended solids in water year 1976
than water year 1975.
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Further examination of Table 6 reveals that Lake Erie and Lake
Michigan received the largest loading of soluble ortho phosphorus.
Assuming 100 percent transmission from the point of entry to the river
~uth. a significant portion of the soluble ortho phosphorus input can be
accounted for by point source inputs. It is also interesting to note
that despite the large increase in flow into Lake Ontario during 1976.
the soluble ortho phosphorus load was not substantially increased.

The sumaary of total nitrogen loadings to the Great Lakes (Table 6)
reveals that Lake Erie rece1YO!<l lit", llSrgeHt tributary cont:ribution.
Furthermore, approximately IS percent of the total Basin tributary load
was associated with inputs from point source discharges. Table 6
indicates that Lake Erie also recieved the highest inputs of nitrate
~nd ammonia nitrogen. Although 80 percent or more of the nitrate
nitrogen loadings to the different Lakes was associated with diffuse
sources. point source inputs seemed to be the primary contributor of
ammonia nitrogen loads (assuming 100 percent delivery). Nitrate nitrogen
and ammonia nitrogen exhibited similar variation patterns over the 1975
and 1976 water years.

The chloride loading summary given in Table 6 indicates that Lake
Ontario received the highest chloride load during wat~r years 1975 and 1976.
The chloride load to all the Lakes appeard to vary between 1975 and 1976
in the same proportion as tributary flow varied. This is evidenced by
Table 6, which compares the ratio of 1975 to 1976 chloride load with
197~ to 1976 flow.

TABLE 13

RATIOS OF CHLORIDE LOAD AND ANl!IUAL FLOW BETWEEN WATER YEARS 1975 AND 1976

197.'i/1976

Basin Chloride Load Annual Flow

Lake Superior 1.14 1.15

Lake Michigan 1.09 1.04

Lake Huren 0.89 0.84

Lake Erie

Lake ')ntl'rio 0.74 0.70
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Table 7. presented in the Results section. summarizes loads to the Great
Lakes from individual hydrologic areal, and is discussed below. Maps of River
Basin Grours and hydrologic areas are presented in Appendix B.

LAKE SUPERIOR

River Basin Group 1.1. The St. Louis River is the largest river in
this region. Portions of the River Basin Group 1.1 drainage area are
characterized by heavy clay soils which appear to significantly affect
LdbuLlKY 10...1i1. Flow volumes varied considerably during the 1915 and
1976 water years. For example. flow frOlll the St. Louis and Neaadji
Rivers signifi~antly decreased from 1975 to 1976. while certain streams
in the eastern portion of the Basin (e. g., the Bad River) exhibited
increased flow. During water year 1975 the monitored load (i. e •• the
load as determined frOlll field measurements of flow and concentration)
accounted for a majority of the estimated total load from this basin group.
The number of monitored streams (and subsequent ratio of monitored load
to estimated total load) decreased for the 1976 water yesr as a result of
the termination of the Upper Lakes Reference Group monitoring program.

As can be seen from examination of Table 7,. the Superior Slope
Complex. the St. Louis River. and the Apostle Island Complex are the
largest contributors of total phosphorus in this river basin group.
With the exception of the St. Louis River. most of the total phosphorus
load is derived from diffuse sources. The Superior Slope Complex,
which is composed of many small tributaries. was monitored extensi7ely
during the 1975 water year. However. monitored 1976 total phosphorus
data were unavailable for this complex.

The Apostle Island Complex also contributed a larger total phosphorus
load in 1975 than in 1976. The Apostle Island Complex contains severa~

tributaries. such as the Nemadjl River. which drain a watershed characterized
by red clay. As shown in Table 7 • this coapLex represented the largest
source of total phosphorus in River Basin Group 1.1.

Total Lake loadings of total phosphorus from 1.1 decreased between
water years 1975 and 1976. This may be directly attributable to
decreased tributary flows during this time period. It should be noted
that the highest phosphorus concentrations were most often recorded on
days having high associated flow levels. This condition. in coabination
with the overall increase in annual flow. may explain the high loads
contributed by the St. Louis River in 1975.

Further inspection of Table 7 reveals that soluble ortho phosphorus
generally coaprised le8s than 50 percent of the total phosphorus load
froa the tributaries included in River Basin Group 1.1. The ratio o~

soluble ortho phosphorus to total phosphorus vas relatively consistent
for IIOst stre8111S between 1975 and 1976. Importantly. the St. Louis River
had the highest ratio of soluble ortho phosphorus to total phosphorus.
However, because .-onitoring of soluble ortho phosphorus was 11lllited.
especially during 1976, the soluble ortho phosphorus load could be
underestiaated.
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Suspended solids loads for River Basin Group 1.1 are relatively
hiah, reflecting the high clay eontent of so11s in varioua portions of the
waterahed. The Apostle Island Coaplex and the Bad River Complex cent zIbuted
the largest suspended solids loadinp. The suspended solids loadings
froa the St. Louis River were not partieularly high, despite its large
basin area and significant discharges of suspended solids f~ point
sourees within the Basin. This point source loading data is priaarily
associated with extensive min1ng operations within the watershed.
The .-aunt of suspended solids frca the~e point sources which actually
reach Lake Superior i~ not known, but significant transport loss is
possible. Since the annual diffuse unit area load of suspended solids
is so low foe the St. Loui. basin, assuming 100 percLnt delivery of
these point sources, it is in fact likely that a large fraction of the
estimated point source load does not find its ~ay to ~~~ Lake. The
lake-like wideninge of the St. Louis near its mouth, in cL.bination with
the large wetland Inea contained in the drainage basin. prl··bably accounts
for the re1ativel! low quantity of suspended solids discha··.·ged to
Lake Superior.

The var:l.atlon in the suapended solids loading froll' River Basin Group 1.1
during the 19J5 and 1976 water years was similar to that of total
phosphorus (se~ Table 7 ). The Bad River represencs one exception.
Here the sU8p(~ded solids load was higher in 1976 than in 1975, although
the annu~l total phosphorus load decreased over the same period.
However, thts increased suspended solids load is consistent with the
increase i~ flow which occurred in the Bad River between 1975 and 1976.
Furthermo.e. the high total phosphorus load calculated for 1975 ~ay be
overesti.ated due to soae unusually high concentrations reported during
the 1975 water year and thus the calculated load for 1975 may not be
reprer.entative of actual conditions.

Table 7 indicates that the highest total nitrogen loads from
~iver Basin Group 1.1 were from the Superior Slope Complex and the St.
Louis River basin. This may reflect the larger quantity or organic
matter present in the watersheds of these basins. The Apostle Island
Complex, which had the largest suspended solids and total phosphorus
input, did not contribute the largest total nitrogen input. Generally.
total nitrogen loads decreased between 1975 and 1976, which reflects the
overall dec~ease in flow for the tributaries in this river basin group.
Nitrate nitrogen loads most often exceeded the inputs of ammonia nitrogen
for River Basin Group 1.1. Diffuse sources aceounted for a majority of
the nitrate nitrogen loads, while point source inputs accounted for a
large fraction of the ammonia nitrogen load.

Chloride loadings for River Basin Group 1.1 (see Table 7 ) reflect
the relatively undeveloped nature of the watershed. Only the St. Louis
River buin lIDd tlM.! Montreal River Complex contain extensive urban areas
within their watersheds, lIDd both receive significant point source inputs
of ehloride. Chloride loads generally decreased between 1975 and 1976;
this ...in coincides with decreased flows in 1976 (see Table 11). The
Bad River represents ODe exception. Here the chloride load decreased in
spite of Increased fllJll between 1975 and 1976. Upon review of the Bad
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River loading data, it was noted that an unusually high chloride concentration
vas reported in 1975. This high concentration may have biased thr- loading
estiaate, resulting in an unrepresentative estimate of the 1975 chloride
load from the Bad River.

River Basin Gruup 1.2. Several small rivers which drain relatively
undeveloped land characterize this region. Measured flow from this river
basin group did not change significantly between 1975 and 1976. In fact.
~e..ured flows during 1975 and 1976 vere very close to the long-term
average historical flows. The flows during the spring months of water
yeurs 1975 and 1976 were also relatively constant. Rougbly two-thirds of
all estimated loads for River Basin Group 1.2 were based on monitored data.

Table 7 indicates that calculated total phosphorus loadings varied
little between 1975 and 1976. The Ontonagon River was the largest
phosphorus contributor in this hydrologic area, and aJso had the highest
annusl diffuse uni:: area .i..Jadlng rate for total phosphorus. The
calculated total phosphorus did decrease between 1975 and 1976, although
the dle&n annual fl:)w from the Ontonagon River did not.

Soluble ortho phosphorus loads were comparatively low from River Basin
Group l.l during the 1975 and 1976 water years (see Table 11). The
calculated load from the Ontonagon River increased over this period, while
other hydrologic areas exhibited little variation in their calculated
soluble ortho phosphorus output. Municipal point source discharges
accounted for a l~rge fraction of the soluble ortho phosphorus load.
Exaaination of the ratio ryf soluble ortho phosphorus to total phosphorus
loads revealed a wide variation over this rwo-year period of study.
The lowest ratio of soluble ortho phosphorus to total phosphorus for this
river basin group was associated with the Ontonagon River in 1975.

Monitored loads of suspended solids to Lake Superior comprised 70
percent or .ore of the total suspended solid~ loadings from River Basin
Group 1.2. The Ontonagon River represented the largest contributor.
As will be discussed later, the Ontonagon River drains a watershed
containing extensive clay soil areas. It is interesting to note that a
large decrease in suspended solids loadings occurred between 1975 and 1976
fron the Ontonagon River. This decrease coincides with the decrease
observed for total phosphorus. Diffuse source inputs accounted for
all the suspended solids loadings frQla Iliver Basin Group 1. 2. except in
Hydrologic Area 1. 2.1 - the porcupine Mountains CO.plex. Dhcharg••
fro• .tning operations in the Mineral and Iron River wateraheds accounted
for auch of the load fro. this coaplex.

Monitored loads of total nitrogen accounted for approximately 50
percent of the total load in 1975. In 1976 this percentage was soaewhat
les.. The OntOll8gon River vu the largeat contributor of total nitrogen
in vater year 1975 (see Table 7 ), vhile the Keweenaw Peninsula Coaplex
contributed the l"rgeat load in 1976. Hovever, becaae the ulbutaries
within the Keweenav Peninll.lla Coaplffll: were not .onitored, the Keweenaw
10a4 is only a rough approxlaation. The luron Hountain Complex and the
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Porcupine Hountains Caaplex both received significant point source inputs
of total nitrogen.

Nitrate nitrogen loads remalned relatively constant between 1975 and
1976. ~ia nitrogen loads we~e small during both water years.
Point source contributions were substantial in the Porcupine Mountain~ Complex,
~he Huron Hountain Complex, w\d the Tahquamenon River hydrologic area.

The IUjor source of chloride loads fraa River Basin Group 1. 2 is
the Porcupine Mountains Complex. Discharges of brine frOlll mining
ope~ationF. into the Mineral River appear to account for this high
chloride load. In fact, point source loads from these operations of 33,000
metric tons per year have been estimated which a~c~unts for 3S to 40
percent of the total U. S. tributary load of chloride to Lake Superior.
Municipal dischar~es comprise the other point source inputs of chloride
to the Iron Mountain Complex and to the Tahquamenon River. The Carp
River received all the municipal discharges to the Huron Mountain Complex.

Lake Michigan

River Baain Group 2.1. This river basin group h comprised of
undeveloped watersheds in the north and more developed agriculturalized
watersheds in the south. The area was extensively monitored and
approximately 70 percent of the loads pstimated fo~ this group were based
on field data. The 1975 and 1976 monitored flows in River Basin Group 2.1
were similar. Additionally, the 1975 and 1916 mefin a.••.'Lai £lINs were
approximately equal to the long-term average flows. ',ne Menominee,
Fox, Peshtigo, and Oconto Rivers had the largest mea; annual flow.

Table 7 ehCNs the Fox River to be the laq,est contributor of total
phosphorus in this river basin group. The Greerl Ba.' Complex, which
includes the Manitowoc and Sheboygan Rivers as well ,R a number of str.aller
tributaries, also contributed a significant aDlunt of phosphorus to ~ake

Hi~higan. The F~x River had a lar~e point source c~mponent (assuming
100 percent delivery of point source loads). Similarly, the Green Bay
Complex contained significant point source inputs, far~icularly for 1975
as shollll'l. in Table 7. Significant portions of the Fox Rivl'r and the
Green Bay Complex are located in the more agricu1turalized ~nd urbanized
southern portion of the river basin group.

Despite the fact that the Pox River cIJDU'ibuted the largest total
phosphorus load, its Annual diffuse unit area load was quite saa11.
This is a result of at least two factors-··the large size of the Fox River
watershed and ~he fact that the majority of this area drains into Lake
Winnebago, where many constituents settle out. Therefore, diffuse drainage
to the Fox River is less than would normally be expected for a watershed
of this size.

Few significant differences were observed in total phosphorus losds
between 1975 and 1976 lor the major hydrologic areas. Areas having s_l1
associated loads understandably exhibited a greater percent variation froa
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ye~r-to-year, but the magnitude ~f the total load remained small in
coPIparison to the input from ottu-r watersheds. The general!y saal1
variation in total phospborus loads reflects the rel~tively constant
flow conditions between 1975 and 1976 for these tributaries.

As was the case for total phosphorus, the largest contributors of
soluble ortho phosphorus r.o Lake Michigan in River Basin Group 2.1 were
the Fox P.1ver and the Green Bay COIIIplex (see Table 7). Point source
inputs of soluble ortho phosphorus w~re significant in the Green Bay
Complex. t~e Fox River. and the Menominee River. Although soluble ortho
phosphorus loads comprised roughly 50 percent of the total phosphorus loads
to the Menominee River during 1975. there was significant r e-lrct Icn in the
soluble ortho phosphorus to total phosphorus ratio in 1976. fhe Green Bay
Complex maintained a relatively high soluble ortho phosphor~ to total
phosphorus load ratio in both water years 1975 and 1~76.

The Fox River and the Green Bay Complex also were thp. largest sources
of suspended so l Lds to Lake Michigan from River Basin Grot.p 2.1. Point
source contributions were significant for the Fox River, as well as for
the Oconto and Menominee Riv~rs during both 1975 and 1976. Suspended
solids increased between 1975 and 1976 with the exception of the Green Bay
Complex. The large reduction in suspended solids loadings for the Gree~

Bay Complex was primarily due to a large decrease in loadings from the
Manitowoc River. The reason for this decrease is not obvi~us, although
it may be related to the fact that some high flow and field concentr~tion

measurements were ccincidently collected during 1975 but not in 1976.

The Fox River and the Green Bay Complex again contribut~d the largest
quantit iea of total ni trogen from River Basin Croup 2.1. '11e Fox Ri'rer
also received the largest contribution trom point SOUrC~3 in terms of the
percentage of the total nitrogen load. Cenerally, theh was little
difference between the 1975 and the 1976 total nitrogen load.

Ammonia nitrogen and nitrate nitrogen loadings were unlike SGe of
the other parameters in that the Fox River was not the largest contl1butor.
The Ocon~o River contributed the largest &maonia nitrogen input from
R!'/er Basin Group 2.1. The Green Bay COIIple'{ was the largest contributor
of nitrate nitrogen. Assuming 100 percent delivery. point sources of
..-onia accounted for all the amaonia nitrogen discharged from the Fox River.
Point sources also accounted for all the nitrate nitrogen loads from the
Fox River in 1976 and approxt-Ately 70 percent in 1975. In most cases
both nitrate nitrogen and ammonia nitrogen loadings were higher in 1915
than in 1976.

With respect to chloride. the Fox River vas again the largest
contributor frca River Basin Group 2.1. Identified point sources
accounted for portions of the load delivered by the MenOllinee River. the
Pox River, and the Green Bay GOIIplex (see Table 7 ). The SUSIIOCO CoIIplex
showed the greatest variation in chloride loading between 11)75 and 1976.
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~iver Basin Group 2.2. This river basin group consists of ~
Chicaso-Milwaukee Complex, which includes the Milwaukee River. Menomonee
River, Root River, Waukeegan River, Burns Ditch, Indiana Harbor Canal.
and Galien River. Table 11 indicates that the flow for some of these
tributaries is highly v~riable. The flow for the Milwaukee River in 19,)
was higher than in 19~6, and both exceeded the long-te~ historical av~rage.

~ the other hand, the Root River had a higher flow in 1916 than in 1975,
and the total flow was belpw the long-term historical average. Loads
were only calculated for ~he Milwaukee River, ~he Menomonee River, and the
Root River. Several tributaries, including the Indiana Harbor Canal,
Burns Ditch, and the Galien River, ~hile potentially important dup to their
highly urban dra Inage , Lacked sufficient flow and concentration data to
estimate their ~ss~ciat~d 103ds. Point sources associated with the
Indiana Harbor Canal, while significant, were assumed for the purposes
of this report to be direct ~ources and will be included in Suhactivity 3-4
of L. S. Task D, PLUARG. Evnluating loads for these tributaries is
further complicated by diversions of water to the Mississippi drainage
and the fact that flows tend to be intermittent.

Overall total phos r.hor us loads in 1976 exceeded those in 1975
in River Basin Group 2.::'. Ad:iitionally, soluble or tho phosphorus
loadings increased from water year 1915 to water year 1916. The soluble
ortho phosphorus loads were about 20 percent of the total phosphorus
loads during b0th years.

Unlike phosphorus loads, suspended so l tds Leads decreased between
1975 and 1976 from both the Menomonee and Milwaukee Rivers. These
changes account for the overall drop in the River Basin Grouv 2.2
suspended solids loadings over the two-year period. Flov for both
rivers also decreased becveen water vva rs 1975 and 1976.

Loadings of total nitro&en from River Basin Group 2.2 were fairly
constant Detween water years 1975 and 1916. Nitrate nitrog~n loadings also
exhibited little var Lat t on over the two water years, while aJIIIIonia
nitrogen loadings decreased. Assuming 100 percent delivery, point sources
accounted for about 10 percent of the nitrate nitrogen load. Chloride
loads increased between water year 1975 and 1976. Most of the chloride
load was apparent.ly derived from diffuse sources.

River Basin Grr 'Jp 2.3. This basin group is compr i8e~ of relatively
large rivers (e. g., the St. Joseph River, the Kalamazoo iUver, and the
Grar1 River). Gaging stations in the region indicated relatively little
change in flow between water years 1915 and 1976 for the Kalamazoo RiVer,
while the St. Joseph and the Grand River exhibited a marked increase in
annual .ean daily flow during 1916. In o l I cases, floW3 lIIonitored during
water years 1915 ar.; 1916 were greater than the long-term aver,~.ge annual
_an daHl' flow.
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Monitored loads for all parameters accounted for nearly all the
total load in River Basin Group 2.3. Thus, only a small percentage of this
basin group's total loading was based on extrapolated information.

As shown in Table 7 the Grand River contributes the largest quantity
of total phosphorus of any tributary draining into Lake Michigan. Other
rivers which deliver major inputs from River Basin Group 2.3 are the
Kalamazoo. St. Joseph, and the Black River (in Ottawa County). Differences
in total phosphorus loads between 1975 and 1976 were generally consistent
with differences in the flow between these two water y~ars. Point source
inputs accounted for a large part of the total phosph~rus load froo this
river basin group.

Soluble ortha phosphorus loads from River Basin Group 2.3 varied in
roughly the same fashion as total phosphorus loads between water ye3rs
1975 and 1976. The St. Joseph River was one exception. Here the soluble
ortho phosphorus load increased significantly between 1975 and 1976. The
relative importance of point sources varied widely within the river basin
group. and in some cases, point source inputs accounted for all the total
soluble ortho phosphorus load.

The St. Joseph River cOIltributed the largest quantity of suspended
solids of any tributary in River Basin Group 2.3 and, in fact, of any
Lake Michigan tributary during water year 1975 (see Table 7). During
1976, the Grand River was found to be the largest contributor of suspended
solids to Lake Michigan. Suspended solids loads were generally higher
in 1975 than 1976. A particularly large increase in suspended solids load
was observed for the Grand River between water year 1975 and 1976
(primarily due to an increase in flow). The Kalamazoo River had some
significant point source loads from both municipal and industrial inputs.

Total nitrogen loads varied little between water years 1975 and 1976.
The Grand River was not only the largest contributor of total nitrogen in
River Basin Grou? 2.3, but also the largest contributor to Lake Michigan
(see Table 7). Assuming 100 percent delivery, point sources of total
nitrogen account for up to 50 percent of the tributary load from River
Basin Group 2.3. Nitrate nitrogen behaved similarly tc total nitrogen
during 1975 and 1976. Point sources accounted for as much as 70 percent of
the nitrate load. The ammonia nitrogen load from rivers within River Basin
Group 2.3 was variable between 1975 and 1976. Estimated point source inputs
of ammonia accounted for all the total load from the St. Joseph River, the
Kalaaazoo River, and the ~rand River (assuming 100 percent delivery).

The Grand River was the largest contributor of chlorides to Lake
Michigan for both water years. Despite the fact that the flow of the Grand
River was significantly higher in 1976, the chloride load decreased from
the 1975 value. Assuming 100 percent deli~ery, point source inputs of
chlorid,~ accounted for up to 30 percent of the chloride loads in River Basin
Group 2.3, as shown in Table 7



River Basin Group 2.4. The Muskegon, Pere Marquette, Betsie,
Boardaan, Manistique, and Escanaba Rivers are the major rivers included in
River Basin Group 2.4. About 60 percent of all the total loads associated
with this river basin group are based on field data. Generally, loads
were higher during 1976 than 1975. The Muskegon River, one of the larg29t
rivers in this river basin group, bad a significantly higher mean annual
flow in 1976 than in 1975. Also, flow levels during Karch, April, and May
were significantly higher in 1976 than in 1975. With the ex~eption of the
Escanaba River in Michigan's Upper Peninsula, measured mean annual flows
during both 1975 and 1976 were ~bove the hi~torlcal average.

The Muskegon River and the Sable Complex, which includes the Pere
Marquette, the Big Sable, and the ~lite Rivers, were the largest contributors
of total phosphorus in River Basi.n Group 2.4. With the exception of the
F~canaba River, total phosphorus loads were the same or higher in wdt~r

year 1976 than in water year 1975. Point sources accounted for the
greatest percentage of the total load in the Manistee River.

Soluble ortho phosphorus loads generally increased between water year3
1975 and 1976 with the exception of the several Upper Peninsula (Michigan)
hydrologic areas. Point source inputs accounted for most of the soluble
ortho phosphorus load from the Maulstee River. The ratio of soluble
ortho phosphorus to total phosphorus, although slightly less in 197 " was
fairly consistent over both water years.

The Muskegon River was the largest contributor of suspended solids to
Lake Michigan from River Basin Group 2.4 during both 1975 and 1976. It
also exhibited a sharp increase in suspended solids load between 1975 and
1976. As ~sual, point sources accounted for only a small percent of the
total suspended solids load.

As indicated in Table 7, the Muskegon River was the largest
contributor of total nitrogen from River Basin Group 2.4. Total nitrogen
loadings from River Basin Group 2.4 were generally higher in water year
1976 with the exception of the Bay De Hoc Complex and the Escanaba River.
Total nitrog~n loads in these two complexes were low for both years,
however. The Muskegon River was also the largest contributor of nitrate
nitrogen. On the other hand, contributions of ammonia nitrogen were
higher from other hydrologic areas in both 1975 and 1976. Point sources
accounted for a large fraction of the total ammonia nitrogen loads from
tributaries draining into Lake Michigan from the Lower Peninsula to the
State of Michigan.

Chloride loads either remained relatively constant or decreased over
the 1975 and 1976 water years. The Manistee River contributed the largest
chloride load. Almost all these lvads during 1975 and 1976 could be
attributed to point source inputs. Industrial salt operations in the
Manistee watershed apparently contributed to the high chloride load
associated with the river. In addition, point sources al~~ accounted for
a large portion of the chloride loading from the Sable CompJ.r.x.



Lalte Huron

~~sin Group 3.1. River Basin Group 3.1 is relatively undeveloped
and its tri)utaries are all comparatively smail. Discharges of tributaries
in 197~ and 1976 were generally higher than the long-term historical record.
Tributaries located in the southern part of this river basin group exhibited
significantly higher flows in 1976 compared to 1975. The monitored load
accounted for less than 50 percent of the total load for some parameters
during both 1975 and 1976. tndicating the relative scarcity of field
monitoring data near the river mouths of these tributaries.

Contributions of phosphorus from the hydrologic areas in River Basin
Group 3.1 were generally low (see Table 7 ). The largest contributing
hydrologic area was the Les Cheneaux area. Only in the Rifle-Au Gres
Complex did point source inputs account for a significant portion of the
total phosphorus load. Soluble ortho phosphorus loads were also relatively
low. usually less than 50 perc'~lt of the total phosphorus loads. In the
case of Presque Isl~ Complex, the estimated soluble ortho phosphorus
load in 1975 exceeded the total phosphorus load. This. of course. is an
impossibility and is an anomaly resulting in part from the fact that two
different data sets were used in calculating the load. Further, both
soluble ortho phosphorus and total phosphorus concpntrations were bordered
on the analytical detection limit, so that a small difference in concentration
could result in a relatively large change in the load.

The suspended solids loads from River Basin Group 3.1 were dominated
by the Les Cheneaux Complex (see Table 7 ). This complex produced a
significantly higher load during water year 1975 and 1976. The only
monitored river in this complex was the Pine River and the high load for
1975 was apprently the result, in part. of a high concentration measured
during the high flow conditions in 1975. Because of this excessive
suspended solids load from the Pine River in water year 1975, the overa~l

suspended solids load from River Basin Group 3.1 was approximately twice
as high in water yp~r 197~ than in 1976.

As shown in Table 7, diffuse sources accounted for the majority of
the total nitrogen loads from River SAsin Group 3.1. Diffuse sources also
appear to be responsible for most of the nitrate nitrogen loading (see
Table 7). Point source inputs of ammonia nitrogen accounted for a
significant portion of the ammonia nitrogen load in the Rifle-Au Gres
Complex. The Rifle-Au Gres Complex was a major source of all foras of
nitrogen in River Basin Group 3.1.

The Rifle-Au Gres Complex and the Au Sable-Alcona Complex were the
largest contributors of chloride to Lake Hu~on during the 197~ and 1976
water years from River Basin Group 3.1 (see Tl\ble 7). The contributions
of chloride from identified point sources in this river basin group were
quite s1l8l1.
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!!:Er laE'in Group 3.2. This particular river basin grouo consists of
only thr~e bycTologic areas. The dominate of these is the Saginaw River
basin. which J.ncludes major Induatr Lal.Laed areas. The Thuab Complex is
an agricult.ur;llized watershed characterized by extensive man-made drains
located in ~uch of the complex. As Sh~l in Table 11. rivers within these
coaplexes had a greater discharge in wat.er year 1976 t.han in water year 1975.
In addition. discharges during both years were greater than t.he long-term
historical a..,~rage. The IDOnitored load accounted for the 1II11jority of the
loads reported in River Basin Group 3.2 (see Table 7 ).

The S~ginaw River represented the major source of total phosphorus
loads from River Basin Group 3.2 and from the entire U. S. Lake Huron
basin. Ah~ut 70 per· ~nt of the total phosphorus load from U. S. tributaries
comes from the Saginaw River. This large percentage is also found for
other pa~amet.er8. Point source inputs accounted for a significant portion
of the ~otal phosphorus load for bot.h the Saginaw Rlver and Kawkawlin Complex.
The ratio of soluble ortho phosphorus to total phosphorus was equal to or
less t.han 0.5 for all three complexes.

The suspen~ed solids loads from River Basin Group 3.2 were also
dominated by the Saginaw River. Although a significant portion of the
total suspended solids load from the Thumb Complex was based on projected
edtimates rather than monitored data. the results indicate that this
complex also contributes a large portion of the suspended solids load
from this river basIn group. A sharp increase in the suspended solids
loading was observed between 1975 and 1976 in the Saginaw River and the
Thumb Complex.

The Saginaw River was also the largest contributor of t.otal nitrogen
from River Basin Group 3.2. Nitrat.e nitrogen loads were rela~ively high
in this complex compared to the total nitrogen loads. Apprllx1lllately
12 percent of the Saginaw River load could be atributed to point source
inputs of nit.rate. The Saginaw River also represented the mvst significant
source of ammonia nitrogen loads. ADlDonia point sources accoJnted for the
majority of the load contributed to Lake Huron from the Saginaw River.

As might be expected. the Saginaw River contributed the hi~hest

chloride loads frnm River Basin Croup 3.2. Chloride loads from the
Saginaw River and Thumb Complex increased between water year 197~ and
1976 (see Table 7). Approximately 40 percent of the chloride l~ad from
the Sagin8W River could be attribut.ed to point source discharges.

Lake Erie

As discussed in the met.hodol~gy. the Lake Erie loads are basically
the same loads reported by the U. S. Army Corps of Engineers in their
Lake Erie Wastewater Management Study. Because Lake Erie tributaries
have been extensively discussed and analyzed (Corps of Engineers. 1975).
only a brief evaluatiOll of input.s from Lake Erie tributaries will be given
here. Furt.heraore. 1976 loading data were not available from the Corps
of Engineers at the tiDle of this writing. For additional information all
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Lake Erie tributaries. one may consult the reports of the Lake Erie
Wastevater Management Study.

River Basin Gro2P 4.1. This river basin group includes a number of
tributaries draining into the St. Clair River. Lake 3t. Clair. and the
Detroit River. Total phosphorus loadings ~ete hi~hest from the Rouge
Ca-plex and the Raisin River. Point aource inputs of phosphorus were
significant except in the Swan Creek Complex. Suluble ortho phosphorus
to total pho~phorus ratios exhibited large variations withi;1 thia river
basin group. Analysis of the .data indicated that the Raisin River was a
large contributor of suspended solids. Less th~n 25 percent of the 1975
suspended solids load foe River 3asin Group 4.1 was based on monitored data.
As shown in Table 7 • the Ro~ge Complex. which drains some r~avily

industrialized land in the Detroit area. received a large point source input
of suspended solids.

Total nitrogen loads in River Basin Group 4.1 were largely estimated
from unit area load factors rather than monitored data. The Raisin Rlver
was the larges~ contributor of both total nitrogen and nitrate nitrogen
during water year 1975. The monitored load of ammonia nitrogen also
comprised less than half of tlie total estimated load. Point source inputs
of ammonia wer~ significant, accounting for the total load from the Rouge
cumplex and the Huron River hydrologic area. The Ra~sin Rjver contributed
the largest amount of chloride from tributaries in River Basin Group 4.1.
Examination of the data indicated that chloride point sources were again
significant in some of the hydrologic areas.

River Basin Group 4.2. This river basin group consists of tributaries
which drain into the western basin of Lake Erie. The Maumee Ri~er is the
dominant member of this river basin in terms of loading contributions.
As can be seen from Table 7, the total phospho<us and suspended solids
loads from the Maumee River exceeded those of any other tributary in this
river basin group. Soluble ortho phosphorus inputs accounted for about
20 percent of the total phosphorus load.

Total nitrogen loads were again highest from the Maumee River. as were
nitrate and ammonia loads. Point source contributions of ammonia were
significant and, in the case of the Maumee River and the Toussaint-Portage
Complex, accounted for a majority of the total ammonia load. The Maumee
River was the primary source of chloride from River Basin Croup 4.2.
and identified point sources accounted for only a small percentage of the total.

River Basin Group 4.3. River Basin Group 4.3 contains a number of
similar-sized rivers and includes the drainage of the Cleveland metropolitan
area. Inspection of Table 7 reveals that Cl~ahoga River was the largest
contributor of total phosphorus from this group. The largest contributor
of soluble ortho ph05~hv~w5. however. was the Black-Rocky Complex.
Point sources accounted for a large portion of phosphorus loads from the
Cuyahoga River. The Cuyahoga River was also the largest contributor of
suspended solids. Essentially all the suspended solid load for the river
basin group were derived from diffuse sources.



The Black-Rocky Complex dominated the total nitrogen loads from River
Basin Group 4.3 and also contributed the highest quantity of a~onia

nitrate nitrogen. Identified point sources accounted for a large percent
of the total nitrogen and nitrate nitrogen load from the Cuyahoga, as
well as 100 percent of the ammonia nitrogen load during vater year 1975.
The Cuyahoga River contributed the largest chloride load to Lake Erie
froa River Basin G~oup 4.3.

River Basin Group 4.4. River Basin Gruup 4.4 drains into the eastern
basin of Lake Erie. Its watershed includes p'Jrtions of P~nD8ylvania and
New York. Of the three hydrologic areas in River Basin Group 4.4,
only the loads estimated for Cattaraugus Creek were based on field data.
The Tonawanda Complex, which drains the Buffalo area was estimated to
contribute the largest amount of total phosphorus from River Basin Group 4.4
(see Table 7). A large fraction of this load ,~ou1d be attributed to
point source inputs. The ratio of soluble ortho phosphorus loads to total
phosphorus loads was consis~ently low, and point source inputs accounted
for a large portion of the soluble ortho phosphorus load. Cattaraugus
Creek contributed the largest BmOunt of suspended solids from River Basin
Group 4.4.

Table 7 indicates that the Tonawanda Complex was estimated to be the
largest contributor of total nitrogen, nitrate nitrogen. and ammonia
nitrogen from River Basin Group 4.4. Point source discharges of ammonia
accounted for up to 25 percent of the total load from the hyrologic
areas in River Basin Group 4.4. Additionally, the Ton~anda Complex was
estimated to cont~ibute the largept chlo=ide load from River Basin Group 4.4.

Lake Ontario

Riv~r Basin Group ~:~ River Basin Group 5.1 consists of two complexes,
from which only the Gen~Eee River was monitored. The Genesee River
significantly increased in discharge between 1975 and 1976, as shown in
Table 11. Also, the discharge during both years was greater than the
historical average.

Total phosphorus loads from the Genesee River increased between 1975
and 1976. Point source inputs of total phosphorus accounted for 20 to
30 percent of the to~al load. Soluble ortho phosphorus loads comprised
roughly 15 percent of the Genesee River total ?hosphoru8 load during both
1975 and 1976. Point source inputs could account for a large fraction
of soluble ortho phosphorus load in River Basin Group 5.1.

Suspended solids loadin~s from the Genesee River n~arly doubled
between 1975 and 1976. All the suspended loads from the Genesee ~lver

were apparently attributable to diffuse source inputs.

As shown in Table 7, total nitrogen loads also increased between
1975 and 1976 in River Basin Group 5.1. Point source inputs account for
about to to 30 percent of the total nitrogen load. Similarly, nitrate
nitrogen loads increased between 1975 and 1976. as did ammonia nitrogen
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lo3ds. Point source inputs accounted for a large percentage of the total
load of ammonia nitrogen in River Basin Group 5.1.

Interestingly. chloride lo.ds were the same for 1975 and 1976 for
River Basin Group 5.1. despite the fact that the tributaries experienced
a significant increase in flow. Point source inputs of chloride to the
Niagara-Orleans Complex were relatively large.

River Basin Group 5.2. This river basin group includes three
hydrologic areas. As was the case for River Basin Group 5.1, only one
of these areas. the Oswego River. was monitored. The Oswego River is by
far the largest river in this river basin group. however. Discharge from
the Oswego was significantly higher in ,976 than in 1975. In fnct. the
1976 discharge from the Oswego was about twice the long-term average.

Inspection of Table 7 reveals a significant increase in total
phosphorus loads from 1975 to 1976. The Oswego River total phosphorus
load was entirely attributable to point sources du~ing 1975 (assuming
100 percenr. delivery}. In 1976. point source inputs could account for
60 percent of the total phosphcrus load from the Oswego. The ~oluble

ortho phosphorus load behaved stmilarly to the total phosphorus load in
all areas except the Salmon Complex during water year 1975. Here a
relatively nigh (compared to the total load) soluble ortho phosphorus
loaj was :c~orded. During both 1975 and 1976 point sources accounted for
all the soluble ortho phosphorus load from the Oswego River (see Table 7).
Suspended solIds loads increased between 1975 and 1976 from both the
Oswego Ri'/er and the Salmon Complex. There was a decrease. tlQWever. of
suspend~d soli~s loads from th~ Wayne-Cayuga Complex. About 25 percent of
the Oswe~o River suspend~d solids loads could be attributed to point
source inputs.

Nitrogen loads from River Basin Group 5.2 were also dominated by the
Oswego River. All the hydrologic areas in 5.2 had higher total nitrogen
and nitrate nitrogen loads in 1976 than in 1975. Ammonia nitrogen loads
were hf.ghe r in 1976 except in the Salmon Complex. whicro had a very low
ammonia nitrog~ load. Point source inputs accounted for a significant
portion of the total nitrogen load, 8S well as all the ammonia nitrogen
Inad from the Oswego River.

The Oswego Riv~r contributed large chloride loads t~ Lake Ontario.
and these loads increased between 1975 and 1976. In fact. the Oswego
River is responsible for about 85 percent rf the U. S. tributary load of
chloride to Lake Ontario. Identified point sources accounted for about
50 percent of the chloride load from the Oswego River. These diBcharges
were apparently largely the result of industrial operations in the watershed.
An additional discussion on the Oswego River chloride load may be found
in a later section.
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River Basin Groue 5.3. This river basin group drains into eastern
Lake Ontario. The largest river in the group is the Black River. As
Table 11 Ahove, flow was significantly higher in water year 1976 than in
1975, and in both years the flow was higher than the average over the
historical period of record. A relatively high percentage of the total
loads reported for these tributaries was based on field .onitoring data.

Phosphorus loads increased narkedly from 1975 and 1976 (see Table 7).
Point sources total phosphorus cuntributions were significant in the Grass­
Raquette-St. Regis Complex and the Black River hydrologic area. The
soluble ortho phosphorus to total phosphorus ratios were considerably
lower in water year 1976. The estimated soluble ortho phosphorus load
from the Black River in water year 1975 was comparatively high. Point
source 1nputs of soluble ortho phosphorus were significant for the Black
River, Oswagatchie River, and the Grass-RAquette-St. Regis Complex.
Unlike total phosphorus, little or DO increase 1n soluble ortho phosphorus
loads was Do:ed between 1975 and 1976.

Suspended solids loads from the tilack River were highest in water
year 1975. Despite the large increases in flow, none of the hydrologic
areas, except for the Black River, had higher suspended solids loadings
in 1976 than 1975. The reason for this is not clear, but it may be a
result of sampling during periods of high flow in 1975 but not in 1976.

Total nitrogen loads generally increased between 1975 and 1976. On the
other hand, three out of four hydrologic areas from River Basin Group 5.3
had decreased nitrate nitrogen loads in 1976 than in 1975. Of the three
nitrogen forms measured, ammonia nitrogen point source inputs were the
largest.

The Grass-RAquette-St. Regis Complex was the largest contributor of
chloride during water year 1975 and 1976. Less than 30 percent of the
total loads were attributable to point source ~.nputs. In all cases total
loads of chloride from River Basin Group 5.3 were higher in water year
1976 than in 1975. In comparison to the load of shloride delivered
by the Oswego River in River Basin Group 5.2, the chlo~ide loads from
River Basin Group 5.3 were small.

DIFFUSE LOADS

~, effective pollution manageaent strategy must recognize the
relative importance of point and diffuse sources. As discussed earlier,
diffused sources account for a large frRction of the total tributary load.
If the actual delivery of point source inputs is less than 100 percent
(Which is likely often the case). the diffuse loads would represent an
even larger percentage of the total.
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Tran..1Bsion of Point Sources

Table 14 shows the diffuse tributary l~ad for several tributaries
assuming either 50 percent or 100 percent delivery of upstreaa point sources.
The definition of upstream and downstream was discussed in an earlier section.
Tributaries included in Table 14 generally had at least 24 or more samples
available over tht. 1975 water year.

As shown in Table 14. the estimated diffuse load from the Oswego
River presents an interesting (lituatlon. It can be seen that if all
point source~ are considered to be delivered to the river mouth (100 percent
diffuse load column), the point source load accounts for the total load
from the basin. The Oswego River has many very large lakes within the
basin which likely impede the transport of point sources to the river mouth.
For example. in the case of phosphorus. it is well known that lake
bottom sediments serve as a phosphorus sink. Thus, phosphorus derived
from point sources may be lost permanently to sediments of an impoundment
or lake-like widening of the river before reaching the Great Lakes.
Consequently. assuming 50 percent delivery of upstream point sources
may be more realistic for many parameters. However, although tha actual
transpoTt of point sources is not known over the long-term, at least fOT
tributaries that do not have major impoundments impeding transport, the percent
transported may be close to 100 over the long term (i. e., several years).

TAftLE 14

rorx; PHOSPHORUS DIFFUSE LOADS ASSUMING 50 I.ND 100 PERCENT
DELIVERY OF UPSTREAM POINT ~OURCES

1975 (MT!YR)

Diffuse Load
l

Diffuse Load
2

Total River (50 % Deliver:' of (100% Delivery of
River Mouth Load Upstream Point Sources) Upstream Point Sources)

St. Louis 260 210 170
Kalamazoo 230 150 78
Grand (MI) 760 550 350
Saginaw 1200 890 640
Maumee 2600 2400 2200
Cuyahoga 790 620 510
Oswego 510 210 0
Fox 500 190 120

1 Diffuse Load - Total river mouth load minus (100% of downstream plus 50%
of upstream point sources).

2
load minus (100% of downstream 100%Diffuse Load - Total river mouth plus

of upstrEo811 point sour cea) .



Because of the uncertainty of the transmission of point sources,
point source data have been trouped at ·'rding to upstream and downstream
sources. This information has been Ct.,.'uterized (see Table 15) and to
pe~it easy computations of the effect of different assumptions on
deliveries of point source loads. This work will be further explored as
part of subactivity 3-4 of U. S. Task D, PLUARG.

piffuse Unit Ar~a Loads

The results (Table 7) presented in an earlier section indicate
a wide varie~) of annual diffuse unit area loads were found for different
watersheds in the Great Lakes Basin. Further, a diffuse unit area load
can vary greatly from one year to the next, depending on factors such as
variation in flow, types and frequency of storms, frequency at which
samples were taken, and whether runoff c'ents were sampled or not. All
these factors must be considered when trying to interpret the meaning
of a diffuse unit area load. The diffuse unit area loads are also an
integ~ation of th~ overall characteristics of the watershed. Individual
portion$ of watersheds may have quite different unit area loading rates
than the overall unit area load at the river mouth.

Keeping the limitations of the diffuse unit area load data in mind,
large differences in diffuse unit area loads can be used to differentiate
between watersheds. Maps contained in Appe~d'x B illustrate differences
in diffuse unit area loads for total phosphorus and suspended solita.
Appendix B figures are arranged according to river basin groups. Diffuse
unit area loads in the figures are the average diffuse loads over 1975
and 1976 (with the e7ception of Lake Erie watp.rsheds. for which only 1975
data were available). Unit area loads have been divided into three
different ranges to illustrate major differences between wate~sheds.

The firsc set of figures in ~ppendix B show diffuse uni: area loads for
total phosphorus. Inspection of these figures indicates that unit area
loads are highest in the Lake Erie basin, the thumb area of the Lake
Huron basin, and parts of the Lake Ontarlo basin. Some relatively high
diffuse unit area loac~c; are also found in parts of the Lake Superior
basin and Lake Michigan basin. A fairly large part of the Lake Michigan
basin has low diffuse total phosphorus unit ar~a loading rates.

Suspended solids diffuse unit area loads generally follow the same
pattern as total phosphorus. Highest unit area loads of suspended solids
were found for the Lake Erie basin, the thumb area of the Lake Huron basin,
and parts of Lake Ontario. Interestingly, the Pine River and Carp River
draining from Michigan's Upper Peninsula also had high unit area load
rates for suspended solids. Differences in unit area load rates appear
to reflect different characteristics of watersheds. For example, those
watersheds that are rich in clay soils, such as found in the Lake Erie
basin, have high unit area load rates. A further discussion of the ~~fect

of the watersheds on the diffuse contributions will be discussed in a
larer section.
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Table 15

EXAMPLE COMPUTER PRINTOUT OF UPSTREAM AND DOWNSTREAM
POINT SOURCE LOADS - TOTAL PHOSPHORUS 1975 (mt/yr)

---Rl VER---- LOAll AT STANDARD • or ------POINT SOURCE LOADS------
HUMBER NAME MOUTH ERRor< SAMF' MUN"-DN HUN-UF' rND-DN INr,-UP

21501 PENSAUKEE 15.5 6.0 12 0.0 0.0 0.0 0.0
21601 FOX 499.6 61.5 12 44.0 112.0 58.5 26.1
21701 KEWAUNEE 19.7 .1.7 12 1 • 1 0.0 0.0 0.0
21711 EAST TWIN 8.9 0.6 12 0.0 0.0 0.0 0.0
21712 WEST nUN 15.2 1.3 12 2.5 0.0 0.0 0.0
21713 MANITOWOC 42.6 7.0 13 1.8 10.4 0.0 0.0
21718 SHEElOYGAN 60.1 10.7 12 15.9 1.0 0.0 0.0
22102 MILWAUKEE 109.2 31.9 6 12.2 4.8 0.0 0.0
22103 MENOMONEE 35.6 4.6 48 20.6 0.0 0.0 0.0

.0 22106 ROOT 20.1 ~.1 6 0.7 10.4 0.0 0.0
0Cl

23101 ST JOSEF'~I 446.1 56.0 B 56.2 193.6 0.0 1.4
23203 BLACK 5HAVE 109.5 33.5 3 0.0 0.0 0.0 0.0
23301 KALAMAZOO 227.3 13.7 22 0.0 134.5 0.0 16.7
23501 GRAND 758.0 96.0 9 5.8 401.7 0.0 2."
24102 MUSKEGON 78.6 10.6 22 1.8 5.8 0.0 0.0
24202 WHITE 25.0 5.7 11 0.0 0.6 0.0 0.0
2~206 PERE MARQUET 39.2 6.8 9 0.0 0.0 0.0 0.4
24301 LITTLE MANIS 1.6 0.3 3 0.0 0.0 0.0 0.0
24302 MANISTEE 51.6 5.6 21 0.0 0.0 0.0 20.B

2"'''02 BETSIE 6.5 2.4 3 0.0 0.0 0.0 0.0
24406 BOARDMAN 5.2 0.8 6 2.3 0.0 0.0 0.0
24601 *HANISTIQUf 45.6 8.1 22 0.0 0.0 7.0 0.0
2~B01 ESCANABA 36.9 10.7 22 0.0 0.0 57.2 0.0

HUN - Municipal
IND - Industrial
UP - Upstream of a point 50 river kilometers (or major impoundments) from the river mouth
DN - ~lstream of a point 50 river kilometers (or major impoundments) from the river mouth



Trpes of Diff~~e Sources

The diffuse load consi3ts of input~ such as rural runoff, urban runoff,
~~mbined sewer overflows. and base flow. In other word~, the diffuae
load consists of t he load not attributable to identified point scurces ,
Unfortunately, at this time it is not possible to accurately evaluate the
relative mP.gnitudes of these various diffuse load components. However.
despite limited availability of information, some perspective can be
given to ~he inportance of the di:fus~ load components at this time. This
will be di~cussed below.

Although urban runoff generally has been found to contribute
slightly more total phosphorus than agricultural runoff on a unit
area basis (the actual values of the unit area Loading rates from
agricultural and urban land varies widely between watersheds), the larger
amount of rural land causes the rural or agricultural load to many
watersheds to be dominant. In a study done by the Ontario Ministry of
the Enyil'onment on the Canadian Grand River basin (Lake E.-ie) and the
Saugeen River basin (Lake Huron) (Van Fleet, 1977). pre1im~nary results
indicate that urban runoff aCCO\lnts for only one percent or less of the
annua I total phosphorus loads. Agriculture, on the other haud , was
estimated to account for 70 percent or more of the total pho,phorus
loads. In a study of many watersht:ds and subwater&heQtl it; Er~., .'ll1d Niagara
Counties in the U. :::. portion of the Lake Erie!N:"gara River ba&h
(Wendel Engineers. 1917). urban runoff contributions of suspended solids
averaged about six pe rcer.t of the total, while rural runoff averaged
approximately 90 percent. Combined sewer overflows averaged less than
cne percent. Since total phosphorus loads would likely be correlated
whh suspended solids loads, rural n'loff would likely represent a more
s1gnificant source of total ph08phoru~ for this area than would urban runoff.

The City of Rochester. New York, which is located near the UKluth of
the Genesee River, represents one of the major urban areas influep~ing

water quality in Lake Onta r t.o, In order to gain some perspective "1 the
potential suspended solids load associated with the area, a version of
u. S. EPA's Needs Estimation Model for Urban Runoff (NEMUR) (U. S. EPA,
1.971), ·,.,as used in conjunction with input from U. S. EPA Needs Surv ev iata
to gen~rate an urban load associated ~th a 90th percentile storm
(the aagnitude of which is approximately 2 percent of the average annual
rainfall). This load, which includes contributions from both urban runoff
and combined sewer overflow, was estimated to be 567 metric tons of
suspended solids. Assuming a ratio of 3 mg of total phosphorus per gram
of saspen1ed solids (a national average for urban runoff, U. S. EPA, 1974),
a load of about 1.7 metric tons of total phosphorus is associated with
the stora. This load is less than one percent of the 1915 diffuf~ ~~tal

phosphorus load from the Genesee River. Consequently, although the abo~e

calculations ar~ extremely crude, and it is difficult to extrapolate tIe
effect of individual storms over an annual oasis, it would appear that the
urban runoff lo~d frca the Rochester area may be less than the annual load
from other sources (eo g., rural runoff) in the Genesee ~iver basin.
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As previously mentioned, base flow and combined sewer overflow arc
also components of the overall diffuse load. BaHe flow, which is derived
from ground water inputs, can repr..sent a very l~rge portion of the
diffuse tributary load. This is particularly true for undevelopc~

regions with good drainage characterlRtics and minimal runoff, e. g.,
sandy soils. Combined stormwater overfl~~~ can be significant in ~ertain

densely populated areas such as Cleveland or Detroit:. Althoulhhi.gt.ly
variable, cCDbined sewer overflOW's often increase the t!Jtsl ph03j[l0r1JB

load from large treatment plants by about 10 percent..

In summary, although current: information 18 very limit~l, it would
appear that rural runoff lenerally is the largest cont~ibutor to the total
p,08phorus diffuse load in many areas.

Control of Diffuse Sources

It dppears that diffuse sources represent a large fracti~n of the
total tributarv load. Effective control of these sources will not be
easily accomplished. However, for many tributaries it seems likely that
approximately 30 to 50 percent of the diffuse load may be controlled
through existing technology, L, e ; , improved conserv&tion practices,
specialized plowing techniques. and control of street litter. Furthermore,
a large fraction of the total diffuse load may be attributable to a few
specific "problem" areas. T.:eatment of these problem areas, as opposed
to the whole basin, may lead to substantial reductions in the diffuse
load at A relatively small cost.

In conclusion. control of diffuse sources will not likely be achieved
rapidly. Socio-economic factors wtll undoubtedly have a major impact on
the implementation of diffuse control procedures over the next 20 years.
More inforaation on diffuse source remedial measures is expected to be
available in the near future as a result of ongoing PLUARG activities.

POIlfI S01J1\CE LOADS

A considerable effort was expended i~ de~ermining point source loads
delivered to tributaries d~ainin8 into the Great Lakes. However,
it must be remembered these estimates are ~till rather rough ~stimat.~.

particularly the industrial point source ~st1aates, due to the limited
data availablp.. In some cases, point source loads were estimated based
on only a few concentration measurements a year (which ..y not necessarily
have been representative measureaents).

Municipal loads were estiaated based on actual, or in soae cases.
estuaated concentration data (see Table 5). However, because actual
flow data were available for al.ost all municipal point sources, it is
felt that the municipal point source loads are rea.onable estimates of
true conditions. In teras of industrial sources. however. no atte-pt
was made to estt-Ate an efflumlt concentration when no field measurements
were avail.ble. Consequently, the industrial load represents only the
load from th08e sources identified as contributors of the parameter of



concern, and thus aay undere.tiaBte the true load. In particular.
iodustrial inputs of nitrogen and chloride, which were given lea• .-phasu
in this study ca.pared to phosphorus and suspended solids, may be an
underesUaate of the true industrial load. No industrial loads were given for
Lake Erie in the Lake Erie Wastewater Manageaent Study (U.S. ~ Corps of
Engineers, 1975).

Tsble 16 coapares the suaa&rized municipal and industrial contributions
to U. S. Great Lakes tributaries. Based on these data, municipal sources
contribute far more phosphorus thllJl industrial sources. This is not
Wlexpec:ted, however, since only certain industrial operations are likely
to discharge phosphorus in significant quantities. Municipal sources
also appear to contribute more suspended solids than identified industrial
sources. High industrial suspended solids inputs, such as found for
parts of the Lake Superior drainage, are generally associated with
a1nin~ operation.. While suspended solid discharges can be high, the
amount which reaches the Great Lakes ..y be low. Also, suspended solids
discharged from municipal treatment plants may consist of a large percentage
of volatile solids, which may be degraded before reaching the river mouth.
Thus, the suspended solids measured in point source discharges may be
physically different than that measured in tributaries. In future work
it might be useful to distinguish between suspended sedt.ent and suspended
solids. Suspended sediments would be defined as that portion of the
suspended solids consisting of soil particles. Consequently, although
suspended solids point source discharge to tributaries may be high, the
suspended sediment component may be low. The effect of these discharges
on the Great Lakes is uncertain, especially relative to the suspended
solids (or suspended sediment) derived from land runoff.

Table 16 also sumnarizes point souree loads for nitrogen and aoluble
ortho phosphorus. Again, municipal inputs appear to be large compared
to identifip.d industrial point source inputs. ~s discussed previously,
while it is believed that essentially all munieipal plants with flow
greater tban 0.1 mgd (2.82 x 10 -3 m3/s) have been identified in the
Great Lakes Basin, some industrial plants could have been neglected due
to lack of available information. Nevertheless. it appears that for the
parmaeters considered, identified indust'1al sources are of no major
tmportance, with the possible ~ception of ammonia nitrogen. When
considering other parameters, ~uch as heavy metals or other toxic substauces,
industrial discharges could have a much more significant role.

Point source loads of chloride, including industrial inputs (Table 16 ),
do appear to be a significant fraction of the total tributary ehloride load.
Large chloride inputs were identified for the Oswego River draining into
Lake Ontario, the Mineral River draining ir.to Lake Superior, and the
Manistee River draining into Lake Michigan. Importa~tly. the Kineral
River and Manistee River industrial inputs were not based on discharge
monitoring data, but were deterained by subtracting an estt.ated diffuse
load (deterained froa appropriate annual diffuse unit area load rates)
fra. the total load. As discussed earlier, the Mineral River chloride load
is the result of discharge of brine from mining operations. The Manistee
River receives inputs from induatrial aalt operations. The Oswego River
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TABLE 16

1975 TOTAL TRIBUTARY POINT SOURCE LOADS (mt/yr) FROM MUNICIPAL (M) AND INDUSTRIAL (I) PLANTS

TOTAL
Lake Superior ~ Michigan Lake Huron Lake ~rie Lake Q!ltario ~~ Lawrence TOTAL M+I-----

rotal K 102.1 1,090.8 493.6 1.683.5 900.3 90.0 4,360.3
~ho.phorU8 4,811. 3

(TP) I 33.1 247.3 80.5 71. 9 18.3 0 451.0

Ilrtho H 58.36 549.5 249.9 857.1 428.9 45.0 2,188.7
~hoaphorU8 2,206.6

(OP) I 0 17.9 0 0 0 0 17 .9

Suspended M 943.3 30,668.2 4,264.2 16,938.7 27,616.8 462.4 80,893.6
Solida 178,545.3

(55) I 46,716.6 13,255.6 7,263.8 6,092.3 24,323.3 0 97,651. 6

Total M 456.0 9,005.0 2,643.2 9,002.3 6,020.0 266.3 27,392.8
Nitrugen 31,;02.7

(TN) I 30.0 1,049.0 879.1 0 2,150.4 1.4 4,109.9

Nitrate M 179.1 3,652.0 1,036.5 3,509.9 2,382.8 104.5 10,864.7
+ Nitrite 10,886.8
(N0Z-NO) I 0 22.1 0 0 0 - 22.1'J

~nla M 214.2 4,232.8 1,237.5 4,728.2 2,822.9 120.2 13,355.7
(RR3) 16,594.9

I 30.0 650.6 406.8 a 2,150.4 1.4 3,239.2

Chloride H 4,284.6 86,254.1 26,224.4 85,542.0 56,478.9 2,532.2 261,316.2
(C1-) 1,139,533.1

I 32,788.8 193,990.2 100,729.9 0 55e.698.0 0 878,206.9



TABLE 16 (continued)

1976 TOTAL TRIBUTARY POINT SOURCE LOADS (mt/yr) FROM MUNICIPAL (H) AND INDUSTRIAL (I) PLANTS

.!:!2. Superior Lake Michigan Lake Huron Lake Erie Lake ~}2. St. Lawrenc:e-----
Total M 107.2q 598.1 269.q - 874.4 9D.0
Phosphorus

(TP) I 33.1 192.7 80.9 - 51. 8 0

Ortho M 58.46 491.4 143.02 - 420.15 27.n
Phosphorus

(OP) I 0 17.5 0 - 0 0

Suspended M 939.1 25,253.3 4.051.6 - 28.q73.6 432.33
SoUds

(55) I 48.558.0 12.182.0 7.313.3 - 23.904.8 \I

Total M 451.1 8.871.9 2.761. 3 - 5,700.0 266.3
Nitrogen

(TN) I 30.0 1,049.0 879.1 - 2.150.4 1.4

Nitrate H 177.2 3.692.3 1,082.8 - 2.351.7 104.5
-I- Nitrite
(H02-H03) I 0 22.1 0 - 0 0

~nia H 211.9 4.113.1 1.296.2 - 2,785.7 125.05
(NH3)

I 30.0 650.2 0 - 2.150.4 1.4

Chloride H 4,331.3 87,052.4 25,101.4 - 57.231. 7 2,532.2
(CC)

I 32,788.8 114,829.3 97.729.9 - 510.779.2 0



chloride load is heavily influenced by a Solvay process plant located on
Onodaga Lake. Onodaga Lake. which drains into the Oswego. has extremely
high chloride concentrations. presumably the result of the industrial
operations on or near the lake. The estimated point source chloride
input to the Oswego River accounts for about one-third to one-half the
total point source chloride load to the Great Lakes. Despite this high
point source load. the total tributary load is higher than would be expected,
indi~ating the point source chloride load may be underestimated. Natural
ground water f~om areas rich in salt draining into tributaries may also
contribute to the chloride load. but the contribution is likely small
relative to point sources (Kramer. J •• 1977).

Effect of Small Point Sources

It should also be mentioned that any municipal or industrial plants
discharging less than C.l mgd (2.63 x lor 3 m3/s) were not cons1dered in
the point source load estimate. Also. plants that had intermittent
discharges to a river. such as many lagoon syst~Q. were not included
as part of the contributing point sources.

The relative effect of small point source operations (less than
0.1 mgd). particularly when situated in a developed area, would be smsll.
However. it is possible that in certain undeveloped areas, point sources
from many small industrial operations or municipal plants could collectively
have a measurable impact. For example, the Door Peninsula of Wisconsin
and the thumb area of Michigan both have IlUiny small packaging and dairy
operations. These dischargers were not included in the point source loads,
but which collectively could have a measurable. although probably minor,
impacc.

In order to get some idea of the effect of not including small
discharges. the estimate of the Lake Erie tributary point source load
calculated for this study considering onjy those point sources with a
flow greater than 0.1 mgd (2.83 x 10-1 m Is) (and excluding intermittent
point sources suc~ as lagoons) were compared with point source loads
calculated by the Lake Erie Wastewater Management Study (Corps of Engineers,
1915). In the Lake Eri~ Wastewater Management Study, an intensive survey
was made of municipal point sources, which included many small municipal
point source~, s~ch as motels, aervice stations. supe~rkets. shopping
centers, camp grounds. small Villages. mobile homes. schools. lagoons,
and other extremely small point sources , Table 17 compares the point
sources calculated for Lake Erie tributaries by the Lake Erie Wastewater
Management Study with the rp.sults of this study. As can be seen, there is
very little difference between the two estimates. indicating that exclusion
of ~ll point sources likely does not significantly affect the point
source load. The fact that all point source loads calculated in this
study were slightly higher than the Corps of Engineers estimate, despite
the fact that scae of the smaller point sources were excluded, is due
primarily to differences in the gaged drainage areas considered as well
as so-e difference3 in the point source data used.
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TABLE 17

roMPARlSIJN OF POINT SOURCE PHOSPHORUS INPUTS TO LAKE ERIE nIBUTARIES

COMPILED BY 'nIE LAKE ERIE WASTmlATER MANAGEMENT STUDyl AND GLBC (THIS SWDY)

1975
Point Source Load
(.etrie tons/yr)

COE U. S. Task D

Huron River
Raisi.n River
MaUlllee River
Portage River
Sandusky River
Huron River
Vermilion River
Black River
Rocky River
Cuyahoga River
Chagrin River
Grand River
Cattaraugus Creek

TOTAL

1 Corps of Engineers (1975)

Effect of Reducing Municipal Loads

193
69

318
40
38
44

4
78
81

385
17
13
32

1312

185
86

445
36

117
44

1
36

145
279

7
1

-ll
1394

Table IS summarizes the reductions in phosphorus loadings to be
expected from various limitations of the phosphorus concentration in
municipal plant effluents. This table assUllles 100 percent delivery
of point sources to the river mouth. Total tributary loads are 1976
load estimates. with the exception of the 1975 Lake Erie data. The
reductions in total loads are based on current flow from municipal plants.
However. it effluent flow increases due to population growth. the percent
reduction over current conditions obtained by the effluent li.itations
could be less. Note that the effect of direct municipal inputs. which
include some of the large coastal f'UDicipal plants (e. g •• Detroit) are
not included in Table 18.
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It ia clear froa Table 18 that. given current flows fra. treatment
plants. the percent reduction in the tributary total phoaphorus loads
to the Great Lakes that loIOuld be achieved by lillliting ph08phorus concen­
trations in municipal effluents to one milligram per liter is not
particularly areat (the load reduction could be slRDific.r:l,t to local
strea- sega~nts. however). Further. reducing ~oncentrati~ns beyond one
milligram per liter will not have a major effect on total loads. ThiB
Is particularly true for Lake Superior and Lake Huron. More detailed
information on costs projected for various phosphc.ru8 removal progr....
as well as detergent control programs. may be foulid in McClarren (1977).

TABLE 18

11.S. TRIBUTABY TOTAL PHOSPHORUS LOADS ASSUMING

DIFFERENT MUNICIPAL EFFLUENT PHOSPHORUS CONCENTRATIONS

LAKE 1976 TOTAL TOTAL TOTAL TRIBUTARY LOAD -'1IIt/yr) Y!!B!! DIFFEllF'i,!
TltIBuTAii"Y POINT LOAD MUNICIPAL EFFLUENT ! LIMITATIONS (1 REDUC-
mt/yr. -;Vyr:- TION IN TOTAL LOAD)

1. 0 mglt - o:smglt 0.1 mg/l.

Superior 964 107 884(8) 870(10) 860(11)

Michigan 3,59) 1.ln 3,130(13) 2,864(20) 2,651(26)

Huron 1,954 350 1,849(5) 1,767(10) 1,701(13)

Erie (1975) 8,639 1,756 7,519 (13) 7,237(16) 7,011(19)

Ontario (not 2.874 926 2,351(18) 2,175(24) 2,035(29)
including St.
Lawrence River)

St. Lawrence 639 90 565(12) 557(13) 551(14)

1. Assumes 100; delivery of point sources to the mouth.
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n..ow/COIICIIJTRATIOM RELATIONSInPS

The variability of aan's influences as well aa unpredictable changes in
natural syatems make it very difficult to chP.racterize the impact that an
in.1ivilillal river has on the Great Lakes for any given year. Most s_pllng
progr8l!•.' are set up on a once or twice per mnth baaia which in many caaea
is 1nad~quate to characterize the trends f.or a particular water year. A
n18lber of the ••jor variables that influence the load during anyone year
are discussed below.

Variability of nOW

Many rivers undergo dramatic changes in flow over a period of hours
during a stora runoff event. Changes also occur from month-to-month
and yesr-to-year within a giv~ basin depending upon precipitation and snow melt.

Since the Great Lakes Basin extends over a large geographical area,
the cl1Jllate ilIay vary cODsiderably within the basin during the same year.
For example, within a given year one portion of the Great Lakes Basin can
sutfer from a drought while another can experience unus,~lly heavy
precipitation. Figure 1 compares the mean annual flows of two different
rivers for water years 1967 through 1976. The mean annual flows have been
divided by the mean historical flow for each river so that a direct
comparison can be made o f each flow ratio. As can be readily seen from
Figure 1 , the Bad River and Grand RiVer (draining into Lake Superior and
Lake Michigan) respectively, can have similar or vastly different flow
trends. Both of theae rivera ahow a substantial rise in discharge
between the years 1970 and 1974. During this period the flows arp. in
general above the mean historic flow which is indicated by a flow ratio
of 1.0. However, between 1973 and 1974 the Bad River decreased in flow,
while the Grand River experienced a dr-.tic increase in mean annual flow.

In order to compare a load from a tributary from any given year with
that from another year, the mean annual flow must be conaidered. Annual
decreases in load can occur as a result of decreased flow, ~hile no
appreciable changes in water quality occur. For many rivers flow was
greater during wat~r year 1976 than in water year 1975, and in a number
of instances there was an increase in load for the same period (see Table 7).

Perhaps a acre important factor to consider in evaluating loads
are the IIOre short tena fluctuations in flow. Por exaaple, a large
portion of the total annual discharge can occur durin~ a runoff event.
Figure 2 presents the mean .anthly variations in flow of the Grand River
and the Neaadji River (draining into Lake Superior near the Bad River)
during water year 1976. Discharge 1s higher for both rivers during the
.pring period of Pebruary through May. However, the pattern that evolves
is IWch dUferent for theae two rivers. The Nemadj i, judging by the
mnthly figures, .ay exhibit a relatively high flashy flow over a short
period, while the Grand River haa a aore gradual flow change over a
longer period. Characteristics of the watershed aay greatly affect
the flow patterns of individual rivera.
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FLOU/COHCIHTIlATIOIl IELATIORSHIPS

The variability of aan's influences as veIl as unpredictable changes in
natural syste1118 IIW"P' it very difficult to characterize the impact that an
individual river ha. on the Great Lakes for any given year. Most sampling
prosr... are set up on a once or twice per .ontb ba~i. whicb in aany cases
is inadequate to characterize the trends for a particular water year. It.
n:Jllber of tbe major variables that influence tht: load during anyone yesr
are discussed below.

Variability of FlOW

Many rivers undergo dramatic change& in flow over a period of hours
during a storm runoff event. ChangeR al& occur from month-to-month
and year-to-year witbin a given basin d~ending upon precipitation and snow melt.

Since the Great Lakes Basin extends over a large geographical area,
the c11lllate may vary considerably within the basin during the same year.
For example, within a given year one portion of the Great Lakes Basin call
suffer from a drought while another can experience unusually heavy
precipitation. Figure 1 compares the mean annual flows of two different
rivers for water years 1967 through 1976. The mean annual flows have been
divided by the mean historical flow for ea~h river so that a direct
comparbon can be made of each flow ratio. As can be readily seen from
Figure I • the Bad River and Grand RiVer (draining into Lake Superi~r and
Lake Michigan) r,~pective1y, car. have similar or vastly different flow
trends. Both of these rivers show a substantial rise in discharge
between the years 1970 and 1974. uring this period the flows are in
general abeve the mean historic flow which is indicated by a flow ratio
of 1.0. However, between 1973 and 1974 the Bad River decreased in flow,
while the Grand River experienced a dramatic increase in mean annual flow.

In order to compar2 a load from a tributary from any given year with
that from another year, the mean annual flow must be considered. Annual
decreases in load can occur as a result of decreased flow, while no
appreciable changes in water quality occur. For many rivers flow was
greater during water year 1976 than in water year 1975, and in a number
of instances tnere was an increase in load for the same period (see Table 7).

Perhaps a .are important factor to co~sider in evaluating loads
are the IDOre short tel'1l fluctuations in flow. For ex8l11Ple, a large
portion of the total annual discharge can occur during a runoff event.
Figure 2 presents the .eaR monthly variations in flow of the Grand River
and the Heaadji River (draining into Lake Superior near the Bad River)
during water y ...ar 1976. Diac:hu"ge is higher for both rivers during the
spring period of February through May. However, the pattern that evolve!!
is ~ch different for these two rivers. The Nemadji. judging by the
.anthly figures, may exhibit a relatively high flashy flow over a short
period, while the Grand River hu a more gradual flow change over a
longer period. Characteristics of the watershed aay grest1y affect
the f~ov patterns of individual rivera.
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FIGURE 2
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Aside fr~ aontbly fluctuations, daily or even hourly fluctuationa
can be very iaportant in many streaaa. A river that rises quickly con
potentially transport more sediment tban one that rises gradually, ad
velocities are often higher and overland runoff rates are usually greater.
Individualities of stream discharge patterns must be remembered when
comparing loading results.

Vari~bility of Concentration

It is well known that concentrations of chemical constituents may
vary with flow. The variance depends on the chemical constituent as
well as on the particular hydrologic characteristics of the tributary.
For exanlple, total phosphorus concentrations may increase with flow,
while total dissolved solidB concentrations may decrease with flow.
Similarly, the extent with whi~h these constituents vary with flow are
different for the Maumee River compared to the Grand River. Further,
within a given tributary, the nature of the flow event may greatly affect
the relationship between flow and concentration.

Based on the field data used in this study, it was obvious that for
some tributaries throughout the Great Lakes Basin the concentration of
certain parameters was flow dependent. Unfortunately, due to the relative
lack of concentration data during periods of high flow (except for Lake
Erie tributaries), information gained on flow-concentration relationships
was limited.

Despite the scarcity of field data during periods of high flow,
some significant observations can be made. Figure 3 compares the
total phosphorus concentration measured in Wisconsin's Manitowoc River
(which drains into Lake Michigan) and Michi~n's Muskegon River (which also
drains into Lake Michigan) during water year 1975. As can be readily
seen from Figure 3, there are significant differences between the rivers
not only 1n concentration values, but also in the change in concentration
that occurs between any two data points. Total phosphorus concentrations
in the Mu3kegon River were very stable, never exceeding 0.05 mgll P
and never varying more than 0.02 mgll P between any two data points.
Total phosphorus concentrations in the Manitowoc River, on the other
hand, varied frn2 0.05 to 0.39 ag/t P over the sampling period. Further,
between August 18 and September 10 the total phosphorus concentration
changed by over 0.3 mg/l P.

There are many facl~rs in addition to flow that may influence the
variability in concentration observed in Figure 3. Point sources
in a basin can discharge at various rates and at various times of the year.
Canning and food processing plants, for example, may only discharge
seasonally and some municipal operations, such as lagooos and spray
irr1sation facilities. may discharge slugs of treated waste periodically.
Farming operations and the application of fertilizers and pesticides can
also cause s~4Bonal fluctuations in concentration. Street litter may
also vary seasonally with seed and leave fall, which in turn affects
the concentration of contaminants in urban runoff.
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Perhaps one of the most significant factors, however. is the soil
texture and erodibility of that soil within a given basin. Overland
runoff is .are prevelant on clay soils than sandy Boils, since sandy
90ils tend to have higher water infiltration rates. Referrin& back to
the rivers in Figure 3, the Muskegon River drains a predominately
Bandy basin while the sol1s of the Manitowac tend to b- rnore clayey.
Consequently, the soil texture of the watersheds may explain, at least in
part, the variability in total phosphorus concentration as noted in Figure 3.
The Boil conditions fiOt only affect what is transported but the volume
of water that actually moves Dv~r the basin on a unit area basis. The
effect tbat soil texture has on a given basin will be discussed in more
detail in a following section.

Variability of Loads

When you combine flow and concentration to get a load. you are
combining the variable nature of those flows and concentrations. Because
of the variability. the calculated mean daily loads can vary by orders of
magnitude from one sampling day to another. For example, refer to
Table 19, which lists daily suspended solids loading data for the
Manitowoc River. Wnile the mean annual claw for 1975 was substantially
less than for 1976, the load for 1975 wag over four times greater than
for 1976. The primary reason for this difference is that in 1975 two
samples were taken during very high flows. Suspended solids concentrations
were also very high at these times. The&e two days accounted for 94 percent
of the sum of the daily loads calculated for the 19 days sampled. In
1976 the highest flow encountered on a sampling deY was only about half
as great as the high flows encountered in 1975. Also. the corre~ponding

suspended solids concentrations were relatively lower for the high flows
in 1976 than they were for 1975. This example provides a go~d illustration
of the difficulty that can be encountered in accurately charaLterizing the
loads in streams from one year to the next, using a limited data base.
It should be noted. however, that not all streams encountered in tbis
study appear to be this difficult to characterize. Many rivers ex_ined
show a remarkable st~bility in concentration, as was indicated by the
Husekgon River in Figure 3. Generally. those rivers draining Bandy
watersheds were more stable both in terms of flow and concentratiolls. It
is important to realize that while the data in Table 19 indicates the
t.portance of sampling the Hanitowac River during high floWB, it may not
be necessary to sample all tributaries in the U. S. Great LAkes Basin
in this fashion.

Tributary Response Variations

In an effort to determine any correlations of concentration
linear regressions were run using total phosphorus and suspended
from BeYeral tributaries for which there was considerab!e data.
and regression coefficients frOID these calculations are given in
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TABLE 19

MANITOWOC RIVER (WISCONSIN)

SUSPENDED SOLIDS LOADING DATA

19/5 1976

LOAD FLOW CONCENTRATION LOAD FLOW COHCElITRATJOf<
kg/day cfS(;J/s) IIlg/l kg/day cf8(i;J/s) mg/l

9,343 67(1.90) 57 1,859 40tl.13) 19

250 34(0.96) 3 1,167 53(1. SO) 9

8,592 439(12.43) 8 4,167 131(3.71) 13

916,144 2,370(67.12) 158 1,171 37(1. 05) 13

485,253 2,110(59.76) 94 18,496 315(8.92) 24

5,683 10H2.86) 23 50,615 1,293(36.62) 16

1,468 40(1.13) 15 38,460 1,048(29.68) 15

506 69(1. 95) 3 19,21::; 561(15.89) 14

5,152 162(4.59) 13 528 36(1. 02) 6

3,083 90(2.55) 14 -----ill. 18(0.51) _9_

1,057 36(1.02) 12

778 '>3(1. SO) 6

15,575 1,061(30.05) 6

3,205 131(3.71) 10

5,064 207(5.85) 10

1,431 65(1.84) 9

440 18(0.51) 10

8,769 28(0.79) 128

23,634 ~(9-:..?1l 28

~ 79,000 390(11.04) 32 14,000 ]50(9.91) 14

Hean Flow for Year 296 cfs (8.38) Mean Flow for Year 368 efs (10.42)

Esti_ted Load for Year 23,000 aetric tons Eet.t-t.ed Load for Year 5,200 metric tons
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TABLE 20

LINEAR REGRESSION OF FLOW (cia) V8 OONCENTRATIOH (as/1)

RIVER

St. Louis

Nemadji

Carp (L. Superior)

Fox

Black (L. Michigan)

Grand

Sagiraw

Genesee

Oswego

Black (L. Ontario)

Mallllleelo

Portage1 .

Sandusky!.

Huron!.

VermilionL

Black (L. Erie)l.

Cuyahoga!.

Chagrin!.

Cattaraugus1.

TOTAL PHOSPHORUS SUSPENDED SOLIDS
SLOl'E ~ SLOPE rr

(mul tiply by 1(13 ) (multiply by 1(j3)

-0.001 0.01 2.2 0.79

0.052 0.48 188.1 0.68

1.107 0.05 331. 8 0.30

-0.005 0.05 1.3 0.07

-0.157 0.16 10.6 0.08

-0.003 0.10 0.5 0.06

-0.002 0.07 4.0 0.70

-0.001 0.01 56.6 0.48

-0.003 0.10 0.';1 0.10

0.000 0.00 0.9 0.19

0.029 11.1

0.175 62.8

0.038 32.2

0.106 89.2

0.040 108.2

-0.028 46.0

-0.011 145.2

0.100 10.3

0.043 444.0

1.
Slopes estimated from Lake Erie Wastewater Management Study (Corps. of
Engineers. 1975) pJots
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The linear regression reaults presented in this table were computed
with flow in cfe as the x variable and total phosphorus or suspended
solids 8S the y variable. The slope of the line generated gives a general
relationahip between flow and concentration with the large positiv~ slope
showing a rise in concentration with a rise in flow. and the small or
negative slope showi.ng no chaoge in concentration with an increa!Je in flow
or an actual decrease in concentration with larger £10_.

2The coefficient of linear correlation (r ) betw~en flow and concentration
is a meMore of the strength of the linear relationship between flew and
concentrlltion. The proportion of the variance of cor.centration explained
by a linear regression on flow is indicated by r 2• If r 2 • +1. there is
a perfect linear relationship between flow and concentration; 1f r 2 - O.
there is no linear relationship. In Table 20 there is generally little
linear relationship between flow and total phosphorus concentration.
while there are some strong linear relationships between flow and suspended
solids concentration.

Data used in this analysis were taken primarily from 1975 and 1976
water years. All regressions were run on at least 40 samples with S«8e
on as _ny as 365 samples. The Lake Erie data were taken f rom graphs
presented in the Lake Erie Wastewater Management Study Report (Corps of
Engineers. 1975). These slope values were approximated. thus no r 2
values could be obtained. While many of thes~ coefficients do not indicate
a high linear. correlation between flow and concentration. general trends
are evident. Figure 4 illustrates the general trend between flow and
total phosphorus conc~ntration for the Maumee River. As one can see.
While the trend is toward increasing concentxation with flow. there is
considerable scatter in the data. Many streams (but not all) show this
type of relationship between flaw and concentration.

The slopes in Table 20 indicate a general pattern around the basin.
Total phosphorus concentrations in the Maumee. Portage. SandusKy. Huron.
Vermilion. Chagrin. Cattauragus. and Canadway tributaries. all from the
Lak.e Erie basin. tend to increase with a rise in flow. The Carp River.
draining into Lake Superior, also showed this same trend. However. the
Ohio. Black. and Cuyahoga Rivers draining into Lake Erie, the Geneeee,
Black. and Osuego Rivers draining into Lake Ontario, and Grand. and Fox
Rivers draining into Lake Michigan. the trend was one of s alight
decr~ae in total phosphorus concentration with flow. lor these rivers
it would appear that phosphorus concentrations are less variable and l~ss

correlated with flow or possibly that the sampling program. at least for
soaP. of the strea... was inadequate in teras of collecting representative
high flow total phosphorus data.

Slopes of regressions of suspended solids concentrations versus flow
are also given in Table 20. All the rivers in Table 20 show a general
increase in suspended solids concentration with an increase in ~low.

The tributaries. however. fall into three distinct groups. The first group
containa several of the tributaries flowing into Lake Erie. such as the
Ma~ee River. as well as the Genesee in the Ontario Baain and the Neaadji
in the Superior basin. The general trend fnr these str...s is for suspended
solids to increase with an increase in flow. The streams in the
secODd group, which includes the Sandusky. VendUon. Huron. Portage,



FIGURE 4
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(U. S. Army Corps of Engineers, 1975)
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Black (Ohio), Saginaw, and Carp Rivers, also shows an upward trend in
concentration as flows increase, altboUlh the slope of the increase is
less than the first group. The third group contains strelllls that show a
very ~light to non-existent increase in concentration wi~h incr~ase in flow.
These include the Fox. St. Louis, 08\lego, Grand (Michigan). and two Black
Rive~s (one draining into Ontario, and the other into Lake MichilSn
at South Haven, Michigan).

Assuming the data are represeptative. it can be concluded that not all
tributaries respond to runoff events in the slllle fashion. The loads fr~

some tributaries, te1"1led "stable response" tr~butaries. are not dominated
by runoff events because the concentrations of many parameters such as
total phosphorus and suspended solids. do not vary greatly with flow
and the flow itself tends to be relatively stable (less flashy). The
loads of other tributaries. termed "event response" tributaries, are
greatly influenced by runoff events. Obviously, these are only two
~eneral classifications, and many individual variations do exist.

Exampl!! of Stable Response Tributary - Grand River. The Grand River,
which wag one of the tributaries where total phosphorus generally decreased
with flow and suspended solids increased only slightly (Table 20).
is of particular interest since it was sampled on a daily basis for over
a year as part of Subactivity 2-2 of U. S. Task D. Consequently, the data
available for the Grand is probably representative of act~al conditions
and interpretations of these data are not confused by d5ta gaps.

Because of the fact that total phosphorus and ~u8pended solids
concentrations near the mouth of the Grand River va.~ed relatively
slightly with the flow. the (1976) loads calculated based on daily
sampling o#ould likely differ little from the load calculated using only
monthly lIamples given adequate flow data. In order to verify this
assertion, 1976 suspended solids and t~tal phosphorus loads were calculated
assuming lhe only data available were monthly samples taken on the first
of the ~onth (when the Grand River was usually sampled over the yea~s).

The load was then compared to the load based on daily slIIIpltng over a
large part of the water year. lable 21 presents the results of the loads
calculated based on these data sets. As can be seen the differences in
the loads based on 10 samples and 212 samples was not large. especially
with regard to total phosphorus. Consequently, for many purposes the load
estimated from only a few sample~ per year may be satisfactory for a
river 8uch as the Grand, especially given the cost of daily ver8UB monthly
s_pling.

There has a180 been very little change in suspended solids and tots1
phosphorus concentration8 over the years. Table 22 shows the average
yearly concentrations measured for the Grand River beginning as early as
1963. This indicates the stability of this river in terms of concentration
over the year.. Significantly, average concentrations f~r 1976. whether
based on monthly observations or a large data set, are also siailar to the
historical avera~es, agaiD indicating the stability of th~ Grand River.
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Example of Event Response Trioutary - lemadji River. Importantly,
the Grand River is an exmaple of a group of rivers that are not greatly
affected by runoff events. An example of a river that undergoes 1II0re
dr81114tic concentration/flow chanpes is the Neaadji River, which drains
into western Lake Superior. A daily sediment station _s established near
the lIOuth of the Nemadji in 1973. so that a good suspended solids data
base is obtainable for the last few years.

Table 23 contains a set of daily sediment data collected near the
mouth of the Nemadji. The data show that during a IS-day period in June
of ~~75. concentrations and flows were extremely variable. Also. the
concentration of suspended solids generall~ increa~_d with flow. The
computed daily sedtment load also shown in Table 23 indicates the need
to sample for chemical constituents at various representative flows if
the annual loads are to be estimated for this tributary. The probability
of not collectins representative samples if the sampling program
consisted of one saaple per lIIonth on the first of the month would be
relatively high. Consequently. such limited data would lead to inaccurate
estimate of the load.

Interestingly, the Grand River is one of the largest tributaries
to the Great Lakes, while the Nemadji River is relatively small. In fact,
the waterphed of the Nemadji is less than 10 percent of the watershed
area of the Grand River. Nevertheless, the estimated 1976 suspended
solids load from the Nemadji. 71,000 metric tons, is almost 50 percent
of the load estimated for the Grand River. On a ~nit area basis. the
Nemadji watershed contributed 550 kg/ha-year. while the Grand River
contributed only 98 Kg/ha-year.

TABLE 21

GRAND RIVER TOTAL PHOSPHORUS AND SUSPENDED SOLIDS LOADS
CALCULATED BASED O~ DAILY SAMPLING AND A MONTHLY SUBSET

OF THF.SE SAMPLES (DURING WATER YEAR 1976)

Metric Tons/Yr

All Sa.ples (212)

Saaples froa First
of Month Only (10)

Total PhosRhorus

840

710
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TABLE 22

AVERAGE ANNUAL TOTAL PHOSPHO 'US AND SUSPENDED SOLIDS

CONCENTRATIONS MEAStr~D BEAR THE KaUTH

OF THE GRAND RIVER SINCE 1963

WATER YEAR AVERAGE SUSPENDED !2.:.. Q! AVERAGE T/J'l'AL NO. OF
SOLIDS SAMPLES PHOSPHORUS SAMPLES
~/l mgl1 P

1963 26.3 12

1964 22.1 15

1965 31.1 8

1966 18.4 18

1967 18.3 7

1968 15.0 17 .204 7

1969 18.5 13 .247 13

1970 1(•• 2 12 .263 12

1971 14.5 10 .175 10

1972 17.6 12 .186 12

1973 21.1 7 .170 7

1974 1;'.2 8 .180 8

1975 16.4 7 .167 9

Weighted Average 19.2 0.204



TABLE ':!3

Nm'fAl)JI RIVER. (WISCONSIN)

SUSPENDED SOLIDS nATA

,
~ MEAN MEAN SEDIMENT

DISCHARGE CONCENTRATION LOAD
cfs(.j/s) .g/l Ketri'CTOn/Day

6/11/75 112( 3.17) 15 4.1

6/12/75 772(21.86) 610 2.585

6/13/75 2.560(72.50) 1,070 7,220

6/14/75 1,330(37.67) 302 980

6/15/75 1,10001.15) 722 2.304

6/16/75 1,520(43.05) 646 2,594

6/17/75 895(25.35) 145 329

6/18/75 650(18.41 94 151

6/19/75 536(15.18) 72 95

6/20/75 440(12.46) 63 67

6/21/75 617(17.47) 646 1,179

6/22/75 1,310(37.10) 801 2,703

6/23/75 803(22.74) 146 291

6/24/75 533(15.09) 101 133

6/25/75 407(11. 53) 77 77

1975 Mean Daily F1~ • 437 cfs (12.38 m3/s)

Suspended Solids Load for 1975 • 154,000 Metric Tons (based on 365 saap1es)
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Watershed Characteristics Versus Tributary Re~ponse

The reason for the difference in loading rates of the Grand River and
the Nemadji is probably the result of many factors. However. as mentioned
previously. one factor that stands OU' in importance is the soil texture
of their basins. Figures 5 and 6 present the soil textures of
River Basin Group 1.1 and 2.3 which contain the Grand ~lver basin and the
Nemadji basin, respectively. These figures shau that the Grand River
watershed is composed of sandy to loamy surface $oils, while the Nemadji
River watershed surface soilslre predominately clay. The NeII8dji
River basin is part of the welt known red clay area located in the western
basin of Lake Superior.

Investigation of the soil texture characteristics reveal that.
in general, those watersheds with surface soils that contain considerable
amounts of clay-sized pa..ticles tend to contribute significantly higher
loads per unit area of s~Qended solids and phosphorus than watersheds
t ha-: have more coarse gr a Ir, -d (ssndy) soi'.s. Also. water quality of the
1. Ivers draining sar,dy t:' pe Be Is is often IIIll ch better than thoae rivers
draining clay. Fur t aer , as d i ecuseed previol1aly. streams draining
clay soils appear to be more flashy in te~~ of the variability of
ccncennrat Iom, ...ith flow. Streams draining sandy soils are often less
variable in terms of their chemtcal constituents and have flows which
ar e IIlOre stable.

Lake Erie streams, at least weste~ basin streams. are good examples
of streams draining predominately clayey surface soils. Parts of the
Lake Kichisan basin (predominately the Wi~consln side) and parts of the
Lake Superior basin also have high clay content and the rivers appear to
act accordingly. Intere~tingly. the Superior basin has patches of clay
80il interspersed with more sandy 80ils. This accounts for the fact,
at least in part. that certain streams in this basin. despite the
undeveloped status of the region, are often turbid in appearance and
contribute relatively high suspended 80lids loads. Parts of the Lake
Huron (thuab area) and Lake Ontario watersheds also have soils tending
toward the clay side.

Sandy soils are prevelant in the Lake Michigan basin, particularly
on the Michigan portion of the basin. Strea.s from these areas generally
have good water qusl1ty.

Intuitively. It Is not surprising that clayey soils produce higher
loads of suspended solids and certain chellica1s than sandy salls. A1J
vas discussed in detail in Monteith and Sonzogni (1977). clay solIs generally
have more pollutants associated with the. due to the chemical and physical
characteristics of clay particles. Also. once clay-sized particles get
suspended. they are .uch le8s prone to settle out campared to larger-
sized particles. Therefore. the likelihood of clay-sized particles being
transported over the land to the river aouth is comparatively high. Also.
in clay soils water is less likely to infiltrate compared to Bandy soils.
thus, there is a greater possibility for runoff to occur following a
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precipitation event in clay soils. Land cov~r or use, while certainly
i1llPortant and related to soil texture, is certainly uot exclusively
responsible for non-point source problems as may be implied by some
investigators. For example, the Nemadj:l. River watershed i.s he/wily
forested, yet produces relatively large unit area load. of susp~nded solids.

Soil maps showing the predominate texture of surface soils have been
prepazed for all U. S. river basi.n groups. These maps will be presented
tn the report on Subactivity 3-4 of the U. S. Task D, PLUARG. In addition,
information aH to the percent of the different soil textures in individual
watersheds has been digitized. and the information has been computerixed.
An example of this type of information stored is given in Table 24 •
Note that in addition to soil texture, information is available on other
factors such a~ watershed area, flow (both current and the historical
mean) a~d erodibility (K factor). It is intended that this data, along
with loading information, also computerized, will be analyzed for
statistical rnrrelations and other relationships. The results of this
analysis will a~bO be reported as part of Subactivity 3-4 of U. S. Task D,
PLUARG.

Recommended Sampling Strategy for Stable Re~ponse Versus Event Response Streams

It is clear that rivers behave in very different ways and that
?recipitation events can have substantially different impacts on the total
river mouth loads. As a result of flow, concentration and load trendo
obsp.rved in this study, it is felt that for the purpose of calculating
loads not every streaa needs to be sampled routinely during runoff events.
By examining watershed characteristics, including (but not limited to)
surface soil textures, it is believed possible to predict whether an
event response or stable response can be expected. Where possible,
however, limited sampling during one or more runoff events, particularly
during spring, would provide further and more definitive information on
whether routine event sampling is necessary to characterize tne annual
load. The cost of event sampling is obviously prohibitive in many cases,
but fairly precise sampling strategies can still be established at a
minimal cost by interpreting existing data. Por example, in the western
half of the lower peninsula of Michigan, almost every stream examined
hehaves in a manner similar to that of the Grand River. Th~s would
indic~te that these tributaries can be sampled on a monthly basis (aE
is currently the case) to obtain an adequate eqtimate of tributary loadings.
In northwestern Ohio streams draining into Lake Erie are clearly event
response streams and require extensive aampling to accurately characterize
their loads, as the Lake Erie Wastewater Management Study (Corps of
Engineers, 1975) has demonstrated.

~l many streams in which concentration remains fairly stable,
sa~ling over several years on a ~nthly basis may produce representative
data which can be used to ce Lcu.late loads for future years. In order to
verify this point, the 1976 load of suspended solids was computed using
the ratio estiaator method (the mean annual flow based on continuous
gaging was used to adjust the load) from 212 measurements of suspended
solids and flow collected at daily intervals between March 1. 1976, and
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Table 24
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September 30, 1976, from the Grand River. This load was then compared
to the load calculated using 143 munthly measurements of flow and
concentration taken between 1963 and 1975, which were adjusted to the 1976
me~\ annual flow usin& rhe ratio estimator method. The load generated
using the flow adjusted historical samples was 120,000 metric tons per
year, or about 80 percent of the suspended solids load calculated using
the 1976 data. This would indicate that for rivers such as the Grand,
it might even be possible to estimate a load by adjusting historical
concentration and fl"w data with t he observed mean annual flow. In other
words, for certain rivers a knowl~dge of the flow for a given year would
be all that is nccessar" to calculate a reasonable estimate of the load,
assuming no major changes occur in the characteristics of the watershed
(e. g., land use) or point source inputs.

:a concLus aon . many s t r eans r equ ire de taf.Led and expensive sampling to
characterize loads l';: ce r t.adn pa.·amet.ers. However, it appears that all
rivers need not necessarily be sampled in such a manner. Applying
knowled~e of ~atershLd characteristics and careful interpretation of
existing data could lead to a more limited and economical sampling
program for many streams.

Critical Erosion Period

Generally greatest amounts of sediment and associated materials are
eroded from the la~d when the surface is unvegetated, such as after plowing.
The 10u6er the soil remains unvegetated, the greater the possibility for
extensive erosion. Fall plowing, tren, would appear to provide a greater
opportuni ty for erosion than plowing in the spring. However, erosion
can occur even without plowing.

As discussed par lier, the Nemadj i River, despite the fact its waurshed
is mostly forested, still contributes significant amounts of 6ediment.
Apparently, in watersheds like the NemadJi with clayey soils, erosion can
occur despite a vegetative cover. Some of this eroston may be attributE-ble
to streambank erosion as well as sheet and gully or overland erosion.
Once clay soils are eroded and dispersed in water, t h ~y, in general,
settle out very slowly. Consequently, when c1ay-sizl·d sediment is
suspended, it has a relatively high probability of being transported for
considerable distances. Certainly, however, land use may affect the a~ount

of material contributed from a clayey watershed, but it does not appe~r

to be the dominant factor based on the admittedly limited data available.

Burwell et a1. (1975) in a study of erosion of loam soils, considered
three seasonal periods: (1) a critical runoff period during snowmelt,
(2) a critical erosion period between the spring melt and two months
after a crop cover was established, and (3) a noncritical erosion period.
They concluded that much of the annual sedt-ent and total nutrient losses
occurred during the critical erosion peri.od (2). Snowmelt, however,
accounted for much of the water loss as well 8S the soluble nutrient losses.
This pattern likely holds for much of the Great Lakes Basin' 83.gricultural

126



land. Should fall plowing occur, the critical erosion period probably
extends to the fall between the time it is plowed and when the ground
becomes snow covered or frozen.

In a study of phosphorus and nitrogen losses from disposal of dairy
manure during winter (Klausner et ~l., 1976), it was found that manure
applied to the land during active thaw periods can result in increased
nutrient losses. By applying manure over the winter 80 it was covered
by snow which melted at a later date, nutrient losses were minimized.

The abov~ examples indicate that critical periods exist which can
affect the erosion and loss of materials from the watershed. Tributaries,
at least at the river mouth, are the integrated effect of many different
factors and activities in the watershed. More research and information
is needed on these factors and activities to effectively and economically
manage watersheds to minimize loads of pollutanta to the Great Lakes.
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APPENDIX A

INDIVIDUAL TRIBUTARY

RIVER MOUTH LOADING DATA
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TOTAL PHOSPHORUS 1975 ,
TRIItUTARY LAKE RIVER LOAD MEAN SQUARE HUM OF

NAME BASIN GROUP HT\YR ERR(I1T\YR)**2 SAMPLES

1 OSWEGATCHIE ONTA 3 125.5 68:5.8 9
2 GRASS ONTA 3 47.3 35.6 8
3 RAllUETTE ONTA :! 35.9 36.9 9
4 ST REGIS ONTA 3 20.2 3.3 12
5 GENESEE ONTA 1 529.8 4281.8 30
6 OSWEGO ONTA 2 510.2 1006.9 17
7 BLACK NY ONTA 3 153.8 5bl.8 20
8 MAUMEE ERIE 2 2628.0 5329.0 262
9 PORTAGE ERIE 2 154.0 9.0 281

10 SANDUSKY ERIE :2 595.0 361.0 2';7
11 HURON ERIE 2 136.0 25.0 399
1 ", VERMILION ERIE 2 84.0 169.0 43...
13 BUiCK ERIE 3 351.0 256.0 42
14 CUY.'~HOGA ERIE 3 788.0 3249.0 45
15 CHAGi~IN ERIE 3 144.0 100.0 41
16 CATTARAGUS ERIE 4 185.0 225.0 41
17 HURON ERIE 1 253.0 3249.0 12
18 F~AISIN ERIE 1 279.0 25.0 12
19 ROCKY ERIE 3 313.0 8281.0 12
20 GRAND ERIE 3 332.0 64.0 12
21 ASHTABULA ERIE 3 69.0 1.0 12
2~ CONNEAUT ERIE 3 104.0 4.0 12
23 DLACK HICH ERIE 1 46.4 59.9 a
~~4 ROUGE. ERIE 1 199.8 591.6 5
,",co BELLE ERIE 1 22.6 5.0 10... ~.J

26 CLINTON ERIE 1 256.0 796.7 8
27 ST LOUIS SUPE 1 257.6 1135.2 15

28 BA[I SUPE 1 156.0 7230.9 13
29 MONTREAL SUPE 1 27.2 8d 14
30 (lOIS BRULE SUF'E 1 17.1 25.4 13
31 NEMA[IJI SUPE 1 124.3 3175.3 12

· 32 BAPTISM SUPE 1 10.4 278.7 12·: 33 PIGEON SUPE 1 65.0 2l:l9.0 31
t 34 BRULE SUPE 1 10.0 4.0 31
· 3:5 CASCADE SUPE 1 5.0 4.0 31· 36 TEMPE~~ANCE SUPE 1 6.0 1.0 31

37 CROSS SUPE. 1 4.0 1.0 30
38 MANITOU SUPE 1 4.0 1.0 31
39 BEAVER SUPE 1 7.0 4.0 31
40 SPLIT ROCK SUPE 1 4.0 4.0 31
41 KNIFE SUPE 1 6.0 4.0 31
42 LESTER SUPE 1 5.0 4.0 31
43 FRENCH SLJPE 1 1.0 1.0 31
44 GOOSEBERRY SUPE 1 5.0 4.0 31
45 POPLAR SUPE 1 8.0 4.0 31

· 46 SUCKER SUPE 1 3.0 1.0 31·: 47 TAHUUAI1ENON SUPE 2 12.5 6.'7 27· 48 ONTONAGON SUPE 2 158.1 7573.7 27···
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TOTAL PHOSPHORUS 1975

TRUUTARY LAKE RIVER L.OAD MEAN SClUA~E NUM OF
NAME BASIH GROUP HT\YR ERRCMT\YR>U2 SAMPL.ES

49 CARP SllPE 2 34.3 75.2 15
50 BLACK G SUPE 2 6.7 2.6 12
51 PRESIlUE ISLESUPE 2 4.7 1.3 15

· 52 STURGEON SUF'E 2 18.5 25.7 15·· 53 IRON SUPE 2 5.0 4.0 30·: 54 MINERAL SUPE 2 4.0 1.0 26· 55 FALLS SUPE 2 1.0 1.0 30·· 56 SILVER SUPl:: 2 1.0 1.0 30· 57 DEAD SUPE 2 2.0 1.0 30
58 CHOCDLAY SUPE 2 9.0 4.0 30
59 TWO-HEARTED sur" :2 2.0 1.0 28
60 BETSY SUPE 2 1.0 1.0 29
lol WAISI<A SUPE 2 10.0 9.0 52
62 AU GRES HURD 1 9.0 14.4 12
63 RIFLE HURD 1 19.0 13.6 15
64 MPINE HURO t 18.2 17.4 15
65 THUNDER BAY HURO 32.7 134.6 15
66 AU SABLE HURD 1 29.8 10.9 14

· 67 TAWAS HURD 1 7.0 1.0 29·· 68 WHITNEY DRN HURD 1 9.0 25.0 2B·· 6e;. AF'INE HURO • 10.0 9.0 30· .
70 CHEBOYGAN HURD 1 29.2 38.0 19
71 GREENE CR HURD 1 0.1 0.0 11

· 72 TROUT HURO 1 0.3 0.0 11·· 73 MULLIGAN HURO 1 0.1 0.0 11· 74 DCQUEOe HURO 1 1.8 0.0 11
75 SCHMIlITS CR HURD 1 0.1 0.0 11
76 CARP CR HURD 1 0.1 0.0 11
77 PINCONNING HURD 2 3.0 1.0 30
78 SAGINAW HURO :2 1189.9 4275.0 50
79 KAWKAWLIN HURD 2 17.6 12.6 45
80 PIGEON HURD 2 33.0 576.0 29
81 PINNEBDG HURD 2 15.0 25.0 30
82 SEBEWAING HURD 2 36.0 900.0 30
83 WILLOW HURD :2 4.0 1.0 27
84 FORD MICH 1 4.7 0.1 18
85 MENOMINEE MICH 1 86.5 56.3 12
86 PESHTIGO MICH 1 59.4 107.6 12

: 87 OCONTO HICH 1 50.6 101.3 12
: 88 PENSAUI<EE HICH 1 15.:5 36.0 1:;:

· 89 FOX /'IICH 1 499.6 3784.9 12· 90 KEWAUNEE /'IICH 1 19.7 3.0 12
91 EAST TWIN MICH 1 8.9 0.4 12
92 WE';T TWIN /'IICH 1 15.2 1.6 12
93 /'IAN ITOWDI: /'IICH 1 42.6 4B.7 13
94 SHEBOYGAN MICH 1 6001 113.6 12
95 MILWAUKEE MICH 2 109.2 1016.0 6
96 MENOMONEE HICH 2 35.6 21.0 48
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TOTAL PHOSPHORUS 1975

TRIB~TARY LAKE RIVER LOAD HEAN SQU,'RE NUH OF
NAME BASIN ilROUP HT\YR ERR(HT\YR)n2 SAHPLES

97 ROOT HICH 2 20.1 4.4 6
98 Sf JOSEPH HICH 3 446.1 3135.8 B
99 KALAMAZOO HICH 3 227.3 197.3 22

100 GRAND HICH :5 758.0 9220.3 9
101 BLACK SHAVE HICH :5 109.5 112:5.5 J
102 WHITE HICH 4 25.0 :33.0 11
103 PERE MARDUETHICH 4 39.2 45.6 9
104 BOARDHAN HICH 4 5.2 0.6 6
105 MANISTEE HICH .. 51.6 30.9 21
106 *MANISTIQUE HICH .. 4S.6 65.9 22

· 107 LITTLE HANISHICH .. 1.6 0.1 J·· lOB BET5IE HICH .. 6.5 5.6 3·· 109 HUSI\EGON HICH .. 78.6 112.6 22·: 110 ESCANABA I1ICH .. 36.9 114.6 22
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TOTAL PHOSPHORUS 1976

TRIBUTARY LAKE RIVER LOAD HEAN SQUARE NUH OF
NAME BASIN GROUP '1T\YR ERR(HT\YR>**2 SAMPLES

: 1 OSWEGATCHlE ONTA 3 294.5 2050.9 9
2 GRASS ONTA 3 123.9 450.3 9
3 RAOUETTE DNTA 3 112.4 1486.7 9
4 GENESEE ONTA 1 719.2 13814.4 25
5 OSWEGO ONTA :2 91'j1.0 46354.8 13
6 BLACK NY ,1NTi~ 3 410.9 5164.3 10

'7 ONTONAGON 5UF'E 2 100.0 210.8 24
: 8 TAIlUAMENON SUN: 2 19.9 1.3 24

· 9 ST LOUIS SUPE 1 123.0 129.4 20·· 10 BOIS BRULE SUPE 1 9.2 2.7 3·· 11 IlAPTISM SUF'E 1 5.0 0.7 5·: 12 MONTREAL surE: 1 18.6 15.5 15

· 13 CARP SUF'E 2 49.1 143.0 12·· 14 PRESQUE ISLESUPE 2 8.0 22.6 12·· 15 STURGEON SUPE :2 3'j1.0 462.5 12· 16 BA[I SUF'E 1 52.2 68.2 15
17 NEMA[IJI SUPE 1 85.8 1204.6 15
18 CHEBOYGAN HURD 1 23.0 10.0 24
19 RIFLE HURD 1 15.7 2.9 24
20 THUNDER 8AY HURD 1 15.4 1.0 12
21 AU SABLE HURD 1 36.2 14.6 12
".., VAN ETTEN CRHURO 1 6.6 3.4 12.:..:.

23 AU GRES HURD 1 8.2 3.4 11
24 PINE HURD 1 21.9 101.6 11
2~) PINNEBOG HURD 2 35.8 212.3 12
26 SAGINAW HURD 2 1428.9 23168.8 33
27 GREENE CR HURO 1 0.2 0.0 43
28 TROUT HURD 1 0.9 0.0 42
29 CARP HURD 1 0.4 0.0 41
30 MULLIGAN CR HURD 1 0.3 0.0 43
31 OCQUEOC I-;URO 1 4.6 2.3 42
32 SCHHIDTS CR HURD 1 0.2 0.0 40

: 33 FORD HICH 1 15.4 23.7 23
34 MENOMINEE MICH 1 73.1 20.6 24
35 EAST TWIN HICH 1 11.9 0.4 12
36 KEWAUNEE HICH 1 'i.7 0.3 12

37 FOX MICH 1 520.6 7994.2 12
: 38 f'ENSAUKEE I'4ICH 1 32.2 64.0 9

· 39 PESHTIGO HICH 1 39.4 85.6 12·· 40 O~IlNTO HICH 1 57.0 148.6 12·· 41 SHEBOYGAN MICH 1 47.9 42.6 12·: 42 HANITOWOC HICH 1 46.6 5ed 11
43 MILWAUKEE HICH 2 69.1 67.9 12
44 MENOMONEE HICH 2 29.6 1.0 163
45 ROOT HICH 2 35.6 41.3 6
46 BURNS DITCH HICH 2 151.2 3588.7 11
47 TRAIL CREEK HICH 2 15.1 27.2 8
48 ST JOSEPH RIHICH 3 498.9 4159.9 11
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TOTAL PHOSPHORUS 1976

TRUtUTARY LAKE RIVER LOAD MEAN SQUARE NUt! OF
NAME BASIN GROUP HT\YR ERR(HT\YR)**2 SAMPLES

49 KALAI'IAZOO I1lCH :3 221&.1 289.7 23
50 MUSKEGON I'1lCH 4 100.4 34.3 23
51 MANISTEE HlCH 4 51&.3 26.1 24
52 *HANISTIQUE I1lCH 4 50.8 14.6 24
53 ESCANABA MICH 4 32.2 58.7 24
54 GRAND HlCH 3 841.0 625.0 212
55 WHITE HlCH 4 23.7 8.6 12
56 PERE MARQUETHICH " 67.5 172.2 12
57 BETSIE MlCH 4 5.5 0.8 12
58 BOARDMAN HICH 4 6.4 3.6 12
59 WHITEFISH MICH 4 3.6 0.2 12

138



SUSPENDED SOLms 1975

TRIBU1AF::Y LAKE RIVER LOAD HEAN SQUARE NUM OF
NAME BASIN GROUP Ml'YR ERR(MT\YR>**2 SAHPLES

" OSWEGO ONTA 2 105612.4 B1792368.0 16
2 BLACK NY ONTA 3 73393.7 532197632.0 21
3 OSWEGATCHIE ONTA 3 43962.6 396244480.0 .~

4 GRASS ONTA 3 8583.4 3447278.0 8
5 RAQUETTE ONTA 3 6824.5 2524028.0 9

6 ST REGIS ONTA 3 6102.0 2354574.0 12
7 GENESEE ONTA 1 544823.0 30 10279040.0 183

8 FORD HICH 1 2501.9 226213.8 22

: 9 MENO~INEE HICH 1 126B".4 4501624.0 9

· 10 PESHTIGO HICH 1 3911.6 285778.4 12·• 11 OCONTO MICH 1 7324.8 2171340.0 11·· 12 PENSAUKEE MICH 1 9287.1 65144496.0 24·· 13 FOX MICH 1 60078.6 79819280.0 23· 14 KEWAUNEE HICH 1 5033.8 1176637.0 23
15 E TWIN HICH 1 6418.1 3551395.0 22
16 MANITOWOC HICH 1 23325.6 118421824.0 19
17 SHEBOYGAN MICH 1 6422.6 1927074.0 12
18 11ILWAUI<EE MICH 2 22046.4 40959440.0 24
19 MENOMONEE HICH 2 15516.0 1.0 273
20 ROOT I'!ILH 2 12698.9 71'J'8308B.O 19

21 ST JOSEPH MICH 3 82440.7 386562560.0 8

2:: BLACK SHAVENMICH 3 2846.4 207947.6 3
23 KALAMAZOO MICH 3 27303.9 10947752.0 22
24 GRAND MICH 3 76557.3 913265696.0 7..,.., MUSKEGON MICH 4 39655.9 55361616.0 22
~J

26 LITTLE MANISMICH 4 1530.5 113357.9 3
27 MANISTEE MICH 4 18766.1 4841869.0 20
28 BETSIE MICH 4 3128.5 4152027.0 3
29 BOARDHAN HICH 4 1583.9 339008.8 6
30 *MANISTIQUE MICH 4 12511.8 1265363.0 23
31 ESCANABA MICH 4 4086.8 226662.2 23
32 AU GRES HURD 1 6624.4 218144BO.O 12
33 AU SABLE HURD 1 11249.1 4514902.0 14
34 VAN ETTE~ CRHURO 1 1197.0 48841.0 26
35 CHEBOYGAN HURD 1 6868.7 1986628.0 25

36 OSllUEOC HURD 1 2216.0 833569.0 30
37 MPINE HURD 1 42831.3 357356288.0 15
38 RIFLE HURD 1 11818.2 20546704.0 15

39 TAWAS HURO 1 912.0 32041.0 29

· 40 THUNDER BAY HURO 1 6017.3 920254.7 15·· 41 WHITNEY DRN HURD 1 6680.0 16112196.0 28·: 42 APINE HURD 1 1292.0 50B3i19.0 30
: 43 PINCONNING HURD 2 226.0 10201.0 30

44 KAWKAWLIN HURO 2 2016.3 818777.7 29

· 45 SAGINAW HURD 2 121022.8 138531056.0 37•· 46 PIGEON HURO 2 14746.0 153859216.0 29·: 47 PINNEBOG HURD 2 2135.0 537289.0 30
48 SEBEWAING HURD 2 20476.0 353139200.0 30
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SUSPENDED SOLIDS 1975

TRIPUTARY LAKE RIVER LOAD /"lEAN SQUARE NUH OF-
NAHE BASIN GROUP HT\YR ERR(MT\YR)U2 SAHPLE~

49 WILLOW HUI\O 2 821.() 101761.0 27
50 ONTONAGON SUPE 2 578559.4 107476353024.0 4
51 TAHQUAMENON SUPE: 2 7425.0 5516052.0 25
52 CARP SUPE 2 31B8.1 5488907.0 15
53 PRESaUE ISLESUPE 2 32C;J.1 3621554.0 15
S4 STURGEON SUPE 2 2045,>.9 41498192.0 6
55 IRON SUPE 2 9746.0 25654224.0 30
56 MINERAL SUPE 2 12264.0 80066704.0 26

57 BLACK G SUPE 2 3879.6 3140850.0 12
58 FALLS SUPE 2 438.0 18225.0 30
59 SILVER SUPE 2 602.0 72361.0 30

· 60 DE All SUPE 2 898.0 72361.0 30·: 61 CHOCOLAY SUPE 2 '285.0 98596.0 30
: 62 TWO-HEARTED SUPE 2 1763.0 276676.0 28

· 63 BETSY SUfE 2 726.0 24649.0 29·: 64 WAISKA SUPE 2 8220.0 11758041.0 52
65 MONTREAL SUPE 1 4708.0 3196944.0 24
66 ST LOUIS SUPf 1 69564.9 125412176.0 22
67 BAD SUfE 1 101145.5 258014192.0 10
68 BOIS BRULE SUPE 1 4684.4 1447500.0 76
69 NEI1ADJI SUfE 1 154323.0 1.0 365
70 PIGEON SUPE 1 19126.0 72624480.0 31
71 BRULE SUfE 1 1194.0 285156.0 31
72 CASCADE SUfE 1 1237.0 266256.0 31
73 TEMPERANCE SUPE 1 1208.0 229441.0 31
74 CROSS SUPE 1 518.0 24336.0 30

75 MANITOU SUPE 1 610.0 46225.0 31

· ~?6 BAPTISM SUPE 1 Y06.7 30697.8 21
: 77 BEAVER SUPE 1 1329.0 291600.0 31· 78 SPLIT ROCI( SUPE 1 513.0 54289.0 31· 79 KNIFE SUPE 1 1657.0 986049.0 31

80 LESTER SUfE 1 2238.0 1669264.0 31
81 FRENCH SUPE 1 254.0 14641.0 21
82 GOOSEBERRY SUPE 1 1836.0 1155625.0 31
83 POPLAR SUPE 1 1599.0 339889.0 31
84 SUCKER SUPE:: 1 478.0 55696.0 31
85 MAUMEE ERIE 2 1435696.0 1680999936.0 262
96 PORTAGE ERIE 2 66000.0 28090000.0 281

: 87 SANIlUSKY ERIE 2 321840.0 249640000.0 277
'18 HURON ERIC 2 78707.0 26010000.0 399
.9 VERMILION ERIE 2 102592.0 510759936.0 43

• 90 BLACK ERIE 3 239904.0 118810000.0 42·: 91 CUYAHOGA ERIE 3 631281.0 11024998400.0 45
: 92 CHAGRIN ERIE 3 246132.0 4147360000.0 41· 93 CATTARAGUS ERIE 4 684180.0 8537759744.0 41· 9.. BLACK HICH ERIE 1 1561';.7 36342144.0 B

95 ROUGE ERIE 1 166~O.O 26339264.0 5
96 HURON ERIE 1 23255.6 31'196336.0 7
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SUSPENDED SOLIDS 1976

TRIEtUTARY LAKE RIVER L,jAD I1EAN SQUARE NUH Of
NAME BASIN GROUP ".T\Yr~ ERR(I'1T\YR>**2 SAMPLES

1 OSWEGO ONTA 2 140524.0 240267680.0 13
2 BLACK NY' ONTA 3 41085.8 41B82928.0 10
3 OSWEGATCHIE ONTA 3 19624.7 13576520.0 9

4 GRASS ONTA 3 5407.7 389327.8 9
S RAQUETTE ONTA ~~ B631.0 1571103.0 9

6 GENESEE ONTA 1 1056506.0 1.0 366
7 FORD I'tICH 1 ;'526.1 2911374.0 18
8 MENOMINEE PilCH 1 16210.2 4457253.0 12
9 P~SHTIGO tlICH 1 5989.4 533105.7 10

10 (jeONTO PilCH 1 10394.4 12265794.0 12
11 PENSAUKEE I'tICH 1 18320.0 33782416.0 B
12 FOX tlICH 1 103360.0 55·1121984.0 19
13 KEWAUNEE PilCH 1 1413.2 36330.1 11
14 E TWIN tlICH 4 1721.6 16534.2 12
15 MANITOWOC MICH 1 5169.8 92249.1 10

16 SHEBOYGAN MICH 1 4796.4 1414157.0 12
17 MILWAUKEE HICH 2 11116.7 7357446.0 11
18 MENOMONEE I'lICH 2 12238 • .t, 1.0 163

19 ROOT MICH 2 9239.4 6739663.0 6
: 20 ST JOSEF'H I'lICH 3 113285.4 211897824.0 11

· 21 KALAMAZOO I'lICH 3 37091.7 341531:140.0 23·· .,., GRANII MICH 3 148666.9 43863600.0 212· c: ..:..· 23 MUSKEGON MICH 4 61280.4 203384240.0 24·· 24 MANISTEE HICH 4 15963.6 4368610.0 24· 25 BETSIE MICH 4 320'.3 522006.4 12
26 BOARDH{lN MICH 4 1024.0 30514.1 12
27 *I'IANISTIClUE MICH 4 15515.0 4101016.0 23
28 WHITE FISH MICH -4 1370.5 68135.4 12
29 ESCANABA MICH 4 40:52.9 1199793.0 22
30 THUNltER £lAY HURD 1 6900.1 2:2024:>.0 !~

31 RlfU: HURD 1 8403.2 '444538.0 204
32 AU GRES HURD 1 4406.7 .1.712668.0 11
33 SAGINAW HURD :2 362747.6 10631012352.0 .53
34 CHEBOYGAN HURD 1 8<\28.0 991941.1 25

· 35 PINNEBOG HURO 2 8d21.3 26449664.0 12•· 36 AU SABLE HURD 1 10216.1 61"'2244.0 12·: 37 VAN ETTfN CRHURO 1 1367.8 405419.9 12
: 38 MF'INE HURD 1 13271.2 96028880.0 11

39 TAHQUAMENON SUPE :2 7898.9 5293305.0 18
40 MONTREAL SUPE 1 2730.8 1049B27.0 12
41 PRESQUE ISLESUPE 2 4659.8 15797813.0 12
42 STURGEON SUPE 2 26260.6 3779204608.0 12
43 CARP SUPE :2 925.5 85029.0 12
44 ONTONAGON SUPE 2 146083.9 3576136960.0 18
45 ST tOUIS SUPE " 26947.7 192526204.0 19
46 BOIS BRULE SUPE 1 2756.1 314556.9 12
47 NEMADJI SUPE 1 71080.0 1.0 253
48 BAD SUPE 1 15251B.0 7214981120.0 7

• 49 BAPTISM SUPE 1 3767.2 30726.7 7..
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SOLUBLE ORTHO PHOSPH('RUS 1975

TRIBUTARY LAKE RIVER LOAD MEAN SQUARE NUM OF
NAHE BASIN GROUP HT\YR ERR(HT\YR)**2 SAHPLES

1 GENESSEE ONTA 1 67.6 29.0 14· 2 OSWEGO ONTA 2 119.4 1239.2 8·· 3 BLACK NY ONTA 3 113.2 2892.4 12·· 4 OSWEGATCHIE ONTA ~ 31.3 80.3 9·· 5 GRASS ONTA 3 16.4 66.5 8•: 6 RAQUETTE ONTA 3 28.2 11.3 7
7 ST JOSEPH HICH J 96.2 159.2 B
B BLACK SHAVE MICH 3 32.3 34.4 3
9 KALAMAZOO HICH :3 95.2 55.1 10

10 GRAND HICH 3 320.9 1345.3 7

11 HUSKEGON HICH 4 2B.6 37.9 10
12 LITTLE HANISMICH 4 1.6 0.1 3
13 MANISTEE HIr.H '" 17.5 4.8 9
14 SETSIE MICH 4 2.5 0.7 3
15 BOAR[IMAN MICH 4 2.2 0.2 6
16 *HANISTIGUE MICH 4 26.3 16.3 13
17 ESCANABA HICH 4 23.B 24.5 12
18 FORD HICH 1 2.8 0.1 12
19 MENOMINEE /'IICH 1 37.4 4B.3 9
20 PESHTIGO HIGH 1 33.7 147.1 9
21 OCONTO MIGH 1 15.3 1:'.2 B
22 F'ENSAUKEE MICH 1 7.5 3.2 9
23 FOX MICH 1 219.8 4432.4 9
24 KEWAUNEE MICH 1 9.2 1.2 9.,., E TWIN HICH j 3.5 0.2 9... ...J

21.> MANITOWOC HICH 1 30.7 96.8 10

2? SHEBOYGAN MICH 1 36.5 108.0 9
28 MILWAUKEE MICH 2 27.4 31.3 4
29 MENOMONEE .~ICH 2 10.3 7.1 3
30 ROOT MICH 2 7.0 6.0 9
31 TAHGUMENON SU~'E 2 7.Q 0.6 15
32 BLACK; G SUPE 2 2.0 0.9 12
33 PRESQUE ISLESUPE 2 2.1 0.3 16
34 STURGEON SUPE 2 4.7 0.2 lS
3S CARP SUPE 2 16.3 18.6 15
36 ONTONAGON SUPE 2 18.6 15.2 15
037 BOIS BRULE SUPE 1 8.2 10.1 13
38 BAD SUPE 1 32.2 862.9 13
39 BETSY SUPE 2 0.7 0.0 29
40 CHOCOL.AY SUPE 2 5.4 1.9 30
41 DEAD SUPE 2 1.7 0.2 30
42 FALLS SUPE 2 0.5 0.0 30
43 IRON SUPE 2 2.3 1.0 30
44 MINERAL SUPE 2 2.1 0.2 26
45 SILVER SUPE 2 0.6 0.0 3,;)

· 46 TWO-HEARTED SUrE 2 1. B 0.0 28·· 47 WAISKA SUPE 2 4.4 1.0 26·• 48 MONTREAL surE 1 5.6 1.2 11·
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SOLUBLE OR THO PHOSPHORUS 1~7S

TRIBUTARY LAKE RIVER LOAD MEAN SQUARE NUH OF
NAME BASIN GROUP HT\YR ERRCHT\YR>*.2 SAMPLES

49 NEHADJI SUPE 1 40.1 45.1 17
50 OCQUEOC HURO 1 2.2 1.B 30
51 PIGEON HURO 2 8.S 10.~ 29
52 SAGANAW HURD 2 259.4 ~95.0 SO
53 KAWKAWLIN HURO 2 5.1 1.9 45

54 PINCONNING HURO 2 2.0 0.2 30
55 APINE HURO 1 4.8 2.2 30
56 PINNEBOG HURO 2 9.6 10.3 30

S7 SEBEWAING HURO 2 6.7 12.5 30

· 58 TAWAS HURO 1 2.8 0.2 29·· 59 THUNDER BAY HURO 1 10.1 4.3 15·· 60 RIFLE HURO 1 6.2 0.8 15·: 61 AU GRES HURD 1 4.8 10.4 12

· 62 CHEBOYGAN HURD 1 12.2 4.1 15· 63 AU SABLE HURO 1 19.6 0.9 14
64 HPINE HURO 1 8.5 2.1 15
65 VAN ETTEN HURO 1 2.6 0.4 26
66 WHITNEY DRN HURO 1 2.3 0.8 ~8

67 WILLOW HURD 2 1.7 0.4 27
68 MAUMEE ERIE 2 612.0 355.1 262

'J'7' ..:·ORTAGE ERIE 2 52.2 1.5 281
"/0 SANDUSl\Y ERIE 2 83.4 1.5 277
7~ HURON ERIE 2 33.4 18.1 399
72 VERMILION ERIE .., 10.1 1.5 43.....
73 ItLACK ERIE 3 141.1 62.5 42
74 CUYAHOGA ERIE 3 183.0 310.8 45
75 CHAGRIN ERIE 3 21.7 3.3 41
76 CATTARAGUS ERIE 4 12.7 1.5 41
77 ItLA,-:K HICH ERIE 1 25.9 34.8 B
78 ROUGE ERIE 1 106.8 301.6 5
79 HURON ERIE 1 39.8 26.2 7
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SOLUBLE ORTHO PHOSPHORUS 1976

TRIBUTARY LAKE RIVER LOAD MEAN SQUARE NUH OF
NAME BASIN GROUP HT\YR ERR(MT\YR>**2 SAHPLES

1 GENESEE ONTA 1 89.3 283.4 17
2 OSWEGO ONTA 2 200.7 1388.2 9
3 BLACK NY ONTA 3 ~9.9 150.7 10
4 OSWEGATCHIE ONTA 3 33.1 58.2 9
5 GRASS ONTA 3 16.2 6.2 8
A RAllUETTE ONTA 3 27.9 73.3 9
7 FORD HICH 1 3.2 13.0 12
8 MENOMINEE HICH 1 22.9 6.9 12
9 PESHTIGO MICH 1 10.4 1.1 12

10 OCONTO HICH 1 9.4 0.5 12
11 PENSAtlKEE HICH 1 7.0 0.8 9
12 FOX HICH 1 113.4 1908.0 12
13 KEWAUNEE HICH 1 4.6 0.2 12
1-4 E TWIN HICH 1 4.7 o r 12....
15 MANITOWOC HICH 1 27.0 39.3 11
16 SHEBOYGAN HICH 1 27.9 18.0 12
17 HENOHONEE MICH 2 8.4 1.0 163
18 ROOT HICH 2 15.8 22.2 6
19 ST JOSEPH HICH 3 158.8 2458.7 11
20 KALAHAZOO HICH 3 80.7 87.0 12
21 GRAND HICH 3 343.6 142.2 211
22 MUSKEGON MICH 4 36.9 31.5 12
23 MANISTEE MICH 4 18.1 4.6 12
24 BETSIE MICH 4 1. S 0.0 12
25 BOARDMAN MICH 4 3.9 4.1 12
26 *MANISTIQUE MICH 4 19.8 13.2 12
27 WHITE FISH HICH 4 0.7 0.0 12
21'1 ESCANABA MICH 4 14.3 59.6 12
29 TAHOUHENDN fWPE 2 4.1 0.4 12
30 MONTREAL SUPE 1 9.4 3.9 12
31 PRES~UE ISLESUPE 2 1.4 0.3 12
3L STURGEON StiPE 2 8.2 10.6 12
33 CARP SUPE 2 =~4. 5 20.6 12
34 ONTONAGON StiPE 2 38.6 19.1 12
35 SAGINAW HURO 2 61S.() 4747.7 23
30 CHEBOYGAN HURD 1 5.7 1.3 12
37 THUNDER BAY HURD 1 2.7 0.4 12
38 RIFLE HURO 1 4.0 0.3 12
39 AU ORES HURD 1 2.8 0.6 11
40 PINNEBDG HURO 2 20.S 66.8 12
41 AU SA(lLE HURD 1 12.3 2.8 12
42 VAN ~TTEN CRHURO 1 1.8 0.5 12
43 HPINE HURD 1 6.5 7.5 11
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CHLORIDE 1915

TRIBUTARY LAKE RIVER LOAD ME~N SQUARE NUM OF
NAME BASIN GROUP HT\YR ERR(HT\vR>U2 SAMPLES

1 GENESEE ONTA 1 129819.1 74638992.0 33
2 OSWEGO ONTA 2 1057788.0 11548844032.0 16
3 BLACK NY DNTA 3 7548.4 3239712.0 16
4 OSWE5A1CHIE ONTA 3 4834.5 2B9190.5 9
5 GRASS ONTA J 2798.0 2527699.0 B
6 RAIlUETTE ONTA 3 2481.3 93326.8 9
7 S1 REGIS ONTA 3 1599.6 22801.8 12
8 FOR[' HIGH 1 978.J 3334.8 22

9 MENOMINEE HICH 1 3214.7 299902.2 8
10 PESHTIGO HICH 1 2130.3 410943.3 11

11 OCONTO HIGH 1 6229.0 677186.8 12
12 F'ENSAUKEE HICH 1 579.5 75777.6 11
13 FOX HIGH 1 5116B.1 89B3847.0 24
14 KEWAUNEE HICH 1 1373.9 2192.1 12
15 E TWIN MICH 1 857.9 2758.0 12
16 MANITOWOC HICH 1 3779.2 181695.5 12
17 SHEBOYGAN MICH 1 7066.7 420774.9 11

18 MILWAUKEE MICH 2 14558.7 24316064.0 16
19 MENOMONEE NICH 2 10336.1 3409737.0 .018
20 ROOT HICH 2 J92J.O 10212406.0 24
21 5T JOSEPH HICH 3 78264.8 10816331.0 8
~"') KALAMAZOO MICH 3 60226.6 5254486.0 22..........

23 GRAND MICH 3 171490.2 41900128.0 7
24 MUSKEGON HICH 4 46548.0 5107921.0 22
25 MANISTEE HICH 4 163375.4 157896192.0 21
26 ElETSIE MICH 4 937.5 23635.2 3

27 BDARI.HAN HICH 4 1848.2 4459.1 6
28 *MANISTIOUE HICH 4 4071.3 29090.3 23
29 ESCANAElA HICH 4 10511. 5 4736482.0 23
30 GREENE CR HURD 1 5.8 2.2 11
31 MULLIGAN CR HURD 1 B.1 5.6 11
32 SCHHIDT5 CR HURD 1 27.2 38.3 1.1
33 CARP CR HURO 1 17.9 11.5 11
34 OCQUEOC HURD 1 316.0 803.6 11
35 TROUT HURO 1 116.4 476.8 11
36 PIGEON HURO 2 2784.9 457560.8 29
37 PINCONNING HURD 2 668.0 14388.0 30
38 APINE HURO 1 2514.9 166328.7 30
39 PINNEBDG HURD 2 3215.7 462024.3 30
40 SEBEWAING HURD 2 J084.3 527856.5 30
41 TAWAS HURD 1 675.3 5259.6 29

42 VAN ETTEN CRHURD 1 1277.5 26171.5 26
43 WHITNEY DRN HURD 1 1259.3 6584J.6 28

· 44 WILLOW HURD :2 1051.2 4J2J2.0 27·· 45 SAGINAW HURO 2 295139.8 179845J504.0 48·: 46 KAKAWLIN HURD 2 4434.8 484439.4 41
: 47 THUNDER BAY HURO 1 5529.0 107080.9 15

48 RIFLE HURD 1 5475.4 132691.4 15
49 AU GRES HURD 1 2973.9 795724.1 12
50 CHEBOYGAN HURO 1 6216.1 115453.9 25,

-,

-,.
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CHLORIDE 1975

TRIBUTARY LAKE RIVER LOAD HE~N SQUARE NUH OF
fIl~"E BASIN GROUP HT'\YR ERRCHT\VR>**2 SAHPLES

51 AU SABLE HURD 1 9925.6 98168.8 14
52 HPINE HURD 1 1100.4 12220.0 15
53 5T LOUIS SUPE 1 25467.9 1658515.0 12
54 BOIS BRULE SUPE 1 131.9 1999.3 16
55 NEH~DJI SUPE 1 811.8 8876.2 11
56 BAD SUPE 1 2357.4 6252352.0 10
57 BAPTISM SUPE 1 55,i.& 488053.0 12
58 BEAVER SUPE 1 500.0 18712.3 31
59 BRULE SUPE 1 638.8 20432.E! 31
60 CASCADE SUPE 1 ~31.8 9798.9 31
61 CROSS SUPE 1 267.5 4920.3 31
62 FRENCH SUPE 1 ~9.1 718.9 31
63 GOOSEBERRY SUPE 1 208.4 3717.0 31
64 KNIFE SUPE 1 358. 4 7041.2 31
6S LESTER SUPE 1 336.5 14228.9 30
66 MANITOU SllPE 1 376.0 11418.2 31
67 PIGEON SUPE 1 2069.6 155229.0 31
68 POPLAR SUPE 1 605.9 25796.2 31

69 SPLIT ROCK SUPE 1 223.4 4828.8 31
70 SUCKER SUPE 1 165.0 4384.0 31
71 TEMPERANCE SUPE 1 427.0 7737.0 30

72 MONTREAL SUPE 1 1208.2 618017.0 23
73 TAH~UAMENON SUPE 2 1670.4 51360.1 27
74 PRESQUE ISLESUPE 2 723.8 64400.7 15
75 STURGEON SUPE 2 2036.9 131977.3 15
76 CARP SUPE 2 1361.7 20632.3 14
77 ONTONAGON SUPE 2 3697.3 236698.9 27
78 BETSY SUPE 2 67.9 129.5 28
79 BLACK SUPE 2 846.8 31895.8 30
BO CHDCOLW SUPE 2 781.1 4178.4 30
81 DEAD SUPE 2 403.6 7620.9 30
82 FALLS SUPE 2 125.Z 234.9 30
83 IRON SUPE 2 981.8 26438.9 30
84 MINERAL SUPE 2 21243.0 5279860.0 20
8:5 SILVER SUPE 2 50.7 123.8 30
86 TWO-HEARTED SUPE 2 152.9 490.3 28

87 WAISKA SUPE 2 606.2 4431.8 20

· B8 MAUMEE ERIE 2 273017.6 4471~040.0 262·· 89 PDRTAGE ERIE 2 19525.0 59127.3 281·· 90 SANDUSKY ERIE 2 46845.6 1n;':'4064. 0 277·· 91 HURON ERIE 2 12711.0 59127.3 399·· 92 VERMILION ERIE 2 4715.2 2218198.0 43· 93 BL~CK ERIE 3 27342.0 1629696.0 42
94 CUYAHOGA ERIE 3 110964.3 49726080.0 45
95 CHAGRIN ERIE 3 21672.0 5912732.0 41
96 CATTARAGUS ERIE 4 10224.7 17~940.7 41
97 BLACK HICH ERIE 1 8075.0 3652481.0 8
98 ROUGE ERIE 1 17724.5 4741344.0 S

99 HURON ERIE 1 28599.9 1027752.9 7
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CHLORIDE 1976

TRIBUTARY LAKE RIVER LOAD MEAN SQUARE NUH OF
NAHE BASIN GROUP HT\YR EftfHMT\YR>**2 SAMPLES

1 ST LOUIS BUPE 1 14350.9 7773813.0 19
2 9015 BRULE SUPE 1 211.5 174.6 11
3 NEHADJI SUPE 1 486.0 12652.6 23
4 BAD SUfE 1 1566.1 104954.3 24
:5 BAPTISM SUPE 1 364.1 4348.9 7
6 TAHQUAMENON BUPE :2 1622.2 29081.8 24
7 MONTREAL SUPE 1 1120.1 74107.9 12
8 PRESQUE ISLESUPF. 2 817.5 71386.5 12

· 9 STURGEON SUF'E 2 1293.4 68409.9 12·· 10 CARP SUPE 2 1763.9 1-4717.6 12· 11 ONTONAGON SUPE 2 3380.8 183502.2 24
12 GENESEE ONTA 1 129358.6 230125696.0 25
13 OSWEGO ONTA 2 1386606.0 11063869440.0 13
14 BLACK NY ONTA 3 860S.5 281966.7 10

15 OSWEGATCHIE DNTA 3 7348.1 375263.0 9
16 GRASS ONTA 3 410B.0 131971.8 9
17 RAQUETTE ONTA 3 3308.1 49047.7 9
18 FORrl HICH 1 74B.0 9409.5 24
19 MENOMINEE MICH 1 3966.0 642851.9 4
20 PESHTIGO MICH 1 1948.2 322458.4 12
21 OCONTO MICH 1 6345.9 1089513.0 12.,,., PENSAUl(EE MICH 1 1337.1 3441.4 9.....
23 FOX HICH 1 55742.3 16032160.0 24
24 KEWAUNEE HICH 1 1731.6 43073.9 12
25 E TWIN HICH 1 1574.0 4663.5 12
26 MANITOWOC MICH 1 7270.4 1044872.3 11
27 SHEBOYGAN MICH 1 7231.4 208205.7 12
28 MILWAUKEE i'IICH 2 18297.1 10915365.0 12
29 MEI'fOl10NEE MICH 2 10834.2 1897349.0 72
30 ROOT HICH 2 6665.6 1496772.0 6
31 ST JOSEPH I1ICH 3 86846.1 8585668.0 11
32 KALAHAZOO MICH 3 57017.1 15914057.0 23
33 GRAND HICH 3 149924.3 17938S64.0 212
34 MUSKEGON HICH 4 46235.1 8313055.0 24
35 MANISTEE HICH .. 85695.9 110266640.0 23
36 SETSIE HICH 4 1092.9 12537.1 12
37 BOARDMAN HICH 4 2176.9 94<40.9 12
38 *MANISTIQUE HICH 4 3929.0 75174.5 24
39 WHITE F"ISH HICH 4 111B.6 9B232.4 12
40 ESCANAbA HICH 4 5090.1 2801563.0 24
41 THUNDER BAY HURO 1 4300.9 87940.0 12
42 RIFLE HURO 1 6033.5 48825.0 24
43 AU GRES HURD 1 3797.3 1049305.0 11

· 44 SAGINAW HURD 2 320889.6 1941606144.0 33•: 45 CHEBOYGAN HURO 1 6473.7 80014.5 25
: 46 F'INNEElOG HURO 2 7326.7 8461026.0 J.2

· 47 AU SABLE HURD 1 10046.7 96088.6 12•: 48 VAN ETTEN CRHURD 1 1068.8 42235.8 12
49 MPINE HURD 1 465.7 14694.0 11
50 GREENE CR HURD 1 16.5 20.3 43

· 51 HULLIGAN eft HURD 1 21.S 20.0 43•· 52 SCHHIDTS CR HURO 1 29.8 26.4 43-.'
53 CARP CR HURO 1 26.1 16.6 43
54 OCOUEOC HURO 1 147 356.8 1575.0 43

' ...... TROUT HURO 1 218.5 1433.1 43



TOTAL NITROGEN1975

TRIElUTARY LAKE RIVER LOAD H~AN SQUARE NUH OF
NAME BASIN GROUP MT\YR ER (MP-VR>U2 SAMPLES

1 GENESEE ONTA 1 4838.6 26953.3 31
2 OSWEGO ONTA 2 8375.2 45198.8 17
3 BLACK NY ONTA 3 2228.6 990196.9 12
4 OSWEGATCHIE ONTA , 1435.0 15631.1 9
5 GRASS ONTA 3 802.1 7992.4 8
6 RAQUETTE ONTA 3 1023.9 19807.3 9
7 ST REGIS ONTA 3 591.0 475.2 12
8 FORD HICH 1 196.5 29.3 22

9 HENOI1INEE HICH 1 1645.5 23043.9 12
10 PESHTIGO HICH 1 595.2 1368.9 9

11 OCONTO HH-:H 1 1403.9 18779.2 9

12 PENSAUKEE HICH 1 157.1 152.9 9
13 FOX HICH 1 4698.2 156960.1 19
14 KEWAUNEE HICH 1 211.~ 241.6 9
15 E TWIN HICH 1 117.9 456.0 9

16 MANITOWOC HICH 1 408.8 814.0 10
17 SHEBOYGAN HICH 1 5'9.4 9194.0 9
18 MILWAUKEE HICH :2 1235.8 23221.7 18
19 /'lENOi'10NEE HICH 2 212.2 506.6 3

20 ROOT HICH 2 533.2 1937.8 5
21 ST JOSEF'H MICH 3 7749.4 494385.4 8

22 BLACK SHAVE HICH 3 746.3 23094.2 3

23 KALAMAZOO HICH 3 3928.8 18619.8 22
24 GRAND HICH 3 11052.9 1554260.0 7

25 HUSKEGON HICH 4 1550.6 11212.7 22

· 26 LITTLE HANlSHICH 4 56.~ 373.2 3·· 27 HANISTEE HICH 4 1198.1 3932.2 21·· 28 BETSIE HICH 4 128.3 1018.9 3· 29 90ARDMAN HICH 4 152.4 254.1 6
30 *MANISTIDUE HICH 4 1104.1 8063.8 23
31 ESCANABA HICH 4 :549.5 18810 1 23
32 TAHDUAHENON SUPE 2 489.8 852.6 27
33 BLACK G SUPE 2 178.6 786.2 12
34 PRESQUE ISLESUPE 2 179.4 2536.9 15
3S STURGEON SUPE 2 486.0 3904.6 1~

36 CARP SUPE 2 292.8 1367.2 15

37 ONTONAGON SUPE 2 1087.8 33722.8 27

38 5T LOUIS SUPE 1 2468.3 26245.9 4
39 BOIS BRULE SUPE 1 119.1 321.7 14

40 NEMADJI SUPE 1 374.8 5423.8 13
41 BAD SUPE 1 642.7 39505.8 12
42 BAPTISM SUPE 1 196.1 1550.8 12
43 BEAVER SUPE 1 153.7 1519.8 30
44 BRULE SUPE 1 229.6 1952.0 30
45 CASCADE SUPE 1 127.0 689.4 30
46 CROSS SUPE 1 109.1 540.5 29
47 FRENCH SUPE 1 24.3 49.9 30
48 GOOSEBERRY SUPE 1 75.9 534.7 30
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TOTAL NITROGEN 1975

TRIBUTARY LAKE RIVER LOAD /'lEAN SQUARE NUH OF
NAME BASIN GROUP HT\YR ERR(HT\YR>**2 SAMPLES

· 49 KNIFE SUPE 1 77.4 531.6 30·: ~o LESTER SUPE 1 73.0 848.1 30

51 /'lANITOU SUPE 1 152.9 2182.2 30

· 52 PIGEON SUPE 1 755.6 18120.4 30·· 53 POPLAR SUPE 1 211.0 4195.6 30·· 54 SPLIT ROCK SUPE 1 73.7 631.2 30•· 55 SUCKER SUf'E 1 46.7 194.0 30· 56 TEMPERANCE SUPE 1 197.8 1870.5 30
57 MONTREAL SUPE 1 325.2 9210.0 13
58 BETSY SUPE 2 45.6 49.7 29
59 CHOCOLAY SUPE 2 117.5 150.3 30
M DEArl SUPE 2 7'1.6 132.9 30

· 61 FALLS SUPE 2 20.2 5.7 29· 62 IRON SUPE 2 66.8 268.7 30

63 MINERAL SUPE 2 112.4 511. 7 26

64 SILVER SUPE 2 28.5 58.7 30
65 TWO HEARTED SUPE 2 10s.B 236.6 2B

66 WAISKA SUPE 2 177.0 1037.6 26

· 67 THUNDER flAY HURD 1 527.9 7387.6 15·· 6B RIFLE HURD 1 336.6 4832.3 15· 69 AU GRES HURD 1 233.2 7377.2 12
70 CHEBOYGAN HURO 1 564.2 3077 .1 2S
71 AU SABLE HURD 1 688.5 10377.9 14
72 /'lPINE HURD 1 250.9 1151.2 15
73 KAWKAWLIN HURD ;2 580.4 32373.7 30
74 OCQUEOC HURO 1 92.3 407.7 30
75 F'IGEON HURD 2 636.2 54997.1 29
76 PINCONNING HURD 2 74.1 742.9 30
77 APINE HURD 1 147.8 1853.2 30
78 PINNEBOG HURO 2 49:".8 23492.0 30
79 SAGINAW HURD 2 18542.0 11676595.0 44
80 SEBEWAING HURO 2 846.8 117325.0 30
81 TAWAS HURD 1 102.6 210.4 29
82 VAN ETTEN CRHURO 1 129.6 531.3 26
83 WHITNEY DRN HURD 1 154.4 2239.1 28
84 WILLOW HURD 2 172.6 2215.0 27
85 HAUHEE ERIE 2 47707.5 310070.0 262
86 PORTAGE ERIE 2 3245.0 4231.0 281

• 87 SANDUSKY ERIt: 2 6B96.1 6498.0 277·· 8B HURON ERIE 2 1730.5 1490.0 399· 89 VERHILION ERIE 2 868.0 1138.0 43
90 BLACK ERIE J 8299.6 594633.0 42
91 CUYAHOGA ERIE 3 4835.9 5774.0 45
92 CHAGRIN ERIE 3 972.2 3549.0 41
93 CMTARAGUS ERIE 4 1763.7 2395.0 41
94 BLACK HICH ERIE 1 1089.8 24349.7 8
95 ROUGE ERIE 1 579.0 1259.3 5
96 HURON ERIE 1 1213.6 7850.0 7
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TOTAL NITROGEN 1976

TRIBUTARY LAKE RIVER LOAD HEAN SQUARE NUM OF
NAME BASIN GROUP HT\YR ERR(HT\YR>U2 SAMPLES

1 ST LOUIS SUPE 1 1201.5 16039.4 3
2 BOIS BRULE SUPE 1 87.9 418.2 3
3 NEHADJI SUPE 1 339.9 6884.7 15

· 4 BAD SUPE 1 649.3 1456.9 14·· 5 ONTONOGON SUPE 2 743.4 1104.4 24·: 6 THAQUAHENON SUPE 2 467.4 1990.4 24

7 MONTREAL SUF'E 1 230.7 4620.9 12

8 PRESIlUE ISLESUPE 2 154.9 4242.6 12

9 STURGEON SUPE 2 355.7 8930.3 12

10 CARP SUPE 2 214.7 2025.8 12

11 GENESEE ONTA 1 6871.1 262288.3 25
12 OSWEGO ONTA 2 12139.0 664046.7 13
13 BLACK NY ONTA 3 3236.6 114514.6 10
14 OSWEGATCHIE ONTA 3 1881.3 15143.1 9
15 GRASS ONTA 3 797.8 3204.8 9
16 RAOUETTE ONTA 3 1'514.0 27B05.2 q

17 FORD HICH 1 248.2 1144.2 24
III MENOMINEE HICH 1 1578.8 3266.8 12
19 PESHTIGO MICH 1 842.1 11970.3 12
20 OCONTO MIep. 1 1713.7 86093.4 12
21 PENSAUKEE MICH 1 142.9 110.7 8
',.-' FOX HICH 1 4614.4 108251.3 24... .:..

23 KEWAUNEE MICH 1 205.6 70.5 12

24 E TWIN MICH 1 198.5 207.3 12
25 MANITOWOC HICH 1 643.5 13143.2 11
26 SHEBOYGAN HICH 1 79::!.6 9889.9 12

27 MIUIAUI\EE HICH 2 1009.6 14172.7 12
28 MENOMONEE: HICH 2 259.3 398.3 40
29 ROOT MICH 2 811.2 3'1152.5 6
30 ST JOSEPH MICH 3 10040.0 226126.9 11
31 I\ALAMAZOO MICH 3 3612.0 16848.2 23
32 GRAN[I MICH 3 12652.7 632.3 321
33 MUSKEGON HICH 4 2122.8 15263.5 23
34 MANISTEE MICH 4 1131.5 3378.3 24
35 BETSIE HICH 4 135.3 410.3 12
36 E10ARDMHN HICH 4 221.6 89.0 12
37 *MANISTIllUE HICH 4 1139.6 8593.6 24
38 WHITE FISH HICH 4 107.7 95.8 12

39 ESCANA8A HICH 4 529.7 708.1 24
40 THUNDER BAY Huno 1 381.6 610.1 12
41 RIFLI:: HURO 1 262.5 603.6 24

42 AU GRES HURO 1 323.4 6010.0 11

· 43 SAGINAW HURD 2 16730.9 1234414.0 33·· 44 CHEBOYGAN HURO 1 497.7 674.5 25·· 45 PINNEBOG HURD 2 B67.4 125746.3 12· 46 AU SABLE HURD 1 705.8 1761.7 12
47 VAN ETTEN CRHURO 1 114.3 1261.1 12
48 MPINE HURO 1 103.5 1534.7 11
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AMMONIA N 1975

TRIBUTARY LAKE RIVER LOAD MEAN SQUARE NUM OF
NAI1E BASIN GROUP MT\YR ERR(HT\YR>**2 SAMPLES

1 GENESEE OIlfTA 1 498.9 9845.1 14
2 USWEGO ONTA 2 1193.2 58580.4 8
3 BLACK NY ONTA 3 32&.& 10359.3 12

4 OSWEGATCHIE ONTA 3 1"5.0 1847.2 9

5 GRASS ONTA 3 87.6 2221.4 8
6 RAQUETTE ONTA 3 97.2 1899.5 9

· 7 MENOHINEE MICH 1 240.7 1290.9 12·· 8 PESHTIGO HICH 1 79.9 238.3 12·· 9 OCONTO HICH 1 1081.3 67839.9 12·· 10 PENSAUKEE HICH 1 33.4 89.6 12·· 11 FOX HICH 1 739.3 15723.1 12· 12 KEWAUNEE HICH 1 14.3 1.1 12
13 E TWIN HICH 1 10.7 0.5 12
14 MANITOWOC HICH 1 111.5 892.6 13
15 SHEBOYGAN HIGH 1 41.6 11.6 12
16 HILWAUKEE HICH :2 240.1 2642.2 6
17 MENOMONEE MICH 2 31.8 15.9 47

· 18 ROOT HICH 2 21.3 27.0 18· 19 ST JOSEf-'H MICH 3 389.6 20120.4 8

20 BL.ACK SHAVE HIGH 3 37.3 3.6 3
21 KALAMAZOO HIGH 3 250.6 3478.0 10

22 GRAND HIGH 3 985.3 34630.3 7
23 MUSKEGON HICH 4 49.3 84.4 10
24 LITTL.E MANISHICH 4 3.8 0.0 3
25 MANISTEE MICH 4 147.6 712.7 9
26 BE1SIE MICH 4 6.4 16.0 3
27 BOARDMAN HICH 4 43.5 9.9 6
28 *HANISTIQUE MICH 4 89.9 129.5 13
29 ESCANAEcA HICH 4 110.6 216.3 13
30 FORn HICH 1 21.7 14.6 12
31 1AHQUAMENON SUPE 2 18.7 49.3 15
32 BLACK G SUPE 2 4.2 12.3 12
33 PRESQUE ISLESUPE 2 2.7 1.1 15
34 STURGEON SUPE 2 28.6 116.2 15
35 CARP SUF'E 2 132.8 767.0 15
36 ONTONAGON SUF'E 2 154.7 3015.1 15

: 37 51 LOUIS SUPE 1 285.0 718.8 5

· 38 BOIS BRULE SUPE 1 16.5 31.9 14·· 39 NEHADJI SUPE 1 61.3 1737.1 12·: 40 BAD SUPE 1 85.1 7644.5 13
• 41 EtAPTISI1 SUPE 1 12.8 107.1 12·: 42 BEAVER SUPE 1 10.2 7.3 30

43 BRULE SUPE 1 29.1 170.6 30
44 CASCADE SUPE 1 8.9 5.5 30
45 CROSS SUPE 1 7.2 3.4 2'1
46 FRENCH SUPE 1 2.5 0.8 30
47 GODSE8ERRY SUPE 1 5.5 3.3 30
48 KNIFE SUPE 1 5.6 2.5 30
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AMMONIA N 197:5

TRIElUTARY LAKE RIVER LOAD I1EAN SQUARE NUH Of
NAME BASIN GROUP I1T\YR ERRCHr\YR>**2 SAMPLES

49 LESTER SUPE 1 5.8 5.5 30
50 MANITOU StiPE 1 10.2 16.8 30

· 51 PIGEON SUPE 1 58.0 234.9 30·· 52 F'OPLAR SUPE 1 14.7 9.0 30·· 53 SPLIT ROCK SUPE 1 6.7 12.9 30·· 54 SUCKER SUPE 1 3.9 1.2 30· 55 TEMPERANCE SUPE 1 11.8 5.2 30
56 MONTREAL SUPE 1 37.6 92.0 23
57 BETSY SUF'E 2 3.6 0.4 29
58 CHOCOLAY SUPE 2 6.0 1.2 30
59 [IEAII SUF'E 2 6.6 5.1 30
60 FALLS SUPE 2 0.8 0.0 30
61 IRON SUPE 2 3.3 0.7 30
62 MINERAL SUPE 2 14.2 33.9 26
63 SILVER SUPE 2 1.1 0.1 30
64 Tlo/D--HEARTH' SUPE 2 4.5 0.8 28
6'5 WAISKA SUPE 2 14.0 12.3 26
66 THUN[IER £CAY HURD 1 38.7 145.0 15
67 RIFLE HURD 1 12.2 17.2 16
68 AU GRES HURD 1 9.6 12.5 12
69 CHE£COYGAN HURD 1 30.3 25.0 15
70 AU SABLE HURD 1 24.5 3.4 14
71 MPINE HURO 1 23.0 28.6 15
72 OCGUEOC HURO 1 4.2 1.4 30
73 PIGEON HURO 2 20.7 222.3 29
74 PINCONNING HURO 2 2.1 0.2 30
75 APINE HURD 1 7.4 3.9 30
76 F'INNEBOG HURO 2 11.4 12.7 30
77 SEBEWAING HURD 2 13.9 88.3 30
78 TAWAS HURD 1 9.7 1.2 29
79 VAN ETTEN CRHURO 1 11.6 14.3 26
80 WHITNEY DRN HURD 1 6.4 4.S 28
81 WILLOW HURO 2 4.0 1.1 27
82 SAGINAW HURD 2 1976.4 40479.4 50
83 KAWKAWLIN HURD 2 18.5 20.3 45
84 MAUMEE ERIE 2 1136.8 4887.2 262
85 PORTAGE ERIE 2 78.4 9.2 281
86 SANDUSKY ERIE 2 253.9 269.4 277
87 HURON ERIE 2 51.3 5.9 399
88 VERMILION ERIE 2 38.1 5.9 43
89 BLACK ERIE 3 596.2 33491.2 42
90 CUYAHIJGA ERIE 3 622.1 8204.3 45
91 CHAGRIN ERIE 3 86.7 163.0 41
92 CATTARAGUS ERIE 4 185.0 249.8 41
93 BLACK HICH ERIE 1 47.3 24.6 8
9'- ROUGE ERIE 1 234.2 233.7 5

· 95 HURON ERIE 1 267.5 3350.3 7·
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AI'lI'tONIA N 1976

TRIBUTARY LAKE RIVER LOAD HEAN SQUARE NUM OF
NAME BASIN GROUP HT\YR ERR(HT\YR>**2 SAMPLES

1 GENESEE ONTA 1 673.8 4917.0 25
2 OSWEGO ONTA 2 1838.1 42073.8 13
3 BLACK NY ONTA 3 85.7 120.7 10
4 OSWEGATCHIE ONTA 3 101.8 246.0 9
5 GRASS ONTA 3 92.9 144.9 9
6 RAQUETTE ONTA 3 74.1 198.7 9
7 FORD MICH 1 22.7 492.4 12
8 MENOMINEE HICH 1 43.3 62.2 12
9 PESHTIGO HICH 1 73.1 48.6 12

· 10 OCONTO MICH 1 752.2 33074.2 12·· 11 F'ENSAUKEE MICH 1 2:5.4 19.1 9·· 12 FOX HICH 1 711.0 26025.3 12·· 13 KEWAUNEE HICH 1 1.3.1 2.6 12+

14 E TWIN HICH 1 16.7 4.2 12
15 HANITOWUL: HICH 1 78.3 699.4 11
16 SHEBOYGAN 11ICH 1 52.7 73.9 12
17 MENOMONEE MICH 2 25.2 7.4 74
18 ROOT HICH 2 18.2 25.7 6
19 ST JOSEPH HICH 3 583.9 20607.9 11
20 KALAMAZOO MIC~~ 3 183.4 1956.8 12
21 GRAND HICH 3 1404.1 12704.3 212
22 MUSKEGON HICH 4 84.7 405.5 12
23 HANISTEE MICH 4 73.6 122.4 12
24 BEHiIE HICH 4 5.9 2.8 12
25 BOAFUlHAN HICH 4 63.9 76.3 12
26 *HANISTIaUE HICH 4 64.7 279.8 12
27 WHITE FISH HICH 4 3.6 0.2 12
28 ESCANAElA HICH 4 35.8 226.9 12
29 THUNDER BAY HURO 1 11.9 10.0 12
30 RIFLE HURO 1 9.7 6.5 12
31 AU GRES HURD 1 7.0 4.8 11
32 SAGINAW HURO 2 1389.8 42579.4 23
33 CHEBOYGAN HURD 1 17.9 4.7 12
34 F'INNEBDG HURD 2 44.0 704.6 12
3S AU SABLE HURD 1 26.1 27.4 12
36 VAN ETTEN CRHURO 1 3.8 2.2 12
37 HPINE HURD 1 S.9 3.7 11
38 TAHQUAHENON SUPE 2 15.1 7.2 12
39 HONTREAL SUPE 1 13.3 18.6 12

· 40 PRESQUE ISLESUPE 2 2.9 0.9 12·: 41 STURGEON SUPE 2 12.1 12.8 12· 42 CARP SUPE 2 Y8.4 375.5 12•· 43 ONTONAGON SUPE 2 74.4 488.2 12·· 44 ST LOUIS SUPE 1 i rs ,e 348.2 3· 45 BOIS BRULE SUPE 1 13.5 10.9 3
46 NEI1AIlJI SUPE 1 30.6 4.6 3
47 BAD SUPE 1 64.0 913.5 3
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NITRATE (NITRITE> 1975

TRIBUTARY LAKF.: RIVER LOAD MEAN SQUARE NUH OF
NAHE BASIN GROUP MT\YR ERR(HT\YR>U2 SAHPLES

1 GENESEE ONTA 1 2383.7 56:557.1 31
2 OSWEGO ONTA 2 3497.1 126737.4 17
3 BLAGI( NY ONTA 3 2326.5 80293.9 16
4 OSWEGATCHIE ONTA 3 609.6 20166.4 9
5 GRASS ONTA 3 379.3 12328.9 8
6 RAQUETTE ONTA 3 701.1 6134.5 9
7 ST REGIS ONTA 3 312.1 1397.6 12
8 FORD MICH 1 31.4 30.1 22
9 MENOMINEE HICH 1 451.6 8331.0 9

10 PESHTIGO HICH 1 315.4 11978.5 9

11 aCONrD MICH 1 185.3 1186.8 9
: 1" PEN5AUKEE MIGH 1 59.2 7Sol 9

· D FOX HICH 1 943.2 36117.8 18·· 14 KEWAUNEE HICH 1 128.2 180.5 9·· 15 E TWIN HlCH 1 61.5 261.5 9·· 16 MANITOWOC HICH 1 79.2 42.4 9· 17 SHEBOYGAN HIGH 1 311.6 8170.9 9
18 MILWAUKEE HICH 2 585.4 3463.7 15
19 MENOHONEE HIGH 2 143.2 692.2 42
:'0 ROOT HIGH 2 417.9 3762.5 5
21 5T J05EI'H HICH 3 4344.7 340880.3 8
22 BLACK SHAVE HICH 3 248.6 1122.5 3
23 KALAMAZOO MICH 3 1812.1 14697.7 22
24 GRAND MICH 3 5495.7 1349343.0 7
25 HUSKEGON HICH 4 467.2 10439.4 22
26 LITTLE HANISHICH 4 14.9 29.4 3

27 MANISTEE HICH 4 436.5 2150.6 21
28 BETSIE MICH 4 44.9 15.1 3
29 BOARDMAN HICH 4 65.1 94.7 6
30 *MANISTIQUE HIGH 4 259.0 1597.7 23
31 ESCANAM HICH 4 135.6 186.9 23
32 TAHOUAHENON SUPE 2 73.8 297.9 27
33 BLACK G SUPE 2 31.9 90.8 12
34 PRESQUE ISLESUPE 2 38.6 405.6 15
35 STURGEON SUPE 2 98.2 485.1 15
36 CARP SUPE 2 22.3 5.4 15
37 ONTONAGON SUPE 2 138.1 482.1 27
38 ST LOUIS SUPE 1 876.2 70941.1 4

39 BOIS BRULE SUf'E 1 20.2 29.9 13
40 NEHADJI SUPE 1 SI.0 764.6 13
41 BAD SUPE 1 121.2 5528.6 13
42 BAPTISH sure 1 90.1 2364.2 12
43 BEAVER SUPE 1 34.7 134.5 30
44 BRULE SUPE 1 49.6 126.8 30
45 CASCADE SUPE 1 37.6 83.4 30
46 CROSS SUPE 1 31.7 :"4.1 29
47 FRENCH SUPE 1 4.5 :.5 30
48 GOUSE"BERRY BUPE 1 13.0 34.4 30
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NITRATE (NITRHE) 1975

TRIBUTARY LAKE RIVER LOAD MEAN SQUARE NUM OF
NAME BASIN GROUP MT\YR ERR(MT\YR)U2 SAMPLES

49 KNIFE SUPE. 1 15.3 32.2 30
50 LESTER SUPE 1 15.3 93.4 30

· 51 MANITOU sure.: 1 47.1 309.5 30•: 52 PIGEON SlJPE 1 150.0 1252.1 30· 53 POPLAR SUF'E 1 83.2 1002.0 30·: 54 SPLIT ROCK SUPE 1 20.3 78.6 30
5S SUCKER SUPE 1 10." 14.8 30
56 TEMPERANCE SUP£ 1 70.1 348.2 30
57 MONTREAL SUPE 1 70." 292.7 13
58 BETSY SUPE 2 6.3 1.8 29
59 CHOCOLAY SUPE 2 51.8 18.2 30
60 H:AD SUPE 2 30." 58.7 30
61 I',~LLS SUPE 2 5.7 0.7 30
62 IRON SUPE 2 10.i 10.8 30
63 MINERAL SUPE 2 54.0 179.2 26
64 SIL_VER SUPE 2 5.3 1. :3 ~o

65 TWO-HEARTED SUPE 2 26.4 5.4 28
66 WAISKA SUPE 2 29.1 54.3 26
67 THUNDER BAY HURD 1 71.0 318.5 15
68 RIFLE HURD 1 104.7 1604.5 15

: 69 AU GRES HURO 1 128.0 6175.2 12

· 70 CHEBOYGAN HURD 1 103.4 127.6 25·: 71 AU SABLE HURD 1 127.1 424.0 14

· 72 MPINE HURO 1 26.6 6.6 15· 73 OCllUEOC HURO 1 25.2 34.9 30

· 74 PIGEON HURO 2 518.3 27575.3 29· 75 PINCONNING HURO 2 60.2 566.0 30
76 APINE HURO 1 85.8 651.4 30
77 PIHNEEIOG HURO 2 394.2 16370.7 30
7B SEBEWAING HURO 2 711.B 668.5 30
79 TAWAS HURD 1 21.4 29.9 29
80 VAN ElTEN CRHURD 1 41.? 120.0 26
81 WHITNEY HURD 1 56.9 439.7 28
82 WILLOW HURD 2 130.3 1465.6 27
83 SAGINAW HURD 2 11954.6 29138606.0 50

84 KAWKAWLIN HURD 2 261.3 5284.0 45
85 MAUMEE ERIE 2 40835.0 36'i'546.0 262

· 86 PORTAGE ERIE 2 2856.0 923.8 3~0·• 87 SAN[lUSKY ERIE 2 6162.6 1~791.8 277·· 88 HURON ERIE 2 1315.7 923.9 399· 89 VERMILION ERIE 2 572.3 2424.6 43
90 BLACK ERIE 3 620'i'.3 l'i'21046.0 42
91 CUYAHOGA ERIE J 2640.1 9460.1 45
92 CHAGRIN ERIE 3 512.4 3695.4 41

: 93 CATTARAGUS ERIE .. 1030.1 1420.5 41
: 94 BLACK ttICH ERIE 1 712.7 15058.5 8

95 ROUGE ERIE 1 130.2 208.3 5
96 HURON ERIE 1 454.7 7719.7 7
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HITRATE (NITRITE) 1976

TRIBUTARY LAKE I?I VE:]~ L.OAD MEAN SQUARE NUM OF
NAME BASIN l.RlJUP HT\YR E.RR,:1T\YRiU2 SAMPLES

1 GENESEE ONTA 1 3779.8 50CS'?5 25
2 OSWEGO DNTA 2 5929.0 38:-;: ()~j. 3 13
3 ElLACK NY ONTA 3 1839.5 197725.7 1(,
4 OSWEGATCHIE ONTA 3 461.7 3'7 _.. -, 'J• " l. I

5 GRASS ONTA 3 237.3 236":,.3 ~

6 RAQUETTE ONTA 3 946.1 32531.3 9
7 FuRD "IICH 1 28.1 82.1 24
8 I'l(NOMINEE MICH 1 40B.8 2937.0 12
9 PESHTIGO HICH 1 22~.O 1107.2 12

10 OCONTO HICH 1 169.6 1063.9 1.2

11 F'ENSAUKEE HICH 1 23.8 1'~. 4 8
12 FOX HICH 1 312.2 5262.,6 24
13 I<EWAUNEE i'IICH 1 138.9 92.9 12
14 E TWIN i'IICH 1 106.0 210.'i' 12

15 MANITOWOC MICH 1 255.:;; 9912.7 11
16 SHEIlOYGAN MICH 1 487.2 7622.6 12
17 MILWAUKEE MICH 2 614.9 17243.9 12
18 MENOMONEE HICH 2 116.6 100.3 66
19 ROOT HICH :2 6:-.5.0 3396!:i.8 6
20 ST .JOSEPH HICH 3 5973.2 2145lP.9 11
21 KALAMAZOO HICH 3 17:30.0 1896:1 .B 23
'.J" GRAN[I MICH 3 56 ;':: • '5 105630.4 210......
23 MUSKEGON HICH 4 76' .3 9992.2 24
24 MANISTEE HICH 4 433.3 2651. :' 24
25 SETSIE MICH 4 51.0 88.9 12
20 BOARDMAN MIGH 4 95.2 22.9 12

27 *MANISTIQUE MICH " 249.7 3396.6 20
:~8 WHITE FI!iH MICH 4 24.5 32.6 12
29 ESCANABA MICH 4 118.4 311.2 24
30 ··HUN[lER flAY HURD 1 4 0.1 196.1 12
31 fHFLE HURD 1 75.5 155.1 24
3" AU GRES HUr;O 1 195.1 4449.5 11e-

" SAGINAW HURD 2 8928.6 1218295.0 33
34 CHE80YGAN HURD 1 115.3 158.4 25
35 F'INNEBOG HURD 2 658.9 81277.3 12
36 AU SABLE HURD 1 140.3 972.2 12
37 VAN ETTEN CRHURD 1 22.0 126.1 12
~~8 HF'INE HURD 1 14.6 18.3 11
39 TAHQUAMENON SUPE 2 84.5 507.2 24
40 MONTREAL SUF'E 1 54.7 202.9 12
41 P~LSQUE ISLESUPE 2 22.4 54.4 12
42 STURGEON SUPE 2 63.7 322.1 12
43 CAf~P SUPE 2 24.9 19.4 12
44 ONTONAGON SUPE 2 135.3 J43.0 24
45 51 LOUIS SUPE 1 227.8 2969.2 11
4~ 80:"5 BRULE SUPE 1 13.0 21.4 3
47 NEMA[lJI SUPE 1 59.4 298.1 H
41:1 DAD SUPE 1 103.5 1124.6 .1.4
49 BAPTISM SUPE 1 37.1 100.8 6

lS6



APPENDIX B

MAPS SHOVING REGIONAL DIFFERENCES

IN THE TOTAL PHOSPHORUS AND

SUSPENDED SOLIDS DIFFUSE

UNIT AllEA LOADS
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