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FOREWORD

The National Eutrophication Survey was initiated in 1972 in
response to an Administration commitment to investigate the nation-
wide threat of accelerated eutrophication to fresh water lakes and
reservoirs.

OBJECTIVES

The Survey was designed to develop, in conjunction with state
environmental agencies, information on nutrient sources, concentrations,
and impact on selected freshwater lakes as a basis for formulating
comprehensive and coordinated national, regional, and state management
practices relating to point-source discharge reduction and non-point
source pollution abatement in lake watersheds.

ANALYTIC APPROACH

The mathematical and statistical procedures selected for the
Survey's eutrophication analysis are based on related concepts that:

a. A generalized representation or model relating
sources, concentrations, and impacts can be constructed.

b. By applying measurements of relevant parameters
associated with lake degradation, the generalized model
can be transformed into an operational representation of
a lake, its drainage basin, and related nutrients.

c. With such a transformation, an assessment of the
potential for eutrophication control can be made.

LAKE ANALYSIS

In this report, the first stage of evaluation of lake and water-
shed data collected from the study lake and its drainage basin is
documented. The report is formatted to provide state environmental
agencies with specific information for basin planning [§303(e)], water
quality criteria/standards review [§303(c)], clean lakes [§314(a,b)],
and water quality monitoring [§106 and §305(b)] activities mandated
by the Federal Water Pollution Control Act Amendments of 1972.
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Beyond the single lake analysis, broader based correlations
between nutrient concentrations (and loading) and trophic condi-
tion are being made to advance the rationale and data base for
refinement of nutrient water quality criteria for the Nation's
fresh water lakes. Likewise, multivariate evaluations for the
relationships between land use, nutrient export, and trophic
condition, by lake class or use, are being developed to assist
in the formulation of planning guidelines and policies by EPA
and to augment plans implementation by the states.
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LAKE NAME

Allegan Res.
Barton
Belleville
Betsie
Brighton
Caro Res.
Charlevoix
Chemung

Constantine Res.

Crystal

Deer

Ford

Fremont
Higgins
Holloway Res.
Houghton
Jordon

Kent

Long
Macatawa
Manistee
Mona
Muskegon
Pentwater
Pere Marquette
Portage
Randall
Rogers Pond
Ross

St. Louis Res.
Sanford
Strawberry
Thompson
Thornapple
Union

White

iv

NATIONAL EUTROPHICATION SURVEY

STUDY LAKES
STATE OF MICHIGAN

COUNTY

Allegan
Kalamazoo
Wayne
Benzie
Livingston
Tuscola
Charlevoix
Livingston
St. Joseph
Montcalm
Marquette
Washtenaw
Newago
Roscommon
Genesee, Lapeer
Roscommon
Ionia, Barry
Oakland
St. Joseph
Ottawa
Manistee
Muskegon
Muskegon
Oceana
Mason
Houghton
Branch
Mecosta
Gladwin
Gratiot
Midland
Livingston
Livingston
Barry
Branch
Muskegon
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THORNAPPLE LAKE .
STORET NO 2683

I. CONCLUSIONS
A. Trophic Condition:

Survey data show that Thornapple Lake is eutrophic. Of the
35 Michigan lakes sampled in November when essentially all were
well-mixed, 15 had less mean total phosphorus, 18 had less mean
dissolved phosphorus, and only three lakes had more mean inorganic
nitrogen; of all 41 lakes sampled, 20 had greater Secchi disc
transparency, and 25 had less mean chlorophyll a*. Dissolved oxygen
was depleted at both stations at the 4-foot level in September.

Survey limnologists noted an algal bloom in progress in
September.

B. Rate-Limiting Nutrient:

A significant loss of phosphorus occurred in the algal assay
sample, and thelresults are not representative of conditions in
the lake at the time the sample was taken.

The lake data indicate nitrogen limitation in June and
September but phosphorus limitation in November.

C. Nutrient Controllability:
1. Point sources--During the sampling year, Thornapple

Lake received a total phosphorus load at a rate over four times

* See Appendix A.



that proposed by Vollenweider (in press) as "dangerous"; i.e.,

a eutrophic rate (see page 12). However, it is probable that
Vollenweider's model does not apply to water bodies with short
hydraulic retention times. Thornapple Lake has a mean hydraulic
retention time of only 11 days, and it is likely that the model
is not applicable.

It is calculated that the Village of Nashville contributed
6.5% of the total phosphorus load to the lake during the sampling
year. While complete removal of phosphorus at this source would
only reduce the loading rate to about 6 g/mz/yr, it is possible
that a high degree of phosphorus removal would result in persis-
tent phosphorus Tlimitation (see page 7) and a reduction in the
incidence and severity of nuisance algal blooms. However, it
appears that a significant improvement in the trophic condition
of the lake will require reduction of the phosphorus loads from
other sources as well (see below).

2. Non-point sources--During the sampling year, the mean
phosphorus export rate of the Thornapple Lake tributaries was
a relatively high 87 pounds per square mile (see page 12), and
Mud Creek had a particularly high export rate of 112 1bs/m12.

It is believed that the high export rate of Mud Creek is

due to four known point sources beyond the 25-mile 1imit of the



Survey*; and, if a marked improvement in the trophic condition
of Thornapple Lake is to be achieved, all phosphorus inputs

will have to be minimized to the greatest practicable degree.

* See Working Paper No. 1, "Survey Methods, 1972".



II. LAKE AND DRAINAGE BASIN CHARACTERISTICS
A. Lake Morphometry+:
1. Surface area: 409 acres.
2. Mean depth: 13.9 feet.
3. Maximum depth: 31 feet.
4. Volume: 5,685 acre-feet.
5. Mean hydraulic retention time: 11 days.

B. Tributary and Outlet: )
(See Appendix B for flow data)

1. Tributaries -

Name Drainage area* Mean flow*
Thornapple River 260.0 mi,  187.9 cfs
Mud Creek 57.6 m1'2 41.8 cfs
High Bank Creek 33.9 mi 24.6 cfs
Minor tributaries & 2

immediate drainage - 7.9 mi 6.5 cfs

Totals 359.4 mi®  260.8 cfs
2. Outlet -

Thornapple River** 360.0 miz** 260.8 cfs**

C. Precipitation¥**;
1. Year of sampling: 34.6 inches.

2. Mean annual: 32.4 inches.

MI Dept. Cons. lake inventory map (1949); mean depth by random-dot method.
Drainage areas are accurate within *5%; mean daily flows for 74% of the
sampling sites are accurate within +25% and the remaining sites up to
+40%; and mean monthly flows, normalized mean monthly flows, and mean
annual flows are slightly more accurate than mean daily flows.

** Includes area of lake; outflow adjusted to equal sum of inflows.

*** See Working Paper No. 1.

* —+



IIT. LAKE WATER QUALITY SUMMARY

Thornapple Lake was sampled three times during the open-water season
of 1972 by means of a pontoon-equipped Huey helicopter. Each time, samples
for physical and chemical parameters were collected from two stations on
the Take and from a number of depths at each station (see map, page v).
During each visit, a single depth-integrated (15 feet or near bottom to
surface) sample was composited from the stations for phytoplankton identi-
fication and enumeration; and during the second visit, a single five-gallon
depth-integrated sample was composited for algal assays. Also each time, a
depth-integrated sample was collected from each of the stations for chloro=
phy1l a analysis. The maximum depths sampled were 11 feet at station 1
and 20 feet at station 2.

The results obtained are presented in full in Appendix C, and the data
for the fall sampling period, when the lake essentially was well-mixed, are
summarized below. Note, however, the Secchi disc summary is based on all
values.

For differences in the various parameters at the other sampling times,

refer to Appendix C.



Physical and chemical characteristics:

FALL VALUES

f The June sample was lost in shipment.

(11/14/72)
Parameter Minimum Mean Median Maximum
Temperature (Cent.) 5.6 5.7 5.6 5.8
Dissolved oxygen (mg/1) 9.1 9.6 9.2 10.4
Conductivity (umhos) 585 593 590 600
pH (units) 7.7 7.7 7.7 7.7
Alkalinity (mg/1) 170 201 200 250
Total P (mg/1) 0.035 0.042 0.043 0.049
Dissolved P (mg/1) 0.028 0.032 0.034 0.039
NO, + NO, (mg/1) 1.530 1.644 1.640 1.780
Amflonia tmg/1) 0.050 0.093 0.120 0.130
ALL VALUES
Secchi disc (inches) 32 57 60 84
B. Biological characteristics:
1. Phytoplankton* -
Sampling Dominant Number
Date Genera per ml
09/18/72 1. Lyngbya 2,620
2. Synedra 1,084
3. Microcystis 904
4. Flagellates 632
5. Mallomonas 542
Other genera 2,622
Total 8,404
11/14/72 1. Flagellates 803
2. Aphanothece 582
3. Raphidiopsis 150
4. Fragilaria 110
5. Dinobryon 100
Other genera 363
Total 2,108



2. Chlorophyll a -
(Because of instrumentation problems during the 1972 sampling,
the following values may be in error by plus or minus 20 percent.)

Sampling Station Chlorophyll a
Date Number (ug/1)
06/13/72 01 30.7
02 24.2
09/18/72 01 20.6
( 02 11.3
11/14/72 01 0.4
02 0.7

Limiting Nutrient Study:

There was a Toss of about 55% of the dissolved phosphorus in
the algal assay sample from the time of collection to the time
the assay was begun, and the results are not representative of
conditions in the lake at the time the sample was taken.

The lake data indicate nitrogen limitation in June and
September (N/P ratios were 9/1 and 12/1, respectively) but phos-

phorus limitation in November (N/P ratio = 54/1).



IV. NUTRIENT LOADINGS
(See- Appendix D for data)

For the determination of nutrient loadings, the Michigan National
Guard collected monthly near-surface grab samples from each of the
tributary sites indicated on the map (page v), except for the high
runoff months of April and May, when two samples were collected, and
the colder months when one or more samples were omitted depending on
the site. Sampling was begun in October, 1972, and was completed in
September, 1973.

Through an interagency agreement, stream flow estimates for the
year of sampling and a "normalized" or average year were provided by
the Michigan District Office of the U.S. Geological Survey for the
tributary sites nearest the lake.

in this report, nutrient loads for sampled tributaries were deter-
mined by using a modification of a U.S. Geological Survey computer
program for calculating stream loadings*. Nutrient loadings for unsam-
pled "minor tributaries and immediate drainage" ("ZZ" of U.S.G.S.) were
estimated by using the means of the nutrient loads, in 1bs/m12/year, in
High Bank Creek at station C-1 and multiplying the means by the ZZ area
in mi®.

The operator of the Nashville wastewater treatment plant provided

monthly effluent samples and corresponding flow data, and it is assumed

* See Working Paper No. 1.



the entire nutrient load from this plant reached Thornapple Lake
during the sampling year.

The nutrient loads attributed to the Thornapple River are those
measured at station A-2 minus the Nashville loads.

A. MWaste Sources:

1. Known municipal* -

Pop. » Mean Receiving
Name Served Treatment Flow (mgd) Water
Nashville 1,558**  Imhoff 0.121 Thornapple River

2. Known industrial - None

* Cowles, 1973.
** 1970 Census.
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B. Annual Total Phosphorus Loading - Average Year:

1. Inputs -
1bs P/ % of

Source yr total
a. Tributaries (non-point load) -

Thornapple River 22,300 66.2

Mud Creek 6,450 19.1

High Bank Creek 2,130 6.3
b. Minor tributaries & immediate

drainage (non-point load) - 500 1.5
c. Known municipal STP's -

Nashville 2,200 6.5
d. Septic tanks* - 60 0.2
e. Known industrial - None - -
f. Direct precipitation** - 60 0.2

Total 33,700 100.0

2. Outputs -
Lake outlet - Thornapple River 26,610

3. Net annual P accumulation - 7,090 pounds

* Estimate based on 100 lakeshore dwellings; see Working Paper No. 1.
** See Working Paper No. 1.
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C. Annual Total Nitrogen Loading - Average Year:

1. Inputs -
1bs N/ % of
Source yr total
a. Tributaries (non-point load) -
Thornapple River 708,340 75.6
Mud Creek 154,730 16.5
High Bank Creek 49,380 5.3

b. Minor tributaries & immediate
drainage (non-point load) - 11,510 1.2

c. Known municipal STP's -

Nashville 7,210 0.8
d. Septic tanks* - | 2,350 0.2
e. Known industrial - None - -
f. Direct precipitation** - 3,940 0.4

Total 937,460 100.0
2. Qutputs -

Lake outlet - Thornapple River 828,330

3. Net annual N accumulation - 109,130 pounds

* Estimate based on 100 lakeshore dwellings; see Working Paper No. 1.
** See Working Paper No. 1.
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Mean Annual Non-point Nutrient Export by Subdrainage Area:

Tributary Ibs P/mi%/yr  1bs N/miZ/yr
Thornapple River 86 2,724
Mud Creek 112 2686
High Bank Creek 63 1.457

Yearly Loading Rates:

In the following table, the existing phosphorus loading
rates are compared to those proposed by Vollenweider (in press).
Essentially, his "dangerous" rate is the rate at which the
receiving waters would become eutrophic or remain eutrophic;
his "permissible" rate is that which would fesu]t in the
receiving water remaining oligotrophic or becoming oligo-
trophic if morphometry permitted. A mesotrophic rate would
be considered one between "dangerous" and "permissible".

Note that Vollenweider's model may not be applicable to

water bodies with very short hydraulic retention times.

Total Phosphorus Total Nitrogen
Units Total Accumulated Total Accumulated
Tbs/acre/yr 82.4 17.3 2,303.9 278.8
grams/me/yr 9.24 1.94 258.2 31.2

Vollenweider loading rates for phosphorus
(g/mz/yr) based on mean depth and mean
hydraulic retention time of Thornapple Lake:

"Dangerous" (eutrophic rate) 2.20
"Permissible” (oligotrophic rate) 1.10
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VI. APPENDICES

APPENDIX A

LAKE RANKINGS



LAKE DATA TO BE USED IN RANKINGS

LAKE
CODE

26A0
26A1
26A2
2603
2606
2609
2610
2613
2617
2618
2621
2629
2631
2640
2643
2648
2649
2659
2665
2671
2672
2673
2674
2682
2685
2688
2691}
2692

LAKE NAME

HOLLOWAY RESERVOIR
CARO RESERVOIR
BOARDMAN HYDRO POND
ALLEGAN LAKE
BARTON LAKE
BELLEVILLE LAKE
BETSIE LAKE
BRIGHTON LAKE

LAKE CHARLEVOIX
LAKE CHEMUNG
CONSTANTINE RESERVOIR
FORD LAKE

FREMONT LAKE
JORDAN LAKE

KENT LAKE

LAKE MACATAWA
MANISTEE LAKE
MUSKEGON LAKE
PENTWATER LAKE
RANDALL LAKE
ROGERS POND

RUSS RESERVOIR
SANFORD LAKE
THORNAPPLE LAKE
UNION LAKE ,
WHITE LAKE

MONA LAKE

LONG LAKE

w=eeeeee=FALL VALVES
MEAN
DISS P

MEAN

TOTAL P

0.062
0.117
0.006
0.123
0.121
0.118
0.025
0,109

0.007

0046

0.027
0.105
00,372
0.180
0.040
0.197
0.018
0.087
04027
0,246
0.026
0.034
0.016
0,042
0.083
0.027
0.307
0.163

0,043
0.022
0,005
04057
0,086
0.048
0,008
0.073
0.006
0.014

0,008

0.058 -

04342
0,144
0.015
0.120
04010
03043
0,017
04182
04015
0.021
0.008
0.032
0,064
0.019
V.24l

0.148

MEAN
INORG N

l.461
3.835
0.358
l.168
1.489
1e420
0.273
1.015
0.230
0.132
0.910
1.536
1.406
1,998
0e417
24358
04304
0.469
04496
0.818
0.183
0,460

0.307

1,737,

1.252
0,367
0e963

0.749

500~
MEAN SEC

439,375

«73.000

363,500

470,222
4564167
465.250
461.667
456,000
351.250
4044333
456,167
4560167
441,667
427.667
455.000
477.600
4514333
4360444
430,667
457.333
435,500
465,333
458,750
442,833
455,500
417,778
451.667

418.400

MEAN
CHLORA

10.678
11.967

1.267
20,311
27.800
28.262

4,567
444233

3.008
13.483
39.317
14,733
28,500
20,517
33.944
25,600

64317

9.511
16,083
27.217

84133
10.383
13,791
14.650
15.667

9.211
27.783
10.067

ALL VALUES-===eesce=

15-
MIN 0O

9.200
9500
6.600
12.600
14.850
8.200"
T.400
7.500
9.260
14,800
7.500
14.000
14.800
14,900
13.000
12.200
11.380
14.800
14.800
8.020
9.600
84200
84300
10.800
8.200
13.400
14,100

13.600



LAKE
LAKE
COOE
2693
2694
2695
2696
2697
2698
2699

DATA TQ BE USED IN RANKINGS

'LAKE NAME

ST LOUIS RESERVOIR
CRYSTAL LAKE
HIGGINS LAKE
HOUGHTON LAKE
THOMPSON LAKE

PERE MARQUETTE LAKE

STRAWBERRY LAKE

comsccceefFALL VALUES=ccccccan

MEAN

TOTAL P

0.134

0.009

0007 °

0.018
0043
0.032
0.069

MEAN
blss P

0,093
0,006
0.005
0.008
0,029
v.024

04050

MEAN
INORG N

1.227
0.164
0.058
0.136
. 04436
04346

0.567

cemecceecam=AlL VALUES==w-mecee-

S00~
MEAN SEC

462,667
380,000
268,500
420.833
407,889
4484667

419.800

MEAN
CHLORA

S5+583
24986
1.043
9.217
11.967
11.833
11.117

15-
MIN DO

8.420
13.000
9.400
8.200
14,800
8.600

13.600



PERCENT OF LAKES WITH HIGHER VALUES (NUMBER OF LAKES WITH HIGHER VALUES)

ammmemm-eFALL VALUES ALL VALUES====-=-==

LAKE MEAN MEAN MEAN 500- MEAN 15~ INDEX
CODE LAKE NAME T0TaL P vISS P INORG N MEAN SEC CHLORA MIN 00 NO
26A0 HOLLOWAY RESERVOIR 46 { 16) 43 ( 15) 17 ¢ 6} 57 20 60 ( 21) 63 ( 22 286
261 CARO RESERVOIR 29 (1) 54 ( 19) 0t 0 3¢ D 49 (1T 56 ( 19 189
26A2 BOARDMAN HYDRO POND 97 ( 34) 97 ( 34) 69 ( 24) 91 ( 32) 94 ( 33 97 ( 34) 545
2603 ALLEGAN LAKE 20 ¢ D 31 1D 31 (1D 6 ( 2 29 (100 40 (14 157
2606 BARTON LAKE 22 ¢( 8 2 D 14  5) 29 ¢ 9 14 (5 It D 103
2609 BELLEVILLE LAKE 26 (9 37 (1» 20 ¢ 1 1 @ 11 ¢ 4 79 ( 26) 184
2610 BETSIE LAKE 77 (2N 77 ¢ 2N 80 ( 28) 17 U 6 86 ( 30) 94 ( 33} 431
2613 BRIGHTON LAKE 31 1D 23°C 8 36 (12 36 (12) 0o o 90 ¢ 3D 212
2617 LAKE CHARLEVOIX 91 ( 32} 91 ¢ 32) 83 ¢ 29) 9% ( 3 89 ( 31 60 ¢ 21) 508
2618 LAKE CHEMUNG 49 (17} 71t 25) 94 ( 33) 86 ( 30) 46 { 16) 112 3s7
2621 CONSTANTINE RESERVOIR 71t 25) 83 ( 29) 40 ¢ 14) 29 ¢ 9 3¢ D 90 ¢ 3D 31e
2629 FORD LAKE 36 ( 12) 29 (-10) 1 @ 29 ¢ 9 37 (1 23 (8 163
2631 FREMONT LAKE 0t 0 0t 0 23 ( @ S4 € 19) 9 ¢ 1 2 97
2640 JORDAN LAKE 1 ¢ 4 11 ¢ 4 6 ( 2) 69 ( 24) 26 (9 0t W 123
2643 KENT LAKE 57 ¢ 20) 69 ( 26) 63 ( 22 40 ( 14) 6t 2 36 (12 271
2648 LAKE MACATAWA 9 (¢ 3 14 ¢ 5) 30D ot 0 23 ( 8 43 ( 15) 92
2649 MANISTEE LAKE 80 ( 28) 74 ( 26) 77 ¢ 21 46 ( 16) 80 ( 28) 46 { 16} 403
2659 MUSKEGON LAKE 37 (13 %o ( 14) S4 (19} 60 ( 21) 69 ( 24) 1t 2 271
2665 PENTWATER LAKE 69 ( 24) 63 ( 22 S1 ( 18) 06 ( 23) 31 I 11 ¢ 2 291
2671 RANDALL LAKE 6 ( 2) 6 ( 2 43 (15 23 ¢ 8 20 ¢ 86 ( 30 184
2672 ROGERS POND 74 ( 26) 66 ( 23) 86 ( 30) 63 ( 22 77 € 2D 51 ( 18) 417
2673 ROSS RESERVOIR 60 ¢ 21} 57 ( 20} 57 ( 20 9 3 63 ( 22 79 ( 26) 325
2674 SANFORD LAKE 86  30) 80 ( 28) T4 20, 200 43 (15 71 (2% 374
2683 THORNAPPLE LAKE S4 ( 19) 46 (16} 9 B 51 ( 18) 40 ¢ 14 49 (17 249
2685 UNION LAKE 40 ( 14 26 ¢ 9 26 (9 37 (13 34 € 12) 79 ( 26) 242
2688 WHITE LAKE . 66 ( 23} 60 ( 21) 66 ( 23) 80 ( 28) 74 ( 26) 31 1D 317
2691 MONA LAKE 3ICD 30D 37 €13 43 (15 17 ¢ &) 20 ¢ N 123

2692 LONG LAKE 14 ¢ 5) 9t 3 46 ( 16) 77 ¢ 271 66 ( 23) 27 ¢ 9) 239



PERCENT OF LAKES WITH HIGHER VALUES (NUMBER OF LAKES WITH HIGHER VALUES)

LAKE
CoDE

2693
2694
2695
2696
2697
2698
2699

LAKE NAME

ST LOUIS RESERVOIR
CRYSTAL LAKE
HIGGINS LAKE
HOUGHTON LAKE
THOMPSON LAKE

PERE MARQUETTE LAKE
STRAWBERRY LAKE

—----=--=FALL VALUES

MEAN
TOTAL P
17 € 6)
89 ( 31
94 ( 33)
83 ( 29)
51 ( 18)
63 ( 22)
43 ( 15)

MEAN
01ISS

17
89
94
86
49
51

34

(
(

P

6)
3
33
30)
17)
18)

12)

MEAN
INORG N
29 ¢ 10)
89 ( 31)
97 ( 34)
91 ( 32)
60 ( 21)
71 ( 25)
49 ( 17)

500~
MEAN

14 (
89 (
97 (
71
83 (
49 (

74

SEC

5)
)
34)
25)
29)
17

26)

~ALL VALUES=eewccc=s

MEAN
CHLORA
83 ( 29)
91 ( 32)
97 ( 34)
71 { 25)
51 ( 18)
54 (19}
ST ( 20)

15-
MIN DO
69 ( 24)
36 ( 12)
ST ( 20)
79 ( 26)
11 ¢ 2)
66 i 23)
27 ¢ 9)

INDEX
NO

229
483
536
481
305
354
284



APPENDIX B

TRIBUTARY FLOW DATA



LAKE CODE 26K3

TOTAL DRAINAGE AREA OF LaKEe (S0 MI)

TRIBUTARY

2683A1
2683A2
268381
2683C1
268327

SUB-DRAINAGE

AREA (SQ MI)

360.00
260.00
57.60
33.90
8.50

TRIBUTARY FLOW INFURMATION

THURNAPPLE LAKE

JAN FEH

273.00  295.00
197,00 21300
43.7v 47410
25.7v 27.70

6.8V Teltd

TOTAL DKRAINAGE AREA OF LAKE
SUM UF SUp=-DRAINAGE AREAS

ouY
440
97
57
15

3Jou.00

MAR APR

<00 538.00
U0 388.00
o4 86.060
«30 50.60
o2V 13.40

MEAN MONTHLY FLOWS ANU DAILY FLOWS(CFS)

TRIBUTARY

2683A1

2683A2

MONTH

10
11
12

1

— s
CINOT I W~ N=O LNV HWN

YEAR MEAN FLOwW
72 274400
72 485400
72 5104060
73 9H2.00
73 339.00
73 935.00
73 71R.00
73 379,00
73 328,00
73 277.00
73 121400
73 13,00
12 198,00
72 350400
12 368,900
73 709.00
73 245,00
73 675,00
73 S518.90
73 273,90
73 227400
73 2u0. LU
73 H7eul
73 Ta .00

JAY

s
285

£

oW
F—~ 38 X &0

rLow

597400
463,00

1loV.00
496400

954,00
521400
587.,0V
583,04

95,00
109.0vV
431.00
334402

837,00
356400

[oX-1-FRTIV}
37040v
25440V
421400
bY.0U
940U

MAY
392.09
283400

62.70

3694
9.bu

360.00
360.00

DAY

28

20
25

27

a8

I4Y
25

27

FUrR MICHIGAN

NURMALIZEU FLOWS(CFS)

JUN

JuL

09,00 115400
151.60 83.10
33.40 18.40
19,060 10.80
5420 2¢9¢

SUMMARY

FLOW

222.00

449,00
335400

136.00

100.00

324400
242400

10000

DAY

AUG

89.00
64410
14.20
8440
2.20

TOTAL FLOwW IN

2/3715
SEP ocT
97.00 137.00 1
70.20 99,20 1
15.60 22.00
9.2V 12.90
2¢40 3.40
= 3131.60
= 3134.00

TOTAL FLOw OUT

FLOW

NOV

66.00
20.00
26450
15.60

4410

DEC

214400
148400
34,30
20620
. 5.“0

MEAN

260.98
187.91
41.80
24.56
6.51



LAKE CODE 2683

MEAN MONTHLY FLOWS ANU UAILY FLOWS(CFS)
TRIBUTARY

268381

2683C1

2683727

MONTH

bt ot Pt ot
VONOVNSFWN=N=~OLONOURLWN=N=O ON UL WN -

TRIBUTAKY FLOW INFURMATION FUR M1CAIGAN

THORNAPPLE LAKE

YEAR

12

MEAN FLOW

444,00
78.00
82.00
158.00
54,00
150400
115,00
61,06
53,00
440090
19,00
16.00
264,00
46400
48400
92.60
32.00
88,00
68.00
36.00
31400
26.00
1100
S.70
6640
11.00
12.00
23400
8400
22.00
1700
8.90
Te70
6450
2480
2ol

DAy

28
28

=)
4

6
4
1v
4
31
24
28
28

8
4
6

4
10

4
31
24

FLOW

J6.,00
74400

186,00
80.00

153.00
84,00
94,00
93.00
15,00
18,00
56.00
444,00

109.6G0
"47.00

90.00
49.00
55.00
55.00

JelU
10.00

DAY

28

20

28

28

20
25

27

FLOw

36.00

72.00

22400

21.00

42.00
32.00

13.00

DAY

2/3/15

FLOW



APPENDIX C

PHYSICAL and CHEMICAL DATA



STORET RETRIEVAL UATe 75702704

DATE
FrROM
T0

72/06/13
72/09/14

72711714

DATE
FROM
T0
72730713

72749714
72/14/14

TIME DEPTH
OF
Day FEET

U9 55 0000
09 S5 J006
U9 55 0011
14 30 00900
ie 30 QU04
14 30 ¢Ol1
16 25 900v
16 25 0004
16 25 vous

uloly
WATER

TeEmp

CENT

19.4

1oe5
17.0

19.0

[$200,]
Py
-~ X

32217

TIME DEPTH CrLRPHYL

or

VAY  FEET
09 55 Yuvb
14 30 00CGU
16 25 0000

4
Us/L

30.7J
20ehy
Uettd

U340
Do

MG/L
11.0
9.7
Tel

WU
Uel

li.4
1443

veul?
TraNSP
SeClhi
INCHES

ou

3z

J VALUE KNOWN TO BF IN ERROk

Ghu9a
CNDUCTVY
FlELY
MICROMHO

6uC
600
Y44
S54¢
55¢
25y
600
~UQ
YV RV]

268301
42 37 3040 uUBS 11 00.0

FHURNAPPLE LAKLE

26 MICHILAN
1lePAaLeES 2111202
5 0011 FEEY OEPTH
DU&4Ld 00410 006630 00610 00665
Fr T ALK NO2aNU3 NH3=N PHUS-TOT
CACU3 N=TOTAL TOTAL
SU ML/ MG/L MG/L MG/L P
Beby 63 0,090 0.050 0.026
Be45 eie Uel60 0040 V.029
A.10 26 Ve2l0 0.160 0.050
8e55 250 0390 0.070 0.050
Bel35 246 Ue430 0.060 0055
Be43 238 Ue350 0.060 0.056
Telu 18v leb670 0.050 0.036
770 17v l.640 0.050 0.035
770 200 1.780 V050 0.038

00666
PHOS-DIS

MG/L P

0.019
0.019
0.034
0.027
0.029
0.022
0.028
0.028
0.028



STORET RETRIEVAL DATE 795/02/U4
2683v2
42 37 00.0 085 11 30.v
TAURNAPPLE LAKE

26 MICHIGAN
11EPALES 2111202
5 0018 FEET DEPTH
: 06010 V0300 RA 00094 00400 00410 00630 00610 00665 00666
DATE  TIME DEPTH WATER DO TRANSP  CNDUCTVY PH T ALK NO28NO3 NH3=N PHUS-TOT PHOS-DIS
FROM OF TEMP SECCHI  FIELD CACU3 N-TOTAL TOTAL
T0 DAY FEET CENT MG/L INCHES  MICROMHO SU MG/L MG/L MG/L. MG/L P MG/L P
72/06/13 10 23 0000 19,5 9.8 72 600 Be4i 268 vel30 0,060 0.019 0.010
10 23 0010 19.0 5.9 610 615 272 04110 0.170 0.045 0.033
10 23 0015 12.8 4.2 560 7.85 256 0.020 0.170 0.059 0.043
10 23 0018 12.1 0.0 540 7.30 256 0,070 0,460 0.111 0.055
72/09/18 15 00 0000 35 530 8465 248 0.100 0.060 0.046 0.023
15 00 0004 18.9 0.0 525 Be45 260 0.120 0.050 0.039 0.015
15 00 0015 17.3 040 550 8.00 268 0.110 0.650 0.123 0.081
" 72/11/14 16 00 0000 ' 60 59y 7.70 180 1.530 00120 04049 0.039
16 00 0004 5.6 9.2 590 Te76 210 1.560 0.120 0.043 0,035
16 00 0015 5.6 9.1 . 585 7.70 220 1.630 0.130 04045 0035
16 00 0020 5.6 5.2 585 7470 250 1.700 0,130 0.048 0.034
- 32217
DATE  TIME DEPTH CALKPHYL
FROM OF A
T0 DAY FEET uG/L
72/06/13 10 23 0000 24420
72/09/18 15 00 0000 11.34
72/11/14 16 00 0000 0.7J

J VALUE KNOWN TO BE IN ERROR



APPENDIX D

TRIBUTARY and WASTEWATER
TREATMENT PLANT DATA



STORET RETRIEVAL OVATE T5/02/u4
2683A1 LS2083A1
42 37 00UV U8S 12 3u.0
I HORNAPPLE RIVEK
26 15 NAShVILLE
0/ TAURNAPPLE LAKE
erRDG 1 ML NE OF WUiMBY

11EPALES 2l112v4
4 0000 FEET DEPTH
Ud630 v0625 Gubluy 00671 0u665
DATE TIME DEPTH NOZ2ANO3 TOT KUEL NH3=N PHOS-DIS PHU5=-TOUT
FROM OF N=TOTAL N TOTAL URTHO
T0 DAY FEET MG/L MG/L MG/L MG/L ¥ MG/L ¥
73/7v1/708 15 09 2.700 1.380 0e042 VebG2 Ve 77
73702704 12 15 1.52¢0 G560 ve028 0013 U030
73/0¢/728 07 S5 1,120 0.540 Ve06y 0.012 Geu3v
73704706 12 26 1,020 0.800 Je.031 - 0009 Vo040
713/64/720 14 53 ve60U 0.637 6.013 0.005K 0.025S
73/u5704 12 15 Ue300 0.915 Ge01l6 0.009 0065
73/95/25 15 20 Ge100 04920 Yelll 0.012 Ve035
73706710 17 00 Vedtil 1430v 6.035 Vel 34 VU85S
73/07/704 19 S0 VeT00 1150 veu82 bev2o LeUT70
73707727 11 35 0.021 04320 Ue009 0.005K VelZ>
73708731 11 45 VeOlUK 0.570 deiUll 0«005K 0.030
7370972« 12 55 Vvaed46 0.900 VeUSH 0.038 Uelu

K VALUE KNOWN TO st
LESS THAN INDICATED



STORET RETRIEVAL DATE 75/02/04

DATE
FrOM
TO

72710728
72711728
73701708
73702704
73/02/28
73/04/06
73704720
73705704
73705725
73706708
73707/704
73/7/01r727
73/08/31
73709724

TIME

OF
DAY

09
14
15
17

*QubIU

DEPTH NO2aNO3
N=-TOTAL
MG/L

legGu
Ves20
24900
letoai
1.000
1.120
0.680
U.620
JeSI
0.840
1040
0e29V
0.270
G.310

V0625
TOT KJUEL

N

MG/L

2250
Ue580
1.260
Jelbl
0e4R0
0eB5U
067206
1.890
1e30v
le40U
le26U
JeH 3V
Go.u20

04350

us610
NH =N
TOTAL
MG/L

0150
Jellb5
Ue050
0033
D048
Uellb
0euly
Uelbd
0064
DeUTH
Ce0ST
6030
Je 039
D.063

vdoTl
PrOS=DIS
URTHO
MG/L P

VelGG
Ve016
0.036
0e01#&
0.016
U.009
velll
0el2V
vel23
JeUS4
Velau
Oe046
0053
Uei 358

Z2uH3A2 Ls2683A7
42 38 00e.vu UBS 09 300
TAORNAPPLE RIVER ¢
2o 15 NASAVILLE
T/ THORNAPPLE LARLE
orDG 2374 ML NW NASHVILLE gELOW STP
L1EPALES 2111204
4 0000 FEET DEPTH

00665
PHOS-TOT

MG/L P

0s04d1
0030
JeUB1
Ve 035
Vel45S
veu25
0.035
VeUbY
GelOS
0eI0
0130
VeUI{
0.095
U005



STORET REfRIEVAL DATE 75702704

DATE
FROM
TO

72/10/28
72711728
737061765
73702704
73704706
73704720
73705704
73705725
73/06/10
73/707/04
73761727
73708731
713/09/24

K VALUE KiNOWN

V630

TIME DEPTH NOZ2&NO3

Of
Day

09
la
la
17
11
14
12
1l
il
19
11
11
12

15
30
54
50
55
15
50
45
45
19
00
11
25

N=-TOTAL
MG/L

1.500
Ve dbl
3.009
1540
le24V
V170
0e730
U630
0.880
lelah
J.198
Uel26
v.231

fO BE

LESS THAN INDICATEU

00625
TOT KJEL

N

MG/L

04850
0.500
1.200
0ean0
0.750
o540
1000
l.260
le260
le745
0.780
UebUU

061U
WH3=-N
TOTAL

MG/L

0.088
Jevuil
0.027
Jeli28
UeU16
Oe018
Uel24
Nelb?
GeGT2
0130
ds072
0.090
JeUDR

0u67l
PHOS=DIS
ORTHO
MG/L P

Ve039
JeUlo
Veuld2
Jeul?
0« 005K
UeUll
(.e022
Vel23
UVebal
VeS8
Je037
VeU3Y
0.023

Z683A3

42 33U 30y
F HORNAPPLE

26

1>

L>2
uss 0> 30
KRIVER
NASHVILLE

[/THURNAPPLELAKE
BROG AT N tUuGE OF NASHVILLEABOVE STP

11EPALES

4

00665
PHUS=TOT

MG/ZL P

UeUT5
0.031
Ve 055
Ve D30
Je025
0.035
V.63
UeUb6>
Uelly
Velly
Vel
vells
0,070

683A3
oV

2illeva
VU000 FEET

DEPTH



STORET RETRIEVAL DATE 75/v2/v4
2683831 L>263381
42 38 30,0 U85S VU9 30.0
rul) CREEK
26 15 NASHVILLE
T/THORNAPPLE LAKE
BRUG 3 M1 Nw OF NASHVILLE

11ePALES 2111204
4 V000 FEET DEPTH
wo630 00625 UNolu 00671 00665
UATE TIME DEPTH NO2aNO3 TUT KJUEL NH3-N PROS-DIS PHOS-TOT
FROM OF N=TUOTAL N TOTAL JRTHY
TO DAY FEeET MG/L MG/L MG/L MG/L P MG/L P

72716728 10 00 l.500 0950 0063 U060 0el0S
72711728 14 45 Uea3V 1.400 G096 Q«014 0eu2l29
737061708 15 32 2.800 1.150 G022 Ueu30 Uel54
73702704 17 40 1.620 0.80U 0.040 - 0.018 0.040
73702728 08 15 1.240 1400 J.113 0.018 0e045
73/04/06 12 10 1.060 0.660 0.013 Ve010 0.025
73704720 Lla 35 0e460 0e 75y U016 JeV16 Vo4
73705704 12 40 Vellu 14000 0029 0050 Vell90
73706710 12 07 J.700 1,200 De084 0.102 0e135
713707704 19 35 04820 1.050 DeluB 0.080 04135
73707728 11 19 Dett10 06580 0.088 0.060 Ue105
73708731 11 30 06370 0540 UelbB 0064 Vell0

73709724 13 15 0.273 0340 Oel52 0e032 Ve 75



STORET RETRIEVAL vATE 75702704

DATE
FruM
TO

72714728
12/711/28
73701708
73702704
73/92/2H
73704706
73/v4/20
73705704
73/7us/25
73/06/10
737017704
73701727
73708731
73/709/24

VG630 V0625
TIME DcPTH NUZ&NO3 TOT KUEL
OF N=TOTAL N
Lay FEET MG/L MG/L
10 10 U.20U Ge800
l4 55 Uel260 0e63v
15 22 Vo357 Ve 69U
17 25 Ue294 Ue640
08 05 U330 vebyl
12 18 Vel05 0e690
14 4S 04050 Vo8l
12 30 Ve091l OenGu
15 10 Ve126 24150
19 45 Ue240 0,720
11 27 ve2oU 0s660
11 37 Je310 Ge350

13 05 0.189 o217V

Jobll
NH3-N
TOTaAL

MGZL

vellH
UeUl4
Qe01%
Je 028
Gel48
Uue020
Della
Je018
Ue069
Uelta
Ued27
Je020
£.052
VeU19

00671
PHOS-DIS

URTHO

MG/l P

0.010
Ve0uU7
Vel1ll
0.008
0015
UevlO6
Je(09
ve015
Je.018
UelJ37
Je028
Ue015
Dedl6
Gedla

2h83C1 L52683C)

42 37 30.u 0685 11 00
BANK CREER

26 1o NASHVILLE
T/ THURNAPPLE LAKE

ol

ROAD CROSSING AT W EDGE OF MURGAN

LlcrALES
4

Gu6o6>
PHUS=TOT

MG/L P

Oeva?
Ve19
0031
Ueuls
U.020
Uve02%
Veti30
UeU4D
U060
Je109
DeUB>S
Ueldd
Ueusd
UeU30

21112v4
0000 FEET

DEPTH



STORET RETRIEVAL DATE 75/702/04
268350 1P26835v PRO04TY
42 36 JVL.U uBS U6 00.0
NAasHVILLE
20 15 NASHVILLE
F/THUORNAPPLE LAKE
[AORNAPPLE RIVER

L1EPALES 2l4l2ua
4 0000 FEEY VUEPTH
00630 00625 UGoolo 03671 00665 S0Usl 50053
DATE TIME OEPTH NO2ANO3 TOT KJUEL NH3-N PHOS=DIS PHUS-TIT FLOW CONDUIT
FROM (o] N=-TOTAL N TOTAL URTHU RATE FLOW=-MGD
TO DAY FEET MG/L MG/L MG/L MG/L P MG/L P INST MGD  MONTAHLY

73/01/705 08 00 '

cP(T) - 2.400 F.700 Celad 14475 2eu00 0.203 0e.183
73701795 16 00

73702705 10 00

cP(T) - Ve890 13.80v 04155 24700 12.000 VelS0 Ve.1l38
73702705 1o 00

73703701 13 00 '

cP(T)- Ue630 19.800 1.10u 2e237 3.200 Oelce 0092

73703701 15 00

73704717 10 30 5.0635 27306 22.390 - 7.200 Be20U 0el51 Vel25
73765710 13 30 ’

CP(T) - 0,570 17.600 dedlv 2.900 7.10u Uel29 04136

73705710 16 00

73706712 14 30 : :

cR(T)- Ve650 244000 1.600 3.200 900U 0.169 0.098
737060712 16 30

73708716 13 00

cP(T) - 0.048 33.000 124400 Se 30V Veu 79 v.082
73708716 15 00

73709705 10 00 Ue250 30000 53800 U.0bl V.080
73710705 09 30 Ueb8y 23400V DeHUY 2e400 6e 700 Jeubdy Ve63
74701707 12 00 V.680 15900 lebbuy 36209 4o TUL Ue196 0.089
74702705 10 35 1.320 la.800 vel9V leobu 2990 Vet velZo
Ta/04/724 09 15 Ve 64U 18,000 Le 725 2elUU 3ec00 Uelal 0.229

74705703 16 20 D520 224000 4e300 3e150 dev0{ Veudg9 0e.126



