







































































Table 4.-—Watershed characteristics and land use at
inflow and outflow sites at Lake Elmo
[Al1l measurements in acres, unless noted]

Characteristic Site 1 Site 2 Wetland Site 3 Lake Site 4
(wetland (wetland area (wetland and (lake
area area area ungaged out-
inflow) inflow) outflow water- flow)
and lake shed
inflow)

WATERSHED CHARACTERISTICS

Total contributing area 420.0 1,643.0 1,859.0 3,922.2 907.0 4,829.2

Area under construction 0 1.0 5.2 6.2 0 6.2
Population density

(persons/acre) .41 1.23 .21 .68 .47 .65
Relief (ft) 115 170 171 191 68 208
Drainage density (ft/acre) 13.33 15.95 6.67 11.45 5.97 10.70
Impervious area 7.0 158 38 203 17 220
Ditch density (ft/acre) 2.86 15.95 5.26 9.65 4.64 8.96
Ditch length (mi) 0.23 4,96 1.70 6.89 .53 7.42

LAND USE

Residential (2 units/acre) 2.0 19.9 50.8 73.7 58.9 132.6
Residential (3 to 8

units/acre) 21.1 242.2 72.1 336.8 22.8 359.6
Residential, multifamiliy 0 42.4 0 42.4 0 42.4
Wetlands 39.3 160.8 25.2 225.3 46.1 271.4
Open water 0 0 149.5 149.5 304.2 453.7
Parks, open space 2.9 4.2 2.9 10.0 7 10.7
Commercial, industrial,

institutional 3.1 52.1 0 55.2 0 55.2
Cropland: total 157.2 451.7 638.3 1,247.2 284.2 1,531.4
Cropland: corn 130.4 327.1 425.6 883.1 172.3 1,055.4
Cropland: soybeans 13.7 31.9 69.2 114.8 0 114.8
Cropland: grasses 13.1 92.7 143.5 249.3 111.9 361.2
Pastureland 0 26.4 1.0 27.4 0 27.4
Grassland 80.0 400.7 734.7 1,215.4 84.0 1,299.4
Woodland 117.5 68.1 85.9 271.5 107.4 378.9
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Table 5.--Watershed characteristics and land use at
inflow and outflow sites at Fish Lake
[A1]l measurements in acres, unless noted]

Characteristic Site 1 Wetland Site 2 Lake and Site 3
(wetland (wetland ungaged (lake
inflow) outflow water— outflow)

and lake shed
inflow)

WATERSHED CHARACTERISTICS

Total contributing area 704.0 128.0 832.0 1,240.0 2,072.0
Area under construction 3.7 0 3.7 2,5 6.2
Population density

(persons/acre) 1.70 4.40 2.10 3.20 2.70
Relief (ft) 144 75 149 99 153
Drainage density (ft/acre) 13.82 6.25 12.61 1.98 6.70
Impervious area 48 19 67 101 168
Ditch density (ft/acre) 13.82 6.25 12.61 1.98 6.70
Ditch length (mi) 1.78 .15 1.93 .38 2.31

LAND USE

Residential (2 units/acre) 14.4 0 14.4 14.6 29.0
Residential (3 to 8

units/acre) 156.3 76.3 232.6 274.8 507.4
Residential, multifamiliy 0 0 0 61.8 61.8
Wetlands 112.7 15.7 128.4 113.0 241.4
Open water 24.0 .0 24.0 227.6 251.6
Parks, open space 25.7 0 25.7 11.0 36.7
Commercial, industrial,

institutional 2.5 0 2.5 2.5 5.0
Cropland: total 149.0 0 149.0 107.6 256.6
Cropland: corn 124.0 0 124.0 28.0 152.0
Cropland: soybeans 0 0 0 20.6 20.6
Cropland: grasses 25.0 0 25.0 59.0 84.0
Pastureland 21.3 0 21.3 0 21.3
Grassland 105.8 20.5 126.3 211.5 337.8
Woodland 81.3 18.0 99.3 204.5 303.8
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Table 6.—-Watershed characteristics and land use at
inflow and outflow sites at Lake George
{Al]l measurements in acres, unless notedl

Characteristic Site 1 Lake and Site 2
(lake ungaged (lake
inflow) water- outflow)

shed

WATERSHED CHARACTERISTICS

Total contributing area 336.0 1,518.0 1,854.0
Area under construction 0 0 0
Population density (persons/acre) 0.25 .53 .46
Relief (ft) 22 41 41
Drainage density (ft/acre) 13.5 5.5 7.4
Impervious area 3 16 19
Ditch density (ft/acre) 13.5 5.5 7.4
Ditch length (mi) .85 1.07 1.92
LAND USE

Residential (2 units/acre) 14.7 103.9 118.6
Residential (3 to 8 units/acre) 0 7.6 7.6
Residential, multifamiliy 0 0 0
Wetlands 79.8 182.7 262.5
Open water 3.0 487.2 490.2
Parks, open space 1.0 11.0 12.0
Commercial, industrial, institutional 1.0 1.5 2.5
Cropland: total 61.1 188.1 249.1
Cropland: corn 44.4 89.2 133.6
Cropland: soybeans 0 0 0
Cropland: grasses 10.8 78.0 88.8
Cropland: unknown 5.9 20.9 26.8
Pastureland 19.8 48.6 68.4
Grassland 40.8 53.0 93.8
Woodland 113.6 386.1 499.7
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Table 7.--Watershed characteristics and land use at

inflow and outflow sites at Lake Riley
[All measurements in acres, unless noted]

Characteristic Site 1 Wetland Site 2 Lake and Site 3
(wetland area (wetland ungaged (lake
area area water- outflow)
inflow) outflow shed
and lake
inflow)
WATERSHED CHARACTERISTICS
Total contributing area 2,477.0 1,168.0 3,645.0 1,448.0 5,093.0
Area under construction 25.7 5.7 31.4 0 31.4
Population density
(persons/acre) .20 1.01 .50 .72 .56
Relief (ft) 199 136 216 76 216
Drainage density (ft/acre) 12.34 14.65 13.16 6.154 11.27
Impervious area 82 97 179 31 210
Ditch density (ft/acre) 9.06 8.70 8.93 4.83 7.83
Ditch length (mi) 3.45 1.80 5.25 1.04 6.29
LAND USE
Residential (2 units/acre) 155.7 13.7 169.4 102.2 271.6
Residential (3 to 8
units/acre) 11.5 82.1 93.6 0 93.6
Residential, multifamiliy 0 9.5 9.5 8.1 17.6
Wetlands 226.6 161.9 388.5 85.9 474.4
Open water 468.0 76 .0 544.0 309.0 853.0
Parks, open space 54.9 17.5 72.4 10.3 82.7
Commercial, industrial,
institutional 41.6 63.6 105.2 6.3 111.5
Cropland: total 671.0 265.7 936.7 569.4 1506.1
Cropland: corn 350.0 79.6 429.6 277.7 707.3
Cropland: soybeans 201.1 119.2 320.3 109.6 429.9
Cropland: grasses 99.3 19.8 119.1 122.1 241.2
Cropland: orchard 5.3 0 0 49.7 55.0
Cropland: unknown 15.3 47.1 62.4 10.3 72.7
Pastureland 102.7 3.5 106.2 50.6 156.8
Grassland 304.9 159.2 464.1 151.9 616.0
Woodland 504.5 248.8 753.3 135.5 888.8
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Table 8.—Watershed characteristics and land use at
inflow and outflow sites at Spring Lake
{Al]l measurements in acres, unless noted]

Characteristic Site 1 Settling Site 2 Lake and Site 3
(settling pond (settling ungaged (lake
pond pond out- water-  cutflow)
inflow) flow and shed
lake
inflow)
WATERSHED CHARACTERISTICS
Total contributing area 5,574.4 60.8 5,635.2 6,928.0 12,563.2
Area under construction 0 0 0 2.1 26.1
Population density
(persons/acre) .06 .06 .06 .22 A5
Relief (ft) 85 35 85 189 189
Drainage density (ft/acre) 13,21 19.74 13.28 15.10 14.23
Impervious area 76 1 77 113 190
Ditch density (ft/acre) 12.33 19.74 12.41 14,57 13.54
Dtich length (mi) 12.84 .23 13.07 16.86 29.93
LAND USE
Residential (2 units/acre) 140.6 1.2 141.8 446.1 587.9
Residential (3 to 8
units/acre) 21.0 0 21.0 55.0 76.0
Residential, multifamiliy 0 0 0 0 0
Wetlands 817.5 25.0 842.5 868.7 1,711.2
Open water 76.9 0 76.9 820.3 897.2
Parks, open space 1.8 0 1.8 23.2 25.0
Commercial, industrial,
institutional 3.9 0 3.9 1.2 5.1
Cropland: total 3,139.5 21.4 3,160.9 2,736.4 5,897.3
Cropland: corn 1,297.5 21.4 1,318.9 1,305.6 2,624.5
Cropland: soybeans 570.9 0 570.9 267.7 835.6
Cropland: grasses 829.7 0 829.7 955.4 1,785.1
Cropland: unknown 340.3 0 340.3 207.7 548.0
Cropland: miscellaneous 101.1 0 101.1 0 101.1
Pastureland 355.3 0 355.3 442.7 798.0
Grassland 375.5 9.5 385.0 672.6 1,057.6
Woodland 300.1 4.1 304.2 613.7 917.9
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Table 9.--Watershed characteristics and land use at
inflow and outflow sites at Square Lake
[All measurements in acres, unless noted]

Characteristic Site 1
(lake outflow)

WATERSHED CHARACTERISTICS

Total contributing area 774.5
Area under construction 0
Population density (persons/acre) .25
Relief (ft) 129
Drainage density (ft/acre) n/a
Impervious area 9
Ditch density (ft/acre) n/a
Ditch length (mi) n/a
LAND USE

Residential (2 units/acre) 50.3
Residential (3 to 8 units/acre) 0
Residential, multifamiliy 0
Wetlands 10.3
Open water 210.1
Parks, open space 10.3
Cammercial, industrial, institutional 0
Cropland: total 36.6
Cropland: corn 1.0
Cropland: soybeans 15.8
Cropland: grasses 19.8
Pastureland 34.1
Grassland 139.0
Woodland 260.5
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Three ungaged inflows to Fish Lake (sites Al, A2, and A3) and one ungaged
inflow to Lake Elmo (site Al) were sampled occasionally during 1982 and
analyzed by storm for estimation of water quality for comparisons to other
gaged sites. These sites were not sampled during 1981.

Square Lake has no channelized inflow so only the outflow was monitored
with a continuous-stage recorder. Flow was intermittent at both Lake George
site 1 and at Lake Elmo site 2 and did not warrant the use of a continuous-
stage recorder.

Lake Outflows

All the lakes (except Lake George) had continuous-stage recorders (15-
minute intervals) at their primary outflows. The lake outflows were measured
and sampled manually almost daily during snowmelt. The samples were compos—
ited as one storm. Because of the longer time between storms and response of
the lake outflows, outflows were sampled manually at weekly intervals, and
composited every 6 weeks (table 11) using the same mean-discharge-weighted
compositing method used for storm samples. The 6-week period of April 22 to
June 1 was used to estimate the 1981 concentrations. Data from 1981 stream-
flow measurements were combined with the estimated 1981 concentrations for load

calculations.
Streamflow and Water—Quality Calculations

Streamflow was determined by monitoring stage fluctuations and using
stage-discharge relations. The stage-discharge relations were developed from
discharge measurements at various stages throughout the collection period.
Measurements of discharge were made with a current meter, using methods adopted
by the U.S. Geological Survey (Buchanan and Somers, 1969). The accuracy of the
stage-discharge relations was controlled by frequent discharge measurements (up
to 45 per site during 1982), datum surveys, and control stabilization. The
stage records, discharge measurements, and record interpretations were checked
for accuracy. Based on periodic discharge measurements, flow hydrographs were
estimated for all sites from July 1 to December 31, 1981, and for the ungaged
sites for 1982.

Storm samples were collected as soon as possible after the storm. Advance
warning of approaching storms was provided by local weather stations. When
rain accumulation was predicted to be greater than 0.50 inch, personnel were
sent to inspect equipment for malfunctions, start the automatic water—quality
samplers, and make discharge measurements before, during, and after the storm.
While at the site, temperature and pH of the first and last sample were
measured for indications of chemistry changes. Bulk rain gages were inspected
and amount of rainfall recorded. Gage heights corresponding to the time of
each sample were obtained from the stage recorder. This procedure determined
sample position on the storm hydrograph and helped determine which samples
would be analyzed. Samples were packed in coolers and transported to the
laboratory for further processing. Selected samples were flow composited by
the mean-discharge-weighted compositing method so only one sample per site per
storm was analyzed. This sample represented the flow-weighted mean concentra-—
tion for the particular storm. These samples were then split into subsamples
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for the various constituent analyses, filtered (if required), and preserved.
Subsampling was accomplished by shaking and pouring (fig. 12). Subsamples
selected for nutrient analyses were preserved with sulfuric acid. All samples
were stored at 4.00C until analyzed.

Storm loads in kilograms of suspended solids, volatile suspended solids,
phosphorus, dissolved phosphorus, nitrite-plus-nitrate nitrogen, ammonia nitro-
gen, and ammonia-plus—organic nitrogen were calculated from the flow-weighted
mean concentration, in milligrams per liter, and total flow volume, in cubic
meters, for each storm for each site. Loads were calculated with the equation

L= (F x CXK

where
L = load of constituent for the storm, in kilograms;
F = total discharge for the storm, in cubic meters;
C = flow-weighted mean concentration of the constituent for the storm, in
milligrams per liter; and
K = a constant to convert milligrams per liter to kilograms (10 x 1073).

Average seasonal storm flow-weighted mean concentrations were calculated
using the following equation

Cg = (Fg/F1)Cy + (Fg/Fp)Cy + ...(Fg/Fp)Cp

where
Cs = average seasonal flow-weighted mean concentrations of constituent,
Fs = total flow during the season,
Fl = total flow during the first storm or storm number 1 of the season,
and '
Cl = storm flow-weighted mean concentration of constituent for the first

storm or storm number 1.
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Average flow-weighted mean concentrations for 1982 were calculated using
the following equation

Cy = (Fa/F1)C + (Fa/F9)Co + .+ (Fa/Fp)Cp

where
Ca = average flow-weighted mean concentration of constituent for 1982,
Fa = total flow during 1982,
Fl1 = total flow during the first storm or storm number 1 of 1982, and
Cl = storm flow-weighted mean concentration of constituent for the first

storm or storm number 1.

Average seasonal storm loads were calculated by taking the arithmetic
means of the storm loads for each season. Storm flow-weighted mean-concentra-
tion ratios were calculated for suspended solids (percentage of suspended
solids in volatile form; volatile suspended solids/suspended solids), phos-
phorus (percent of phosphorus in dissolved form; dissolved phosphorus/total
phosphorus), and nitrogen (percent of nitrogen in the form of ammonia; ammonia
nitrogen/ammonia-plus—-organic nitrogen).

Precipitation

Rainfall recorders (15-minute intervals) and bulk rain gages were
installed at each lake except George. Lake George had a bulk rain gage read by
an observer. All rainfall recorders except Lake Elmo's had continual mechan-
ical failures and the data were not used. Totals from the bulk rain gages for
each storm by lake are shown in table 12.

Three NOAA (National Oceanic and Atmospheric Administration) observers
were hired to provide daily precipitation data. Table 13 compares 1982 total
precipitation with median annual precipitation for these sites. The average
annual precipitation for 1982 was 9 percent higher based on these data.
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Table 12.—Precipitation totals by storm for the seven study lakes

[Values in millimeters]

Storm Bryant Lake Fish Lake Lake Spring Square
Lake Elmo Lake George Riley Lake Lake

March 30...c000... 104.1 109.7 108.4 114.0 103.9 99.6 119.9

April 16....000... 29.0 27.4 24.9 20.6 37.1 34.5 30.2
May 4....c000000.. 5.8 33.0 26.2 31.8 27.2 36.3 39.6
my 9............. 39.6 52.3 39'4 31.0 52.1 61.2 47.0
May 17...... cessss 52.8 56.4 68.6 4.9 21.1 25.9 2.3
Jme 14........... 5.6 6.6 9.4 16.0 9.6 5.6 6.1
June 24..... ceeess 32.8 27.2 24.1 15.2 30.2 34.3 13.2
June 28...0000000. 3.3 10.4 10.4 11.7 0.8 1.3 18.8
JULY 6Geeeeococnnns 15.2 9.1 18.5 33.0 19.0 11.2 8.9
July 10eeeenceesss 13.7 8.1 25.4 2.8 19.8 33.5 17.8
July 25¢ececececes 22.6 17.0 36.1 24.6 24.6 22.6 20.1
August 16.cceeeees 7.6 3.3 29.5 7.4 8.1 9.9 4.8
August 24......... 35.6 23.9 19.6 9.6 33.8 48.5 21.8
August 26......... 12.2 22.6 17.8 17.0 12.2 14.2 15.5
August 3l...e00... 38.1 69.1 42.2 47.0 43.4 70.9 34.8
Semaumr 4....... 7.1 14.0 15.0 0.0 6.6 11.9 8.6
September 10...... 47.5 4.9 32.2 30.5 36.3 25.1 56.1
October 2..eeeeees 26.7 26.2 26.7 6.6 21.8 14.5 30.0
October 8........ . 26.7 10.4 18.5 20.3 21.8 22.4 40.4
October 19........ 35.6 40.4 35.6 18.8 35.3 33.3 34.3
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Table 13.—-Frequency statistics for three National
Oceanographic and Atmospheric Administration
weather stations for 1982 total rainfall

Median Deviation from
Site annual 1982 median annual
precipitation precipitation (percent)
{mm) (rom)
Buffa]-o.......... 711 885 20
Chaska.eeeoseoeene 721 759 5
Forest ILake.eecee. 774 787 2

Average deviation from median annual
pr&ipitation in 1982.‘0......0..‘00‘00‘.0‘.000.0 9

Atmospheric Data

Collectors were installed at each lake (including Eagle Point Lake) to
obtain data on input from the atmosphere of selected chemical constituents and
suspended solids. Data were collected from September 23 to November 1, 1982.
Both wetfall and dryfall were collected as a composite sample. Table 14 shows
concentration data and table 15 shows load data for each lake watershed. The
loads were calculated using the following equation

Ly = [RCHKI@,/A)

where
L, = atmospheric load of constituent for the collection period, in
kilograms;
R = total rainfall during the collection period, in liters;
C, = concentration of constituent, in milligrams per liter;
K = constant to convert milligrams per liter to kilograms (10 x 1073);
A, = area of watershed, in square meters'; and

By = area of collection bucket, in square meters.
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Table 14.——Atmospheric input concentrations for all study lakes,
including Eagle Point Lake, for the collection
period September 23 to November 1, 1982

Total
Vola- Dis- ammonia
Total tile Dis- solved Total +
sus- sus- Total solved NO2+NO3 ammonia organic

pended pended phos- phos—- nitro- nitro— nitro-

solids solids phorus phorus gen gen gen
Site (mg/L) (mg/L) (mg/L)  (mg/L)  (mg/L) (mg/L) (mg/L)
Bryant Lake 50 12 0.06 0.02 0.25 0.22 1.2
Eagle Point
Lake 10 10 .23 A2 .45 1.1 1.9
Fish Lake 25 16 .14 .04 .15 .06 1.1
Lake Elmo 10 10 .10 .04 .35 .50 1.4
Lake George 20 14 .14 .05 .30 .06 .88
Lake Riley 36 22 .19 .04 .15 .29 2.3
Spring Lake 24 17 .37 .10 .40 .94 5.0
Square Lake 6.0 6.0 .07 .04 .80 .06 .60
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Table 15.--Atmospheric input, total precipitation, and loads
for all study lakes, including Eagle Point Lake, for the
collection period September 23 to November 1, 1982

Total
Vola- Dis- ammonia
Total tile Dis- solved Total +
Total sus- sus— Total solved NOp+NO3 ammonia organic

precip~- pended pended phos- phos- nitro- nitro- nitro-
itation solids solids phorus phorus gen gen gen
Site (rom) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha)

Bryant Lake 104 8.2 2.0 0.01 <o0.01 0.04 0.04 0.19

Eagle Point

Lake 112 1.6 1.6 .04 .02 .07 .18 .32
Fish Lake 74 4.1 2.6 .02 .01 .02 .01 .18
Lake Elmo 112 1.6 1.6 .02 .01 .06 .08 .22
Lake

George 67 3.3 2.3 .02 .01 .05 .01 14
Lake Riley 94 5.9 3.6 .03 .01 .02 .05 .38
Spring

Lake 80 3.9 2.8 .06 .02 .06 .15 .82
Square

Lake 120 .98 .98 .01 .01 .13 .01 .10

Hater—Quality Analyses
Both lake inflow and outflow samples were analyzed for (1) total suspended
solids, (2) volatile suspended solids, (3) total phosphorus, (4) dissolved
phosphorus, (5) nitrite-plus—-nitrate nitrogen, (6) ammonia nitrogen, and (7)
ammonia-plus—-organic nitrogen. Atmospheric deposition samples were analyzed
for the same constituents as the storm samples.

Samples were analyzed by the MWCC (Metropoltian Waste Control Commission)
laboratory in St. Paul, Minn., according to methods described by the American
Public Health Association (1976), Metropolitan Waste Control Commission (1979),
U.S. Environmental Protection Agency (1978; 1979), and Skougstad and others
(1979). Quality-assurance analysis of samples was split between the MWCC
laboratory and the U.S. Geological Survey laboratory in Atlanta, Ga. The U.S.
Geological Survey laboratory analyzed the samples according to methods des-
cribed in Goerlitz and Brown (1972) and Skougstad and others (1979).
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Quality Assurance
A quality-assurance program was undertaken to assess the precision of the
sample-preparation techniques and the analytical accuracy of the laboratories.

The program included submitting replicate and spiked samples to both MWCC and
U.S. Geological Survey laboratories.

During preparation, samples were shaken and then poured into subsamples
for analysis. To determine the adequacy of the shake-and-pour method, it was
compared to the cone-splitter method devised by the U.S. Geological Survey.
Three replicate subsamples were obtained by each method of splitting. Mean
concentration values were then computed for the reported analytical results of
each set of replicate subsamples. A t-table was used to compute confidence
intervals of the means. Differences between the means of each splitting method
were tested for significance (f-test) at the 0.05 alpha level. Precision
between two methods was nearly the same, as none of the differences were
significant (table 16). These results are similar to the conclusions made by
Payne and others (1982) in an earlier quality—assurance analysis of these
methods. However, it should be noted that the test was only performed once and
the concentration levels were near the detection limits. The results of the
test do agree with Payne and others (1982) but the significance of the test is
limited.

Precision of composite versus discrete sampling is shown in table 17.
Total suspended solids and total ammonia + organic nitrogen had a 5-percent
difference in average confidence interval (because the average difference
between method values exceeded the average confidence interval of the labora-
tory precision or error by 5 percent). Total volatile suspended solids and
total phosphorus average difference was within the range of the average con-
fidence interval for laboratory precision. The quality-assurance program was
limited by small sample size (n = 3 replicates) and a small number of tests.

Precision of both the MWCC and U.S. Geological Survey laboratories was
evaluated on the basis of quality-assurance data for replicate samples and was
determined by evaluating the confidence intervals (CI) of the sample means for
each constituent. Sending samples to both laboratories provided an opportunity
to compare precision values at the MWCC laboratory to precision values at
another laboratory. Results are shown in table 18. Three replicate sets of
susbsamples were prepared for each laboratory three different times. Mean
concentrations were computed from the results reported from each laboratory and
confidence intervals were computed and compared. Each laboratory had higher
confidence intervals for particular samples, but the overall confidence inter-
vals were generally equal. These results indicate that there was little
difference between the laboratories for precision, which agrees with previous
MWCC quality-assurance tests (Payne and others, 1982).
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Table 17.--Analytical results for comparing composite and
discrete sampling methods

Total
Total Volatile ammonia +
suspended suspended Total organic
solids solids phosphorus nitrogen
Site Method (mg/L) (mg/L) (mg/L) (mg/L)
SL3 Discrete 5 3 0.43 1.8
campositing 6 4 .43 1.8
FL1 Discrete 21 5 .25 1.2
compositing 14 6 .22 1.1
FL2 Discrete 5 3 .26 1.6
campositing 4 4 .19 1.2
Average difference between
method values, in percent 21 21 13 12
*Average confidence interval
found in replicate qual-
ity assurance, in percent
(precision error) 16 27 18 7
Difference between methods
excluding precision error 5 0 0 5

*Data based on the quality-assurance analysis of replicate samples at both
the MWCC and USGS labs (table 18).
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Accuracy of the analyses was another objective of the quality—-assurance
program. Accuracy was determined by sending spiked samples to both the MWCC
and U.S. Geological Survey laboratories, because sending samples to only one
laboratory would not provide enough information to determine accuracy. Spiked
samples can be expected to have errors associated with subsampling and spike
preparation. Therefore, the results of using only one laboratory would include
errors in sample preparation and laboratory analytical error with no differ-
entiation. Sending samples to both laboratories provided an opportunity to
compare values and evaluate the accuracy of each. Six sets of spiked and
unspiked subsamples were analyzed by each laboratory three times. Half were
spiked with measured volumes of known concentrations supplied by the U.S.
Environmental Protection Agency. 1In order to evaluate the accuracy of the
laboratory, the mean concentrations determined for the unspiked subsamples were
subtracted from the mean concentrations determined for the spiked sub samples.
The resulting values were compared with the known concentrations of the spikes
and to the other laboratory (table 19). Accuracy of the MWCC laboratory, as
determined by the results of the three spiked sample tests, ranged from 0 to 44
percent. The results between MWCC and U.S. Geological Survey laboratories were
generally equal. However, concentrations of ammonia nitrogen were consistently
different between the laboratories. The accuracy of the MWCC laboratory was
consistent with that of the U.S. Geological Survey laboratory and the
differences between calculated and known spikes were probably the result of
spike preparation.
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DATA TABLES AND HYDROGRAPHS

The following tables and figures contain data collected during the study.
Statistical Analysis System computer programs were used to compile and tabu-
late some of the tables. Site-identification numbers for each lake are in
downstream order. All data were rounded to two significant figures.

Mean daily discharge, instantaneous discharge, rainfall data, and water-
quality data are stored in the U.S. Geological Survey WATSTORE system. Water-
quality data are also stored in the U.S. Environmental Protection Agency STORET
system.

The data are divided into four sections: the first contains storm quantity
and quality data for lake-inflow sites, organized by lake; the second includes
the weekly quantity and quality data for the lake outflows; the third contains
seasonal-load data, arranged by lake; and the fourth contains estimated flow
hydrographs for 1981 and annual load data for both 1981 and 1982.

Inflows

This section contains storm-inflow hydrographs, concentration tables, and
load tables, organized by lake. Snowmelt and the first subsequent storm
include outflow data, composited as storms. There are four types of concen-
tration tables for each lake (1) mean storm concentrations, (2) mean storm
concentration ratios, (3) average storm concentrations for each season, and (4)
seasonal average storm concentration ratios.
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Table 21.--Storm flow-weighted mean concentration ratios for suspended

solids, phosphorus, and nitrogen at Bryant Lake sites

Site Beginning timel/ Ending time

Percentage

Percentage

of suspended of phosphor-

Percentage
of nitrogen

solids in us in the in the form
the volatile dissolved of ammonia
form state
1l 3-28-82 18:00 4-16-82 12:45 100 57 31
1 4-16-82 13:00 5-04-82 10:45 100 67 8
1 5-04-82 11:00 5-09-82 2:30 100 60 9
1 5-09-82 2:45 5-15-82 23:15 100 100 10
1 5-15-82 23:30 6-14-82 14:15 36 54 11
1 6-24-82 7:45 6-25-82 19:15 14 42 8
1 7-06-82 4:00 7-09-82 2:00 8 75 18
1 7-09-82 2:15 7-17-82 20:45 7 100 28
1 7-26-82 7:15 7-27-82 18:45 50 64 6
1l  8-24-82 7:30 8-25-82 20:15 86 63 7
1l 8-26-82 20:30 8-28-82 20:45 20 86 10
1 8-31-82 23:30 9-02-82 17:30 13 100 6
1 9-10-82 5:00 9-10-82 23:15 17 47 7
1l 9-29-82 3:30 10-01-82 16:00 100 87 15
1 10-02-82 0:30 10-04-82 22:00 50 64 10
1 10-19-82 16:15 10-21-82 16:00 100 71 16
2 3-17-82 14:00 4-16-82 8:45 100 25 57
2 4-16-82 9:00 4-22-82 12:45 100 75 20

E/If beginning and ending time are the same, then concentration was a grab
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Table 22.--Average storm flow-weighted mean concentrations
for each season at Bryant Lake sites, 1982

[Seasons are: snowmelt - beginning of flow to April 22; spring - April 23
to June 1; early summer - June 2 to July 17; late summer - July 18 to
September 4; autumn - September 5 to end of flowl

Total Volatile Dis- Dis- Total
sus- sus- Total solved solved Total ammonia +
pended pended phos- phos- NO,+NO; ammonia organic
solids solids phorus phorus nitrogen nitrogen nitrogen
Site Season (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

1 Snowmelt 2.0 2,0 0.07 0.04 3.8 0.34 1.1
1 Spring 6.8 3.1 .04 .03 .90 .09 1.0
1 Early

summer 2.2 4.9 J1 .05 .15 .09 .90
1 Late

‘summer 17 3.3 .19 .17 .17 .05 .88
1 Autumn 38 17 .27 .13 .29 .13 1.5
2 Snowmelt 2.3 2.3 .04 .01 .51 .69 1.42
2 Spring 4.1 4.1 .04 .02 .20 .07 1.6
2 Early

summer .99 .99 .03 .02 .05 .06 1.5
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Table 23.--Seasonal average storm flow-weighted mean concentration ratios
for suspended solids, phosphorus, and nitrogen at Bryant Lake sites

[Seasons are: snowmelt - beginning of flow to April 22; spring - April 23
to June 1; early summer - June 2 to July 17; late summer - July 18
to September 4; autumn - September 5 to end of flowl

Percentage of Percentage of Percentage of

Site Season suspended solids phosphorus in nitrogen in
in the dissolved the dissolved the form of
state state ammonia

1 Snowmel t 100 57 30
1 Spring 46 75 9
1 Early summer 100 45 10
1 Late summer 19 89 6
1 Autumn 45 48 9
2 Snowmelt 100 25 48
2 Spring 100 50 4
2 Early summer 100 67 4
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Table 26.—-Storm flow-weighted mean concentration ratios for suspended
solids, phosphorus, and nitrogen at Lake Elmo sites

Percentage Percentage Percentage
Site Beginning timel/ Ending time of suspended of phosphor- of nitrogen

solids in us in the in the form
the volatile dissolved of ammonia
form state
1 3-29-82 14:00 4-16-82 7:45 8 14 13
1 4-16-82 8:00 5-04-82 18:30 14 22 10
1 5-04-82 18:45 5-09-82 6:00 50 30 88
1l 5-09-82 6:15 5-16-82 19:00 15 28 47
1 5-16-82 19:15 6-14-82 13:00 9 21 6
1l 8-30-82 23:30 9-01-82 16:00 4 53 7
2 3-28-82 13:00 4-09-82 0:00 12 57 55
2 4-16-82 8:00 4-18-82 8:00 14 100 6
2 5-12-82 12:00 5-14-82 18:00 40 50 7
2 5-17-82 18:00 5-19-82 9:00 25 71 9
3 3-29-82 12:00 4-16-82 21:30 40 31 22
3 4-16-82 21:45 5-04-82 16:45 54 19 8
3 5-04-82 17:00 5-09-82 3:45 85 40 14
3 5-09-82 4:00 5-16-82 16:45 100 36 15
3 5-16-82 17:00 5-31-82 15:30 50 56 24
4 3-18-82 0:15 4-16-82 14:30 100 40 14
4 4-16-82 14:45 4-22-82 8:15 100 40 19

E/If beginning and ending time are the same, then concentration was a grab
sample; if time is 0:00, then exact time is unknown.
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Table 27.--Average storm flow-weighted mean concentrations
for each season at Lake Elmo, 1982

[Seasons are: snowmelt - beginning of flow to April 22; spring - April 23
to June 1; early summer - June 2 to July 17; late summer - July 18 to
September 4; autumn - September 5 to end of flowl

Total Volatile Dis- Dis—- Total
sus- sus— Total solved solved Total ammonia +
pended pended phos- phos- NO,+NO3 ammonia organic
solids solids phorus phorus nitrogen nitrogen nitrogen
Site Season (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

1 Snowmelt 360 31 0.50 0.07 1.4 0.20 1.5
1 Spring 116 19 Al .02 0.93 .63 1.3
1 Early
summer 460 40 .48 .10 .80 .15 2.4
1l Iate
summer 140 6.0 .15 .08 .35 .06 .82
2  Snowmelt 32 4.1 .14 .08 .59 .80 1.5
2 Spring 9.2 3.1 .09 .05 .08 .07 .94
3  Snowmelt 5.0 2.0 .16 .05 .50 .32 1.4
3 Spring 11 6.4 .16 .05 .16 .24 1.5
4 Snowmelt 1.0 1.0 .05 .02 .28 .12 .83
4 Spring 0.99 0.99 .03 .02 .05 Jd1 1.0
4 Early
summer 1.0 1.0 .04 .01 .05 .06 .80
Iate
summer 5.0 5.0 .09 .01 .05 .05 1.6
Autumn 6.0 6.0 .02 .01 .10 .02 .92
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Table 28.--Seasonal average storm flow-weighted mean concentration ratios
for suspended solids, phosphorus, and nitrogen at Lake Elmo sites

[Seasons are: snowmelt — beginning of flow to April 22; spring - April 23
to June 1; early summer - June 2 to July 17; late summer - July 18
to September 4; autumn - September 5 to end of flowl

Percentage of Percentage of Percentage of

Site Season suspended solids phosphorus in nitrogen in

in the dissolved the dissolved the form of

state state ammonia

1 Snowmelt 9 14 13
1 Spring 16 18 48
1 Early summer 9 21 6
1 Late summer 4 53 7
2 Snowmelt 13 57 53
2 Spring 34 56 7
3 Snowmelt 40 31 23
3 Spring 58 33 16
4 Snowmelt 100 40 14
4 Spring 100 67 0
4 Early summer 100 25 8
4 Later summer 100 11 3
4 Autumn 100 50 2
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Table 31.--Storm flow-weighted mean concentration ratios for suspended
solids, phosphorus, and nitrogen at Fish Lake sites

Site Beginning timel/ Ending time

Percentage

Percentage

of suspended of phosphor-—

Percentage
of nitrogen

solids in us in the in the form
the volatile dissolved of ammonia
form state
1 3-17-82 17:00 4-16-82 6:45 100 72 59
1 4-16-82 7:00 5-04-82 15:15 100 75 10
1 5-04-82 15:30 5-09-82 3:00 14 10 18
1 5-09-82 3:15 5-16-82 21:00 100 80 6
1 5-16-82 21:15 6-14-82 11:15 20 77 5
1 6-14-82 11:30 6-15-82 15:15 100 19 12
1 6-24-82 7:45 6-26-82 15:45 33 48 11
1 6-28-82 20:30 7-04-82 17:30 50 45 9
1 7-05-82 4:00 7-08-82 17:15 6 75 25
1 7-09-82 22:15 7-17-82 17:30 78 31 5
1 7-25~82 11:15 7-29-82 17:00 43 73 8
1 8-16-82 16:00 8-16-82 22:15 11 50 10
1 8-24-82 7:15 8-24-82 21:45 100 90 8
1 8-26-82 17:45 8-28-82 15:45 25 57 7
1 8-29-82 6:45 9-01-82 6:00 25 45 7
1 9-05-82 7:45 9-06-82 18:00 80 35 11
1 9-10-82 1:45 9-10-82 19:45 100 54 8
2 3-17-82 12:00 4-16-82 8:45 100 71 53
2 4-16-82 9:00 5-04-82 15:30 100 88 6
2 5-04-82 15:45 5-09-82 3:15 100 43 9
2 5-09-82 3:30 5-16-82 22:00 100 86 26
2 5-16-82 22:15 6-14-82 14:00 100 69 22
2 6-14-82 14:15 6-15-82 2:00 52 10 7
2 6-24-82 8:15 6-24-82 21:45 75 57 8
2 6-28-82 20:45 6-29-82 8:45 60 33 5
2 7-06-82 3:15 7-06-82 14:15 9 57 4
2 7-10-82 6:45 7-15-82 14:45 62 47 41
2 7-25-82 15:45 7-27-82 10:00 100 58 54
2 8-16-82 15:15 §8-18-82 3:00 33 59 9
2 8-24-82 7:45 8-25-82 21:15 100 78 6
2 8-26-82 19:45 8-28-82 22:30 50 76 11
2 8-29-82 6:15 9-01-82 2:30 100 82 10
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Table 31.--Storm flow-weighted mean concentration ratios for suspended
solids, phosphorus, and nitrogen at Fish Lake sites——Continued

Site Beginning timel/ Ending time

Percentage

of suspended of phosphor-

Percentage

Percentage
of nitrogen

solids in us in the in the form
the volatile dissolved of ammonia
form state

2 9-05-82 7:45 9-07-82 1:30 50 60 10
2 9-10-82 1:45 9-11-82 19:30 100 85 11
3 3-27-82 17:00 4-16-82 8:30 100 38 43
3 4-16-82 8:45 4-22-82 12:30 100 43 18
Al 7-25-82 17:45 7-25-82 17:45 50 95 26
Al 8-16-82 17:30 8-16-82 17:30 33 79 12
Al 8-24-82 10:00 8-24-82 10:00 67 75 12
A2 7-25-82 17:20 7-25-82 17:20 26 88 20
A2 8-16-82 17:40 8-16-82 17:40 20 58 10
A2 8-24-82 9:20 8-24-82 9:20 22 45 8
A3 7-25-82 17:05 7-25-82 17:05 10 74 21
A3 8-16-82 17:55 8-16-82 17:55 20 53 8
A3 8-24-82 10:20 8-24-82 10:20 50 79 14

E/If beginning and ending time are the same, then concentration was a grab
sample; if time is 0:00, then exact time is unknown.
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Table 32.--Average storm flow-weighted mean concentrations
for each season at Fish Lake, 1982

[Seasons are:

to June 1;

snowmelt - beginning of flow to April 22; spring - April 23
early summer - June 2 to July 17; late summer - July 18 to

September 4; autumn - September 5 to end of flowl

Total Volatile Dis— Dis- Total
sus-— sus- Total solved solved Total ammonia +
pended pended phos- phos- NO,+NO; ammonia organic
solids solids phorus phorus nitrogen nitrogen nitrogen
Site Season (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
1 Snowmelt 1.9 1.9 0.24 0.18 2.7 0.95 1.5
1 Spring 265 38 .56 .10 .52 .36 2.5
1 Early
summer 48 28 .25 .16 .33 .09 1.6
1 Late
summer 8.9 2.6 .25 14 .49 .08 1.0
1 Autumn 2.6 2.4 .21 A1 .38 .10 1.1
2 Snowmelt 2.0 2.0 .21 A5 2.5 77 1.4
2 Spring 1.6 1.6 .09 .06 .29 .21 1.5
2 Early
summer 19 12 .19 12 .23 .35 1.4
2 Late
summer 3.9 2.2 .17 12 .22 .15 0.94
2  Autumn 2.0 1.8 .12 .10 .24 .08 .72
3  Snowmelt 3.1 3.1 .08 .03 .25 .52 1.2
3 Spring 17 10 .07 .03 Jd1 .14 1.4
3 Early
summer 9.0 7.0 .03 .01 .05 .10 1.2
3 lLate
summer 4.0 4.0 .02 .01 .05 .05 1.2
3  Autumn 1.0 1.0 .08 .03 850 .04 1.8
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Table 33.--Seasonal average storm flow-weighted mean concentration ratios
for suspended solids, phosphorus, and nitrogen at Fish Lake sites

[Seasons are: snowmelt - beginning of flow to April 22; spring - April 23
to June 1; early summer - June 2 to July 17; late summer - July 18
to September 4; autumn - September 5 to end of flowl

Percentage of Percentage of Percentage of

Site Season " suspended solids phosphorus in nitrogen in

in the dissolved the dissolved the form of

state state ammonia

1 Snowmelt 100 75 63
1 Spring 3 18 14
1 Early summer 58 64 6
1 Later summer 29 56 8
1 Autumn 92 52 9
2 Snowmelt 100 71 55
2 Spring 100 67 14
2 Early summer 63 63 25
2 Late summer 56 70 1€
2 Autumn 90 83 11
3 Snowmelt 100 38 43
3 Spring 59 43 10
3 Early summer 78 33 8
3 Late summer 100 50 4
3 Autumn 100 38 2
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Table 36.——Storm flow-weighted mean concentration ratios for suspended

solids, phosphorus, and nitrogen at Lake George

Percentage Percentage Percentage
Site Beginning timel/ Ending time of suspended of phosphor- of nitrogen
solids in us in the in the form
the volatile dissolved of ammonia
form state
1 4-05-82 0:00 4-16-82 0:00 100 54 24
1 4-16-82 0:00 5-04-82 0:00 100 44 33
1 5-04-82 0:00 5-14-82 0:00 100 34 5
1 5-14-82 0:00 5-26-82 0:00 100 57 5
_l_/ If beginning and ending time are the same, then concentration was a grab

sample; if time is 0:00, then exact time is unknown.
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Table 37.--Average storm flow-weighted mean concentrations
for each season at Lake George, 1982

[Seasons are: snowmelt — beginning of flow to April 22; spring - April 23
to June 1; early summer - June 2 to July 17; late summer - July 18 to
September 4; autumn - September 5 to end of flowl

Total Volatile Dis- Dis- Total
sus- sus— Total solved solved Total ammonia +
pended pended phos- phos- NO,+#NO; ammonia organic
solids solids ©phorus phorus nitrogen nitrogen nitrogen
Site Season (mg/L) (mg/L) (mg/L)  (mg/L) (mg/L) (mg/L) (mg/L)

1 Snowmelt
1 Spring

oo

2.0 0.21 0.12 0.10 0.29 1.2
6.0 .09 .04 A5 .33 1.0

AN
e o
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Table 38.--Seasonal average storm flow-weighted mean concentration ratios
for suspended solids, phosphorus, and nitrogen at Lake George

[Seasons are: snowmelt - beginning of flow to April 22; spring - April 23
to June 1; early summer - June 2 to July 17; late summer - July 18

to September 4; autumn - September 5 to end of flowl

Percentage of

Percentage of

Percentage of

Site Season suspended solids phosphorus in nitrogen in
in the dissolved the dissolved the form of
state state ammonia
1 Snowmelt 100 57 24
1 Spring 100 44 33
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Table 41.——-Storm flow-weighted mean concentration ratios for suspended

solids, phosphorus, and nitrogen at Lake Riley sites

Percentage Percentage Percentage
Site Beginning timel/ Ending time of suspended of phosphor- of nitrogen
solids in us in the in the form
the volatile dissolved of ammonia
form state

1 3-19-82 11:00 4-16-82 8:15 67 54 39

1 4-16-82 8:30 5-04-82 19:00 67 78 16

1 5-04-82 19:15 5-09-82 2:15 67 83 6

1 5-09-82 2:30 5-15-82 17:30 67 50 14

1 5-15-82 17:45 6-14-82 3:15 67 80 8

2 3-25-82 16:00 4-16-82 8:15 100 44 32

2 4-16-82 8:30 5-04-82 12:00 100 71 11

2 5-04-82 12:15 5-09-82 3:00 100 62 11

2 5-09-82 3:15 5-15-82 3:00 50 59 10

2 5-15-82 3:15 6-11-82 21:00 38 81 7

3 3-25-82 0:00 4~16-82 0:00 100 54 14

3 4-16-82 0:00 4~22-82 0:00 100 25 7

1

sample; if time is 0:00, then exact time is unknown.
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Table 42.--Average storm flow-weighted mean concentrations
for each season at Lake Riley, 1982

[Seasons are: snowmelt - beginning of flow to April 22; spring - April 23
to June 1; early summer - June 2 to July 17; late summer - July 18 to
September 4; autumn - September 5 to end of flowl

Total Volatile Dis- Dis- Total
sus— sus- Total solved solved Total ammonia +
pended pended phos- phos- NO,+NO; ammonia organic
solids solids phorus phorus nitrogen nitrogen nitrogen
Site Season (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

1 Snowmelt 2.9 2.0 0.11 0.06 1.0 0.73 1.8
1 Spring 2.6 1.7 .08 .06 0.74 .23 1.5
1 Early

summer 6.0 4.0 .05 .04 .20 12 1.6
2  Snowmelt 2.0 2.0 .25 J1 .76 .71 2.2
2 Spring 1.8 1.3 .16 A1 .87 .18 1.6
2 Early

summer 8.0 3.0 .16 .14 .85 .10 1.4
3  Snowmelt 2.0 2.0 .10 .05 .50 .20 1.4
3 Spring 8.0 8.0 .08 .03 .15 .10 1.6
3 Early

summer 3.9 3.9 .06 .01 .05 .09 1.7
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Table 43.--Seasonal average storm flow-weighted mean concentration ratios
for suspended solids, phosphorus, and nitrogen at Lake Riley sites

[Seasons are: snowmelt - beginning of flow to April 22; spring - April 23
to June 1; early summer - June 2 to July 17; late summer - July 18
to September 4; autumn - September 5 to end of flowl

Percentage of Percentage of Percentage of

Site Season suspended solids phosphorus in nitrogen in

in the dissolved the dissolved the form of

state state ammonia

1 Snowmelt 69 54 40
1 Spring 65 75 15
1 Early summer 67 80 8
2 Snowmelt 100 44 32
2 Spring 72 69 11
2 Early summer 38 88 7
3 Snowmelt 100 50 14
3 Spring 100 38 6
3 Early summer 100 17 5
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Table 46.--Storm flow-weighted mean concentration ratios for suspended

solids, phosphorus, and nitrogen at Spring Lake sites

Percentage Percentage Percentage
Site Beginning timel/ Ending time of suspended of phosphor- of nitrogen
solids in us in the in the form
the volatile dissolved of ammonia
form state
1 3-16-82 5:00 4-16-82 5:45 50 74 21
1 4-16-82 6:00 5-04-82 16:30 50 69 4
1 5-04-82 16:45 5-09-82 3:45 100 50 6
1 5-09-82 4:00 5-15-82 18:00 26 41 7
1 5-15-82 18:15 6-24-82 10:00 25 47 4
1 6-24-82 10:15 6-26-82 15:45 10 62 11
1 7-10-82 9:30 7-11-82 19:00 59 62 10
1 8-31-82 23:30 9-09-82 22:30 43 58 6
1 10-19-82 13:45 12-31-82 23:59 100 100 2
2 3-18-82 7:00 4-16-82 5:30 9 78 38
2 4-16-82 5:45 5-04-82 17:30 9 64 6
2 5-04-82 17:45 5-09-82 2:15 35 29 7
2 5-09-82 2:30 5-15-82 18:15 31 47 9
2 5-15-82 18:30 6-24-82 8:00 50 72 11
2 6-24-82 8:15 7-05-82 19:00 47 50 27
2 7-09-82 18:00 7-21-82 11:15 58 61 65
2 10-19-82 14:15 12-31-82 23:59 100 86 3
3 3-18-82 1:00 4-16-82 5:45 100 64 12
3 4-16-82 6:00 4-22-82 10:45 100 40 8

1

sample; if time is 0:00, then exact time is unknown.
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Table 47.—Average storm flow-weighted mean concentrations
for each season at Spring Lake, 1982

[Seasons are: snowmelt - beginning of flow to April 22; spring - April 23
to June 1; early summer - June 2 to July 17; late summer - July 18 to
September 4; autumn - September 5 to end of flowl

Total Volatile Dis- Dis- Total
sus- sus— Total solved solved Total ammonia +
pended pended phos— phos- NO,+NO3; ammonia organic
solids solids phorus phorus nitrogen nitrogen nitrogen
Site Season (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

1 Snowmelt 2.0 1.0 0.32 0.24 14.0 0.49 2.3
1 Spring 7.2 2.5 .16 .09 6.2 .11 2.1
1 Early

summer 53 13 .46 21 5.3 .16 3.6
1l IlLate

summer 7.0 3.0 .69 .40 0.75 d1 1.8
1 Autumn 4.0 2.0 .52 .38 .96 .08 2.0
2 Snowmelt 44 4.0 .32 .25 14.0 .93 2.5
2 Spring 19 4.5 .15 .09 6.4 .14 2.2
2 Early

summer 16 8.0 .29 21 4.3 .34 3.0
2 Late

summer 21 9.6 .70 .44 .84 .29 1.8
2 Autumn 7.5 3.0 .58 .42 .98 .08 1.8
3  Snowmelt 2.0 2.0 A1 .06 2.0 .14 1.2
3 Spring 6.0 6.0 .10 .03 1.80 Jd1 1.5
3 Early

summer 0.99 0.99 .16 .10 .15 1.7 2.3
3 late

summer 9.9 9.9 .09 .09 .10 .15 2.0
3 Autumn 1.0 1.0 .62 .13 .10 .08 10
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Table 48.--Seasonal average storm flow-weighted mean concentration ratios
for suspended solids, phosphorus, and nitrogen at Spring Lake sites

[Seasons are:

snowmelt — beginning of flow to April 22; spring - April 23

to June 1; early summer — June 2 to July 17; late summer - July 18

to September 4; autumn - September 5 to end of flowl

Percentage of

Percentage of

Percentage of

Site Season suspended solids phosphorus in nitrogen in
in the dissolved the dissolved the form of
state state ammonia

1 Snowmelt 50 75 21
1 Spring 35 56 5
1 Early summer 24 46 4
1 Late summer 43 58 6
1 Autumn 50 73 4
2 Snowmelt 9 78 37
2 Spring 24 60 6
2 Early summer 50 72 11
2 Late summer 46 63 16
2 Autumn 40 72 4
3 Snowmelt 100 54 12
3 Spring 100 30 7
3 Early summer 100 62 74
3 Late summer 100 100 8
3 Autumn 100 21 1
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Table 51.--Storm flow-weighted mean concentration ratios for suspended
solids, phosphorus, and nitrogen at Square Lake

Percentage Percentage
Site Beginning time}/ Ending time

Percentage
of suspended of phosphor-

of nitrogen
solids in us in the in the form
the volatile dissolved of ammonia
form state
1 3-19-82 0:15 4-16-82 9:15 100 100 50
1 4-16-82 9:30 4-22-82 7:15 100 25 39
}/If beginning and ending time are the same, then concentration was a grab
sample; if time is 0:00, then exact time is unknown.
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Table 52.--Average storm flow-weighted mean concentrations
for each season at Square Lake, 1982

[Seasons are: snowmelt - beginning of flow to April 22; spring - April 23
to June 1; early summer - June 2 to July 17; late summer - July 18 to
September 4; autumn - September 5 to end of flowl

Total Volatile Dis- Dis- Total
sus- sus- Total solved solved Total ammonia +
pended pended phos-  phos— NO,+NO; ammonia organic
solids solids phorus phorus nigrogen nitrogen nitrogen
Site Season (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

1 Snowmelt 3.0 3.0 0.01 0.01 0.25 0.12 0.25
1 Spring 1.0 1.0 .01 .01 .10 J1 .20
1 Early

summer 1.0 1.0 .04 .01 .05 .58 .20
1l Late

summer 2.0 2.0 .01 .0l .05 .04 .36
1 Autumn 1.0 1.0 .01 .01 .10 .06 .26
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Table 53.--Seasonal average storm flow-weighted mean concentration ratios
for suspended solids, phosphorus, and nitrogen at Square Lake

[Seasons are: snowmelt - beginning of flow to April 22; spring - April 23
to June 1; early summer - June 2 to July 17; late summer - July 18
to September 4; autumn - September 5 to end of flowl

Percentage of Percentage of Percentage of
Site Season suspended solids phosphorus in nitrogen in
in the dissolved the dissolved the form of
state state ammonia

1 Snowmelt 100 100 48

1 Spring 100 100 55

1 Early summer 100 25 34

H Late summer 100 100 11

1 Autumn 100 100 23
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Outflows

This section contains outflow hydrographs divided into 6-week sampling
periods. There are two hydrographs for each 6-week sampling period and each
hydrograph contains three lake outflows. Also included are mean concentration
tables and mean concentration ratio tables.
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Table 56.--Weekly flow-weighted mean concentration ratios for suspended
solids, phosphorus, and nitrogen at study sites

1 Percentage Percentage Percentage
Site Beginning time~/ Ending time of suspended of phosphor- of nitrogen

solids in us in the in the form
the volatile dissolved of ammonia
form state
BRYANT LAKE
1 4-22-82 (0:00 7-14-82 23:59 100 60 9
2 4-22-82 0:00 6-01-82 23:59 100 50 5
2 6-02-82 0:00 7-13-82 13:00 100 67 4
LAKE ELMO
1 4-22-82 0:00 7-14-82 23:59 100 100 10
3 4-22-82 0:00 7-14-82 23:59 100 50 4
4 4-22-82 8:30 6-01-82 23:59 100 67 11
4 6-02-82 (0:00 7-17-82 23:59 100 25 8
4 7-18-82 0:00 9-04-82 23:59 100 11 3
4 9-05-82 0:00 12-31-82 23:59 100 50 2
FISH LAKE
1 4-22-82 0:00 7-14-82 23:59 100 100 2
2 4-22-82 13:00 7-14-82 23:59 100 28 2
Al 4-22-82 0:00 7-14-82 23:59 100 70 1
A2 4-22-82 0:00 7-14-82 23:59 100 73 1
3 4-22-82 12:45 6-01-82 23:59 60 43 8
3 1-02-82 0:00 7-17-82 23:59 78 33 9
3 7-18-82 0:00 9-04-82 23:59 100 50 4
3 9-05-82 0:00 12-31-82 23:59 100 38 2
LAKE RILEY
1l 4-22-82 0:00 7-14-82 23:59 100 62 3
2 4-22-82 (0:00 7-14-82 23:59 100 100 12
3 4-22-82 12:15 6-01-82 23:59 100 38 6
3 6-02-82 0:00 6-15-82 12:00 100 17 5
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Table 56.--Weekly flow-weighted mean concentration ratios for suspended
solids, phosphorus, and nitrogen at study sites-—Continued

Percentage

Percentage Percentage
Site Beginning time Ending time of suspended of phosphor- of nitrogen

solids in in the dis- in the form
the volatile solved state of ammonia
form
SPRING LAKE
1 4-22-82 0:00 7-14-82 23:59 100 92 5
2 4-22-82 0:00 7-14-82 23:59 34 100 3
3 4-22-82 11:00 6-01-82 23:59 100 38 12
3 6-02-82 0:00 7-17-82 23:59 100 62 71
3 7-18-82 0:00 9-04-82 23:59 100 100 8
3 9-05-82 0:00 12-31-82 23:59 100 21 1
SQUARE LAKE
1 4-22-82 7:30 6-01-82 23:59 100 100 55
1 6-02-82 0:00 7-17-82 23:59 100 25 100
1 7-18-82 0:00 9-04-82 23:59 100 100 11
1 9-05-82 0:00 12-31-82 23:59 100 100 23

}/If beginning and ending time are the same, then concentration was a grab
sample; if time is 0:00, then exact time is unknown.
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Seasonal Loads

Contained in this section are total seasonal load and average seasonal
load tables, organized by lake. Zero's in a column indicate no flow during the
period.
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Table 58.--Average seasonal storm loads at Bryant Lake sites, 1982

[Seasons are: snowmelt - beginning of flow to April 22; spring - April 23
to June 1; early summer - June 2 to July 17; late summer - July 18 to
September 4; autumn - September 5 to end of flowl

Total Volatile Dis- Dis- Total

sus-— sus— Total solved solved Total ammonia +
Site Season pended pended phos- phos- NO,+NO3; ammonia organic

solids solids phorus phorus nitrogen nitrogen nitrogen

(kg) (kg) (kqg) (k@) (kg) (kg) (kg)

1 Snowmelt 170 170 5.9 3.4 310 28 92
1 Spring 93 43 0.87  0.53 12 1.3 14
1l Early

summer 300 40 1.0 .52 2.0 0.72 13
1 late

summer 18 4.0 .22 .19 0.21 .06 0.97
1 Autumn 85 25 1.4 .85 1.8 .98 7.3
2  Snowmelt 850 850 17 4,2 210 330 575
2 Spring 230 230 2.3 1.7 35 18 92
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Table 60.--Average seasonal storm loads at Lake Elmo sites, 1982

[Seasons are: snowmelt - beginning of flow to April 22; spring - April 23
to June 1; early summer - June 2 to July 17; late summer - July 18 to
September 4; autumn - September 5 to end of flowl

Total Volatile Dis- Dis- Total
sus— sus— Total solved solved Total ammonia +
Site Season pended pended phos- phos- NO,+NO3 ammonia organic
solids solids phorus phorus nigrogen nitrogen nitrogen

(kq) (kg) (kg) (kq) (kg) (kqg) (kg)

1 Snowmelt 21,000 1,800 29 4.1 82 12 87
1 Spring 1,800 300 3.3 0.87 14 9.7 21
1 Early

sunmer 12,000 1,100 13 2.7 21 4.0 65
1 Late

summer 250 10 0.26 14 0.60 0.10 1.4
2  Snowmelt 5,200 630 22 13 95 130 230
2 Spring 130 42 1.2 .70 1.2 1.0 13
3 Snowmelt 1,400 550 44 14 140 88 390
3 Spring 350 210 5.0 1.7 5.0 7.8 52
4 Snowmelt 311 311 8.8 3.5 50 22 148
4 Spring 530 530 16 11 27 59 53
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Table 62.--Average seasonal storm loads at Fish Lake sites, 1982

[Seasons are: snowmelt - beginning of flow to April 22; spring - April 23
to June 1; early summer - June 2 to July 17; late summer - July 18 to
September 4; autumn - September 5 to end of flowl

Total Volatile Dis- Dis- Total
sus- sus- Total solved solved Total ammonia +

Site Season pended pended phos- phos- NO,#NO3 ammonia organic
solids solids phorus phorus nitrogen nitrogen nitrogen

(kg) (kg) (kg) (kg) (kg) (kg) (kg)

1 Snowmelt 150 150 19 14 210 74 120
1 Spring 4,300 610 8.8 1.6 8.2 5.8 40
1 Early

summer 500 300 2.7 1.6 3.5 0.95 17
1 late

summer 19 5.6 0.52 0.28 1.1 .17 2.2
1 Autumn 4.8 4.4 .40 .20 0.75 .18 2.2
2  Snowmelt 170 170 18 13 210 65 120
2 Spring 22 22 1.2 .87 4.0 2.9 21
2 Early

summer 160 110 1.8 1.0 2.0 3.0 12
2 Late

summer 15 8.6 .64 .46 .86 .58 3.6
2  Autumn 9.8 8.6 .60 .48 1.2 .38 3.5
3  Snowmelt 670 670 16 6.4 57 100 258
3 Spring 7800 4700 27 12 20 43 560
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Table 64.--Average seasonal storm loads at Lake George, 1982

[Seasons are: snowmelt - beginning of flow to April 22; spring — April 23
to June 1; early summer - June 2 to July 17; late summer - July 18 to
September 4; autumn - September 5 to end of flowl

Total Volatile Dis- Dis- Total
sus— sus- Total solved solved Total ammonia +
Site Season pended pended phos-  phos- +NO3 ammonia  organic
solids solids phorus phorus mgrogen nitrogen nitrogen
(kg) (kg) (kg) (kg) (kg) (kg) (kg)
1 Snowmelt 140 140 15 8.4 7.0 20 84
1 Spring 160 160 2.4 1.0 3.9 8.6 26

- s . e S - e o S e ——— .+ 3 - B .
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Table 66.——-Average seasonal storm loads at Lake Riley sites, 1982

[Seasons are: snowmelt - beginning of flow to April 22; spring - April 23
to June 1; early summer - June 2 to July 17; late summer - July 18 to
September 4; autumn - September 5 to end of flow]

Total Volatile Dis- Dis- Total

sus- sus-— Total solved solved Total ammonia +
Site Season pended pended phos- phos- NO,+NO3 ammonia organic

solids solids phorus phorus nitrogen nitrogen nitrogen

(kg) (kg) (kg) (kg) (kg) (kg) (kg)

1 Snowmelt 1,600 1,100 60 33 550 400 1,000

1 Spring 300 200 9.0 6.7 80 25 170
1 Early

summer 960 650 8.0 6.5 24 19 240

2 Snowmelt 1,600 1,600 200 87 600 560 1,700

2 Spring 240 180 22 15 120 25 230
2 Early

summer 1,600 590 31 26 170 20 280

3  Snowmelt 620 620 36 18 160 62 490

3 Spring 4,400 4,400 44 16 82 55 900
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Table 68.--Average seasonal storm loads at Spring Lake sites, 1982

[Seasons are:

to June 1;

snowmelt - beginning of flow to April 22; spring - April 23
early summer - June 2 to July 17; late summer - July 18 to
September 4; autumn - September 5 to end of flowl

Total Volatile Dis- Dis- Total
sus- sus- Total solved solved Total ammonia +
Site Season pended pended phos—~  phos- +NO; ammonia organic
solids solids phorus phorus nlgrogen nitrogen nitrogen
(kg) (kg) (kg) (kg) (kg) (kg) (kg)
1l Snowmelt 3,700 1,900 580 430 27,000 890 4,200
1 Spring 1,200 430 26 16 1,100 19 370
1 Early
surmer 5,300 1,300 46 21 550 16 370
1 Late
summer 220 93 21 12 23 3.4 55
1 Autumn 740 740 270 270 890 30 1,600
2  Snowmelt 72,000 6,500 520 410 24,000 1,500 4,000
2 Spring 2,000 460 15 9.1 670 15 230
2 Early
summer 1,900 940 34 24 500 40 350
2 Late
summer 320 180 2.9 1.8 1.0 7.0 10.7
2 Autumn 370 370 160 140 370 22 700
3 Snowmelt 7,200 7,200 400 250 7,400 540 4,500
3 Spring 3,100 3,100 52 21 940 57 750
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Table 70.--Average seasonal storm loads at Square Lake, 1982

[Seasons are: snhowmelt - beginning of flow to April 22; spring - April 23
to June 1; early summer - June 2 to July 17; late summer - July 18 to
September 4; autumn - September 5 to end of flowl

Total Volatile Dis—- Dis- Total
sus- sus— Total solved solved Total ammonia +
Site Season pended pended phos- phos- NO,+NO3 ammonia organic
solids solids phorus phorus nitrogen nitrogen nitrogen
(kg) (kg) (kg) (kg) (kg) (kg) (kg)
1 Snowmelt 400 400 1.3 1.3 33 16 32
1 Spring 39 39 1.6 .39 9.7 4.3 11
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Annual Concentrations and Loads

This section contains estimated flow hydrographs for each lake from July 1
through December 31, 198l. Tables for average concentrations at inflow sites
for 1982, average concentration ratios at inflow sites for 1982, average storm
loads at inflow sites for 1982, and total loads at all sites for 198l and 1982
are also included in this section.
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Table 71.--Average storm flow-weighted mean concentrations
at all inflow sites for 1982

Total Volatile Dis- Dis- Total
sus- sus— Total solved solved Total ammonia +
pended pended phos- phos- NO,#NO3; ammonia organic
solids solids phorus phorus nigrogen nitrogen nitrogen
Site Season (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

BRYANT LAKE
1 2.6 1.4 0.03 0.01 0.34 0.04 0.24
LAKE ELMO
1 73 7.2 0.09 0.02 0.28 0.08 0.40
2 14 1.9 .06 .04 .25 .33 .69
3 3.4 1.7 .08 .02 .20 .15 .72
FISH LAKE
1 16 3.7 0.06 0.03 0.26 0.10 0.34
2 6.4 4.4 .19 .11 1.7 .55 1.3
LAKE GEORGE
1 2.1 2.1 0.08 0.04 0.06 0.16 0.54
LAKE RILEY
1 1.1 0.74 0.03 0.02 0.27 0.16 0.56
2 0.93 .65 .07 .04 .27 .15 .64
SPRING LAKE
1 1.6 0.51 0.07 0.05 1.8 0.06 0.46
2 6.6 .86 .07 .05 2.0 .13 .48
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Table 72.--Average storm flow-weighted mean concentration
ratios for suspended solids, phosphorus, and
nitrogen at all inflow sites for 1982

Percentage of

Percentage of

Percentage of

Site suspended solids phosphorus in nitrogen in
in the dissolved the dissolved the form of
state state ammonia

BRYANT LAKE

1 54 33 17

LAKE ELMO

1 10 22 20

2 14 67 48

3 50 25 21

FISH LAKE

1 23 50 29

2 69 58 42
LAKE GEORGE

1 100 50 30
LAKE RILEY

1 67 67 29

2 70 57 23
SPRING LAKE

1 32 71 13

2 13 71 27
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Table 73.--Average storm loads for 1982 at all sites

Total Volatile Dis-  Dis- Total
sus- sus- Total solved solved Total ammonia +
Site Season pended pended phos- phos- NO,+NO3 ammonia organic
solids solids phorus phorus ni%rogen nitrogen nitrogen
(kg) (kg) (kg) (kg) (kg) (kg) (kg)
BRYANT LAKE
1 130 36 1.2 0.70 23 2.4 14
2 650 650 9.3 3.5 94 120 340
o " LAKE ELMO B
1 6,500 640 8.7 1.6 25 7.5 37
2 1,400 190 6.2 3.8 25 33 67
3 560 280 13 4.2 32 24 120
o B FISH LAKE T
1 960 220 3.8 1.8 15 5.8 21
2 76 55 2.2 1.5 14 5.6 16
3 2,000 1,200 15 6.2 30 52 300
LAKE GEORGE -
1 150 150 5.5 2.9 4.7 11 40
LAKE RILEY
1 680 460 19 12 160 99 350
2 780 550 59 32 220 130 530
3 1,900 1,900 39 17 140 59 640
SPRING LAKE
1 2,700 890 121 91 3,600 110 900
2 9,200 1,200 91 71 3,000 180 80
3 4,700 4,700 430 140 2,000 490 6,400
SQUARE LAKE
1 480 480 ‘ 5.3 2.1 21 67 97
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