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Comprehensive Lake Management Plan for
Ravine Lake, Washington County, Minnesota

Summary

Ravine Lake is a 25 acre lake with an average depth of 7 feet.  A comprehensive study was
conducted from 2000 through 2002  Based on these results and on other available information a
lake management plan was prepared.

Important Findings of this Study:
• Ravine Lake is highly nutrient enriched and is classified as eutrophic.
• An updated lake map was constructed by the MnDNR based on aerial photography from 2000. 

The lake size was estimated to be 24.7 acres.
• The shoreline is 98% natural.  This is a real asset for the lake and should be maintained.
• Lake sediments were found to have high fertility.  If Eurasian watermilfoil invades Ravine

Lake, we predict there would be up to 8 acres of matted growth.
• There appears to be an area of strong groundwater inflow in the north end of Ravine Lake. 

This was found using seepage meters and from a shoreline conductivity survey.
• A surprising finding was that five-year old walleyes were captured in a 2001 MnDNR fish

survey even through winter dissolved oxygen measurements did not detect oxygen in the
middle of the lake.  We speculate that springs carry in enough oxygenated water to support
some fish.

• Based on future development using either the existing watershed size or an increased
watershed size, lake water quality is not predicted to get better.

• Lake management objectives center around creating active and passive recreational
opportunities.  Recreational fishing projects are being implemented by the MnDNR.  Passive
recreational activities would center primarily around sight-seeing.

Lake Management Recommendations
1. Erosion control in several stretches of steep gradient stream channels.
2. Implement stormwater management programs of the Cities within the watershed.
3. Leave the standing trees in the lake in place.  They serve as wildlife habitat.
4. Continue to work with the MnDNR on fishing improvements - fishing piers and fish stocking.
5. Establish shoreline openings for visitors to get to the lake.
6. Designate the lake a non-motorized lake or a trolling motor only lake.
7. The lake strongly stratifies in summer and there is no oxygen in water deeper than 6-feet. 

Nutrient release from lake sediments probably occurs (based on the high winter TP when
dissolved oxygen was depleted).  One option is to set-up an aeration system for summer and
winter aeration.  Winter aeration would produce open water conditions.  A second option is a
lake sediment alum treatment.  This is not recommended unless black bullhead numbers are
dramatically reduced.  The third option is no aeration and no alum.  The lake will remain
eutrophic and the fish population will use rise and fall depending on the severity of winterkill.
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1.  Introduction and Project Setting

Ravine Lake is located in the Cottage Grove Ravine.  The lake is approximately 25 acres in size. 
This waterbody formerly existed as a Type 4 wetland, with an open area of about 6 acres but due
to higher water levels in recent years, it has a lake appearance now.  It is not clear whether this
waterbody will continue to exist as a lake or revert back to a wetland-type system in the future
due to its apparent reliance on groundwater and higher than normal groundwater levels in recent
years.  The maximum depth of the lake, as of August 8, 2001 was 16 feet.  This depth should
support a gamefish community; however, water quality will dictate which type of fishery
becomes established.  Currently there is no developed public boat access to the lake.  A
bathymetric map of the lake is shown in Figure 1.  

The lake has been monitored for two years through the CAMP program.  Based on data showing
low water clarity and elevated phosphorus concentrations, the lake is eutrophic.  This means it
has moderate to high fertility levels and will support nuisance algae blooms.

The active drainage area to
Ravine Lake is about 800 acres
with an ephemeral inflow on the
northeast side of the lake
(ephemeral means a stream only
flows occasionally, usually with
a rainfall).  There is a potentially
large watershed to the
northwest, but it does not appear
to carry surface flow to the lake
in any great quantity under
normal hydrologic conditions at
this time.  

A comprehensive study was
undertaken to better understand
the ramifications of future high
runoff resulting from extreme
events and then design projects
to improve conditions and
sustain desirable water quality.

Figure 1.  Bathymetric map of

Ravine Lake.
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2.  Geology and Soils

Glacial Geology 
As glaciers advanced across Minnesota they carried along material ranging from huge boulders to
small sand particles.  As the glaciers melted they left behind the materials that had been carried
along.  This material is known as drift.  The Ravine Lake basin is located in a ground moraine
from the Superior Lobe (Figure 2).

Legend
DEPOSITS ASSOCIATED WITH THE SUPERIOR LOBE (PLEISTOCENE, LATE WISCONSINAN) - reddish-
brown noncalcareous drift; clasts predominantly igneous and metamorphic rocks of the Canadian Shield, but
also present are distinctive clasts from the Superior basin, including red sedimentary rocks, amygdaloidal basalt,
red rhyolite and agate.

ST. CROIX MORAINE ASSOCIATION - sandy, stony till; locally calcareous in the Twin Cities area because of
incorporated local limestone bedrock.

Ir
WEATHERING RESIDUUM OVER BEDROCK (PLEISTOCENE, PRE-WISCONSINAN) - Loess-
covered; includes remnants of highly eroded old drift and slopewash sediment.

so
OUTWASH - undivided as to moraine association; includes scoured bedrock surfaces in meltwater
channels.

ssg
Ground moraine; the contact between this unit and the equivalent unit of the Rainy lobe (rsg) is
arbitarily located within a transitional zone.

sse End moraine.

td

TERRACES (HOLOCENE TO PLEISTOCENE) - remnants of former channels and flood plains, and
below the levels of adjacent moraine or outwash surfaces.  Predominantly sand and gravel, but finer
grained material also occurs, especially in the terraces along small tributaries of the Mississippi River. 
Parts of tome terraces are scoured surfaces rather than deposits.

Figure 2.  Geology of Ravine Lake.
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Soils
The soils in the Ravine Lake watershed range from excessively drained to poorly drained soils. 
There are seven different soil associations represented in the Ravine Lake watershed: Antigo-
Chetek-Mahtomedi; Sparta-Dickman-Hubbard,  Santiago-Kingsley, Antigo-Comstock,
Ostrander-Baytown-Ripon, Copaston-Sparta, and Waukegan-Baytown-Ripon.

The majority of the Ravine Lake watershed is the Antigo-Chetek-Mahtomedi and the Sparta-
Dickman-Hubbard Groups (Figure 3) the soils are represented by well drained to excessively
drained soils, medium to coarse texture soils, mostly on outwashed plains. 

A map of soil series is shown in Figure 4.  Many of the soils are rated as moderate to severe for
septic tank/soil absorption systems due to wetness, poor filter, and seepage caused by slow percs. 
These soils may not treat wastewater as well as a more loamy soil.

Legend
Antigo-Chetek-Mahtomedi: Nearly
level to steep, well drained to
excessively drained, medium
textured to coarse textured soils;
mostly on outwash plains.

2

Sparta-Dickman-Hubbard: Level to
moderately steep, excessively
drained and somewhat excessively
drained, moderately coarse textured
and coarse textured soils; mostly on
outwash terraces.

3

Santiago-Kingsley: Undulating to
steep, well drained, medium textured
and moderately coarse textured
soils; on uplands.

7

Antigo-Comstock: Level to
moderately sloping, well drained and
somewhat poorly drained, medium
textured soils; on outwash plains
and glacial lake plains.

10

Ostrander-Baytown-Ripon: Nearly
level to moderately sloping, well
drained, medium textured soils; on
upland.

11

Copaston-Sparta: Nearly level to
moderately steep, well drained and
excessively drained, medium
textured and coarse textured soils;
mostly on terraces.

13

Waukegan-Baytown-Ripon: Level to
moderately sloping, well drained,
medium textured soils, on uplands.

14

Figure 3.   Soil associations for the Ravine Lake watershed.
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Figure 4.  Representative soils around Ravine Lake.
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Table 1.  Characteristics of soils series for soils in Washington County.  Corn production is
from Table 5, % clay, organic matter, and pH are from Table 15, and septic tank absorption field
descriptions are from Table 11.

Soil Number and Name Characteristics
Corn

Production
(bushel/ac)

Clay %
(A horizon)

Organic
Matter (%)

Soil
Reaction

pH

Septic Tank Absorption

Ravine Lake
2 Ostrander 95 18-27 3-5 5.6-7.3 Slight
2B Ostrander 90 18-27 3-5 5.6-7.3 Slight
2C Ostrander 80 18-27 3-5 5.6-7.3 Slight
7D Hubbard -- 4-10 1-2 5.1-7.3 Severe: slope
8 Sparta 50 3-10 1-2 5.1-7.3 Slight
8B Sparta 50 3-10 1-2 5.1-7.3 Slight
8C Sparta -- 3-10 1-2 5.1-7.3 Moderate: slope
49 Antigo 70 10-15 2-3 4.5-6.5 Slight
49B Antigo 70 10-15 2-3 4.5-6.5 Slight
49C Antigo 60 10-15 2-3 4.5-6.5 Moderate: slope
49D Antigo 50 10-15 2-3 4.5-6.5 Severe: slope
298 Richwood 95 15-22 2-5 5.6-7.3 Slight
298B Richwood 95 15-22 2-5 5.6-7.3 Slight
301B Lindstrom 95 18-24 3-5 5.6-7.3 Slight
327 Dickman 55 10-18 2-4 6.1-7.3 Slight
327B Dickman 50 10-18 2-4 6.1-7.3 Slight
411 Waukegan 80 18-30 2-5 5.6-7.3 Slight
411B Waukegan 80 18-30 2-5 5.6-7.3 Slight
454B Mahtomedi 45 5-10 <1 5.1-6.5 Slight
454C Mahtomedi 45 5-10 <1 5.1-6.5 Moderate: slope
454D Mahtomedi -- 5-10 <1 5.1-6.5 Severe: slope
454F Mahtomedi -- 5-10 <1 5.1-6.5 Severe: slope
529 Ripon 75 10-18 2-4 5.6-7.8 Severe: depth to rock
529C Ripon 65 10-18 2-4 5.6-7.8 Severe: depth to rock
543 Markey 50 -- 55-85 5.6-7.8 Severe: wetness, floods, subsides
1847 Barronett, sandy substratum 70 16-22 4-6 5.1-6.5 Severe: wetness, floods, percs slowly
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3.  Watershed Characteristics

3.1.  Land Use
The MnDNR outlined a watershed in 1988 (Figure 5).  It includes both the active watershed (1)
and the inactive watershed (2).  The base map is from 1967 and shows that Ravine Lake is a
wetland.

The watershed of Ravine Lake was more recently delineated by EOR consultants (June 2000)
and is shown in Figure 6.  The active watershed (Figure 6) is estimated to be about 800 acres. 
There is the potential for another 2,500 acres to contribute flow in the future, but at the present
time this is mostly non-contributing watershed (shown as Future and Small Future Possibility
areas in Figure 5).

Figure 5.  Ravine Lake w atershed in 1988  (source: M nDNR 1988).
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Figure 6.  Ravine Lake watershed (source: EOR  2000). 
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3.2.  Shoreland Inventory
The shoreland area encompasses three components: the upland fringe, the shoreline, and shallow
water area by the shore.   A photographic inventory of the 0.9 mile Ravine Lake shoreline was
conducted on July 19, 2001.  The objectives of the survey were to characterize existing shoreland
conditions which will serve as a benchmark for future comparisons.

For each photograph we looked at the shoreline and the upland condition.  Our criteria for natural
conditions were the presence of 50% native vegetation in the understory and at least 50% natural
vegetation along the shoreline in a strip at least 15 feet deep.  We evaluated shorelands and
uplands at the 75% natural level as well.

A summary of the inventory results is shown in Table 2.  Based on our subjective criteria 100%
of the parcels in Ravine Lake shoreland area meet the natural ranking criteria for shorelines and
upland areas and there is about 98% natural shoreline.  The only area without natural vegetation
is along the entrance road that runs by Ravine Lake. 

A contributing factor to a high percentage of Ravine Lake parcels with natural conditions is that
Ravine Lake is within park setting. 

Table 2.  Summary of shoreline buffer and upland conditions in the shoreland
area of Ravine Lake.  Approximately 9 parcels were examined.

Ravine Lake Natural Shoreline
Condition

Natural Upland
Condition

Undevel.
Photo

Parcels

Shoreline Structure
Present

>50% >75% >50% >75% riprap wall

TOTALS
(no. of parcels = 9)

100%
(9)

100%
(9)

100%
(9)

100%
(9)

100%
(9)

0%
(0)

8%
(1)
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Results of individual parcel evaluations are shown in Table 3.  A key to parcel locations is shown
on the map on the next page.

A “parcel” represents a photo of an undeveloped shoreline area around Ravine Lake.  The lake
has a 0.9 miles of shoreline and 9 photos were used to characterize shoreland conditions.

Table 3.  Summary of shoreland conditions for the 0.9 miles of shoreline around Ravine
Lake.  Nine photographs were used.  

 ID # Natural Upland

Condition

Natural

Shoreline

Condition

Shoreline

Erosion

Shoreline Structure Comments

>50% >75% >50% >75% No Yes* No Yes

riprap wall

1 X X X X X X

2 X X X X X X

3 X X X X X X

4 X X X X X X

5 X X X X X X

6 X X X X X X

7 X X X X X X

8 X X X X X X Inlet area.

9 X X X X X X

TOTALS 9/9

(100%)

9/9

(100%)

9/9

(100%)

9/9

(100%)

9/9

(100%)

8/9

(89%)

0/9

(0%)

1/9

(11%)

*Slight, Moderate, Severe

A comparison of Ravine Lake conditions to other lakes in Minnesota and Wisconsin is shown in
Table 4 and Figure 7.
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Key to shoreland photo parcels for Ravine Lake, July 19, 2001.
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1 2 3

4 5 6

7 8 9
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Table 4.  Summary of shoreland inventories from Ravine Lake and 21 other lakes in
Minnesota and Wisconsin.

Lake Eco-
region

Date of
Survey

Total
Number

of
Parcels

(#)

Undevel.
Parcels

% (#)

Natural Upland
Condition

Natural Shoreline
Condition

Parcels
with

Erosion
 % (#)

Parcels
with

Shoreline
Revetment 

% (#)

 > 50% 
% (#)

>75% 
% (#)

 > 50% 
% (#)

>75% 
% (#)

Ravine Lake
Washington Co, MN

CHF 7.19.01 12 100 (12) 100 (12) 100 (12) 100 (12) 100 (12) 0 (0) 8 (1)

Diamond Lake
Kandiyohi Co, MN

CHF
8.13 &
14.02

344 2 (7) 13 (44) 11 (39) 16 (56) 12 (42) 1 (5) 49 (168)

Green Lake
Kandiyohi Co, MN

CHF 9.19.01 721 1 (9) 20 (146) 12 (88) 19 (140) 14 (100) 0 62 (446)

Orchard Lake
Dakota Co, MN

CHF 9.17.01 109 4 (4) 47 (51) 30 (33) 53 (58) 32 (35) 0 54 (59)

Rush Lake
Chisago Co, MN

CHF  9.16.00 524 11 (58) 48 (253) 28 (147) 51 (267) 38 (201) 1 (3) 18 (92)

West Rush CHF  9.16.00 332 12 (40) 52 (171) 31 (103) 55 (184) 43 (142) 1 (2) 15 (50)

East Rush CHF  9.16.00 192 9 (18) 43 (82) 23 (44) 43 (83) 31 (59) 1 (1) 22 (42)

 Comfort
Chisago Co, MN

CHF
 10.9-       
 11.2.98

100 -- 62 (62) -- 50 (50) -- -- 12 (12)

 Maple Grove Lake           
   Summary, MN

CHF
 9.30 -      
 10.12.99

644 14 (89) 67 (431) 48 (312) 60 (385) 48 (310) 1 (3) 20 (129)

Cedar Island
CHF

 9.30 -      
 10.12.99

93 5 (5) 62 (58) 35 (33) 55 (51) 39 (36) 0 22 (21)

Eagle
CHF

 9.30 -      
 10.12.99

90 14 (13) 64 (58) 52 (47) 47 (42) 41 (37) 0 35 (32)

Edward
CHF

 9.30 -      
 10.12.99

34 12 (4) 91 (31) 88 (30) 76 (26) 71 (24) 6 (2) 3 (1)

Fish
CHF

 9.30 -      
 10.12.99

170 7 (12) 74 (126) 44 (75) 57 (97) 41 (70) 1 (1) 20 (34)

Pike
CHF

 9.30 -      
 10.12.99

9 56 (5)     100 (9) 100 (9) 100(9) 100 (9) 0 0

Rice
CHF

 9.30 -      
 10.12.99

137 33 (45) 71 (97) 64 (87) 81 (111) 74 (102) 0 19 (25)

Weaver 
CHF

 9.30 -      
 10.12.99

111 5 (5) 47 (52) 28 (31) 44 (49) 29 (32) 0 14 (16)

 Powers 
    City of Woodbury, MN

CHF 30 90 (27) 90 (27) 90 (27) 97 (29) 97 (29) 0 0

 Upper Prior
Scott Co, MN

CHF
 9.30-       
 10.12.99

366 10 (37) 51 (187) 36 (132) 35 (128) 31 (113) 4 (15) 46 (168)

 Lower Prior
Scott Co, MN

CHF
 9.24-       
 30.99

691 10 (66) 36 (249) 24 (166) 22 (152) 17 (117) 5 (35) 54 (373)

Plum Lake
Vilas Co, WI

LF 7.26.01 225 13 (30) 75 (169) 58 (130) 81 (182) 708(158) -- 9(4)

 Bear
Oneida Co, WI

LF  6.8.99 115 6 (7) 93 (107) 78 (90) 84 (97) 77 (89)  1 (1) 8 (9)

 Nancy Lake
Washburn Co, WI

LF  9.21.00 217 19 (41) 77 (167) 65 (141) 80 (174) 72 (156) 5 (11)

 Big Bearskin
Oneida Co, WI

LF  8.10.99 130 -- 73 (95) 63 (82) 80 (104) 67 (87) -- 0

 Ballard chain
Vilas Co, WI

LF  7.23.99 110 -- 98 (108) 96 (106) 96 (106) 95 (105) -- 0

* CHF = Central Hardwood Forest Ecoregion
** LF = Lake and Forests Ecoregion



Comprehensive Lake Management Plan for Ravine Lake 13

Figure 7.  A summary of shoreland inventory results for lakes using an evaluation based on shoreland

photographs.  For each lake the percentage of shoreline and upland conditions with greater than 50% natural

conditions is show n.  The first tier of lakes are located in northern W isconsin.  The low er tier of lakes are in

the Twin City Metropolitan area and are considered urban lakes.  Although several lakes are “urban” lakes

most of the shoreland is ow ned by the city and there is a high percentage of natural conditions.   The middle

tier of lakes are about an hour’s drive from the Twin Cities, and are not considered to be urban lakes, they

are “country” lakes.

Ravine Lake is a Twin City Metropolitan lake.  It’s natural shoreland conditions are above average compared

to the other metropolitan lakes.
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3.3.  Groundwater
Groundwater inflows (also referred to as springs) were evaluated using two methods.  The first
was with a conductivity survey and the second was with the use of seepage meters.

Conductivity survey results are shown in Figure 8.  Two general areas of inflow are proposed
based on conductivity readings that are below background readings of 241.  The general areas of
groundwater inflow appear to be the north end and the lower east end.

Figure 8.  Conductivity survey conducted on August 14, 2001.
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The volume of groundwater entering the north end of Ravine Lake was checked on October 26,
2001 (Table 5).

Table 5.  Ravine Lake groundwater results for October 26, 2001.  Seepage meter
is 23 inches in diameter, which is equivalent to 0.266 meters2.

Minutes Quantity of

Water Collected 

(ml)

Seepage Rate

ml/min liters/day/m 2

Seepage Meter 1

10:30 am - 12:40 pm
130 28 0.22 1.2

Seepage Meter 2

10:30 am - 12:40 pm
130 4 0.03 0.2

Seepage Meter 3

10:30 am - 11:30 am
60 58 0.97 5.2

Seepage Meter 3

11:30 am - 12:40 pm
70 7 0.1 0.54

Seepage Meter 4

10:30 am - 12:40 pm
130 359 2.76 14.9

Average 104 91 0.82 4.4

Average seepage volume for 5 tests was 4.4 liters/day/m2.  If we take 2000 meters of shoreline
out 10 meters into the lake then a daily groundwater inflow would be 88 m3/day or 32,120
meters3/yr.

Based on a lake size of 25 acres and an average depth of 7 feet, the lake volume is approximately
175 acre-feet or 215,845 m3.  Estimated annual groundwater inputs represent about 15% of the
lake volume.

This average groundwater velocity entering Ravine Lake would be approximately 1.65 cm/day
which is somewhat a typical velocity.  Seepage meter 4 had the highest velocity at 5.64 cm/day.

If this groundwater flow rate occurred over the winter and if groundwater was entering Ravine
Lake at 10 mg of dissolved oxygen per liter, it would maintain dissolved oxygen at 4 mg/l for a
small area of 16m x 16m x 1m.  This could be large enough to allow some fish to overwinter in
Ravine Lake, even if the rest of the lake lost all its oxygen.  It this case, incoming groundwater
would serve as a type of natural winter aeration.
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3.4.  Streams and Ravines

No perennial streams flow into Ravine
Lake, but there is interesting evidence of
ephemeral stream flow that has probably
been occurring for thousands of years.  

A recent pictural history of the main inflow
(from 1994 to 2001) is shown in Figure 9.

The stream channel has cut through
bedrock indicating that at times, flow must
have been substantial.

For this study period, flows were flashy and
were not measured, but water samples were
collected from pools left after a storm
event.  Results are shown in Table 6. 
Nutrient concentrations are elevated
compared to an ecoregion stream value of
about 150 ppb.

Figure 9. All three pictures are stream channels in a steep gradient on the northeast side of Ravine Lake and

are in subwatershed RL-1, the active w atershed. 

[top] October 1994

[middle] June 2000.

[bottom] July 2001.
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Table 6.  Phosphorus and suspended solid concentrations in a Ravine Creek pool
and the lake inlet area. 

6.15.01 7.19.01

Ravine Creek Pool

Total phosphorus (ppb) 626 201

Total suspended solids (mg/l) 210 10

Chloride (m g/l) 6.9 --

Lake Inlet Area (backwater to lake)

Total phosphorus (ppb) -- 127

Figure 10.  Stream channel leading into Ravine Lake referred to as the lake inlet area in Table 6.  Both

pictures are in a low gradient setting at the bottom of the ravine.  The top picture is in June 2000 and the

bottom picture is from June 2001.
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A minor mystery was discovered over the course of the project.  A small pond about 100 meters
from Ravine Lake had a distinctive brown color.  Examination of water samples under the
microscope showed that the color was due to clay-size soil particles (Figure 11).  The source of
the particles was not determined.

Figure 11. [top] A small pond about 100 meters from Ravine Lake had a brownish color.

[bottom] Particles observed under a microscope at 625x.  They appear to be soil particles.
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4.  Lake Characteristics

Lake Basin
Ravine Lake is a 25 acre lake with sandy shorelines.  The northern region of the basin is deeper
than the southern portion.  The bottom contours were revised based on MnDNR readings taken
on August 8, 2001 (Figure 12).  The average depth is about 7 feet.

Lake Revised lake
contour map up to 2000 contour map (June 2, 2000)

Figure 12.  Ravine Lake maps.  (left) Original contour map used by Met Council in the CAM P reports and

(right) a revised lake map produced by the MnDNR.
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4.1.  Lake Sediments
Ravine Lake sediments were sampled on October 26, 2001.  The objective was to characterize
sediment fertility.  Analysis were conducted on dry sediments using conventional agricultural soil
tests.  Results are shown in Table 7.  Lake sediments were elevated for both phosphorus and
nitrogen.

Table 7.  Ravine Lake soil data.  Samples w ere collected on October 26, 2001.  Soil chemistry

results are reported as ppm except for organic matter (%) and pH (standard units).  Results are

given on a volume basis unless otherwise noted.  

Field
Description

Sample
ID

weight
of 5 g 
scoop
grams

wt corr
Factor

by  wt.
Ammonia

ppm

by vol
Ammonia

ppm

by wt
Bray P
Value
ppm

by vol
Bray P
Value
ppm

by wt
Olsen P
Value
ppm

by vol
Olsen P
Value
ppm

by vol
K

ppm

3 ft. R1 3.170 1.577 83.66 53.04 31.5 20.0 89.7 56.9 74

3 ft. R2 2.681 1.865 81.63 43.77 42.8 23.0 92.6 49.7 68

3.5 ft. R3 4.243 1.178 29.68 25.18 45.4 38.5 45.9 39.0 40

4 ft. R4 3.273 1.528 24.68 16.15 14.8 9.7 13.5 8.8 59

5.5 ft. R5 1.954 2.559 22.69 8.87 3.6 1.4 34.9 13.6 33

4.5 ft. R6 3.465 1.443 17.98 12.46 18.0 12.5 14.0 9.7 62

4.8 ft (flooded area) R7 3.879 1.289 18.40 14.28 20.4 15.8 9.4 7.3 47
6 ft. R8 3.838 1.303 43.65 33.50 2.3 1.8 41.4 31.8 82

2 ft (in front of flow) R9 4.994 1.001 10.30 10.28 39.5 39.5 15.8 15.8 29
8 ft. R10 3.096 1.615 33.52 20.75 4.4 2.7 41.8 25.9 124

3 ft. R11 2.887 1.732 37.09 21.41 24.5 14.2 36.9 21.3 48

6.5 ft. R12 2.865 1.745 29.89 17.13 2.1 1.2 32.2 18.4 87

2.5 ft. R13 2.983 1.676 191.31 114.14 38.2 22.8 117.3 70.0 42

Station
ID

by vol
Zinc
ppm

by vol
Sulfur
ppm

by vol
Iron
ppm

by vol
Copper

ppm

by vol
Mn

ppm

by vol
Boron
ppm

R1 0.94 146.8 103 0.16 5.1 1.18
R2 1.64 86.5 104 0.20 5.0 1.24
R3 3.36 7.9 110 1.50 50.0 0.59
R4 3.78 169.4 98 3.08 47.8 1.35
R5 2.48 63.0 100 1.34 49.0 1.12
R6 3.42 45.7 101 2.48 43.0 0.85
R7 3.54 9.7 96 1.86 42.9 0.82
R8 2.88 104.7 98 3.24 63.9 0.71
R9 1.36 80.2 89 1.44 36.5 1.01

R10 2.40 96.0 97 3.98 47.7 0.43
R11 2.56 22.9 104 0.74 13.8 0.66
R12 2.12 99.9 96 3.32 26.9 1.67
R13 1.08 53.5 103 0.32 3.1 0.63

Station
ID

by wt
OM 
%

by vol
OM 
%

Water
pH

by vol
Ca

ppm

by vol
Mg

ppm

by vol
Na

ppm
R1 19.94 12.64 5.8 4320 770 88
R2 25.95 13.92 5.7 4640 695 92
R3 6.52 5.53 6.1 2720 365 88
R4 24.70 16.17 6.3 5680 1455 106
R5 42.84 16.74 7.1 9920 710 20
R6 19.45 13.48 7.2 6400 705 20
R7 7.99 6.20 7.2 3040 390 90
R8 6.96 5.34 7.0 5200 505 92
R9 2.99 2.99 7.1 3360 275 102

R10 11.78 7.29 7.3 10000 630 100
R11 32.02 18.49 6.5 8320 725 32
R12 16.40 9.40 7.2 10240 525 94
R13 20.51 12.24 6.0 4000 475 94
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Figure 13.  D issolved oxygen/temperature profile

for Ravine Lake, collected August 8, 2001.

4.2.  Dissolved Oxygen and Temperature
Somewhat surprisingly, shallow Ravine Lake has a strong temperature stratification and is
devoid of oxygen below six feet in the middle of the summer.

This strong temperature stratification can occur in eutrophic, sheltered lakes.  What is a little
surprising is that Ravine Lake is surrounded by a large area of undeveloped land, but yet
symptoms of enhanced eutrophication are evident.

The biological oxygen demand must be strong in the bottom waters and sediments and probably
explains why dissolved oxygen is lacking in the bottom of Ravine Lake.

Table 8.  

Depth (ft) Water

Temperature

(F)

Dissolved

Oxygen

(ppm)

0 86.0 11.5

1 86.0 11.4

2 86.0 11.2

3 86.0 10.9

4 86.0 10.6

5 83.1 7.5

6 80.2 0.2

7 78.3 0.2

8 73.6 0.2

9 71.4 0.2

10 68.7 0.2

11 66.6 0.2

12 65.3 0.2

13 62.8 0.2

14 61.7 0.2

15 60.8 0.2
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4.3.  Water Clarity, Phosphorus and Nitrogen
There is not much known about the water quality of Ravine Lake prior to 1998.  Water quality
data from 1998 collected through the CAMP program shows it is clearly eutrophic, meaning it is
highly fertile (Table 9).    Phosphorus concentrations over 40 µg/l indicate a lake is eutrophic. 
Average summer phosphorus levels were higher in 1998 than 1999 and around 100 ppb in 2000
and 2001 (Table 10).  In 1998, 200, and 2001 the water clarity summer average was around 2.0
feet.  Transparency was better in 1999 primarily because June was such a good month (Tables 9
and 10).

Table 9.  Water quality data for Ravine Lake for 1998, 1999, 2000, and 2001 from
the CAMP program.

Month Week* Total Phosphorus 
(µg/l)

Secchi Disc  
(meters)

Chlorophyll a 
 (µg/l)

1998 1999 2000 2001 1998 1999 2000 2001 1998 1999 2000 2001

April 2 -- -- 40 -- -- -- 1.1 -- -- -- 6 --

3 -- -- -- 40 -- -- -- 1.4 -- -- -- 7

4 -- 50 40 -- -- 0.5 0.9 -- -- 31 10 --

May 1 -- -- -- 60 -- -- -- 0.7 -- -- -- 41

2 -- 30 -- -- -- 1.3 -- -- -- 3 -- --

3 60 -- -- 70 1.3 -- -- 0.7 4 -- -- 33

4 130 20 70 40 0.6 1.3 1.5 1.3 15 5 4 6

June 2 -- 30 60 -- -- 1.5 0.5 -- -- 3 13 --

3 200 -- 80 100 0.4 -- 0.7 0.3 42 -- 17 11

4 -- 40 -- 110 -- 2.6 -- 0.3 -- 9 -- 33

July 1 100 -- -- -- 0.7 --  -- -- 8 -- -- --

2 140 100 -- 110 0.6 0.3 -- 0.3 13 33 -- 20

3 130 -- 100 -- 0.5 -- 0.4 -- 7 -- 30 --

4 140 70 -- 110 0.8 1 -- 0.4 10 13 -- 49

August 1 -- 70 110 -- -- 0.7 0.4 -- -- 32 41 --

2 220 -- -- 140 0.6 -- -- 0.2 18 -- -- 54

3 -- 90 120 130 -- 0.5 0.4 0.3 -- 14 40 43

4 280 60 -- -- 0.5 0.7 -- -- 5 28 -- --

September 1 -- -- 150 140 -- -- 0.3 0.3 -- -- 45 63

2 -- 100 80 -- -- 0.7 0.5 -- -- 10 46 --

3 -- 110 -- 130 -- 1.4 -- 0.2 -- 8 46

4 190/
170 

80 90 -- 0.4/
0.4 

1 1.1 -- 29/
27

62 5 --

October 1 -- -- -- 100 -- -- -- 0.4 -- -- -- 30

2 80 90 80 -- 0.6 0.9 0.9 -- 15 18 13 --
* Week 1: days 1-7;  Week 2: days 8-14;  Week 3: days 15-21;  Week 4: days 22-31

Table 10.  Water quality growing season (May-Sept) averages for Ravine Lake. 
Data were collected by the City of Cottage Grove for the Metropolitan Council.

Total Phosphorus

(ppb)

Chlorophyll a

(ppb)

Secchi Disc

(feet)

1998 154 18 2

1999 62 17 3.6

2000 92 24 2.3

2001 108 38 1.4
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CAMP water quality data are shown graphically in Figure 14.  The pattern for Ravine Lake is
fairly well established.  Seasonal averages indicate that it is hypereutrophic.

Figure 14.  CAM P data water quality summer averages for 1998-2001.
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The cause of poor transparency was further established in June 2000.  Phosphorus concentrations
and secchi disc measurements along with suspended solids measurements were taken on one date
in June 2000.  The low clarity was found to be caused primarily by algae.  However, suspended
silt and clay concentrations were present and contribute to the poor clarity to a degree (Table 11).

Table 11.  Water quality data for Ravine Lake, June 2, 2000.

North South Notes

Secchi disc (ft) 2.9 2.6

Secchi disc (m) 0.9 0.8

Total phosphorus (µg/l) 60 60 moderate levels, but still eutrophic

Total suspended solids (mg/l) 7 10

Total solids (mg/l) 2540 2780

Total volatile solids (mg/l) 1460 1840

Using an observation by the MnDNR from 1988 and using other August readings, it appears
Ravine Lake has had poor water quality since at least 1988 (Table 12).

Table 12.  Comparison of secchi disc, total phosphorus, and chlorophyll for the
month of October for 1994, 1998, 1999, 2000, and 2001.

Secchi Disc Transparency Total Phosphorus

(ppb)

Chlorophyll a

(ppb)(feet) (meters)

(1988 - July) 1 0.3 -- --

1994 2.2 0.7 120 36

1998 2 0.6 80 15

1999 3 0.9 90 18

2000 0.9 0.3 80 13

2001 1.3 0.4 100 30
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Special Winter Sampling
Ravine Lake water quality was monitored in February and March of 2001.  On February 1, water
clarity was good and phosphorus was low (Table 13).  A disturbing finding was there was little
oxygen left in this part of the lake in February.

In March, the phosphorus concentration had increased ten-fold in the lake and dissolved oxygen
was very low.  The phosphorus in the water column must have been released from the lake
sediments.  Nitrogen levels were high, but not excessively high (Table 13).

Table 13.  Winter water quality results for Ravine Lake.

February 1, 2001 March 22, 2001

Transparency (Ft) 13.8 --

Dissolved oxygen - top (ppb) 0.5 2.2

- bottom 0 0.4

Total Phosphorus (ug/l) 36 440

Am monia-nitrogen (ug/l) -- 1,200

Nitrate-nitrogen (ug/l) -- 1,380

Total Kje ldahl nitrogen (ug/l) -- 1,500

Chlorophyll a (ug/l) 1.4 --

Figure 15.  Matt Moore, Watershed Administrator, checks dissolved oxygen levels in Ravine Lake on

February 1, 2001.
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Trophic State Index 
Three water quality parameters, secchi disc transparency, phosphorus, and chlorophyll, are
referred to as trophic indicators.  They are used to classify a lake as eutrophic (fertile),
mesotrophic, or oligotrophic (infertile).  In addition, all three parameters are closely correlated. 
If transparency is high, phosphorus and chlorophyll are low.  If transparency is low, phosphorus
and chlorophyll are high.  Mathematical equations are used to convert water quality data into a
Trophic State Index.  Low trophic state index (TSI) numbers indicate oligotrophic conditions and
TSI numbers over 50 indicate eutrophic conditions.  Water quality data for 1998, 1999, 2000, and
2001 has been converted to TSI numbers (Table 14).  The TSI results show Ravine Lake is
eutrophic.

The TSI numbers can be used another way.  Because the three parameters are strongly correlated,
converting data to TSI should produce similar TSI values.  If numbers are different then another
factor may be influencing the lake water quality.  The TSI values are graphed in Figure 16.  In
1998, chlorophyll values were lower then expected based on secchi disc and phosphorus values. 
This may indicate that suspended solids may have reduced clarity and increased phosphorus
levels but did not effect algae.  In 1999, 2000, and 2001non-algal turbidity was possibly a factor
but not as significant as 1998.

Table 14.  Trophic State Index values for total phosphorus, chlorophyll a, and
secchi disc data for Ravine Lake.

TP Chl a SD
1998 
 May 21 60 45 56 
 May 28 66 55 67 
 June 18 69 63 73 
 July 2 64 51 65 
 July 9 67 54 67 
 July 16 66 50 70 
 July 29 67 52 63 
 Aug 13 70 56 67 
 Aug 27 72 47 70 
 Sept 24 69 60 73 
 Sept 26 68 59 73 
 Oct 8 62 55 67 
1999 
 April 30 59 61 70 
 May 14 55 43 56 
 May 27 51 47 56 
 June 10 55 42 54 
 June 24 57 51 46 
 July 14 64 61 77 
 July 22 61 54 60 
 Aug 5 61 61 65 
 Aug 17 63 55 70 
 Aug 26 60 60 65 
 Sept 9 64 52 65 
 Sept 16 65 50 55 
 Sept 30 62 66 60 
 Oct 14 63 56 62 

TP Chl a SD
2000
April 14 57 48 59
April 28 57 53 62
May 23 65 44 54
June 8 63 56 70
June 19 67 59 65
July 19 71 64 73
Aug 3 72 67 73
Aug 16 73 67 73
Sept 1 76 68 77
Sept 14 67 69 70
Sept 29 69 47 59
Oct 11 67 56 62
2001
April 18 57 50 55
May 4 63 67 65
May 16 65 65 65
May 30 57 49 56
June 15 71 54 77
June 29 72 65 77
July 13 72 60 77
July 25 72 69 73
Aug 8 75 70 83
Aug 21 74 68 77
Sept 6 75 72 77
Sept 18 74 69 83
Oct 4 71 64 73
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Figure 16.  Water quality data from the 1998 through 2001 CA MP program were converted to Trophic State

Index values and graphed.  Chlorophyll (chl a) has been lower than expected compared to total phosphorus

(TP) and secchi disc (SD) values.
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4.4.  Algae and Zooplankton 
Algae in Ravine Lake in 2001, was a mix of blue-greens, greens, and diatoms (Figure 17). 
Aphanezomenon sp. was a dominant blue-green algae in August. 

Figure 17.  Ravine Lake algae from August 9, 2001.  A mix of blue-green algae along with green algae and

diatoms were present.

Zooplankton are in the crayfish family (Crustacea) and are an important component in the lake’s
food web.  Zooplankton feed on algae, and in turn are fed upon by small fish.  The zooplankton
community found in 2000 and 2001 was typical of zooplankton assemblage typically found in
small lakes (Table 15).

Table 15.  Zooplankton counts for the summers of 2000 and 2001.

6.2.00 9.12.00 8.9.01 10.26.01

Daphnids 327 38 14 2

Big 37 11 8 0

Little 0 12 6 1

Ceriodaphnia 0 0 0 0

Bosmina 290 11 0 1

Chydorus 0 5 0 0

Copepods 56 38 90 22

Calonoids 13 25 20 19

Cyclopoids 27 10 18 1

Nauplii 16 3 52 2

Rotifers 0 2 8 64

TOTAL 383 78 112 88
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Figure 18. [left]  A daphnia along with two smaller zooplankton that look like spiders which are nauplii.

[right] An example of a Bosmina zooplankton, the dominant species in the June 2000 sample.  
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4.5.  Aquatic Plants
Shoreland Plant Survey, 2000: A site visit was conducted on June 1, 2000 by Barbara Delaney, 
former Senior Ecologist and Botanist for the Minnesota DNR Natural Heritage Program and
Elizabeth Gould, Botanist with EOR, to characterize shoreland and shallow water plants.  The
following is their report:

The shoreland area and shallow water areas have a sandy substrate.  Several aquatic plant
species were observed including at least three Potamogeton, or pond-weeds.  Flatstem
pondweed (Potamogeton zosteriformis), leafy pondweed (P.  foliosus), and Sago pondweed
(P. pectinatus), all frequent at the northwest end of the lake.  Additional aquatic plant species
include two duckweeds (Lemna minor, Spirodela polyrhiza) and water meal (Wolfia
columbiana).

The lake beach community develops in areas exposed between the spring highwater mark and
normal lake levels.  Annual species such as smartweeds and beggars-ticks, as well as a species
of grass, have colonized the mud flats and sand flats. 

Disturbance Indicators:  The lake community is more notable for its lack of disturbance
indicators rather than their presence.  While reed canary grass does occur sporadically around
the perimeter of the lake, most of the colonizing species in the mud- and beach-flat
communities are apparently native.  Similarly, the pondweeds identified are native species.
Aggressive, non-native species such as curly pondweed or Eurasian water milfoil were not
observed.  

Wildlife Value: The lake setting provides excellent wildlife habitat.  There are numerous snags
(standing dead timber) and dead fall around the perimeter of the lake.  The dead fall provides
excellent basking opportunities for turtles. The low-gradient shoreline, coupled with the
downed logs, creates shallow pools for frog and salamander breeding.  Wading birds,
including great blue heron and green-backed heron, frequent the shoreline.  Shorebirds forage
on the mudflats and at the water’s edge, and around most of the site, the adjacent woodlands
persists up to the shoreline, and provides cover for a variety of bird species.  The pondweeds
are excellent duck food, and wood ducks, teal, and mallards all use the site.  
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Aquatic Plant Survey, 2001:  An aquatic plant survey was conducted on Ravine Lake on June
15, 2001 by Blue Water Science. 

Eight transects were made at different locations around Ravine Lake.  A transect started at the
weedline and headed into shore (Figure 19).   Two depths on each transect were sampled with a
rake to assess the aquatic plant composition. The amount of plants on the rake determined the
density of each species at that location.  Low density rated a “1" and a high density was a “5".

Five submerged aquatic plant species were identified (Table 16).  Overall plant density is
relatively low in Ravine Lake (Table 17).

Aquatic plant coverage is shown in Figure 19.  Aquatic plants were found out to water depths of
around 5 feet (Figure 19).  Ravine Lake is below the theoretical 40% bottom coverage that has
been found (in Florida by Dr. Dan Canfield) to sustain clear water.

Table 16.   Ravine Lake aquatic plant occurrences and densities for the June 15, 2001
survey based on 8 transects and 2 depths, for a total of 16 stations.  Density ratings are
1-5 with 1 being low and 5 being most dense.

Depth
0-2 feet
(n=8)

Depth
3-4 feet
(n=8)

All Stations
(n=16)

Occur % Occur Density Occur % Occur Density Occur % Occur Density

Coontail
(Ceratophyllum demersum)

-- -- -- 1 13 0.5 1 6 0.5

Elodea
(Elodea canadensis)

2 25 0.8 2 25 1.3 4 25 1

Flatstem pondweed
(P. sp)

3 38 1 2 25 0.8 5 31 0.8

Sago pondweed
(P. pectinatus)

4 50 1.3 1 13 1 5 31 1.2

Stringy pondweed
(P. pusillus)

2 25 2.5 3 38 0.7 5 31 1.4

Filamentous algae
1 13 2 -- -- -- 1 6 2

Table 17.  Individual transect data for Ravine Lake for June 15, 2001.

T1 T2 T3 T4
0-2 3-4 0-2 3-4 0-2 3-4 0-2 3-4

Coontail
Elodea    0.5   1 1
Flatstem pondweed 1  1 1 0.5
Sago pondweed 1 1
Stringy pondweed 3 0.5 2 0.5
Filamentous algae 2

T5 T6 T7 T8
0-2 3-4 0-2 3-4 0-2 3-4 0-2 3-4

Coontail 0.5
Elodea 1.5
Flatstem pondweed 0.5
Sago pondweed 1 2 1
Stringy pondweed 1
Filamentous algae
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Figure 19.  Transect map and aquatic plant coverage for Ravine Lake on June 15, 2001.
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Example of the type of aquatic plants found in Ravine Lake is shown in Figure 20.  Stringy
pondweed, elodea, and sago pondweed were the most common plant species.

Figure 20.  Stringy pondweed and filamentous algae sampled from Transect 1 during the aquatic plant survey

on Ravine Lake.
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Sonar graphs from a Lowrance X-16 depth finder used on transects during the aquatic plant
survey are shown in Figure 21.  Plant growth is sparse on the transects.

Figure 21.  Sonar graphs of lake bottom over the eight transects used in the aquatic plant survey.
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4.6.  Fish
Notes on the first lake investigation, in 1961, indicated Ravine Lake has had some type of fish
for some time.  The MnDNR conducted a fish survey in 2001.  Results are summarized in Table
18.  Fish were sampled using trapnets (Figure 22) and gill nets.

Table 18.  Fisheries data from the MnDNR fish survey conducted on August 8,
2001.

Number of fish per set

Species Gear Used Caught Normal

Range

Average

Fish Weight

(lbs)

Normal

Range (lbs)

Black bullhead gillnet 23.5 8-90 0.1 0.14-0.37

trapnet 28.0 2.5-70.2 ND* 0.14-0.47

Goldfish gillnet 1.0 NA** 0.16 NA

trapnet 0.3 NA 0.02 NA

Green sunfish gillnet 10.5 0.8-13.0 0.07 NA

trapnet 10.4 0.35-3.75 0.09 0.08-0.19

Largemouth bass trapnet 0.1 0.2-1.1 5.18 0.30-1.00

W alleye gillnet 5.5 2.25-17.75 1.89 0.74-2.12

trapnet 0.4 0.29-1.33 1.58 0.71-2.20

Painted turtle trapnet 25.5 NA ND NA

Snapping turtle trapnet 0.6 NA ND NA

*ND = no data

**NA = not available

Figure 22.  Standard M nDNR trapnet being hauled into a boat.  Fish are measured, weighed, and returned to

the lake.
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Ravine Lake was netted for the first time in 2001 to get current fish population information.  The
water level in Ravine Lake has been rising in recent years - creating more deep water compared
to the 1960's when the depth was reported at 9 feet.  Current lake size is 25 acres and maximum
depth is 16 feet.  The lake is fringed with flooded timber.  There is no formal access, but carry-in
access is possible from the parking lot.  Limited shore fishing is also available.

Black bullheads were the most abundant species sampled.  Lengths ranged from 7 to 10 inches,
with an 8 inch average.  Walleye were sampled in moderate numbers.  Most fish were between
15 and 20 inches.  The walleyes are fish that survived from a fry stocking in 1995, when the lake
was used as a DNR rearing pond.  One largemouth bass was sampled - it was 19 inches long and
weighed 5.25 pounds and estimated to be 7 years old.  Green sunfish were abundant - lengths
ranged from 1.5 to 6.5 inches.  Painted turtles were also abundant (Table 18).  

Representative survey activities are shown in Figures 23 and 24.
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Figure 23. [top] Fish are weighed.

[bottom] Fish are measured.



Comprehensive Lake Management Plan for Ravine Lake 38

Figure 24. [top] Walleye w as captured in a gillnet.

[bottom] Turtles were abundant.  Here is a snapping turtle, but painted turtles were much more common.
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5.  Lake and Watershed Assessment

5.1.  Watershed and Lake Status
Ravine Lake receives runoff from a watershed that has steep slopes, basically the runoff runs
through a ravine.  Although the total watershed area is about 3,300 acres, it appears only 800
acres actively drain to Ravine Lake.  The other 2,500 acres do not appear to drain to Ravine Lake
at this time.  

The 800 acre watershed is referred to as the “active” watershed.  The active watershed to lake
area ratio is still 32 to 1 which is rather high and atypical for a glacial lake.  This implies that
Ravine Lake does not have a conventional glacial lake ice block origin, rather it is some type of
depression enhanced with a blocked outlet and receives runoff from an unusually large
watershed.

The dominant land use for the 800 acre watershed is in a pasture/grass category, which includes
parkland and open space as well.

Even with this type of land use surrounding the lake, Ravine Lake still exhibits eutrophic
conditions.  The large contributing watershed delivers phosphorus at a mass loading that causes
eutrophic conditions.  In addition, the lake water column probably receives phosphorus from the
lake sediments.
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5.2. Watershed and Lake Models
A lake model for Ravine Lake was computed based on nutrient inputs under existing conditions
from an 800 acre watershed.  A summary of the model inputs and results is shown below in
Table 19.  The predicted phosphorus concentration from the Canfield-Bachman model for an
artificial lake was 85 µg-P/l.  The observed summer average concentration for 1998-2001 was 90
ppb.  The observed lake phosphorus concentration was similar for the artificial lake model
although all 13 lake models predict a eutrophic condition in Ravine Lake based on the 800 acre
watershed.  The Canfield-Bachman artificial lake model was the model selected as the model to
work with watershed simulations and lake responses.

Table 19.  Preliminary lake model simulation based on an 800 acre watershed and
estimating land use.  Input data are shown on the next two pages and the model
predications are shown on the third page.

Ravine Lake

Hydrologic and Morphometric Data

Tributary Drainage Area: 786.0 acre

Total Unit Runoff: 3.5 in.

Annual Runoff Volum e: 229.3 acre-ft

Lake Surface Area <As>: 25 acre

Lake Volume <V>: 175 acre-ft

Lake Mean Depth <z>: 7.0 ft

Precipitation - Evaporation: 0.0 in.

Hydraulic Loading: 229.3 acre-ft/year

Areal W ater Load <qs>: 9.2 ft/year

Lake Flushing Rate <p>: 1.31 1/year

 W ater Residence Time: 0.76 year

Observed spring overturn total phosphorus (SPO): 57 mg/m^3

Observed growing season m ean phosphorus (GSM): 106 mg/m^3

% Phosphorus Reduction: 0%
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NON-POINT SOURCE DATA
Land Use          Acre       Low    Most Likely    High    Loading %   Low    Most Likely    High    
                    (ac)     |------- Loading (kg/ha-year) -------|    |---- Loading (kg/year)----|
Row Crop AG         0.0       0.50       1.00       3.00        0.0        0          0          0
Mixed AG             50       0.30       0.80       1.40       21.8       16         20         28
Pasture/Grass       500       0.10       0.30       0.50       65.3       20         61        101
HD Urban            0.0       1.00       1.50       2.00        0.0        0          0          0
MD Urban             50       0.30       0.50       0.80        2.0        8          2         16
Rural Residential   100       0.05       0.10       0.25        4.4        2          4         10
Wetlands             84       0.10       0.10       0.10        3.7        3          3          3
Forest              0.0       0.05       0.09       0.18        0.0        0          0          0
Lake Surface       25.0       0.10       0.30       1.00        2.9        1          3         10

POINT SOURCE DATA
Point Sources     Water Load     Low    Most Likely    High    Loading %
                 (m^3/year)  (kg/year)  (kg/year)   (kg/year)          _
User Defined 1       0.0        0.0        0.0        0.0     0.0
User Defined 2       0.0        0.0        0.0        0.0     0.0
User Defined 3       0.0        0.0        0.0        0.0     0.0
User Defined 4       0.0        0.0        0.0        0.0     0.0
User Defined 5       0.0        0.0        0.0        0.0     0.0
User Defined 6       0.0        0.0        0.0        0.0     0.0

SEPTIC TANK DATA
Description                                        Low    Most Likely   High     Loading % 
Septic Tank Output (kg/capita-year)                 0.3         0.5      0.8            
# capita-years                          0.0                                             
% Phosphorous Retained by Soil                       98          90       80            
Septic Tank Loading (kg/year)                      0.00        0.00     0.00         0.0

TOTALS DATA
Description                      Low    Most Likely   High     Loading % 
Total Loading (lb)               112.3       204.9       373.3   100.0
Total Loading (kg)                51.0        92.9       169.3   100.0
Areal Loading (lb/ac-year)        4.49        8.20       14.93     0.0
Areal Loading (mg/m^2-year)     503.62      918.63     1673.66     0.0

[Land use breakdown for the 800 acre watershed is estimated above.  The dominant land use is
the pasture/grass category, which includes parkland and open space as well.  The total predicted
annual phosphorus loading to Ravine Lake is 204.9 pounds of phosphorus per year.]
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Phosphorus Prediction and Uncertainty Analysis Module

Observed spring overturn total phosphorus (SPO): 57.0 mg/m^3
Observed growing season mean phosphorus (GSM): 90.0 mg/m^3
Back calculation for SPO total phosphorus: 50 mg/m^3
Back calculation GSM phosphorus: 50 mg/m^3
% Confidence Range: 70%
Nurenberg Model Input - Est. Gross Int. Loading: 0 kg

           Lake Phosphorus Model              Low   Most Likely   High     Predicted  % Dif. 
                                            Total P   Total P    Total P   -Observed         
                                            (mg/m^3) (mg/m^3)   (mg/m^3)   (mg/m^3)          
1. Walker, 1987 Reservoir                       55      101        183         44        77
2. Canfield-Bachmann, 1981 Natural Lake         84      136        218         79       139
3. Canfield-Bachmann, 1981 Artificial Lake      59       85        118         28        49
4. Rechow, 1979 General                         34       61        112        -45       -42
5. Rechow, 1977 Anoxic                         143      261        475        155       146
6. Rechow, 1977 water load<50m/year             81      148        270         42        40
7. Rechow, 1977 water load>50m/year            N/A      N/A        N/A        N/A       N/A
8. Walker, 1977 General                        104      190        346        133       233
9. Vollenweider, 1982 Combined OECD             66      107        175         26        32
10. Dillon-Rigler-Kirchner                      47       86        157         29        51
11. Vollenweider, 1982 Shallow Lake/Res.        57       96        163         15        18
12. Larsen-Mercier, 1976                        96      175        320        118       207
13. Nurnberg, 1984 Oxic                         50       92        167        -14       -13

         Lake Phosphorus Model          Confidence Confidence  Parameter    Back       Model   
                                           Lower      Upper      Fit?    Calculation   Type    
                                           Bound      Bound               (kg/year)            
 Walker, 1987 Reservoir                       61        163         FIT        46       GSM
 Canfield-Bachmann, 1981 Natural Lake         42        392         FIT        28       SPO
 Canfield-Bachmann, 1981 Artificial Lake      26        245         FIT        39       SPO
 Rechow, 1979 General                         36        101         FIT        76       GSM
 Rechow, 1977 Anoxic                         162        418         FIT        18       GSM
 Rechow, 1977 water load<50m/year             88        243       P Pin        31       GSM
 Rechow, 1977 water load>50m/year            N/A        N/A         N/A       N/A       N/A
 Walker, 1977 General                         98        337         FIT        24       SPO
 Vollenweider, 1982 Combined OECD             54        190         FIT        37       ANN
 Dillon-Rigler-Kirchner                       53        138           P        54       SPO
 Vollenweider, 1982 Shallow Lake/Res.         49        170         FIT        45       ANN
 Larsen-Mercier, 1976                        112        277       P Pin        26       SPO
 Nurnberg, 1984 Oxic                          50        158           P        51       ANN

[Thirteen different lake models are run with this lake model program using the same input data. 
Results vary.  The Canfield-Bachman artificial lake model (model #3) is appropriate for this
application.  The Dillon-Rigler-Kirchner model (model #10) is sometimes used as well.]
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Ths lake model was also run using the full 3,300 acre watershed under existing land use. 
Predicted lake results for the 800 acre and the 3,300 acre watershed are shown in Table 20.

Table 20.  Predicted Ravine Lake phosphorus concentrations based on existing
land use and showing results for an 800 acre watershed and a 3,300 acre
watershed.

800 acre 

watershed

3,300 acre

watershed

Estimated P load: 205 pounds 880 pounds

3) Canfield Bachman Artificial Lake 85 ppb 119 ppb

10) Dillon-Rigler-Kirchner 86 ppb 159 ppb

The best fit of the model run was using an 800 acre watershed and the Canfield-Bachmann
artificial lake model.  The lake model predicted a lake phosphorus concentration of 85 ppb and
90 was the observed concentration.  When using the larger watershed acreage, the predicted lake
phosphorus concentration is 119 ppb, which is higher than the observed 90 ppb.  It appears that
the 800 acre watershed contributions can account for the observed lake conditions.

Matt Moore, South Washington Watershed District Administrator, stands by a culvert in subwatershed RL-

2, located in the northwest portion of the subwatershed.  Not much, if any, runoff from this part of the

watershed makes it to Ravine Lake.
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5.3.  What Will Ravine Lake Look Like in the Future?
Lake models can be run that estimate what a lake phosphorus concentration would be if runoff
phosphorus concentrations were at ecoregion values.  Ecoregion stream phosphorus values are
about 150 ppb.  Two lake models were run using a small and a large watershed and using
ecoregion stream concentrations of 150 ppb.  Results are shown in Table 21. 

Table 21.  Predicted Ravine Lake phosphorus concentrations using an ecoregion
model.

Estimated Phosphorus

Loading

Ecoregion Lake

Phosphorus

Concentration*

Ecoregion phosphorus conc with an

800-acre watershed
65kg or 149 lbs 72

Ecoregion phosphorus concentration

with a 3,300-acre watershed
263 kg or 585 lbs 91

* using a Canfield-Bachman artificial lake model

Results indicate that the Ravine Lake with the 800 acre watershed would have slightly better
water quality at ecoregion watershed loading rates compared to the observed lake concentration,
although the lake would still be eutrophic.

Because the watershed area to lake ratio is high for either the 800 acre or the 3,300 acre
watershed we would predict eutrophic conditions even if Ravine Lake had ecoregion stream
runoff loads entering the lake.

Although Ravine Lake will have midsummer algae blooms and probably not be a desirable
swimming lake, it will support an adequate fishery and a substantial wildlife base.
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6.  Lake Management Projects

The objective of the lake management program is to maintain a lake environment that is the best
it can be at a reasonable cost.  Modeling results indicate that even at ecoregion runoff values
Ravine Lake will still be eutrophic.  The recommended projects help ensure that the lake
environment is optimized although it will still be eutrophic.

Lake management projects are grouped into two categories: watershed projects and lake projects. 
Three projects address watershed topics and four projects are geared to the lake (Table 22).

Table 22.  List of management projects.

Costs

1. Erosion control in Ravine Stream channels. $65/foot of streambank improvement.

2. Stormwater management in developing areas. Incorporated into existing programs.

3. Preserving natural shoreland areas around Ravine Lake. Maintenance costs are only costs

needed.

4. Coordinate fish projects for Ravine Lake with W ashington

County Parks.

$30,000 or m ore depending if a

fishing pier is installed.

5. W inter and summer aeration system $12,000 for winter aeration, $35,000 if

summ er aeration is installed.

6. Alum sediment treatment in the future. $20,000

7. Designate the lake a non-motorized (carry-in only) lake. n/c



Comprehensive Lake Management Plan for Ravine Lake 46

Project 1.  Erosion control in ravine stream channels

Because of a steep gradient, ravines will experience erosion.  The question is when is erosion
excessive?

Several stretches of “Ravine Stream” show bank cutting that probably could be controlled.

Listed below are ravine erosion control ideas excerpted from the “Lake and Pond Management
Guidebook” written by Steve McComas (2003).
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Project 2.  Stormwater management in developing areas

Residential development will increase in the watershed in the future.  Because several cities have
land in the watershed, the Watershed District is in a good position to facilitate stormwater
management operations in the Ravine Lake watershed.

This management framework is already being implemented and should continue into the future. 
This is a critical component to maintaining the fish and wildlife aspects of Ravine Lake.  Because
Ravine Lake is eutrophic, standard watershed practices represent a sufficient level of effort for
managing the Ravine Lake water resource.
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Project 3.  Preserving natural shoreland areas around Ravine Lake

A functional upland buffer should be at least 15 feet wide.  With this you start getting water
quality and wildlife habitat benefits.  But a 25 foot wide buffer is recommended. Most of the
Ravine Lake shoreline is well buffered.

A buffer strip can address two problem areas right away.  Geese are shy about walking through
tall grass because of the threat of predators.  There will always be a few who charge right through
but it is a deterrent for most of them.  Also, muskrats shouldn’t be a problem.  They may burrow
into the bank, but generally not more then 10 feet.  With a buffer going back 15 to 25 feet, there
won’t be mowing over their dens and an occasional den shouldn’t produce muskrat densities that
limit desirable aquatic vegetation.

Ravine Lake has three primary buffer types:
Tall grass, sedge, flower buffer: Provides nesting cover for mallards, blue-winged teal and
Canada geese.  Provides above ground nesting habitat for sedge wrens, common yellow throat
and others.
Shrub and brush buffer: Provides nesting habitat for lakeside songbirds such as yellow
warblers, common yellowthroat, swamp sparrows, and flycatchers.  It also provides significant
cover during migration.
Forested buffers: Provides habitat for nesting warblers and yellow-throated vireo, green
herons, woodducks, hocked mergansers, and others.  Upland birds such as red-winged
blackbirds, orioles, and woodpeckers use the forest edge for nesting and feeding habitat.

Even standing dead trees, which are referred to as snags, have a critical role.  When they are left
standing they serve as perching sites for kingfishers and provide nesting sites for herons, egrets,
eagles, and ospreys.  In the midwest over 40 bird species and 25 mammal species use snags.  To
be useful, they should be at least 15 feet tall and 6-inches in diameter. 

The shoreland area around Ravine Lake should be protected.  A fishing pier and walk-in access
points can be placed to minimize shoreland disruption.
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Project 4.  Coordinate fish projects for Ravine Lake (from MnDNR)

The following is a listing of some of the potential things that could be done to make Ravine a
more viable fishing resource.  This is not an exhaustive list and should not be taken as a list of
action items or “must do” tasks.  The list was compiled by the MnDNR.

What When Who

Year 1

Stock black crappies. Late April or early May. DNR

Designate and “clear” fishing sites along

shore.

Spring or early summer. DNR & county

Article in local press. Spring. County

Signage/postings at lake and other

appropriate places.

Spring, DNR & county

Include Ravine in the “Fishing Downtown”

web page on DNR site.

Late winter or spring. DNR

Include in Park & Rec web page on

county website??

Late winter or spring. County

Year 2 and Beyond

Continued panfish stocking. Annual or multi-annual. DNR

Stock other species. W hen appropriate. DNR

Fishing pier or shore structures. W hen appropriate. DNR & county

Monitor winter DO. Monthly in winter. DNR

W inter aeration. If needed. DNR & county

Alum or rotenone reclamation. W hen appropriate based on

outcome of drainage modification.

DNR & county
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Project 7.  Designate the lake a non-motorized (carry-in only) lake

The setting of Ravine Lake, tucked away in a regional park location, and the fact that it is small
and relatively shallow lends itself to a natural lake approach.  This type of lake should feature the
natural resource aspects both in the shoreland area and in the lake.  Along these lines, a non-
motorized rule would help maintain a peaceful and natural setting.



Appendix A.  Lake Data
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