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Executive Summary

Overview

This report contains the results of a Use Attainability Analysis (UAA) of Red Rock Lake. The UAA
is a structured scientific assessment of the chemical, physical, and biological conditions in a water
body. The analysis includes diagnosis of the causes of observed problems and prescription of
alternative remedial measures (such as a diagnostic-feasibility study) that will result in the attainment
of the intended beneficial uses of Red Rock Lake. The analysis is based upon historical water quality
data, results of an intensive lake monitoring program in 1999, sediment sampling in 2003 and 2005,
evaluations of the application of best management practices for the watershed, and computer
simulations of watershed runoff. Computer simulations were used to estimate watershed runoff
(phosphorus and flow) under existing and proposed future land use and under varying climatic

conditions.

Riley-Purgatory-Bluff Creek Watershed District Water Quality Goals
The approved Riley-Purgatory-Bluff Creek Watershed District Water Management Plan, 1996,
articulated five specific goals for Red Rock Lake. These goals address recreation, water quality,
aquatic communities, water quantity, and wildlife. Wherever possible, Riley-Purgatory-Bluff Creek
Watershed District (RPBCWD) goals for Red Rock Lake have been quantified using a standardized
lake rating system termed Carlson’s Trophic State Index (Carlson 1977). This rating system
considers the lake’s total phosphorus, chlorophyll a, and Secchi disc transparency measurements to
assign it a water quality index number that reflects its general level of fertility. The resulting index

values generally range between 0 and 100, with increasing values indicating more fertile conditions.

Total phosphorus, chlorophyll a, and Secchi disc transparency are key water quality parameters upon

which Carlson’s Trophic State Index (TSI) statistics are computed, for the following reasons:

e Phosphorus generally controls the growth of algae in lake systems. Of all the substances
needed for biological growth, phosphorus is typically the limiting nutrient.

e Chlorophyll g is the main pigment in algae. Therefore, the amount of chlorophyll a in the
water indicates the abundance of algae present in the lake.

e Secchi disc transparency is a measure of water clarity and is inversely related to the
abundance of algae.
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Although any one or all three parameters can be used to compute TSI, water transparency is most
often used, since people’s perceptions of water clarity are most directly related to recreational use
impairment. The TSI rating system is scaled to place a mesotrophic (medium fertility level) lake on
the scale between 40 and 50, and high and low fertility lakes (eutrophic and oligotrophic) toward the
high and low ends of the TSI range, respectively. Characteristics of lakes in different trophic status

categories are listed below with their respective TSI ranges:

1. Oligotrophic—{20 < TSI < 38] clear, low productivity lakes, with total phosphorus
concentrations less than or equal to 10 pg/L, chlorophyll a concentrations less than or equal
to 2 pug/L, and Secchi disc transparencies greater than or equal to 4.6 meters (15 feet).

2. Mesotrophic—{[38 < TSI < 50] intermediate productivity lakes, with 10 to 25 pg/L total
phosphorus, 2 to 8 pg/L chlorophyll a concentrations, and Secchi disc measurements of 2 to
4.6 meters (6 to 15 feet).

3. Eutrophic—[50 < TSI < 62] high productivity lakes, with 25 to 57 ug/L total phosphorus, 8
to 26 pg/L chlorophyll a concentrations, and Secchi disc measurements of 0.85 to 2 meters
(2.7 to 6 feet).

4. Hypereutrophic—[62 < TSI ] extremely productive lakes, with total phosphorus
concentrations greater than 57 pug/L, chlorophyll a concentrations greater than 26 pg/L, and
Secchi disc measurements less than 0.85 meters (less than 2.7 feet).

The RPBCWD goals for Red Rock Lake include the following:

1. The Recreation Goal is to provide water quality that fully supports the lake’s MDNR
ecological class 42 rating (i.e., a Trophic State Index (TSIsp) of 59 or lower). This goal is
attainable with the implementation of lake management practices as described in this UAA.

2. The Water Quality Goal is a trophic state index score that meets or exceeds the necessary
level to attain and maintain full support of fishing. A Trophic State Index (TSIsp) of 59 or
lower fully supports the lake’s fishery. This goal is attainable with the implementation of
lake management practices discussed in this UAA.

3. The Aquatic Communities Goal is a water quality that fully supports fishing, according to
the Minnesota Department of Natural Resources (MDNR) “Ecological Use Classification.”
This goal is attainable with the implementation of lake management practices listed herein.

4. The Water Quantity Goal for Red Rock Lake is to manage surface water runoff from a
regional flood, the critical 100-year frequency storm event. This goal has been achieved.

5. The Wildlife Goal for Red Rock Lake is to protect existing, beneficial wildlife uses. The
wildlife goal has been achieved. :

Minnesota Pollution Control Agency Standard
A Minnesota Pollution Control Agency standard for shallow lakes has been proposed and is expected

to be finalized in 2006. The total phosphorus standard for shallow lakes in the Twin Cities
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Metropolitan Area (North Central Hardwood Forest Ecoregion) is a concentration of 60 pg/L or less.
The Secchi disc standard is at least 1.0 meters. The shallow lakes standard has been set with the
intention “to permit the propagation and maintenance of a healthy community of cool or warm water
sport or commercial fish and associated aquatic life, and their habitats. These waters shall be
suitable for aquatic recreation of all kinds, including bathing, for which the waters may be usable.”
The standard is found in proposed changes to Minnesota Rules Chapter 7050.0222, Subp. 4. Class 2B
Waters. This standard can be met with the implementation of lake and watershed management

practices as described in this UAA.

Water Quality Problem Assessment

An evaluation of water quality data for Red Rock Lake from 1972 to 1999 was completed to
determine the current status of the lake’s water quality. Results of this evaluation indicate that the
lake’s water quality is poor and has basically remained in this condition over time. The poor water
quality has its origins in historical and current inputs of phosphorus and the accumulation of
phosphorus in lake sediments. The poor water quality of Red Rock Lake is perpetuated by the
presence of invasive submersed aquatic vegetation (Potamogeton crispus, i.e. curlyleaf pondweed),
phosphorus release from sediments, inputs of storm water runoff that is high in phosphorus, and

inputs of waters from Mitchell Lake (i.e, its outflow waters) which is of poor water quality.

Historical Water Quality Trends

Trend analyses from 1972 through 1999 indicate that there has been no significant change in Red
Rock Lake’s water quality. The results of the regression analyses indicate that Secchi disc
transparency has decreased at a rate of 0.02 meters per year; chlorophyll a concentration in the
surface waters (upper 6 feet) has increased at the rate of 0.44 pg/L per year; and total phosphorus
concentration in the surface waters has been increasing at a rate of 0.67 pg/L per year. The changes
in Secchi disc, chlorophyll a, and total phosphorus are not significantly different from zero. Hence,
the data indicate the lake’s current water quality problems are unlikely to be reduced unless

management practices are implemented to improve the lake’s water quality.

A comparison between baseline (i.e., 1972 to 1987) and current (1988 to 1999) trophic state index
(TSI) values indicates that Red Rock Lake met the MDNR-criteria (TSIsp<59) for the lake’s fishery
during the baseline period, but not during the current period. The data indicate the lake is unlikely to
meet MDNR criteria unless management practices are implemented to improve the lake’s water

quality.
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Current Water Quality

The current water quality of Red Rock Lake is poor and recreational activities are impaired by
invasive aquatic vegetation growth, curlyleaf pondweed (Potamogeton crispus), and summer algal
blooms that are very severe. In 1999 Red Rock Lake’s average summer concentration of total
phosphorus, concentration of chlorophyll a, and Secchi disc transparency were 86 pg/L, 49 pg/L, and
0.9 m, réspectively. This current water quality condition of Red Rock Lake is largely the result of
storm water inputs with high levels of phosphorus, historical inputs of sediment and phosphorus, and
the current influence of invasive aquatic plants on the mobilization of phosphorus from lake
sediments. As a result, the 1999 total phosphorus, chlorophyll a, and Secchi disc data indicate that

Red Rock Lake ranges from eutrophic to hypereutrophic in the summer.

Phosphorus Budget

There are five major sources of phosphorus loading to Red Rock Lake: stormwater inputs from the
lake’s watershed, inputs from Mitchell Lake, release of phosphorus from lake sediments, the release
of phosphorus from decaying aquatic plant material (curlyleaf pondweed), and atmospheric
deposition. Watershed modeling and in-lake modeling under different climatic conditions and for
existing watershed land uses indicates that annual total phosphorus loads to the lake range from

333 pounds for a dry year to 765 pounds for a wet year (Figure EX-1). The average rate of
watershed loading to the 97-acre lake is 3.8 pounds of phosphorus per acre of lake per year under
existing watershed land use conditions and 5.5 pounds of phosphorus per acre of lake per year under
future land use conditions. This rate of phosphorus loading is excessive and causes water quality
problems (L = 0.43 g/m*/yr under existing watershed land uses; L = 0.61 g/m*/yr under future land

uses).

Watershed modeling for the 1,262-acre Red Rock Lake watershed shows that from 175 (dry year) to

607 (wet year) pounds of phosphorus loading to the lake originates from the surrounding watershed.

‘During an average year watershed loading provides approximately 44 percent of the total phosphorus

load to the lake, while internal loading (phosphorus loading during the summer from lake sediments
and decaying plant material) provides approximately 30 percent of the total phosphorus load to the
lake (Figure EX-2). During an average year, outflow from Mitchell Lake contributes approximately
13 percent of the total phosphorus load to the lake. The remaining phosphorus load comes from

atmospheric deposition (13 percent).

During an average year, the high concentration of phosphorus that is observed in Red Rock Lake is

significantly affected by internal lake processes that mobilize phosphorus from lake sediments by
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lake’s fishery, and to insure that curlyleaf pondweed does not dominate the aquatic plant community

when the clarity of Red Rock Lake improves.

Recommended Goal Achievement Alternatives

One lake improvement alternative will achieve or exceed the District goal during all but the future

wet climatic condition.

1) Manage curlyleaf pondweed in Red Rock and Mitchell lakes by herbicide (endothall) until no

regrowth is observed and no viable turions are collected (estimate 4 years),

2) Introduce beetles (Galeracella pusilla, Galeracella calmariensis) in purple loosestrife infested

areas to control shoreline purple loosestrife, and

3) Four consecutive years of alum treatment of Red Rock Lake and Mitchell Lake to follow the

second year of herbicide treatment .

Should current research efforts determine that lime is a better tool for the management of

curlyleaf pondweed than herbicide treatment, four years of alum-lime treatment will replace

items (1) and (3).

The expected cost and benefits of this alternative is presented in Table EX-1 and Figure Ex-3.

Table EX- 1. Benefits and Costs of Management Alternatives

Management
Alternative

Trophic State Index (TSlgp) Value

District
Goal

Wet
Year_1997
(38 inches of
precipitation)

Average
Year_1999

(35 inches of
precipitation)

Dry
Year_2000

(24 inches of
precipitation) Cost

Existing Watershed Land Uses

Herbicide Treatment (4
years), Alum Treatment
(4 years), and Purple
Loosestrife Management
by Beetles Introduction

<59

59

53

57 $1,100,000

Future Watershed Land Uses

Herbicide Treatment (4
years), Alum Treatment
(4 years), and Purple
Loosestrife Management
by Beetles Introduction

63

56

57 $1,100,000
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Figure EX-3 Costs to Meet or Exceed Goals Under All But the Wet Climatic Condition

Cost details of this management alternative are presented in Table EX-2.

Table EX-2. Cost Details of Management Alternative*

Treatment or : e Red Rock Lake
Year Sample Type Red Rock Lake Mitchell Lake and Mitchell Lake
™
Endothall $31,373 $37,574 $68,947
Treatment
Aquatic Plant $11,400 $11,400 $22,800
1 Survey
Purple Loosestrife $2.850 ) $2.850
Survey
Subtotal $45,623 $48,974 $94,597
Endothall "
Treatment $31,373 $37,574 $68,947
2 Aquatic Plant $11,400 $11,400 $22,800
Survey
Purple Loosestrife $2.850 ) $2.850
Survey
Subtotal $45,623 $48,974 $94,597
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Year Treatment or Red Rock Lake Mitchell Lake** Red Rock Lake
Sample Type and Mitchell Lake
M
Endothall * $31,373 $37,574 $68,947
Treatment
Aquatic Plant $11,400 $11,400 $22,800
3 Survey '
Purple Loosestrife $2.850 ) $2.850
Survey
Lake WQ Monitor $11,400 $11,400 $22,800
Alum Treatment $40,128 $43,662 $83,790
Subtota!rM $97,151 $104,036 $201,187
Endothall $31,373 $37,574 $68,947
Treatment
Aquatic Plant $11,400 $11,400 $22,800
Survey
4 Purple Loosestrife $2.850 ) $2.850
Survey .
Lake WQ Monitor $11,400 "$11,400 $22,800
Alum Treatment $40,128 $43,662 $83,790
Sediment Monitor $2,280 $2,280 $4,560
Subtotal $99.431 $106,316 $205,747
Aquatic Plant $11,400 $11,400 $22,800
Survey
5 Lake WQ Monitor $11,400 $11,400 $22,800
Alum Treatment $40,128 $43,662 $83,790
Sediment Monitor $2,280 $2,280 $4,560
Subtotal $65,208 $68,742 $133,950
Aquatic Plant $11,400 $11,400 $22,800
Survey
6 Lake WQ Monitor $11,400 $11,400 $22,800
Alum Treatment $40,128 $43,662 $83,790
Sediment Monitor $2,280 - $2,280 $4,560
Subtotal $65,208 $68,742 $133,950
Aquatic Plant $11,400 $11,400 $22,800
Survey
7 Lake WQ Monitor $11,400 $11,400 $22,800
Sediment Monitor $2,280 $2,280 $4,560
Subtotal $25,080 $25,080 $50,160
Lake WQ Monitor $11,400 $11,400 $22,800
8 Sediment Monitor $2,280 $2,280 $4,560
Subtotal $13,680 $13,680 $27,360
Lake WQ Monitor $11,400 $11,400 $22,800
Sediment Monitor $2,280 $2,280 $4,560
Subtotal $13,680 - $13,680 $27,360
Lake WQ Monitor $11,400 $11,400 $22,800
10 Sediment Monitor $2,280 $2,280 $4,560
Report $34,200 - $34,200
Subtotal $47,880 $13,680 $61,560
Total $518,564 $511,904 $1,030,468

*Costs are in 2006 dollars.

**The Mitchell Lake costs in this column do not represent all of the costs in the treatment program recommended in the Mitchell Lake
UAA. The costs listed here are only for management practices necessary to improve the water quality of Red Rock Lake.
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Selected Implementation Plan

The selected implementation plan is herbicide treatment of curlyleaf pondweed in Red Rock Lake
and Mitchell Lake for four years followed by four years of alum treatment in Red Rock Lake and
Mitchell Lake. This implementation plan has been selected because lake analysis results indicate that
the overall productivity of Red Rock Lake needs to be significantly reduced to restore the lake to a
more ecologically balanced condition. This means that phosphorus release from sediments and from
the decay of curlyleaf pondweed needs to be controlled. In addition, curlyleaf pondweed
management is required to avoid additional growth by this nuisance species as water quality
improves. Because the phosphorus content of the nutrient rich water flowing from Mitchell Lake to
Red Rock Lake needs to be controlled, phosphorus release from sediments and from the decay of
curlyleaf pondweed needs to be controlled in Mitchell Lake. Should current research efforts
determine that lime is a better tool for management of curlyleaf pondweed than herbicide treatment,
four years of alum-lime treatment will replace the four years of herbicide treatments and four years

of alum treatments in Red Rock and Mitchell Lakes.

Beetles (Galerucella pusilla, Galerucella calmariensis) will be introduced in purple loosestrife

infested areas to control shoreline purple loosestrife and promote native vegetation.

This plan will require monitoring throughout the restoration effort to evaluate effectiveness and
determine whether the prescribed management plan remains appropriate. Aquatic plants, lake water,
quality, and lake sediments should be monitored. Monitoring data will be used to adjust the

implementation plan as warranted.

Proposed 7050 Rules for Lakes

Because of its poor water quality, Red Rock Lake is currently listed on Minnesota’s 303(d) impaired
waters list. Under proposed 7050 Standards for lakes, Red Rock Lake would remain on the impaired
waters list unless the lake’s water quality improved such that the Standards were attained.
Management of the Mitchell and Red Rock Lakes’ curlyleaf pondweed communities and treatment of
Mitchell and Red Rock Lakes with alum (i.e., implementation of the recommended water quality
improvement plan) is expected to improve the lake’s water quality so that the proposed 7050

standards are attained under all but the future wet climatic condition.

Implementation of one additional water quality improvement project would attain the proposed 7050
standards under all climatic conditions. Treatment of Mitchell Lake outflow waters, which flow into

Red Rock Lake, with alum (60 percent removal of total phosphorus load assumed) would enable Red

P:A23\27\053\LAKE\UAA\RROCKUAA\Report\Final Report_Red Rock UAA_6_04_06.doc X



Rock Lake to attain the proposed 7050 standards under all climatic conditions. However, because an
inflow alum treatment facility is both expensive to build and operate, this alternative is not
recommended at this time. Since the water quality improvement estimates in this UAA are
conservative, it is possible that the actual water quality improvement to Red Rock Lake following
plan implementation may exceed expectations. Monitoring the lake during and following
implementation of the lake’s water quality improvement plan will ascertain changes in the lake’s
water quality and will determine whether the lake’s water quality meets 7050 standards under all
climatic conditions. If additional water quality improvement is needed to improve the lake’s water
quality under the wet climatic condition, an alum treatment facility to treat Mitchell Lake’s outflow

waters may be considered.

P:\23\27\053\LAKE\UAA\RROCKUAA\Report\Final Report_Red Rock UAA_6_04_06.doc Xi



Red Rock Lake Use Attainability Analyses

Table of Contents

EXECULIVE SUIMIMATY .....oviiiieiiiiieieiceiiei ettt sttt e a e se st s et s s s s ese e e reasne st se et esesenseneneeeenseensanns i
OVEIVIEW .ottt ettt ettt a e sttt a et e s e s e e e s e s e sa s e s e s ene s easesessentsssesesesteneseneensseeneeesnrns i
Riley-Purgatory-Bluff Creek Watershed District Water Quality Goals ............ccooeuveeeeiueeevereeeeeeeennnn. i
Water Quality Problem ASSESSINENL ........c..cecieueeruerieinieeeeteeeeeieteseeesesese st seecssseeseseesesessesesessesenns il
Historical Water Quality TTENAS.......cccceeiireurrieireeeierteee ettt e st be et es s e e et e e eeee e e iii
Current Water QUALILY .......ccoveueiiceieieeiee ettt ra et et ae e e s et s e e ee e eneneseesernns iv
PhoSphorus BUAEEL .........c.ocuiiiiiiiieereeeceteieeetet ettt ettt e e et e e e e e iv
AQUALIC PIANES.... ...ttt et et s ettt ettt e e e e e eeas vi
Recommended Goal Achievement AIEIMALIVES. ........ccvvereereereereeeriereeseteaeeeeseteeteteteeeeseeseeseseeseeeen vii
Selected Implementation PIAN ............cccciuiireiiicienirinece ettt s st e e enes X
Proposed 7050 Rules fOr LaKES ........c.coueveueueuruiuiernieieieeeeensessseses st e se s sess sttt ses e s s s saens X

1.0 Surface Water RESOUICES DALa.......c.coirieueuirinirieiretetiteeeie e sesese s ersassesesae e e eseeseeesesae s s essssssssesseens 1
L1 LANA USE .ottt ettt ettt e ettt s e st seenes e e s et e e anees e nens 2
1.2 Major Hydrologic CharaCteriStICS «.....cevurueirrerererererereeesesrseresesessstsseeeeseeseeneseseesossssesese e eseseeens 6
L3 WaLer QUALILY ...oovouiiiiceeec ettt b ettt e e s e es s e e e s en e 14

1.3.1  Data COlIECHON. ......c.oruemrececrertririririireeeeeeesaeeste et sess s s eteee e s e e e e ses e senenes o 14
1.3.2 Baseline/Current Water QUALILY .........ccoeverereeeieieteteeteeeee s e e 14
1.4 ECOSYSIEM DALA .....ccoieerercieieieieeeceee ettt et s et s s et se e seenes e s eneeeneseneseeeseen 16
1.4.1  AQUAtiC ECOSYSIEIM.........urmimruiueuieuiniieceeietetesesssssssseesese et et esese s seee e e e esesenseeeees 16
1.4.2 PRYOPIANKLON.........oieviictitccecectereacee sttt et s 16
L.4.3  ZOOPIANKLON........cooveuceeencncteniteetrtrin it ss et easaes sttt e e et ne s s e ses e e s eeeneseeseens 18
144 MAECTOPRYLES ........oviieiiecrce ettt ettt ettt s ettt e s e ee e een 23
1.5  Water Based RECTEAtION ......covieieueriueriteirteneeneieete ettt eeeeeseessesessssesss e e se s s 36
1.6 Fish and Wildlife Habitat ...........ccccoeeomurieimiireteeeeeseeieee et eeesese s s s s nene 37
L7 DISCRAIZES ...ttt s et e s s st se et eneee e se st e e senee s s enn 39
1.7.1 Natural COnVeyance SYSTEIMS ........cceceururerierrerreieteseeesesesessssassseeseeseeseseensssesesesessasses 39
1.7.2  Stormwater CONVEYANCE SYSLEIMS ......ccoverrerrrrruererraeresrreseresesesseeseeeesesesesessssssesssssses 40
1.7.3  Public Ditch SYSIEIMS. ....cccecererietriieeetriereieeietee ettt n s e 40
1.8 APDIOPTIALIONS........c.eoueieuieuiieietrertesentetrseee e sssaeseeseeseseesesessssessssensenseseenenenseseeeseseeessesessesssseseaes 40
1.9 Summary of Surface Water Resource Data..........c.ceoeeveeeeneeeeeeneeeeieceecececeesee e 40

2.0 Assessment of Red ROCk Lake PrODIEINS ......c..cvevevueueueieieieteeicieteeeeeeecce e eeseseeses e 46
2.1 APPTOPIIALIONS........evoeiieciceineacaeee ettt ae et et ete s sss s et eb e s st ssesasss s s eseasseesssssesesessseneees 46
2.2 Discharges.....cccoceeeereveeeurnnas eeneereebeehebeLe oot b et et e e b e e teean b e se s enseasenseenentenes 46

2.2.1 Natural CONVEYANCE SYSEINS .....cucvevrrrrermruerreressesssesesseserssessssseesseesesessssssssssesssssnes 46
2.2.2  Stormwater CONVEYANCe SYSIEIMS .......ccovereeererererererereeeseseseseeeesitesseseseseeseeeessesenesesesens 47
2.2.3  Public Ditch SYSIEIMS.......ccceeureieriieieeenieteeectete ettt e es e e 51
P:\23\27\053\LAKE\UAA\RROCKUAA\Report\Final Report_Red Rock UAA_6_04_06.doc .



2.3 Fish and Wildlife Habitat .........ccccccriieioiiiniiiiiinienineniccieeicceeece st se st esae et saenas 51

24 Water Based RECTEALION .....c..coueeeririeriiirinritceicir ettt st ests e s st e e st sas e e snasbn e seseneneen 51

2.5 ECOSYSEIM DALA .....c.eeeieeierieeieeeteee e tee et ee et ee e et eeseseesassase e essesaeese s b esnsers e teensesanesneensen 52

2.6 Water QUALILY ...covueeecerieirteeiereteeceee et e rtee e et eestesseasese s tesanesssasesaeasaasssansasassssssessseennsensnsennneens 52
2.6.1 Baseline/Current ANALYSIS ........cceceeeieeieeserireeeieeeeieeeeeetetesteseeeasteesrsssesssesaesasesnsens 52

2.6.2 Historical Water Quality-Trend ANalysis.......ccccecieeiereeieiieeeeeceeeieseeeveeeeraeeve s 53

- 2.6.3  Water Quality Modeling ANAlYSIS.......cceoeeerrerrerareeenteienreireieeesressesseessessecasessresssesnes 57

2.7 Major HydrologiC CharacCteriStiCs ..........coevuerimrmeriiirinsieniriecieesenteenesercseeetestesssssessssnessessesasnensas 57

2.8 Land USE ASSESSINENL........cceoverirrrerrererreereerteriesaesesseseesessassersesssssessessasassessessessessensessessessesseneenses 57

3.0 Red ROCK LaKe GOAIS.......ccveiiiiirieicieeetetetetestrtet ettt eseeesesventetese s sassa st eaessesnenenbanseensensennens 58
3.1 Water QUAantity GO .......cooieieieeereeeee ettt ettt et et ee s a et et se s b s sa e nn st enne 58

32 Water QUABILY GOAL ...ccoueiciiiiieiriirtiiterieeceertesteses st e estesaesssessessasssassassesssesesssssnserasssesssssnneensene 58

3.3 Aquatic Communities GOaL..........c.cocevuieiiiminiiriiiiieree ettt ene st et ae e saeas 60

34 ReCTeation GOAL......c..coeeuirmrieiieteeerirtiet ettt ettt et st et sa s s e e s s e tesae s e e eseessessensensonnens 62

3.5 WILALEE GOAL.....cuccueieceiiieteieiite ettt ettt et s e st st s et et eseseaeese e enseseneen 63

3.6 Public PartiCipation ..........ccccceueiriniiiiieniceieceeeicteceae ettt ses ettt teaesna e bea e ss e 63

4.0 Selected Implementation PIAN ..........c.coiuereiruccineneiie ettt resene s se s s e s ss e s sennes 64
4.1 Basis for Selected Implementation Plan..........c.coccceriinerniniieninieninneireee et 64

4.2 Manage Curlyleaf Pondweed in Red Rock Lake and Mitchell Lake ............c.ccoevueueeueeneeennnnne. 67

4.3  Manage Purple LOOSESIIIfE........ccereruirirretrreeertreece ettt eas 67

4.4 Alum Treatment of Red Rock Lake and Mitchell Lake ........cceovvoeeereeeenieieieeiieeeeeeeeeeeeee. 67

4.6  Expected Sequence of Implementation Plan .........c.ccoriiiieinienrnnnniteieeeeeeeereeee e 68

4.7  Monitoring and EVAlUAtION...........ccceieerirrermerierenirereneteesieesteessesssseessessse s ese e seseesessessssensnes 71
4.7.1  Aquatic Plant MONItOTING ......covueverrerririeerieereeeteeeeneestereeesaesves et se e esesse et seessssesnens 71

4.7.2  Purple Loosestrife/Beetle MONItOIINE ........cceeueeveruererrtererrenerentenieeeeeeeeeseese e eseneeenes 71

4.7.3  Water QUality MONIEOTING .....ccoeeeeereeeieeeeeeieeeeieieteteeeseeseeseeneseessesseseeseesesaeseeseeseenneenen 71

4.74  Sediment MONILOTING......ccecverereererieiieneiereirteieestesesse st aeseste s ssesssesssse st sessesensesessensenes 72

5.0 Proposed 7050 Rules FOT LaKeS.......c.coierieiruiniiirieinieieiestrtesteeeeneese et sssne e s e e sen st saesse s sn e ene 73
REFETEIICES ...ttt sttt e st e st e s te s st e saasse e et et e s aesassaessesastensasserneseesanssnnennens anenesstsnsonsennen 77

P:\23\27\053\LAKE\UAA\RROCKUAA\Report\Final Report_Red Rock UAA_6_04_06.doc Xiii



List of Tables

Table EX-1  Benefits and Costs of Management AIternatives .........cccuveeeeeeeeeieiiicnneireeeeeserenseneene vii
Table EX-2  Cost Details of Management AIternatative..........coccceeeeveeciiirerreciceineeeeeeeeeeveeeeeennns viii
Table 1 Existing Land Use in the Red Rock Lake Watershed............ccocueeeeveeicevicnrcrecnnennne. 8
Table 2 Future Land Use in the Red Rock Lake Watershed..........cccccovvivicieeniiiiiiin, 9
Table 3 Average Lake Volume, Annual Discharge Volume, and Estimated Hydraulic
' Residence Time of Red Rock Lake for a Range of Climatic Conditions (Existing
Watershed Landuse) .....couvuuiieiiiiiieiiee et tte e e e e e e e e s 6
Table 4 Estimated Annual Total Phosphorus Loads from the Red Rock Lake Direct
Watershed for Existing and Future Land Uses ........ccccocceevveviniiiiiniiiecceec e, 47
Table 5 Estimated Total Phosphorus Loads from All Red Rock Lake Stormwater Conveyance
Systems Under Varying Climatic Conditions—Existing and Future Land Use ......... 47
Table 6 Estimated Total Phosphorus Loading From Each Stormwater Conveyance System to
Red ROCK LAKE .....coiiiiiiiiiiiiiiiiicccettee ettt s e eee e aae e e enes 49
Table 7 Estimated Total Phosphorus Removal Efficiency of Detention Ponds in the Red Rock
Lake Watershed Under Existing Land Use Conditions and Varying Climatic
CONAILIONS ...vteiiiiiiiieittee et ee s et e e ettt e e e s e eae s e s e s e e esnseeseeeesneeeesnsaeessensnsereeennn 50
Table 8 Expected Water Quality with Water Quality Management Alternatives.................... 59
Table 9 Eutrophication Criteria Used to List Lakes on the 303(d) List for 2004: Lakes in the
North Central Hardwood Forests (NCHF) Ecoregion ..........ccccoeoveuviiiiiiieveereeieeenne. 74
Table 10 Proposed 7050 Standards Under Consideration for North Central Hardwood Forests
(NCHF) Shallow Lakes, including Red Rock Lake .........cccccceeeeveueeiiiiniiiiiiieeeeenn. 74
Table 11 Comparison of Proposed 7050 Standards for Red Rock Lake With Expected Water
Quality Following Implementation of Recommended Plan.............cccccueeveiiuneenennnn. 75
Table 12 Comparison of Proposed 7050 Standards for Red Rock Lake With Expected Water
Quality With Treatment of Mitchell Lake Outflow Waters.............c..cocveeveeevnneennnn. 76
P:\23\27\053\LAKE\UA A\RROCKUAA\Report\Final Report_Red Rock UAA_6_04_06.doc Xiv



List of Figures

Figure EX-1 Total Phosphorus Loading to Red Rock Lake with Varying Climatic Conditions and
with Existing and Future Watershed Land USes ......c.c.ccceeeeiennveiniciieciieeeeeeeeeeeaen, v
Figure EX-2  Proportion of Phosphorus Loading by Source (Average Climatic Condition, Existing
LANA USE).unnniieeieieeeeeeeeeee e ee ettt eeeeee e e ee b eee e e e eesat e e e e e e e ree s s seseentsannaneseeereseennmnnnns vi
Figure 1 Red Rock Lake UAA Existing Subwatersheds .........cccoooveiiiiiiiiiiinniieeiccieeeeecee. 4
Figure 2. Red Rock Lake UAA Future Subwatersheds..........eceerevvieeiniiiieeiiineieeeeieee e 5
Figure 3 Historical Land Use for the Red Rock Lake Watershed...............ccccoocoiniiiinninnnnan. 7
Figure 4 Red Rock Lake UAA Existing (1997) Land US€ .......ccccrveiriririiirinieieeeieieceeeeeeeeeeee 11
Figure 5 Red Rock Lake UAA Future Land Use ......ccciceiiiiiiiiieiiiiiiiiiieee e 12
Figure 6 Red Rock Lake Watershed Land USESs ......cccoeeeiiiirerniiiiiciiiiceiis e, 12
Figure 7 A Comparison of Baseline Water Quality of Red Rock Lake with Current Conditions
Based on Summer (June through August) AVErages).......ccceeeeveveeeeriiiireerereeeecrveeeeenns 15
Figure 8 Seasonal Changes in the Concentration of Total Phosphorus and Chlorophyll a, and
Secchi disc transparency in Red Rock Lake for 1999. .......ccccocveiiiiiiiiiiiiiiiiiieeee 16
Figure 9 Phytoplankton Abundance and Diversity in Red Rock Lake...........ccoeveeeurvreennnnnenn. 17
Figure 10 Smaller Phytoplankton (Dominant in Spring of 1999).......cccccviiiiiioiiiiiiiiiieiieeee 17
Figure 11 Larger Phytoplankton (Dominant in Summer of 1999).......cccccovviiiiiiiiieniiieeceee. 18
Figure 12 Zooplankton Abundance and Diversity in Red Rock Lake .........cccoeeveviiinniiniennnnnn. 20
Figure 13 Large Bodied CladOCera ......ccooeeuviiiiioiiciieieice ettt e e e 21
Figure 14 Small Bodied CIadOCETA ...cccuuvreiiireerieireiieeeeeeie e ee et ee e stree e e s e seeeeeebeeeeesneaeeeeenns 22
Figure 15 Percent of Red Rock Lake Waters Grazed by Zooplankton Each Day ...................... 22
Figure 16 Red Rock Lake Macrophyte Survey June 25, 1999 ....cocoviviereiieiiiciieeeceeeeeee. 25
Figure 17 Red Rock Lake Macrophyte Survey August 27, 1999 .....cooooviiiieiiiiniieeeeee e 26
Figure 18 1999 Red Rock Lake Aquatic Plants........c.cccccereiiiieniiicrnnienirire e 27
Figure 19 Potamogeton crispus (Curlyleaf pondweed). ... ... everieririieiercienieee e 24
Figure 20 Red Rock Lake Macrophyte Survey June 21, 2005 ....coocvveeeiiiiiiieniiieeeeceee e 33
Figure 21 Red Rock Lake JUne 1999 ...ttt 34
Figure 22 Red Rock Lake June 2005 .....coooivieiiiiiiiieieirereeeeeeeeceeeeiee e e s e e seeceenrte e s e saaneseee e 35
Figure 23 Purple Loosestrife (Lythrum SalicariQ) .............coveevouueeeeeecoeieeeeeeeeeeceieeeeeeeeeeeeeaeees 36
Figure 24 Distribution of Potentially Releasable Mobile Phosphorus in Red Rock Lake
_ SEAIMENIL ...t ee e e e eeee e e s s e e ease s ertmeeeetenaeseeannnaaeseennasaeans 4]
Figure 25 2005 Spatial Distribution of Mobile Phosphorus in Red Rock Lake..................... 42
Figure 26 Seasonal Pattern of pH, Total Phosphorus, Temperature, and Chlorophyll a in Red
ROCK LAKE ...ttt et e s te e s st e e et e s ee e 43
Figure 27 1999 Red Rock Lake Phosphorus SOUICES ........ccccoocouiiiniiiiciieniiicreiese e 44
Figure 28 Red Rock Lake Wet Year (1997) Phosphorus SOUICES........cecvvveereeereenieereeneeeneennes 45
Figure 29 Baseline and Current Trophic State Index (TSI) for Red Rock Lake.................... 53
Figure 30 Mann-Kendall Trend Analysis of Total Phosphorus Concentration since 1972 for Red
ROCK LBKE ..c.neveeteeitieeiitie ittt eeree s et e nea e e e e e e e s aan e s s eeta e s eesanteeesnnnneeeens 54
Figure 31 Mann-Kendall Trend Analysis of Chlorophyll-a Concentration Since 1972 for Red
ROCK LAKE .cnveitieeiieee ettt ettt e e e st ee e e et e e et e e e e e eraaea e saaneeesesanneeann 55
P:\23127\053\LAKE\UAA\RROCKUAA \Report\Final Report_Red Rock UAA_6_04_06.doc <V



Figure 32 Mann-Kendall Trend Analysis of Secchi Disc Transparency Depth Since 1972 for
Red ROCK LaKe...cocoiieeeeeeiiiee ettt e e e ee e 56

Figure 33 Costs of Water Quality Management AIternatives ...........c..cveeveevivveveeeeneeeeeennenennn. 60

Figure 34 Costs of Aquatic Communities Management Alternatives.................c.ccoceueennee.. 61

Figure 35 Costs of Recreation Management Alternatives.............cocveeeveeveieeeeeeereeeeeeeeenen. 63

Figure 36 Annual Costs of Red Rock Lake Implementation Plan ................cccocovveveeeennnen. 70

Figure 37 Estimated Red Rock Lake Average Summer Total Phosphorus Concentration With
Implementation Plan (1999 Climatic Conditions and Existing Watershed Land Use)70

List of Appendices

Appendix A Red Rock Lake Watershed Pond Data

Appendix B Lake Modeling

Appendix C  Monitoring and Analysis Methods

Appendix D P8 Model Parameter Section

Appendix E Monitoring Data

Appendix F In-Lake Modeling Results

P:\23\27\053\LAKE\UAA\RROCKUA A\Report\Final Report_Red Rock UAA_6_04_06.doc xvi



1.0 Surface Water Resources Data

The approved Riley-Purgatory-Bluff Creek Watershed District Water Management Plan, 1996,
inventoried and assessed Red Rock Lake. The plan articulated five specific goals for Red Rock
Lake. These goals address recreation, aquatic communities, water quality, water quantity, and
wildlife. This report (1) evaluates the existing and potential beneficial uses intended in these goals,
(2) contains an analysis of the factors that potentially impair or limit those beneficial uses,
particularly problems identified in the inventory and assessment, and (3) expands upon specific
aspects of the inventory and assessment of Red Rock Lake contained in the approved Water

Management Plan.

A use attainability analysis of Red Rock Lake was completed to provide the scientific foundation for
a lake-specific best management plan that will maintain or attain the existing and potential beneficial
uses of Red Rock Lake. A use attainability analysis evaluates existing and potential beneficial uses
of a water resource. “Use attainment” refers to the designated beneficial uses, such as swimming and
fishing. Factors that potentially impair or limit existing beneficial uses, including problems
identified in the inventory and assessment, are investigated in the use attainability analysis. Lake
analyses rely on previously collected field data and continue with watershed evaluations using water

quality modeling.

The main tools used for the technical analysis are an advanced water quality model that predicts the
amount of pollutants that reach a lake via stormwater runoff and an in-lake model that is used to
better understand in-lake processes. Calibrating a lake model requires an accurate measurement of
land use and stormwater inputs. Impacts of upland detention and treatment of stormwater are

included in the model.

The primary pollutant of concern for Red Rock Lake is the nutrient phosphorus. Phosphorus is a
natural element found in rocks, soils, and organic material. In water, phosphorus exists in either a
particulate phase or a dissolved phase. Phosphorus occurs naturally in low quantities and is not
harmful when its concentration is low. However, phosphorus becomes a harmful pollutant when
excess quantities are added to waterbodies, causing its concentration to be high relative to natural,
background levels. In freshwater lakes and rivers, phosphorus is the growth-limiting nutrient for
algae (small aquatic plants) and its concentration determines the quantity of algae in these
waterbodies. If excessive amounts of phosphorus are added to the water, algae are produced in large

quantities called “algal blooms.” Algal blooms cause the water to appear green and, in severe cases,
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appear as floating mats of plant material on the water’s surface and produce an unpleasant smell as
plant materials decay. Impairment of the aesthetic and recreational uses of the water bodies are
caused by the algal blooms and harm occurs to the habitat or home of the fish and other living
organisms in the water. When large quantities of algae die (algal blooms), bacteria decompose them

and use up oxygen in the lake’s bottom waters, restricting fish to the warmer surface waters.

The Red Rock Lake UAA evaluates the relationship between phosphorus loading to the lake and the
lake’s water quality. The lake’s water quality, recreational, and aquatic life goals are compared with
the lake’s current and expected future water quality. Management practices to reduce phosphorus
loading to the lake from its watershed and from internal sources (i.e., plant decay and sediment) are

evaluated to attain the lake’s water quality, recreational, and aquatic life goals.

1.1 Land Use

During rainstorms, stormwater runoff conveys phosphorus to the lowest point in the land area. When
a lake is located in a land area, it is the lowest point and receives the runoff from the land area,
including the phosphorus load contained in the runoff. The land that drains to a lake is called a
watershed. The water quality of a lake is determined by the quality of the waters running into the
lake during rainstorms and by internal lake processes (i.e., plant decay and release of phosphorus
from sediments). The land use practices within a watershed impact the lake and its water quality.
Impacts result from the export of sediment and nutrients, primarily phosphorus, to a lake from its
watershed. Each land use contributes a different quantity of water and a different quantity of
phosphorus to the lake, thereby affecting the lake’s water quality differently. Urbanized land uses
convey higher loads of phosphorus to lakes than undisturbed land uses such as forests and wetlands.
Urbanized land uses typically have large areas of impervious surfaces (i.e., paved surfaces and
buildings) which prevent the infiltration of stormwater. Water quickly runs off these surfaces to a

lake. Storm runoff cleans the impervious surfaces and rapidly carries sediment and phosphorus, both

| particulate and dissolved, to lakes via overland flow or storm sewers. The urbanized system of

rapidly conveying storm runoff to lakes is far different from undisturbed land (e.g., forest) in which

large quantities of rainwater soak into the ground and little phosphorus is conveyed to lakes.

An advanced water quality model was used to measure the impacts of land uses within the Red Rock
Lake watershed on the lake’s water quality. An accurate measurement of land use was required to
calibrate the model. Hence, historic, current, and proposed future land uses in the Red Rock Lake

watershed were evaluated. The results of this evaluation are discussed in the following paragraphs.
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The 1,262-acre Red Rock Lake watershed is comprised of:

Red Rock Lake (97 acres)

Wetlands and stormwater treatment ponds (72 acres).

Land that drains directly to Red Rock Lake (332 acres). Runoff from the lake’s directly tributary

watershed is not treated prior to entering the lake.

Land that drains directly to stormwater treatment ponds (761 acres) and indirectly to Red Rock

Lake by a stormwater conveyance system. Stormwater is treated by ponds before entering the

lake.

Because Mitchell Lake’s outflow is conveyed to Red Rock Lake, the watershed tributary to Mitchell
Lake is also considered part of Red Rock Lake’s watershed. The land that drains to Mitchell Lake is
a part of Red Rock Lake’s indirect watershed because stormwater is treated by Mitchell Lake before

entering Red Rock Lake. The Mitchell Lake watershed is comprised of:
e Mitchell Lake (119 acres at a water elevation of 870.55)
e Land that drains directly to Mitchell Lake (154 acres).

e Land that drains directly to stormwater treatment ponds (707 acres) and indirectly to Mitchell

Lake by a stormwater treatment system.

e Round Lake (32 acres) and land that drains to Round Lake (412 acres). Stormwater draining to
Round Lake is treated by the lake and conveyed to Mitchell Lake when outflow from Round

Lake occurs. Relatively little outflow occurs from Round Lake.

The watershed tributary to Mitchell Lake is discussed in detail in Mitchell Lake Use Attainability
Analysis (Barr 2004). The following discussion of the Red Rock Lake watershed does not include
the watershed tributary to Mitchell Lake.

The Red Rock Lake watershed was divided into subwatersheds for the UAA modeling effort. The
lake’s existing (1997) and projected future (2020) subwatersheds are shown in Figures 1 and 2,

respectively.
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The historical land use of a lake can have a significant bearing on the current and future water quality
of a lake. Figure 1 shows a recent aerial photograph of the watershed and Figure 3 shows an aerial
photograph of the lake taken on May 9, 1947. A comparison of these figures shows that the land use
has changed from primarily agricultural to suburban over the second half of the 20" century.
Historical agricultural inputs of high phosphorus sediment has likely had an effect on internal

phosphorus loading in the present day.

Land use data for the Red Rock Lake UAA modeling efforts were derived from the Metropolitan
Council Generalized Land Use Maps for the year 1997 (current land use) and 2020 (projected future
land use). A detailed description of the current and future land uses of the Red Rock Lake watershed
are presented in Tables 1 and 2, respectively. Maps of the current and future land uses of the Red
Rock Lake watershed are presented in Figures 4 and 5, respectively. A graphical depiction of

existing and projected future land uses is shown in Figure 6.

1.2 Major Hydrologic Characteristics

At a water elevation of 840.33 feet, Red Rock Lake has a surface area of 97 acres, a maximum depth
of 15 feet, and an average depth of 4 feet. Water enters the lake either by direct precipitation or by
stormwater inflows from yards and green space directly adjacent to the lake or from stormsewers
(See Figure 1), including flow from Mitchell Lake. Water exits the lake through a piped outlet
located on the south east side of the lake. The major hydrologic and hydraulic characteristics of the

lake are provided in Table 3.

Table 3. Average Lake Volume, Annual Discharge Volume, and Estimated Hydraulic
Residence Time of Red Rock Lake for a Range of Climatic Conditions (Existing Watershed
Landuse)

Estimated
Annual
Lake
Average Outflow | AvS Hydraulic
Water Year Lake Through | Seep Stream and | Residence
(Inches of Volume Outlet (ac- | Evap. | precip | Overland Time
Precipitation) (ac-ft) (ac-ft) ft) (ac-ft) | .(ac-ft) | Inflow (ac-ft) (years)
1997
(33 inches) 372.84 -1,951 395 -307 306 1,604 0.16
1998
(27 inches) 376.05 -1,143 395 -320 235 813 0.26
1999
(30 inches) 380.57 -1,146 395 -385 279 855 0.25
2000 (23
inches) 363.19 -675 395 -379 192 456 0.35
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