Use Attainability Analysis for Lake Holiday,
Wing Lake, and Lake Rose

Prepared for
Nine Mile Creek Watershed District

April 2010

BARR




Use Attainability Analysis for Lake Holiday,
Wing Lake, and Lake Rose

Prepared for
Nine Mile Creek Watershed District

April 2010

4700 West 77" Street
Minneapolis, MN 55435-4803
Phone: (952) 832-2600

BARR Fax:  (952) 832-2601



Lake Holiday, Wing Lake, and Lake Rose
Use Attainability Analyses

Table of Contents

1.0 EXECULIVE SUMIMATIY ...eoruiiiiiiiieiiettetteitent ettt ettt et ettt et e bt e bt e sbeesbeesseesmeeeaeeeatesnteenteenne i
Lol OVEIVIEW .ottt sttt et ettt ettt e b e st b e bt s et st e st st e st sane e 1
1.2 Applicable Water QUality GOalS.........ccocueriiriiiiiiiiiieiieteeetente ettt i

1.2.1  Nine Mile Creek Watershed District Goals........ccccooeevieniineinieninicnicniicnnene 1
1.2.2  MPCA Water Quality Standards ............cocceevervienieneenenicnicneeeceieeeeeeeeeeen il
1.3 Lake CharaCteriStiCs .......cocueeuirriirriiriieieeteeteete ettt st st st s s eate e eaeeeees il
1.3.1  Lake HOIIAAY ...oovvieiiiiieiiieeeeeee ettt sttt iv
1.3.2 0 WING LAKE .eeieiiiieiie ettt ettt st st e v
1.3.3  LaK@ ROSE ...ueeiiiiiiieiiceeeer ettt v
1.4 Water Quality Problem ASSESSIMENL .........ccvuiiriiiiiniieiiie it eite et et eiteesiteeseee s A
1.4.1 Baseline Lake Water Quality Status..........ccooceereenienienienienienie e v
1.4.2  Existing Water QUAlify .......ccccoeuirviieniiiniiinieniienienieeteete e vi
1.4.2.1 Lake Holiday Existing Water Quality.........cccccoecveverneenceneeneenncnne vi
1.4.2.2 Wing Lake Existing Water Quality.........cccccevuervirnirneenceneeneeneenne. vi
1.4.2.3  Lake Rose Existing Water Quality.........ccocevvuerviiniierienneineeneeneene, vi
1424  ImPaired WALErs .....cceeviiriirieiieeieeieeeete ettt sttt X
1.4.2.5 Public Perception of Water Quality in Lake Holiday, Wing
Lake, and Lake ROSE ......coovvvviiiiiiiiiiiiiiiiiii X
1.4.3  Trend ANALYSIS...cc.eerieiiiiiiiieiie ettt ettt st st sttt et e enae e X
1.4.4  Watershed Runoff Pollution ..........cccccoeceeniiniiiniiniininiiiccceceeecececen xi
1.4.4.1 Lake Holiday Watershed Runoff............cccccoooeiiinininnnninnnncs Xiv
1.4.42 Wing Lake Watershed Runoff............cc.ccoccooiiiiiiinnine Xiv
1.44.3 Lake Rose Watershed Runoff ...........cccccoeevenininiininniincecs XV
1.4.4.4  Direct Precipitation & Atmospheric Deposition .........c..cceceevueeneee Xvi
1.4.5 Pollution from Upstream Lakes (Lake Holiday and Wing Lake).................... XVi
1.4.6  Internal Phosphorus Loads ........c.cccoceeviriiiiiiniiniiiiieieccecnecnecnee e Xvii
1.4.6.1 Sediment Phosphorus Release...........cc.cceeoeiriiiiiiiiinninniieeeeee xvii
1.4.6.2  Phosphorus Loading from Curlyleaf Pondweed .............ccccccueeneee. xvii
1.5 AQUALIC VEZELALION ...ttt ettt ettt ettt nbeesbeesbeesaaesaneeas XX1
1.5.1 Lake Holiday Macrophytes ........ccccecceevueemiimienieneenieneeneenecnee e XX1
1.5.2  Wing Lake MacrOPhYLes ........ccccevuiriiiiiiiiiiieenieeieeteeitete ettt XXi
1.5.3 Lake R0S€ MaCrOPRYLES ........oociiriiiiiiiiiiiiieeeeeet ettt XXi
1.6 Ecosystem and Fisheries.........coccooviiiiiiiiiiiiiieeeette e Xxii
1.6.1 Phytoplankton COMMUNITIES ........eerrurerrieeriiieiiieeniieenieeeiee et nieeeseeeeaee e xXxii
1.6.2  Zooplankton COMMUNILIES ........eevveerieerierienienienie ettt neees XXxiii
1.6.3  Fish COMMUNILIES. ......ccirieereriiriieienieneeiete ettt ennens Xxiii

P:\Mpls\23 MN\27\2327634\WorkFiles\Holiday_Wing_Rose UAA\Report\Draft2\UAA_HolidayWingRose_2009_Draft2.docx
XXXii



) I O 1 &1 1113 (o) s LT T R TR XX1i1

1.7.1  Aquatic Plant Management ........c..ccecceveereerienniinnieenieeieeicenre e XXiX
1.7.2  In-Lake Management...........cccoceeuiriirieriiienieeieeieeieereeieesreesiee e seee e eae XXX
1.7.2.1  Internal Phosphorus Loading .........c..ccecerviiriiiiiiiinniiniiiieeeeene XXX
1.7.2.2  Sediment Accumulation ..........ccccoeeeeeruinienieneriereeneneeeene e XXX
1.7.3  Watershed Management ............ccceereerienienienieeieeieeieeie et XXX1
1.7.4  Public PartiCipation ...........ccccceeeerieeneeneenienieneeneenee sttt XXX1
2.0 INITOAUCHION ....eoutiiiriietiiieitet ettt sttt ettt ettt sttt sre e besae e e st saeennenaesneennes 1
2.1 Public Perception of Water Quality in Lake Holiday, Wing Lake, and Lake Rose......... 1
2,11 SUIVEY RESUILS ..ottt sttt 2
2.1.1.1  Results from Residents that Live on/near Lake Holiday, Wing
Lake, or Lake ROSE.......coooiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 2
2.1.1.2  Results from Watershed Residents.........c..ccocceevueriirninniinienceneeneens 9
2.1.1.3  Results from Lake and Watershed Residents Regarding Lawn
Care PractiCes ......coeeeeriinuieieiiniierentenieetere sttt 9
2.1.2  Compilation of Survey COMMENLS ........ccoceerieriiriiersiiriieiieieeeene e 13
2.1.2.1  Survey Comments from Residents that Live on/near the Lakes ...... 13
2.1.2.2  Survey Comments from Watershed Residents............cc.cccoceeriennne 15
2.2 Purpose and Process of the UAA .......cooiiiiiiiiieetetete e 17
2.3 Watershed and Lake Water Quality Modeling ToOIS .......c..ccoceervieriinienniniienieeieeeenn 18
24 SCOPEC ettt ettt ettt ettt et b e ettt e e bt e e bt e e ht e e s bt e e bt e e hbeenabeeebeeebaeenates 19
2.5 General Framework of the UAA ........cocoiiiiiicccceceneeee e 19
2.5.1 Identification of Goals and EXpectations..........ccccceevveereeneeneenecneerieeneennennne 19
2.5.1.1 NMCWD Goals and Desired USEs.........cccceeereereeneeneenecriecreennennn 19
2.5.1.2 MPCA Impaired Waters LiSt.........ccecuervirrirnirniinienieneenieseeeeee 19
2.5.1.3 Baseline Water Quality Prediction Methods...........cccceveeneeninnnens 20
2.5.1.4  Water Quality Trend Analyses.......ccccceeeeveeneeneeneenecniecniecnecenenn 21
2.5.2  Assessment of Current CoOnditions .........c.ccevveerverviersiinnieeniieneeneeneene e 21
2.5.3 Assessment of Future Conditions..........cceceereerieriierniinninnieieeeeneene e 22
2.5.4 Evaluation of Management Strategies........c.cceevueevuernieerieenieeneeneenee st 22
3.0 General Concepts in Lake Water QUality.........ccccceveenieniinieniinieniinieeeeeeeee e 24
3.1 EUFOPRICALION ..cuviiiiiiiiiniiiriieniieeteee ettt ettt ettt st st st st sne et eneennees 24
3.2 TIOPRIC STALES ...cuveeuvieniiiiieniteeiteeeet ettt ettt ettt st st sttt e nees 24
3.3 LImiting NULTTEINES «...eeiuieitiiniieiieeiie ettt ettt ettt st sate st st e beebeebe e beenbees 25
3.4 SHEATICATION ..cuvivieieee ettt eeeeect e e e e eeeetreeeeeeeeeeavaaeeeeeeeeesaseseeaeeeeennnenes 26
3.5 Nutrient Recycling and Internal Loading ...........cccccevierieriiiiiiiniinniieeeeeeseeceeee 27
4.0 Identification of Goals and EXPECctations ..........ccoceereerierienierierieeieeieeie e see e 30
4.1 NMCWD Goals for Lake Holiday, Wing Lake, and Lake Rose ...........ccccceveeniencencene 30
4.1.1  Water QUantity GOalS ........ccocueriiriiiriiiriiiiieeeeeeeeeeceeee et 30
4.1.2  Water QUality GOalS ......cooiiriiiiiiiiiiieieeeeeeeeee e 30
4.1.3  Aquatic Communities GOal ........cccceerieriiniiniiiieiieeie et 33

P:\Mpls\23 MN\27\2327634\WorkFiles\Holiday_Wing_Rose UAA\Report\Draft2\UAA_HolidayWingRose_2009_Draft2.docx
XXX1ii



4.1.4 Recreational Use GOoal.........cooooviiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeee e 33

4.1.5  WILALIfe GOal....coviiiiiiieiiiiiieieneeeetee ettt 33
4.2 Expected Benefits of Water Quality Improvements..........c..ccocervvericrnennennenneeneeneens 34
4.2.1 Enhancement of Recreational Use..........c.ccecevireeniinirieneninieneneeieneeeeeenne 34
4.2.2  Improvements in Aquatic Habitat........c.ccoceevenirierininieninincicnccecceeeenn, 34
5.0 Lake Basin and Watershed CharacteriStiCs ........c.eevvueerriiirniieniiieniieenieeeieesiee et esieeesiee s 35
5.1 Lake Basin CharaCteriStiCS ......eeeruuerrieeriieniieeniieeeitesiteeiteesiteeebeesbeeesiteesiteesbeesbae e 35
5.1.1  Lake HOIAAY ..eoeieiieiiieieee ettt 35
5.1.20 WING LAKE c..eoiiiiiieeeee e 36
S5.1.3 0 LaKe ROSE ..ottt e 36
5.2 Watershed CharaCteriStiCS .......eevruutiriieriieiiieeiieeeteestte et e esiteeebeesbeeebteesaaeesbeesbaeenene 42
5.2.1  Present Land USE......ccceeiiiiiiiiiiiiiiiieeiteeeerteeste ettt sttt s 43
5.2.2  Future Expected Land USE ........cccccerieriinieniiiniinieeeeiceeeeeeeeee e 44
5.3 Lake Inflows and Drainage AT€as ..........ccceereereerieriieniieiieeie ettt 44
5.3.1 Natural ConveyanCe SYSTEIMS .....c.eeerureerueerniieerieerieesieessireesreesteessreesseeessveens 44
5.3.2  Stormwater CONVEYANCE SYSIEIMS ..c.uveervierruieiriierieeeiieesieesieeeieeesieeesreesveeas 44
5.3.3  Pumped OULIELS ...c.eoeeiiriieieiiieeieteneeee ettt s 45
5.3.4  Groundwater Seepage LOSSES ......coceeueriirieieninieienireeree et 45
6.0 Existing Water QUAality.......ccocueriiiiiiiiiiieieee ettt ettt et 50
6.1  Water QUALILY ...oocveiiiiiiiiienieniee ettt ettt st st st et 50
6.1.1  Data COllECHON ....c.eeeeiiiieeeiirieeteteseeeete ettt s ne 50
6.1.2  Baseline/Current Water QUAlity ........cccccevieriiiriiniiiiiiiniieeeeeeeee e 61
6.1.2.1 Baseline Lake Water Quality Status.......cc..cceceeeeeneenvecnveeriecnucnnenn 61
6.1.2.2 Lake Holiday Current (2008) Water Quality ..........cccevvueeriieernunrenne. 63
6.1.2.3  Wing Lake Current (2008) Water Quality ..........ccoocveevieerieernernnnen. 63
6.1.2.4  Lake Rose Current (2008) Water Quality .........cccecceeveeneeneeneennenns 64

6.1.2.5 Lake Holiday, Wing Lake, and Lake Rose Water Quality
Trend ANALYSIS ..coveervieriinienieiie e 65
6.2 NUtrient Loading.........cocieiiiiiiiiiiieeeeee ettt st st 66
6.2.1 External Loading SOUICES........c.cociiviieriinienienienieneeeteeteete et 66
6.2.1.1  Watershed Runoff ..........cccccomiiiiniiiiii e 66
6.2.1.2  Inflow from Upstream Lakes .........cccceveeneiniiniiniiniinieiienicee 69
6.2.1.3  Direct Precipitation & Atmospheric Deposition .........cc.ccceceereennnene. 70
6.2.2  Internal Loads ........cccceviririiiniinieieeneeeseeeee sttt 77
6.2.2.1  Sediment Core Analysis.......ccooeereeriieriiirniirniiiieeeeeeseeneeneeeee e 78
6.3 AQUAtIC COMIMUNITIES .. ..eouvieutieiieiieteeiteit ettt sttt et ebeesneesreesbeesreesanesaneeane 80
6.3.1  Phytoplankton.......coceoiieiieiiiiieientete e 80
6.3.2  Z0OPIANKEON. .....oiiiiiiiiieiieiete et 84
6.3.3  MACTOPRYLES ....eeeivieiiieiieieeteteet ettt ettt ettt e b et 88
6.3.3.1 Lake Holiday Macrophytes ........c..cceccervuirvierniinnerneeneeneeneeneeeeeaee 88
6.3.3.2  Wing Lake Macrophytes ........cccccecueriiriiiriieiiiieeeeeeeesee e 88

P:\Mpls\23 MN\27\2327634\WorkFiles\Holiday_Wing_Rose UAA\Report\Draft2\UAA_HolidayWingRose_2009_Draft2.docx
XXX1V



6.3.3.3  Lake Rose MacCrophytes........ccccceeceeriiiriiiisiiinieiieeneenee et 89

6.3.3.4  Coontail, Purple Loosestrife, and Curlyleaf Pondweed ................... 89

6.3.4  Fish and WildIife ........ccoooiiiiiiiiiiiiieeeeetee e 90

7.0  Water Quality Modeling for the UAA .........cooi it 91

7.1 Use of the P8 MOME ....c..coouiriiiiiiiiieieiincceseee sttt 91

7.2 Water Quality Model (P8) Calibration ...........cc.cccecueriiriieiiieiiinieeieeieeieeseesieeee e 92

7.2.1  Climatic CONAITIONS ......ceoueiruiiriiiriienteriente ettt ettt 92

7.2.2 P8 Model DeVEIOPMENL .........cocuiiiiiiieiieiieieeiteeesite ettt 92

7.2.2.1 P8 Model — Stormwater Volume Calibration.........c..cccceeeevveruenuennee. 93

7.2.2.2 P8 Model — Phosphorus Loading Calibration .............cccccevceeneennnne 93

7.2.3  Water Balance Development and Calibration .........c..ccecceeveeveeneennieniicnnennnenne 93

7.2.3.1 Lake Holiday Water Balance .........cccccocceeveiviiniincncnicnicniceeene 93

7.2.3.2 Wing Lake Water Balance .........c..ccoceeiiriiiiiiniiniinienienceneeee 94

7.2.3.3 Lake Rose Water Balance ...........coccoceeveenireenininieneninicencneenns 95

7.2.3.4  Validation of P8 Runoff Results ........ccccocceveevinirienininicnininecnns 95

7.3 In-Lake MOdElINg ......cooviiiiriiiiiiiieeeeteeeeeete ettt ettt 106

7.3.1 Calibrating the In-Lake Models to Existing Water Quality.........c.ccccccervueeneen. 106

7.3.1.1 Estimating Spring-time Phosphorus Concentrations...................... 106

7.3.1.2  Estimating Loading and Loss from Aquatic Macrophytes............. 108

7.3.1.3  Calculating Internal Loading from Lake Sediment........................ 109

7.3.2  Results of the In-Lake Water Quality Model Calibration ...........c..ccccceeueneen. 111

7.4 Modeling Chlorophyll @ and Secchi Disc Transparency ..........ccccevceeveeneenienienuennne. 121

7.5 Use of the P8/In-Lake MOdElS.........cccccouiririeniinirieiinicieeneceeiesieeeeeee e 122

8.0  Analysis Of Future COonditions...........cceveerieriiriiiiiiieeieee ettt sttt s s 127

8.1  Future Conditions Modeling ASSUMPLIONS.....c.c.covuieiierieenieneenienieneeneenee e seeneeeas 127
8.1.1  Consistencies between Calibration Models and Existing/Future

CONAILIONS. ....eouteeiiieieeeeeetert ettt ettt st et st eaeeeateeneeas 127

8.1.1.1  Lake Outlet EIeVations ........cccecerireecerineenienenecreneeeeeenneeeeennes 127

8.1.1.2  Storm SeWer SYSIEM .....cceevuiiriiriiiiiiieeie ettt 127

8.1.2  Future Land Use Changes.........cccccereeriiniiniinienieeieeieeieeieeieesiee et 128

8.1.3  Future Lake Hydrology Changes...........cccceevirviiniiinienienienicnecneeseesieeeeae 128

8.1.4  Future Storm Sewer Changes ........c..ccocerveriirieriieriieeeeeeeceenieesee e 128

8.2 MoOdeling RESUILS ......eeiieiiiiiiiiesiieitee ettt st s st 131

8.2.1  Climate COondItIONS ....c..cceevueruireeiiniinierenieetere st eeeresreereeaesreeeeeeesreeseesnenees 131

8.2.2  Water Quality Model Results under Existing Conditions ..........ccc.ccceeveenneenn 131

8.2.3  Water Quality Model Results under Future Conditions .........ccccceceeveeneenncenn 131

8.2.3.1 Lake Holiday Future Water Quality.........ccoccervueriiirneeniineeneeneene 132

8.2.3.2  Wing Lake Future Water QUuality......cc..ccoceerviiriiiniiiniinniiieiicenene 132

8.2.3.3 Lake Rose Future Water Quality.......c.cccoceeriiniiiniiniinniiicieenene 133

8.2.4 Predicted Future Conditions Lake Water Levels........c..ccoccceviriinnininncncens 138

9.0 Evaluation of Possible Management INTtHatiVes .........c.cevueerieereereenienienienie et 140

P:\Mpls\23 MN\27\2327634\WorkFiles\Holiday_Wing_Rose UAA\Report\Draft2\UAA_HolidayWingRose_2009_Draft2.docx
XXXV



9.1 General Discussion of Improvement SCENArios. ..........cceuerueriersieriierseenieeneeneeneeeeen 140

9.1.1  Structural BMPS ....cooueiiiiiiiece ettt 140
9.1.1.1 Wet Detention Ponds.........ccccccuviiieiiiiiiiiiiiiiciiee e 141

9.1.1.2  INFIItration ...c.ceevvieeiieeiie et cee ettt e e e e e e e e e 142

9.1.1.3  Vegetated Buffer Strips........ccooceereenieniiiiiiiiiiiceeeeeeeeeeeee 143

9.1.1.4  Oil and Grit SEParatorsS..........cccceereereerierierienieeie et eeeeee e eeeens 144

9.1.1.5 Alum Treatment Plants..........ccccccoeeiiiiiiiiiiieeiiiee e eeiiee e 144

9.1.1.6  Iron-Enhanced Sand Filtration ...........cccccceeeeviiieeeciieeeeciiee e, 145

9.1.2  Nonstructural BMPS .......cccooviiiiiiiiiie ettt 146
9.1.2.1  Public EQUCAtION .......cccviieiiieiiieciiecieceee ettt 146

0.1.2.2  OrdiNanCeS.........c.eeevuieerieerrieeieeesreesreeeseeeereesseesseeesseeesssessseeanns 146

9.1.2.3  Street SWEEPING.....covviriiriieiieieeieeeeteee ettt 146

9.1.2.4 Deterrence of WaterfOWl........coeevveiiiiiiiiiiiiciiieeeieee e, 147

9.1.3  IN-Lake BMPS ....ccuviioiieie ettt et 147
9.1.3.1 Removal of Benthivorous (Bottom-Feeding) Fish..........c..c......... 148

9.1.3.2  Application of Alum (Aluminum Sulfate) .........ccccevveeniininnnncene 148

9.1.3.3  Iron Salt Applications with Hypolimnetic Aeration....................... 149

9.1.3.4  Aquatic Vegetation (Curlyleaf Pondweed) Management............... 150

9.2 Feasibility ANALYSIS «..eeouieiiiiiiiieiieee ettt sttt 152
9.2.1  Statement Of Problem .........ccccueiiiiieiiiieiieciee ettt 152
9.2.2  Selection and Effectiveness of Alternatives ..........ccceecvveeeeecieeeeniiieeeeeieeeeeenee 158
9.2.2.1  Site-Specific Structural BMPS .......c.cccociniiiiiiniiiinieieieeeeene 158

9.2.2.2 In-Lake Best Management Practices..........ccecceveeriinieneeneenecnnnen. 173

0.3 BMP SCONATIOS ...ecuvvieeiieiiieeiieeieeetee et e ete et eesteeetaeeseseessseeassaeessseessseesssaesnsseensseens 179

9.3.1.1 BMP Scenario 8 — Alum Treatment in Lake Holiday, Wing
Lake, and Lake Rose; Aquatic Vegetation Treatment in Wing

9.3.1.2 BMP Scenario 10 — Alum Treatment in Lake Holiday, Wing
Lake, and Lake Rose; Aquatic Vegetation Treatment in Lake
Holiday and Wing Lake .........ccccceoieiiiniininiiniiccecccceeees 180

9.3.1.3 BMP Scenario 11 — Alum Treatment in Lake Holiday, Wing

Lake, and Lake Rose; Aquatic Vegetation Treatment in Lake

Holiday, Wing Lake, and Lake ROS€ ..........cccceeveiniiniiniinieninnen. 181
9.3.1.4 BMP Scenario 13 — Watershed Infiltration in the Holiday-

Wing-Rose Watersheds; Alum Treatment in Lake Holiday,

Wing Lake, and Lake Rose; Aquatic Vegetation Treatment in

Lake Holiday and Wing Lake, ........cccccoceriiniiniiiniiniiiciececee, 181
9.3.1.5 BMP Scenario 16 — Iron-enhanced Sand Filtration of Lake

Holiday Outflow; Alum Treatment in Wing Lake and Lake

RO oo a e aaaaaaaaas 183

10.0 DiScuSSion and CONCIUSIONS ......uuuueeiiieiiiieeeeeee e ee ettt e e e e ettt eeseeeeetaaareaeeseeesersaaans 185
10.1 Attainment Of Stated GOAlS......couvueeeeiiiiiiiiiieee e et eeeaaeens 185
10.1.1 Water QUantity GOalS ........ccceeviieviienienienienienieete ettt 185

P:\Mpls\23 MN\27\2327634\WorkFiles\Holiday_Wing_Rose UAA\Report\Draft2\UAA_HolidayWingRose_2009_Draft2.docx
XXX Vi



10.1.2 Water Quality GOalS......ccueriiiiiiiiiiiiiieeee et 185

10.1.3  Aquatic Communities GOal .........c.cecuerrieriiiiiiiniieieeeeeceee sttt 187
10.1.4 Recreational Use GOalS .........cocceevuiriiriiiiiiiniiinieeeececcceeseenee e 187
10.1.5 WILAITE GOALS ..cuveeieiiiiiiieienieeeteeetee ettt 188

10.2 CONCIUSIONS ...onviiienriiieiieiinitetete sttt sttt ettt et et be st esa bt st e e bt e ennes 192
10.2.1 Aquatic Plant Management ...........cccceveereereeneenienienienienee sttt 193
10.2.2 In-Lake Management...........cccocueruiriirieriiennieeieeieeieereeieenreesieesieesiee e eae 194
10.2.2.1 Internal Phosphorus Loading .........c.cccocerviriinniniinninniiieciceiene 194

10.2.2.2 Sediment Accumulation ..........cccceeeeeruineereenenieseeneneeeene e 194

10.2.3 Watershed Management and Structural BMPS...........ccccoviiiniininininieneen. 195
10.2.4 Public PartiCipation ...........cccceeieriiiiinienieeie ettt et et e st 196

11.00 RELEIEICES ...cnviniiiieieriieiieie ettt ettt st st st s r st sae e sbe e enes 197

P:\Mpls\23 MN\27\2327634\WorkFiles\Holiday_Wing_Rose UAA\Report\Draft2\UAA_HolidayWingRose_2009_Draft2.docx
XXX Vil



Table EX-1
Table EX-2
Table 2-1
Table 4-1
Table 5-1
Table 6-1
Table 6-2
Table 6-3
Table 6-4
Table 6-5

Table 7-1

Table 8-1

Table 8-2

Table 8-3

Table 9-1

Table 9-2

Table 9-3

Table 9-4

Table 9-5

Table 9-6

Table 9-7

Table 9-8

Table 9-9

Table 9-10

Table 9-11

List of Tables

NMCWD Water Quality Management Goals ..........cccooviiiiiiiiiiiiiiii ii
Estimated Ranges of Baseline/Background Water Quality .............ccceeeeiiiiinnnnnnnnnn. v
Summary of Surveys sent and returned............o.uuuuiireriiiiiiiiiiiiii e 2
Lake Holiday, Wing Lake, and Lake Rose Management Table................................. 32
Stage-Storage-Discharge Relationship for Lake Holiday..............cccooeeiiiiiiinnn. 41
Lake Holiday 2008 Water Quality Data (City of Minnetonka)...............cc.oeeeeeeennnn. 52
Wing Lake 2008 Water Quality Data (NMCWD and CAMP)........cccoeeiiiviiiiiiiiinnnnnn. 53
Lake Rose 2008 Water Quality Data (City of Minnetonka and CAMP).................... 54
Estimated Ranges of Baseline/Background Water Quality .............ccoeeeeeeiiiinnnn, 62
Comparison of Lake Holiday, Wing Lake, and Lake Rose Internal Phosphorus

Loading Rates to those of other Metro Area Lakes.............eevieiiiiiiiiiiiiiinnniiiiiiiiiinnn, 79
Precipitation Amounts for Various Climatic Conditions............ccccceeevrvuirireeeeeennnnns 92

Modeled Summer-average Total Phosphorus, Chlorophyll a, and Secchi Disc
Transparency under Future Conditions and Existing Conditions for Lake

Holiday, Wing Lake, and Lake ROS€.........cccccceeiiiiiiiii e, 132
Impact of Future Conditions Watershed Runoff plus Upstream Inflow on

Phosphorus Loading in Lake Holiday, Wing Lake, and Lake Rose........................ 134
Modeled Existing and Future Water Surface Elevations for Lake Holiday, Wing

Lake, and Lake Rose under Varying Climatic Conditions ..............ccceeeeveeennnnnnnnnnn. 138
General Effectiveness of Stormwater BMPs at Removing Common Pollutants

from Runoff ... 141
Summary of BMP Scenarios Evaluated for Lake Holiday, Wing Lake, and Lake

ROSE ..ttt et e s 154
Modeled Water Quality in Lake Holiday under Varying Climatic Conditions

and BMP Scenarios (refer to Table 9-2)......cooouiiiiiiiiiie e 155
Modeled Water Quality in Wing Lake under Varying Climatic Conditions and

BMP Scenarios (refer to Table 9-2) .....uvivuniiiiiiie e 156
Modeled Water Quality in Lake Rose under Varying Climatic Conditions and

BMP Scenarios (refer to Table 9-2) .....uviieniiiiiieiee e 157

Impact of Watershed Infiltration BMPs on Summer-average Total Phosphorus
Concentrations in Lake Holiday, Wing Lake, and Lake Rose under Varying
Climatic CONAItIONS.....ccceiiiiiiiiiiiiiiiiiiiiiiii e 159

Impact of Iron-enhanced Sand Filtration of Lake Holiday Outflow on Summer
Total Phosphorus Loading to Wing Lake under Varying Climatic Conditions........ 162

Impact of In-lake Alum Treatment of Lake Holiday Outflow on Summer Total
Phosphorus Loading to Lake Holiday and Wing Lake under Varying Climatic

CONAITIONS ..ttt ettt e e ettt e e e s ettt e e e s e saetnnreeeeeeesnnaannes 173
Impact of In-lake Alum Treatment of Wing Lake on Summer Total Phosphorus
| o T T 103 V- N 174
Impact of In-lake Alum Treatment of Lake Rose on Summer Total Phosphorus
| Do T: T 103 V- N 175

Impact of Aquatic Vegetation Treatment on Summer Total Phosphorus Loading
to Lake Holiday, Wing Lake, and Lake Rose under Varying Climatic
(010) 10 11T ) s R T U U TN 177

P:\Mpls\23 MN\27\2327634\WorkFiles\Holiday_Wing_Rose UAA\Report\Draft2\UAA_HolidayWingRose_2009_Draft2.docx

XXX Vil



Table 9-12

Table 9-13

Table 9-14

Table 9-15

Table 10-1

Summer Total Phosphorus Loading Reduction in Lake Holiday, Wing Lake,
and Lake Rose with BMP Scenario 8 under Varying Climatic Conditions..............

Summer Total Phosphorus Loading Reduction in Lake Holiday, Wing Lake,
and Lake Rose with BMP Scenario 10 under Varying Climatic Conditions............

Summer Total Phosphorus Loading Reduction in Lake Holiday, Wing Lake,
and Lake Rose with BMP Scenario 13 under Varying Climatic Conditions............

Summer Total Phosphorus Loading Reduction in Lake Holiday, Wing Lake,
and Lake Rose with BMP Scenario 16 under Varying Climatic Conditions............

NMCWD Water Quality Management Goals .........ccccceeeiiiiiiiiie,

P:\Mpls\23 MN\27\2327634\WorkFiles\Holiday_Wing_Rose UAA\Report\Draft2\UAA_HolidayWingRose_2009_Draft2.docx

XXX1X



Figure EX-1
Figure EX-2
Figure EX-3
Figure EX-4
Figure EX-5

Figure EX-6
Figure EX-7
Figure EX-8
Figure EX-9

Figure EX-10

Figure EX-11

Figure EX-12

Figure 2-1
Figure 2-2

Figure 2-3

Figure 2-4
Figure 2-5
Figure 2-6
Figure 2-7
Figure 2-8
Figure 2-9
Figure 2-10
Figure 2-11
Figure 2-12
Figure 2-13
Figure 2-14
Figure 2-15
Figure 2-16
Figure 2-17
Figure 2-18
Figure 2-19
Figure 2-20
Figure 5-1
Figure 5-2

List of Figures

Lake Holiday Historical Summer-Average Water Quality..............ccccccccn vii
Wing Lake Historical Summer-Average Water Quality........ccccccevvviiiiiiiiiiiiiiiiennnnn. viii
Lake Rose Historical Summer-Average Water Quality............cccoeiii. ix
Existing (2007) Land Use in the Holiday-Wing-Rose Watersheds.............ccccccoee.. xii
Existing and Future Land Use in the Holiday-Wing-Rose Watershed by

PerCentage.....covvviiiiiiiiiiii xiii
Cumulative Total Phosphorus Loading to Lake Holiday (June—September)........ Xviii
Cumulative Total Phosphorus Loading to Wing Lake (June—September)............... Xix
Cumulative Total Phosphorus Loading to Lake Rose (June—September)................. XX
Location of Potential BMPs within the Holiday-Wing-Rose Watershed ................. XXV
Modeled Summer-average Trophic State Index (TSIsp) in Lake Holiday under
Varying BMP Scenarios and Associated COStS.......ccoeiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiann. XXVi
Modeled Summer-Average Trophic State Index (TSIsp) in Wing Lake under

Varying BMP Scenarios and Associated COStS........cooeeviiiiiiiiiiiiiiniiinniiiiiniineeennnn. XXVii
Modeled Summer-average Trophic State Index (TSIsp) in Lake Rose under

Varying BMP Scenarios and Associated CoStS........coeeeviiiiiiiiiiiiiiiiiiiiii.. XXViii
Lake Uses of Residents that Live on/near Lakes .......cccccooveciiiiiiiiiiiniiiiiiieeeeinee, 2
Survey Results: Perception of Changes in Lake Water Quality among Residents

that Live on/near Lakes .........ccccciiiiiiiiii e 3
Survey Results: Impairment of Lake Uses Perceived by Residents that Live

ON/MNEAr LaKeS ..oooiiiiiiiiiiiiiii 3
Survey Results: Important Criteria for Evaluating Overall Lake Quality .................... 4
Survey Results: Degree of Nuisance of Aquatic Plants.............cceeeeiiiiiiiiiiiiin, 5
Survey Results: Lake Uses Impacted by Aquatic Plants...........ccccoeeeeiiiiiiiininn, 5
Survey Results: Identification of Most Problematic Aquatic Plants............................ 6
Survey Results: Realistic Goals for Aquatic Plant Management...............ccoeeeeeeeennnn.. 7
Survey Results: Aquatic Plant Management Performed by Lake Residents ................ 7
Survey Results: Use of Chemicals for Aquatic Plant Management............................. 8
Survey Results: Use of Mechanical Means for Aquatic Plant Management ................ 8
Survey Results: Lake Uses among Watershed Residents ............oooeeeveeeeiiiinnnnnnnnnnnnnn. 9
Survey Results: Willingness to Manage Leaves and Grass Clippings ............c.cc...... 10
Survey Results: Directing Downspouts to Pervious Areas..........ccccceeeeeeeeeiiinenennnnnnn. 10
Survey Results: Willingness to Limit Fertilizer Use............cooeeviiiiiiiiiiiiiii, 11
Survey Results: Residents Who Use Professional Lawn Care..............cooeeeeeeeennnnnnn. 11
Survey Results: Residents Who Use Fertilizer ..........oooeveveiiiiieiiiiiiiiieieeeeeeee, 12
Survey Results: Residents Who Use Phosphorus-Free Fertilizer .............................. 12
Survey Results: Sources of Information on Local Lakes ..............ccoeeeiiiiiiiinnn, 13
Minneapolis street car traveling east past Wing Lake.............cccceeiii, 15
Lake Holiday Bathymetry........cccccciiiiiiiiiiiii e 38
Wing Lake Bathymetry.......ccccciiiiiiiiiii e 39

P:\Mpls\23 MN\27\2327634\WorkFiles\Holiday_Wing_Rose UAA\Report\Draft2\UAA_HolidayWingRose_2009_Draft2.docx

x1



Figure 5-3
Figure 5-4
Figure 5-5
Figure 5-6

Figure 5-7
Figure 6-1

Figure 6-2
Figure 6-3

Figure 6-4
Figure 6-5
Figure 6-6
Figure 6-7

Figure 6-8
Figure 6-9

Figure 6-10
Figure 6-11

Figure 6-12
Figure 6-13
Figure 6-14
Figure 6-15
Figure 6-16
Figure 7-1

Figure 7-2

Figure 7-3
Figure 7-4
Figure 7-5

Figure 7-6
Figure 7-7
Figure 7-8

Figure 7-9

Figure 7-10
Figure 7-11
Figure 7-12

Lake Rose Bathymetry .....cooooeiiiiiiiiiiii e 40
Existing (2007) Land Use in the Holiday-Wing-Rose Watershed ............................. 46
Future Land Use in the Holiday-Wing-Rose Watershed ........................cco, 47
Existing and Future Land Use in the Holiday-Wing-Rose Watershed by
PerCentage......coooviiiiiiiiiiii 48
Existing Subwatersheds and Storm Sewer System .............ccccoeeiiiiiiiiiiiiiinnninn, 49
Lake Holiday 2008 Seasonal Changes in Concentration of Total Phosphorus,
Chlorophyll @ and Secchi.........ccccciiiiiiiiiiiii e 55
Wing Lake 2008 Seasonal Changes in Concentration of Total Phosphorus,
Chlorophyll a and Secchi Depth ..., 56
Lake Rose 2008 Seasonal Changes in Concentration of Total Phosphorus,
Chlorophyll a and Secchi Depth ..., 57
Lake Holiday Historical Summer-Average Water Quality.............cccccoeeveiininnnnnnnnnnn. 58
Wing Lake Historical Summer-Average Water Quality...........cccccoeeiiiiiinnnninnnnnnnnnnn. 59
Lake Rose Historical Summer-Average Water Quality.............cccceeeiiiiiinn, 60
Cumulative Annual Water Loading to Lake Holiday based on Water Year
(OCtOber-SeptembDETr) ....ccoeeeeieeeee e 71
Cumulative Total Phosphorus Loading to Lake Holiday (June — September)............ 72
Cumulative Annual Water Loading to Wing Lake based on Water Year
(OCtOber-SeptembDEr) .....ccoeieieeeie e 73
Cumulative Total Phosphorus Loading to Wing Lake (June — September)................ 74
Cumulative Annual Water Loading to Lake Rose based on Water Year
(OCtOber-SeptembDETr) .....cooeeeieeeee e 75
Cumulative Total Phosphorus Loading to Lake Rose (June — September) ................ 76
Wing Lake 2008 Phytoplankton Surveys, Data Summary by Division..................... 82
Lake Rose 2008 Phytoplankton Surveys, Data Summary by Division ..................... 83
Wing Lake 2008 Zooplankton Surveys, Data Summary by Division ................eeeuee. 86
Lake Rose 2008 Zooplankton Surveys, Data Summary by Division ......................... 87
Lake Holiday Calibrated Water Balance Model 1992-1993 (Wet Conditions) .......... 97
Lake Holiday Calibrated Water Balance Model 1998-1999 (Average

(©0) 116 S5 Te) 1 1) J TR 98
Lake Holiday Calibrated Water Balance Model 2007-2008 (Dry Conditions)........... 99

Wing Lake Calibrated Water Balance Model Summer 1993 (Wet Conditions) ....... 100

Wing Lake Calibrated Water Balance Model Summer 1999 (Average
CONAITIONS) .evtniiiiiiii ettt et e e e e e et e et e et e e e e e e e e e ete e s e e e st e e saeesaaeeeans 101

Wing Lake Calibrated Water Balance Model Summer 2008 (Dry Conditions)........ 102
Lake Rose Calibrated Water Balance Model Summer 1993 (Wet Conditions)........ 103
Lake Rose Calibrated Water Balance Model Summer 1999 (Average

(670) 116 11 (o)1 1) JEUUTTU S OO P PP 104
Lake Rose Calibrated Water Balance Model Summer 2008 (Dry Conditions) ........ 105
In-Lake Model Calibration of Lake Holiday — Wet Climatic Conditions ................ 112
In-Lake Model Calibration of Lake Holiday — Average Climatic Conditions.......... 113
In-Lake Model Calibration of Lake Holiday — Dry Climatic Conditions................. 114

P:\Mpls\23 MN\27\2327634\WorkFiles\Holiday_Wing_Rose UAA\Report\Draft2\UAA_HolidayWingRose_2009_Draft2.docx

xli



Figure 7-13
Figure 7-14
Figure 7-15
Figure 7-16
Figure 7-17
Figure 7-18
Figure 7-19a

Figure 7-19b
Figure 7-20a
Figure 7-20b
Figure 7-21a
Figure 7-21b

Figure 8-1
Figure 8-2

Figure 8-3
Figure 8-4

Figure 9-1
Figure 9-2

Figure 9-3
Figure 9-4
Figure 9-5
Figure 9-6
Figure 9-7
Figure 9-8
Figure 9-9

Figure 9-10

In-Lake Model Calibration of Wing Lake — Wet Climatic Conditions.....................
In-Lake Model Calibration of Wing Lake — Average Climatic Conditions..............
In-Lake Model Calibration of Wing Lake — Dry Climatic Conditions.....................
In-Lake Model Calibration of Lake Rose — Wet Climatic Conditions.....................
In-Lake Model Calibration of Lake Rose — Average Climatic Conditions
In-Lake Model Calibration of Lake Rose — Dry Climatic Conditions

Lake Holiday Total Phosphorus-Chlorophyll a Summer-Average Relationship
(1993-2008)

Lake Holiday Total Phosphorus-Secchi Disc Transparency Summer-Average
Relationship (1993-2008) ....ccooiiiiiiiiiiiiiiiii e

Wing Lake Total Phosphorus-Chlorophyll @ Summer-average Relationship
(1993-2008)

Wing Lake Total Phosphorus-Secchi Disc Transparency Summer-average
Relationship (1993-2008) ....cceiiiiiiiiiiieee ettt eeeeeeeeaaaas

Lake Rose Total Phosphorus-Chlorophyll a Summer-average Relationship
(1993-2008)

Lake Rose Total Phosphorus-Secchi Disc Transparency Summer-average
Relationship (1993-2008) ....ceeiiiiiiiiiiieeee ettt e e e e e e

FUuture SUDWaAtErSIEAS . .. couiiniiiiiiiei e

Lake Holiday, Wing Lake, and Lake Rose Estimated Summer-Average Total
Phosphorus Concentration under Varying Climatic Conditions..................oeeeeeeen.

Lake Holiday, Wing Lake, and Lake Rose Estimated Summer-Average
Chlorophyll a Concentration under Varying Climatic Conditions...........................

Lake Holiday, Wing Lake, and Lake Rose Estimated Summer-Average Secchi
Disc Transparency under Varying Climatic Conditions............ccccceeeeeiieninnnnnnnnnnnn..

Location of Potential BMPs within the Holiday-Wing-Rose Watershed .................

Modeled Summer-Average Total Phosphorus in Lake Holiday under Varying
BMP Scenarios and Climate Conditions

Modeled Summer-Average Chlorophyll a in Lake Holiday under Varying BMP
Scenarios and Climate Conditions

Modeled Summer-Average Secchi Disc Transparency in Lake Holiday under
Varying BMP Scenarios and Climate Conditions..........cccccceeeeiiiiiiiiiiniinninnnnnnnnnnn.

Modeled Summer-Average Total Phosphorus in Wing Lake under Varying
BMP Scenarios and Climate Conditions

Modeled Summer-Average Chlorophyll a in Wing Lake under Varying BMP
Scenarios and Climate Conditions

Modeled Summer-Average Secchi Disc Transparency in Wing Lake under
Varying BMP Scenarios and Climate Conditions............ccceeeeiiiiiiiiiiiiinnn,

Modeled Summer-Average Total Phosphorus in Lake Rose under Varying BMP
Scenarios and Climate Conditions

Modeled Summer-Average Chlorophyll a in Lake Rose under Varying BMP
Scenarios and Climate Conditions

Modeled Summer-Average Secchi Disc Transparency in Lake Rose under
Varying BMP Scenarios and Climate Conditions............ccccoeeeiiiiiiiiiiiinn,

P:\Mpls\23 MN\27\2327634\WorkFiles\Holiday_Wing_Rose UAA\Report\Draft2\UAA_HolidayWingRose_2009_Draft2.docx

xlii



Figure 10-1  Modeled Summer-Average Trophic State Index (TSIsp) in Lake Holiday under
Varying BMP Scenarios and Associated COStS........coeeeveiiiiiiiiiiiiiiiiiiiiiiiiiiiinieeeeen.

Figure 10-2  Modeled Summer-Average Trophic State Index (TSIsp) in Wing Lake under
Varying BMP Scenarios and Associated COStS........coceeviiiiiiiiiiiiiiiiiiiiiiiiiiiiinieeeeen.

Figure 10-3  Modeled Summer-Average Trophic State Index (TSIsp) in Lake Rose under
Varying BMP Scenarios and Associated COStS........coeeeviiiiiiiiiiiiiiiiiiiiiiiiiiinieieeeee,

P:\Mpls\23 MN\27\2327634\WorkFiles\Holiday_Wing_Rose UAA\Report\Draft2\UAA_HolidayWingRose_2009_Draft2.docx
xliii



List of Appendices

Appendix A Data Collection Methods

Appendix B P8 Model Parameter Selection

Appendix C  Pond Data for the Holiday-Wing-Rose Watershed

Appendix D Lake Holiday, Wing Lake, and Lake Rose 2008 Water Quality Data
Appendix E~ Wing Lake and Lake Rose Biological and Fisheries Data

Appendix F  Lake Holiday, Wing Lake, and Lake Rose 2008 Macrophyte Surveys
Appendix G BMP Cost Estimates

Appendix H  Lake Holiday, Wing Lake, and Lake Rose Sediment Core Analysis
Appendix I Lake Holiday, Wing Lake, and Lake Rose Water Quality Trend Analyses

P:\Mpls\23 MN\27\2327634\WorkFiles\Holiday_Wing_Rose UAA\Report\Draft2\UAA_HolidayWingRose_2009_Draft2.docx
xliv





