Lake Sarah Project
Phase 1- Diagnostic Study Report

Clean Water Partnership Project
December 1996




LLake Sarah Project
Phase 1 - Diagnostic Study Report

Prepared by Carolyn J. Dindorf
Hennepin Conservation District

Clean Water Partnership Project
December 1996



TABLE OF CONTENTS

ACKNOWLEDGMENTS A%
EXECUTIVE SUMMARY VI
SECTION 1 INTRODUCTION AND PROJECT BACKGROUND 1
1.0 HISTORY .oceeeieemiceimsieteeseintcesannesrseenesebsbeaees e snassensessanensbs 44 s s sas s oA e R e R b e be S e h S o b e bR e e b e e b4 E e e 1 E e et bt 1
2.0 PROJECT PURPOSE .....utittrmartcterceeree e eiesten e st aesouereeseseasaseebsma s esesaems st ekt ess et sea2e et e s e na e A s a4t et b e 6
3.0 PROJECT PARTICIPANTS ..ottt ettt reee s ecaes e esa s s e s e e st e se bbb d et n s s b e s e bbb et 7
4.0 PROJECT COSTS ... ceiiieeetsimeesteneetnser s esmtecastanenes s sanassseeneas s sesss e s sasans s s s ors s s s s e ases e e be s s bbb aba s g e s e bbbt 7
SECTION 2 SUMMARY OF PREVIOUS STUDIES 8
SECTION 3 DIAGNOSTIC STUDY 11
1.0 METHODS ..ot eteeieetevisrasts et essetesensetasaensan s e eesesess st asa e ot s sen s s b s bs e bess s e e b AR S S Aa s e b e b e e m e s e e s e b e s bt esenebesebananasnsssiens 11
1.1 Water QUALIEY MORIIOTIRG.....oovveceiivietnieranininiasensivesiaasssaascrs st ssessas e s s ase s ab eyt b s h s A bt a b st e s st s 11
11,1 LoaKE MOMILOTINE ©vvvvrercrrerererireensestiavsssessssestsaosers shssesnssosasenss5esasssses s s gom a8 08 e s s e A e AT s g b s b 2R A R n b 11

1.1.2 Stream mMONItOTINZ......ocovvvrivmnrrririnirinnes 14
1.1.5 Macrophyte survey 18

1.1.6 Watershed assessment 18
1.1.7 Data management and SEALISTICS ....vovi.visiririciirieors ottt ann e ab e a b s ekt e s n s 18
1.1.8 Quality control/GUality ASSUTANCE. ... .....comiiivirrimsisesiciasi st isssss s a2 e s e s s a e et eb e as e 10 s as e 18
1.1.9 Water MOAeling LECHAMIQUES . .. .curirrcrrecriimiieersaierceerea s et ssas s s ra s sas b sos e m st b me e s es e ne e 2RSS b e e e r e 0 19
O 2 U1 I 3 U U OO O U OO C U S 19
2.1 PPOJECE AT@Q. ..ottt et bbb n s ar e e s 19
2.1 1 EXISHRG LN USE .....vovreavivicniieiii ettt e b 19
2.1.2 SOLIS ANA ZEOLOZY vvcvvrrrereraneereseriisimseissiis it ieter s eas s bt bbb s e s b e b A8 a7 £ 0 B a2 R bbb s 20
2.1.3 Precipitation aNd CHIMAE ..o iieriieimresnmesse et esttreressas s ses a8 b 00 s 8480 bbb br e a0 n s 20
2.1.4 POPUIAtON CHATACIEIISHICS. 1ovucrvrererunuresniis e eeonscinsassesasnsses o s sa st 0T 8ebEn RS04 A28 st 20
2.1.5 Land ownership....ccoo i, 21
2.1.6 Community water and sewer supplies 21
2.1.7 POINL SOUCES .ovviveravrirrreraninsrnsessesirnssnassssmnecanasnans 22
2.1.8 Description of Lake Sarahl... ...ttt e 22
2.2 Lae DAIonoisososeeeeeeeeeeeeeeeeeeteeee e e s es s s e ns e s ee s et s s e aesas a5 2 s e bRt n e n s nnes B
2.2.1 Water quality 23
2.2.2 FASHETIES < vovievvrrrericreeeenesrireninnisnenanse s snr i 36
2.2.3 RECTEALIOM. 1 11vseverareesseeseasesseseesrmse aresseieshaste s neasresesanensesceaA s s e aaE S A4 T4 8 SRR AT A48 A8 AE SR (78S H R s et 36
2.2, MACTOPRYLES....eirereiiimineesmeiiniinsessssssnss e st nass s asean b sh e s s s s sRa b s s S sh e bt s a st ne 36
2.2,6 Phytoplankton ...c..cccrrinmrniscereninsssnsnminsssrissssnesens 38
2.2.6 Zooplankton 40
.27 WALET LEVE] 1oeveiiriviiiretieirneeesaeevesenenesnesnsassnabeaneseseessassobsontssts aehas e s s e s e bR a R AT e A RS0 T4 o0 m S E e 4R a4 E AR e S e SRR S o R B E T b AR e e b2 40

2.3 WALErSREd ASSESSIONE «.ccvveveecreeeeevasreereassenteseessssesseasentsseensaate st tasssassann st esssraes S abr et e s b e raa e s S e e s n e se st e un s s b n st
2.3.1 WALEISHEA ChATACIETISIICS 11 ovvevviveeveraisesrereisereansssensanereeasesnenanesasessssas s se s s b e b e AR R A AR e HbeE a2 e s 2 s Ton e T30 R RSBt 0
2.3.2 Agricultural watershed ASSESSIMENE .....viviiiiiieiirrs e e et b
2.3.3 UTban WaterShed aSSESSITIENL. iv.ceerierirerrerreosereesanssnsecinesssarsasmessnssrsssassanss sh assessssnssnssesssrsrarsensneaareersennsanssnsssserssarionsssass
2.3.4 Storm and SanItary SEWEIS.....ccceereriereiriionmirnioscsnsissionsesninns
2.3.5 Pesticide and fertilizer use estimates
2.3.6 Regional runoff and precipitation................
2.3.7 Snow melt.....occoorciinniiis e
2.3.8 Rating CUTVES..comeeiricrvierinisaenssasisnnrsnsrssennns
2.3.9 Flow characteristics and hydrographs
2.3.10 AqQUIfer aSSeSSIMENt....ccivrirriiseiire it s
2.3.11 Water quality
2.3, 12 WS DALATICE. . crvveeeeeerersesesereesesasmssesssesosessnenssssosssassssnsssassaresesesesssasas seeresesensrorsasinsabessanensar st abarasansnsssnsssenmnatasesssesasans 99

2.4 Pollutant Loading By SUBWAIETSHE...........cc.cceruciriomminiiierisiessisinis ettt e s 63

Lake Sarah Project Report 12/31/96 i



2.4.1 Subwatershed 1
2.4.2 Subwatershed 2.
2.4.3 Subwatershed 3.....
2.4.4 Subwatershed 4.....
2.4.5 SUDWALEISNEU 5. ot is et et s ea e et osibas bt a2 e ses s vabecsrassaessaasbeenbsa Saneses R s e e b ke e es ks n e s 2 an b beeaesanranaeessaeaserneseennrhsennns
2.4.6 SUDWALEISNEA G .....esvisverree ettt et essaes e e bt asenssesaa e et ea b anses a5 esaane a8 st aeaseee Sheba e s o base st en e ateran msanens 2 nsenaens stans snssnanasanes
2.47 Subwatershed 7
2.5 Resource Water QUAIILY GOGLS .......c..ccorviviieiiiieieee st ree ettt an it sens et sa e s e b2 e e se e sb st et esseneneerasteon
2.5.1 Method 1 Natural LaKe ConditiOnS . ...ccveiirreeiei i irerieenieeeeeseessnsssansreessssseessesssesssessssrassasarsssensssasnssssssssesssnsssssresinrns
2.5.2 Method 2 MINLEAP.........ccccvneriinniannes
2.5.3 Method 3 Ecoregion
2.5.4 Method 4 User Perception

2.5.5 Method 5 Fisheries.......ccoeevvrveneenne

2.6.6 Pollutant reduction .........cccerverernne

2.6.7 Modeled Lake Response
SECTION 4 CONCLUSIONS 78
REFERENCES 79
APPENDICES 81

1 GROUNDWATER S AMPLING METHODS
2 FISHERIES SURVEY

3 FISHERIES MANAGEMENT PLAN

4 HOMEOWNER SURVEY

5 COMPUTER MODELING PRINTOUTS

Lake Sarah Project Report 12/31/96 i



S LN

O 0 3

10
11
12
13
14 -15
16
17
18
19

LIST OF TABLES

Water Surface Elevations

Program Elements and Budget

Lake Sample Collection Schedule
Stream Sample Collection Schedule
Lake Sarah Land Use

Lake Sarah Characteristics

Lake Sarah Water Quality
Subwatershed Areas

Feedlot Inventory

Snowmelt Runoff

Stage Discharge Relationship

Stream Sample Data

Water Balance

MINLEAP Printouts

Ecoregion Values

Lake Sarah Water Quality 1992-1994
Five (5) Year Average Water Quality
Comparison of Results based on Sampling Frequency

Computer Model Simulations

Lake Sarah Project Report 12/31/96

15
15
19
22
24-25
43
45
50
50
55
59
69-70

74
75
75
77



la-c

da
4b

O 0w 3 Oy W

10a

LIST OF FIGURES

HiIStOTICAL IMAPS... e cuteriiiieiinircer ettt sa s 2-4
Historical Data 1980-1994........cooiiiiiiiiieieet sttt 9
Secchi Disk Transparency 1972-1994.........ccoovivvmiiniiniiniinninccercrecnce 10
Surface water SAMPlING SILES......cevivevrrieirieteititeie e 12
Groundwater SAmpPling SIteS ....ccuvrverieerirririeriererere et 17
Lake Sarah Water Quality 1991 ....occoiiiiiiineccicee e 26
Temperature and Dissolved Oxygen Profiles, Station 1., 27-31
Temperature and Dissolved Oxygen Profiles, Station 2.......cccccoeviveiiiiiiininnnnns 32-35
VEZEtatioN SUIVEY ..eecveeiiceieiieieniieteteieeeie st ettt sbe e 37
PRYTOPIANKION ...e.veviriiiiieieert ettt 39
Z00plankton BIOMASS .....cceeeiieriiriiiiiiiiiiic et 41
Zooplankton vs. Chlorophyll @.........ccoocoiiiiiiiiii 42
Parcel Maps & Feedlot Locations.........cocciiiiiiiiinnieiceccce 46
Dance Hall Creek Hydrograph .......occeverenineeniciiiiiinienieciseencee s 52
Loretto Creek Hydrograph........ccoccovevieenenmenniiiccicinineets e 53
Sarah Creek Hydrograph ....cceecveeereeieiinicnicesrciecenicsecsiencnesr it 54
Stream Total Phosphorus Concentrations.........c.ccoouevveieneinieiieneie it 56
Stream Total Nitrogen COoncCentrations......c...cccoeviiriiieniiinenieeieinieiese s 57
Stream TSS CONCENITAtIONS. ....cvieviirreereierieeesee st ereere ettt s s eiae e sre s 58
Lake Sarah Total Phosphorus Loading 1991 ... 61
Lake Sarah Total Nitrogen Loading 1991 ... 61
Lake Sarah Watershed LandCoVer.........cccocveoiiiiiniiniiniin e 64
Land Cover by Subwatershed..........oceevniiiiiininiii e 65

Lake Sarah Project Report 12/31/96 iv



ACKNOWLEDGMENTS

The Lake Sarah Project has been sponsored by the Pioneer-Sarah Creek Watershed Management
Commission in cooperation with the City of Greenfield, City of Independence, Lake Sarah
Improvement Association, Suburban Hennepin Regional Park District and the Hennepin
Conservation District. Funding was provided through a Minnesota Pollution Control Agency
Clean Water Partnership Grant. The majority of the lake and stream monitoring was conducted
by Hennepin Parks staff. Staff of the Hennepin Conservation District was responsible for the
day-to-day project management, education and communication, data analysis and report
preparation. The City of Independence provided the bookkeeping and City of Greenfield
provided clerical services for the Steering Committee meetings. The steering committee helped
direct the project and was composed of representatives from each contributing sponsor and some

landowners. Thank you to all who have contributed to the project.

Lake Sarah Project Report 12/31/96 v



EXECUTIVE SUMMARY

The Lake Sarah Project originated from a concern about degrading water quality in the lake. The
Pioneer-Sarah Creek Watershed Management Commission (Commission) had been monitoring
the lake and noticed its water quality was poorer than other area lakes. The Commission and
contributing sponsors applied for Minnesota Pollution Control Agency Clean Water Partnership
funding to conduct a diagnostic feasibility study. The results of the study are presented in this
report.

At one time Lake Sarah was a popular vacation area, with multiple resorts. The resorts have all
since been sold off and converted to single family residential homes. The lake is still a popular
fishing and boating area. Degrading water quality has severely limited its use for body contact

recreation.

As part of the Lake Sarah Project, the lake, its two major inlets and the outlet were monitored for
a period of approximately one year form 1990-1991 and additional sampling in 1992.
Continuous flow monitoring and sampling using automatic samplers was conducted. The
monitoring indicated a high load of phosphorus from the watershed. Loretto contributed 29.3%
of the phosphorus load and Dance Hall (Rush) Creek contributed 40.2%. The smaller tributaries
and tiles contributed 7.7%. Direct runoff from the area directly around the lake, including septic
systems, was estimated to contribute 8.1% of the load. Internal loading from the lake bottom
was estimated at 12.3% of the phosphorus load. The lake retains about 89% of the phosphorus

that is carried into it.

An implementation plan was developed based upon the identification of the two major tributaries
as the largest contributors of phosphorus to the lake. Although, in general, individual pollutant
sources were not identified through monitoring, a review of land uses and inspections were used
to develop the priorities for implementing best management practices in the watershed. Several
potential projects were identified to help reduce pollutant loading to Lake Sarah. They include
wetland restorations, feedlot improvements, buffer strip installation, conservation tillage,
education and several others. The Commission and Lake Association with assistance from the
Hennepin Conservation District have applied for and received grant funds for an education
project and stream improvement project. The stream improvement project is for the entire

Pioneer and Sarah Creek Watersheds but will also benefit Lake Sarah. The Commission will
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SECTION 1
INTRODUCTION AND PROJECT BACKGROUND

1.0 HISTORY

The area surrounding Lake Sarah has a long history of agricultural, recreational and residential
use. An 1860 map (Figure 1a) identifies Lake Sarah as Union Lake. According to this map, the
Lake Sarah watershed may have been substantially larger, extending north to approximately
County Road 10, through a large wetland network. The route of Loretto Creek may have been
altered. The historical maps show the creek entering the lake on the south east side. It
apparently did not come from the south under County Road 11 as it now does. Greenfield was
known as Greenwood at that time. An 1874 map identifies what was Union Lake as Lake Sarah,
and still shows the larger watershed area draining to the lake (Figure 1b). Additional subdivision

of land occurred in what was still referred to as Greenwood between 1874 and 1890 (Figure 1c).

By the turn of the century the Lake Sarah region was a bustling community, with the majority of
its land devoted to agriculture and recreation. Sidney Mitchell--a longtime Lake Sarah resident
recalls that during the 1920s the region was "quite a resort lake," with six different resorts
occupying a seven mile area (Fobbe, 1990). Lake Sarah was a popular recreation spot. With
increasing population pressure, agricultural and recreational land use slowly gave way to
residential. In 1971 there was approximately 130 homes or cabins on the lake. By 1973 the
number of resorts on Lake Sarah had fallen from six to four, and by the 1980s only one resort

remained (Fobbe, 1990). This resort was sold off as individual lots in 1994.

The decade of the 1850s marked the first pronounced and consistent settlement of the region. In
1856 the township of Independence had 92 residents, 91 of which were farmers (Neil and
Williams). The area surrounding the lake during this period was "originally heavily timbered,
with a magnificent growth of hardwood"(Neil and Williams). Therefore, in order to create
suitable farmland, there was an early and earnest effort to clear the land. This conversion of
forest to farmland was likely the initiation of accelerated eutropication of Lake Sarah, although

the silviculture practices may also have contributed sediment and pollutants to the lake.

Lake Sarah Project Report 12/31/96 1
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