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CHAPTER 1 

EXECUTIVE SUMMARY 

PROJECT BACKGROUND 

The City of Muskego (City) bas been a~tivelq. addrehsing storm water n~anagenienr issues within the 
:omunity for many years. This Storm Water Management Plan. the second of a 2-phase comprehensil c 
analysis of the Cltj's present and future storm water management needs, is a reflecrio~~ of the City's 
Cornnlltrnen~ to storm water management issues The "Phase 1" projcct area, w111ch was studied In IW5, 
encompassed approximately 3,600 acres in the northern portion of the City. The "Phase 2" study 
(documenter! in ?his report, encompasses app~.u.iirr~dtely 12,450 acres and iilcIudes most of the remaining 
area uf the City. in add~tion to a snlall port~on of land in the Town of Sorway that contributes dircct runoff 
to the Cir! istit. Figure 2-1). ' lhe general goals of horh the Phase 1 and Phase 2 scudies are th t  same: to 
correcr and prevent flooding resutting frnm storm water runoff and to reduce the amount of pollutants 
conveyed in storm water runoff. 

With the exception of the Lake Denoon wa~ershed. rhe entire Phase 2 project area 11es withtn the 
"Muskego-W ir~d Lakes P r i o r ~ v  Watershed. " The Muskego-W ind Lakes Prioriq watershed was designated 
a "priority watershed" in 1991 under the Wiscclnsin Nonpoint Source Water Pollution Abatement Prosram. 
This program prov~des state funding for the prevenrion of nonpoint source pollution, and is administered 
b!. the Wisconsin Departmcnt of harural Resources (WDNR) and the Wisconsin Department of 
Agriculture. Trade. and Consumer Protection (DATCP), Under this program, a plan (commonly called 
a "Priilrily Warershed Pian") for the Muskego-Wind Lakes watershed was dzvrloped. u hich; 

+ Identified critical sources of nonpoint pollution: 
Set water resourcc objcctiveb for [he wetlands, streams, and lakes within [he watershed: 

+ Eqtablished pollution reduction gcals: 
+ Recommended a set of actions to reach the pollutant reduction goals; and 
+ Set a budget and schedule to carry out the recommendatiuns of the plan. 

Tu assisr in carrying out the priority watershed plan. the City of Muskego received two grants from the 
WDNR to partially fund a more detailed storm waler manfigement plan: a Local Assis~ance Grant for the 
Big Muskego Lake drainage area and a Lake Planning Grant for the Lake Denoon watershed. The City 
of Muskepo coutracted with Earth Tech. Inc . (fame sly Rust Environment d Infrastructure? to conduct rh,s 
Phase 2 Storm Water Management Study. 

PURPOSE AND OBJECTIVES 

The primary purpose of the Storm Water Managerrlt.rlr Plan i s  to descrjbe an approach to remediate existing 
water quantity and quality problems from storm water runoff and to prevent hiture problems as a result of 
expccted growth. The objectives were developed based upon the WDNR's recommendations set furth in  
the h!onpninr Source Conlrol Plan for tne M~~.rkego-Wind Lakes Priority Wurer~hed Project. discussions 
\rich the CitjflMrDNR!Ear~h-Tech project team, and interactions with the City of Muskego Storm Water 
Advisory Crmmittee. In summary, the objectives of 111is project are: 

+ Artairi the pollutanl reduction goals stated in A Nonpoint Source Conrroi Plansfor the jMrrskego-Wind 
Lakes PrioriQ Warershed Proj~rr. Table 1 1 bclow shows h e  lake pollutant reduction goals from 
runoff wrthin the Cjry of Muskego. 



Szorm Wmer Managemenr Plan, Phase 2 Ju l y  1999 

Table 1-1: Lake Pollutant Reduction Goals 

c l  % Reduction, % Reduction, 

I 

I Wind Lake 
I I 

57 7 3  ii 

Little Muskego 

I Big Muskego 

Lake Denoon* 60 60 

* Pollutir>n reduction p a l s  calculated uslrlg WILMS method described in Chapter 3 .  
Other pc~Ilution reduct~nn c~bjectlves from Tables 3- 16 and 3 -  17 pages 711-7 1 in A flnnpolnr Source Corrrrol 
P b n  / t ~ r  the Muskeg,>- Wrrld Ides Prioriry Watershed Projecr. 

In addirion to pollution control, the plan should address the current and future flood control needs of'the 
prolzct area, including the protection of the existing storm water system infrastructure from future 
devzlopment runoff. Additional project goals are listed in Chapter 2. 

Sediment 

69 

39 

PROJECT SETTING 

Phosphorus 

58 

69 I 

TO assess current storm water management levels in the City and make recommendarjuns. it was necessary 
to gather informarion and analyze selected narural resource and infrastructure features of the project area. 
Topics analyzed included subbasins of the project area, existing storm water conveyance and storage 
iaciliries, soils, existing and future land use, precipitation, water resources, storm water q u a l ~ ~ y ,  storm 
water regulatory framework. and City operations relating to storm water. The full report discusses these 
subjects in detail. 

The project area was subdivided into four major drainage basins. These basins are the portions of the 
project area that drain to: 0 )  Little Muskego Lake (via Linnie Lac), (2) Big Muskego Lake, (3) Lake 
Denoon, and (4) Wind Lake. With~n these major basins, 65 subbasins were delineated. Subbasins are h e  
basic building blocks of the nonpoinr source pollution and hydrologic analyses. 

RESULTS AND RECOMMENDATIONS 

Us111g [he data obtained about the project setting. characteriscics of runoff quality and quantity were 
analyzed. This analysis was conducted using several computer models. These results were used to 
determine where the City's efforts to manage storm wacer should be focused. 

The heart of the storm water n~anagzment plan i s  a set of specific recommendations, which will reduce [he 
City's nonpoinr source pollution load and reduce the potential for stornl water flooding problems. Storm 
water management practices can be divided into two general categories: structural and nonstructural. A 
structural practice refers to a specific physical object, such as a detention pond. grass swale. or constructed 
channel that is used to manage storm water. A nonstructural pracrice refers w a program. action or change 
in behavior that is undertaken to improve storrn water management. 

Recommended Nonstructural Measures 

Cropland Management Improved Tillage Methd:  In general, there has been an improvement in tillage 
practices in the project area based on measures already taken under the Muskego-Wind Lakes Priority 
W atzrshed Projecr . However, continuing the practices adopted in this program will allow annual goals 
for  sedimenc reductions to be reaIized for the fumre. 

:;M4DS01 d a u  W I ~ R [ i \ w p \ R p t ~ \ M u s L c P . ~ ~ ~ c h a p l J a b  doc 1-2 



Ordinance Development and Enforcement: The Muskego Storm Water Adviwry Committee prepared -- .- 
and approved a draft Storm Water Management Ordinance that requires new dz\~eIc~prn?nts fo provide 
detention peak flow control and nonpoint source polIurion control. At thc time uf this report, the 
ordinanc: awaits review and approval by the Ciry Council. If adopted. this ordinancc niay bt:  he 
single most Important aspccr of the Srorm Warzr Management Plan, as it enables the C ~ t y  !a manage 
ths ongoing issues of storm watcr quaIjty and peak flows. In the interim. the City should continue tn 
vigorously enforce the current consrruction crosjoo co~itrol ordinance, which provides adequate 
authority to control sediment from construcrinn sires. 

Operarions dud Maintenance R e c o m m e n d a ~ :  Even though the Phase 2 projccr area is 
predominantly agricultural lands, maintenance of the existing storm water conve5,ance syctem should 
he carried out on a routine basis. Swales, ditches, and culverts within the City's jurisdiction should 
be inspecled periodically to ensure: that they are clear and free of debris, and that the ditches a:e not 
eroding. This will minimize the risk of localized flooding should a large str>rln event occur. 
Additionaily, a number of culverts have been identified as k i n g  inadequate for haodlirtg a 1U-year 
storm. Recommendations for modifications to $these culverts are presented in the report. 

+ Public Information and Education I t  is recolnmended that the City develop a public education and 
:nfurmation program. Optinlum use should be made of the information. strategies, and materials 
developed by the UTDNR and the UW-Extension. The education program should focus on informing 
h e  public about things that can be done around the home and in daily activities to reduce nonpornt 
source pollution. Preferably, the educatiorrlinfomation program will be regional in nature. Whenever 
possible, the City should work wit11 orher area communities ro educate the public on storm water 
issues. 

Continued Application for Grant!: 11 is recommended that the City co111inue to apply for Local 
Assistance Grants and h'onpoint Source Grants available through the WDNR to help iiriance the 
administrative, consriuction. and orher implemenrarion costs of the City's growing nonpoint source 
pollution control program. The purposes of these two types of grants and the extent o f  stare 
participation are dzscrihed in the nexr chaptcr. 

Recommended StructuraI Measures 

In many rnsmnces. nonstruclural measures are preferred due to their low cost and lour impact on the 
surroundings. However, in certa~n casts srmcrural measures can be a practical and cost-rfftcrive way t o  
reduce nonpoint source poIiutian. Structural Best Managerrrent Practices (BhiPs) have been separated intu 
5 categories. System 1 BMPs refer to the required mdet detentiodwarcr quality ponds in a basin that would 
bt: associared with new development. The required amount of ponds js bascd on compliance with the City's 
proposcd stor111 water ordinance. The required amount of ponds is summarized in Tablz 1-2. 
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Table 1-2: System 1 Structural BMPs (Future Development BMPs) 

Sy b1ern.s 2 ,  3 ,  and 4 IJhlPs refer to regional treatment facilities in the Lake Denoon, Wind Lake, and Linnie 
LaclLjtrIe Muskego Lake and Basins respectively. These systems are described and sumniaritzd \n 
Tahle 1 - 3 .  

Table 1-3: System 2, 3, and 4 Structural BMPs (Regiur~al BRIPs) 

System 5 BMPs refer to streambank buffer strips, These a r t  thickly vegetated tiparian arcas ncxt ~u 
drainageways ( IUD feet wide on each side of drainageway), w h ~ c h  trap sediment and other pollutants 
associated with storm water runoff, The buffer strips are recommended for channels In agricultural areas 
that arc not cxpecred ru develop in the near future. The proposed buffer strips per basin are summarized 
in Table 1-4. 

- 
Basin 

Lake Denoon 

W ~ n d  Lake 

L ~ n n ~ e  Lacltittle 
Muskego 

--------- 
BMP Description 

- 

Construction of a 2.3-acre water quality pond to treat the Subbasin M? 
(north of Ketsey Road). It should aIso be noted tliai i t  is recommended that 
the existing ponds in the Lake Meadows Subdivision be restored (dredged) 
to meet the standards set forth in the drafr ctorrn water ordinancc. 

The Wind Lake Management D~strict is currently creating a wetland 
treatment system in the area north of Muskegn Dan1 Road and west of the 
lake's outlet channel. The werlands will treat runoff of pallutants from 
agricultural lands. The City should continue its support of this projecr. 

This system utilizes the existing quarry pits for the development of a 
regional water qualtty pond that could treat the nonpoint source po\lution 
from new developments where water quality ponds were not feasible, and 
from existing developments and agricultural lands rhat will not be treated 
throu~h enforccment of  the proposed storm water ordinance. Depending 

- 

upon the upstream water quality management practices, a pond at the quarry 
site may need to he up to 10 acres in size. This recornn~cndatiun I S  

dependent upon the long-term operations of the gravel operation and the 
patential for public ownership of the property in the fuiure. 

- 
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Table 1-4: System 5 Structural BMPs (Stream Bank Buffer Strips) 

Implementation of the ahove described BMPs to the basins within this stud? is expected to achieve the 
sediment and phosphorus load reductions summarized in Table 1-5- 

TabIe 1-5: Seditue~li and Phosphorus Load Reductions 

IMPLEMENTATION PLAN 

The full re-port contains an implementation plan to carry out the structural and nonstructural 
recommendations. The implementation plan does not lay out a specific timetable fur' cornplering these 
recur~unendarions. Kather, it ranks recommendations by t he~r  wst-effectiveness, and suggests other factors 
that should he considered whcn scheduling projecrs. The City cf Muskego is the primary responsible party 
for implementing the recomn~endations of this plan. Technical and financial assjsrance are available from 
ours~iie sources for many of the recommendations. These outside sources include WDNR and othcr public 
agencies. private developers, dnd consulting engineering firms. There is a number of fundir~g mechanisms 
that can be used to finance the recnmmendati~ns of $his srorrli water management plan. These funding 
options include subdivision exactions and fees-in-!leu-of from private sources, City Gcrleral Furlds, Srare 
(WDNRj grants. special laxing districts, bonds. and sstorm waier utilities. 

c 

CONCLUSION 

Reduction OF 
Sediment Load 

58 % 

71% 

65 5, 

26 7c 

- 
Basin 

Lake Delioon 

Linnie LaciLittlc Muskegu 

Wind take 

Big Muskego 1 .ake 

This project sets out a compreht.risivt storm water management plan for the City of Muskego. 
Implementing h e  structural and nonstrucn~ral recornmendations of this plan will reduce current and future 
nonpoint source pollution Ioads and result in substantial compliance with the Muskego - Wind Lake 
Prior~ty Watershed Project recommendati~ns. In addition, the water quality of Lake Denoon wiIl he 
maintained or improved. Finally, the plan providcs the City with mosl of the information necessary to 
comply with the WDNR NR 216 storm water permit regulations. 

;r 
Reduction of 

Phosphorus Load 

48 R -- 
77 % 

54 % 

46 % 

The storm water management program rccorruner~ded in this document is an ongoing process. Storm warer 
management requires a long-term commitment to installing, maintaining, and repairing the physical 
iniras~rucrure, and the continued monitoring of City activities to reduce nonpoint pollution. 
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CHAPTER 2 

INTRODUCTION 

PURPOSE AND OBJECTIVES 

The purpose of the Storm Water Management Plan for the Ciw of Muskepo is to implerne~ir the 
recol~~t~~eridaiions set forth in the Nonpoinf Source Control Plan for rhe Muskego- Wind Lilkes Prrorrn 
Watershed Project. The Srnrm Water Managerncnt Plan fur the City of Muskeg0 addresses remediation 
of existing water quantity and quality proble~ns from storm water ruwff and prevention of h t u r c  similar 
problems as a rewh of expected growth (see Figure 2- 1 ) .  

Early in the planning program, a variety of means was used to establish specific obj,jrctives that would he 
used to guidc prepataiiurl of this Srom Water Management Plan. These means included review of the 
recommendat ions set forth in A h;onpnint Source Control Plarr f i r -  ~ k e  brluskega- Wind Lakes Prrorie 
Watershed Project, discussions within the CitylWDNRlEarth Tech project team, and interaction with the 
rity of Muskego Ad Iloc Sturrn Water Advtsory Committee. The Advisory Committee was zstablrshed 
during the first phase of the City's storm water planning effort and was re-established for this Phase 2 
study. The Committee is comp~ised of members representing various interest groups of the City 

The objecrives for this project are as follows: 

1.  Attain the poliutant reduction goals stated in A Rionpornr Source Control Plan for tile Muskego-Win[/ 
Lakes Pn'orib Warersh~d Projecr. Table 2-1 below shows h e  lake pollutant redu~tior~ goals for runoff 
within the City of Muskego. 

Table 1-1: Lake Pollutant Reduction Goals 

PolIut~un rcdu~tioa goals calculated using WIL.MS methud descr~hed In Chaptcr 3 
PolIut~on reducl~on objectives frcm Tablts 3-16 and 1-17 p~ 70-71 \n A Nonporr~t  Sour8:tb 
Control P l ~ n  for the hiuxkepo- Wind lnkrs Prior~rt U'nf~rrhed Prqiect. 

' 

2. Cuntribute to artajnment of the poI1ution reduction goala set fonh in A Nonpoint Source Confrol Pla~t 
for the Mwkego-Wind Luke5 Priortiy Watershed Project. Pollutiorl rrdtlction goals for urban area:. 
as stated in tlte watershed plan include; 

Effective construction erosion controls on all developing lands: 

Little Muskeg0 
Big Muskego ---- 
Kind Lake ------ 
Lake Denoon* 

+ Reduce mass loadirig of sediments by amounts rcpor-tcd in Table 2-1 from 1992 land use 
conditions: 

Sediment 

69 

39 

57 

60 --- 

Phosphorus 

5 8 

69 

7 3 
60 - - - a  
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2. (continued) 

+ Improve urban housekeeping practices to tzduce t h ~  amount of contaminants reaching surface 
waters; 

+ In newly developed areas, reduce sediment loads to receiving waters by 80 to 90 percent; and 

+ Reduce sediment loads to receiving waters from streambank erosion by 62 (,Big Muskcgo Lake)  

to 95 percent (Muskego CanaI) 

3 The plan should address the current and filture flood control needs of the projcct arca 

4 Prorect and enhance wetland quality from the effects of storm water runoff 

5 Protect existing storm water system infrastructure from future development runoff. 

6 Minimize the negadve impacts from stam water runoff to Big Muskego Lakc. L~ttlc Muskego Lake. 
Wind Lake, and Lake Denoon. 

7 .  Provide guidance to the City on storm water management for future developrncnt. 

4 .  Recommend a system for evaluating storm water management and pollurion reduction progress on a 
scheduled basis. 

9. The plan should provide guidance for the deveIupment of methods of financing storm water 
management practices. 

SCOPE OF SERVICES 

This Storm Water Management Plan for the City of Muskego was iniriated in January 1996. The scclpe 
of services for this planning project included the following: 

1 .  Develop Project Work Plan - The work plan set forth the project team, schedule and milestones, lines 
of communication. and deliverables. 

3 .  Meer wirh Citizen Advisory Committee to present project status, findings, recommendations, and to 
receive review comments, suggestions, and direction. 

3. Define Project Setting - Collect data, inventory the srorrnwater conveyance system. delineate drainage 
parrerns. create a datahase system. inventory soils, assess land use, create a geographic information 
system. summarize water quaIity data, and assess opcrationslrna~ntenal~ce. 

3. Eslablish Project Objectives - Solicir ideas from a variety of sources and assemble into a set of 
objectives. 

5 Collect Available Data - Collect, review, and evaluate information relevant to the development of a 
Storm W arer Management Plan fbr  the study area. This infurmation will be obtained through 
meetings with appropriate City officials and other agency staff. 
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6. Perform Analyses - Select computer models, calculate stormwater flows and volumes. evaluate 
hydraulic capacities, and compute nonpoint source pollutant loads 

7. Identify Critical Areas - Locate sources of nonpoi~lt pollution and flood prone areas 

H. Formulate and Evaluate Alternatives - Consider wetlandlenvironment corridor preservation. solve 
existing flooding problems, prevent new flooding problems. select best management practices for 
pollutanr reduction. site best nlanagernenr practices, and suggest operation/mainrenance improvemenb. 

9 .  Develop a draft stormwarer management ordinance. 

10. Prepare Implementarion Plan - Address priorities, implementation, schedule, informarion/education 
activities, responsible agencieslentities. legal requirements, estimate budgets, and evaluate fund~ng 
mechanisnls. 

1 I Produce report and deIiver mapping and database 

This is a planning investigation, not an engineering design, and as such, is intended to define systems and 
problems, explore a range of alternative solutions, and recommend the course of action. Implen~enration 
of facilities recommended in this reporr will require preparing detailed design and construction documenrs 
and possibly obtaining WDNR and other state or  federal permits. 
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CHAPTER 3 

NATURAL RESOURCES AND INFRASTRUCTURE 

This chapter discusses selected natural resource and infrastructure features of the project area pertinent to 
this study. Topics prcsenrcd include; subbasins of fie project area, existlng storm water conveyance and 
storage facilities, soils. existing and future land use. precipitation, water resources, storm water quality. 
and a storm water regulatory framework. 

The project area was subdivided into small watersheds called suhbasins. Subbasins are the basic building 
blocks of the hydrologic analysis. For rhe purpose of this project, the area was partitioned into 65 
subbasins, each draining to either Little Muskego Lake. Big Muskego Lake, Lake Denoon, or Wind Lake. 
The subbasins ranged in size from 5 to 889 acres, with an average size of 196 acres. Subbasin boundaries 
are shown in Figure 3 - 1 .  

Elevations within the prqiecr area vary from approximately 960 feet above mean sea ievel in the 
northwestern portions to approximately 771 feet above mean sea level at Big Muskego Lake, for a tcltal 
relief of approximately 190 feet. Subbasins were delineared using ?-foot topographic maps, supplemented 
with field recrrnnais~ance. The subbasin boundarics, along with m o s ~  of the other natural resource and 
infrastruc~ure data discussed in this chapter, were entered into the Geographic Information System (CIS) 
to facilitate data utilization. 

STORM WATER CONVEYANCE AND STORAGE SYSTEM 

The storm water conveyance system consisrs of swales, roadside ditches. storm sewers. culverts. and 
channels (both natural and constructed). Storm water storage l~cations within the prgject area include 
natu~aI wztlarlds, wetland remnants, and construcred storm water detention facilities. 

Knowledge of the conveyance and storage system is essentia! to watershed pIanr~irlg efforts because this 
system determines the route by which storm water and its pollutants move from the land surface through 
the watershed to Little Muskego Lake, Big Muskego Lake, Wind Lake, and Lake Denoon. The syrrern 
also affects f lvw velocit!' and discharge as well as localized flooding due to drainage backup. Data and 
information on the conveyance system, particuIarly storm sewers and culverts, are helpful in djagnus~ng 
the cause of local flooding problems. 

Figure 3-2 s h ~ w s  the drainage system with the storm srwers, culverts, Gpen channels, and storm water 
detention ponds locakd. The network is primarily open channels with limited srorrn sewer piping. Most 
of the storm sewer areas are located in the northern porrions of the study area, the majority o f  which 
convey storm water to Little Muskego Lake. 

---- 
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