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Executive Summary

The Dunes Creek Watershed Management Plan sereesaamework for achieving the following visios
healthy Dunes Creek watershed ecosystem that stgpgpmecies diversity, protects Lake Michigan water
quality, and improves the quality of life in Port@éounty, while maintaining the important socialpeomic,
and recreational uses of the area.

High levels ofEscherichia col(E. colj) in the waters of the creek and surrounding itflaence with Lake
Michigan are the primary watershed impairmentsctifig quality of life in Porter County. THe colibacteria
are used to indicate fecal contamination and thenial presence of other pathogens. Lake Michiggaches
are tested regularly to determine the leve&.afoli present. When the amounttfcoli exceeds the state
standard, beaches must be closed to protect phadith. Such closures, which occur regularly atitidiana
Dunes State Park, substantially limit resident\asitior recreation opportunities and adverselyaféeEonomic
activity in Porter County. This plan addressesdlimaination or reduction of the Dunes Crdgekcoli water
quality problem, which will reduce beach closuretha Indiana Dunes State Park and contribute to an
improved quality of life for Porter County residefatnd visitors.

The Dunes Creek Steering Committee includes reptasees fronthe Indiana Dunes National Lakeshore,
Indiana Department of Natural Resources, Mittainierly International Steel Group), United States
Geological Survey, Northwestern Indiana RegionahRing Commission, U.S. Fish and Wildlife Servimed
many other entities. The plan was developed bteering Committee with regular input from the pabhd
support from Save the Dunes Conservation Fund’ersla¢d coordinator, Christine Livingston.

This plan addresses nonpoint sources of pollutjoddocumenting current water quality and biologioétgrity
and making recommendations for improvimgter quality. In addition to covering pollutipnevention and
remediation, the recommendations include restoramivities.

To reduce the identified stressors in the DuneglCwnatershed and address other concerns idertiifictue
Steering Committee and stakeholders, the Steerangn@ittee developed the following goals.

Goal 1: Reduce nutrient and sediment by 20% by201

Goal 2: Reduce pathogen concentrations to mestale standard by 2016.
Goal 3: Improve stakeholder and public involvement

Goal 4: Improve biotic communities by 2016 so thaly are partially supporting.
Goal 5: Reduce TDS and chloride concentratiomsdet Indiana State Standard.

Copies of the Dunes Creek Watershed Managementanprovided to the distribution list (Appendi). A
you would like a copy of the plan it can be dowded from www.savedunes.org. For additional inforamat
contact Save the Dunes Conservation Fund at 21908888, cll@savedunes.org, 444 Barker Road, Michigan
City, IN 46360.


http://www.savedunes.org/
mailto:cll@savedunes.org
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1.0 Introduction

The United States has more than 3.5 million milelvers and streams that, along with closely dagst flood plain and
upland areas, comprise corridors of great socitijral, and environmental value. Increases indrupopulation and
industrial, commercial, and residential developrpdate heavy demands on wetlands, streams, raretdakes. These
demands result in degradation of water qualitg, éddabitat for fish and wildlife, and decreasexteational and aesthetic
value.

Watershed management plans are an effective wagnage land use, increase public understandingvearegness about
water quality issues, and promote better stewardsigirivate and public land. A watershed is defias the area of land that
drains to a specific wetland, stream, river, oel&kvery body of water has its own watershed tragtso include
subwatersheds. The boundary of a watershed ieddiythe highest elevations surrounding the vixatgy.

In recent years, local, state, and federal agerasagell as many private organizations and indalslhave focused tremendous
effort on restoring water quality, floodwater fuioos, biological integrity, and recreational betseb rivers and streams within
the Calumet Region, including the Dunes Creek whget. These efforts include work done by Indianad3 National
Lakeshore, United States Geological Survey, Sa/Btimes Council and Conservation Fund, Northwestdiana Regional
Planning Commission, and many others. The Dunesk@katershed Management Plan is the frameworkdareistoration

and management efforts within the Dunes Creek sfadrand is consistent with the overall effort aeg in the Calumet
Region. This plan furthers the overall effort thenitifying the priorities as well as restoratiod amnagement needs.

In 2003 Save the Dunes Conservation Fund (SDCFravdsacted by Indiana Department of Environmevitatagement
(IDEM) to develop a watershed management plandread the non-point source pollution problem iné&u@reek. In 2002
and 2004 IDEM identified Dunes Creek as impairedbiotic communities and excesskecoli concentrations. Using the
IDEM designation as a starting point, SDCF creatsttering committee to guide the developmentaitarshed management
plan that addresses the issues identified by IDEdAtaose of watershed residents and stakeholders.

The Dunes Creek Watershed Management Plan is arark to achieve the vision developed by publidipigants
and Steering Committee membehshealthy Dunes Creek watershed ecosystem thabsisgpecies diversity,
protects Lake Michigan water quality, and improtles quality of life in Porter County while maintaig the
important social, economic, and recreational usethe area.

Steering Committee members and public meetinggiatits developed the following mission statem&he Dunes
Creek watershed stakeholders will foster improveaimunication, collaboration, education, and scignti
understanding of the watershe, and will developtstgies that conserve, protect, and enhance theralatesources
of the watershed.

1.1 Watershed Partnerships

The Steering Committee (Steering Committee/distivioist located in Appendix A) met bimonthly taide
development of the plan, coordinate related effentsl facilitate public participation. The Steeridgmmittee included
representatives from the Indiana Dunes Nationaéthkre, Indiana Department of Natural Resourcd&nia
Department of Environmental Management, Mittal tdaited States Geological Survey, Northwestediadna
Regional Planning Commission, U.S. Fish and WidBkrvice, Coffee Creek Watershed Conservancy, US
Environmental Protection Agency Region 5, Savelthrees Council, and other interested individuals @ggnizations.
These organizations and individuals came togethierrther the overall mutual goal of improving reggl quality of

life. They assisted in preparing maps, gave pragiens at public meetings, helped gather and ink¢gxisting data
and reports, and provided input based on theiraadivaried experience and knowledge of the DumeskGnatershed.

A list of potential stakeholders was compiled earlthe development of the plan. Potential staldehs received direct
mailings regarding the progress of the plan to erage their participation in its development. Qeidytpublic
meetings were held to report progress and safipittifrom stakeholders and the general public.ctmtinued efforts

of committed stakeholders are needed to implenhénptan and ensure its success in achieving vigan for the
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watershed.

In addition to stakeholder involvement, care wetieto obtain input from as many individuals witiofessional
experience in the watershed as possible. Informatés obtained from the Indiana Dunes National sh&ee, thes.
coli Task Force, and U.S. Geological Survey on pastanent water sampling sites as described inaeéti

1.2 Public Participation

Quarterly meetings for the general public ensurézka participation in development of the Dunes€k Watershed
Management Plan. During public meetings, missimh\asion statements were developed for the grimyguit on
selecting water sampling sites was obtained, aflisbncerns was developed and prioritized thrayrghup voting, and
goals were set for the plan. Draft plans were pbstéhe Save the Dunes Conservation Fund websitéard copies
were provided at public meetings. Public partictsgrovided feedback on the plan’s content.

Outreach to encourage citizen participation wasmptished through the production and distributibaminformative
brochure (Appendix B), press release distributioth mewspaper articles in local papers (Appendie@hail
notification, newsletter articles in various regibnewsletters, presentations at various meetargsweb pages at
www.savedunes.org.


http://www.savedunes.org/
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2.0 Physical Description of the Watershed

2.0.1 Watershed Location

The Dunes Creek watershed is located along Indidreke Michigan shoreline. It extends from the Mifteel
(formerly Bethlehem and ISG Steel) facility in Raye to the Town of Beverly Shores in Michigan Ciigure 1) and
includes the following land uses: residential, bass, industrial, agricultural, and recreationak Watershed
encompasses nearly all of the Indiana Dunes State(Bee section 2.0.2), parts of Mittal Steel, amdtbrthern Indiana
Public Service Company (NIPSCO) power plant. Regidecommunities include Dune Acres, portionshaf Town of
Porter, and a small portion of the west end of Bg\®hores. Large portions of the watershed arkimthe Indiana
Dunes National Lakeshore boundaries, including nai¢the Great Marsh and prominent natural landm@dwles
Bog.

The Dunes Creek watershed (Hydrologic Unit Code @#04040001080020) is a subwatershed of the IGtHrimet-
Galien watershed (HUC-04040001). It is borderethersouthwest by the Little Calumet River-BurnscBibutlet
(HUC-04040001060040), on the south by the Littitu@et River-Sand/Coffee Creeks (HUC-04040001060@30)
Little Calumet River-Kemper Ditch (HUC-040400010@00, and on the east by the Beverly Shores tril(itd C-
04040001080030) (Figure 2).

It is important to note that as part of the corettam of Bethlehem Steel during the early 1960stpam water collection
system was installed. This system collects stortermranoff from primarily all of the facility andirgcts it to a
constructed waterway that discharges to the easbfthe Little Calumet River. Appendix D shows #eaver system
that collects the storm water. The installatiothdd storm sewer system, in addition to ground watenpage, diverted
all storm water runoff from Bethlehem Steel (cutheMittal Steel) from Dunes Creek to the Little [Gaet River.The
official delineation of the Dunes Creek watershedt#l includes this area at the far west end of thevatershed

that now drains into the adjacent Little Calumet River watershed.
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Figure 1. Delineation of Dunes Creek watershed
Map provided by IDEM, 2004.
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Figure 2. Dunes Creek watershed and surrounding &a
Map provided by IDEM, 2004.
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2.0.2 Natural History

Within the 7,407-acre (2997-hectare) Dunes Credknshed are globally rare ecosystems that beg@annomore than
14,000 years ago as climate warmed and the léise d€e Age glaciers began to retreat. The resguliiologically rich
Indiana Dunes, shaped by wind, waves, and flucnat water levels teem with plant and animal Hertions of these
rare ecosystems have been protected by inclusioational and state parks. This plan takes intowuicthese
significant natural areas and the management iselssd to them.

Indiana Dunes National Lakeshore - Great Marsh and Cowles Bog Wetland Complex

A large portion of the Dunes Creek watershed igiwithe Indiana Dunes National Lakeshore boundaciyding most
of the Great Marsh that formerly extended from Garylichigan City. Western portions of the Greatrbfawere once
part of the Little Calumet Marshes, while DunesdBrand other creeks to the east drained the mezaht@Lake
Michigan (Apfelbaum et al., 1983). In the 1960swhestern portion of the marsh was filled in for dostruction of
the NIPSCO Bailly Power Plant and Mittal Steel. Therent southwestern boundary represents mone ioterior
portion of the Great Marsh than its true southeigee

These changes over time have affected the bioldgtesrity and water quality of the marsh and Du@eek. The
macroinvertebrate communities found in the Greatsi&ave the structural and functional elementsadfmmunity
depicting neither a healthy wetland nor a healttgesn. Further investigation into the effects oflaise on aquatic
communities at different spatial scales will helpritify important predictors for watershed healtd management
(Stewart et al., 2000).

The Cowles Bog Wetland Complex is approximately &8s (80 hectares) of various wetland and pehtlan
communities (Reshkin 1981 by Wilcox, et.al. 198@&him the Great Marsh. South of the Town of Duneeids a 54
acre (22-hectare) fen within the Cowles Bog Wetl@othplex that was designated in 1965 as a Natidaalral
Landmark. The fen is an interdunal wetland locaitteithe western end of the Great Marsh. The bogoweshased by
Save the Dunes Council in 1953 at a tax sale dddrs@973 to the National Lakeshore for inclusiotthe park. Much
of the bog’s southern perimeter is now defined bgmstructed berm. On the southern side of the lagenNIPSCO fly-
ash ponds (Figure 3). Seepage from the diked pondstructed in the early 1970s, increased atiliged water
levels in the bog. The water level changes arsymned to have adversely affected the sedge-graznaaity and are
encouraging the major invasion of Cattailyghaspp.) that increased from 24 acres (9.7 hectanek)70 to 92.7
acres (37.5 hectares) in 1982 (Wilcox et al. 1984).

Indiana Dunes State Park

The Dunes Creek watershed includes nearly allofriiana Dunes State Park. Along the northern etithee Dunes
Creek Watershed lies the Lake Michigan Shorelinekshed, which is a narrow band that runs the feafjt ake
Michigan in Indiana. This is the only portion bétindiana Dunes State Park that technically ligside of the Dunes
Creek Watershed. Inland from the water’s edgd#se of the dunes meets the beach. Marram Gkassnidphila
breviligulata), with its spreading underground root system, hetp establish itself here on the beach.

The foredune area is characterized by a seriefibhd swales. Mt. Tom, at 192 feet (58.5 meter$he highest of
these ridge tops. Wind erosion has cut depressiatisd blowouts, through these ridges. The traegekt of these
blowouts, Beach House, Furnessville, and Big Blawextend into the interdunal area of hills, poskand troughs.
Big Blowout has uncovered an area of dead tredsrknown as the Tree Graveyard. Although not ableigs in
recent years, this area was once a white pinetfoedare shifting sands buried it. Because sastllisinstable in the
interdunes, vegetation here resembles that foutdeoforedunes.

The backdune area begins on the leeward slopesiag &lowouts or on protected ridges. Tops anceupgeward
slopes of the backdunes are forested with nearly gtands of Black Oak)uercus veluting mixed with a few White
Oaks Quercus alb@and stunted Sassafr&asafras albidunThick stands of BlueberrRubus allegheniengis
Bracken FernRteridium aquilinuny, and GreenbriefSmilax rotundifolid are found in the understory.

South of the dunes is a wetland complex, compobetrsh, shrub swamp, and swamp forest. This larga is
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drained by Dunes Creek. Between the dunes and/étiand is a strip of sandy flats with greater oiganatter. One
sheltered cove on these flats has native White (Piimeis strobusassociated with Oakuercus spy, Tulip
(Liriodendron tulipiferg, White Ash Fraxinus americanp and Basswoodrflia Americang. From the wetland, there
is a gradual upward slope toward the park’s soantheundary. This slope is one of the shorelingzelfiistoric Lake
Chicago.

I nvasive Plants

Invasive plant species occur throughout the DunreglCwatershed. These species threaten the nhiodalersity of
the area and can also impact hydrology. In thangpbreas, Garlic MustarAl(jaria petiolata), Dame’s Rocket
(Hesperis matronal)s Multiflora Rose Rosa multiflord, Honeysucklel(oniceraspp.), and Oriental Bittersweet
(Celastrus orbiculatusare concerns. Dame’s Rocket is just beginnirigwade the upper reaches, while Oriental
Bittersweet is considered a major concern dueddifficulty of eradicating this species. In wetlbareas and along
ditches, Phragmite®hragmites australiAnd Purple Loosestriféythrum salicarig are problems. Purple
Loosestrife is particularly dominant along the @adt Bike Trail just west of the Interstate 49 owsgp Phragmites
occurs in the ditches along Waverly Road. (No&ldéc, USGS Biological Resources Division, persao.)

Figure 3. Cowles Bog Wetland Complex

Center, bordered on southern edge by NIPSCO fly-asponds. The NIPSCO Bailly Power Plant is at the
left; lower left is Mittal; center is Cowles Bog. photo from IDNR, 1999)

2.0.3 Endangered Species
The significant diversity of natural habitats onigily present within the Dunes Creek watershediiticg Cowles Fen
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(Bog), the center of the Great Marsh, the High DG@nenplex along the north side of the watershedvand of the
Lake Michigan shoreline, and the lower wooded dufée Tolleston-Calumet Beach Ridge along thetssigde of the
watershed, supported hundreds of species of wilfllicects, fish, amphibians, reptiles, birds, matapand plants).
Many of these species still remain within the Imdi®unes National Lakeshore and Indiana Dunes Btate but
others have vanished or become rare since Eurgattement began in the 1830’s. The industriabligament of the
western portion of the watershed has had the nigrgfisant impact, but conversion to agriculturabaresidential
development elsewhere, and the associated ditelmdgirainage, have also altered the habitat anahithef native
species. Lack of fire, a natural component ofrthiéve marsh, prairie, and savanna habitats, Bassalversely affected
the native species diversity. However, both thitaina Dunes National Lakeshore and the Indiana ©8itegte Park
have initiated prescribed burning programs to siteuthe natural fire regime of the local ecosysteith, the goal of
preserving, enhancing, and restoring native habéatl the diversity of species dependent upon tfme.National
Lakeshore has also initiated restoration work atl€s Fen and portions of the Great Marsh easteobilmes Creek
watershed.

The Indiana Natural Heritage Data Center, pati@fivision of Nature Preserves (DNP), maintairfisrination about
federal and state endangered, threatened, rarspaodhl concern species, high quality natural conities, and
significant natural areas in Indiana. This datelsssists in documenting the presence of spe@alespand significant
natural communities and serves as a tool for ggttianagement priorities for these species anddiabiThe data for
the Dunes Creek watershed comes from numerousesmncluding historical studies such as those byHenry
Chandler Cowles 100 years ago and Dr. Charles @D the1930’s; Dr. Gerould S. Wilhelm’s reporntstbe special
vegetation of the Indiana Dunes National Lakesihotke 1980s (1990); the observations of locahiiatdials, including
numerous naturalists who used to summer in thedoefere and after the establishment of the Indizunzes State
Park and the Indiana Dunes National Lakeshoreftamodgh research by scientists studying the Indizunaes National
Lakeshore and Indiana Dunes State Park. Therdf@datural Heritage Database of this area caygpsoximately
the time period between 1890 and 2004. Some affikeies in the database have not been reportethfoy years;
they may or may not still be present, and curréseovers may not have provided their informatiotheoDNP.
Because of the wide disparity in the dates of rgaboccurrences of plant species, we have sepatetédformation
into historical (1950 and earlier) and current (195 present), which are presented in AppendixiBwever, wildlife
species lists include both historical and curreftrmation because the differences are not as gseefar the plants.
The lists are for the entire watershed, not spel@ations. Therefore, sites where various sgesgre historically
present may no longer be extaay.now are the Port of Indiana, Mittal, NIPSCO Bafignerating Station), but the
species continue to persist within the watershedher sites. Alternatively, the Indiana endandé?eregrine Falcon
(which no longer has federal listing) nests wittfiese industrial sites and not in the natural apétee watershed
because the industrial facilities provide suitadlbstitute nesting platforms and a supply of prey.

The federal and Indiana endangered Karner BlueeBlyt{Lycaeides melissa samuglis not currently extant within
the Dunes Creek watershed, although it was presergcently as the 1970s. However, the Nationadlzore has
been restoring savanna habitat within the Dune $\thait of the park, and restoration of this spetiethese sites may
occur at some time in the future.

2.0.4 Geology and Soils

The Dunes Creek watershed lies within the Caluraeustrine Plain, which is primarily abandoned lak&om of late-
glacial and postglacial lakes that occupied thétswn Lake Michigan Basin. Three dune-beach coxeslevere
deposited in the Calumet Lacustrine Plain, appratéty parallel to the current Lake Michigan shoreliand are now
covered with vegetation. They are primarily eokamd, but coastal sand and sandy gravel may atmny the northern
margins (USDA, 1981). The dune-beach complexesiaderlain by 90 to 212 feet (27 to 64.6 meters) of
unconsolidated glacial, lacustrine, eolian, andigel sediments of Pleistocene and Holocene agevératdeposited on
a bedrock surface modified by pre-Pleistocene enodJihe bedrock is shale and carbonate rocks dfis&ippian,
Devonian, and Silurian age (Shedlock et al., 19Bigjure 4 shows the Dunes Creek watershed soitype
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Figure 4. Dunes Creek watershed soils

Map provided by Indiana Dunes National Lakeshof@).
2.0.5 Topography

The elevations in the Dunes Creek watershed aatvell low, averaging 624 feet (190 meters) alsrelevel. The
elevation change in the watershed is 182 feet (Bieters). The northern boundary of the watershddnsinated by
hummocky dunal terrain. The middle section of tlearshed is occupied by low-relief bogs and wetdaadd the
southern headwater basins kggs topographically variable. Figure 5 shows tipogiraphy of the Dunes Creek
watershed.
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Figure 5. Map showing Dunes Creek watershed withilshaded topography
Map provided by Indiana Geological Survey (2005).

2.0.6 Hydrology

Historically, Dunes Creek was fed by the Great Mgnscluding Cowles Bog) and meandered slowly nesttd
through woodlands and interdunal areas, ultimdliglying into Lake Michigan. Over time, many seatioof Dunes
Creek have been straightened and dredged and sgmglgqnot maintained. There are over one hundraa-made
ditches and drains within the watershed. The caeekmany of the ditches and drains that have dlieege shown in
Figure 6. The effects of commercial and resideuéslelopment and agriculture have significantlgrald the creek’s
original character.

According to Stewart in thEcological Assessment of Three Creeks DraitliregGreat Marsh at Indiana Dunes
National Lakeshorgiwo man-made ditches to the east of the DuneskGratershed were cut through the dunes to
provide for farming, industrial use, and housin@9Z). These ditches divided Dunes Creek and crela¢eaew
subwatersheds of Kintzele and Derby. OriginallynBsiCreek included much of Michigan City. Todayrten-made
drainages of Derby Ditch and Kintzele Ditch drainatvused to be the east end of Dunes Creek.

Today Dunes Creek begins west of Interstate 4%ilitstaries meander through many ditches. Onetaily crosses the
South Shore Railroad, two branches cross StateRRza#l, and one branch crosses Waverly Road andgthitee49.
These branches converge near the Indiana DunesF&tek campground and flow toward the parkingDomes Creek
flows through a weir and then a culvert under thkimg lot and enters Lake Michigan at the IndiBrumes State Park
swimming beach (Stewart et al., 1997).

As noted earlier in and Appendix D, the installatiad a storm sewer system in addition to grouncewptimpage
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diverted all storm water runoff at the Bethlehemebsite (currently Mittal Steel) from Dunes Créekhe Little
Calumet RiverThe official delineation of the Dunes Creek watersid still includes this area at the far west end
of the watershed that now actually drains into theadjacent Little Calumet River watershed.

Dunes Creek Watershed e
el
-
5 i
- @ 2
b =
S (123 H
i
R
T
Main roads
%Wetland areas
Dunes Creek
: Ditches
A 05 0 0.5 1 Miles /" / National Lake shore boundary
N e ] Dunes Creek watershed

Figure 6. Dunes Creek watershed map depicting hydtogy

Map provided by Indiana Dunes National Lakeshore.
2.0.7 Ecoregions

Ecoregions are defined as areas of relative honadiyén ecological systems and their componentstdfa associated
with spatial differences in the quality and quamiit ecosystem components, including soils, vegetatlimate,
geology, and physiography, are relatively homogasedthin an ecoregion. Ecoregions separate diffgratterns of
human stresses on the environment and differeteérpatin the existing and attainable quality ofimnmental
resources. They have proven to be an effectivéoaidventorying and assessing national and redjiemaronmental
resources, for setting resource management goalspadeveloping biological criteria and water lifjyastandards.

The approach used to compile ecoregion maps isltmasthe premise that ecological regions can batifael by
analyzing the patterns and composition of biotit abiotic phenomena that affect or reflect diffeesin ecosystem
quality and integrity. These phenomena includeamolphysiography, vegetation, climate, soils, lasd, wildlife, and
hydrology.

The relative importance of each factor varies fama ecological region to another, regardless ofitbarchical level.
To avoid possible confusion with other terms fdfedént levels of ecological regions, a Roman nahelassification
scheme has been adopted for this effort. Levethdsoarsest level and divides North America irficecological
regions. At level Il, the continent is subdividethbi 52 classes, and at level Ill, the continentzitédl States contains 98
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ecoregions. Level IV ecological regions are furthgodivisions of level Il units. The exact numioéecological
regions at each hierarchical level is still chaggitightly as the framework undergoes developmettiteainternational,
national, and local levels. The level Il ecoregimap (Figure 7) was compiled at a scale of 1:250),0@epicts
revisions and subdivisions of earlier level Il emgions that were originally compiled at a smadiesle (USEPA 1997;
Omernik 1987).

The Dunes Creek watershed is located in Level I¢higian Lake Plain 56d region that is a subdivisibthe Level IlI
Southern Michigan/Northern Indiana Drift Plainsgifiiie 7). See Appendix F for additional information.

Ecoregions of Indiana and Ohio

Figure 7. Ecoregions of Indiana and OHIOSEPA, 2006)
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2.1 Land Use Description of the Watershed

Based on the 1990 U.S. Geological Survey (USGS)l Lise and Land Cover data, land use types in tme®0Greek
watershed include 41% forest, 27% wetland, 22%nlilpervious, 6% agriculture, 4% open water, asd than 1%
shrubland/woodland. Figure 8 shows these landyp&s within the watershed as categorized by US®& high ratio
of land in the watershed that is publicly ownedslagwn in Figure 10, has impacted land use inthiershed.
Urban/impervious land use appears to be relatlelywatershed-wide as a result of federal and statk land being
unavailable for development. The watershed arefsdeupark boundaries continue to be developedidrahized.

Dunes Creek Land use

Land Use
U ForestAll (41%)
Palustrine All {27%) Palusirine

Urhan All (22%)
Ag Al (E%)

Open YWater (4%)
Data Source: US, Geological Survey, Land Use and Land
Cover Digital Data from 1:250,000 andd 1:100,000 Scale Maps, 0
Data Users Guide 4, 1990, source scale 1,250,000, Calculstons Shrubland (D 21 /U)

on acreage percertages should consider & margin of errce =/~ 0.03%., - oodland (0.13%)
J. Gadzala 2004

Figure 8. Dunes Creek watershed land use map (based on 196 Uand cover data).

2.1.1 Cultural/Recreational Resources
Indiana Dunes State Park

The Dunes Creek watershed includes nearly alleofridiana Dunes State Park. The 2,138-acre (8&&%tate) State
Park was designated in 1974 as a National Nataraditnark and is one of the best remaining examplesdeveloped
and relatively unspoiled dune landscape alongdbthsrn shore of Lake Michigan (National Park SexvR006). It is a
popular recreational destination that attracts dwvenillion visitors annually and includes140 cangsin its
campground which was reconstructed in 2005. Th&Qtacre (619 hectare) Indiana Dunes State NataseR/e
owned by the Indiana Department of Natural Resaubeision of Nature Preserves, comprises the gagi8rds of
the Indiana Dunes State Park (Department of NaReaburces, 2006).

Indiana Dunes National Lakeshore


http://www.nature.nps.gov/nnl/Registry/USA_Map/States/Indiana/NNL/DNP/
http://www.in.gov/dnr/naturepr/npdirectory/preserves/dunes.html
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Large portions of the Dunes Creek watershed at@ntihe Indiana Dunes National Lakeshore boundariekiding
most of the Great Marsh. The Cowles Bog Wetland flexnconsists of various wetland communities withia Great
Marsh. Within the Cowles Bog Wetland Complex thisra fen that was designated in 1965 as a Natiaalral
Landmark (National Park Service, 2006).

Calumet Trail

The 9.1-mile (15 kilometer) Calumet Trail path skithe southern boundaries of Indiana Dunes Ndtiaieshore and
Indiana Dunes State Park. The trail, which acconatesdbiking, hiking, and skiing, runs through thenBs Creek
watershed parallel to Route 12 and the South Shineerailroad tracks (Figure 9). The trail occupigsd owned by
Northern Indiana Public Service Company, but iheaged by the Porter County Park Department. \tedug from
local conservation groups also monitor the traélsidgetation.

S TR G E

Figure 9. Recreational use of the Calumet Bike/Hi& Trail (2005)

2.1.2 Land Ownership

As noted earlier, much of the Dunes Creek waterghadder public ownership. The Indiana Dunes Matihakeshore
and the Indiana Dunes State Park are federal atelfmtoperties. Figure 10 shows the boundaripsiaifc properties
within the watershed. The Dunes Creek watershdddas nearly all of the Indiana Dunes State Paltngthe
northern edge of the Dunes Creek watershed layisatkee Michigan Shoreline watershed, which is amarpand that
runs the length of Lake Michigan in Indiana. Tikishe only portion of the Indiana Dunes State Rlaak technically lies
outside of the Dunes Creek watershed.
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Figure 10. Dunes Creek watershed land ownership

Map provided by Indiana Dunes National Lakeshof98).
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3.0 Water Quality and Data Collection

Save the Dunes Conservation Fund conducted étlitereeview of historic water quality and habitatadfor Dunes
Creek to help document baseline conditions andifgigrossible problems. In addition to our in-heusiowledge of
prior studies, Steering Committee members (sewérghom have long-term experience working on weteality
issues in the watershed) provided relevant artickgmorts, and studies.

To obtain current water quality and habitat datayehe Dunes Conservation Fund contracted fan¢geghysical and
chemical water quality parameters at strategisutary sampling sites. Information was obtainedhftbe Indiana

Dunes National Lakeshore and USGS on past andntureger sampling sites, shown in Figure 11. Ergdw sampling
sites were selected based on input from the Ste@ammittee, public meeting participants, and liizirg

information from theEcological Assessment of the Three Creeks Draithiagsreat Marsh at Indiana Dunes National
LakeshordgStewart,1997) The digital coordinates for the new samplingssitere obtained using a Global Positioriing
System (GPS) unit (Table 1). The Indiana DunesddatiLakeshore used the coordinates to create afiiap points
which is shown in Figure 12. During the coursehef sampling program, sampling sites were addetttirothe
necessary data in order to better identify critaralas. A map including all of the original sitesl ¢he later additions is
shown in Figure 13.

Watershed Sampling

Water chemistry, biological community, and physitabitat sampling at each of the eight originadastn sites plus
three additional sites within the Dunes Creek veited was conducted by JFNew. Water chemistry ssmyere
collected four times from each of the eight origsteeam sites, twice following a storm event tptaae a runoff event
and twice following a period of little precipitatido serve as the “normal” stream condition. Steampling occurred
on August 5, 2004 following nearly 2 inches of rairthe previous 24-hours and again on July 275%0lowing more
than 1.5 inches of rain in the previous 24-houesaflow sampling occurred on September 14, 2084Jane 21,
2005. Each reach’s biological community was agskeace in mid-late summer annually and habitaiteility of
each reach was assessed once during the sampliod. déhe three additional sites were only sampliaidhg the 2005
storm event. To ensure comparability to data ctdibpreviously by IDEM, contractor JFNew followerdh#ar stream
sampling protocols. The stream sampling and tipecgyuiate quality assurance/quality control procedware
referenced in the project’s Quality Assurance Ritdptan (QAPP). Appendix G contains the projecal@uAssurance
Project Plan (QAPP) which was approved by IDEM ept8mber 7, 2004. Appendix H contains the raw daitacted
during the stream assessments in graphical forndisedsses watershed stream results for each parafables H1
through H3 located in Appendix H contains the raatex chemistry data. Appendix | includes the maitebrate
communities present within the Dunes Creek waterstrieams and exhibits the habitat assessmentt@ivaliHabitat
Evaluation Index (QHEI) scores attributed to eadch.
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Dunes Creek water monitoring
s

Foads

; Red numbers: 14 sampling sites monitored weekly (1999 and 2000)
— Highways

—— Hydrology Black numbers: 6 sites sampled bi-monthly (April 2003 - present)

- Ditches Green numbers: NPS sampling points (outfall, east and west of outfall)
fiii ‘Wietlands

Purple numbers: USGS sampling (Fecal coliforms) June 1993 - May 1994
|:| State Park Boundry

Figure 11. Map of current and past Dunes Creek watr monitoring (provided by USGS, 2004).

Table 1. Locations of stream sampling sites

Site No. Stream Name Sampling Location Northing* Esting*
1** West Branch of Dunes Creek downstream of Cowdeg 494420.104 4611181.256
West Branch of Dunes Creek in state park, upsti@fam
confluence with eastern brancgh
2 of creek 495182.475  4611622.435
Dunes Creek (Culvert) upstream of the culvert under
3 parking lot 494971.574  4612054.835
Dune Creek (Outlet) outlet of culvert under parking
4 lot 494751.160 4612345.128
Great Marsh tributary near confluence with Dunes
5 Creek 495962.389  4611682.468
6 Dunes Creek in residential area 496398.514 4610022.772
7 Dunes Creek downstream of US 20 496419.1193 4609515.147
8 Dunes Creek upstream of US 20 496418.p86 4609401.648
e Dunes Creek just west of HWY 49 495405.08884609074.38754
b Dunes Creek east tributary on Rt 12 496410.68241611024.566071
a Dunes Creek near Munson Ditch on US 20 4945354097 4608976.20424

* Coordinates are UTM Zone 16 NAD 1983
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** During the first sampling event, this site waséated at a different location within the bog a2487.745N, 4610252.782E

Dunes Creek Study
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494751 4612345
495962 4611682
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496419 46095145 1000 0 1000 2000 Feet
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Figure 12. Original 8 sampling sites for the Dune€reek water quality monitoring program
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Figure 13. Sampling sites for water quality monitang program in the Dunes Creek watershed

The following descriptions provide additional detout each sampling site, why it was selected,aan
summary of the data collected. Dunes Creek datecenpared to Indiana state water quality standatdse
available. Otherwise, data were compared to the &taindards or recommendations in order to evaluate
impairments.
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Figure 14. Sampling site 1
(October 17, 2005)

1. Site 1, Cowles Bog Outlet (Figure 14), is lodadewnstream of Cowles Bog east of Mineral SpriRgad. The first
sample was taken west of Mineral Spring Road. Sesrpbm site 1 reflect water quality in the westieitoutary to
Dune Creek just as it leaves Cowles Bog. Testiagméiter quality in the western and eastern trilegaallowed
comparisons to be made and helped the Steering @mmprioritize areas of concern. The site inlfiaklected was
too far west and in stagnant water. The decisichmade by Steering Committee members to move thplisay
location east. At the new site, conditions are ntmr@parable to remaining sites that have flowingewand a stream
type habitat. During the extremely dry conditiofishe summer of 2005, many sampling sites becamdrypto sample
including site 1 shown above in Figure 14.

Water quality at Cowles Bog Outlet (Site 1)

In general, Cowles Bog Outlet water quality washimitan acceptable range for streams that receig ofitheir
drainage from wetland complexes. Stagnant or slowifig water conditions occurred within this stredaring all four
sampling events. (The stream was stagnant duriogfthe four events including the 2004 base fleert and the
2005 storm event.) During both base flow and stitwm conditions, none of the samples violatedItidana state
standards for temperature, pH, conductivity, clieriitrate-nitrogen, or ammonia-nitrogen conceiatna. However,
dissolved oxygen concentrations were well belowsthte standard during all four sampling eventgp@kulix H:
Figure H2). When the water was flowing, dissolvaggen concentrations ranged from 0.6 mg/L durirgg2B04 storm
event to 1.15 mg/L during the 2005 base flow ewehen the water was stagnant, dissolved oxygenecrations
ranged from 0.3 mg/L (2004 base flow) to 3.35 m@05 storm event). Overall, dissolved oxygen sdiom ranged
from 3 to 35% during the four sampling events. Waestream is less than 100% saturated with oxytgrgmposition
processes within the stream may be consuming oxymea quickly than it can be replaced and/or flothie stream is
not turbulent enough to entrain sufficient oxydemw dissolved oxygen concentrations are to be e®gdn areas
downstream of a wetland complex. Decompositioms af the primary activities that occur within atlaed. The
process of decomposition results in bacteria irigizavailable oxygen to break down organic matefdald chemicals
into more soluble forms. As decomposition occurgygen levels are reduced. The slow flow or evegrsiat
conditions which occur within the Cowles Bog Outletnot allow for entrainment, or the dissolutidroxygen from the
atmosphere into the water, to occur. Likewise, péithesis is limited within the water of the Cosvigog Outlet itself
due to a predominance of overhanging vegetatiodishaut the stream, thereby limiting the produtid dissolved
oxygen within the water column.

The 2004 and 2005 sampling of the Cowles Bog Ohitgilighted a few areas of concern. First, theastr exhibited.
coli concentrations above the Indiana state stand&8=€tolony forming units (CFU)/100 mL during threfehe four
sampling events (2004 base and storm flow and 23@@#% flow). E. coliconcentrations in excess of the state standard
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ranged from 560 CFU /100 mL during the 2005 stovené(stagnant) to 1,900 CFU /100 mL during thef2B8se
flow event (stagnant), which was the highestoli concentration measured within the Dunes Creek wlager streams
(Appendix H: Figure H12). Also of concern are ttenes Bog Outlet's orthophosphate and total phoggho
concentrations (Appendix H: Figures H9 and H11peetively). Indiana does not have a state starfdagghosphorus
concentrations; however, total phosphorus condémisaduring three of the four sampling events @b@se and storm
and 2005 base) were above the concentration recodaddy the Ohio EPA to protect aquatic life. (stady
correlating nutrient concentrations to biotic heatlhe Ohio EPA (1999) recommended keeping totasphorus
concentrations below 0.1 mg/L in most streams ttgat aquatic life.) Orthophosphate concentratioase also
elevated within the Cowles Bog Outlet accountinglfé to 80% of the total phosphorus concentratigrpendix H:
Figure H10). Additionally, total suspended soli@i§§) concentrations were typically higher in theWés Bog Outlet
than in any of the other watershed streams (Appefdiigure H6). TSS concentrations ranged fromr8gL during
the 2004 base flow sampling event to 430 mg/L dutiire 2005 base flow event. Suspended and patgoulaterial
present within the stream water is not uncommasireams that receive a majority of their water frgetland
complexes. However, the extremely elevated conatortr present during the 2005 base flow sampliraneis of
concern as it exceeds 80 mg/L; Waters (1995)). ddneentration is generally considered the threstalue above
which impaired biotic communities are likely to acc

On a more positive note, the Cowles Bog Outlet @essd the lowest nitrate-nitrogen concentratiangfof the
streams sampled (Appendix H: Figure H7). The comagan is well below the level the Ohio EPA detered
necessary for the protection of aquatic biota (0n2@L). Finally, when compared with other streathe,Cowles Bog
Outlet exhibited lower pollutant loads relativeother streams during the four sampling events (AdpeH: Figures
H13 to H18).

The evaluation of the Cowles Bog Outlet’s physketbitat indicated that the stream fell below ttreshold at which
IDEM typically considers a stream to be “partialypportive” of its aquatic life use designatiorkewise, the
biological community assessment indicated thastresam fell short of the threshold level set by MD#®r the ditch’s
aquatic life use designation. The Cowles Bog Oudletived the second lowest habitat score of atiyeo$treams in the
Dunes Creek watershed (Table H6). The stream ea@dE| score of 41 and was limited by instream coveor
substrate, low gradient, and lack of pool anderiffbmplexes. However, as this stream drains amektthe gradient
score cannot be expected to change over time. iskewool and riffle complexes will never naturalvelop in the
sand and muck bottom stream. These factors sheutialkden into account when setting habitat goalsimvthis stream.
During 2005 the stream received an miIBI score @fhich ties this site with one other site for therth best of the
Dunes Creek watershed (Appendix H: Table H5). Shige places the stream below the “non-supportipgttially
supporting” threshold boundary. This score alsagdahe stream in the severely impaired categargdan IDEM's
criteria. When compared with a reference streamtéatin the headwaters of Coffee Creek (Site Gagpked during
the Coffee Creek Watershed Management Plan (JFR@ORB)) using the Rapid Bioassessment Protocols JRBP
(Plafkin et al., 1989), the stream still rates @gesely impaired scoring only 25% of the total ploiespoints compared
with the biota present in Coffee Creek (JFNew, 2003



7/11/2006 21

Figure 15. Sampling site 2
(August 5, 2004)

2. Site 2 (Figure 15) is located in the tributaoyning from the west in the Indiana Dunes State Bafére it enters the
main stem of Dunes Creek. Samples from site Baeflater quality in the western tributary aftemBs Creek has
passed through residential areas to the east ofieS@wg. This site is located just before the westidbutary enters the
main stem of Dunes Creek. The changes in sampgts will reflect the changes in water qualitjeEen Cowles
Bog and the main stem of Dunes Creek.

Water Quality in East Tributary (Site 2)

For many of the parameters measured, the Easttarjpexhibited relatively good water quality. Nasfehe
temperature, dissolved oxygen, pH, conductivitiyaté-nitrogen, or ammonia-nitrogen measuremenotated Indiana
state water quality standards. However, dissolwgden was low during the four water quality assesgravents
exhibiting undersaturated conditions ranging frdrt® 78% saturated during the 2005 storm flow ewedtthe 2005
base flow sampling event, respectively (Appendixeble H1). When a stream is less than 100% satilivith
oxygen, decomposition processes within the streagnba consuming oxygen more quickly than it canepéaced
and/or flow in the stream is not turbulent enougkritrain sufficient oxygen. As flow through thasE Tributary is
relatively slow, it is likely that low saturatioesults from a combination of both of these factAdditionally, the East
Tributary possessed the lowest total phosphorusettdrations of any of the streams during thre@efour sampling
events (Appendix H: Figure H11). Total phosphoruscentrations exceeded the level determined b@tiie EPA
(1999) to be necessary for the protection of aqumdita during only the 2005 storm event samplthd 10 mg/L).
Concentrations were generally lower than the lavethich streams are rated as eutrophic or higtuglyctive (0.075
mg/L; Dodd et al., 1998). Finally, the East Trilnyteeceived the second highest QHEI score (55tlamdecond
highest mIBI scores (2.4 in 2004 and 1.2 in 20G%)ny of the sites in the Dunes Creek watershegéagix H:
Tables A6 and A5, respectively). IDEM considersas with QHEI scores greater than 51 partialppsutive for
their aquatic life use designation. mIBI scores ksin 2 are considered non-supportive and scetesgbn 2 and 4 to
be partially supportive of their aquatic life desged use. Based on these data, the East Tritvatang likely be rated
as non-supporting to partially supporting of itsiatic life use designation.

The East Tributary also exhibited a few charadies®f concernE. coli concentrations during all four sampling efforts
exceeded the state standard of 235 CFU/100mL (Afipéh Table H2) E. coliconcentrations measured during the
current assessment ranged from 360 CFU /100 mhgltine 2004 base flow assessment to 800 CFU /10@umiihg

the 2004 storm event (Appendix H: Figure H12). Wieikceeding the state standard is of concernpiieen should

be tempered by the fact that tecoli concentrations observed in the East Tributarynduttiree of the four
assessments were below the aveagemli concentration typically found in Indiana streanfis reviewing ten years
worth of data from Indiana fixed monitoring staoiVhite (unpublished) found the aver&gyeoliconcentration in
Indiana streams to be approximately 650 CFU /100 ifihe East Tributary also possessed the secohédtigitrate-
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nitrogen, ammonia-nitrogen, and total suspendddssigdading rates during the 2004 storm events#duond highedE.
coli loading rate during the 2005 base flow event, Aedhird highest nitrate-nitrogen, ammonia-nitrqgemdE. coli
loading rates during the 2004 base flow event (AppeH: Figures H13 to H18)This suggests thak. coli and
nutrient reduction techniques should be the focus ken targeting management actions in this subwatersil.

Figure 16. Sampling site 3
(August 5, 2004)

3. Site 3 (Figure 16) is located just before DuGiezek enters the culvert that goes under the patétrin the Indiana
Dunes State Park. Samples from site 3 reflectrveptality in the main stem of Dunes Creek afterahst and west
tributaries have converged and the Creek is justitaio enter the culvert that goes under the pgrkinin the Indiana
Dunes State Park.

Figure 17. Sampling site 4
(June 14, 2004)

4. Site 4 (Figure 17) is located just after Dunesek leaves the culvert at the Indiana Dunes $taitke and enters Lake
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Michigan. Samples from site 4 reflect water qyalist after Dunes Creek leaves the culvert atitimna Dunes State
Park and enters Lake Michigan. Any changes in sagpésults between site 3 and 4 reflect changester quality
that take place when the water travels undergrautite culvert that could be a result of inflowthe culvert or
interaction with the culvert itself.

Water Quality in Dunes Creek mainstem (Sites 34nd

The Dunes Creek mainstem was sampled at two losatioring the project. These sites are locateuimibe natural
stream corridor upstream of the parking lot angentiwithin the Indiana Dunes State Park (Siter®) downstream of
the parking lot and culvert where the stream fitlwsugh the beach at its outlet to Lake Michigaite(8). During the
2004 storm flow event, samples collected from the&s Creek outlet (Site 4) were actually Lake Mjahiwater as
strong wind and wave action pushed Lake Michigatemiaack into the outlet and culvert within the dieaAs such,
this data is not representative of Dunes Creeknedemistry and will not be included as part of thiater quality
discussion. The water chemistry conditions withimtwo reaches of Dunes Creek are fairly simildone of the
temperature, dissolved oxygen, pH, nitrate-nitrogermmmonia-nitrogen measurements taken in Dunesk@uring
either of the storm events or under base flow dmndi violated Indiana state standards. Concéntisafor each
parameter were typically similar between the upsirand downstream reaches; no statistically sigmifidifference
could be determined for any of the parameters nmedswithin each site during each assessment. Queudlient
concentrations were relatively low within the Dui@gek mainstem. None of the nitrate-nitrogen@miyg one of the
four total phosphorus concentrations (2005 storem\exceeded the level determined by the Ohio EPAmg/L for
total phosphorus and 0.26 mg/L for nitrate-nitrqge309) for the protection of aquatic biota (Appertd: Figures H7
and H10, respectively).

Characteristics of concern within the Dunes Crealnstem include elevated conductivity and chloddeditions
during the 2005 storm event; high coli concentrations; elevated loading rates during badestorm flows; and poor
macroinvertebrate communities. Conductivity anidrithe concentrations exceeded the state stand@@D(to 1360
pmhos for conductivity; 230 mg/L for chloride) dugithe 2005 storm event sample (Appendix H: Figttg@snd H4).
Of the samples collected during the 2005 stormtawmesxcess of the state standard, the concentgficesent in the
Dunes Creek mainstem were the lowest. This sugtestthe dissolved solids and chlorides likelgimated from
upstream reaches and that dissolved solids coatiens were diluted as water moved downstream. D@neekE.

coli concentrations exceeded the state standard cEEBE/100 mL (Appendix H: Figure H12) during threfethe four
sampling events. The upstream reach (Site 3) peasdEscoliconcentrations that ranged from 220 CFU /100 mL
during the 2005 base flow event to 920 CFU /100dmting the 2005 storm flow event, while the dowaain reach
(Site 4) containeé. coliconcentrations which ranged from 190 CFU /100 miinduthe 2004 base flow event to 1,100
CFU /100 mL during the 2005 storm evekBt. coli concentrations were typically higher in the doweesn site (Site 4)
than those measured in the site upstream of thertSite 3). Furthermore, the mainstem of Dube=ek possessed
the highest and second highest loading rateslfpaehmeters during all sampling events excepthferdownstream site
during the 2004 storm event (Lake Michigan wated for ammonia-nitrogen and total suspended statting rates
during the 2005 storm event (Appendix H: Figure8i1H18). Typically, the downstream reach (Sitgdssessed
higher loading rates for each parameter than thoessent at the upstream reach (Site 3). Whenatyaiarea is
normalized, the Dunes Creek mainstem had the Higihe®ionia-nitrogen areal loading rate during the42Base flow
event, the highest nitrate-nitrogen areal loadatg and second highest orthophosphorus (tied t#8%and total
phosphorus loading rates during the 2005 basedimnt, at the downstream reach (Site 4) (Arealihgaihte is the
pollutant-loading rate divided by drainage areaisBllows for a comparison of loading rates ifedént sized
drainages. Normally, pollutant-loading rates im&ardrainages are expected to be higher than thegm loading rates
in smaller drainages). The upstream reach (Sipw83essed the highest ammonia-nitrogen and rititatgjen areal
loading rates during the 2004 storm event, thedstfh coliareal loading rate and the second highest totapdfarus
and ammonia-nitrogen areal loading rates durin@@@! base flow event, and the second highesteritirogen and
orthophosphorus (tied with Site 4) areal loadirtgsaluring the 2005 base flow event.

Finally, the highest QHEI score (63) of any of Bunes Creek sites was at the upstream reach (SiwhBe the
downstream reach possessed the fourth lowest QddiEe $48) of the Dunes Creek watershed streamseggip H:
Table H6). IDEM considers streams with QHEI scayesater than 51 to be partially supportive ofsiatic life use
designation and scores under 51 to be non-suppatiits aquatic life beneficial use. The dowrestnereach of Dunes
Creek is primarily a highly modified feature (culjeso its low QHEI score is expected. The bioctbenmunities
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present within Dunes Creek reflect the limited tettpresent at these two sites. The miIBI scorggest that Dunes
Creek’s macroinvertebrate community is moderateletverely impaired, scoring a 2.4 at the upstnesoh during
2004 and a 1.0 and 2.0 at the upstream and downsteaches during the 2005 assessment, respe¢fiyglgndix H:
Table H5). These scores suggest that the bioticrzorities present in Dunes Creek’s mainstem do et their
aquatic life use designation.

Figure 18. Sampling site 5
(August 5, 2004)

5. Site 5 (Figure 18) is located in the tributaonfi the Great Marsh just before the marsh conmwéttsDunes Creek.
Samples from site 5 reflect water quality in thibutary from the Great Marsh just before the maxsmects with
Dunes Creek. Initially site 5 was considered psessible reference site for the watershed. Therareains
undisturbed and natural, but it should be notetifin is low compared to other sites located ia thain stem of the
stream and the water at this site is draining tirdom the wetland complex.

Water quality in the Great Marsh Tributary (Site 5)

Like the Cowles Bog Outlet, water quality withiretBreat Marsh Tributary was within the expectedjeaior streams
that receive most of their drainage from wetlanchglexes. Stagnant or slow-flowing water conditionsurred within
this stream during all four sampling events. ($tieam was stagnant during one of the four evér@2005 storm
event.) During both base flow and storm flow ctinds, none of the samples violated the Indian standards for
temperature, pH, conductivity, chloride, nitratéagen, or ammonia-nitrogen concentrations. Howediesolved
oxygen concentrations were well below the statedstad during all four sampling events (AppendixTidble H2).
Dissolved oxygen concentrations ranged from 0.7.rdgfing the 2004 base flow event to 4.12 mg/L nigithe 2005
storm flow event (stagnant water). Overall, digadloxygen saturation ranged from 7 to 45% dutegfdur sampling
events.

The 2004 and 2005 sampling of the Great Marsh Taitythighlighted a few additional areas of concéirst, the
stream exhibited. coliconcentrations above the Indiana state stand&8%CFU /100 mL during two of the four
sampling events (2004 and 2005 storm flow; Appehdikigure H12). During the 2004 storm evdntcoli
concentrations in excess of the state standare:daingm 360 CFU /100 mL to 1,500 CFU /100 mL dutting 2005
base flow event (stagnant). Also of concern aeeGheat Marsh Tributary's total phosphorus conegiatns, which
were above the concentration recommended by the EXPA to protect aquatic life during the two 20@mpling
events (Appendix H: Figure H11). Concentratios® @xceeded the level at which Dodd et al. (199divate
eutrophic conditions occur during the 2004 storergv Finally, the Great Marsh Tributary possedhedighest total
suspended solids areal loading rate during the D@84 flow event, the second highest total susjpesalels areal
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loading rate during the 2005 base flow event, ardsecond highe&. coliloading rate during the 2004 base flow
event.

The evaluation of the Great Marsh Tributary's pbgkhabitat indicated that the stream was belowttreshold at
which IDEM typically considers a stream to be “ly supportive” of its aquatic life use desigati Likewise, the
biological community assessment indicated thastresam fell short of the threshold level set by MDir the stream’s
aquatic life use designation. The Great Marshufaty received the second lowest habitat scoreybéthe sites in
the Dunes Creek watershed (Table H6). The strated a QHEI score of 41 and was limited by instreaver, poor
substrate, low gradient, and lack of pool anderifomplexes. However, as this stream drains amd:tthe gradient
score cannot be expected to change over tlrilewise, pool and riffle complexes will never natually develop in
this sand and muck bottom stream. These factors shld be taken into account when setting habitat gda
within this stream. During 2005, the stream received an mIBI scor@ &fwhich is the third lowest score calculated
for the Dunes Creek watershed streams (AppendibaHte H5). This score places the stream belowrtbe-
supporting”-“partially supporting” threshold boumgla This score also places the stream in the svienpaired
category based on IDEM’s criteria. When compar#h areference stream located in the headwateZoffée Creek
(Site 6 as sampled during the Coffee Creek Watdrbtanagement Plan (JFNew, 2003)) using the Rapid
Bioassessment Protocols (Plafkin et al., 1989)stteam still rates as severely impaired scorirg 262 of the total
possible points compared with the biota presefitdfiee Creek.

Figure 19. Sampling site 6
(March 4, 2004)

6. Site 6 (Figure 19) is located to the east @fsidential area near Hawleywood Road. Samplesditan® reflect
water quality in Dunes Creek as it travels throthighresidential area near Hawleywood Road. Tleia has many old
homes and some Indiana Dunes National Lakeshase tesck properties. Improperly maintained or dettiaeptic
systems could be contributing to a decrease inrvoatality.
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Figure 20. Sampling site 7
(August 5, 2004)

7. Site 7 (Figure 20) is located just north of UH&jhway 20 downstream from commercial propertiea@U.S.
Highway 20. Samples from site 7 reflect water fyal the eastern tributary of Dunes Creek noftbl &. Highway
20. This sampling site is downstream from commépriaperties along U.S. Highway 20 and capturesffdrom the
properties that drain into roadside ditches and thi® Dunes Creek.

Figure 21. Sampling site 8
(August 5, 2004)

8. Site 8 (Figure 21) is located in the eastebutery of Dunes Creek just south of U.S. Highway&&mples from site
8 reflect water quality upstream of businessesgaldrs. Highway 20, but downstream from residertial commercial
areas in the Town of Porter. The differences ingig results from site 7 and site 8 reflect ¢ffean water quality
from the ditches that runs in front of businesdesgU.S. Highway 20 and flows into the easteroutidry.

Water Quality at Munson Ditch and downstream (SBte8, 8 above; Site B,below)
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The mainstem of Munson Ditch was sampled at thoegtions during all four assessments (Sites 6 sm8)once at Site
B, where Munson Ditch crosses U.S. Highway 12,rdytine 2005 storm event. Although temperature ritrhte-
nitrogen, and ammonia-nitrogen concentrations nredsa the Munson Ditch reaches did not violate ladjana
standards, Munson Ditch exhibited some of the stavater quality observed in any of the Dunes Crealershed
streams. The ditch possessed, conductivity, afdpancdE. coli concentrations that routinely exceeded the state
standards. Dissolved oxygen concentrations duhi@@004 and 2005 base flow events at Sites 6iter8 below the
Indiana state standard (Appendix H: Figure H2) n€@mitrations ranged from 0.06 mg/L in Munson Dadfacent to
Hawleywood Road (Site 6) during the 2005 base #gent to 2.8 mg/L both upstream and downstream$f U
Highway 20 (Sites 7 and 8) during the 2005 base @went. Conductivity concentrations ranged frgg0bumhos in
Munson Ditch upstream of U.S. Highway 20 (Site @it 2004 base flow event (stagnant) to greatan 81999
pmhos in Munson Ditch downstream of U.S. Highway2ie 7) during the 2004 base flow event (Appemdtikigure
H4). Conductivity concentrations were generalbhar in Munson Ditch downstream of U.S. Highway(3@Qe 7) than
at any of the other sites. The only exceptiomi® ¢ccurred during the 2005 storm event whenehelr adjacent to
Hawleywood Road (Site 6) possessed the highesuctinity concentration. Chloride concentrationkoie a similar
pattern with the reach downstream of U.S. Highw@&ySite 7) possessing the highest chloride conatortr of the four
reaches (Appendix H: Figure H5) during the 200%mstftow event. Chloride concentrations ranged fdr® mg/L in
Munson Ditch upstream of U.S. Highway 20 during28€5 base flow (stagnant) to 3,700 mg/L in MunBiinh
downstream of U.S. Highway 20 (Site 7) during tB@2 base flow eventE. coliconcentrations exceeded the state
standard at all three sites during the 2004 stiww dvent, at Hawleywood Road (Site 6) and upstreh S.
Highway 20 (Site 8) during the 2005 base flow esti#gnant), and at Hawleywood Road (Site 6), dowam of U.S.
Highway 20 (Site 7), and at the ditch’s crossing&. Highway 12 (Site B) during the 2005 stormvfievent.
(Appendix H: Figure H12).

Phosphorus concentrations were also elevated withimson Ditch. Phosphorus concentrations excettdelgvels at
which Dodd et al. (1998) determined eutrophic ghlyi productive conditions occur during all fousassments at all
three sites and at U.S. Highway 12 (Site B) dutimgg2005 storm event (Appendix H: Figure H11). tiremmore, total
phosphorus concentrations exceeded levels detetrbinge Ohio EPA (1999) to impair aquatic biotalasites
during all assessments except downstream of Ughwidiy 20 (Site 7) during the 2004 base flow evstatghant). At
all but one site, a majority of the phosphorus mezsin the stream was in its soluble form (Appemdti Figure H10)
during all of the assessments. Particulate phosistexceeded 50% of the total phosphorus concetrati only one
occasion: in Munson Ditch adjacent to Hawleywoo@dR(Site 6) during the 2005 storm event. Elevataticulate
phosphorus levels in streams following storm evantsexpected and are typically indicative of kxsik via erosion
since particulate phosphorus is typically adsotioesbil particles.

Munson Ditch also possessed elevated loading catepared with other watershed sites (Appendix Huléis H13 to
H18). During the 2004 base flow event, Munson IDdownstream of U.S. Highway 20 (Site 7) possetis=decond
highest orthophosphate and total phosphorus loadieg, while the same sites contained the higimestonia-nitrogen
and total suspended solids and third highest ohtbgphate and total phosphorus loading rates dthig005 base
flow event. When normalized for area, Munson Ditpistream of U.S. Highway 20 (Site 8) possessedigiesst
orthophosphate, total phosphorus &hdoliareal loading rates during the 2004 base flow hadighest nitrate-
nitrogen and second highest ammonia-nitrogen a@atighosphorus areal loading rates during the 200%n event
sampling. Munson Ditch downstream of U.S. High®@y(Site 7) possessed the highest areal loadieg fait
ammonia-nitrogen, orthophosphate, total phosphandtotal suspended solids during the 2005 basesivent, the
highest total suspended solids areal loading natiegithe 2004 storm event, the second higBesbliarealloading
rate during the 2005 base flow event, and the skhighest orthophosphate and total phosphorus laeedihg rate
during the 2004 storm flow event. Munson Ditctatvleywood Road (Site 6) also possessed the higheatloading
rates for total suspended solids &aoliduring the 2004 storm event and ammonia-nitrogemgduhe 2005 storm
event and the second highest ammonia-nitrogen itnadennitrogen loading rates during the 2004 stexrnt.

Finally, the biological and physical habitat asesmsts indicated impairment of these componentseoétosystem
along the length of Munson Ditch. Munson Ditchtogam (Site 8) and downstream (Site 7) of U.S. mh20
received the lowest QHEI scores of any of the veéiied streams (41 and 26 points, respectively; (AgigeH: Table
H6). Poor substrate, limited instream cover, & tE#echannel development, limited riparian vegetatnd cover, and
poor pool and riffle complex development limitecdbhat available at these sites. Conversely, Muriitech adjacent to
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Hawleywood Road (Site 6) possessed the third higDel&| score (51). This site possessed better satbst
components, higher quality channel developmentebaparian cover, and deeper pools than thosseptaipstream.
Scores from all three sites suggest that Munsochgt non-supporting of its aquatic life use deatgm based on
habitat scores. All of the mIBI scores for the noéovertebrate communities present in the threehes of Munson
Ditch during the 2005 assessment indicate thabititee communities within the overall reach areesely impaired
(Appendix H: Table H5). All of these scores sugdleat the stream is non-supporting of its agudéaise designation.

Figure 22. Sampling site A
4 volunteers and JFNew (June 21, 2005)

Sampling site A (Figure 22) is located along U.&#jhay 20 west of Interstate 49 and just north ofhbn Ditch.
This site was added because of the possibilitytieatvaterpark located within the watershed ishdisging into ditches
that flow into Dunes Creek. Local residents hawmglained of a strong chlorine smell. The site added in 2005 to
help the Steering Committee further identify catiareas.
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Figure 23. Sampling site B

(October 17, 2005)
B. Sampling Site B (Figure 23) is located in thstem tributary as it crosses US 12. This site aguked to aid
Steering Committee members in further understandimat could be causing high levelskofcoli at site 6 behind the

residential areas. Sampling data from this siteaeany problematic septic systems north of 8itél his information
helped the Steering Committee focus implementagffomts in the appropriate area.

Figure 24. Sampling site E
(February 10, 2005)

E. Sampling site E (Figure 24) is located alongrsiaite 49 in a regulated drain called Munson Dichted in the
headwaters of Dunes Creek upstream from site & site was added to help identify problem areagndtream from
site A and establish baseline information for tiet& County Visitor Center site (just behind tkensl of trees in the
above photo). The Creek runs through the souttamrer of the site.

Munson Ditch Headwaters (Sites A and E)
The headwaters of Munson Ditch were sampled atdweations including the ditch crossing at U.S. hiigly 12 and at
Interstate 49 during the 2005 storm event. Samp#sults from these locations indicate severahimpent issues
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within the headwaters of Munson Ditch. Condugfigithd chloride concentrations exceeded the Inditate standards
at both locations (Appendix H: Table H1). Condutfieoncentrations ranged from 1,3gfhhos at U.S. Highway 12
to 1,950pumhos at Interstate 49, while chloride concentrati@mged from 340 mg/L at U.S. Highway 12 to 46GLmg
at Interstate 49. Dissolved oxygen concentratiezi® also low within the headwaters of Munson Ditdhwever, they
were below the Indiana state standard at only @evehich is located east of the ditch’s intergectvith Waverly
Road. Total phosphorus concentrations exceedddvakat which the Ohio EPA indicates that biatipairment
occurs (Appendix H: Table H2). Orthophosphate eatrations were also elevated at the Interstattrédm crossing
accounting for more than half of the total phosplgrresent within the Munson Ditch headwatersistdcation. E.
coli concentrations exceeded the Indiana state staatlatidthree sites during this assessment; howéwer,
concentrations were below the median concentréiamd in Indiana streams (650 CFU /100 mL).

When compared with other sites in the watershediviinson Ditch headwaters do not possess elevaddiht rates;
however, when the loading rates are normalizedv&dershed area, these stream reaches possessfsbenbighest
areal loading rates. Munson Ditch at InterstatéSi® E) possesses the highest orthophosphate@hghosphorus
andE. coliareal loading rates and the second highest nitiitegen areal loading rate during the 2005 stthom
assessment. Munson Ditch east of Waverly Road £§ipossessed the highest total suspended sofidsleading rate
and the second highest total phosphoruskarabli areal loading rates during the 2005 storm evéhts suggests that
controlling sediment and nutrient loading within this portion of the Dunes Creek watershed will likelyimprove
water quality in downstream reaches.
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4.1 Pathogens

Both Dunes Creek and Muson Ditch are listed oralmalis draft 2006 list of impaired waterbodiesHEorcol..
These streams are listed due to exceedance ofdlamé state single day (235 CFU /100 mL) or themgric
mean standard (125 CFU /100 mL), which is calcdlftem five samples measured during a 30-day period
Dunes Creek was initially assessed for inclusiotherimpaired waterbodies list in 2002 and foundgmot
supporting of its recreational use designations Hsisessment was based on 1298li data collected by the
E. coli Task Force through the Department of the Inttit8GS). Applying IDEM's current criteria, the
waterbody is still impaired. This is based on 68%he samples exceeding the single day standard 4%
exceeded 576 CFU/100mL (Jody Arther, personal camzation). Munson Ditch’&. colilisting is similar

to that for Dunes Creek. Munson Ditch was firstettb Indiana’s list of impaired waterbodies in 83ased
on data collected during previous years’ assessment

Current sampling results indicate that Dunes CegekMunson Ditch remain impaired for recreatiorszge.
Applying IDEM’s current criteria, 71% of the samplexceeded the single day standard (Appendix HeTab
H2). Sampling completed by IDEM during 2005 ind&sathat the impairment is still present in theseashs
as well.

4.1.1 Failing Septic Systems

Problem statemenEailing or antiquated septic systems throughceitthtershed could be degrading water
quality in Dunes Creek by contributingEo colilevels.

Several Dunes Creek watershed water quality stindies been conducted in the Dunes Creek watershed i
the past few decades. During the period from 191880, several sites on Munson Ditch north of USvége
sampled during both high flow and low flow conditio(Hardy, 1984). During high flow in November 197&
dissolved solids concentrations were high at tteejgst north of US12 “...primarily because of high
concentrations of sodium and chloride. Seepage fesidential septic systems and runoff from a etl
storage area were probably the sources of sodidmtaaride.” Also, high concentrations of nitriteip nitrate:
at that site “...suggest that the seepage from nam:pources such as septic systems and fertilizeasléan

the upstream residential areas significantly ineeeditrite in Dunes Creek.”

Between June 1993 and May 1994 three creeks dgaimnGreat Marsh were sampled for water quality an
aquatic life, including diatoms and macroinvertébsgStewart et al. 1997). The purpose of the rebegas

to provide biological and chemical information b three creeks and document land use effects t@m wa
quality, bacteria densities, and the ecology oftheams. The sample site on Munson Ditch wasjursh of
US 12 where the Calumet bike trail crosses thastr@he site had high pH, turbidity, phosphatesctio
conductance, total hardness, chloride, and nitiaitad the highest readings of all sites sampiellithree
creeks for nitrate and the second highest for ldorhe report stated that “ ...the high nitrate
concentrations at site DC6 were probably due to nepoint pollution sources in the surrounding
residential areas such as septic systems and faeéd lawns.”

The sandy soils that predominate in the Dunes Gregérshed are not optimal for septic system altisorp
fields. There are several residential areas lodhtedighout the Dunes Creek watershed that arg ssiptic
systems that were installed many decades ago. Meystems are one way to overcome soil suitability
limitations and have been installed in areas ofd3uBreek, although some sites simply are not deifabany
septic system. Figure 25 shows a map of soil siittafor septic systems in the Dunes Creek watedsh
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Suitability of Scoils for Septic Tank Absorption
Dunes Creek Watershed
Porter County, Indiana

Fields =

Data Source: Soil Sursey of P orter Courty, Inciiares,;
Mational Cooperstove Soil Survey, USDA, Saoil Conservaion Service; 1976,

e

Sevetly Limited - soil properties or site features are so unfavorable, or so difficult to overcaome

that special design, significant increases in construction costs, and possibly increased maintenance are required D % 5 i fad
unes Creek YWatershe

Moderately Limited - soil properties or site features are not favorable for the indicated use Roads
and special planning, design, or maintenance is needed 1o overcome or minimize the limitations. l:l i
Slightly Limited - soil properties and site features are generally favarable for the indicated use l:l Moderately Limited
and limitations are minor and easily overcome

[ stightly Limited

J.Gadzah ;2007

Figure 25. Suitability of soils for septic tank alsorption fields
(data source: Soil Survey of Porter County, 1976)

4.1.2 Agricultural Livestock Runoff

Problem statemenRunoff from livestock pastures could be degradiader quality in Dunes Creek by
contributing toE. colilevels.

Only 6% of the watershed is agricultural. Therarisopportunity to work with the small number ofiegltural

landowners within the watershed to minimize theca#fof runoff from livestock pastures by installimgarian
buffer strips.

4.1.3 Wildlife

Problem statemernitVildlife overpopulation could be degrading watearlify in Dunes Creek by contributing
to highE. colilevels.

Wildlife is a known source d&. coliimpairments in the Dunes Creek watershed. Manyalsispend time in
or around water bodies within Dunes Creek. Desgsg, seagulls, ducks, raccoons and other mamiinals a
create potential sources©fcoli. Wildlife contributes to the impact of contamiedtrunoff from animal
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habitats, such as forest and cropland. This eagnizes wildlife as an uncontrollable sourcg .abliand
will be addressed only through public educatioates to feeding wildlife.

4.2 Siltation
Problem statementVetland loss, ditching, and increases in impervaur§aces could be causing erosion of
the stream banks and degrading water quality ireB@reek by causing siltation.

Based on visual inspection the flow of water thiotlie watershed is accelerated due to wetlandddshjng,
and ever-increasing impervious surfaces. The isere@aflow causes erosion of the stream banks. Stagion
has occurred within the Indiana Dunes National khkee to the east of Tremont Road between U.S wdigh
12 and U.S. Highway 20.

Figure 26. Dunes Creek channel erosion (2005)

Sedimentation and channel erosion in Dunes Crestloéaremont Road between U.S. Highway 12 and U.S.
Highway 20 are shown in Figure 26. Installing agpiate best management practices (BMPs) and ragtori
natural hydrology upstream could minimize impaotstteam channels (Goals 1 and 4, Section 6).
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Figure 27. New development site in Dunes Creek veashed (2004)

Figure 28. Sediment from new development site enteDunes Creek (2004)

High levels of sediment shown in Figures 27 andva8h into Dunes Creek from development site locared
Wagner Road. Proper installation of appropriateFBNbr construction sites could minimize impact of
development on water quality (Goals 1 and 3, Se@&)o
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Figure 29. Sediment from light industry (2004)

Sediment from light industrial operation and a jragKot is carried onto U.S. Highway 20 by trucldarar
traffic. Sediment is then carried into roadsideltés that connect to Dunes Creek. Proper inttailaf
appropriate BMPs could minimize impact of developtran water quality (Goals 1 and 3, Section 6)

4.3 Salinity/TSS/Chlorides
Problem statemenRunoff from roads that carry road salt could berddimg water quality in Dunes Creek by
contributing to elevated levels of chloride andhhignductivity.

Road salts are common constituents in stormwateffrduring the winter throughout the Midwest, gnc
various forms of salt are applied to roads for aalig icy, slippery road conditions. In the Duen@reek
watershed, high levels of road salt were noteddtemnear the roadways and around the Indiana Depatr
of Transportation facility where road salt is sthre

4.4 Nutrients
Problem statemen®Runoff from farm fields and lawns could be degrgdivater quality in Dunes Creek by
contributing to elevated levels of nutrients.
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/ \

Figure 30. Agricultural operation (2004)

High levels of nutrients could be coming from tlggieultural operations within the watershed. Intpafche
agricultural operations could be lessened by ilediah of riparian buffer strips (Goals 1 and 3¢t&m 6).

4.5 Flow and Habitat Alteration

Problem statemenglitered hydrology and habitat are contributinghie impairment of the biotic community
and water quality degradation in Dunes Creek bgioguvater to move too quickly, elevating its temapere,
and hindering the natural filtering process prodilg wetlands.

Altered hydrology as a result of wetland loss, impris surfaces, and ditching throughout the watsats
contributes to pollutant loads. Extensive man-matirations to natural hydrology exist throughitet
watershed and cause water to move too quicklyinioes Creek and subsequently into Lake Michigame T
extent of ditching is confirmed by research prodithy R. Whitman. The natural filtering processyided by
wetlands is limited and water quality is comprordise. .ditching of the stream, increased drainage, and
subsequent loss of wetlands may account for thenatally highE. colilevels observed.” (Whitman et al.,
1999-2000 data).

Man-made alterations exist watershed-wide. DumeglCwas once part of the larger marsh ecosystem
adjacent to the Lake Michigan shoreline. The Gkéstsh was drained and ditched for developmeritén t
early 20" century. Dunes Creek has been drastically charetktind modified from its natural state. For
example, it currently enters a culvert and trauelderground through the Indiana Dunes State Ppetlsng
lot (Figure 34) and flows into Lake Michigan thrdug culvert (Figure 33). Another example is theedilong
the west end of Cowles Bog constructed by NIPSAQu(E 3).

4.6 Causes Unknown

Problem statemen8torm water runoff and airborne particulates froduistry within or immediately adjacent
to the watershed could contain pollutants that viashDunes Creek and degrade water quality. Tasze
industrial areas located at the west and eastarile watershed that could be impacting waterityu@.g.,
power plant, recycling and trucking businesses,st@el mills).

Dunes Creek and Munson Ditch are both on Indialist’sf impaired waterbodies for impaired biotic
communities. The 1986-1987 305(b) report detailad3uCreek as fully supporting but threatened foatq
life use (IDEM, 1988). The report indicates thas il an evaluated assessment, meaning that ibasexd on
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data collected in other streams similar to Dunethat possesses stressors similar to thosenpiese
Dunes Creek at the time rather than data from D@nesk itself. The 1990-1991 305(b) report indisatet
a monitoring assessment was completed at Dune&;Cragever, IDEM’s database does not contain any
biological data for this or any other assessmety(Arthur, personal communication).

Based on current macroinvertebrate community daddardormation from IDEM, the waterbodies within
Dunes Creek’s watershed are non-supporting for #tpiatic life use designation. The impairmenhaf t
community could be caused by a number of parameiiéins the watershed including, but not limited tioe
intermittent nature of many of the watershed’s waddies; limited in-stream habitat (as evidencethiy
QHEI scores); elevated nutrient, sediment, andqggth concentrations; low dissolved oxygen concgotrs;
or elevated conductivity and chloride concentration

Goals 1 and 2 address pathogen, nutrient, and satlimpairments. Goal 4 stresses the importance of
improving the biological communities present witBinnes Creek and Munson Ditch through habitat and
riparian cover improvement. All of these shouldyda important part in improving biological intetgrivithin
the Dunes Creek watershed waterbodies.

Figure 31. Recycling operation (2005)

Stormwater runoff from sources within the watersbech as the recycling operation shown in Figure@id
be minimized by working with agricultural interesitsdustry, and residents to identify sources amglément
management measures to protect water quality (Aoatel 3, Section 6).
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5.0 Goals, Objectives, and Implementation Priorities

The watershed management goal is to improve therwatality and habitat of Dunes Creek by reducimdy a
preventing pollutant loads in the watershed suah #t a minimum, the creek meets Indiana watelityua
standards. This plan provides specific recommeaidgfior actions (including BMPs) and educational
programs to address the water quality issues irimgabunes Creek. The implementation of these BMPs
combined with the educational programs and outreadut water quality and land use will lead to lowe
pollutant loads Table 3 provides a schedule of goals and objegtimekiding action steps, responsibility, and
indicators. Implementation priorities are hightigghin blue.

Dunes Creek Watershed Model Summary

The Save the Dunes Conservation Fund contractdddi@a Geological Survey to provide modeling sarpp
for the Dunes Creek Watershed Management Planajeweht process. The objectives of the modelingwer
to:
1. represent the hydrology, sediment, and bactehelacteristics in the drainage network, and
2. simulate how land-use and land-management chdegg, filling or plugging ditches) might achieve
reduction oft. colior other contaminants in Dunes Creek.

For this investigation, the primary constituentsewsater, sediment, bacteria, nitrate, nitrite, amia, and
phosphate. The model evaluated the watershedeedraimage basin, by reach, and spatially durir base
flow and storm flow conditions. Much of the modeliwork was focused on the realistic representatidhe
conditions in the watershed, particularly the distiion of soils and land use across the watershmtiel
inputs were based on data collected at long-termitoring stations (weather inputs and basic stream
discharge characterization), as well as more spopednt measurements of stream discharge andtpotlu
loads during both base flows and storm flows.

The final Indiana Geological Survey report docuraghat during storm flow most water-quality consgitts
evaluated could be improved by filling ditches andéstoring wetlands. Specifically, the modeLlitss
suggest the following:
= E.coli levels might be reduced by filling ditches and/orestoring wetlands on the east branch
of Dunes Creek and/or along the west branch of DuseCreek nearest the outlet.
= nitrate loading might be reduced by filling ditchesand/or restoring wetlands on the west
branch of Dunes Creek, or filling some of the ditchs on the extreme eastern portion of the
watershed.
For more the details of the modeling effort, plesee; “Final Report for Dunes Creek Watershed MBdeter
County, Indiana” by Sally Letsinger, Center for @®gical Data Analysis, Indiana University, Indiana
Geological Survey, Bloomington, IN 47405-2208.plifigs.indiana.edu
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Goal 1: Reduce nutrient and sediment loading by 20%y 2016

Total Phosphorus Goab0% of the stream sites assessed achievingpiataiphorugoncentrations (0.08 mg/L for
wadeable streams; 0.10 mg/L for headwater streasitish 10 years. Based on data listed below, nmopiémentation
projects targeting a reduction in total phosphdwasging should occur within the headwaters portibthe watershed. If
all of the streams meet their target, then theltinguoads will result in 1259 Ibs (571 kg) ledsggphorus loading from
Dunes Creek to Lake Michigan per year.

As stated previously, the State of Indiana maistaiater quality standards for many pollutants. Hewugethe state has
not yet established a water quality standard fal fthosphorus. The draft 2006 list of impairedesiaodies (303(d)
list) details methodology for determining the impaeént of Indiana streams based on total phosplemusentration
(Indiana Register, October 2005). As describeslfdtal phosphorus concentration cannot exceeth@/B in concert
with other nutrient or physical exceedances (r@tratrogen, dissolved oxygen, pH, or algal condjtid\s the Dunes
Creek watershed streams already possess totaltpiraspconcentrations below this level, it was deieed that the
target would be the levels recommended by the BRia (OHIO EPA,1999) for modified warmwater habitat
headwater (0.10 mg/L) and wadeable (0.08 mg/L)stse&equired load reductions were calculated basededian
stream flows and targeted concentrations. The tedgeductions are listed in Table 5.

Table 5. Comparison of total phosphorus (P) concérations to target values in Dunes Creek

by sampling site drainage area

Sampling | Watershed Target | Average’ | Current % Reduction | Comments
Station Size in Acres (mg/l) (mg/l) Average Needed to

(Hectares) Load (kg/yr) | Meet Target

(Ibslyr)

3 7407 (2997.5) | 0.08 0.046 88.9 (196.0) 0% Wadeable
2 3985 (1612.7) | 0.08 0.070 13.2(29.1 0% Wadeable
B 840 (339.9) 0.10 0.167 32.2 (71.0) 40% Headwaters
7 487 (197.1) 0.10 0.160 29.3 (64.6) 37.5% Headwate

Total Suspended Solids Interim Gda0% of the streams obtaining total suspendedsobncentration less than 5
mg/L within 5 years. This reduction will result3%7 pounds (162 kg) less sediment loading to Lalahiglan from
Dunes Creek annually.

Like total phosphorus, the state does not currématlye a water quality standard for total suspeisaéds. Furthermore,
the draft 2006 list of impaired waterbodies (303i&t) does not detail methodology for determinihg impairment of
Indiana streams based on total suspended solidewtation (Indiana Register, October 2005). Hawewnformation
listed on the IDEM TMDL website indicates that sires may be listed for sediment impairment if theltsuspended
solids concentration exceeds 30 mg/L. As conceotrafat all sample sites within the Dunes Creelevgsied are less
than the standard identified by IDEM, a lower cancation was utilized as the interim goal. As auteshe total
suspended solids reduction necessary to improver watlity within Dunes Creek is based on achieiistream
concentrations less than the median concentratiermtly present at Dunes Creek sampling sitesimigark should
be targeted at the headwaters portion of the wasdrdRequired reductions are listed in Table 6.
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Table 6. Comparison of total suspended solids coentrations to target values in Dunes Creek

by sampling site drainage area

Sampling | Watershed Target Average' | Current % Reduction

Station Size in Acres | (mg/l) (mg/l) Average Needed to
(Hectares) Load in kglyr Meet Target

(Ibslyr)

3 7407 (2997.5) 5 4.4 5603.9 (12354.5 0%

2 3985 (1612.7)] 5 2.3 668.6 (1474.0) 0%

B 840 (339.9) 5 14.0 2715.2 (5986.0) 64%

7 487 (197.1) 5 13.0 2390.4 (5269.9) 61%

Activity 1. Manage stormwater runoff.

Shallow water areas, including ponds and wetlanikin or near farmland provide cover and a waterrse for

wildlife while also acting as a filter. Embankmeaind berms that pond water increase the land&r\stirage capacity
helping to reduce volumes and flow rates of run@@nstructed wetlands contribute to water quatifyrovement by:

1) reducing coliform bacteria by up to 90% (Reed Brown, 1992); 2) fostering growth of microbesttrecycle and
retain nutrients (Wetzel, 1993); 3) providing aftdial adsorption sites for nutrients through theoteposition of
organic matter (Kenimer et al., 1997); 4) providamgerobic areas where denitrification processesataase nitrogen
to the atmosphere; 5) degrading organic matetialeby decreasing biological oxygen demand (BODgfféring
sedimentation and filtration processes which rensmapended solids and adsorbed nutrients; andvidprg flood
water storage to attenuate peak flood flows.

Within the Dunes Creek watershed, wetland restoraites will be identified. Landowners will be tacted in regards
to their interest in wetland restoration. SDCH wibrk with landowners and coordinate with governtregencies to
restore wetlands and/or plug ditches.

Estimated load reductiofiVhile many of the implementation tasks will resnla reduction in pollutant loads, the
primary focus of this activity is education. Paint load reduction can be used as an indicatorogfrpss. The volume
of pollutant loading reduction that will be obsedveill depend upon the type of water quality impement project
implemented. The following information sources pdeva range of pollutant load reduction valuesréntrresearch
suggests that wetland restoration may remove rhare80% of the sediment and approximately 45%eofititrients
(Winer, 2000; Claytor and Schueler, 1996; MetrdpaliWashington Council of Governments, 1992). uatrremoval
efficiencies differ depending upon the form of therient measured. For example, total phosphomsval efficiencies
are often greater than ammonia-nitrogen removaieficies. Based on the wetland sizes utilizechkyatbove
mentioned references and the targeted reductighdoDunes Creek watershed, it is anticipatedahminimum of 8
acres of wetland need to be restored to provida2a 2duction in total phosphorus, while only 2 aareed to be
restored to result in a similar percent reduct@artdtal suspended solids.

Activity 2. Implement stormwater best managemeantfices.

SDCF will identify potential partners and work witiem to increase their awareness of stormwatémhesagement
practices and identify the most appropriate prastior each site. Implementation of stormwatet besmagement
practices will contribute to achieving goals 2 @nd

The new Porter County Visitor Center will be loch# the corner of Interstate 49 and U.S. HighwajnZPorter and
was chosen because of its high visibility and eesgss. It will serve as a Visitor Center for Bo@ounty, as well as
the Indiana Dunes National Lakeshore. The longrigan for this tract of land includes additionairenercial
development. The Visitor Center will be the fisgtucture people visiting this commercial developh@ncounter.
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The new Visitor Center site for the Porter Counbyn@ntion Recreation and Visitor Commission (PCCRY&s been
identified as an ideal site for demonstrating sahvstormwater BMPs. Through the watershed managepian
development process, SDCF has identified an oppitytio work with the Porter County Visitor Centigsign team,
the Indiana Dunes National Lakeshore, US Enviroriadéirotection Agency Region 5, and the Indianadbepent of
Natural Resources (IDNR) on site design optionswmauld reduce the impact of the new developmertherDunes
Creek watershed through the implementation of BMPs.

In addition to the visitor center, SDCF will attetmip work with future developers of the remainiract of land to
highlight the value of LID/CD. The value of implemtation projects at this site is enhanced beacaiube site’s
location and the large number and diverse natutigegbeople who will visit the center. This isexttraordinary
opportunity to educate the public on water quédisyies at this location.

PCCRVC board members have authorized the partpenstii SDCF to incorporate additional BMPs into i
design. The Indiana Dunes National Lakeshore, RBgion 5, and the Lake Michigan Coastal Prograrasgist
SDCEF in this aspect of the project. The IDNR hammitted additional funds to spend at this site.

The following recommendations are specific to tistar center. Other demonstration projects willifglemented
over the next 5 years. Timeframe is 2006-2011.

1. Identify appropriate BMPs for the site (year 1).

2. Design and construct BMPs (year 1).

3. Design and construct interpretive signage ($¢ar

Estimated load reductiod variety of stormwater BMPs are planned for tisitor Center. However, the specifics have
not yet been determined. Based on the followingresfces, it is estimated that installed practibesilsl reduce total
phosphorus loading by 25 to 90%, while total sudpdrsolids reductions could total 40 to 90% (Sadl987). The
exact size and specifications of practices to btailed at this site will be determined during pabjdesign. Once those
calculations are completed, the resulting infororatvill be used to update the total number andafizmeher practices

to be implemented within the watershed to achibeeappropriate reduction will be recalculated.

Activity 3. Restore natural hydrology.

The Indiana Department of Natural Resources hantigccompleted the process of daylighting Dune=ekr Best
available technologies were used to stabilize #mel slunes neighboring the stretch of Dunes Crestkatls restored.
This project consisted of the implementation ofad#ization structure and development of a resimmgplan for the
creek. The restoration involved re-meandering teelcchannel. Exposure of the creek to sunlightaaid soil will
allow growth of aquatic and riparian vegetatiort tten improve water quality by taking up organid &rorganic
pollutants. A minimum of 10% flow reduction is ag®d. This should result in an almost 10% redudtidotal
phosphorus and total suspended solids.

Goal 2: Reduce pathogen concentrations 72% to metite state standard by 2016

E. colilnterim Goal 50% of stream sites obtainifg coliconcentrations that meet the state standard (286/TF0 mL)

within 10 years.
Under the Clean Water Act, every state must adagenvguality standards to protect, maintain, angnove
the quality of the nation’s surface waters. Thetsedards represent a level of water quality théltsupport
the Clean Water Act’s goal of “swimmable/fishabledters. Water quality standards consist of desigdaises
and corresponding numeric criteria. Designatedsusaflect how the water can potentially be usetiloyans
and how well it supports a biological communityxaBples of designated uses include aquatic lifpsttp
drinking water supply, and recreation. Criteriapegss the condition of the water that is necestasupport
the designated uses. Numeric criteria represemttincentration of a pollutant that can be in theter and
still protect the designated use of the waterbody.

All water bodies in Indiana are designated for eational use. The numeric criteria associated pitbtecting the
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recreational use are described below:

“This subsection establishes bacteriological gué#it recreational uses. In addition to subsection
(a), the criteria in this subsection are to be usexlaluate waters for full body contact recreatlo
uses, to establish wastewater treatment requiremamd to establish effluent limits during the
recreational season, which is defined as the maifthpril through October, inclusivekE. coli

bacteria, using membrane filter (MF) count, shatlexceed one hundred twenty-five (125) per one
hundred (100) milliliters as a geometric mean basedot less than five (5) samples equally spaced
over a thirty (30) day period nor exceed two huddhérty-five (235) per one hundred (100)
milliliters in any one (1) sample in a thirty (3@y period.” [Source: Indiana Administrative Code
Title 327 Water Pollution Control Board. Article Section 1-6(a). Last updated November 1,
2003.]

The part of the standard that states that no samsplal exceed 235 CFU/100 mL is typically referieeds the
“not-to-exceed” standard whereas the other pattettandard is referred to as the geometric meadard.

100,000 {

10,000 1

R s . - | H ﬁ ~ ﬂ L] $

4 | |
100 E T

E. coli (MF/100 mL)

E *8 8 7 More U Upstream *6 6 A B C 1A 1B 5 2 3 4

Upstream from 6
from 6
Upstream Downstream
[] 25th-75th Percentile ¢ Median | Min-Max —— Not-To-Exceed Standard —— Geometric Mean Standard —— Interim Goal

Figure 32. E. coli data box plots for all datasets

Table 7. Comparison ofE. coli values to target values in Dunes Creek

by sampling site drainage area

Sampling station Watershed size | Target Average Valué % Reduction
(acres) (CFU/100 ml) (CFU/100 ml) Needed to Meet
Target

3 7407 235 826 61%

2 3985 235 800 59%

b 840 235 559 42%

7 487 235 1254 74%

1: based upon combined data set (Figure A)

Activities 1 and 2. Remediate failing on-site sewvd@gposal systems (OSDSs). Educate and work esidents to
prevent future problems related to OSDSs.
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SDCF, working with the Porter County and Statendfdna Health Departments, will coordinate a sapticediation
program for problem areas in the watershed. Thgram will focus on critical areas that have beemiified by using
water quality data and other information in areawhich septics have been identified as a probéerch as the
Hawleywood Road neighborhood. SDCF will contaciperty owners and educate them in maintaining emgdiating
on-site systems. SDCF will implement and buildterecommendations of the Dunes Creek Watersheddédment
Plan (DCWMP) to promote the most appropriate adtivas to the existing on-site systems, includdentifying and
pursuing funding sources and cost share progranisrfg term management. SDCF will continue to wwith the state
and county health departments and the Nationaldtake to identify problem areas, develop solutiansl,implement
remediation measures. SDCF will coordinate witlidna Onsite Wastewater Professional’s AssocigtoM/PA) to
offer routine maintenance assistance to homeowAsrpart of the IOWPA effort septic system inspausi will be
offered. SDCF will then coordinate with homeownans the Porter County Health Department if anyrompments
need to be made.

The following recommendations will be implementegiothe next 5 years. The timeframe is 2006-2011.
1. Identify additional critical areas that will bee focus of septic remediation program (year 1).
2. Develop outreach material to be distributedaméowners during program that includes cost simdoenhation (year
1).
3. Coordinate door-to-door campaigns in criticalsar (years 2-5).
4. GPS each addressed septic system location @€gcs
5. Work with health departments and homeownersgolve failing septic systems in violation or likebntributing to
high E. colilevels (year 2-5).
6. Porter County and State of Indiana Health Depamts have committed to provide the following:
» Send letters to homeowners that are not in vialdtiat indications are that their septic systems are
contributing to elevated levels Bfcoliin ground water or surface water.
* Provide alternative system options for use with éowners.
» Follow up with enforcement action if necessary op geptic systems found in violation of county
ordinances.
» Provide technical expertise necessary to identifical areas and assist in prioritizing work areas
» Perform soil borings at each homeowner site thiaisisected.
» Provide boring data and analysis to identify caitiareas and assist in prioritizing work areaseiary 2-5.

Estimated load reductioffhe expected reduction that will occur with easimediation will be calculated based on the
site specific factors for that failing system. Tgaal is to identify as many failing systems as fidssn the critical areas,
then correct as many of those as is feasible. Rieduzalculations will be determined at the timeerhediation

utilizing the Ohio EPA formula for estimating loeetluction associated with septic system remediation
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Goal 3: Improve stakeholder and public involvement
Activityl. Promote best management practices duconstruction.

SDCEF will partner with Tetra Tech Inc., and Consgion Technology Information Center (CTIC) to cood a
workshop for excavation contractors, developedipment operators, road departments, publigsvemployees,
staff involved in the stormwater program, codeostément officers, and anyone else involved irstroiction projects
that include earthwork or excavation. The workshilpinclude information on controlling sediment,gventing
erosion, protecting riparian areas, staging/phagimgtruction activities, and preserving existiegetation where
possible. Additional workshops will be conductsdhacessary.

Activity 2. Promote low-impact development prirleip and practices.

Low Impact Development (LID) is focused on soundhagement of storm water. LID techniques are iregdrtd help
maintain or restore the natural hydrologic functiofia site to protect natural resources. LID eypéovariety of
natural and built features that reduce the raterasff, filter out pollutants, and facilitate thefiltration of water into the
ground. By reducing water pollution and increagingundwater recharge, LID helps to improve the ityuaf receiving
surface waters and stabilize the flow rates ofimgatreams. LID incorporates a set of overall désign strategies as
well as highly localized, small-scale source cdrigohniques. Rather than collecting runoff ingqapr channelized
networks and controlling the flow downstream ik storm water management facility, LID takegeedtralized
approach that disperses flows and manages runsticto where it originates.

While Conservation Design (CD) and LID are provppraaches, their use is still in early stages. dl@pers are often
reluctant to plan for Conservation Design or LiRtiees. SDCF will continue to work in partnershigvthe USEPA,
IDNR, IDEM, and the Northwestern Indiana Regionainhing Commission to provide forums that addresdactors
identified above which discourage or inhibit Conséion Design/LID design features and best managepractices.

SDCF has conducted one workshop. SDCF gatheredrgadized relevant information, met with key stakder
groups, conducted preliminary analyses, and thewesed a focused workshop for developers, builgdasners, and
local officials that addressed the benefits of, badiers to, Conservation Design/LID practicedldvoup meetings
with planners, builders and developers have takarep Follow up workshops that build on this effeill be
conducted to accelerate the adoption of LID/CD apgphes in the Dunes Creek watershed.
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Goal 4: Improve biotic communities by 2016 so thathey are partially supporting.

Macroinvertebrate Goalb0% of stream sites considered to be partiafstting for aquatic life use (mIBI score
exceeds 2) within 10 years.

As determined by the IDEM Assessment Branch anddas sampling completed in 2004 and 2005, DunesiCs
biotic community is impaired. On average all sgampled in 2004 and 2005 are classified as nopestipg for
aquatic life use. This impairment is based botipoor water chemistry and limited habitat availipilBecause of the
poor quality and habitat constraints associateld thi# macroinvertebrate communities in Dunes Crieékunlikely
that these communities will be rated as fully sufipg, or even partially supporting, within the néature even with
substantial work occurring within the watersheds@&d upon these constraints, watershed stakehsketdrgerim goals
that are attainable within the foreseeable futdreis goal will focus on both water quality and habimprovements
and will be measured via water chemistry, habdtad, macroinvertebrate assessments conducted atraumi of four
sites on a two-year cycle. The cycle will begir2005 and continue through 2015 (10 years). Thatiglife support
(ALUS) assessment will be based on macroinvertelm@inmunity collection. Samples will be collectathg
methodologies identified in the QAPP developedrdudompletion of this watershed management plan.

Habitat Goal 50% of stream sites obtaining QHEI metric tagystres within 5 years.

As noted above, poor habitat is one of the fadtmaslead to the impaired biotic communities in BsiCreek. QHEI
scores are determined through the measurement wfediics: substrate type and quality; channel molggy; riparian
quality; instream cover; pool, riffle, run developnt; and stream gradient. Some of these metritsi&ikr score very
high, which will ultimately limit the habitat withithe stream as scored by the QHEI. For examparad-bottom
streams, streams within the Dunes Creek watersiidiikely never develop stable pool-riffie sequesc Likewise, the
stream’s gradient will not change over time; therefthe 4 to 6 points lost at each of the strezanhes cannot be
gained through watershed work. For these readares tmetrics were chosen to use as guidance fopuaments in
habitat within the Dunes Creek watershed. Theseasedre: substrate type and quality, channel naggy, and
riparian quality. The target scores are as follows:

Substrate type and qualityl5 of 20 possible points
Channel morphology 15 of 20 possible points
Riparian quality> 8 of 10 possible points

1. Restore and manage stream bank habitat.
This activity consists of two components: ripariarmanagement and restoring hydrology.

Riparian management consists of protecting andrexiiig existing natural areas adjacent to the stream
network/drainage network and implementing a progi@ne-establish areas where the native riparigetation has
been removed or degraded. Channel management $oonsstablishing where two—stage ditches are qailysi
feasible for managed drainage ditches and adoptiopgically based approaches for necessary digghtemance
activities.

Properly managed riparian zones provide numeronsfit® including reduced watershed imperviousngsace for
streams to naturally move laterally over time, ectibn against stream bank erosion, increasedtpotivemoval
through filtration and absorption, and wildlife liai

Riparian management is done by first delineatinigarian zone and inventorying the areas to idgptibtection,
enhancement, and restoration sites. The limitatidithe model used in the broad-scaled modeliiogt gfrevented the
identification of these sites and must be done @mianuThe width and uses of the riparian zone délpend on two
factors; 1) quality of the downstream network ajh¢b2ation within the network and adjacent slopBestored and
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enhanced sites will be used to treat runoff fromatjacent landscape. The headwater streams etidgratural
areas are the highest priority for protection amtb@cement action.

The following recommendations will be implementegiothe next 15 years. The timeframe is 2005 #2020

1) Delineate and inventory riparian zone (year 1).

2) Develop site eligibility criteria for available fdimg (year 2).

3) Design guidelines for restoration and enhancenitss gearl).

4) Institutionalize plan reviews and inspection praged (year 2).

5) Long-term maintenance plan to ensure riparian ppoeides expected benefits (year 1 —2).

6) Identify appropriate units of government to workhwon modifying master plans/zoning ordinances, etc
(ongoing).

7) Restore and enhance identified riparian areas @f@dessed in year 1-5).

8) Implement long-term volunteer stream monitoringgpamn to provide management feedback and serve as a
screening effort for enforcement programs (ongoing)

Channel management will focus on demonstrationtsfiind modifying existing approaches to managewfdagal
drains. Traditional approaches to maintainingrdigé ditches have adverse effects on the envirdroimerto removal
of streamside and channel vegetation, dredginigeoditains, and increased stress on downstreamutiggrdn
watersheds with impervious cover in the range e2%ercent and where traditional drainage maimtesés
practiced, the issue of unstable channels is manmgopinced since both conditions individually arsecasated with
unstable channel conditions.

The following recommendations will be implementegiothe next 15 years. The timeframe is 2005 t@202
1) Inventory existing drainage ditch maintenance saleeand activities (years 1-2).
2) Develop ecologically sensitive maintenance approaabked upon available funding (years 1-2).
3) Identify appropriate units of government to workhwdn modifying existing approaches (ongoing).
4) Conduct a workshop on 2-stage drainage ditch tqolenfyear 1).
5) If feasible, develop a demonstration for a 2-stigénage ditch project (years 1- 2).
6) Implement long-term volunteer monitoring progranptovide management feedback on ecologically seasit
maintenance approach.
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Goal 5: Reduce TDS and chloride concentrations tmeet Indiana State Standard.

The investigation of possible sources of chlorides long-term activity and will not be pursuedidgrPhase 1 (years
1-5) unless an opportunity becomes available. 20¥0 revision to the Dunes Creek Watershed ManagteRian will

address this goal based upon additional informati@havailable funding. Instream monitoring widhtinue to further
refine the issues associated with TDS and chlaricheentration.

7.0 Existing/On-going Activities

Porter County Visitor Center

The new Visitor Center site for the Porter Counbyn@ntion Recreation and Visitor Commission (PCCRY&s been
identified as an ideal site for implementation potg for Dunes Creek that address several of tieetdkes in Table 3.
As part of developing the watershed managementaidridentifying opportunities for implementati@DCF has met
with the Porter County Visitor Center design tetlre, Indiana Dunes National Lakeshore, US Enviroriaidtrotection
Agency Region 5, and the Indiana Department of i&fResources to reduce the impact of the new dpuednt on the
Dunes Creek watershed. Utilizing a LID/CD appro&@BCF has identified and is working with the dagigam to
include native landscaping, wetland restoratiom, gardens, vegetated swales, and pervious suafsreatives such as
paving bricks or grass pave in the site designgBtidonstraints and site limitations are the prinadostacle to
inclusion of the BMPs into the design. Those peastthat are more dependent on the initial coatitmu of the center
will be used as demonstration projects. Otherlswailt for the implementation phase of the DuneseRrwatershed
project.

The new Visitor Center will be located at the corointerstate 49 and U.S. Highway 20 in Portet s chosen as
the primary demonstration project for LID/CD contepecause of its high visibility and easy accdswill serve as a
Visitor Center for Porter County, as well as théidama Dunes National Lakeshore. The long-term faathis tract of
land includes additional commercial developmertie Visitor Center will be the first structure pesplsiting this
commercial development encounter. Based uporutteess of the initial projects, there will be fetapportunities to
work with the future development of this tract. effalue of demonstration and implementation prejatthis site is
enhanced because of the site’s location and the fasmber and diverse nature of the people whovigilithe center.
This provides an extraordinary opportunity to edeithe public and special interest groups on wguelity issues and
approaches that will protect water quality.

Water Park Violation

Following an inspection in May of 2004, a waterkplaccated in the Dunes Creek watershed was fourbiation of
327 IAC 5-2-2, IC 13-18-4-5, IC 13-30-2-1, and 3AT 2-6.1-7 for discharges of chlorinated watertheiit a
National Pollutant Discharge Elimination Systemrpier The discharges occurred to ditches along D &ritl Waverly
Road. The watershed Steering Committee is walitingesolution of the IDEM enforcement action agie water
park to ascertain its impact on the Dunes Creektsff

Indiana Department of Natural Resources / Indiana Dines State Park

There are a number of ongoing and planned acgitiat will impact Dunes Creek and are incorporéattsithe Dunes
Creek Watershed Management Plan.

Daylighting

Daylighting Dunes Creek is an important componehé overall effort to improve water quality asdricluded
in the goals section of this plan. The Indiana &#&pent of Natural Resources used best availatimbdogies
to stabilize the dunes neighboring a stretch ofd3u@ireek. This project consisted of implementatfoan
stabilization structure and development of a regimn plan for the creek. The restoration compbimmlved
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re-meandering the creek channel and creation eftiamd for water quality improvement. Exposur¢hefcreek
to sunlight, air, and soil will allow growth of agfic and riparian vegetation and result in improweader quality
by removal of organic and inorganic pollutants.nieandering of the creek will slow and infiltrateoff. Sites
3 and 4 will generate data that will be used tduate the impact of the daylighting project.

In addition the Indiana Department of Natural Reses will redevelop the Indiana Dunes State Park
campground. The goal of the campground projetct isduce the recreational use impacts on the dode
swale ecosystem. The campground project will rediormwater volumes and preserve native plantiaimal
species.

Figure 34. Daylighting in Dunes Creek (2005)

Dunes Creek is shown in Figure 33 entering a ctthet runs under a parking lot shown in FigureaBthe
Indiana Dunes State Park. Restoring natural hydydby daylighting this section of the Creek andagsg the
stream bank could improve water quality (Goals d 4nSection 6).
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New Entrance
Indiana Dunes State Park constructed a new enttartbhe park in the auxiliary lot on the south sidi¢he main
entrance road. The project has been completed.

Natural Resources Management Plan
Indiana Department of Natural Resources is in tioegss of completing the Natural Resource Managemen
Plan. The draft was completed September 2005.

Wetland Restoration

The Indiana Department of Natural Resources redeivgrant through the Lake Michigan Coastal Progam
riparian restoration and wetland remediation faluion ofE. coliin Dunes Creek. This project investigated
the efficacy of wetland restoration in the DuneseBrwatershed as a mechanism to reduce loadirigscofi to
the beaches at Indiana Dunes State Park. Thensltand restoration project was designed, condyeted
monitored for water quality improvements. The tissinom this effort will be utilized to define fute wetland
restoration efforts.

Indiana Dunes National Lakeshore Potential Projectsvithin the Dunes Creek Watershed

The Dunes Creek watershed is home to some of tseuni@ue natural communities within the IndiananBaiNational
Lakeshore, including the Cowles Bog Wetland Comptle Little Lake Wetland, remnants of the Gooskelwetlands,
and Howes Prairie. These areas include some tfidiena Dunes National Lakeshore’s top biologitaérsity
“hotspots.”

Cowles Bog Wetland Complex

The Cowles Bog Wetland Complex (CBWC) represen&dd@es (80 hectares) of the western terminuseof th
largest interdunal wetland (the Great Marsh) preserthe Lake Michigan shoreline. Inventory workdocted
from 2002 to 2004 demonstrated that the complex isxceptional composition of bog, fen, hydromegiaph
swamp forest, sedge-meadow, wet-prairie, shallonsimand a vegetated floating mat all intertwirred i
relatively small area. In 1976, the federal enéaed Mitchell's Satyr ButterflyfNeonympha mitchellii
mitchellii) was observed in the CBWC. As recently as 1990448 #isted plant species and 41 special floristic
elements were present. The inventory work indicttiatlinvasive species (Hybrid Cattail and ComiReed)
are present in over 90 percent of the CBWC; howetiere remain areas with exceptional floristictiges.
Action now will save much of the diverse native e&gion and provide much needed habitat for natisects
and other wildlife. Indiana Dunes National Lakeghisrseeking NPS funding to initiate restoring tiasionally
significant wetland. However, additional resouradsbe required to complete the restoration df rea.

Great Marsh: Western Dunes Creek Study Area

In the Dunes Creek watershed west of the IndianzeB $tate Park, there are approximately 15 milés (2
kilometer) of small drainage ditches within a 750ea(304 hectare) area of the Great Marsh locattiwvthe
Indiana Dunes National Lakeshore. There may bedkential to restore a more natural hydrologiegime to a
portion of this area without impacting roads oresttevelopments. Clearly restoring the areas lygyavould
benefit the Dunes Creek system by reducing thearadesolume of runoff into the creek. Studiesrageded to
determine sub-watershed characteristics that caiséxto develop a hydrological restoration plaritis area.
This information would include ditch location anlévation information, surface water depths, watex f
direction, shallow ground water table informatiteight and flow directions), and information orr&structure
elevations.

Interdunal Wetland Restoration

Several interdunal wetlands occur in westernmodtqs of the Dunes Creek watershed outside oGtteat
Marsh. These wetlands include “Little Lake,” salemnamed smaller wetlands, and the remnant&déthe
shallow lake called “Goose Lake.” Although thestlands have been degraded through a variety @fdtap
ranging from draining to create a golf course {&20s) to inundation from discharge from the NIPS&@ling
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ponds (ca. 1966-1977), what remains continuesgpati a great diversity of plant life. Little Lakeas home to
over 80 native plant species as recently the a@30s. Furthermore, while Goose Lake was entioslywhen
industrial development replaced the great centrakd, what remains of the former Goose Lake wedland
continue to support a number of rare plant speciégse interdunal wetlands are all being degrageaavasive
plant species, including Common Reed, and the rayidnsion of woody growth. Work is needed to esslr
these significant threats to the exceptional bicklgliversity of these wetlands.

Howes Prairie Invasive Plant Control

Forty species found at Howes Prairie are listespagial vegetation floristic elements, meaning tireyrare in
the Chicago Region, or endangered or threatenkediimna. More than 700 of 1,550 native vasculanplaxa
in the Chicago region have been documented in,8@01acre(405 hectare) area that includes HoweagdRré
2003 survey for non-native plant populations rez@alowes Prairie and the surrounding areas arectegay
several invasive species. The National Lakeshasdritiated work to map and control invasive gant
Howes Prairie. However, significant additional werill be needed to maintain the biological richee$this
area.

Rehabilitation of the East State Park Road, BeverlyDrive Intersection

The Indiana Dunes National Lakeshore in partnersitipthe Federal Highway Administration has bethun
environmental assessment process for the rehébilitaf the intersection of East State Park RoatiBaverly
Drive. This intersection, which frequently floodsJocated near the eastern boundary of the DGnesk
watershed. The flooding results in poor drivingditions and creates the potential for contamingata
vehicles to be washed into the adjoining wetlareveral alternatives are being considered andateal.
SDCF will work with the Indiana Dunes National Lakere and the Federal Highway Administration on
possible LID/CD opportunities associated with gffert.

Removal of Unoccupied Structures

The National Lakeshore will continue to remove &nees on park property as they become vacantreTdre
approximately 17 residential structures within Bhenes Creek watershed on National Lakeshore prppAg
the terms of use for these properties expire (2QBLO) and as resources allow they will be removed
Removing structures should reduce the potentidghipacts to the Dunes Creek watershed from seystems
and other potential sources of contamination (&gn chemicals, pets, etc.)

8.0 Measuring Progress and Plan Evaluation

The first measure of success will be the complaticthe Dunes Creek Watershed Management Plamiplénce
with IDEM’s checklist guidelines. The overall sussef the plan is dependent upon implementati@cidn items for
improving water quality to attai. coliand biotic water quality standards. The implenténaof the Dunes Creek
Watershed Management Plan will be tracked throusysgem of adminsitrative, social, and environmidntiicators.
For example, environmental indicators will include number of wetland acres restored and the levidgthffers
installed; and administrative the number and tyjdgest management practices (BMPs) implemented tbrece
implementation phase is underway. Water qualityitndng results will help document the impact opilementation
projects. Social or behavioral indicators will fsaan documenting involvement, such as the numbgerogferty owner
responses, the number of volunteer hours loggedjumber of stakeholders recruited and involvatiénSteering
Committee and public meetings, the number of pestpeoviding project support, and the amount ofamaeceived.
Community indicators of social change such as pyimiicy/ordinance changes will also be used.

As new information about the health of the wateddivecomes available it will be incorporated inte watershed
management plan by using an adaptive managemesegso Adaptive management is a blend of implertienta
monitoring, and evaluating practical managemeritataws for experimentation and provides the opyraty to “learn
by doing”. Itis a necessary and useful procesaiige of the uncertainty about landowner participahow
ecosystems function, and how management affectystemns.
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The following section describes concrete milestdaestakeholders to reach and tangible delivesapteduced while
they work toward each goal. Because several ajtla¢s are long-term goals (i.e. it will take mthran 5 years to
attain), adaptive management is essential to etiser&ctions stakeholders take are helping acltimse goals.
Adaptive management provides stakeholders a framietwanake timely adjustments to their implemenotagfforts if
the monitoring results indicate such adjustmergsaeded.

Goal 1: Reduce nutrient and sediment loading by 20%y 2016.

Milestones:(Except for annual or continuous tasks, this gballd be reached by 2016.)
= Number of wetlands identified for enhancement/magion potential.
= Number of meetings held with residents owning ptidéin restorable wetlands.
= Number of meetings held with governmental agericiesgard to wetland restoration.
=  Number of BMP sites identified.
= Number of BMPs implemented.
= Daylighting project completed.
= Number of ditches identified for plugging.
= Number of locationsidentified as suitable for 2gstalitch implementation.
= Number of properties managed as 2-stage ditches.
= Number of ditches plugged.
= Exotics control areas identified.
= Area of exotics control completed.
= Number of agricultural, industrial, and residenBMPs identified.
= Number of individuals attending BMP meetings.
= Number of BMPs implemented.

Goal AttainmentThe goal is attained when the sediment and nutiGaws in the Dunes Creek watershed are only 20%
of the current loads. This will be measured usitgltsuspended solids (TSS) and total phosphorag (T

Indicator to be monitoredrotal suspended solids and phosphorus loadiegddt of the four watershed sites (see interim
goal below).

Parameter assesseHlow (estimated) total suspended solids and pdtabphorus

Frequency of monitoring Samples will be collected from four sites, whichirespond with Sites 3, 2, B, and 7, at least
once annually during base flow and once annualiindia storm flow event.

Location of monitoringSites 3, 2, B, and 7.

Length of monitoring The monitoring will be conducted for 10 years.

Protocot Monitoring will be conducted according to the fmanl identified in the QAPP for this project.

Monitoring equipmentSamples will be collected in bottles providedlsy contracted laboratory.

Data entry The monitor will maintain data forms in a thréegrbinder and share the information with the wstied group
during meetings. The monitor will also enter TSB, &nd flow measurements in an electronic database.

Data evaluation At the end of the implementation project, alladatill be evaluated and compared with data coltecte
during the current assessment (baseline data) dakéswill be included in the final report for theoject.

Goal 2: Reduce pathogen concentrations tattain the state standard by 2016.

Milestones:(Except for continuous or annual tasks, thisleng-term goal. The goal should be reached by 2016.
= Number of failing septic systems identified.
= Number of individual meetings held regarding fajlgeptic systems.
= Number of individuals attending public meetingsarting failing septic systems.
= Number of media outlets contacted and materialéighéal regarding failing septic systems.
= Number of agricultural areas identified for manom@nagement and/or livestock exclusion practices.
= Number of meetings held with individuals regardingnure management or livestock exclusion practices.
= Meetings held with IDNR regarding failing wastewateatment plant at state park.
= Plans developed for wastewater treatment plaritfagpdate.
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Goal attainmentThe goal is attained when tBe coli concentration in each watershed waterbody meetstéte
standard (235 CFU /100 mL).

Indicator to be monitorecE. coli concentration less than 235 CFU /100 mL for the€3uCreek watershed.
Parameter assessefl. coliconcentration.

Frequency of monitoringSamples will be collected from four sites, whichrespond with Sites 3, 2, B, and 7, monthly
during the growing season; weekly for five consieeuveeks (July-August); once during base and diocimg storm
flow.

Location of monitoringSites 3, 2, B, and 7 as indicated.

Length of monitoring The monitoring will be conducted for 10 years.

Protocot Monitoring will be conducted according to the fpanl identified in the QAPP for this project.

Monitoring equipmentSamples will be collected in bottles providedly contracted laboratory.

Data entry The monitor will maintain data forms in a thréegrbinder and share the information with the wstied
group during meetings. The monitor will also erfecoliand flow measurements in an electronic database.

Data evaluation At the end of the implementation project, alladaill be evaluated and compared with data coltecte
during the current assessment (baseline data) dakéswill be included in the final report for theoject.

Goal 3: Improve stakeholder and public involvement.

Milestones:(Except for annual/continuous tasks milestonesiishme reached by the end of 2021.)
= Number of builders/developers contacted regardimgtruction site BMPs.
= Number of construction site BMPs implemented.
= Number of low impact development principles impleiee.
= Number of individuals attending lawn chemical wdrgs.
= Number of individuals switching to a non-phosphdsased fertilizer.
= Number of individuals contacted in regards to \ifddieeding.
= Number of wildlife foodplots no longer in use.
= Number of nurseries contacted in regards to thetisative plants for landscaping.
= Number of native plants purchased from local nueser
=  Number of water resource toolkits distributed.
= Number of individuals contacted in regards to paste& management.
= Area of impervious surface alternatives installed.
= Number of meetings attended with local personnel.
= Number of individuals contacted in regards to thage of road salt and its alternatives.
= Amount of alternatives employed versus traditionald salt.
= Number of individuals attending native landscapiraykshops.
=  Watershed group meetings held.
=  Watershed group meeting minutes published.
=  Watershed group newsletter published.
=  Watershed group website developed.
=  Website updates noting new members and participants
= Hoosier Riverwatch volunteer training attended.
= Hoosier Riverwatch data collected and submitted.

Goal AttainmentThis goal lacks a specific water quality targetikinto that which the other goals possess. Rather
than being attained this goal will be a contindtreby watershed stakeholders.

Goal 4: Improve biotic communities by 2016 so thathey are partially supporting.

Combination of actions from goals 1 & 2

Goal attainmentThe goal is attained when the modified QHEI valieeta the project’s criteria.

Indicator to be monitored Biological community

Parameter assesseNeed to list the factors going into your modifi@iE| for the Dunes Creek watershed.
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Frequency of monitoringsamples will be collected from four sites, whihirespond with Sites 3, 2, B, and 7, twice a
year during the growing season.

Location of monitoringSites 3, 2, B, and 7 as indicated.

Length of monitoring The monitoring will be conducted for 10 years.

Protocot Monitoring will be conducted according to the fpanl identified in the QAPP for this project.

Monitoring equipmentSamples will be collected in containers provitgdhe contractor.

Data entry The monitor will maintain data forms in a thréegrbinder and share the information with the wstted
group during meetings. The monitor will also erféetors/variable measurements in an electroniddat

Data evaluation At the end of the implementation project, alladaill be evaluated and compared with data coltecte
during the current assessment. This data will bleiéed in the final report for the project.

Goal 5: Reduce TDS and chloride concentrations tmeet Indiana State Standard.
Need to add practices/actions

Goal AttainmentThe goal is attained when the TDS and chloride eoinations attain water quality standards.
Indicator to be monitoredTDS and chloride concentrations (see interim getdw).

Parameter assesseHBlow (estimated)TDS, and chloride.

Frequency of monitoringSamples will be collected from four sites, whichirespond with Sites 3, 2, B, and 7, at least
once annually during base flow and once annualiindia storm flow event.

Location of monitoringSites 3, 2, B, and 7.

Length of monitoring The monitoring will be conducted for 10 years.

Protocot Monitoring will be conducted according to the fpanl identified in the QAPP for this project.

Monitoring equipmentSamples will be collected in bottles providedly contracted laboratory.

Data entry The monitor will maintain data forms in a thréegrbinder and share the information with the wstted
group during meetings. The monitor will also emtata flow measurements in an electronic database.

Data evaluation At the end of the implementation project, alladaill be evaluated and compared with data coltecte
during the current assessment (baseline data) dakéswill be included in the final report for theoject.

9.0 Future Considerations

There are several considerations stakeholderségkeap in mind as they implement the Dunes Creelelsfaed
Management Plan. Many of these considerationaaesl in the proceeding sections of this text,dugt to their
importance, they warrant reiteration.

Permits, Easements, and Agreements

Operation and Maintenance

Wetland RestoratianWetland restoration projects were identifiedhie watershed. In the long term, these areas will
provide water quality benefits while requiringlétmaintenance. In the short term, certain manageactivities may
be employed to help these areas recover fastethegmwould if they were left alone. Such actastinclude prescribed
burns, spot herbicide treatments, and supplemplatatings. These maintenance activities, whictdasigned to
increase the plant diversity of the wetland, wilcsincrease functionality of the wetland. Thegoahcrease the pace of
wetland restoration. Additional burns, herbicigetstreatments, and plantings may further incrétasevetland’s
recovery. As wetland recovery progresses, additioraintenance activities may be deemed necegsérg future.

Vegetated Swal@he need for a vegetated strip to filter runoffiirthe Porter County Visitors Center was identifisd
a need in the watershed. Any filtration area laitreat erosion and prevent sediment loading doddn Ditch will
require periodic maintenance. This maintenancelgimpolves removing any sediment accumulated pnavents
proper filtration of the stormwater directed to #rea. Sediment accumulation should be checked anrual basis.
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Monitoring

Monitoring is an important component of this wales management plan. Without monitoring, stakedslavill not
know when or whether they have achieved their goalaorse, they will not make timely refinemerdagheir actions to
ensure the actions they are taking will achieve theals. The previous section details how stakdgte will monitor
their progress toward achieving the goals seti;watershed management plan.

Plan Revisions

This watershed management plan is meant to béng lilocument. Revisions and updates to the pldt@inecessary
as stakeholders begin to implement the plan aothes stakeholders become more active in implemegttitie plan.

10.0 Implementation

SDCF will be the lead entity promoting the implentagion of the Dunes Creek Watershed Management Plan
Expanding upon the partnerships developed duria@lgn development phase, SDCF will solicit addaigartners to
support the implementation plan. Once approved;SRill coordinate the funding, implementation, analuation of
the Dunes Creek Watershed Management Plan. Aopdaktes will be posted on www.savedunes.org. Upapm
events can also be found at www.savedunes.org.



7/11/2006

Appendices

71



7/11/2006

Appendix A Watershed Plan Distribution List and Steering Commitee Members

Chesterton Town Council
Mike Bannon

726 Broadway
Chesterton, IN 46304

Chesterton Utility Environmental Control Facility
Steve Yagelski

300 League Lane

Porter, IN 46304

Coffee Creek Watershed Conservancy
Steve Barker

219 S. Calumet

Chesterton, IN 46304

Great Lakes Research and Education Center
Joy Marburger

1100 Mineral Springs Road

Porter, IN 46304

Indiana Department of Environmental Management
Watershed Management Section

Betty Ratcliff, Quality Assurance Manager

100 North Senate Avenue

P.O. Box 6015

Indianapolis, IN 46206-6015

Indiana Department of Environmental Management
Watershed Management Section

Sky Schelle, Project Manager

100 North Senate Avenue

P.O. Box 6015

Indianapolis, IN 46206-6015

Indiana Department of Natural Resources
Indiana Dunes State Park

Brandt Baughman

1600 N 25 East

Chesterton, IN 46304

Indiana Department of Natural Resources
Lake Michigan Coastal Program

Jenny Orsburn

Indiana Dunes State Park

1600 North 25 East

Chesterton, IN 46304
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Indiana Department of Natural Resources
Lake Michigan Coastal Program

Joe Exl

Indiana Dunes State Park

1600 North 25 East

Chesterton, IN 46304

Indiana Department of Natural Resources
Lake Michigan Coastal Program

Mike Molnar

402 W Washington St. Rm W265
Indianapolis, IN 46204

Indiana Dunes National Lakeshore
Dale Engquist, Superintendent
1100 Mineral Springs Road
Porter, IN 46304

Indiana Dunes National Lakeshore
Dan Mason

1100 Mineral Springs Road
Porter, IN 46304

Indiana Dunes National Lakeshore

Scott Hicks, Assistant Chief of Resource Management
1100 Mineral Springs Road

Porter, IN 46304

Indiana Capacity Center for Management of Onsitedb&ralized Systems
Richard Wise, President

PO Box 88754

Indianapolis, IN 46208

Kathy Luther
308 Green Acres
Valparaiso, IN 46383

Lake Michigan Ecological Research Station
Richard Whitman

1100 N. Mineral Springs Road

Porter, IN 46304

Lionel Bolin
P. O. Box 126
Beverly Shores, IN 46301

Mittal Steel

Doug Bley

250 West US Hwy. 12
Burns Harbor, IN 46304
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NiSource

Kevin Hoge

801 East 86 Avenue
Merrillville, IN 46410

Northwestern Indiana Regional Planning Commission
Reggie Korthals

6100 Southport Road

Portage, IN 46368

Porter County Plan Commission
Robert Thompson

Porter County Administration Building
155 Indiana Avenue, Suite 304
Valparaiso, IN 46383

Porter County Convention Recreation and Visitor @ossion
Lorelei Y. Weimer

800 Indian Boundary Road

Chesterton, IN 46304

Porter County Commissioner
John Evans

155 Indiana Room 205
Valparaiso, Indiana 46383

Porter County Commissioner
Robert Harper

155 Indiana Room 205
Valparaiso, Indiana 46383

Porter County Commissioner
Carol Knoblock

155 Indiana Room 205
Valparaiso, Indiana 46383

Porter County Surveyor
Kevin Breitzke

155 Indiana Avenue
Valparaiso, IN 46383

Town of Porter Public Works Department
Bauer, Karl

550 Beam Street

Porter, IN 46304

Porter Town Council
Sandi Snyder
303 Franklin Street
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Porter, Indiana 46304

Save the Dunes Conservation Fund
Christine Livingston

444 Barker Rd.

Michigan City, IN 46360

Save the Dunes Conservation Fund
Tom Anderson, Director

444 Barker Road

Michigan City, IN 46360

Save the Dunes Council

Charlotte Read, Assistant Director
444 Barker Road

Michigan City, IN 46360

Splash Down Dunes

Town of Chesterton
Jennifer Gadzala
6100 Southport Road
Portage, IN 46368

United States Environmental Protection Agency
Thomas Davenport

77 West Jackson Boulevard

Chicago, IL 60604

United States Fish and Wildlife Service
Elizabeth McCloskey, Fish and Wildlife Biologist
1000 West Oakhill Road

Porter, IN 46304

United States Geological Survey
Doug Wilcox

1451 Green Road

Ann Arbor, Ml 46105

Westchester Library
200 West Indiana Avenue
Chesterton, IN 46304
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Appendix B Outreach Brochure
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Appendix C Press Releases
Monday, December 1, 2003

Contact: Christine Livingston, Project Manager
Office: 219-879-3937 Email: cll@savedunes.org

Improving Water Quality

Save the Dunes Conservation Fund is embarking @xating new project - development of a watersimathagement plan for the
Dunes Creek watershed. Dunes Creek begins wesatef Boute 49, runs through the Indiana Dunes 8Btate and flows into Lake
Michigan through a pipe at the State Park. Its 7d€@@ watershed encompasses all of the IndianaDsta¢e Park, Cowles Bog and
much of the Great Marsh.

The Dunes Creek Watershed Management Plan wileaddronpoint sources of pollution that cause Eegokedances and
contribute to impaired biotic communities. The eedances frequently require closing the beach tmaving at the Indiana Dunes
State Park. Dunes Creek has been identified iintfiana Department of Environmental Managemelntigsaired Waters Lisfor
1998, and is on the draft list for both 2002 an@40

The Watershed Plan will assess current water gt biological integrity using existing data awdjuiring new data as necessary.
The final plan will make recommendations for impngvwater quality in the Dunes Creek watershedwailidbegin engaging the
public in this process. Citizen input will be encaged at quarterly public meetings. The first pubilieeting will be held on January
8, 2004 at 7:00 at the Indiana Dunes State Pankrbl&tenter.

Save the Dunes Conservation Fund
444 Barker Road
Michigan City, IN 46360
Ph. 219-879-3937 / Fx. 219-872-4875
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Thursday, January 6, 2004

Contact: Christine Livingston, Watershed Coordinator
Office: 219-879-3937 Email: cll@savedunes.org

Watershed Management Plan Public Meeting

Save the Dunes Conservation Fund will hold a pubéeting to obtain input and update the publichendevelopment of the Dunes
Creek Watershed Management Plan at 7:00 p.m.—8m0on Thursday, January 6, 2005. The meetingowilield at the
Westchester Public Library 200 W. Indiana Avenuee§erton, Indiana. Joy Marburger from Indiana BuXational Lakeshore’s
Great Lakes Research and Education Center wilkeptaésformation from her restorations work in thatershed.

Watershed management plans are becoming increapimjlilar as an effective way to manage land nsegase public
understanding and awareness about water qualiggsand promote better stewardship of privatepaitic land.

A watershed is defined as the area of land thatgita a specific stream, river, lake or ocean. Btnendary of a watershed is defined
by the highest elevations surrounding the wateybady water that falls outside of the boundanyl dikin to the adjacent
watershed. Every body of water has its own watershat can also include subwatersheds. All land®&do one body of water or
another.

Save the Dunes Conservation Fund has been fundbe thydiana Department of Environmental Managefa&it9 Grant Program
to develop the Dunes Creek Watershed Managemeamt Fi@ plan will address nonpoint sources of polfuthat cause E. coli
exceedances and contribute to impaired biotic conitiea in Dunes Creek. The Indiana Department afifsnmental
Management'’s Impaired Waters List for 2002 andtdrisf for 2004 identify Dunes Creek as impairedbimtic communities anf.
coli.

The final plan will make recommendations for impnavwater quality in Dunes Creek. Christine Livitays watershed coordinator
explains, “We strongly encourage the public toigebdlved in the development of this plan. Commusitpport is essential for the
watershed plan to be a success”. Citizen inputoeiitinue to be encouraged at quarterly public imget

Save the Dunes Conservation Fund
444 Barker Road

Michigan City, IN 46360

Ph. 219-879-3937 / Fx. 219-872-4875



7/11/2006 80

Thursday, March 25, 2004

Contact: Christine Livingston, Project Manager
Office: 219-879-3937 Email: cll@savedunes.org

Watershed Management Plan to Improve Water Quality

Save the Dunes Conservation Fund will hold a pubéeting to obtain input and update the publichendevelopment of the Dunes
Creek Watershed Management Plan at 7:00 p.m. ch142004 at the Indiana Dunes National LakeshoRanger Station located
at 1100 Mineral Springs Road in Chesterton. Sagéitlmes Conservation Fund has been funded by dienkn Department of
Environmental Management (IDEM) using 319 monegewelop the Dunes Creek Watershed ManagementHiamplan will
address nonpoint sources of pollution that causmlEexceedances and contribute to impaired bamfomunities in Dunes Creek.
The Indiana Department of Environmental Managensdntpaired Waters List for 2002 and draft List 2004 identify Dunes
Creek as impaired for biotic communities and Ei. col

The Dunes Creek watershed encompasses all ofdiinDunes State Park, designated in 1974 asienidiatural Landmark

and one of the best remaining examples of undeedlapd relatively unspoiled dune landscape aloagdithern shore of Lake
Michigan www.nature.nps.gov/nnl/Registry/lUSA_Map/StatesAndiNNL/DNP/

The Park contains Ancient Pines Nature Area, aigi@it forest now exposed by dune blowouts. #ls® a popular recreational park
that attracts over 2 million visitors annually.

High E. coli levels and consequent swimming adigsdrave been a chronic problem at the park. Carsever these closures
have prompted land managers and regulatory officialseek the sources of excessive E. coli. THepaeeting will include a
presentation by guest speaker, Sandra Wilmorehem évelopment of a beach monitoring and notificafilan for Indiana’s
portion of the Lake Michigan shoreline under th@&wges Environmental Assessment and Coastal H&ACH) Act -
http://swann2.ansc.purdue.edu/nwibeach/.

Other human-related sources and activities potraifecting the watershed include an abundanaenedite sewage disposal
systems, railroad and trucking facilities, hydroiifioation to support industrial and residential diepments, a road salt storage
facility, and other light and heavy industry. “Weosigly encourage public participation in the depehent of this plan. The more
involvement we have, the better the final watergtiad will be,” says Christine Livingston, Projddanager. The final plan will
make recommendations for improving water qualitthia Dunes Creek. Citizen input will continue todoeouraged at quarterly
public meetings.

Save the Dunes Conservation Fund
444 Barker Road

Michigan City, IN 46360

Ph. 219-879-3937 / Fx. 219-872-4875
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Thursday, June 24, 2004

Contact: Christine Livingston, Project Manager
Office: 219-879-3923 Email: cll@savedunes.org

Watershed Management Plan to Improve Water Quality

Save the Dunes Conservation Fund will hold a pubéeting to obtain input and update the publichendevelopment of the Dunes
Creek Watershed Management Plan at 6:30 p.m. ors@ay July 1, 2004 at the Nature Center at thef@dDunes State Park in
Chesterton.

Save the Dunes Conservation Fund has been fundbe thydiana Department of Environmental Managera&it9 Grant Program
to develop the Dunes Creek Watershed Managemamt Fi@ plan will address nonpoint sources of polfuthat cause E. coli
exceedances and contribute to impaired biotic conitiea in Dunes Creek. The Indiana Department afifsnmental
Management'’s Impaired Waters List for 2002 andtdriaf for 2004 identify Dunes Creek as impairediimtic communities and E.
coli.

The Dunes Creek watershed encompasses all ofdiinDunes State Park, designated in 1974 asienidilatural Landmark

and one of the best remaining examples of undeedlapd relatively unspoiled dune landscape aloagdithern shore of Lake
Michigan -www.nature.nps.gov/nnl/Registry/USA MapiBs/Indiana/NNL/DNP/

The Park contains Ancient Pines Nature Area, aigi@it forest now exposed by dune blowouts. #ls® a popular recreational park
that attracts over 2 million visitors annually. Hi. coli levels and consequent swimming advisdr@se been a chronic problem at
the park. Concerns over these closures have prdrgitd managers and regulatory officials to seelsthurces of excessive E. coli.

The public meeting will begin with a tour of a veettl creation project site, a separate but relatgdqb funded by the Department of
Natural Resources currently taking place withinilaershed. Wear appropriate foot gear and cldtdreke tour and meet at the
Nature Center at 6:30. The meeting will be condligtenediately following the tour.

Other human-related sources and activities potraifecting the watershed include an abundanaenedite sewage disposal
systems, railroad and trucking facilities, hydroiifioation to support industrial and residential diepments, a road salt storage
facility, and other light and heavy industry. “Weosigly encourage public participation in the depehent of this plan. The more
involvement we have, the better the final watergtiad will be,” says Christine Livingston, Projddanager. The final plan will
make recommendations for improving water qualitthia Dunes Creek. Citizen input will continue todoeouraged at quarterly
public meetings.

Save the Dunes Conservation Fund
444 Barker Road

Michigan City, IN 46360

Ph. 219-879-3937 / Fx. 219-872-4875
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Thursday, October 7, 2004

Contact: Christine Livingston, Watershed Coordinato
Office: 219-879-3937 Email: cll@savedunes.org

Watershed Management Plan Public Meeting and Tour

Save the Dunes Conservation Fund will hold a pubéeting to obtain input and update the publichendevelopment of the Dunes
Creek Watershed Management Plan at 7:00 p.m. ors@iay, October 4, 2004. The meeting will be helthatNature Center at the
Indiana Dunes State Park in Chesterton. An optitmalof a Cowles Bog Wetland Complex restoratiteled by Daniel Mason,
Indiana Dunes National Lakeshore botanist will pdecthe public meeting beginning at 4:45 p.m.

Watershed management plans are becoming increapimplilar as an effective way to manage land nsegase public
understanding and awareness about water qualiggsand promote better stewardship of privatepaitic land.

A watershed is defined as the area of land thatgita a specific stream, river, lake or ocean. Btnendary of a watershed is defined
by the highest elevations surrounding the wateybady water that falls outside of the boundanyl dikin to the adjacent
watershed. Every body of water has its own watershat can also include subwatersheds. All land®&do one body of water or
another.

Save the Dunes Conservation Fund has been fundbe thydiana Department of Environmental Managefa&it9 Grant Program
to develop the Dunes Creek Watershed Managemamt Fi@ plan will address nonpoint sources of polfuthat cause E. coli
exceedances and contribute to impaired biotic conitiea in Dunes Creek. The Indiana Department afifsnmental
Management's Impaired Waters List for 2002 andtdrisf for 2004 identify Dunes Creek as impairedbimtic communities anf.
coli.

The final plan will make recommendations for impnavwater quality in Dunes Creek. Christine Livitays watershed coordinator
explains, “We strongly encourage the public toigebdlved in the development of this plan. Commusitpport is essential for the
watershed plan to be a success”. Citizen inputoeiitinue to be encouraged at quarterly public imget

The Cowles Bog Wetland Complex to be toured repitsgbe westernmost extent of the Great Marsh leedorthwestern portion
of the Dunes Creek watershed. This wetland coniplekhistoric, spiritual and floristic importante Indiana Dunes National
Lakeshore. Due to a variety of stressors, Hybettall, Common Reed and shrubs have replaced thguahplant communities
present during the early twentieth century. Dakliason will present a summary of inventory and erpentation initiated in 2002.
A restoration plan for the wetland complex is sehed for release in late 2005.

Portions of the tour will be very rugged and mudstyplease wear appropriate footgear and clotfiihg.tour will leave at 5:00 p.m.
sharp from the Calumet Bike Trail parking lot oe thest side of Mineral Springs Road just north 8.UHighway 20. After the tour
the group will move to the Nature Center for a eréation by Daniel Mason and the public meeting.

Save the Dunes Conservation Fund
444 Barker Road

Michigan City, IN 46360

Ph. 219-879-3937 / Fx. 219-872-4875
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Thursday, March 31, 2005

Contact: Christine Livingston, Watershed Coordinato
Office: 219-879-3564 Email: cll@savedunes.org

Get Your Feet Wet!
Learn More at Dunes Creek Watershed ManagementRiblic Meeting

Watershed management plans are becoming increapimjlilar as an effective way to manage land nsegase public
understanding and awareness about water qualiggsand promote better stewardship of privatepaitic land. Save the Dunes
Conservation Fund watershed coordinator, Chridtimiagston, is encouraging the public to get inwamhin the development of a
plan for the management of the 7407-acre Dunes@vatershed in northern Porter County. She explédirtas Watershed Plan is
being developed for the citizens. We want to erageithe public to get involved to be sure thaplaa meets the needs of the
community”.

Over the past few months watershed group membieritiped concerns at public and steering commithexetings. To assist the
watershed group in identifying critical areas, Weger-monitoring program is being expanded to idelmore sites and additional
sampling events. As part of this expansion, Livingss working on developing a volunteer monitorprggram. This program will
help the group get the most comprehensive assetsiitae watershed possible as they near the imgiéation phase of the project.

Save the Dunes Conservation fun needs volunteedléat water quality data that will aid in iddgiing pollution sources and
identify critical areas. The volunteer program great way to get more involved in protecting tiaéunal areas that make Porter
County such a great place to live. Livingston igkirg with the Hoosier Riverwatch program coordaratto provide training to
volunteers.

Save the Dunes Conservation Fund will hold a puhéeting to obtain input and update the publicenRunes Creek Watershed
Management Plan, and explain volunteer opportsrétieZ:00 p.m.— 8:30 p.m. on Thursday, April 7,200he meeting will be held
at the Westchester Public Library 200 W. Indianaiwe, Chesterton, Indiana.

Save the Dunes Conservation Fund has been fundbe thydiana Department of Environmental Managefa&it9 Grant Program
to develop the Dunes Creek Watershed Managemamt i@ plan will address nonpoint sources of polfuthat caus&. coli
exceedances and contribute to impaired biotic conities in Dunes Creek. The final plan will makearenendations for improving
water quality in Dunes Creek.

Save the Dunes Conservation Fund
444 Barker Road

Michigan City, IN 46360

Ph. 219-879-3564 / Fx. 219-872-4875



7/11/2006 84

Thursday, June 30, 2005

Contact: Christine Livingston, Watershed Coordinato
Office: 219-879-3937 Email: cll@savedunes.org

Watershed Management Plan Public Meeting

Save the Dunes Conservation Fund will hold a pubéeting to obtain input and update the publichendevelopment of the Dunes
Creek Watershed Management Plan at 7:00 p.m.—8rB0on Thursday, July 7, 2005. The meeting wilhbll at the Westchester
Public Library 200 W. Indiana Avenue, Chestertamiana.

Watershed management plans are becoming increapimjlilar as an effective way to manage land nsegase public
understanding and awareness about water qualiggsand promote better stewardship of privatepaitic land.

A watershed is defined as the area of land thatglta a specific stream, river, or lake. The bamgdf a watershed is defined by the
highest elevations surrounding the water body. water that falls outside of the boundary will drarthe adjacent watershed. Every
body of water has its own watershed that can aldode subwatersheds. All lands drain to one béayater or another.

Save the Dunes Conservation Fund has been fundbe thydiana Department of Environmental Managefa&it9 Grant Program
to develop the Dunes Creek Watershed Managemamt Fi@ plan will address nonpoint sources of polfuthat cause E. coli
exceedances and contribute to impaired biotic conitiea in Dunes Creek. The Indiana Department afifsnmental
Management'’s Impaired Waters List for 2002 andtdrisf for 2004 identify Dunes Creek as impairedbimtic communities anf.
coli.

The final plan will make recommendations for impnavwater quality in Dunes Creek. Christine Livitays watershed coordinator
explains, “We strongly encourage the public toigebdlved in the development of this plan. Commusitpport is essential for the
watershed plan to be a success”. Citizen inputoeiitinue to be encouraged at quarterly public img®t

Save the Dunes Conservation Fund
444 Barker Road

Michigan City, IN 46360

Ph. 219-879-3937 / Fx. 219-872-4875



7/11/2006 85
Tuesday, January 24, 2006

Contact: Christine Livingston, Watershed Coordinato
Office: 219-879-3564 Email: cll@savedunes.org

Watershed Management to Protect Water Quality!

The Dunes Creek Watershed Management Plan Movaditm.
Thursday, January 26, 2006, 4:00 p.m.

Chesterton Library, Bertha Wood Roof{ Eloor

Save the Dunes Conservation Fund (SDCF) is leaingffort to develop and implement a plan for ttemagement of the 7407-acre
Dunes Creek watershed in northern Porter CountgnyMssues and concerns have been identified andatershed group is
moving into action. Involved citizens want the Darigreek Watershed Management Plan to promote s&ttgardship of private

and public land, identify and implement ways to ioye land use management, and increase public stadeing and awareness
about water quality issues.

The Dunes Creek Watershed Management Plan praviftamework for achieving a healthy Dunes Creelerghied and describes
upcoming projects aimed at protecting water qualitye draft watershed plan is now available forlipidomment. Save the Dunes
Conservation Fund will hold a public meeting to afedthe public on the development and implememtatidghe Dunes Creek
Watershed Management Plan from 4:00 p.m.— 5:30 gnnThursday, January 26, 2006. The meeting wiliddd at the Westchester
Public Library, 200 W. Indiana Avenue. Sectionshaf plan will be distributed at Thursday’'s meetimgl it is available on the web at
www.savedunes.org.

Site enhancements to the new visitor center locatéaerstate 49 and Rt. 20 for the Porter Co@ugvention, Recreation and
Visitor Commission (PCCRVC) that include low impaeisign techniques are among the implementatigagisahat are underway.
The wilingness of the PCCRVC design team, andorisienter tenant Indiana Dunes National Lakestmimplement low impact
design techniques at the new visitor center sitethe Indiana Department of Environmental ManageatagiiDEM) willingness to
provide financial support will enable this projéztbe a demonstration site for all of northwesidnd.

The techniques being installed at this site wiltlescribed at Thursday’'s meeting and the PCCRVEckir Lorelei Weimer will
explain the why PCCRVC supports the enhancemeat® the Dunes Conservation Fund watershed cooodjrGitristine
Livingston, explains that there is a lot of intériesutilizing low impact development technique®rie of the goals of the Dunes
Creek Watershed Management Plan is to work witkeldgers and property owners to demonstrate howteféethese techniques
are at minimizing environmental impact.”

The Visitor Center is just one of many plannedgmtg within the Dunes Creek Watershed. SDCF wsitl &k restoring wetland areas
and working with property owners that have indigtiseptic systems that may be contributing to keégkls of E. coli in Dunes
Creek.

Save the Dunes Conservation Fund has been fungedtiby IDEM’s 319 Grant Program to develop thenBsiCreek Watershed
Management Plan.

Save the Dunes Conservation Fund
444 Barker Road

Michigan City, IN 46360

Ph. 219-879-3564 / Fx. 219-872-4875


http://www.savedunes.org/
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Appendix E Endangered, Threatened, and Rare Species
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High Quality Natural Communities, and Signific&tdtural Areas Documented in the Dunes Creek Weagdrsh

ENDANGERED, THREATENED, AND RARE SPECIES
AMPHIBIANS AND REPTILES
ALL RECORDS

SPECIES NAME COMMON NAME STATE STATUS
Ambystoma laterale Blue-spotted salamander SC
Clemmys guttata Spotted turtle SE
Clonophis kirtlandii Kirtland’s snake SE
Emydoidea blandingii Blandings turtle SE
Hemidactylium scutatum Four-toed salamander SE
Liochlorophis vernalis Smooth green snake SE
Ophisaurus attenuatus Slender glass lizard **
Rana pipiens Northern leopard frog SC
Sistrurus catenatus catenatus  Eastern massasauga rattlesnake CA
Thamnophis proximus Western ribbon snake SC

Table E 1 Endangered, threatened, and rare amphibianeptits.

ENDANGERED, THREATENED, AND RARE SPECIES
INSECTS
ALL RECORDS

SPECIES NAME COMMON NAME STATE STATUS
Callophrys irus Frosted elfin butterfly SR
Euchloe Olympia Olympia marblewing ST
Lycaeides Melissa samuelis Karner blue butterfly SE
Poanes viator viator Big broad-winged skipper SR
Problema byssus Bunchgrass skipper SR
STATE EX- Extirpated SE — Endangere®sT — Threatened SR - Rare  SC — Spemigern
WL —Watch list SG - Sigodint  ** - Rarity warrants concern
FEDERAL LE-Endangered LT — ThreatenedCA — Candidate  ** - Not listed

Table E 2 Endangered threatened and rare insects

FED STATUS

*%

*%
*%
*%*

*%

*%
*%*

*%
*%

*%

FED STATUS

*%
**
LE
**

*%



7/11/2006 88

ENDANGERED, THREATENED, AND RARE SPECIES
VASCULAR PLANTS
CURRENT RECORDS — 1951 TO PRESENT

SPECIES NAME COMMON NAME STATE STATUS FED STATUS
Actaea rubra Red baneberry SR **
Arctostaphylos uva-ursi Bearberry SR *x
Aristida tuberculosa Seabeach needlegrass SR *x
Aster borealis Rushlike aster SR o
Aster sericeus Western silvery aster SR *x
Botrychium matricariifolium Chamomile grape-fern ST *x
Buchnera Americana Bluehearts SE o
Carex atherodes Awned sedge SE *x
Carex conoidea Prairie gray sedge SE **
Carex debilis rudgei White-edge sedge ST *x
Carex flava Yellow sedge ST **
Carex folliculata Long sedge ST *x
Carex leptonervia Finely-nerved sedge SE *x
Carex limosa Mud sedge SE *x
Carex seorsa Weak stellate sedge SR **
Chimaphila umbellate Pipsissewa ST *x
Chrysosplenium americanum  American golden-saxifrage ST **
Clintonia borealis Clinton (blue-bead) lily SE *x
Cornus Canadensis Bunchberry dogwood SE *x
Cypripedium calceolus Small yellow lady's-slipper SR *x
Cypripedium candidum Small white lady's-slipper SR *x
Drosera intermedia Spoon-leaved sundew SR *x
Eleocharis melanocarpa Black-fruited spike-rush ST **
Epigaea repens Trailing arbutus ** *x
Fimbristylis puberula Carolina fimbry SE *x
Fuirena pumila Dwarf umbrella-sedge ST *x
Gentiana alba Yellow gentian SR **
Geranium bicknellii Bicknell northern crane’s-bill SE **
Hudsonia tomentosa Sand-heather ST *
Juncus articulatus Jointed rush SE *
Juncus balticus littoralis Baltic rush SR *
Juncus militaris Bayonet rush SE **
Juncus pelocarpus Brown-fruited rush ST **
Juncus scirpoides Scirpus-like rush ST *x
Lechea stricta Upright pinweed SX **
Linum striatum Ridged yellow flax *x **
Ludwigia sphaerocarpa Globe-fruited false-loosestrife SE *x
Lycopodiella inundata Northern bog clubmoss SE *x
Lycopodium tristachyum Deep-root clubmoss ST *x
Melampyrum lineare American cow-wheat SR *x
Milium effusum Tall millet-grass SR **
Myosotis laxa Smaller forget-me-not SE *x
Oryzopsis asperifolia White-grained mountain-Ricegrass SE **



7/11/2006

SPECIES NAME

Panax quinquefolia
Panax trifolius

Panicum boreale
Panicum verrucosum
Pinus banksiana

Pinus stobus

Platanthera hookeri
Platanthera hyperborean
Platanthera psycodes
Poa alsodes

Poa paludigena

Polygala paucifolia
Polygonella articulata
Polygonum hydropiperoides
Potentilla anserine
Prunus pensylvanica
Psilocarya scirpoides
Pyrola rotundifolia

Rhus aromatica arenaria
Rhynchospora macrostachya
Rhynchospora recognita
Scirpus expansus
Scirpus hallii

Scirpus purshianus
Scirpus smithii

Scleria reticularis
Solidago simplex gillmanii
Sparganium androcladum
Stipa avenacea

Thuja occidentalis

Viola primulifolia
Woodwardia areolata

STATE  EX - Extirpated
WL — Watch list
FEDERAL LE - Endangered

SE — Endangere®T — Threatened
SG - Signéint

LT — ThreatenedCA — Candidate

COMMON NAME
American ginseng
Dwarf ginseng
Northern witchgrass
Warty panic-grass
Jack pine
Eastern white pine
Hooker orchid
Leafy northern green orchid
Small purple-fringed orchid
Grove meadow grass
Bog bluegrass
Gay-wing milkwort
Eastern jointweed
Northeastern smartweed
Silverweed
Fire cherry
Long-beaked baldrush
American wintergreen
Beach (fragrant) sumac
Tall beaked-rush
Globe beaked-rush
A bulrush
Hall’s bulrush
Weakstalk bulrush
Smith’s bulrush
Reticulated nutrush
Sticky goldenrod
Branching bur-reed
Blackseed needlegrass
Northern white cedar
Primrose-leaf violet
Netted chainfern

SR - Rare
** - Rarity warrants concern

STATE STATUS

*%

*%

SR
ST
SR
SR
SX
ST
SR
SR
WL
SE
SR
ST
ST
SR
ST
SR
ST
SR
SE
SE
SE
SR
SE
ST
ST
ST
ST
SE
SR
SR

SC — Spemiegern

** - Not listed

Table E 3 Endangered, threatened, and rare vascular glE®id -present).
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FED STATUS

*%
*%
*%
*%
*%
*%
*%
*%
*%
**
*%
*%
*%
*%
*%
*%
*%
*%
*%
*%*
*%
*%
*%
*%
*%
*%*
**
*%*
*%
*%
*%

**
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ENDANGERED, THREATENED, AND RARE SPECIES
VASCULAR PLANTS
HISTORICAL RECORDS - 1950 and EARLIER

SPECIES NAME COMMON NAME STATE STATUS FED STATUS
Aralia hispida Bristly sarsaparilla SE *x
Arenaria stricta Michaux’s stitchwort SR **
Aster furcatus Forked aster SR o
Botrychium multifidum Leathery grape-fern SX *x
Carex atlantica capillacea Howe sedge SE *x
Carex garberi Elk sedge ST *x
Cornus rugosa Roundleaf dogwood SR *x
Dryopteris clintoniana Clinton woodfern SX *x
Eleocharis robbinsii Robbins spikerush SR *x
Eriocaulon aquaticum Pipewort SE *x
Eriophorum angustifolium Narrow-leaved cotton-grass SR *x
Hypericum adpressum Creeping St. John’s-wort SE *x
Juniperus communis Ground juniper SR **
Lathyrus ochroleucus Pale vetchling peavine SE *x
Linnaea borealis Twinflower SX *
Orobanche fasciculate Clustered broomrape SE *x
Oryzopsis pungens Slender mountain-ricegrass SX *x
Panicum mattamuskeetense A panic-grass SX **
Plantanthera ciliaris Yellow-fringed orchid SE *x
Polygonum careyi Carey's smartweed ST *x
Populus balsamifera Balsam poplar SX **
Psilocarya nitens Short-beaked bald-rush SX **
Pyrola secunda One-sided wintergreen SX *x
Salix cordata Heartleaf willow ST o
Scirpus torreyi Torrey's bulrush SE *x
Selaginella rupestris Ledge spike-moss ST *x
Sisyrinchium montanum Strict blue-eyed-grass SE *x
Thalictrum pubescens Tall meadow-rue ST *x
Trichostema dichotomum Forked bluecurl SR o
Utricularia minor Lesser bladderwort SE **
Xyris difformis Carolina yellow-eyed grass ST *x
STATE EX- Extirpated SE — Endangere®sT — Threatened SR - Rare  SC — Spemigern

WL —Watch list SG - Sigodint  ** - Rarity warrants concern
FEDERAL LE-Endangered LT — ThreatenedCA — Candidate  ** - Not listed

Table E 4 Endangered, threatened, and rare vascular glE®6€ and earlier).
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SPECIES NAME

Taxidea taxus
Ammodramus henslowii
Asio otus

Botaurus lentiginosus
Buteo lineatus

Buteo platypterus
Circus cyaneus
Cistothorus palustris
Cistothorus platensis
Dendroica cerulean
Dendroica virens
Falco peregrinus
Ixobrychus exilis
Lanius ludovicianus
Mniotilta varia
Nycticorax nycticorax
Rallus elegans

Rallus limicola
Vermivora chrysoptera
Wilsonia canadensis
Wilsonia citrine

STATE  EX - Extirpated
WL — Watch list
FEDERAL LE - Endangere
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ENDANGERED, THREATENED, AND RARE SPECIES
MAMMALS AND BIRDS
ALL RECORDS

COMMON NAME STATE STATUS FED STATUS
American badger SE *x
Henslow’s sparrow SE SC
Long-eared owl *x **
American bittern SE *x
Red-shouldered hawk SC **
Broad-winged hawk SC **
Northern harrier SE *x
Marsh wren SE **
Sedge wren SE **
Cerulean warbler SC SC
Black-throated green warbler *x *x
Peregrine falcon SE *x
Least bittern SE *x
Loggerhead shrike SE SC
Black-and-white warbler SC *x
Black-crowned night heron SE **
King rail SE *x
Virginia rail SE **
Golden-winged warbler SE *x
Canada warbler *x **
Hooded warbler SC **

SE — Endangere®T — Threatened SR - Rare  SC — Spamigern

SG - Signéint

d LT — ThreatenedCA — Candidate

** - Rarity warrants concern

SC — Species of concerft - Not listed

Table E 5 Endangered, threatened, and rare mammals aisl bir
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Appendix F Dunes Creek Ecoregion

Physiography

The southern shoreline of Lake Michigan is descridg a sandy coastal strip with beaches, high dumesky
interdunal depressions, sandy beach ridges, arldswahese features are attributed to the glatitage this area was
in thousands of years ago.

Geology

The Michigan Lake Plain ecoregion contains quatgrbaach deposits, dunes sand, lacustrine matandiclayey
glacial till. In addition, made land (fill) andaitered organic material occur also. Such deposédie Silurian and
Devonian shale, dolomite, and limestone.

Soil

There is a variety of soil orders (great groupshibin the watershedMollisols (Endoaquolls and Argiaquolls) are
typically found in grasslands and have a high drgamatter content and base saturation. This t§jgeibis common in
midwestern agricultural regiong&ntisols (Udipsamments) are very recent soils with litttefile development and
found where parent material is young or resisamteathering.Alfisols (Hapludalfs and Epiaqualfs) have a high to
medium base saturation and found on somewhat itstmpes and in mesic climates conducive to scmaile.
Histosols(Medisaprists) are also found scattered in thelgredg and bogs.

In addition, there are nine common series of $oilad which include Oakville, Maumee, Brems, HowghtAdrian,
Palms, Morley, Blout, and Pewamo. These soilslaseribed as having a Mesic temperature regimé\gquoit and
Udic moisture regimes.

Climate

The mean annual precipitation is 36-42 inches. miban number of frost-free days in a year is 168:4#h the
maximum number of days occurring near Lake Michigihe mean temperatures (min/max) in January $#35F.
Mean temperatures in July are 63786

Potential Natural Vegetation

There is an incredible amount of plant diversityrfd in the Dunes Creek watershed. The native atget
communities encountered are oak-hickory forestmadie with beach, dune, oak savanna (with soméers), and
fens.

Land Use and Land Cover

A large portion of land in the area is used foraimindustrial development. Agricultural use isoasmajor factor
including fruit and vegetable farming. Woodlandstle lee side of the dunes and in some poorlyiddaareas provide
land cover for Dunes Creek.
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Appendix G Quality Assurance Project Plan

Quality Assurance Project Pian
: for
Dunes Creek Watershed Management Plan %
ARN # A305-3-750
Prepared by:
Christine Livingston
Project Manager
Save the Dunes Conservation Fund

Prepared for:
Indiana Department of Environmental Management
Office of Water Management
Watershed Management Section

June 22, 2004

<7
(‘{/)pr_pmved By:
Project Manager: L:EQ fé/é 7[ 3
ate

Christine Livingston D
YWMS QA Manager: M é{-‘:@ & //J’/&”‘f
7" Batty Ratoifl _ Dat

)
VWMS Section Chief: AL (’Jismb’?{_ of1#/9
Linda Schmidt Date

Ptarning Branch Chief Finsn P, et it = apiofry

7
Martha Clark Metller Date
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Appendix H Water Quality Parameters and Discussion by Stream &ach

Watershed Sampling

To supplement the base of existing data, JFNewaelll water chemistry, biological community, anglgital habitat
data from each of the eight original stream sitas three additional sites within the Dunes Creekenshed. Water
chemistry samples were collected four times froohes the eight original stream sites, twice follogva storm event
to capture a runoff event and twice following aipeof little precipitation to serve as the “norfistream condition.
Storm sampling occurred on August 5, 2004 followegrly 2 inches of rain in the previous 24-hound again on July
27, 2005 following more than 1.5 inches of raithia previous 24-hours. Base flow sampling occuore&eptember
14, 2004 and June 21, 2005. Each reach’s biologimamunity was assessed once in mid-late summesatiyand
habitat availability of each reach was assessed dakdng the sampling period. The three additisitek were only
sampled during the 2005 storm event. To ensure aabpity to data collected previously by IDEM, J&M followed
similar stream sampling protocols. The stream diampnd the appropriate quality assurance/queditytrol
procedures are referenced in the project’s Quatisurance Project Plan (QAPP). Appendix G contdiegroject
Quality Assurance Project Plan (QAPP) which wasaygd by IDEM on September 7, 2004.

Chemical and bacterial concentration, loading, anmedl loading data for the Dunes Creek watershedrss are listed
in Tables H1 to H4.
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Temperature

Temperature can determine the form, solubility, taxitity of a broad range of aqueous compounds. ekample,
water temperature affects the amount of oxygerohlied in the water column. Water temperature ats@ms species
composition and activity of aquatic biological conmities. Since essentially all aquatic organisnes@old-blooded’,
the temperature of the water regulates their mésaband ability to survive and reproduce effediif@& SEPA, 1976).
The Indiana Administrative Code (327 IAC 2-1-6jssmaximum temperature limits to protect aquaticfbr Indiana
streams according to the time of year. For exanpleperatures during the summer and fall monthse(flurough
September) should not exceed 3Z222(90°F).

Water temperatures in the Dunes Creek watershegnssrvaried over time. (Table H1 lists the tempeeestcollected
at each site while Figure H1 displays temperatarétions at the eight main sites over the foulectibn events.) As
expected, stream temperatures in August 2004, @bpte2004, and June 2005 were lower than streapetettures in
July 2005 during storm flow conditions. Temperasunere generally higher in reaches that lackednaveging
vegetation, such as Munson Ditch or those thahddawetlands, like the Great Marsh Tributary. Streide vegetation
provides shading to the water and typically prevéwtat gain. Additionally, those streams with cotdenperatures
likely had a greater proportion of groundwater flagvin them. The higher temperatures measurecesetiites are
likely due to the lack of riparian and overhangiegietation, lack of tree canopy, lower proportibgroundwater
inputs, and/or higher proportions of surface watputs.

Water temperatures were generally lower in thasast reaches that were shaded by overhanging tiegetike the
West Tributary which is located within the Indidbanes State Park. Water temperatures during th& 2@dm flow
ranged from 19.9C in the West Tributary (Site 2) to 24 (76.5°F) in Munson Ditch immediately upstream of U.S.
Highway 20 (Site 8) and east of Waverly Road (8)te Greater variation was observed during the rotheee events
when stream temperatures ranged from 28.164.6°F) at the West Tributary (Site 2) to 19@3 (66.7°F) at the Great
Marsh Tributary (Site 5) during the 2004 storm e@yfrom 18.2°C (64.8°F) at the Cowles Bog outlet (Site 1) and the
West Tributary (Site 2) to 20-& (68.5F) iat the Great Marsh tributary during the 2004eéb#ow event, and from
16.7°C (62.1°F) at the West Tributary (Site 2) to 19@ (66.9°F) in the Great Marsh Tributary (Site 5) during the
2005 base flow event. None of the observed watapéeatures exceeded the IAC standard for the prateaf aquatic
life.
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Figure H 1. Temperature levels in Dunes Creek watshed streamsas sampled August 5, 2004, September 14,
2004, June 21, 2005, and July 27, 2005. Dunesk@vatershed and surrounding area.
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Dissolved Oxygen (DO)

Dissolved oxygen (DO) is the gaseous form of oxydéis essential for respiration of fish and athguatic organisms.
Fish need at least 3-5 mg/L of DO. Coldwater §igbh as trout generally require higher conceotnatof DO than
warmwater fish such as bass or bluegill. The 186 she minimum DO concentration at 4 mg/L, butaters must
have a daily average of 5 mg/L. DO enters watatiffiysion from the atmosphere and as a byprodughotosynthesis
by algae and plants. Excessive algae growth cansatarate (greater than 100% saturation) the weiterDO.
Conversely, dissolved oxygen is consumed by retsmiraf aquatic organisms, such as fish, and dusexgerial
decomposition of plant and animal matter.

Dissolved oxygen concentrations were generallytimaughout the watershed. (Table H1 lists the dlissboxygen
concentrations collected at each site while FigH2alisplays dissolved oxygen concentration vaniegtiat the eight
main sites over the four collection events.) Digadloxygen concentrations were typically loweréaahes downstream
of large wetland complexes like Cowles Bog andGheat Marsh, Sites 1 and 5, respectively, andantres with
stagnant or very slow flowing water, like Munsoridbi (Sites 6 to 8). During all four sampling eveulissolved oxygen
levels at the Cowles Bog outlet (Site 1) and aiGheat Marsh Tributary (Site 5) were below the &mgi state standard
(5 mg/L). Concentrations in the Cowles Bog outgtged from 0.3 mg/L during the 2004 base flow et@Bt4 mg/L
during the 2005 storm event, while concentratiorthé Great Marsh Tributary ranged from 0.7 mg/tirduthe 2004
base flow event to 4.1 mg/L during the 2005 stovene Concentrations in Munson Ditch at Hawleyw&wad (Site
6), downstream of U.S. Highway 20 (Site 7), andngasn of U.S. Highway 20 (Site 8) during both ti@®2 and 2005
base flow events were also below the state standiasdstream was stagnant at these three reachieg Hath events
except for the reach associated with Site 7 duttieg?005 base flow event.
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Figure H 2. Dissolved oxygen concentrations in DuseCreek watershed streams as sampled August 5, 2004
September 14, 2004, June 21, 2005, and July 27, 200

Because DO varies with temperature (cold watercoatain more oxygen than warm water), it is relévarexamine
DO saturation values. DO saturation refers tatheunt of oxygen dissolved in water compared tddted amount
possible when equilibrium between the stream watdrthe atmosphere is maximized. When a streagsssthan
100% saturated with oxygen, decomposition procesihi the stream may be consuming oxygen moreldyuthan it
can be replaced and/or flow in the stream is mbiulent enough to entrain sufficient oxygen. Altioé Dunes Creek
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watershed stream reaches were undersaturated theisgmpling events. Saturation levels varied 8a286 in the
Cowles Bog outlet (Site 1) during the 2004 base #went to 93.7% in the Dunes Creek outlet (Sitdut)ng the 2005
base flow event. Low saturation is likely attritaite slow stream flow, lack of dissolved oxygerrainiment from the
atmosphere, and elevated stream temperatures atsi@s

Conductivity

Conductivity is a measure of the ability of an amugesolution to carry an electric current. Thidigllepends on the
presence of ions: on their total concentration, ifitgband valence (APHA, 1998). During low dische, conductivity
is typically higher during base flow than duringlhidischarge, because the water moves more slavwdgsor through
ion containing soils and substrates. Carbonatéo#rer charged particles (ions) dissolve intosfbg/-moving water,
thereby increasing conductivity measurements.

Rather than setting a conductivity standard, the $&ts a standard for dissolved solids (750 mgilyltiplying a
dissolved solids concentration by a conversiorofaat 0.55 to 0.7%mhos per mg/L of dissolved solids roughly
converts a dissolved solids concentration to sjpemiinductance (Allan, 1995). Thus, convertinglth@ dissolved
solids concentration standard to specific condwetdny multiplying 750 mg/L by 0.55 to 0.nhos per mg/L yields a
specific conductance range of approximately 100D8@0umhos. This report presents conductivity measurésragn
each site ipmhos.

Conductivity levels were relatively normal for ladia streams in the mainstem of Dunes Creek, théevreBributary,
Cowles Bog outlet, and Great Marsh Tributary durimgst assessments; however, concentrations wesgediein
Munson Ditch and the mainstem of Dunes Creek duhiad?005 storm event. (Table H1 lists the conditgttollected
at each site while Figure H3 displays conductiviyiations at the eight main sites over the fodiection events.)
Conductivity concentrations were within normal rasdor Indiana streams during the all four sampdingnts for the
Cowles Bog outlet (Site 1), the West Tributaryé3), the mainstem of Dunes Creek upstream andstozem of the
culvert (Sites 3 and 4, respectively), and the Gvsh Tributary (Site 5). However, conductivigadings approached
but did not exceed the Indiana state standard (L&&s) within the Dunes Creek mainstem upstream and
downstream of the culvert (Sites 3 and 4, respelgiduring the 2005 storm event. Concentrationged from 1310
pmhos upstream of the culvert to 134fdhos downstream of the culvert.

Conductivity readings exceeded the Indiana statadsird in Munson Ditch during all four of the saimglevents.
Concentrations ranged from 160Bhos upstream of U.S. Highway 20 (Site 8) durirg204 base flow event to
>3,999umhos downstream of U.S. Highway 20 (Site 7) dutirg2005 base flow event. Concentrations were géyer
highest in Munson Ditch downstream of U.S. High®8y(Site 7) during all four sampling events. Durbra@h base
flow events, conductivity measurements downstrebbh ®. Highway 20 (Site 7) were nearly double thosasured at
the upstream sampling location (Site 8).
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Conductivity
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Figure H 3. Conductivity concentrations in Dunes Ceek watershed streams as sampled August 5, 2004,
September 14, 2004, June 21, 2005, and July 27, 200

Historical studies indicate that elevated conditgtimeasurements have long been an issue in thedQreek
watershed streams. Arihood (1974) indicated thatlactivity levels were higher in Dunes Creek wdtetsstreams
than most streams in the region; however, condtictivvasurements did not exceed the Indiana statelard. Hardy
(1984) found highly variable specific conductareeels and dissolved solids concentrations in D@regk.
Furthermore, Hardy reported that the high levelectad elevated levels of sodium and chloridermtytiigh flow
periods. Based on the location of the sampling sitardy attributed these levels to seepage freidestial septic
systems and runoff from the road salt storageitfiafilicated on U.S. Highway 20 just east of Intetest49. Hardy
(1984) also suggested that the two north tributasfeMarkowitz Ditch (not sampled during the cutrstudy)
contribute high dissolved solids concentration®imes Creek.

Chlorides

The chloride ion (CI) is one component of common salts applied to rosidewalks, and parking lots to remove snow
and ice from these hard surfaces. Pitt (1985)estgghat almost all of salt applied to roads emds nearby creeks
and streams due to the high solubility of salt atex. At high levels, salts can increase the ibatififreshwater streams
to the point of toxicity for many freshwater bigchueler, 1987). The IAC sets a maximum conceéotr&br chlorides
at 230 mg/L to protect aquatic life.

Like conductivity levels, chloride concentrationere relatively normal in the mainstem of Dunes €rédge Western
Tributary, Cowles Bog outlet, and Great Marsh Tidoy during most assessments; however, concemtsatiere
elevated in Munson Ditch during all four assesssgfitable H1 lists the chloride concentrations messat each site
while Figure H4 displays conductivity variationgtla eight main sites over the four collection ésgnChloride
concentrations were within normal ranges for Indiatiteams during all four sampling events for tbe/les Bog outlet
(Site 1), the West Tributary (Site 2), the mainstddunes Creek upstream and downstream of thet(8ites 3 and
4, respectively), and the Great Marsh Tributaryg(S). However, conductivity readings exceededrtimna state
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standard (230 mg/L) within the Dunes Creek mainsipsiream and downstream of the culvert (Sitesd3an

respectively) during the 2005 storm event. Conegioims ranged from 300 mg/L upstream of the culieeB20 mg/L
downstream of the culvert.

Chloride concentrations exceeded the Indiana statelard in the three reaches of Munson Ditch duihfour of the
sampling events. Concentrations ranged from 27Q mqggtream of U.S. Highway 20 (Site 8) during tf®2 base
flow event to 3700 mg/L downstream of U.S. Highv28y(Site 7) during the 2005 base flow event. Liaaductivity
measurements, chloride concentrations were gepdighiest in Munson Ditch downstream of U.S. Higin2a (Site
7) during all four sampling events.

High levels of sodium and chloride in Dunes Cregtlind) high flow periods have historically beenibtited to seepage from
residential septic systems and runoff from the sadtdstorage facility located on U.S. Highway @t past of Interstate 49
(Hardy, 1984). Arihood (1974) also reported eledgi®undwater chloride concentrations ranging fBosrto 240 mg/L.
Hardy (1984) suggested that the two north tribesaof Markowitz Ditch (not sampled during the cotistudy) contribute high
dissolved solids concentrations. Watson et abZP@eported that the principal source of elevaldoride and sodium levels in
ground water in parts of the Dunes Creek wateraleed from highway deicer. They found chloride com@ions exceeding
the USEPA secondary maximum contaminant level ©ffRg/L for drinking water in seven wells duringelatinter, spring,

and summer samplings. The sample sites were dbdaten-gradient from US Highway 12 and east of K&oad in the
southeast corner of the Dunes Creek watershedurSta/els also periodically exceeded the USEPAkdrg-water
equivalency level of 20 mg/L (Watson et al. 2002).
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Figure H 4. Chloride concentrations in Dunes Creek watersitrehms as sampled August 5, 2004, September 14,
2004, June 21, 2005, and July 27, 2005.

pH

The pH of water describes the concentration ofi@@iths (specifically H+) present in water. WasepH determines
the form, solubility, and toxicity of a wide rang€other aqueous compounds. The IAC establishaage of 6 to 9 pH
units for the protection of aquatic life. pH contrations in excess of 9 are considered acceptaida whe
concentration occurs as daily fluctuations assediatith photosynthetic activity. (Table H1 liste thH levels recorded
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at each site while Figure H5 displays pH variatiahthe eight main sites over the four collectivargs.)

pH values fell within acceptable ranges for allrfsampling events at all eight sites. pH valueBunes Creek and its
tributaries ranged from 7.0 in Dunes Creek upstrefiine culvert (Site 3) to 8.2 in Munson Ditch dwtream of U.S.
Highway 20 (Site 7) during the 2005 base flow evédtines Creek at Lake Michigan (Site 4) during2B84 storm
flow event actually possessed the highest meagtletiowever, this was Lake Michigan water, not Daieeek
water, as lake water was being blown into the mofithe stream by strong winds on the day of saropllection.) All
pH values measured were within the range of 6uni® established as acceptable by the IAC fopthbésction of
aquatic life.
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Figure H 5. pH concentrations in Dunes Creek watershed sgeansampled August 5, 2004, September 14, 2004,
June 21, 2005, and July 27, 2005.

Total Suspended Solids (TSS)
A TSS measurement quantifies all particles suspbimd@ater. Closely related to turbidity, this @ereter quantifies
sediment particles and other solid compounds tigifcaund in water.

Suspended solids impact streams and lakes in etyafiways. When suspended in the water colupiitsscan clog
the gills of fish and invertebrates. As the sedinhsettles to the creek or lake bottom, it coversaing and resting

habitat for aquatic fauna, reducing the animalptoductive success. Suspended sediments alsorithpaiesthetic

and recreational value of a waterbody. Few peapde=nthusiastic about having a picnic near a madsik or lake.

Pollutants attached to sediment also degrade wa#dity. In general, TSS concentrations greatan 80 mg/L have
been found to be deleterious to aquatic life (\&at&995).

The concentration of suspended solids is genagedigter in streams during high flow events duadtodased overland
flow. The increased overland flow erodes and eamiore soil and other particulates to the streBine sediment in
water originates from many sources, but a largégroof sediment entering streams comes from activestruction
sites or other disturbed areas such as unvegeiagsan banks and poorly managed farm fields.
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Total suspended solids concentrations measuredgdstdrm flow events typically exceed concentratioreasured
during base flow conditions within streams; howetis does not occur within the Dunes Creek whtdstreams.
(Table H1 lists the total suspended solids cona#atrs measured at each site while Figure H6 dispttal suspended
solids concentration variations at the eight maasover the four collection events.) High oveddlow velocities
typically result in an increase in sediment paeidh runoff. Additionally, greater streambank atréambed erosion
typically occurs during high flow. Therefore, higlemncentrations of suspended solids are typicadlgsured in storm
flow samples. In the Dunes Creek watershed, thealpersion of total suspended solids concentnattzeing higher
during storm flow conditions occurs only within th&instem of Dunes Creek; at all other sites, T@®entrations
measured during storm flow are not always greaten TSS concentrations measured during base flemtvTotal
suspended solids concentrations ranged from 1.B to@.3 mg/L in the mainstem of Dunes Creek ugstrand
downstream of the culvert during base flow and eaifgom 5.6 mg/L to 21 mg/L in these same sitegndwstorm flow
sampling. However, the highest total suspendedsobncentrations (430 mg/L and 74 mg/L) were nmreglsin the
Cowles Bog outlet during the 2005 base flow sangpdind the 2004 base flow sampling, respectivebcdtllent,
organic material flowing through this stream waklembed within the total suspended solids sampihés Taterial is
common in streams that drain large wetland comgleXene of the other stream samples possessedusiznded
solids concentrations that exceed the concentrégion to be deleterious to aquatic life (Wate€93).
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Figure H 6. Total suspended solids concentrations in DuneslOwatershed streams as sampled August 5, 2004,
September 14, 2004, June 21, 2005, and July 25.200

Nutrients

Limnologists measure nutrients to predict the amhofialgae growth and/or rooted plant (macrophgtewth that is
possible in a lake or stream. Algae and rootedtplare a natural and necessary part of aquatsysteons. Both will
always occur in a healthy lake or stream. Compibieination of algae and/or rooted plants is reitthesirable nor
even possible and should, therefore, never bedakigmanaging a lake or stream. Algae and roplaat growth can,
however, reach nuisance levels and interfere Witaesthetic and recreational uses of a lakeearstr Limnologists
commonly measure nutrient concentrations in ageatisystem evaluations to determine the potewotiaifch nuisance
growth.
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Nutrients themselves, as well as the primary predui(algae and plants) they feed, can also affeatamposition of
secondary producer communities such as macroitretes and fish. Changes in secondary producemcoities can,
in turn, impact the way chemical constituents mwater are processed. This is an additional refas@xamining
nutrient levels in an aquatic ecosystem.

Like terrestrial plants, algae and rooted aqua#atg rely primarily on phosphorus and nitrogengimwth. Aquatic
plants receive these nutrients from fertilizersnan and animal waste, atmospheric deposition inwater, and yard
waste or other organic material that reaches #teeda stream. Nitrogen can also diffuse from thénto the water.
This nitrogen is then “fixed” by certain algae sipsdnto a usable, “edible” form of nitrogen. Besa of this readily
available source of nitrogen (the air), phosph@usually the “limiting nutrient” in aquatic ecadgms. This means
that it is actually the amount of phosphorus tluitiols plant growth in a lake or stream.

Phosphorus and nitrogen have several forms in watee two common phosphorus forms arthophosphate (OP)
andtotal phosphorus (TP) OP is the dissolved form of phosphorus. Ihésform that is “usable” by algae. Algae
cannot directly digest and use particulate phosphomotal phosphorus is a measure of both disdelad particulate
forms of phosphorus. The most commonly measuteolgein forms araitrate-nitrogen (NO3) andammonium-
nitrogen (NH,"). Nitrate is a dissolved form of nitrogen that@mmonly found in the upper layers of a lake or
anywhere that oxygen is readily available. Becaxsgen should be readily available in stream systanitrate-
nitrogen is often the dominant dissolved form ¢fagen in stream systems. In contrast, ammoniurogen is generally
found where oxygen is lacking. Ammonium is a byicbf decomposition generated by bacteria asdhegmpose
organic material. Like OP, ammonium is a dissolfeeth of nitrogen and the one utilized by algaegawth.

While the United States Environmental Protectiorigy (USEPA) has established some nutrient stasdard
drinking water safety, it has not established similutrient standards for protecting the biologintegrity of a stream.
(The USEPA, in conjunction with the States, is ently working on developing these standards.) UB&EPA has
issued recommendations for numeric nutrient caté streams (USEPA, 2000). While these are adtqf the
Indiana Administrative Code, they serve as potetaiget conditions for which watershed manageghiraim. The
Ohio EPA has also made recommendations for numatiént criteria in streams based on researchida ireams
(Ohio EPA, 1999). These, too, serve as potemtigkt conditions for those who manage IndianasseaOther
researchers have suggested thresholds for sewriaints in aquatic ecosystems as well (Dodd e18B8). Lastly, the
IAC requires that all waters of the state havetratad concentration of less than 10 mg/L, whicthésdrinking water
standard for the state.

Researchers have recommended various thresholdsitaréh for nutrients in streams. The USEPA'sormmended
targets for nutrient levels in streams are faily.| The agency recommends a target total phospluancentration of
0.033 mg/L in streams (USEPA, 2000). Dodd et18198) suggest the dividing line between modergtagsotrophic)
and highly (eutrophic) productive streams is al fof@sphorus concentration of 0.07 mg/L. The GHRA
recommended a total phosphorus concentration 8ffd@/L in headwater streams and 0.1 mg/L in wadestibams to
protect the streams’ aquatic biotic integrity (OHEPA, 1999). (These criteria are for streams ifladsas Warmwater
Habitat, or WWH, meaning the stream is capableippsrting a healthy, diverse warmwater fauna. edtisethat cannot
support a healthy, diverse community of warmwadené due to “irretrievable, extensive, man-inducedification”

are classified as Modified Warmwater Habitat (MWitheams.) For planning purposes the WWH definit@8 — 0.1
mg/L is being used as a goal for Dunes Creek.

The USEPA sets aggressive nitrogen criteria recamdatens for streams compared to the Ohio EPA. UBEPA's
recommended criterion for nitrate-nitrogen concaidgn in streams in Aggregate Nutrient Ecoregiohi®¥’D.30 mg/L
(USEPA, 2000). In contrast, the Ohio EPA suggesitsg nitrate-nitrogen criteria of 1.0 mg/L in heeder streams to
protect aquatic life. Dodd et al. (1998) sugg#dstdividing line between moderately and highlyduretive streams
using nitrate-nitrogen concentrations is approxatyat.5 mg/L.

It is important to remember that the nutrient thadd or recommended concentrations listed aboveatrstate
standards for water quality. They are presenteel toeprovide a frame of reference for the conegiatns found in
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Dunes Creek and its tributaries. The IAC sets oittate-nitrogen and ammonia-nitrogen standards/éderbodies in
Indiana. The IAC requires that all waters of tteteshave a nitrate-nitrogen concentration ofteas 10 mg/L, which
is the drinking water standard for the state. A standard for ammonia-nitrogen depends uponviter’s pH and
temperature, since both can affect ammonia-nitregemricity. None of the samples collected fromriga Creek
violated the state standard for either nitratesgi#n or ammonia-nitrogen.

Nitrate-nitrogen

Nitrate-nitrogen concentrations during all four ding events were extremely low at all sites. (€ah2 lists the
nitrate-nitrogen concentrations measured at edelwsile Figure H7 displays nitrate-nitrogen cortcation variations
at the eight main sites over the four collectioargs.) Nitrate-nitrogen concentrations did neptily any relationship
between storm flow and base flow concentrationseBlaw concentrations ranged from 0.03 mg/L in@esvles Bog
outlet, the Great Marsh Tributary, and Munson Ditpstream and downstream of U.S. Highway 20 duhiad2004
base flow to 0.29 mg/L in the West Tributary durthg 2004 base flow sampling event. During stoowl
concentrations ranged from 0.03 mg/L in the CoBleg outlet and the Great Marsh Tributary during2B84 storm
event to 0.54 mg/L in Munson Ditch upstream of UHghway 20 during the 2005 storm event. Typicaliyrate-
nitrogen concentrations were higher in Munson D{&ites 6 through 8) than those concentrations unedsn the
mainstem of Dunes Creek, the West Tributary, oiGbeles Bog and Great Marsh outlets. All sites pktiee Dunes
Creek mainstem (Sites 3 and 4) and Munson Ditctivaters (Sites 8, A, B, and E) during the 2005nstevent were
below the USEPA recommended criterion for nitrdatesgen of 0.3 mg/L for streams in the ecoregiohiolv includes
the Dunes Creek watershed (USEPA, 2000). Additigrall nitrate-nitrogen concentrations were betbe
concentration observed in Ohio streams (1.0 mgibown to support healthy warmwater fauna (OHIO EP299).
Furthermore, concentrations at all stream siteg Wwefow the 10 mg/L concentration set by the |ACsffe drinking
water.
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Figure H 7. Nitrate-nitrogen concentrations in Dunes Creetevghed streams as sampled August 5, 2004, Septembe
14,2004, June 21, 2005, and July 27, 2005.

Ammonia-nitrogen
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Like the nitrate-nitrogen concentrations, ammoriieagen concentrations were relatively low at &#s during the four
sampling events. (Table H2 lists the ammonia-né&rogoncentrations measured at each site while é-ig8rdisplays
ammonia-nitrogen concentration variations at tightainain sites over the four collection eventsnder base flow
conditions, Munson Ditch at Hawleywood Road (Sikeléring the 2005 base flow event exhibited thénegy
ammonia-nitrogen concentration (3.5 mg/L), whileridon Ditch downstream of U.S. Highway 20 (Site afirty the
same event was also elevated (1.0 mg/L). (Bo#is siere stagnant and contained extremely low disdaxygen
concentrations during this sampling event. Thigyssts that decomposition may be occurring at teiése during
stagnant water conditions.) Ammonia-nitrogen cotregions during storm flow conditions ranged fro@T0L mg/L in
the Great Marsh Tributary (Site 5) during the 28@tm event to 0.33 mg/L in Dunes Creek upstreatheotulvert
(Site 3) during the 2005 storm event. None of #iragles collected during base or storm flow excedaedAC
ammonia-nitrogen standard for the protection ofgiguife. Finally, it should be noted that allthe ammonia-nitrogen
concentrations are flagged by Severn Trent Lalmwias for exceeding the laboratory’s relative patckfference
Quality Check (QC) during the 2004 base flow sanwpliThis is of concern, as data are reported thabt meet the
laboratory's QC. However, ammonia-nitrogen conegioins are relatively low, so this is not of greamcern.
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Figure H 8. Ammonia-nitrogen concentrations in Dunes Creetersaed streams as sampled August 5, 2004,
September 14, 2004, June 21, 2005, and July 25.200

Orthophosphate

Orthophosphate, or dissolved phosphorus, concemsatithin the Dunes Creek watershed streams gemerally
low. (Table H2 lists the orthophosphate concermratimeasured at each site while Figure H9 dispigi®phosphate
concentration variations at the eight main sitezr ¢hve four collection events.) Orthophosphate eotrations measured
in Munson Ditch (Sites 6 to 8) exceeded concewtnatimeasured throughout the rest of the watergtidbugh there
are no recommended criteria for orthophosphateesuretions, a comparison with total phosphorus entnation
recommendations indicates that most of the DuneslOwatershed sampling sites possess orthophosphate
concentrations greater than those recommendedtédiphosphorus by the USEPA (0.033 mg/L) durihgainpling
events. Furthermore, Dunes Creek (Site 3) duria@@05 base flow event, the Cowles Bog Outlet (Bitguring the
2004 storm flow and the 2005 base flow events, Gvisash Tributary (Site 5) during the 2005 storremy and the
Munson Ditch sites (Sites 6 to 8) during threeheffour sampling events contained orthophosphateettrations that
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exceeded the mesotrophic-eutrophic boundary lekeettified by Dodd et al. (1998) and the level aichtihe Ohio
EPA indicates that biotic impairment can occur (@d/L).

Orthophosphate

0O8/5/2004 W 9/14/2004 ]
006/21/2005 O17/27/2005

e i i i o
o o N o ©

Concentration (mg/L)
o O
w b

© o
N
|

o

Sites

Figure H 9. Orthophosphate concentrations in Dunes Creekrsfad streams as sampled August 5, 2004, September
14,2004, June 21, 2005, and July 27, 2005.

Samples from most streams revealed that the ortismtiate fraction was greater than half of the fahaksphorus
concentration suggesting that most phosphorusrigaglas dissolved, available phosphorus not pastietdoil-
associated phosphorus (Figure H10). The West Enipuluring three of the four sampling events andd3uCreek
upstream and downstream of the culvert during @@iase flow and 2005 storm flow events possessed
orthophosphate concentrations that exceeded theatdge total phosphorus concentrations. Thiskalyia result of
limitations involved with laboratory sample anadyprocedures. It should be noted that all of tked tnd
orthophosphate concentrations were flagged foR@et base flow sampling as they were below ther&tbn/'s
reporting limit but exceeded the laboratory's Q@dkon limit. The subsequent sampling events ptssessed some
QC flags. These include soluble and total phospghoomcentrations below the laboratory's reporiimg but above
their detection limit. In the case of phosphorwsyesthe Dunes requested that Severn Trent Laboeatioeport data at
a level that the laboratory is not completely catafole with reporting (below their reporting levahd in doing so,
some of the data become questionable. Howeveke theta meet minimum criteria based on the numbsigoificant
figures (3) that Severn Trent Laboratiories repbeted the relatively similar concentrations of btduand total
phosphorus. Essentially, as noted above, the ragdiiotal phosphorus is almost entirely compaskarthophosphate
which accounts for a large amount of the data fditia For the remaining sites, the results sugtfest nearly all of the
total phosphorous measured in the Dunes Creek stegistreams consist of dissolved phosphorusitéd exhibited
higher particulate phosphorus levels during the52€i@rm event than those present during the dtinee tsampling
events. Elevated particulate phosphorus levelséamss following storm events are indicative of kxsis via erosion
since particulate phosphorus is typically adsotioesbil particles.



7/11/2006 113
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Figure H 10. Orthophosphate percentage of total phosphoruseotrations in Dunes Creek watershed streams as
sampled August 5, 2004, September 14, 2004, Jurg0®5, and July 27, 2005.

(Each stream possesses four bars, which represembéthe sampling events: 2004 storm, 2004 (255 base,
2005 storm, respectively.) TP concentration minBsddncentration yields an estimation of particufdtesphorus.

Total Phosphorus

Generally, total phosphorus concentrations measorér mainstem of Dunes Creek and other tribesaldcated
within the Indiana Dunes State Park were lower thase measured in Munson Ditch. (Table H2 liststtal
phosphorus concentrations measured at each site Fure H8 displays total phosphorus concentnatariations at
the eight main sites over the four collection esgnill sites during the 2005 storm flow event &mel Cowles Bog
Oultlet (Site 1) and the Munson Ditch sites (Sités 8) during all of the sampling events possesstadi phosphorus
concentrations that meet or exceed the USEPA reended criterion (0.033 mg/l) for the ecoregion (BP3E&E2000).
The Munson Ditch sites (Sites 6 to 8) generallyspesed the highest total phosphorus concentrationgver, the
Cowles Bog Outlet (Site 1) also possessed elevatedphosphorus concentrations. All concentratimesisured at
these four sites exceeded the level at which Dodtl €1998) indicates that eutrophic or highlygwotive conditions
exist. Likewise, all of the sites during the 2C26rm flow event and Sites 1, 6, 7, and 8 durihgfahe events
possessed total phosphorus concentrations greatettte median level (0.10 mg/l) measured in steeaassified as
warmwater habitat (OHIO EPA, 1999). The Ohio EPAauthis level (0.10 mg/L) as the maximum total jpihasus
concentrations to avoid impairment of aquaticilifevarmwater and modified warmwater habitat streaespectively.
The elevated total phosphorus concentrations adtast productivity within the Cowles Bog Outl&iite 1) and in
Munson Ditch (Sites 6 to 8) may be altering thaibicommunity structure and impairing aquatic lifehese streams.
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Figure H 11. Total phosphorus concentrations in Dunes Creea&nalaed streams as sampled August 5, 2004,
September 14, 2004, June 21, 2005, and July 25.200

Historic evidence indicates that elevated totalgpiorus concentrations have long been an isshe iDunes Creek
watershed. Arihood (1974) reported high total phasps concentrations (0.71 mg/L) downstream of @svidog.
(This would roughly correspond with sample siteutirth the current assessment). Data collected dya8t et al.
(1997) indicates that elevated total phosphorusemnations are typical of Dunes Creek watershedusts. The
median value (0.19 mg/L) for total phosphorus saspbllected by Stewart et al. (1997) exceedsethed ht which the
Ohio EPA indicates biotic impairment can occur.

E. coli

E. coliis one member of a group of bacteria that comyhiséecal coliform bacteria and is used as arcatdr
organism of the potential for the presence of pggh@ organisms in a water sample. Pathogenia@nga can present
a threat to human health by causing a varietyradise diseases, including infectious hepatitishoyd, gastroenteritis,
and other gastrointestinal illnessés. colican come from the feces of any warm-blooded aniMéldlife, livestock,
and/or domestic animal defecation, manure fertéizpreviously contaminated sediments, and fadingnproperly

sited septic systems are common sources of therimaciThe IAC sets the maximum concentratiok.aoli at 235

CFU /100 mL in any one sample within a 30-day pkdpba geometric mean of 125 colonies per 100 miivie
samples collected in any 30-day period.

E. coliconcentrations exceeded the Indiana state staf@B5dCFU /100 mL) at most of the Dunes Creek sagpl
reaches during the four sampling events. (Tabldidt2theE. coli concentrations measured at each site while Figure
H12 display<. coliconcentration variations at the eight main site=r the four collection events.) During the two
storm flow events, alE. coli concentrations measured in the Dunes Creek watbisgtheams exceeded the Indiana state
standard. Storm flow concentrations ranged fronmtd 4 times the state standard. During base fithwf ¢he sites

except the West Tributary (Site 5) and Munson Ditotvnstream of U.S. Highway 20 (Site 7) exceededstate
standard on at least one occasion. Concentratioexcess of the standard ranged from 1.1 to 28&tthmestandard.

High E. coliconcentrations suggest the presence of other getioThese pathogens may impair the biota in Dunes
Creek watershed streams and limit human use afttbams. The sourcesfcoliin the Dunes Creek watershed have



7/11/2006 115

not been identified; however, wildlife, livestoaqd/or domestic animal defecation; manure fertdizpreviously
contaminated sediments; and failing or impropétgdsseptic systems are common sources of theriacte

E. Coli
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Figure H 12. E. coliconcentrations in Dunes Creek watershed streasmsnagled August 5, 2004, September 14,
2004, June 21, 2005, and July 27, 2005.

Both fecal coliform andt. colisamples collected from Dunes Creek watershednssreaer the past 30 years indicate
some level of pathogenic contamination is occurviithin the Dunes Creek watershed. None of the famldorm
samples collected by Stewart et al. (1997) exdeedndiana state standard (4,000 CFU /100 mL); kewdive of the
seven samples were in excess of the lllinois statedard (400 CFU /100 mL). (Indiana’s fecal cofiicstandard is
nearly 10 times the lllinois standard, which i€likset at a more appropriate level for proteckioth human and biotic
health.) Data collected by Whitman et al. (1999@f41a) ranged from 50 CFU /100 mL to 20,130 CFW/iM in
samples collected from the mainstem of Dunes Cifeai, 1 colony/100 mL to 2000 CFU /100 mL in thestesn
branch of Dunes Creek, and from 1 colony/100 m2346 CFU /100 mL in the western branch of Duneekre
Whitman et al. (no date-data collected in 1999-200dicate thaE. coliwere primarily found in submerged sediments
and margin sands adjacent to Dunes Creek watesstesans and that they were sporadically foundriesiosoils,
seeps, springs, and standing and running wateitnvithiet al. (1999-2000 data) indicated thatoli concentrations
within the watershed streams were relatively highbughout the year; however, concentrations présemetlands and
unditched drainages, such as the mainstem of DOreek, were much lower than concentrations fourditahed
drainages, like Markowitz or Munson ditches.

E. colidata collected by volunteers from June to Aug0§&2also support the elevatédcoli concentrations measured
by JFNew and others (Whitman (1999-2000 data), &test al. (1997)). Concentrations ranged fromaiories
observed at Sites 2, 5, 1B, 6*, 7, 8, and A to @8,GFU /100 mL at Site 6 on June 22, 2005 (Table BBometric
means calculated for all sites except Site 5 extieethdiana state standard (125 CFU /100 mL). Gitgs 2, 3, 6, and
8 possessed medi&n coli concentrations in excess of the average concemtnaieasured for Indiana streams (650
CFU /100 mL). Table H6 and Figure H13 illustrate thdiana state standard (235 CFU /100 mL), thengéic mean
standard (125 CFU /100 mL), and the average coratémnt in Indiana streams (650 CFU /100 mL).
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Figure H 13. E. coli data box plots for all datasets.

Loading

Loading rates were difficult to calculate for Duri@®ek watershed streams. Multiple streams wer@lsanduring
stagnhant conditions, such as the Cowles Bog O(8l&t 1) during the 2004 base flow and 2005 stdom évents,
Munson Ditch at Hawleywood Road (Site 6) during2084 and 2005 base flow events, Munson Ditch apsirof
U.S. Highway 20 (Site 8) during the 2004 and 2085dflow events, and the Great Marsh Tributang(Sjtduring the
2005 storm event. Furthermore, sampling durin@@®@4 storm event occurred at the Dunes Creek q&tiet 4) when
Lake Michigan water was pushed back into the chamneind and wave action. For these events, Igadates could
not be calculated. Still for other parameters, eotrations were below the detection level, thetihiing the
calculation of loading rates as specific sitessfeecific parameters. For these reasons, loadiag vetre calculated for
those sites which possessed flowing water and otratmns above the laboratory’s detection limhisTimits the
determination of which stream possesses higheirlgadtes; however, some conclusions can be dresamthe limited
information calculated for these streams.

As expected, the mainstem of Dunes Creek (Sitegl3lppossessed the greatest pollutant loads fet pavameters
during the four sampling events. (Table H3 and feguiH14 to H19 detail the loading rates for the &uBreek
watershed streams during the four sampling eveR@iljitant loads in Dunes Creek upstream of theect(Site 3)

were the highest for all parameters during the 2064m event. This reach possessed the highesiliand total
phosphorus loading rates during the 2004 basedi@mt and the highest ammonia-nitrogen and tosgdended solids
loading rates during the 2005 base and storm fieemts. (Site 4 was back-flowing and full of Lakedkigan water due
to heavy winds and wave action during the 2004sftow sampling.) The Dunes Creek Outlet (Site d3gessed the
highest ammonia-nitrogen, nitrate-nitrogen, ortraspthate, and total suspended solids loading ratésgdhe 2004
base flow event, the highest nitrate-nitrogen,| ft@sphorus, anf. coliloading rates during the 2005 base flow event,
and the highest nitrate-nitrogen, orthophosphatal phosphorus, ariel coliloading rates during the 2005 storm flow
event. The only exception to the most downstredss siossessing the highest loading rates occurf@dmson Ditch
downstream of U.S. Highway 20 (Site 7) during tB@2 base flow event where this stream containedigiest
ammonia-nitrogen and total phosphorus loading rates
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Figure H 14. Nitrate-nitrogen loading in Dunes Creek waterséteglams as sampled August 5, 2004, September 14,
2004, June 21, 2005, and July 27, 2005.
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Figure H 15. Ammonia-nitrogen loading in Dunes Creek watersttegams as sampled August 5, 2004, September 14,
2004, June 21, 2005, and July 27, 2005.
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Orthophosphate Load
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Figure H 16. Soluble reactive phosphorus loading in Dunes lonestershed streams as sampled August 5, 2004,
September 14, 2004, June 21, 2005, and July 25.200
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Figure H 17. Total phosphorus loading in Dunes Creek watersheams as sampled August 5, 2004, September 14,
2004, June 21, 2005, and July 27, 2005.
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Figure H 18. Total suspended solids loading in Dunes Creeknshed streams as sampled August 5, 2004, September
14,2004, June 21, 2005, and July 27, 2005.

Areal Loading

In an effort to normalize the nutrient and sedimeatling rates, the rates were divided by subwlagelsize above each
sampling site. This means that mainstem Dunes Gréekatershed acreages, such as Site 3, combieatttesportion
of the Dunes Creek watershed that drains througihetbpective sampling sites. For instance, the ®@neek
watershed upstream of the culvert (Site 3) recenasr from both the West Tributary (Site 2) arafrirthe Cowles

Bog Oultlet (Site 1); therefore, the acreage usedltulate areal loading was the combination ceteibwatersheds.

During base flow events, when most of the uppeersated streams were dry or stagnant, the Westtarip(Site 2)
and the Great Marsh Tributary (Site 5) possessetithest areal loading rates for many paramebaending at least
one of the two base flow events, the West Tribetapiossessed the highest ammonia-nitrogen, nititabeien, ande.
coli areal loading rates and the second highest tasglended solids, orthophosphate, and total phogplaoeal
loading rates. Likewise, the Great Marsh Tribufaogsessed the highest areal loading rates for aramirogen,
orthophosphate, total phosphorus, and total suggksalids and the second highest areal loading fat&. coli.
During the 2004 storm flow event, the West Tribyi@ite 2) also possessed elevated ammonia-nitragemitrate-
nitrogen areal loading rates. However, Munson Diggthes (Sites 8 and 6) possessed the highespbdphate, total
phosphorus, and. coliareal loading rates and the second highest tasglended solids ariel coliareal loading rates,
respectively. During the 2005 storm event, Munsdnlisites possessed the highest and second higfleadioading
rates for all parameters. Site E contained thedsighreal loading rate for orthophosphate, totasphorus, ané. coli,
while Site A possessed the greatest total suspesulield and second highest total phosphorus avedirg rates, and
Sites 6 and 8 possessed the highest ammonia-mitesgknitrate-nitrogen, respectively.

Macroinvertebrates

Save the Dunes Conservation Fund contracted witte\iRo collect samples from the benthic macroiratadte
communities within the Dunes Creek watershed usinailti-habitat approach. Biological samples waalyzed
using IDEM’s Macroinvertebrate Index of Biotic Igtéty (mIBI). Comparison between the samples ctdlddén Dunes
Creek and at a reference site located within tiaelvaters of Coffee Creek was also conducted usa&éapid
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Bioassessment Protocol (Plafkin et. al., 1989). &amaple was collected annually at the mouths ofrthjer tributaries
(West Tributary (Site 2) and East Tributary) ar@hglthe mainstem of Dunes Creek upstream of thedy(Site 3).
Additionally, the macroinvertebrate communitiegath of the water chemistry sampling sites weressss! during the
2005 sampling event. Both assessments occurred bade flow conditions during the summer as detdilethe
project Quality Assurance Project Plan (Appendix@)ganisms were identified to the family level.gddoinvertebratz
communities collected at each of the sampling sitedisted in Appendix 1.)

Macroinvertebrate samples from the Dunes Creekralade streams were used to calculate an indextt mtegrity.
Aguatic macroinvertebrates are important indicatdrsnvironmental change. The insect communitymasition can
reflect water quality; research shows that differeacroinvertebrate orders and families react ifidy to pollution
sources. Indices of biotic integrity are valuaideause aquatic biota integrate cumulative effefctediment and
nutrient pollution (OHIO EPA, 1995).

The benthic community at each sample site was atedwsing IDEM’s macroinvertebrate Index of Bidtitegrity
(miIBI). The mIBI is a multi-metric index designezlprovide a complete assessment of a creek’sdigabintegrity.
The miBI consists of ten metrics (Table H7) whickasure the species richness, evenness, compoaitibdensity of
the benthic community at a given site. The mefrickide family-level HBI (Hilsenhoff's FBI), numbeaf taxa, number
of individuals, percent dominant taxa, EPT IndeRTEount, EPT count to total number of individu&BT count to
chironomid count, chironomid count, and total numiiféndividuals to number of squares sorted. (ERihds for the
Ephemeroptera, PlecopterandTrichopteraorders.) A classification score of 0, 2, 4, 68ds assigned to specific
ranges for metric values. For example, if the bierdbmmunity being assessed supports nine difféaamties, that
community would receive a classification score @fr2he “Number of Taxa” metric. The mIBI is calated by
averaging the classification scores for the terringet miBI scores of 0-2 indicate the sampling &tseverely
impaired; scores of 2-4 indicate the site is ma@dydmpaired; scores of 4-6 indicate the sitdightly impaired; and
scores of 6-8 indicate that the site is non-imphire
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In general, the macroinvertebrate communities pitesithin the Dunes Creek watershed streams werergded by
pollution tolerant species. (Appendix | details nuievertebrate community data collected from thex@uCreek
watershed streams.) During the 2004 assessmetiatid ributary and the West Tributary possessethrhigher taxa
richness (number of taxa) than the community premleng the mainstem of Dunes Creek. (The EasuTaily
contained 20 taxa and the West Tributary contairethxa, while the mainstem contained only 9 taRallution
tolerant species composed the communities atrakthites. Members of the pollution tolerant farAiellidae
dominated the community present within each otliihee streams. Limited numbers of the pollutioolarant orders of
Ephemeroptera, Plecoptera, and Trichoptera (EPA) tagre present within the three streams. The W#stitary
possessed the lowest density (12 individuals) df BRa but contained the highest diversity (4 fas)l, while the East
Tributary and the mainstem each possessed thredaailies and contained 19 (East) to 23 (mainstediyiduals
representing these orders. The community preseheiiast Tributary rated the best mIBI score (8athering a
moderately impaired rating, while the West Tribytg.4) and the mainstem (2.4) possessed pooraoingertebrate
communities which also rated as moderately impaired

When compared with a reference stream locateckihgadwaters of Coffee Creek (Site 6 as assessied the
development of the Coffee Creek Watershed Manageian (JFNew, 2003)) using the rapid bioassesspretcol
(RPB) (Plafkin et al., 1989), the streams ratehsljgoetter than the results obtained from the ng@&iring. Both the
West Tributary and the mainstem rated as moderatglgired using the RPB receiving 75% of 62.5%heftbtal
points possible, respectively, when compared wighbiota present in Coffee Creek during 2002. Tast Eributary’s
biotic community was of higher guality than the ecoumity present within the other two sites basetherRPB. The
East Tributary scored 87.5% of the total pointssfiide when compared with Coffee Creek biota calddh 2002.

The 2005 assessment of Dunes Creek watershed mzaemebrate communities yields similar but poossuits than
those observed during the 2004 assessment. E#ioh sdmple sites possessed low taxa richnessb@Sliges 1 and 5)
to 9 (Site 3) taxa were observed at each site. bfdbe streams possessed 6 (East Tributary aead@ptb 8 (Sites 2, 4,
6, and 7) taxa. These diversity numbers are loger those observed during the 2004 assessmenitiBengere also
lower during the 2005 assessment than those olasdwwiang 2004. Less than 25 individuals were ctdiéavithin the
Munson Ditch sites (Sites 7 and 8), while only 58 82 individuals were collected from Munson DiattHawleywood
Road (Site 6) and the Dunes Creek outlet (Sitee$pectively. Densities observed at the East TaityuiVest
Tributary, and mainstem in 2005 were similar togis present during the 2004 assessment. Howgekution
intolerant species were collected at only two sites Dunes Creek outlet (Site 4) and the Westutaity (Site 2). In
general, the macroinvertebrate communities presighin the Dunes Creek watershed streams were daetrby the
pollution tolerant familie€hironomidaeandAsellidae The only exception to this occurred at the DuDe=ek outlet
(Site 4) where members of the pollution intolerstonefly familyPerlidaewere co-dominant withironomidae Low
water levels and limited flow conditions throughth# Dunes Creek watershed likely limited the dgrasid diversity of
macroinvertebrates within the streams. Only théebabntained pollution intolerant species. Howewdrof the
macroinvertebrate communities present within theashs rated as severely impaired during the 208&sament.

When compared with biota present in the headwafefoffee Creek (Site 6 as assessed during developorf the
Coffee Creek Watershed Management Plan (JFNew,)2a08 Dunes Creek macroinvertebrate communitiesemt
during the 2005 assessment rate as moderatelyaoetgimpaired. The Dunes Creek outlet (Site sgssed the most
similar community but scored only 62.5% of the ltpassible points. Munson Ditch downstream of UHigthway 20
(Site 7) scored 50% of the total points, while\ilest Tributary (Site 2), the mainstem of Dunes Krgestream of the
culvert (Site 3), and Munson Ditch adjacent to Hamlood Road (Site 6) each scored 37.5% of the paotats. All
these streams rate as moderated impaired baskd &BP. The East Tributary, Cowles Bog Outlet ($)teand Great
Marsh Tributary (Site 5) each scored 25% of thal fobints, while Munson Ditch upstream of U.S. Higly 20 (Site 8)
scored the lowest receiving only 16.7% of the tptahts. These streams rated as severely impaaggidon the RBP.

The miBI scores highlight the difference betweenntacroinvertebrate communities found in the D @resk
watershed streams in 2004 and 2005. In generdbjdtie integrity of the macroinvertebrate commigsitas assessed in
2004 indicate that the streams were less impainedglthe 2004 assessment than during the 2005Ssassat. The
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results of the macroinvertebrate survey clearlyatestrate the difference (Figure H20 and Table HiBg variation in
biotic integrity is likely a result of climatic cditions. mIBI scores for both years suggest thantiacroinvertebrate
communities in the Dunes Creek watershed streagnsaderately to severely impaired. Most indicelsiofic integrity
are developed to ensure that there is a statigtgighificant difference between impairment catégm (Karr and Chu,
1999). As such, the macroinvertebrate surveytesufygest there is a significant difference betvthe biological
integrity of the macroinvertebrate communities olsd in 2004 and 2005 with the 2005 community taie poorer.
However, there appears to be no significant diffeeebetween the macroinvertebrate communities préséhe
headwaters of Munson Ditch (Sites 6 to 8), the Gv&ash Tributary (Site 5), the Cowles Bog Outlsit¢ 1), or along
the mainstem of Dunes Creek (Sites 3 and 4) diin@@005 assessment. Reassessing these streamsinvertebrate
communities under more normal climatic conditiores/rallow for a better determination of water qyalit
characteristics.

Table H 8. Metric classification scores and mIBI scorestf@ Dunes Creek watershed sampling sites as sainpled
2004 and 2005.

# of # of % Dom | EPT | EPT EPT: | EPT # Indiv./ Chir. miBI
Metric HBI Taxa Indiv. | Taxa Ind. Count | Total | Abund | Square Count | Score
2004 Sampling
East 0 8 2 8 2 0 2 4 0 8 34
West (S2) 0 6 2 4 4 0 0 2 0 6 24
Mainstem
(S3) 0 2 2 0 2 2 2 6 0 8 2.4
2005 Sampling
East 0 0 2 2 0 0 0 0 0 4 0.8
West (S2) 0 2 2 4 0 0 0 0 0 4 1.2
Mainstem
(S3) 0 2 2 0 0 0 0 0 0 6 1.0
Site 1 0 0 2 0 0 0 0 0 0 2 0.4
Site 4 4 2 2 4 0 2 0 2 0 4 2.0
Site 5 0 0 2 2 0 0 0 0 0 4 0.8
Site 6 0 2 0 0 0 0 0 0 0 4 0.6
Site 7 0 2 0 4 0 0 0 0 0 6 1.2
Site 8 0 0 0 2 0 0 0 0 0 8 1.0

Where: 0-2 = Severely Impaired, 2-4 = Moderatelpdired, 4-6 = Slightly Impaired, 6-8 = Non-impaired

Although these criteria are not part of the IACEID hints that it may be using miIBI scores to defaemwhether a
waterbody is meeting its aquatic life use desigmatfUnder state law, all waters of the state, pifo those noted as
Limited Use in the IAC, must be capable of suppgrtiecreational and aquatic life uses.) In the(2805(b) report,
IDEM suggests that those waterbodies with mIBl esdess than 2 are considered non-supporting fategife use.
Similarly, waterbodies with mIBI scores betweem® 4 are considered to be partially supportingafpratic life use.
Under federal law, waters that do not meet thedigieated uses must be placed on the 303(d) list and
remediation/restoration plans (Total Maximum Daibad plans) must be developed for these waterse®@neek is
already listed on the 303(d) list for impaired aommunities. As detailed in Figure H20, the ro&rorertebrate
community data collected during the developmerthigfwatershed management plan supports the lisfittgese
streams for impaired biotic communities. Figure HiXplays the Dunes Creek watershed miBI scorescbas the
macroinvertebrate sampling effort with respechmguggested IDEM criteria. The miIBI scores sugies during
normal climatic conditions, the Dunes Creek watedsttreams within the Indiana Dunes State Parktdeast partially
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supporting of aquatic life use. However, duringditons which results in lower than normal precfitn, all of the
streams’ mIBI scores suggest that the streamsatélas non-supporting for their aquatic life ussighation.

mIBI Scores
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Figure H 19. Aquatic life use support (ALUS) assessment baseahacroinvertebrate community collection. Note:
IDEM suggests that scores below two rate as nopestipg for their aquatic life use designation, lscores from
two to four rate as partially supporting for thafquatic life use designation.

Stewart et al. (1997) reported that the Dunes Cregadroinvertebrate community was representativesither a
healthy wetland nor stream system. Still, relativéhe other sites sampled in the study (in thebP®itch and Kintzele
Ditch watersheds just east of Dunes Creek), DumeskChad the highest riparian, channel, and enviemtal (RCE)
value (336) and lowest HBI score. Ironically, denes Creek site was considered the least impacttdand habitat
sampled in the Great Marsh, but had the pooresasthabitat with reference to macroinvertebratenconities. This
site drained a large wetland and was dominatedlbgeint organisms able to thrive in low dissolvaggen conditions
with highly organic substrate (Stewart et al., 1997

Stewart et al. (1997) correlated several water idteyrvariables to land use. Chloride, specifinaactance, total
hardness, and turbidity were all positively cortedieto development-related land use. Temperadpesific
conductance, total hardness, and turbidity weratnhesdy correlated with percent natural area. Eatrevetland was
negatively correlated with pH levels and positivedyrelated with iron. Percent commercial, resiiddrindustrial, and
heavy land use was positively correlated with iasurements. Overall, Stewart et al. (1997) fabatlocal
conditions were more influential than watershedestactors in determining macroinvertebrate comityustructure and
function.

Habitat

Substrate type(s) and quality are important faatbrebitat quality and the QHEI score is partigiased on these
characteristics. Sites that have greater substiegesity receive higher scores as they can peogigater habitat
diversity for benthic organisms. The quality dbstrate refers to the embeddedness of the bemthé&c Because the
rocks (gravel, cobble, boulder) that comprise @sstr's substrate do not fit together perfectly pieces in a jigsaw
puzzle, small pores and crevices exist betweernotties in the stream'’s substrate. Many stream osgascan colonize
these pores and crevices, or microhabitats. &asts that carry high silt loads, the pores andaes\between substrate
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rocks become clogged over time. This cloggindeanbedding”, of the stream’s substrate eliminatgsitat for the
stream’s biota. Thus, sites with heavy embeddedaied siltation receive lower QHEI scores for thiestrate metric.

In-stream cover, another metric of the QHEI, referthe type(s) and quantity of habitat providethimithe stream
itself. Examples of in-stream cover include wotmys and debris, aquatic and overhanging vegetatimhroot wads
extending from the stream banks. The channel nobogi metric evaluates the stream’s physical dgpraknt with
respect to habitat diversity. Pool and riffle depenent within the stream reach, the channel siby@sd other factors
that represent the stability and direct modificatid the site comprise this metric score.

A stream’s buffer, which includes the riparian zamel floodplain zone, is a vital functional compuainef riverine
ecosystems. It is instrumental in the detentiemaval, and assimilation of nutrients. Riparianegovern the quality
of goods and services provided by riverine ecosyst@©HIO EPA, 1999). Riparian zone (the area imately
adjacent to the stream), floodplain zone (the bes@nd the riparian zone that may influence theastrthough runoff),
and bank erosion were examined at each site toaeathe quality of the buffer zone of the stretiva,land use within
the floodplain that affects inputs to the watervaayg the extent of erosion in the stream, whichrefiact insufficient
vegetative stabilization of the stream banks. tRempurposes of the QHEI, a riparian zone coneidisof forest, shrub,
swamp, or woody old field vegetation. Typicallye&dy, herbaceous vegetation has higher runoff atéman woody
components and does not represent an acceptaat@nzone type for the QHEI (OHIO EPA, 1989). &ins with
grass or other herbaceous vegetation growing iniplaeian zone receive low QHEI scores for thisnmet

Metric 5 of the QHEI evaluates the quality of pgbidle and riffle/run habitats in the stream. Thegees in a stream,
when present, provide diverse habitat and, in &an,increase habitat quality. The depth of padtisin a reach and
the stability of riffle substrate are some factinat affect the QHEI score in this metric.

The final QHEI metric evaluates the topographidgrat in a stream reach. This is calculated usipggraphic data.
The score for this metric is based on the prerhigeltoth very low and very high gradient streanishaive negative
effects on habitat quality. Moderate gradientastig receive the highest score, 10, for this mefrfee gradient ranges
for scoring take into account the varying influentgradient with stream size.

The QHEI evaluates the characteristics of a str&sgment, as opposed to the characteristics ofjlesampling site.
As such, individual sites may have poorer phydiedlitat due to a localized disturbance yet stjfipsart aquatic
communities closely resembling those sampled atcadt sites with better habitat, provided watellityuzonditions are
similar. QHEI scores from hundreds of stream sexsni@ Ohio have indicated that values greater @taare
generallyconducive to the existence of warmwater faunasres greater than 75 typify habitat conditions tizeve the
ability to support exceptional warmwater faunas (OHEPA, 1999). IDEM indicates that QHEI scores\ah64
suggest the habitat is capable of supporting anbathwarmwater community; scores between 51 araté&dnly
partially supportive of a stream’s aquatic life designation (IDEM, 2000).

Table H9 lists the QHEI scores for the Dunes Creatershed streams. (Detailed QHEI datasheets ataiced in
Appendix C.) The mainstem of Dunes Creek upstrefdimecculvert (Site 3) received the highest sc68,Stable
substrate, well developed channel morphology, abkglinstream and canopy cover, and moderatelydegtloped
pools and riffles characterize this reach. The Weitutary (Site 3) and the East Tributary receitteglnext highest
scores rating 55 and 53 points, respectively. 8gatifferences between the mainstem and the tiot#iies relate
mostly to gradient. Both tributaries scored 4 polass than the mainstem in regards to gradiemtitiddally, the
mainstem possesses limited riffle development whith tributaries lack. As these streams are sattdrb streams, it
is unlikely that any additional natural riffles Wibrm within the streams; therefore, variationgmdient and riffle score
are noted, but are unlikely to change in the futihenson Ditch downstream of U.S. Highway 20 (Siteeceived the
lowest score, 26 of a possible 100. Poor instre@drcanopy cover, lack of well developed pools dfflds, and poor
substrate limited the available habitat at thixhedhe low QHEI scores suggest that the upperguoof Munson
Ditch may not be capable of supporting healthy Eiqguammunities.
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Table H 9. QHEI scores for Dunes Creek watershed samplieg.si
Sit Substrate | Cover | Channel | Riparian | Pool | Riffle | Gradient | Total

e Score Score | Score Score Score | Score | Score Score
Maximum Possible Score 20 20 20 10 12 8 10 10(
East Tributary 10 14 10 10 3 0 6 53
West Tributary (Site 2) 14 12 10 10 3 0 6 55
Mainstem (Site 3) 14 13 10 10 4 2 10 63
Cowles Bog Outlet (Site 1) 5 14 13 10 0 0 6 48
Dunes Creek Outlet (Site 4) 12 2 11 8 0 2 6 41
Great Marsh Tributary (Site 5) 10 7 14 10 0 0 6 47
Munson Ditch (Site 6)
Hawleywood Rd. 13 5 15 10 4 0 4 51
Munson Ditch (Site 7)
Downstream U.S. Hwy 20 ! S 8 4 0 0 8 26
Munson Ditch (Site 8)
Upstream U.S. Hwy 20 9 S 10 ! 2 0 8 41
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Appendix | Macroinvertebrate Results

Macroinvertebrate results from 2004 and 2005 assasents within the Dunes Creek watershed streams.

Table | 1. Macroinvertebrates collected from the Dunes Crealershed streams during the September 14, 2004
assessments.

Scientific Name West Mainstem | East
Odonata

Calopterygidae 4 1 8

Corduliidae 1 1
Hemiptera

Corixidae 1 11
Trichoptera

Hydropsychidae 2 17 6

Limnephilidae 2

Phyganeidae 2 1
Ephemeroptera

Caenidae 1

Heptageniidae 7 5 12
Coleoptera

Dytiscidae 1

Elmidae 1
Diptera

Ceratopogonidae 1 1

Chironomidae 3 2 4

Chironomidae (blood red) 5

Culicidae 1 1 2

Tabanidae 1 1
Other Arthropoda

Asellidae 41 72 17

Gammaridae 21 12 4
Gastropoda

Lymnaeidae 5

Physidae 4 6

Planorbidae 2
Bivalvia

Sphaeriidae 6
Platyhelminthes

Oligochaeta 3 2

Annelida 7

Hirudinea 1 7
Total Number of Individuals 100 112 104
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Table | 2. East Tributary multi-habitat macroinvertebrateutes, September 14, 2004.

Scientific Name # EPT Tolerance (t) #Xt %
Arthropoda

Asellidae 17 8 136 16.35

Gammaridae 4 4 16 3.85
Bivalvia

Sphaeriidae 6 8 48 5.77
Coleoptera

Dytiscidae 1 0.96

Elmidae 1 4 4 0.96
Diptera

Ceratopogonidae 1 6 6 0.96

Chironomidae 4 6 24 3.85

Culicidae 2 1.92

Tabanidae 1 6 6 0.96
Ephemeroptera

Heptageniidae 12 12 4 48 11.54
Gastropoda

Lymnaeidae 5 6 30 4.81

Physidae 6 8 48 5.77

Planorbidae 2 7 14 1.92
Hempitera

Corixidae 11 10 110 10.58
Odonata

Calopterygidae 8 5 40 7.69
Oligochaeta 2 1.92
Platyhelminthes

Annelida 7 6.73

Hirudinea 7 6.73
Trichoptera

Hydropsychidae 6 6 4 24 5.77

Phyganeidae 1 1 4 4 0.96

104 19 6.56
HBI
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Table | 3. East Tributary mIBI metrics, September 14, 2004.
Metric Score

HBI 6.56 0
Number of Taxa (family) 20 8
Number of Individuals 104 2
% Dominant Taxa 16.3 8
EPT Index 3 2
EPT Count 19 0
EPT Count/Total Count 0.18 2
EPT Abundance/Chironomid Abundance 4,71 4
Number of Individuals Per Square 4.95 0
Chironomid Count 4.00 8
mIBIl Score 3.4

Table | 4. West Tributary (Site 3) multi-habitat macroinwdtate results, September 14, 2004.

Scientific Name # EPT Tolerance (t) #Xt %
Arthropoda

Asellidae 41 8 328 41.00

Gammaridae 21 4 84 21.00
Diptera

Ceratopogonidae 1 6 6 1.00

Chironomidae 3 6 18 3.00

Chironomidae (blood red) 5 8 40 5.00

Culicidae 1 1.00

Tabanidae 1 6 6 1.00
Ephemeroptera

Heptageniidae 7 7 4 28 7.00
Gastropoda

Physidae 4 8 32 4.00
Hempitera

Corixidae 1 10 10 1.00
Odonata

Calopterygidae 4 5 20 4.00

Corduliidae 1 3 3 1.00
Oligochaeta 3 3.00
Platyhelminthes

Hirudinea 1 1.00
Trichoptera

Hydropsychidae 2 2 4 8 2.00

Limnephilidae 2 2 4 8 2.00

Phyganeidae 2 2 4 8 2.00

100 13 6.3
HBI

132
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Table | 5. West Tributary (Site 2) mIBI metrics, Septembér 2004.

Metric Score

HBI 6.31 0
Number of Taxa (family) 17 6
Number of Individuals 100 2
% Dominant Taxa 41.0 4
EPT Index 4 4
EPT Count 13 0
EPT Count/Total Count 0.13 0
EPT Abundance/Chironomid Abundance 1.63 2
Number of Individuals Per Square 2.22 0
Chironomid Count 8.00 6
mIBIl Score 2.4

Table | 6. Mainstem (Site 3) multi-habitat macroinvertebnasults, September 14, 2004.

Scientific Name # EPT Tolerance (t) #Xt %
Arthropoda
Asellidae 72 8 576 64.29
Gammaridae 12 4 48 10.71
Diptera
Chironomidae 2 6 12 1.79
Culicidae 1 0.89
Ephemeroptera
Caenidae 1 1 7 7 0.89
Heptageniidae 5 5 4 20 4.46
Odonata
Calopterygidae 1 5 5 0.89
Oligochaeta 1 0.89
Trichoptera
Hydropsychidae 17 17 4 68 15.18]
112 23 6.7
HBI
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Table | 7. Mainstem (Site 3) mIBI metrics, September 14,200

Metric Score

HBI 6.69 0
Number of Taxa (family) 9 2
Number of Individuals 112 | 2

% Dominant Taxa 64.3 0
EPT Index 3 2
EPT Count 23 2
EPT Count/Total Count 0.21 2
EPT Abundance/Chironomid Abundance 1150 6
Number of Individuals Per Square 9.33 0
Chironomid Count 2.00 8

mIBI Score
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Table | 8. Macroinvertebrates collected from the Dunes Crealershed streams during the June 21, 2005 asseissm

Scientific Name

Site 1

Site 2

Site 3

Site 4

Site §

b Site 6

Site 7

Site 8

East

Odonata

Aeshnidae

Plecoptera

Perlidae

25

Hemiptera

Corixidae

Gerridae

Nepidae

Notonectidae

Trichoptera

Limnephilidae

Coleoptera

Dytiscidae

Elmidae

Diptera

Chironomidae

93

25

26

54

42

Chironomidae (blood red)

32

Culicidae

Ephydridae

Tabanidae

Collembola

Poduridae

Other Arthropoda

Asellidae

38

73

49

Cambaridae

Gammaridae

29

24

11

Talitridae

Gastropoda

Lymnaeidae

Physidae

16

Planorbidae

11

Pelecypoda

Sphaeriidae

Platyhelminthes

Hirudinea

Nematoda

41

12

Oligochaeta

Total Number of Individuals

114

100

113

82

107

52

32

15

108
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Table | 9. East Tributary multi-habitat macroinvertebrateutes, June 21, 2005.

Scientific Name #

EPT

Tolerance (t)

#Xt

%

Diptera

Chironomidae 2

12

1.9%

Chironomidae (blood red) 32

256

29.6%

Other Arthropoda

Asellidae 49

392

45.4%

Gammaridae 11

44

10.2%

Platyhelminthes

Hirudinea 2

1.9%

Nematoda 12

11.1%

108

7.49

HBI

Table | 10. East Tributary mIBI metrics, June 21, 2005.

Metric Score

HBI

7.49

0

Number of Taxa (family)

6.00

0

Number of Individuals

108.00

N

% Dominant Taxa

45

EPT Index

0.00

EPT Count

0.00

EPT Count/Total Count

0.00

EPT Abundance/Chironomid Abundance

0.00

Number of Individuals Per Square

8.31

Chironomid Count

34.00

mIBI Score
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Table | 11. West Tributary (Site 2) multi-habitat macroinwdtate results, June 21, 2005.

Scientific Name # EPT Tolerance (t) #Xt %
Odonata
Aeshnidae 2 3 6 2.0%
Trichoptera
Limnephilidae 1 1 4 4 1.0%
Coleoptera
Dytiscidae 1 1.0%
Diptera
Chironomidae 25 6 150 25.0%
Tabanidae 1 6 6 1.0%
Other Arthropoda
Asellidae 38 8 304 38.0%
Gammaridae 29 4 116 29.0%
Gastropoda
Physidae 3 8 24 3.0%
100 1 6.10
HBI

Table | 12. West Tributary (Site 2) mIBI metrics, June 21030

Metric Score

HBI 6.16 0
Number of Taxa (family) 8.00 2
Number of Individuals 100.00 2
% Dominant Taxa 38 4
EPT Index 1.00 0
EPT Count 1.00 0
EPT Count/Total Count 0.01 0
EPT Abundance/Chironomid Abundance 0.04 0
Number of Individuals Per Square 9.09 0
Chironomid Count 25.00| 4

mIBI Score
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Table | 13. Mainstem (Site 3) multi-habitat macroinvertebnagsults, June 21, 2005.

Scientific Name # EPT Tolerance (t) #xt %
Hemiptera
Corixidae 2 10 20 1.8%
Gerridae 1 5 5 0.9%
Notonectidae 1 0.9%
Coleoptera
Elmidae 1 4 4 0.9%
Diptera
Chironomidae 2 6 12 1.8%
Chironomidae (blood red) 5 8 40 4.4%
Other Arthropoda
Asellidae 73 8 584 64.6%
Gammaridae 24 4 96 21.2%
Gastropoda
Physidae 4 8 32 3.5%
113 0 7.02
HBI

Table | 14. Mainstem (Site 3) mIBI metrics, June 21, 2005.

Metric Score

HBI 7.08 0
Number of Taxa (family) 9.00 2
Number of Individuals 113.00 2
% Dominant Taxa 65 0
EPT Index 0.00 0
EPT Count 0.00 0
EPT Count/Total Count 0.00 0
EPT Abundance/Chironomid Abundance 0.04 0
Number of Individuals Per Square 1883 O
Chironomid Count 7.00 6
mIBIl Score 1
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Table | 15. Cowles Bog Outlet (Site 1) multi-habitat macranebrate results, June 21, 2005.

Scientific Name # EPT Tolerance (t) #xt %
Diptera
Chironomidae 93 6 558 81.6%
Collembola
Poduridae 1 0.9%
Gastropoda
Physidae 6 8 48 5.3%
Planorbidae 11 7 77 9.6%
Pelecypoda
Sphaeriidae 3 8 24 2.6%
114 0 6.26
HBI

Table | 16. Cowles Bog Outlet (Site 1) mIBI metrics, June 2005.

Metric Score

HBI 6.26 0
Number of Taxa (family) 5.00 0
Number of Individuals 114.00 2
% Dominant Taxa 82 0
EPT Index 0.00 0
EPT Count 0.00 0
EPT Count/Total Count 0.00 0
EPT Abundance/Chironomid Abundance 0.04 0
Number of Individuals Per Square 4.22, 0
Chironomid Count 93.00| 2
mIBIl Score 0.4
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Table | 17. Dunes Creek outlet (Site 4) multi-habitat macveitebrate results, June 21, 2005.

Scientific Name # EPT Tolerance (t) #Xt %
Plecoptera
Perlidae 25 25 1 25 30.5%
Hemiptera
Corixidae 1 10 10 1.2%
Nepidae 1 1.2%
Coleoptera
Dytiscidae 1 1.2%
Diptera
Chironomidae 26 6 156 31.7%
Other Arthropoda
Asellidae 5 8 40 6.1%
Gammaridae 7 4 28 8.5%
Gastropoda
Physidae 16 8 128 19.5%
82 25 4.84
HBI

Table | 18. Dunes Creek outlet (Site 4) mIBI metrics, JuneZD5.

Metric Score

HBI 4.84 4
Number of Taxa (family) 8.00 2
Number of Individuals 82.00] 2
% Dominant Taxa 32 4
EPT Index 1.00 0
EPT Count 25.00 | 2
EPT Count/Total Count 0.01 0
EPT Abundance/Chironomid Abundance 0.94 2
Number of Individuals Per Square 1.06 0
Chironomid Count 26.00| 4
mIBIl Score 2
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Table | 19. Great Marsh Tributary (Site 5) multi-habitat n@nrertebrate results, June 21, 2005.

Scientific Name # EPT Tolerance (t) #xt %
Diptera
Chironomidae 54 6 324 50.5%
Culicidae 2 1.9%
Other Arthropoda
Asellidae 4 8 32 3.7%
Pelecypoda
Sphaeriidae 6 8 48 5.6%
Platyhelminthes
Nematoda 41 38.3%
107 0 6.31
HBI

Table | 20. Great Marsh Tributary (Site 5) mIBI metrics, J@&ie 2005.

Metric Score

HBI 6.31 0
Number of Taxa (family) 5.00 0
Number of Individuals 107.00 2
% Dominant Taxa 50 2
EPT Index 0.00 0
EPT Count 0.00 0
EPT Count/Total Count 0.00 0
EPT Abundance/Chironomid Abundance 0.04 0
Number of Individuals Per Square 5.35 0
Chironomid Count 54.00| 4
mIBI Score 0.8
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Table | 21. Munson Ditch at Hawleywood Road (Site 6) multbitat macroinvertebrate results, June 21, 2005.

Scientific Name # EPT Tolerance (t) #xt %
Odonata
Aeshnidae 1 3 3 1.9%
Hemiptera
Corixidae 2 10 20 3.8%
Notonectidae 1 1.9%
Diptera
Chironomidae 42 6 252 80.8%
Tabanidae 1 6 6 1.9%
Other Arthropoda
Cambaridae 3 5.8%
Gastropoda
Lymnaeidae 1 6 6 1.9%
Pelecypoda
Sphaeriidae 1 8 8 1.9%
52 0 6.15
HBI

Table | 22. Munson Ditch at Hawleywood Road (Site 6) mIBI rest, June 21, 2005.

Metric Score

HBI 6.15 0
Number of Taxa (family) 8.00 2
Number of Individuals 52.000 O
% Dominant Taxa 81 0
EPT Index 0.00 0
EPT Count 0.00 0
EPT Count/Total Count 0.00 0
EPT Abundance/Chironomid Abundance 0.0( 0
Number of Individuals Per Square 0.68 0
Chironomid Count 42.00

mIBI Score

142



7/11/2006

Table | 23. Munson Ditch downstream of U.S. Highway 20 (Sitenulti-habitat macroinvertebrate results, Jung 21

2005.
Scientific Name # EPT Tolerance (t) #X1 %
Odonata
Aeshnidae 1 3 3 4.3%
Hemiptera
Corixidae 2 10 20 8.7%
Diptera
Chironomidae 8 6 48 34.8%
Chironomidae (blood red) 1 8 8 4.3%
Culicidae 1 4.3%
Ephydridae 1 6 6 4.3%
Gastropoda
Physidae 1 8 8 4.3%
Platyhelminthes
Nematoda 8 34.8%
23 0 6.64
HBI

Table | 24. Munson Ditch downstream of U.S. Highway 20 (SitenIBI metrics, June 21, 2005.

Metric Score

HBI 6.64 0
Number of Taxa (family) 8.00 2
Number of Individuals 23.000 O
% Dominant Taxa 35 4
EPT Index 0.00 0
EPT Count 0.00 0
EPT Count/Total Count 0.00 0
EPT Abundance/Chironomid Abundance 0.0( 0
Number of Individuals Per Square 0.30 0
Chironomid Count 9.00 6

mIBI Score
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Table | 25. Munson Ditch upstream of U.S. Highway 20 (Siteriiti-habitat macroinvertebrate results, June 21,
2005.

Scientific Name # EPT Tolerance (t) #Xt %
Ephemeroptera
Hemiptera
Corixidae 7 10 70 46.7%
Diptera
Chironomidae 1 6 6 6.7%
Culicidae 1 6.7%
Other Arthropoda
Cambaridae 1 6.7%
Talitridae 1 8 8 6.7%
Platyhelminthes
Oligochaeta 4 26.7%
15 0 7.64
HBI

Table | 26. Munson Ditch upstream of U.S. Highway 20 (Siter8Bl metrics, June 21, 2005.

Metric Score

HBI 9.33 0
Number of Taxa (family) 6.00 0
Number of Individuals 15.00f O
% Dominant Taxa 47 2
EPT Index 0.00 0
EPT Count 0.00 0
EPT Count/Total Count 0.00 0
EPT Abundance/Chironomid Abundance 0.0( 0
Number of Individuals Per Square 0.19 0
Chironomid Count 1.00 8
mIBIl Score 1
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Acronyms

ACOE
BMP
BOD
ccwce
CD
CFU
CRP
CTIC
CWA
CWP
USEPA
EQIP
FRIENDS
GAP
GIS
GLAHNF
GPS
HUC
INDOT
INDU
IAC
ICRAT
IDEM
IDNR
ISDA
ISS
LARE
NIRPC
NOAA
NPDES
NPS
NRCS
NWI
0OSDS
QHEI

Army Corps of Engineers

Best Management Practice

Biological (or Biochemical) Oxygen Demand
Coffee Creek Watershed Conservancy
Conservation Design

Colony Forming Units

Conservation Reserve Program

Conservation Technology Information Center
Clean Water Act

Center for Watershed Protection
United Stateg€nvironmental Protection Agency
Environmental Quality Incentives Program
Friends of the Indiana Dunes

Gap Analysis Program

Geographic Information System

Great Lakes Aquatic Habitat Network and Fund
Global Positioning System

Hydrologic Unit Code

Indiana Department of Transportation

Indiana Dunes National Lakeshore

Indiana Administrative Code

Indiana Coastal Restoration Action Team
Indiana Department of Environmental Management
Indiana Department of Natural Resources
Indiana State Department of Agriculture
Individual Septic System

Lake and River Enhancement

Northwestern Indiana Regional Planning Comimiss
National Oceanic and Atmospheric Administnatio
National Pollutant Discharge Elimination System
Nonpoint source

Natural Resources Conservation Service
National Wetland Inventory

On-site sewage disposal systems

Qualitative Habitat Evaluation Index

149
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RPB

SDCF
SHLT
SSC
SWCD
TMDL
TNC
USDA
USFW
USGS
UWA
WHIP

150

Rapid Bioassessment Protocol

Save the Dunes Conservation Fund
Shirley Heinze Land Trust
Suspended Sediment Concentration
Soil and Water Conservation District
Total Maximum Daily Load

The Nature Conservancy

United States Department of Agriculture
United States Fish and Wildlife
United States Geological Survey
Unified Watershed Assessment

Wildlife Habitat Incentives Program
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Glossary of Terms

303(d) List— a list identifying waterbodies that are impaibgtbne or more water quality elements therebytiligithe
performance of designated beneficial uses.

Aquifer — any geologic formation containing water, esgotae that supplies water for wells, springs, etc

Best Management Practices (BMPs} practices implemented to control or reduce nontpsource pollution.
Canopy Cover— the overhanging vegetation over a given area.

Channelization — straightening of a stream; often the resultush&in activity.

Coliform — intestinal waterborne bacteria that indicatalfeontamination. Exposure may lead to human heisks.

Conservation Design (CD) -a development approach that seeks to protectimas@urces from development impacts
by taking existing landscape, drainage, and nafesdlires into consideration.

Designated Uses state-established uses that waters should sufgpgr fishing, swimming, aquatic life).

Detention Pond— a basin designed to slow the rate of stormwateioff by temporarily storing the run-off and
releasing it at a specific rate.

Dissolved Oxygen (DO} oxygen dissolved in water that is availableafguatic organisms.

Easement- a right, such as a right of way, afforded antgidi make limited use of another's real property.
Ecoregion— a geographic area characterized by climates,gyglology, and vegetation.

Ecosystem- a community of living organisms and their intéated physical and chemical environment.
Erosion — the removal of soil particles by the action oferawind, ice, or other agent.

Escherichia coli (E.coli) — a type of coliform bacteria found in the intee8 of warm-blooded organisms, including
humans.

Exotic species -an introduced species not native or endemic tatea in question.
Gradient — measure of a degree of incline; the steepnesslope.

Groundwater — water that flows or seeps downward and satusaiésr rock.
Headwater— the origins of a stream.

Hydrologic Unit Code (HUC) — unique numerical code created by the U.S. Gaab§urvey to indicate the size and
location of a watershed within the United States.

Impervious Surface— any material covering the ground that does lhmivavater to pass through or infiltrate (e.g.
roads, driveways, roofs).

Infiltration — downward movement of water through the uppertagst of soil.
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Low Impact Development (LID) - a development approach that utilizes a variehatural or built features to
promote sound management of stormwater.

Macroinvertebrates — animals lacking a backbone that are large enttughe without a microscope.

National Pollutant Discharge Elimination System (NB®ES) — national program in which pollutant dischargaish
as factories and treatment plants are given pemititsset limits of discharge allowable.

Nonpoint Source Pollution (NPS)- pollution generated from large areas with natifiable source (e.g., stormwater
run-off from streets, development, commercial axidential areas).

Permeable— capable of conveying water (e.g., soil, poroasemials).

Point Source Pollution— pollution originating from a “point,” such ap#e, vent, or culvert.

Pollutant — as defined by the Clean Water Act (Section 502 (&Iredged spoil, solid waste, incinerator resid
sewage, garbage, sewage sludge, munitions, chewass, biological materials, radioactive materiaéat, wrecked
or discarded equipment, rock, sand, cellar dirtinddstrial, municipal, and agricultural waste t&iged into water.”
Pool— an area of relatively deep, slow-moving watea Btream.

Retention Pond— A basin designed to retain stormwater run-othet a permanent pool is established.

Riffle — an area of shallow, swift moving water in aatne

Riparian Zone — an area, adjacent to a waterbody, which is eftgretated and constitutes a buffer zone between th
nearby land and water.

Run-off — water from precipitation, snowmelt, or irrigatithat flows over the ground to a waterbody. Rfircan pick
up pollutants from the air or land and carry theto streams, lakes, and rivers.

Sediment- soil, sand, and minerals washed from the latedarwaterbody.

Sedimentation— the process by which soil particles (sedimenigre accumulate, and settle to the bottom of a
waterbody.

Storm Drain — constructed opening in a road system througlkiwhin-off from the road surface flows on its wayat
waterbody.

Stormwater — the surface water run-off resulting from preteiton falling within a watershed.
Substrate— the material that makes up the bottom layersifeam.
Topographic Map — map that marks variations in elevation acrdssidscape.

Total Maximum Daily Load (TMDL) - calculation of the maximum amount of a pollutiduat a waterbody can
receive before becoming unsafe and a plan to lpetution to that identified safe level.

Tributary — a stream that contributes its water to anottneas or waterbody.

Turbidity — presence of sediment or other particles in wateking it unclear, murky, or opaque.
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Water Quality — the condition of water with regard to the preseor absence of pollution.

Water Quality Standard — recommended or enforceable maximum contamieaetd of chemicals or materials in
water.

Watershed— the area of land that water flows over or urateits way to a common waterbody.

Wetlands — lands where water saturation is the dominarbifac determining the nature of soil development the
types of plant and animal communities.



	Executive Summary
	Table of Contents
	1.0 Introduction
	1.1 Watershed Partnerships
	1.2 Public Participation
	2.0 Physical Description of the Watershed
	2.0.1 Watershed Location
	2.0.2 Natural History
	2.0.3 Endangered Species
	2.0.4 Geology and Soils
	2.0.5 Topography
	2.0.6 Hydrology
	2.0.7 Ecoregions

	2.1  Land Use Description of the Watershed
	2.1.1 Cultural/Recreational Resources
	2.1.2 Land Ownership

	3.0 Water Quality and Data Collection
	4.1 Pathogens
	4.1.1 Failing Septic Systems
	4.1.2 Agricultural Livestock Runoff
	4.1.3 Wildlife

	4.2 Siltation
	4.3 Salinity/TSS/Chlorides
	4.4 Nutrients
	4.5 Flow and Habitat Alteration
	4.6 Causes Unknown
	5.0 Goals, Objectives, and Implementation Priorities
	6.0 Management Measures and Resources
	7.0 Existing/On-going Activities
	8.0 Measuring Progress and Plan Evaluation
	9.0 Future Considerations
	10.0 Implementation
	Appendix A Watershed Plan Distribution List and Steering Committee Members
	Appendix B Outreach Brochure
	Appendix C Press Releases
	Appendix D Mittal Steel
	Appendix E Endangered, Threatened, and Rare Species
	Appendix F Dunes Creek Ecoregion
	Appendix G Quality Assurance Project Plan
	Appendix H Water Quality Parameters and Discussion by Stream Reach
	Loading
	Macroinvertebrates
	Habitat

	Appendix I Macroinvertebrate Results
	Literature Cited
	Glossary of Terms



