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EXECUTIVE SUMMARY 

INTRODUCTION AND FOCUS OF THE STUDY 

This report presents the results of the Christopher B. Burke Engineering, Ltd. (CBBEL) analysis of the Williams 
Creek Watershed.  The Williams Creek Watershed upstream of the Hamilton/Marion County line encompasses 
about 16 square miles of drainage area in the southwest corner of Hamilton County.  Portions of the City of 
Carmel and the City of Westfield are in the watershed. 

The Williams Creek Watershed Master Plan was developed for long term use by the Cities and County for 
assistance with stormwater regulatory decisions, zoning decisions, and decisions relating to development in the 
watershed.  Future development in the watershed should be reviewed with the Master Plan to ensure consistency 
and to properly evaluate potential impacts.     

SUMMARY OF THE ISSUES 

Meetings were held with residents of the watershed and with local agency officials to identify known stormwater 
(quantity and quality) concerns affecting the Williams Creek Watershed.  Based on the results of the meetings, the 
extent of existing flooding problems in the watershed is limited to concerns about subdivision infrastructure 
issues, wet basements, flooding of a few roads, impacts from future development, and the impact of a private 
dam on flooding.   Based on assessments completed as part of this study, there are also some existing water 
quality problems, and a few potential flooding issues for roads and buildings. Details regarding the analysis and 
findings are presented in the Master Plan report. 

RECOMMENDATIONS 

Based on the results of the detailed analysis of the watershed and the issues described above, the Master Plan 
components have been organized as study, regulatory, planning, education, or construction related 
recommendations and are noted below: 

Study 

1) Identify BMPs (structural and non-structural) for each site that had a low Qualitative Habitat Evaluation 
Index (QHEI) score (sites  4, 8, 9, & 10) 

2) Confirm the condition of the macroinvertebrates at sites 4, 7, and 9 

3) Conduct hydraulic studies to revise/identify floodplains on Spring Mill Run, Elliot Creek, Henley Creek, and 
Almond Ditch 

4) Address the items from the Southwest Clay Township Annexation Master Drainage Plan, 2009 as details 
are made known and as jurisdiction will allow 

5) Delineate the limits of the area inundated by the Base Flood Elevation (BFE) plus 2 feet flood elevations 
for use in regulatory functions 
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6) After about 10 more years of record at the Williams Creek stream gage or after a major rainfall event, 
revisit the hydrologic modeling to verify the model calibration or identify the existence of significant 
hydrologic changes in the watershed. 

Regulatory/Incentives 

1) Revise various City/County regulations to incorporate additional requirements or incentives such as: 

� Require wetland delineations by a qualified professional on any site prior to development 

� Establish a regulation prohibiting draining or diverting a water source from a delineated wetland 

� Require wetland mitigation at a higher ratio than the United  States Army Corps of Engineers 
(USACE)  and the Indiana Department of Environmental Management (IDEM) 

� Require additional monitoring and maintenance of wetland mitigation sites 

� Increase wetland buffer and setback requirements to filter pollutants 

� Update the Stormwater Management Ordinance and technical Standards to include removal 
requirements for nutrients, metals, and E. coli 

� Add a channel protection volume requirement to the Stormwater Management Ordinance and 
Technical Standards 

� Encourage the utilization of Low Impact Development (LID)/green approaches in meeting post-
construction stormwater requirements including meeting channel protection volume regulations 

� Require developers of large areas of land, such as for subdivisions, to submit spatially referenced 
digital files of subbasins and flow directions and paths as part of final review process 

� For new construction, require lowest floor (including basement) to be 1 to 2 feet above the 1% 
annual chance flood elevation of nearby ponds that could impact a structure 

� Use the Master Plan floodplain delineation upstream of 131st Street for regulatory purposes 

� Require the proposed culvert replacements along 146th Street to include replacement of lost 
storage 

2) Review development codes to determine how stormwater friendly they are 

3) Integrate recommendations from the Central Indiana Green Infrastructure Plan into the Comprehensive 
Plans and development codes 

4) Technically evaluate wetland mitigation plans for feasibility and probability of success 

5) Make sure ordinances are enforced so that natural resources are protected and flood elevations are not 
increased by upstream land use changes 

6) Consider adding non-regulated stream reaches to the regulated drain rolls so that a funding mechanism 
exists to maintain these reaches as well as Williams Creek itself 
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Maintenance

1) Establish/continue regular maintenance plan to keep the Williams Creek channel relatively free of debris.  
Conduct maintenance in a manner that minimizes disturbance and preserves the current vegetative 
corridor along the stream. 

2) Until the culvert under Towne Road just south of 146th Street is replaced, locate the source of debris that 
blocks the culvert and develop plan for regular removal 

3) Continue to maintain the USGS stream gage on Williams Creek at 96th Street 

Education 

1) Using County/City websites, post:  Indiana Department of Natural Resources (IDNR) Construction in the 
Floodway jurisdictional limits, links and instructions to local sites for jurisdictional information, links and 
instructions to the Federal Emergency Management Agency (FEMA) Map Service Center web site for 
floodplain mapping and Flood Insurance Study (FIS) information, and brochures created to assist 
homeowners in addressing wet basement issues 

2) Work with developers as they come in to discuss plans to:  encourage inclusion of rain gardens, 
bioretention basins, increased flow paths, disconnected impervious areas, etc. in the green aesthetic 
requirements for the US 31 corridor, create site plans that avoid and minimize impacts to wetlands and 
streams, consider wetland mitigation only when impacts are unavoidable, and encourage pursuit of 
wetland mitigation in floodplains to increase flood protection 

3) Use County/City websites and information dissemination avenues to encourage residents to: expand 
forested buffers along stream corridors (provide guidance so that it’s done in a way that still allows the 
Surveyor’s office access to the creek in some way if needed to remove debris), and, if home is near the 
BFE, pursue the benefits of flood insurance 

4) Identify and create large scale wetland mitigation bank opportunities 

5) Conduct a pond workshop to educate homeowner associations about the function, design, and good 
maintenance practices of stormwater ponds 

Construction 

1) Replace culverts at 106th Street west of Laurelwood Drive over Thomas Hussey Drain, 141st Street over 
Williams Creek, and Francis Court over Williams Creek with larger structures 

2) Raise Spring Mill Road south of 106th Street, increase size of culverts  under Spring Mill Road, raise private 
drive to act as a levee 
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CHAPTER 1   INTRODUCTION 

Williams Creek Watershed in Hamilton County Indiana has experienced 
tremendous growth over the recent past, and that growth is expected to 
continue.  In an effort to render more effective opinions regarding 
environmental and flooding concerns due to urbanization, the Hamilton 
County Drainage Board, in partnership with the City of Carmel, retained 
Christopher B. Burke Engineering, Ltd. (CBBEL), to develop the Williams 
Creek Watershed Master Plan.  This master plan can effectively assist these 
government entities by identifying and analyzing stormwater management 
concerns as this watershed continues to develop, and provide a 
recommended plan to manage those concerns so that new stormwater 
problems are not created and existing problems can be understood and 
addressed. 

1.1 WATERSHED LOCATION 

The Williams Creek Watershed upstream of the Hamilton/Marion County line 
encompasses about 16 square miles of drainage area in Hamilton County, 
the City of Carmel, and the City of Westfield.  Figure 1-1 highlights the 
location of the Williams Creek watershed.   

Figure 1-1  Williams Creek Watershed (Shaded Area) Location in Hamilton 
County 
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Williams Creek consists of both regulated drain and natural stream that wind 
through the eastern portion of the watershed.  Several regulated and non-
regulated tributary streams including Henley Creek, Almond Ditch, Elliot 
Creek, Ames Run, Will Creek, Clay Creek, Center Creek, Spring Mill Run, and 
Well Run drain into Williams Creek.  Williams Creek drains into White River in 
Marion County, approximately five miles downstream of the 
Hamilton/Marion County line. 

1.2 PURPOSE AND SCOPE 

The primary purpose of this Master Plan is to identify and analyze 
stormwater management concerns as the watershed continues to develop 
and to provide a specific plan to manage stormwater.  This Master Plan has 
been developed for long term use by the City and County for assistance with 
stormwater regulatory decisions, zoning decisions, and other decisions 
relating to development in the watershed as it affects the open drainage 
system.  It is intended that this plan help guide proper stormwater 
management as development continues to occur within the watershed in 
order to preserve natural and beneficial functions of the natural drainage 
system and preserve and enhance stormwater quality.   

The computer modeling of Williams Creek Watershed, developed as part of 
this Master Plan, can be revised in the future to understand the impacts of 
changes in the watershed that might arise other than those covered by this 
Master Plan.  Proposed development/redevelopment in the watershed as 
defined in the Carmel, Westfield, and Hamilton County Stormwater 
Management ordinances and technical standards should be reviewed with 
the Master Plan to ensure consistency and to properly evaluate the potential 
impacts. 

This Master Plan includes: 

� Identification of existing conditions of the wetlands, floodplains, 
stream channels, runoff volumes, and water quality of the 
watershed,  

� Identification of existing problems and potential future concerns 
associated with wetlands, floodplains, stream channels, runoff 
volumes, and water quality in the watershed,  

� Evaluation of potential solutions to identified problems,  

� Recommendation of a plan to address the problems,  

� Implementation steps needed to carry out the recommendations 
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1.3 ORGANIZATION OF THIS DOCUMENT 

This report is divided into several chapters with appendices of backup data.  
A brief summary of the contents of each chapter is presented below: 

� Chapter 1   : Introduction – (this Chapter) – provides a brief 
background regarding the location of the watershed, purpose and 
scope of the Master Plan, and how it is organized. 

� Chapter 2   :  Existing Conditions – describes the current condition of 
the watershed and summarizes the extent and severity of surface 
water quantity and quality concerns based on information gathered 
from public input, local agency input, review of previous studies, 
data collection, and further analysis.  This Chapter also includes an 
examination of impacts of land use and its changes over time, 
regulations, regulated drain projects or maintenance activities, and 
general activities in the watershed on wetlands, floodplains, stream 
channel morphology, and stormwater runoff quality and quantity.   

� Chapter 3   :  Future Conditions – describes the anticipated future 
land uses and regulations or projects.  It also identifies the severity 
and extent of problems that could arise as a result. 

� Chapter 4   :  Watershed Goals and Evaluation Criteria – describes 
the goals for the watershed in terms of water quality improvement, 
flood reduction or prevention, etc.  Also discusses the criteria used 
to evaluate potential solutions in order to meet the watershed goals. 

� Chapter 5   :  Recommendations for Improvements and Addressing 
Concerns – describes the alternatives investigated as solutions to the 
noted problems and provides information regarding each 
alternative’s expected positive and negative results.  A detailed 
explanation of findings is provided for those solutions that were 
promising.  An explanation of the recommended alternative(s) is 
then provided.  Estimated costs and potential funding sources are 
also discussed. 

� Chapter 6   :  Implementation Plan – provides a summary of 
conclusions of the study and a prioritized list of actions to be 
followed in order to implement the recommended plan components. 

� Chapter 7   :  References – lists information sources. 
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CHAPTER 2   EXISTING CONDITIONS 

2.1 INTRODUCTION

Identifying effective solutions to stormwater problems depends on the 
thorough understanding of the existing stormwater conditions and concerns 
within the watershed.   Due to the nature of a watershed, the resources, 
problems, concerns, and impacts of modifications occurring within a 
watershed are often times inter-related. Water that falls on the Williams 
Creek watershed absorbs into plants, evaporates, ponds and soaks into the 
ground, or runs off of roofs, roads, parking lots, driveways, and yards, and 
flows overland, down driveways and streets, through swales and storm 
pipes, to tributaries and then to Williams Creek and south into Marion 
County.  The condition of all of the land within the watershed therefore 
affects the quality and quantity of the water that travels through the 
watershed. 

This chapter describes conditions in the Williams Creek Watershed as it 
exists today.  Included are descriptions of the land use, wetlands, flood risk 
areas, channel morphology, and quality and quantity aspects of stormwater.  

 

Figure 2-1  Aerial View of Williams Creek Watershed 
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Regulations and existing studies and projects related to the water resources 
in the watershed are also described.  This data has been gathered from 
available mapping, computer modeling for the watershed, water sampling 
and analysis, discussions of concerns with local officials and the public, and 
review of previous studies.  The existing conditions in the watershed are 
described in the following sections: 

2.2     Land Use 
2.3     Wetlands 
2.4     Stormwater Quality 
2.5     Channel Morphology 
2.6     General Flood Characteristics 
2.7     Site Specific Flood Concerns 
2.8     Regulations 
2.9     Stormwater Related Projects 
2.10   Summary of Concerns 

2.2 LAND USE 

Aerial photography from 1956 shows the vast majority of the area was 
farmland prior to development.  Over the 50 plus years since then, 
population in the County has increased approximately 800%.  As a result, 
almost the entire watershed is now developed.  A conceptual development 
plan is under way for the last large open area located at the northern edge of 
the watershed.  Once that area develops , only small pockets of undeveloped 
land will remain. 

Aside from some commercial development along US 31, most of the 
watershed is estates or residential subdivisions.  The estates are wooded and 
are located mainly in the southern part of the watershed.  More than 50 
subdivisions are located over the whole watershed.  Table 2-1 indicates the 
number of acres and the percentage of the land uses within the Williams 
Creek Watershed.  The current land use map is provided in Figure 2-2.   

Land Use Acres Percentage 
Residential – Single Family 4,457.2 44%
Residential – Multi Family 40.7 < 1%
Commercial 466.6 5%
Agricultural 1,070.2 11%
Golf Course, Park 482.1 5%
Education 161.2 1%
Tax-Exempt (Non-Education) 142.0 1%
Vacant Land 2,993.2 30%
Right-of-Way 271.6 3%
Totals 9,853 100% 

Table 2-1  General Land Use within the Williams Creek Watershed 
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Generally, as development and the amount of impervious surfaces within a 
watershed increase, water quality and general stream health is adversely 
impacted as increases in nutrient (phosphorus and nitrogen), sediment, 
bacteria, and pathogen-loading typically occur.  Residential land use, the 
majority of land use in the Williams Creek Watershed, is typically a large 
source of pollutants such as wildlife and pet waste, lawn and yard clippings, 
fertilizers and pesticides, detergents, and debris which all cause water 
quality and stream habitat impacts.   

Studies by the Center for Watershed Protection have shown how impervious 
surfaces (roof tops, driveways, streets, parking lots, etc.) reduce infiltration 
and increase both the volume and velocity of stormwater runoff.  The study 
shows that when a watershed has less than 10% impervious surface, the 
negative impact to the stream is anticipated to be minimal.  The percentage 
of impervious surface in the Williams Creek Watershed is approximately 17% 
so the impact is expected to be Moderate due to increased pollutant loads, 
toxic materials in the runoff, and elevated water temperatures.  Table 2-2 

 

Figure 2-2  Current Land Use 
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summarizes some of the research completed by the Center for Watershed 
Protection. 

Watershed 
Imperviousness 

Stream Impact 
Impact on Water Quality 

0-10% Minimal Reduced macroinvertebrate diversity 
10-15% Low Degraded habitat 
15-25% Moderate Increased pollutant loads, toxic materials, and 

water temperatures 
25-50% High Higher peak flows, impaired stream chemistry and 

biology 
50%+ Severe Severe changes in hydrology, hydraulics, 

morphology,  and water quality; few natural 
habitat features remaining 

Table 2-2  Impact of Imperviousness on Water Quality 

2.3 WETLANDS 

The Williams Creek Watershed is located in the Central Till Plain Natural 
Region of Indiana, a region that, in pre-settlement times, was dominated by 
poorly drained, hydric soils, flatwood forests, mesic forests, and seasonally 
wet depressions.  The topography in this region is level to gently undulating 
and was heavily forested.  Wetland communities predominated along river 
valleys. 

The watershed is located in a rapidly developing area with only 10% - 25% of 
land use remaining cropland, pasture, or undeveloped floodplain.  The 
natural hydrology of the entire county has been drastically altered by the 
construction of extensive tile systems and regulated ditches to quickly 
transport water away from agricultural fields.  Further alteration has 
occurred as the area developed and brought extensive storm pipe systems 
and impervious surfaces. 

With so few wetlands remaining, particularly in urban areas, it is important 
to recognize the type and quality of the existing wetland communities.  
Traditionally, wetland areas are classified based upon the Cowardin 
Classification System (see Figure 2-3). 

   



Williams Creek Watershed Master Plan    

 
8 

 

 

Figure 2-3  Cowardin Classification System 
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Several notable wetland areas within the Williams Creek Watershed were 
identified using 1992 National Wetland Inventory (NWI) data, 2007 aerial 
photography, soil maps, United States Geological Survey (USGS) topographic 
maps, and other available studies.  No onsite wetland evaluations were 
conducted; however detailed field work would be beneficial to further 
determine the wetland community types and quality of the sites.  Significant 
Wetland Sites are shown in Figure 2-4.  

 

Wetland Site 1:  Multiple linear, forested wetlands were identified along 
Spring Mill Run, Williams Creek, Clay Creek, Elliot Creek, and Henley Creek.  
These wetlands are generally classified as Riverine, Lower Perennial, 
Unconsolidated Bottom, with Mud or Sand substrate (R2UB3(2)).   

Wetland Site 2:  A linear, Palustrine Forested (PFO) area was identified along 
Williams Creek between 106th Street and just north of 116th Street.  This 
wetland encompasses both banks of the creek in this area and ranges from 
150 feet to 400 feet wide.  This wetland is dominated by Shoals Silt Loam 
(Sh), a partially hydric soil.   

 

Figure 2-4  Significant Wetlands 
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Wetland Site 3:  A linear, Palustrine Forested Seasonally Flooded (PFOC) 
wetland is located along Williams Creek, between 146th Street and 151st 
Street.  This wetland provides a buffer for the stream of approximately 50-
feet on either bank, and is dominated by Sh soils.   

Wetland Site 4:  A PFOC is located northeast of the intersection of US 31 and 
111th Street.  This wetland is 5.5 acres in size and is mapped with hydric, 
Brookston soils (Br). 

Wetland Site 5:  A PFO wetland of 4.75 acres is located on the south side of 
146th Street, between Towne Road and Ditch Road.  This wetland is irregular 
in shape, and likely follows the outline of the mapped Br soils. 

The wetland sites above are listed in order of significance to the aquatic 
health of the watershed.  Wetlands located along stream corridors (Wetland 
Sites 1, 2, and 3) are particularly important because they provide crucial 
flood storage and they filter pollutants before they enter the stream 
channels.  When these wetlands are forested, they can filter a very high 
pollutant load due to the huge uptake capabilities of many tree and shrub 
floodplain species.  Additionally, continuity of these floodplain wetlands is 
important for wildlife travel corridors.  Wetland Sites 1, 2, and 3 have 
significant size and length and therefore are more valuable than smaller 
fragmented wetlands.   

Wetland sites 4 and 5 are both forested.  Forested wetlands have multiple 
vegetative layers; tree canopy, understory trees, shrubs and vines, and 
herbaceous plants, and are generally more diverse than emergent or scrub-
shrub wetlands.  Because of this, they can provide habitat to a wider range of 
species.  Wetland Sites 4 and 5 are the largest sites.  The greater the acreage 
of a wetland, the more habitat value, flood storage, and pollutant filtration it 
will provide.  This is why larger wetland mitigation banks are preferred by 
the regulatory agencies over smaller, permittee-owned wetland mitigation at 
separate sites.    

2.4 STORMWATER QUALITY 

In 1999, the US Environmental Protection Agency (US EPA) issued regulations 
related to the National Pollutant Discharge Elimination System (NPDES) 
Storm Water Phase II program whereby discharges from small Municipal 
Separate Storm Sewer Systems (MS4s) in “urbanized areas” serving 
populations of less than 100,000 and stormwater discharges from 
construction activities that disturb more than 1 acre of land.  These 
regulations are referred to as the NPDES Phase II Storm Water Program. 

Wetlands located along 
stream corridors (Wetland 

Sites 1, 2, and 3) are 
particularly important because 

they provide crucial flood 
storage and they filter 

pollutants before they enter 
the stream channels. 
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In the State of Indiana, the Indiana Department of Environmental 
Management (IDEM) is responsible for the development and oversight of the 
NPDES Phase II Program.  The IDEM initiated the adoption of the Phase II 
Rules that were ultimately codified as 327 IAC 15-13 (Rule 13).  Rule 13 
requires designated MS4 entities to apply for permit coverage by submitting 
a Notice of Intent (NOI) and developing Storm Water Quality Master Plans 
(SWQMPs) through a phased submittal process.  The SWQMP is the 
foundation of a MS4 entity’s Stormwater Program.  The IDEM’s phased 
submittal requirements for the SWQMP include the following 3 components: 

Part A: Initial Application 
Part B: Baseline Characterizations Report 
Part C: Program Implementation Plan 

Part B of the SWQMP required communities to conduct an initial 
investigation of water quality within their communities.  At a minimum Part 
B submittals were required to include the following information: 

� An investigation and assessment of the impacts of existing land uses 
on stormwater runoff within the MS4 Area,  

� An identification of sensitive areas within the MS4 Area, 

� A review of known existing and available water quality monitoring 
data for the MS4 Area, 

� An identification and assessment of structural and non-structural 
Best Management Practices (BMPs) within the MS4 Area, and 

� An identification of priority areas for the implementation of BMPs.  

As stated in Rule 13, “Ongoing data collection related to the SWQMP Part B: 
Baseline Characterization Report must be submitted to the Indiana 
Department of Environmental Management (IDEM) with the corresponding 
Annual Report.”  Rule 13 is not prescriptive in terms of how MS4s should go 
about completing ongoing characterizations, and a variety of 
characterization options, ranging from reviewing existing water quality data 
to collecting new biological, chemical, and physical data is generally 
considered acceptable.  In past annual reports, Hamilton County, The City of 
Carmel, and the City of Westfield have typically reviewed IDEM’s 303(d) List 
of Impaired Waters to determine if there have been changes to the list that 
may be associated with Stormwater Programs.  However, the collection of 
biological, chemical, and physical water quality data within the Williams 
Creek Watershed provides MS4s in the watershed with useful baseline 
information that will serve as a tool in evaluating the long-term water quality 
impacts of their Stormwater Programs. 

“Ongoing data collection 
related to the SWQMP Part B: 

Base-line Characterization 
Report must be submitted to 
the Indiana Department of 

Environmental Management   
(IDEM) with the corresponding 

Annual Report.” 
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Biological, chemical, and physical water quality assessments were utilized to 
better characterize the overall ecological health of Williams Creek and its 
tributary streams.  Assessments such as these assist water resource planners 
by serving as a baseline for comparing any future data collected.  This is 
useful in establishing long-term trends in water quality; identifying water 
quality problems and potential sources of pollution; prioritizing water 
management decisions based on the positive or negative impacts to water 
quality; and educating watershed residents and stakeholders of the 
associations of their everyday activities and stream health. 

In all, 10 sites in the Williams Creek Watershed were selected to be 
evaluated and are shown in Figure 2-5.  These sites were selected based on 
available public access points and their general location within the 
watershed. 

 

2.4.1 Biological Assessment 

Biological assessments of Williams Creek and its tributary streams were 
completed by sampling the macroinvertebrate communities at each site in 

Figure 2-5  Sampling Sites in the Williams Creek Watershed 

General descriptions of  
the 10 sites are: 

 
1.  Williams Creek at 96th St. 
2.  Spring Mill at Interstate 465 
3.  Spring Mill at 106th St. 
4.  Williams Creek at 106th St. 
5.  Williams Creek at 116th St. 
6.  Williams Creek at Spring Mill Rd. 
7.  Elliot Creek at Clay Center Rd. 
8.  Almond Creek at 131st St. 
9.  Williams Creek at 131st St. 
10.  Williams Creek at 146th St.
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October 2008 and April 2009.  Macroinvertebrate communities are indicative 
of the overall health of an aquatic system, and provide a long term view of 
the water quality in a particular watershed or stream.  Macroinvertebrate 
organisms serve as pollution indicators as some organisms (stoneflies, 
mayflies, and caddis flies) are considered to be “pollution sensitive” while 
others (midges, leeches, and worms) are considered more “pollution 
tolerant”.  As a stream becomes more polluted, various high quality pollution 
sensitive organisms will be less prevalent and lower quality pollution tolerant 
organisms will dominate the community. 

The Pollution Tolerance Index (PTI) is one method utilized to rapidly assess a 
stream’s health as it relates to macroinvertebrate richness.  This index, 
adapted from protocols developed for many monitoring programs 
throughout the United States, utilizes weighted values on 4 pollution 
Tolerance Groups (shown in Table 2-3), to determine an overall rating of the 
pollution tolerance of the stream being sampled.  For example, the total 
number of taxa (not organisms) present in the sample for each Tolerance 
Group is recorded.  This sum is then multiplied by the appropriate weighted 
value as shown in the table.  The new values for each Tolerance Group are 
then added to determine the overall PTI for that sampling area. The PTI was 
utilized to assess the biological richness of the Williams Creek Watershed.   

GROUP 1
Intolerant

GROUP 2
Moderately 
Intolerant

GROUP 3
Fairly Intolerant

GROUP 4
Very Intolerant

Weighted Value = 4 Weighted Value = 3 Weighted Value = 2 Weighted Value = 1
Stonefly Damselfly Midge Left-Handed Snail
Mayfly Dragonfly Black Fly Aquatic Worm
Caddis Fly Sowbug Planaria Blood Midge
Dobsonfly Scud Leech Rat-Tailed Maggot
Riffle Beetle Crane Fly   
Water Penny Clams/Mussels   
Right Handed Snail    

Table 2-3  Pollution Tolerance Groups and Representative Taxa 

A total sum of 58 is possible using these groups and weighted values.  
Streams with values of 23 or better are considered to be in “excellent” 
condition based on this metric while those with score of 10 or less are 
considered “poor”.  The ranges of scores and the associated ratings for the 
PTI are as follows: 

� 23 and above – Excellent 

� 17-22 – Good 

� 11-16 – Fair 

� 10 and below – Poor 

During the October 2008 sampling event, few organisms, if any, were 
collected at many of the sampling locations in the study area, resulting in a 

 

Figure 2-6  Site #1 – Looking Upstream 
under the 96th Street Bridge

The Pollution Tolerance 
Index (PTI) is one method 
utilized to rapidly assess a 

stream’s health as it relates 
to macroinvertebrate 

richness.  

Caddis Fly Larva
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PTI rating of poor for each site.  This may be a result of sampling in late fall 
during a period of prolonged cold temperatures, as many of the sites 
appeared to have adequate habitat for macroinvertebrates.  In addition to 
available habitat, chemical water samples collected to date were typically 
within ranges appropriate for streams in central Indiana.  Sampling riffles 
within several of the streams was also made difficult by the heightened 
water levels.  These factors; date, temperature, and water level, are 
expected to be the basis for many of the extremely low PTI ratings for the 
October sampling event.   

The April 2009 sampling event proved to be more productive as a greater 
number of families and a greater number of 
specimens were collected at each site.  Based on 
these results, the best sites according to the PTI 
are Site #8- Almond Creek at 131st Street, and 
Site #10-Williams Creek at 146th Street, which 
both scored an “Excellent” rating of 26.  The 
lowest PTI ratings were achieved at Site #4-
Williams Creek at 106th Street with a PTI of 2 
and Site #9-Williams Creek at 131st Street with a 
PTI of 5.  Figure 2-7 represents the PTI scores as 
follows:  Red = Poor; Orange = Fair; Green = 
Good; Blue = Excellent.  Raw data sheets for the 
macroinvertebrate sampling events are located 
in Appendix 1.   

2.4.2 Chemical Assessment 

Parameters sampled at each site included pH, temperature, dissolved 
oxygen, conductivity, turbidity, nitrate/nitrite, organic nitrogen, ammonia, 
total and dissolved phosphorus, and E. coli.  Samples were collected once per 
month in September and October 2008 and April through August 2009.  To 
ensure the integrity of the sampling protocol, duplicate samples and analyses 
were performed at site #7 during each sampling event. Table 2-4 provides 
the target concentrations for the parameters sampled as recommended by 
the Indiana State Water Quality Standards, the IDEM Total Daily Maximum 
Load (TMDL) Reports, the Ohio Environmental Protection Agency (OEPA), 
and the US EPA. 

Figure 2-7  PTI Scores from Ten Sampling Sites 
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Figure 2-8  Algal Growth at Site #9 

Parameter Target Reference
Ammonia 0.0 – 0.21 mg/L * Indiana Administrative Code 
Conductivity NA NA 

Dissolved Oxygen 
Min: 4.0 mg/L 

Max: 12.0 mg/L
Indiana Administrative Code 

Dissolved Phosphorus NA NA 

E. coli 
Max: 235 CFU/100 mL in a 

single sample 
Indiana Administrative Code 

Nitrate-Nitrite 
Max: 10 mg/L in drinking 

water 
Indiana Administrative Code 

Organic Nitrogen NA NA

Total Phosphorus 

Max: 0.3 mg/L IDEM draft TMDL target 

Max: 0.08 mg/L 
Ohio EPA recommendation to 
protect aquatic biotic integrity in 
warm water habitats 

Turbidity Max: 10.4 NTU US EPA recommendation 
Table 2-4  Target and Reference Information for Chemical Sampling 

It is important to note that chemical sampling results provide a “snapshot” of 
the water quality at the precise time of sample collection.  Chemical 
composition of the water column or water body can change quickly with 
changes in temperature, precipitation, adjacent land disturbances, and 
changes in velocities and flow within the stream.  These results, however, 
are an integral component in better understanding sources and impacts of 
pollution within the watershed.  Long term trends can be analyzed to provide 
comparisons between water quality at the sampling locations and land use 
changes, stream maintenance, precipitation, seasonality, etc. within the 
watershed.  Raw water quality data is available in Appendix 2. 

Nutrients such as nitrogen and phosphorus, while essential to the growth of 
beneficial aquatic plants, can become detrimental to the water system by 
enhancing the growth of algae.  Increases in algal growth can lead to 
eutrophication in lakes and ponds and can alter the balance of the stream 
ecosystem.  Heightened levels of such nutrients may also lead to detrimental 
fluctuations of dissolved oxygen levels, decreased sunlight penetration, 
alterations in the fish and macroinvertebrate assemblages, and even fish 
kills.   Figure 2-8 shows excessive algal growth at Site #9-Williams Creek at 
131st Street. 

Nutrients 

Field crews collected grab samples at each site on a monthly basis during the 
sampling period as described above.  These samples were delivered to a local 
water quality laboratory and each sample was analyzed for ammonia, 
nitrate/nitrite, organic nitrogen, and total and dissolved phosphorus.  Within 
the Williams Creek Watershed, the samples analyzed were all reported to be 
below the nutrient targets mentioned in Table 2-4.  Ammonia levels were 
consistently below 0.9 mg/L and total phosphorus levels, when detectable, 
were below the IDEM TMDL target recommendation.  Figure 2-9 shows the 
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mean phosphorus concentrations within the Williams 
Creek Watershed during the sampling period.   

Field crews sampled dissolved oxygen, conductivity, pH, 
and temperature at each sampling location using hand 
held data collection devices.  Temperature and pH levels 
were collected as these parameters are utilized to 
determine the appropriate levels of other important 
parameters such as dissolved oxygen (DO) 
concentrations, DO percentages, and total ammonia 
concentrations.  Several literature sources suggest that 
conductivity levels below 800 μS (micro-Siemens) are 
indicative of background levels and suggest that when 
levels of 1,000 μS or greater are observed, investigations 
into sources of such pollution should be completed.  
Conductivity results at all locations never exceeded 800 
μS and the majority of samples, were below 700 μS. 

DO, Conductivity, pH, and Temperature 

DO is necessary for the fish and aquatic 
macroinvertebrate populations to function properly and 
even to survive.  As these levels may fluctuate 
significantly with diurnal cycles (daytime vs. nighttime), it 
is suggested that minimum levels should not drop below 
4.0 mg/L and maximum levels of DO not exceed 12.0 
mg/L.  For the Williams Creek Watershed, the DO mean 
concentrations were consistently between 6.9 mg/L and 
7.9 mg/L and no sites were identified as having 
concentrations below 4.0 mg/L or above 12.0 mg/L. 

These bacteria associated with the intestinal tract of 
warm blooded animals are widely used as an indicator of 
fecal pollution in water bodies.  Among other sources, E. 
coli bacteria commonly enter streams from failing septic 
systems and pet and wildlife waste.  As referenced in 
Table 2-4, water quality standards for E. coli have been 
established for Indiana at 235 CFU/100 mL for a single 
sample.   These levels can be difficult to reach due to 
wildlife inputs and the high cost of sewer infrastructure 
and improvements.   

E. coli

Figure 2-9  Mean Phosphorus Concentrations 

Figure 2-10  Mean Dissolved Oxygen Concentrations 

Figure 2-11  Mean E. coli Concentrations 
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During the chemical sampling events within the Williams Creek Watershed, 
the E. coli concentrations exceeded this standard in the majority (56%) of 
individual samples.  Concentrations in excess of 2,420 CFU/100mL were 
observed at Site #3-Spring Mill Road at 106th Street.  This site also has the 
highest mean concentration for E. coli at 1427 CFU/100 mL.  With the 
exception of Site #7-Elliot Creek at Clay Center Road, all other mean 
concentrations were also above the single sample Indiana Water Quality 
Standard for E. coli. 

Turbidity measures the “cloudiness” of the water.  This cloudiness is due to 
the individual suspended solids (primarily clay and silt 
particles and/or algae) that are present within the water 
column.  Many times, suspended solids such as soil 
particles are delivered to the stream via runoff from 
disturbed lands such as construction sites.  Streambank 
erosion due to high velocities and volumes of water 
within the stream also is a source of these particles.  
During the sampling period, none of the NTU levels 
exceeded the US EPA recommendation of 10.4 NTU.  
Site #10-Williams Creek at 146th Street samples resulted 
in the highest mean concentration of 5.5 NTU while the 
majority of the other sites had mean concentrations 
between 2 and 3 NTU. 

Turbidity 

2.4.3 Physical Assessment 

Physical characteristics regarding the general stream morphology of each 
site were collected and recorded.  The width of the stream as well as the 
depth of the stream at regular intervals was measured.  At the same time, 
any signs of significant erosion along the streambanks were noted.  These 
assessments are beneficial when tracking changes in stream morphology and 
streambank stability over time.  The Qualitative Habitat Evaluation Index 
(QHEI) was utilized to establish baseline data in regard to stream morphology 
as well as the evaluation of the in-stream characteristics and the correlation 
of those characteristics to the ability to support aquatic fauna. 

The QHEI was developed by the OEPA to assist with relating stream habitat 
and the biological ability of a stream.  The QHEI provides an overall 
quantitative metric that can generally correspond to the ability of a stream 
to support fish or other invertebrate communities.  Individual metrics for 
substrate, instream cover, channel morphology, riparian and bank condition, 
pool and riffle quality, and gradient are summed to provide the total QHEI 

Figure 2-12  Mean Turbidity Levels 
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Figure 2-13  Recent Erosion at Site 
#10 

score.  It is important to note that QHEI score are indicative of the 200 foot 
stream reach segment that was assessed.  Significant changes in any of the 
aforementioned metrics could be observed upstream or downstream of 
these areas. 

This score, with a total possible score of 100 points has been correlated such 
that generally speaking, a stream segment with a score of 60 or more is 
conducive to the existence of warmwater fauna.  In addition, scores ranging 
between 45 and 60 indicate areas where some modifications have been 
made and that the biology may or may not be supported in these streams.  
Scores under 45 are indicative of many man-made modifications or impacts 
and that the biological communities will generally not be supported in these 
waters.  These scores can be utilized to compare changes in habitat at one 
site over time, or to compare different stream segments.  

The Williams Creek QHEI assessments were completed in May of 2009 at 
each sampling location with the exception of Site #8.  Due to an active 
construction project, access to this site was not available in May.  The QHEI 
assessment for Site #8 was completed in August of 2009.   

At many of the sampling locations, the common factors having an effect on 
the overall QHEI score were substrate and channel morphology.  The 
substrate of the stream is the compilation of silt, sand, gravel, cobble, or 
other material lining the channel bottom.  The amount of substrate 
embeddedness is also estimated to better indicate the amount of 
sedimentation occurring within the stream.  As an example of low scores in 
this metric, Site #9-Williams Creek at 131st Street received a score of 5 of 20 
possible, largely due to the amount of silt and the amount of embeddedness 
of the substrate.  Site #10-Williams Creek at 146th Street scored a 6 for 
similar reasons.  Signs of significant streambank erosion were noted at Site 
#7-Elliot Creek at Clay Center Road, Site #8-Almond Creek at 131st Street 
(based on landowner conversations), and Site #10-Williams Creek at 146th 
Street, shown in  Figure 2-13. 

Within the QHEI evaluation, overall channel morphology accounted for a 
maximum possible 20 points for criteria such as: 

� Sinuosity: the degree that the channel meanders 

� Development: the development of the riffle/pool complexes 

� Channelization: man-made channel modifications 

� Stability:  the stability of the stream channel substrate 

Considering QHEI scores for the channel morphology portion, Site #2-Spring 
Mill Creek at I-465 and Site #6-Wililams Creek at Spring Mill Road each score 
a 16 of 20 with indications of moderate sinuosity, good stream development, 
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and no signs of recent channelization within the stream reach segment 
assessed. 

The highest overall QHEI score (74.5) was observed at Site #7-Elliot Creek at 
Clay Center Road.  Site #6-Williams Creek at Spring Mill 
Road also scored above a 70 with a score of 71.5.  The 
lowest overall scores were observed at Site #9-Williams 
Creek at 131st Street (37) and Site #8-Almond Creek at 
131st Street (38). While Site #8 achieved a low QHEI 
score, it should be noted that this site scored the highest 
PTI of all sites sampled.  This is potentially due to the 
varied sampling dates as this site was sampled much 
later in the season than the others.  Additionally, 
construction of a new bridge and street have occurred in 
this area and it is possible that the sediments noted 
during the QHEI assessment were recently deposited 
within this stream segment.  Figure 2-14 shows the QHEI 

scores for the Williams Creek sampling locations.  Raw data sheets for the 
QHEI assessments are located in Appendix 3.   

2.4.4 Water Quality Assessment Summary 

To better understand the biological, chemical, and physical assessments 
discussed above and how they relate to each other, a prioritization matrix 
(shown in Table 2-5) was developed to provide a review of the individual 
metric scores, individual metric rankings, and a total score and rank.  QHEI 
scores are those achieved through the assessment completed in May 2009 
and the PTI scores are those resulting from the April/July 2009 assessment.  
E. coli was selected as an individual metric as over half of the single samples 
collected exceeded the Indiana Water Quality Standard.  For all other 
chemical metrics, the samples collected were within the acceptable range 
based on the information provided in Table 2-5.   

Site
QHEI PTI E.coli Site 

Score 
Overall 

Rank Score Rank Score Rank Score Rank 
1 70 4 17 3 336.5 3 10 2 
2 69.5 5 14 5 395.2 5 15 4 
3 72 2 16 4 918.0 10 16 5 
4 57 7 2 8 356.5 4 19 7 
5 67 6 16 4 580.8 9 19 7 
6 71.5 3 20 2 423.8 6 11 3 
7 74.5 1 9 6 223.0 1 8 1 
8 38 9 26 1 516.8 8 18 6 
9 37 10 5 7 434.3 7 24 8 

10 52.5 8 26 1 263.0 2 11 3 
Table 2-5  Water Quality Assessment Summary 

Figure 2-14  QHEI Scores for Sampling Points along Williams 
Creek 
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The shaded cells in Table 2-5 indicate those areas where observed scores 
were below ideal situations for each assessment.  For example, as stated 
earlier, QHEI scores above 60 were indicative of areas that are most likely to 
support aquatic fauna.  Therefore, the shaded boxes are those sites where 
the QHEI scores were below 60.  Scores above 17 for the PTI are considered 
good indicating streams that support a range of macroinvertebrate 
populations and varied tolerances to pollution.  Within the table the sites 
where PTI scores were below 17 are shaded.  Similarly, E. coli mean 
concentrations that exceed the Indiana Water Quality Standard for a single 
grab sample (235 cfu/100 ml) are shaded.  While these mean scores are not 
a single grab sample, it provides a baseline data set that can be valuable for 
comparing sites over a length of time.  Single grab sample concentrations did 
range from acceptable to greatly exceeding the Indiana Water Quality 
Standard at individual sites and these ranges can be viewed in the raw data 
sheets in Appendix 2. 

For the individual metrics a rank of 1 indicates the higher water quality and a 
score of 10 indicates potentially lower water quality.  The numerical ranks 
were summed to determine the overall site score.  To determine the overall 
site rank, the lowest overall site score received the highest rank (1) in terms 
of protection efforts.  Conversely, the highest site rank (8) is prioritized for 
mitigation efforts to enhance the biological, chemical, and/or physical 
components of the stream system.  Figure 2-15 indicates the overall rank 
associated with the sampling sites within the Williams Creek Watershed 
along with each site’s priority for mitigation efforts. 
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Figure 2-15  Sampling Site Priority for Mitigation Efforts 

Macroinvertebrate sampling dates were adjusted to accommodate other 
aspects of this planning effort.  Due to conditions discussed previously, the 
October macroinvertebrate results were not considered in the Water Quality 
Assessment Summary.  As such, the PTI scores and rankings may not be an 
accurate representation of the Williams Creek Watershed.  However, as no 
other macroinvertebrate data exists for this watershed, both sampling 
events provide insight to the conditions of the streams.  Additional sampling 
in this area will result in a truer dataset of the macroinvertebrate health of 
the Williams Creek Watershed. 

2.5 CHANNEL MORPHOLOGY

Overall channel morphology is a factor that influences water quality as 
described in the previous section.  The factors that influence the channel 
morphology are the topic of this section.  There is a strong relationship 
between stream channel stability and watershed changes.  Streams are 
constantly evolving in response to natural and human-influenced changes in 
their watershed.  These changes impact the physical, chemical, and biological 
processes of the stream corridor which may lead to degradation of water 

Figure 2-15 indicates the 
overall rank associated with 
the sampling sites within the 
Williams Creek Watershed. 
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quality, decreased water storage and conveyance capacity, loss of habitat for 
fish and wildlife, and decreased recreational and aesthetic value.  

Stream channels develop their shape in response to the volume and rate of 
runoff that they receive from their contributing watersheds. Research has 
shown that in hydrologically stable watersheds, the streamflow responsible 
for most of the shaping of the channel (called the bankfull flow) occurs 
between every 1 to 2 years. When land is developed, the volume and rate of 
runoff from that land increases for these comparatively small flooding events 
that are not normally addressed by the detention practices and the stream 
channel will adapt by changing its shape.  As the stream channel works to 
reach a new stable shape, excess erosion occurs.   

A graph comparing the bankfull (2-year) flood hydrograph from the 1957 and 
current land use models is shown in Figure 2-17.  Note that not only has the 
development increased the 2-year (50% annual chance) frequency peak flow 
but it has nearly doubled the length of time that the discharge remains near 
bankfull.  (Note:  Because detention of the 2-year frequency storm is not 
required, no detention was modeled for those storms.  Some detention may 
in reality be occurring that would not be reflected in this level of 
modeling.)

 

To provide a frame of reference, the rainfall associated with the flood 
graphed above is 2.5 inches in a 12 hour period.  An example of a rainfall 
slightly larger than this order of magnitude was in June 2008 when 1.7 to 2.8 
inches of rain fell over the watershed in 6 hours.  The USGS gage at 96th 
Street recorded a peak discharge of 1,440 cfs for that storm.  Hydraulic 
modeling shows some overbank flooding at that discharge. 

Figure 2-17  Comparison of Representative Hydrographs for 50% annual chance runoff 

Figure 2-16  Williams Creek 
DownstreamView 

Not only has the 
development increased the 

2- year (50% annual chance) 
frequency peak flow but it 

has nearly doubled the 
length of time that the 
discharge remains near 

bankfull.  
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Figure 2-18  Spring Mill Road 
Downstream of 141st Street 

As shown in Figure 2-17, the channel-forming discharge in Williams Creek 
has increased as development has increased.  This could explain the areas of 
channel bank erosion that were noted along the creek shown in the pictures.   

Another factor influencing the channel bank erosion is manmade alteration 
of the stream channel.  According to staff at the Surveyor’s Office, some of 
the Williams Creek tributaries have been altered but they have shown little 
movement as a result of the development that has occurred in this 
watershed in the last 50 years.  Much of this may be attributed to very good 
development and stormwater management ordinances as well as regular 
maintenance practices.  For example, the County does not allow lot lines to 
extend right up to the channel banks, allowing a filter of sorts between the 
construction and the stream.   

2.6 GENERAL FLOOD CHARACTERISTICS 

The previous section described some of the impacts of watershed 
development on the stream channel.  This section describes additional 
impacts in relation to the changes in the volume of runoff, the peak runoff, 
and the duration of flooding.  This section also identifies the current 
floodplain for the stream. 

To investigate stormwater runoff volumes and flows in response to various 
frequency rainfalls, a hydrologic model of the watershed was developed as 
part of this study.  Details of the model are provided in Appendix 4.  Digital 
copies of the modeling are provided in Appendix 5.  Basically, the model 
takes information about the watershed in terms of runoff potential, how 
long it takes rainfall to reach certain points in the watershed, and the 
intensity and duration of rainfall, and calculates expected peak flows and 
volumes at specified locations within the watershed.   

For this watershed, enough data was available to allow calibration of the 
model to the June 1957 flood as well as the September 2003 and June 2008 
flood events.  These calibration results provided information about the 
impact of watershed development on runoff volumes, peak flows, and 
duration of flooding.   

2.6.1 Runoff Volume 

Runoff volume created by any given rainfall episode is impacted by the land 
use.  By using the calibration models, a comparison was made of runoff 
volumes between the 1% (100-year) annual chance – 12 hour rainfall episode 
occurring on the 1950s agricultural condition, and the present day developed 
condition.  The graph in Figure 2-19 shows there has been about a 10% 
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increase in the amount of the runoff from the watershed in response to the 
same amount of rainfall as a result of development.  

 

The County and Cities have recognized the impacts development can have 
on runoff volumes and peak flows and have enacted regulations to address 
the issues.  Stormwater regulations in Hamilton County have evolved over 
the years as the understanding of the implications of the regulations has 
grown.  In particular, the County has tried to regulate release rates from 
development such that downstream peak discharges would not be increased 
by the changes in land use and any associated increases in runoff volume.  As 
may be concluded from Figure 2-19, no effective regulation is yet in effect 
that would control the volume of runoff. 

2.6.2 Peak Flows – Williams Creek 

In 1984, the first detention requirements for the county were enacted.  The 
criterion for stormwater discharge was that the 1% (100-year) annual chance 
post-development peak discharge be less than or equal to the 10% (10-year) 
annual chance pre-development peak discharge.   

In 1999, the requirements were appended to further state that the 10% (10-
year) annual chance post-development peak discharge must be less than or 
equal to the 50% (2-year) annual chance pre-development peak discharge.   

 

Figure 2-19  Comparison of 1% (100-year) Annual Chance Flood Volumes 

There has been about a 10% 
increase in the amount of 

the rainfall that runs off the 
watershed now that it has 

been developed.  
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In 2006, an allowable peak discharge per acre was developed to regulate the 
flood discharges from development.  Presently, these standards state that 
the allowable post-developed peak discharge from a site shall be no greater 
than 0.1 cfs/acre for the 0-10 year return interval storms and 0.3 cfs/acre for 
the 11-100 year return interval storms.  The standards allow for 
establishment of smaller (more restrictive) values if the results from site-
specific studies warrant such a reduction.  Carmel and Westfield have 
adopted the same standards.   

The Hamilton County Surveyor has established more restrictive release rates 
in certain watersheds.  Currently, the Williams Creek Watershed has no such 
more restrictive release rate requirement.  In order to confirm whether 
lower release rates would be necessary in the Williams Creek Watershed, the 
cfs/Acre for each subwatershed calculated in the calibrated existing 
condition hydrologic model created for the watershed was compared to the 
current Allowable Release Rates.  The current rates were found to be 
adequate. This means that the current Allowable Release Rates do indeed 
prevent developed condition 1% (100-year) and 10% (10-year) annual chance 
peak flood discharges from a development from being higher than the 
respective peak flow discharge was before development. 

The calibrated hydrologic model used to evaluate the allowable release rates 
was also used to evaluate the effect of development on the discharges along 
Williams Creek as the contribution from each subarea is combined.  Three 
conclusions were drawn from the calibration model results.  The first 
conclusion is that development that has preserved or created significant tree 
stands has offset at least a portion of the runoff potential increase.  This was 
evidenced by the fact that the curve number (an indicator of runoff 
potential) for subareas with residential land use along with a dense cover of 
mature trees had to be lowered from a curve number representative of 
residential land use to a curve number closer to that of wooded areas to 
calibrate the model.   

The second conclusion was that the percent of the area that is impervious 
and directly connected to the stormwater discharge system has a large affect 
on discharge peaks.  In general, areas where development appeared to 
connect impervious areas directly to the stormwater system required a 
higher percent imperviousness value added in the model in order to achieve 
good calibration results.   

The third conclusion has to do with the impact of detention practices in the 
watershed. The model was used to test the impact on expected peak 
discharges if the 1% (100-year) annual chance rainfall had occurred on the 
watershed in its: 

The current Allowable 
Release Rates do indeed 

prevent developed condition 
1% and 10% annual chance 

peak flood discharges from a 
development from being 

higher than the respective 
peak flow discharge was 

before development.  
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� agricultural condition of the 1950s,  

� existing condition, and  

� existing condition had no detention been constructed.   

These comparisons used generalized assumptions about detention volumes 
based on percentage of the area with runoff flowing to detention ponds and 
the detention requirements in place when the subdivision was assumed to 
have been developed.  It does not model each individual detention basin.   

A graphical comparison of the 1% (100-year) annual chance peak discharges 
for each of the noted conditions is shown below in Figure 2-20.  (The “step” 
at the smaller discharges is due to the inclusion of Spring Mill Run and Clay 
Creek tributaries at their confluence with Williams Creek in addition to 
points along Williams Creek itself.)  

 

A comparison of the peak discharges for the 10% (10-year) and 50% (2-year) 
annual chance frequency rainfalls is shown in Figure 2-21 and Figure 2-22.  A 
discussion of the modeling assumptions made for these scenarios can be 
found in Appendix 4.  

 

 

 

 

Figure 2-20 Comparison of 1% Annual Flood Discharges along Williams Creek 

Based on these results, it 
appears that development 

has increased the runoff 
potential of the land, but, 

the detention (release rate) 
requirements have been 

sufficient for the less 
frequent floods to generally 
prevent increased flows in 

Williams Creek. 
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Based on these results, it appears that development has increased the runoff 
potential of the land, but, the detention (release rate) requirements have 
been sufficient for the less frequent, larger floods to generally prevent 
increased flows in Williams Creek.  However, 10% (10-year) and 50% (2-year) 

Figure 2-21  Comparison of 10% Annual Flood Discharges along Williams Creek 

 

Figure 2-22  Comparison of 50% Annual Flood Discharges along Williams Creek 



Williams Creek Watershed Master Plan    

 
28 

 

annual chance flood discharges have increased due to development and the 
historical lack of detention requirements for such frequency runoffs.  In 
reality, a small amount of detention does probably occur for these more 
frequent floods but, since each detention facility was not individually 
modeled, the results provide a generalized comparison. 

2.6.3 Peak Flows – OF Henley Drain & Williams Creek Watershed 
Upstream of 146th Street 

The County Surveyor asked for further investigation of existing peak flows 
from the portion of the OF Henley and Williams Creek watersheds north of 
146th Street where water has been seen ponding in the fields and on the 
north side of 146th Street.  In other watershed plans in the County, Stony 
Creek in particular, a large number of depression areas within the watershed 
meant that the assumed values for current runoff rates were too high to use 
for regulating future development in that watershed.  In that study, the 
depression areas were large enough to be easily located on the two foot 
contour interval mapping available at the time.  Because of the visibility on 
the mapping, the depression storage areas could be more directly accounted 
for in the modeling.  In contrast, the storage areas upstream of 146th Street 
are not deep enough to show up on the one foot contour interval mapping.  
They could therefore not be directly added to the modeling to compare with 
the current assumed runoff rates nor are they expected to have the degree 
of impact on current release rates that they did for the Stony Creek 
watershed.   

Because 146th Street creates a lot of the ponding that has been seen in the 
fields to the north, the current rate of discharge under/over 146th Street 
was calculated based on information contained in the Culvert Design Report, 
West 146th Street Added Travel Lanes by Beam Longest & Neff dated July 2, 
2009.  This report was produced for portions of the design of the 
improvements to 146th Street and did not model the detention that 
currently occurs due to the restrictive culvert capacities under 146th Street.  
However, it did contain the present discharge that the existing pipes could 
pass before the road was overtopped.   Copies of pertinent pages from the 
Culvert Design Report are included in Appendix 6. 

For the two main culverts under 146th Street in the OF Henley Drain, the 
calculated culvert capacities, shown in Table 2-6, were approximately equal 
to about 0.1 cfs per Acre.   
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Station
DA, 
Ac.

Culvert Capacity Just 
Before Overtopping

Subwatershed Q10 
(Huff)

Subwatershed 
Q100 (Huff) 

Culvert Release 
Rate Just Before 

Overtopping 

10-Year 
Runoff 

Rate 

222+08 PR-A 
(OF Henley 

Drain)
150.6 16 cfs

58 cfs (for 
proposed 

condition 175.9 
Ac.)

129 cfs 0.11 cfs/Ac.
0.32 

cfs/Ac.

205+60 PR-A 119.2

11 cfs (based on use of 
data for other 18” 

culvert calculations at 
2 ft depth

39 cfs 96 cfs 0.09 cfs/Ac.
0.33 

cfs/Ac.

Table 2-6  Data for 146th Street Drainage Area Peak Flow Rates

Until 146th Street is overtopped, the downstream discharge is limited to 
about 0.1 cfs per Acre.  Once the road is overtopped, little additional storage 
of the discharge occurs upstream of the road and therefore little further 
attenuation of discharges occurs and most of the flow continues 
downstream.  Once the road is overtopped, and the full discharge is 
conveyed downstream, the runoff rate from the 10-year (10% annual 
chance) flood is approximately 0.3 cfs per Acre.  

2.6.4 Flood Duration – Williams Creek 

The presence of detention in the watershed as well as the changes in land 
use also affect the duration of flooding along Williams Creek.  A hydrograph 
shows the flow versus time at a particular point along the stream Figure 2-23 
provides an example of the changes that development has created on the 
hydrograph. 

The blue line is the result if the 1% (100-year) annual chance rainfall 
occurred on the 1957 agricultural land.  The red line shows the shift that has 
occurred due to development.  The comparison shows that although the 
peak flow was reduced by development, flows were maintained at given 
elevations for a longer period of time.  For example, the length of time the 

Figure 2-23  Comparison of 1% Annual Chance Hydrograph for Representative Location 
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stream was at or above the elevation associated with the peak discharge 
from the June 2008 (approximately a 50% (2-year) annual chance rainfall), 
would have been about two hours less if the watershed were still completely 
agricultural.  The recently installed USGS gage at 96th Street will provide data 
that will be of benefit in the future to show the extent to which this happens 
in the watershed, as well as to determine the relationships between 
discharge, stages and rainfall as time goes on. 

2.6.5 Existing Floodplain Delineations 

Each of the creeks, streams, regulated drains, and other water courses within 
the watershed has some degree of flood risk associated with it.  Some of 
those risks are identified on the Federal Emergency Management Agency 
(FEMA) Flood Insurance Study (FIS) mapping and some are not.  Flood risk 
areas within the watershed have been shown on the FEMA’s Flood Insurance 
Rate Maps (FIRM) since the County joined the Flood Insurance Program in 
1988.  Some of the risk areas may also have been shown on the maps for 
Carmel or Westfield when they each joined the program in 1981.   As of the 
writing of this report, the latest FEMA published version of floodplain 
mapping along Williams Creek and its tributaries is February 19, 2003.  A 
sample of a portion of this mapping is provided in Figure 2-24. 

Streams with identified flood risks on the FIS mapping are Almond Ditch, 
Elliot Creek, and Will Creek with Approximate Zone A delineations and Spring 
Mill Run and Williams Creek with detailed Zone AE delineations (1% (100-

Figure 2-24  Portion of Hamilton County FIRM Panel 208 
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Figure 2-25  Effective FIS Zone AE (blue) and Zone A (pink) study reaches 

year) annual chance floodplain delineation with floodway and Base Flood 
Elevation determinations).  These studied reaches are shown in Figure 2-25.   

2.6.6 Proposed Revised FIS Floodplain Delineations 

Since the initial delineations, additional years of data regarding flood 
discharges have become available along with more detailed topographic 
information provided by Hamilton County Geographic Information Systems 
(GIS) using FEMA Standards.  Some bridge structures over Williams Creek 
and the associated road approaches have also been replaced.  The 
Department of Natural Resources (IDNR), Division of Water performed an 
updated study of the expected frequency discharges along Williams Creek.  
The study involved a hydrologic computer model that was used as the 
starting point for the calibrated hydrologic model created for the Master 
Plan.  Their study showed lower discharge values than were used for the 
published FIS.  The hydraulic model used in the Hamilton County FIS 
modeling of Williams Creek was not updated by IDNR to reflect the revised 

Streams with identified flood 
risks on the FIS mapping are 

Approximate Zone A 
delineations for Almond 

Ditch, Elliot Creek and Will 
Creek and detailed Zone AE 
Delineations for Spring Mill 

Run and Williams Creek. 
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discharges so the published FIS mapping does not yet reflect the lower 
discharges.  

As part of this Master Plan, however, a new hydraulic model of Williams 
Creek using the lower discharges was created from the updated topography 
and new bridge data.  The length of stream studied and floodplain 
delineated was also extended from 131st Street upstream to 151st Street.    
The revised IDNR Coordinated Discharges (which were within reasonable 
limits of the calibrated model done for this Master Plan) were used in this 
model to calculate updated flood elevations.  A description of the modeling 
methodology and data used for these calculations is provided in Appendix 6.  
The revised 1% (100-year) annual chance floodplain along with the 0.2% 
(500-year) annual chance floodplain resulting from this updated modeling 
are provided in Figure 2-26.  Larger copies of the mapping are provided as 
exhibits in Appendix 7. 

 

A comparison of the updated flood risk areas to the current effective maps 
show that overall, the updated Williams Creek delineation is narrower than 

Figure 2-26  Proposed Floodplain Delineation 
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the current effective FIS mapping.  There are, however, instances where the 
existing mapping is narrower than the new analysis, but it appears that this is 
mostly due to the differences in the detail of topographic data used for the 
mapping.  The floodway is also generally narrower in the updated analysis, 
but some new areas are shown due to the floodway shifting either left or 
right along the stream. 

Flood risks also exist along the tributaries to Williams Creek.  A study of a 
portion of the Elliott Creek floodplain was done for another purpose and was 
approved by IDNR.  It is included for reference here.  (Only the delineation of 
Elliot Creek west of Clay Center Road has been approved by IDNR.  The 
remaining portion downstream to the mouth is an approximate delineation.)   

The updated flood risk mapping provided here cannot be used for regulatory 
or flood insurance purposes until it is approved by IDNR and incorporated 
into the Flood Insurance Study maps by FEMA.  The portion of Williams 
Creek upstream of 131st Street is an exception.  Because this study was a 
detailed study and the existing maps show only an approximate study or no 
study, the data provided here is considered “best available data” and can be 
used by the local jurisdictions for regulatory purposes.  Once approved by 
IDNR, IDNR will use it for Construction in a Floodway Permit purposes as 
well. 

2.7 SITE SPECIFIC FLOOD CONCERNS 

Overlaying the floodplain delineations shown in Figure 2-26 on the 2008 
aerial photography shows 6 buildings that appear to be located in or at the 
very edge of the 1% (100-year) annual chance floodplain and 18 other homes 
that appear to be located in or at the very edge of the 0.2% chance 
floodplain.  One of the buildings in the 1% (100-year) annual chance 
floodplain is in the floodway but appears to be a large auxiliary building.  
Another 4 of the 6 structures are homes that are upstream of the published 
FIS floodplain limit.  The last of the 6 structures in the 1% (100-year) annual 
chance floodplain is a home that was shown in the effective map floodplain 
but may have been elevated sufficiently.  The approximate locations of these 
buildings are shown in Figure 2-27.   

The locations of these buildings and the bridges are also shown in the larger 
scale map provided in Appendix 7, Exhibit 6. 

  

2008 aerial photography 
shows 6 buildings that 

appear to be located in or at 
the very edge of the 1% 

annual chance floodplain 
and 18 other homes that 
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the very edge of the 0.2% 

chance floodplain. 
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Figure 2-28  Buildings/Bridges Potentially Located in 1% Annual 
Chance Floodplain 

Almost yearly, water flowing in the tributary from east of Spring Mill Road 
exceeds the capacity of the Spring Mill Road culverts south of 106th Street 
(two corrugated metal pipe arches with only about one and a half foot of 
opening depth). When this happens, water then flows south into the 
detention pond at Reserve at Spring Mill and then over Spring Mill Road back 
to Williams Creek just south of the dam on the Simon property as shown on 
the map in Figure 2-29.   

Some roads are overtopped 
by the 1% annual chance 
flood on Williams Creek.  

These include 141st Street, 
portions of Spring Mill Road 
south of 106th Street, and 

Francis Court.   

 

Figure 2-27  141st Street 
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Figure 2-29  Spring Mill Road south of 106th Street – Floodprone Area hhhhhhhhhhh

The culverts for conveying the tributary flow under the road have a capacity 
on the order of 50 cfs if they are unobstructed.  Their configuration and size 
are such that they easily become blocked with debris which further reduces 
their capacity.  Based on the hydrologic modeling for this study, it appears 
that the road has a high risk of being flooded more than once a year.  Data 
from the hydrologic model is shown below in Table 2-7.  This table shows 
that each of the historic storms modeled exceeds the 50 cfs capacity of the 
tributary culverts. 

Event Rainfall Depth, in. Rainfall Duration, hrs. 
Model Discharge, 

cfs 
June 2008* 1.8 7 160

September 2003 7.1 20 510
June 1957 5.4 18 450

Table 2-7  Rainfall Events and Tributary Discharges 
* - approximately a 1-year rainfall 

Hydraulic modeling revealed a second source of potential flooding of Spring 
Mill Road - Williams Creek itself.  Figure 2-30 shows the profile of the 10% 
(10-year), 2% (50-year), and 1% (100-year) annual chance floods on Williams 
Creek compared to the profile of Spring Mill Road, south of 106th Street.  This 
figure shows that even the 10% (10-year) annual chance flood on Williams 
Creek can currently cause flooding of Spring Mill Road.   

Each of the historic storms 
modeled exceeded the 50 cfs 

capacity of the tributary 
culverts. 

Hydraulic modeling revealed 
a second source of potential 
flooding of Spring Mill Road 

- Williams Creek itself. 

Spring Mill Road 

Private dam 
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In order to show the extent of the effect of the dam in Williams Creek in this 
area, the existing condition hydraulic model for Williams Creek was run and 
compared to a simulation run with the dam removed and the channel 
assumed restored to a configuration similar to that which currently exists 
just downstream.  Figure 2-31 provides a comparison of the water surface 
elevations for these two scenarios.  This shows that the dam does have an 
impact on flood elevations between the dam and 106th Street.  With the dam 
removed, the 1% (100-year) annual chance flood on Williams Creek would 
not be expected to flow over Spring Mill Road. 

The dam does have an 
impact on flood elevations 

between the dam and 106th 
Street.  

 

Figure 2-30  Comparison of Flood Elevations and Spring Mill Road Profile 
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Figure 2-31  Comparison of Flood Elevations With (solid lines) and Without (dashed lines) Simon Property Dam 

Figure 2-32  Location of Thomas Hussey Drain 

2.7.1 Thomas Hussey Drain and 106th Street  

Another flooding concern area is the 106th Street crossing of Thomas Hussey 
Drain.  The location is shown in Figure 2-32.   
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In the September 2003 flood, water reportedly overtopped the road and put 
enough pressure on the brick wall constructed on the south side of the road 
so as to knock it over.  The wall has been reconstructed but with four small 
openings along the base to relieve pressure.  A short Hydrologic Engineering 
Center’s Rive Analysis System (HEC-RAS) hydraulic model was created to 
evaluate flood risks at this location.  This model is described in Appendix 8.   

The model showed a culvert capacity of around 80 to 85 cfs before 
overtopping.  Based on the HEC-Hydrologic Modeling System (HMS) model, 
this is approximately equivalent to a 10% (10-year) annual chance storm.  
The 1% (100-year) annual chance flood discharge from the HEC-HMS model 
adjusted to this location is about 225 cfs.  Based on the HEC-HMS calibrated 
model results adjusted to the site, the 2003 storm produced about 270 cfs at 
this site.  While the 2003 discharge at this site exceeded the 1% (100-year) 
annual chance discharge, the culvert is not large enough to pass more than 
about 40% of the 1% (100-year) annual chance discharge.  The presence of 
the wall therefore prevents water that flows over the road in the 1% (100-
year) annual chance flood from continuing downstream and therefore 
increases upstream water surface elevations to some extent.  The presence 
of storage upstream of the culvert was not included in the model.  Therefore, 
the amount of water surface increase was not quantified due to the wall.  If 
storage volume upstream is encroached upon, the increase in water surface 
elevation will be even more. 

2.7.2 Drainage Problems  

A wide variety of drainage related problems were also identified in the 
course of this study.  These problems arise from a wide range of situations 
such as: 

� pavement subsidence 

� detention ponds with insufficient capacity or outlet creating elevated 
water surfaces  

� blockage of drainage paths and structures by landscaping, debris, or 
sedimentation 

� failure of drainage structures 

� lack of an outlet for low lying areas.   

Some of these problems are already being addressed by the County or 
Carmel.  Specific solutions for the remaining sites require a level of detail 
investigation that is beyond the scope of this study.  Ideas for solutions or 
approaches to a solution will however be provided in Chapter 5. 

The culvert is not large 
enough to pass more than 

about 40% of the 1% annual 
chance discharge.  The 
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2.7.3 Wet Basements 

The public meeting conducted near the beginning of this study provided 
several general comments about basement flooding problems which people 
had heard about.  Most of these were general comments about problems 
that had occurred somewhere within a subdivision.  Specific information was 
generally not available.  Wet basements can be caused by a variety of 
possible situations.  Among these are:  

� prolonged elevated water levels in detention ponds where the soil 
allows travel of water between the pond and basements 

� landscaping or sump pump discharges that direct water towards a 
home’s foundation 

� breakage of old tiles during construction further down the tile line 

� appearance of springs where they previously were not detected 

� lack of foundation perimeter drains with adequate outlets.  

These issues are beyond the level of investigation that is applicable to this 
study.  Ideas for solutions or approaches to solutions will however be 
provided as possible in Chapter 5. 

2.8 REGULATIONS 

2.8.1 General Description of Regulatory Jurisdictions within the 
Watershed 

Hamilton County and the Cities of Carmel and Westfield are the local 
governmental entities with jurisdictions within the watershed.  Current 
jurisdictional limits in the watershed are shown in Figure 2-33.  Carmel is in 
the process of annexing the area in the watershed south of 116th Street.  
After annexation, the area north of 146th Street will be in Westfield and the 
portion south of 146th Street (except for the Home Place Area, located north 
of 106th Street and east of US 31) will be under Carmel jurisdiction.  
Regulated drains within the watershed will remain under the jurisdiction of 
the Hamilton County Surveyor.  In addition, the IDNR, USACE, US EPA, and 
IDEM also have stormwater related requirements that will also need to be 
met. 

Hamilton County, the City of 
Carmel, and the City of 
Westfield are the local 

governmental entities with 
jurisdictions within the 

watershed.   
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2.8.2 Regulated Drains 

For the regulated drains within the county, the County Surveyor’s office has 
certain responsibilities and authority.  These apply to the Williams Creek 
Watershed regulated drain as well as to the watersheds of some of the 
tributaries that have been established as legal drains as well.  A map of the 
additional regulated drains and regulated subdivisions within the Williams 
Creek regulated drain watershed are shown in Figure 2-34.  

 

Figure 2-33  Current (2010) Corporate Limits in the Williams Creek Watershed. 
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Following is a summary of the responsibilities of the County Surveyor for 
regulated drains: 

� The Hamilton County Drainage Board has the authority, per Indiana 
Code, to establish, construct, reconstruct, and maintain regulated 
drains within Hamilton County. 

� The Hamilton County Drainage Board evaluates all proposed 
connections to regulated drains within the county.  Any and all 
connections to regulated drains must be approved by the Drainage 
Board. 

� Anyone wishing to directly or indirectly connect to a regulated drain 
in Hamilton County must file a formal application with the Drainage 
Board and pay appropriate fees. 

� If the regulated drain does not have adequate capacity to 
accommodate the proposed connection, the petitioner must make 
provisions to reconstruct, upgrade, or otherwise improve the drain 

 

Figure 2-34  Regulated Drains, Watersheds, and Subdivisions 

The most up to date 
information on the location 

of regulated drains is 
available on the Hamilton 

County website Map Room  
 

http://www.hamiltoncounty
.in.gov/gis/start.html  
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or limit the discharge to an acceptable amount prior to discharging 
to the regulated drain. 

� If the landowner benefited by a permitted connection to a regulated 
drain fails to maintain the drainage facilities (pipes, detention ponds, 
swales, etc.) connecting to a regulated drain, it is lawfully presumed 
that the failure is a request by the landowner for the drainage 
facilities to become a regulated drain pursuant to Indiana Code.  The 
Drainage Board may then impose a maintenance or reconstruction 
assessment on all real estate benefited by the issuance of the 
particular outlet permit. 

� A single owner or all owners affected by a private or mutual drain 
may petition the Hamilton County Drainage Board to assume 
jurisdiction over the drain per Indiana Code (36-9-27-18).  The Board 
will then defer to the County Surveyor to determine whether or not 
the drain meets the standards of design and construction as defined 
by Indiana Code.  If it does meet the standards, the Board shall grant 
the request.  Otherwise, the request will be denied. 

� In unincorporated Hamilton County, any subdivision over five (5) lots 
or five (5) acres will be required to dedicate a regulated drain. 

Property owners within each regulated drain watershed can be required to 
pay an assessment.  The collected funds from these assessments are then 
used by the County Surveyor’s Office to prevent future problems or to take 
care of existing problems along the drain.  Landowners can petition to have 
old infrastructure replaced or to do activities to maintain the current 
infrastructure.  Regulated drains are viewed as utilities that are in place with 
the main purpose of providing drainage and are therefore regulated and 
maintained accordingly.  The most up to date information on the location of 
regulated drains is available from the Hamilton County website Map Room. 
(http://www.hamiltoncounty.in.gov/gis/start.html) 

2.8.3 Carmel Regulations 

Project development in Carmel is subject to the City’s stormwater ordinance 
and stormwater technical standards.  Carmel’s drainage code places some 
limits on what concerns the City can participate in addressing.  Drainage 
problems caused by the following are typically not remedied by the City: 

� Improvements placed in the easement or rights-of-way 

� Lack of maintenance of the easements of rights-of-way 

� Alteration of the grade of the easements or rights-of-way, 

� Lack of maintenance of the property, 

� Debris, lawn waste or garbage being placed in the easement or right-
of-way, 
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� Grading or other improvements on the property that are outside of 
the easements or rights-of-way 

� Groundwater levels 

The City will pursue appropriate enforcement of violations of City Code.  
Issues arising from conditions or circumstances not related to these are 
considered a private matter not requiring City involvement.  Carmel code 
also encourages discharges from sump pumps, and roof, perimeter, or 
foundation drains to be directed to rear yard swales or directly connected to 
storm sewers.  Carmel does have jurisdiction over public storm sewer 
facilities and drainage issues on City property. 

2.8.4 Westfield Regulations 

Besides the Westfield Stormwater Ordinance and Technical Standards that 
impact drainage related issues in Westfield, the City has also adopted an 
Encroachment Specification Ordinance which affects proposed construction 
within the City’s rights-of-way.  The ordinance also establishes minimum 
standards for the construction of all improvements for which the City will be 
responsible.  The City is responsible for maintaining all streets and structures 
accepted within the City rights-of-way. 

2.8.5 Indiana Department of Natural Resources (IDNR) Jurisdiction 

The IDNR jurisdiction is limited to the floodway portion of the stream 
reaches with a drainage area greater than one square mile and dams that 
exceed 20 feet in height or impound a volume of more than 100 acre-feet of 
water.  To assist in alerting residents and the governmental entities to the 
reaches where the requirement exists, a map of the one square mile 
drainage area jurisdiction limits was created and approved by IDNR.  That 
map is shown in Figure 2-35. 

In most cases, the IDNR 
jurisdiction is limited to the 

floodway portion of the 
stream reaches with a 

drainage area greater than 
one square mile.   
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2.8.6 Summary 

With multiple jurisdictions in the watershed that deal with stormwater 
related issues, it can become confusing as to who has authority for what 
problems.  Table 2-8 was developed to provide a summary of jurisdictions 
within the watershed.  In some cases, an entity has regulatory but not 
maintenance responsibilities or vice versa so these are noted separately in 
the table.  More specific information regarding regulatory and maintenance 
responsibilities and procedures can be found in the Carmel Drainage 
Ordinance (City Code 6-222), Carmel policy documents, Westfield Drainage 
Ordinance, and the Hamilton County Surveyor Drainage Code. 

  

Figure 2-35  IDNR Jurisdiction limits – Red reaches are under IDNR jurisdiction 

Upstream Limits of IDNR 
Jurisdiction 

1) Williams Creek:  upstream 
face of Francis Court 

2) Henley Creek:  upstream face 
of Magic Stallion Drive 

3) Almond Ditch:  1,160 feet 
upstream of Brighton 
Avenue/ 1,200 feet 
downstream of 131st Street 

4) Elliot Creek:  120 feet 
downstream of extension of 
Ditch Road 

5) Ames Run:  confluence with 
Williams Creek 

6) Will Creek:  confluence with 
Williams Creek 

7) Clay Creek:  a point on the 
stream 1,150 feet due east of 
Hoover Road and 1,560 feet 
due north of 116th Street 

8) Center Creek:  confluence 
with Clay Creek

9) Well Run: confluence with 
Spring Mill Run 

10) Spring Mill Run:  confluence 
with Well Run 

11) Unnamed tributary of 
Williams Creek:  confluence 
with Williams Creek 

12) Unnamed tributary of 
Williams Creek:  confluence 
with Williams Creek 
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 JURISDICTION 
(M=Maintenance, R=Regulatory 

Drainage System 
Component 

Land-
owner 

H.O.A. City 
County 

Highway 
County 

Surveyor 
State 

Highway 
Other 

rear/side yard drainage 
swales 

M R R  R   

sump pump M  R  R   
downspouts M  R  R   
storm pipe inlets   M*, R  M**, R   
storm pipes   M*, R  M**, R   
Storm pipe outfalls   M*, R  M**, R   
pond berm & emergency 
spillway 

 M R  M**, R   

pond principal outlet  M R  M**, R   
swale, <6 cfs M  R  R, **   
swale, > 6 cfs M  M,R  M**, R   
swale, road ROW M  R     
ditch, stream – 1%AC 
floodplain 

M  R  R  IDNR*** 

regulated drain, incl. 
easement & 1%AC 
floodplain 

    M(of drain 
& access),R 

 IDNR*** 

culverts (for drainage under 
roads) 

  M,R  M,R   

bridges/culverts for 
stream/ditch 

  M,R  M,R  IDNR*** 

tile (regulated drain)     M,R   
tile (non-regulated drain) M  R  R   
SR 31      M,R  
main N/S & E/W streets 
drainage 

  M,R     

subdivision streets drainage   M,R     
private streets drainage  M R     
I-465      M,R  
Wetland or below stream 
Ordinary High Water Mark 

      USACE, 
IDEM 

Table 2-8  Summary of jurisdictional responsibilities in the Williams Creek Watershed 

*Unless a private system or regulated subdivision (most commercial properties and some subdivisions)
**applies if is part of regulated drain
*** applies if drainage area of stream at point of interest is greater than one square mile
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2.9 STORMWATER RELATED PROJECTS 

Past projects within the watershed have included basic maintenance of 
stormwater facilities and the replacement of several bridges over Williams 
Creek.  Currently planned projects within the watershed are improvements 
along 146th Street, between Towne Road and Spring Mill Road, including the 
replacement of the 146th Street culvert over Williams Creek.  It is currently 
anticipated that the structure will be replaced with a 10 ft X 6 ft or 12 ft X 6 ft 
box culvert in the year 2012.   

Towne Road improvements have been designed between 131st and 146th 
Streets.  These improvements include changes to drainage structures under 
the road. 

As part of the annexation agreement for the part of the watershed south of 
116th Street, a drainage study titled Southwest Clay Township Annexation 
Master Drainage Plan was completed in July 2009.  This study notes various 
drainage related concerns in subdivisions in the watershed.  Various actions 
were recommended as a result.  These concerns are included in the 
summary of concern areas noted on the map in Section 2.10 of this Chapter.  
Recommended actions are noted in Chapter 5.   

Bridlebourne subdivision is one of the concerns discussed in the Southwest 
Clay Township Annexation Master Drainage Plan.  Plans have been 
completed by StructurePoint for the Drainage Board to help reduce the 
flooding in that subdivision by lowering the pond outlet (thus increasing the 
storage capacity of the ponds) and increasing the size of the outlet from 
Larkspur subdivision detention pond to drain that pond faster.  Those 
involved in these plans expect that the changes will alleviate flooding 
problems in the Bridlebourne as well as Larkspur subdivisions.   

2.10  SUMMARY OF CONCERNS 

As noted in the previous sections, various areas of concern in the watershed 
have been identified.  The locations of these areas are summarized in Figure 
2-36. Table 2-9 then follows, identifying these areas of concern in more 
detail.  All concerns that were identified have been shown on the table and 
map, but not all of these concerns are within the scope of the issues this 
Master Plan is designed to address.  Examples of concerns which are beyond 
the Master Plan scope are improper sump discharges, sedimentation of or 
breaking of non-regulated drain tile, springs that surface in new locations, 
etc.  These issues are not typically the responsibility of the City or County.  
The extent to which each area of concern is being addressed in this Master 
Plan is noted in the table.    

Projects being planned: 
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Figure 2-36  Areas of concern in the Williams Creek Watershed 
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CHAPTER 3   FUTURE CONDITIONS 

3.1 INTRODUCTION 

Identifying effective solutions to stormwater problems depends on a 
thorough understanding of not only the existing stormwater conditions but 
also the future stormwater conditions and associated concerns.  As land use, 
regulations, and activities in the watershed change, so potentially do the 
impacts on stormwater quantity and quality.  Chapter 2 described current 
conditions and impacts from changes that have already occurred.  This 
chapter describes expected changes from conditions that are expected to 
occur in the future. Included are descriptions of the land use, wetlands, flood 
risk areas, channel morphology, and quality and quantity aspects of 
stormwater.  This data has been gathered from available mapping, computer 
modeling for the watershed, discussions of expected future land use with 
local officials, and review of studies regarding expected future conditions. 
The future conditions and concerns in the watershed are described in the 
following sections: 

3.2     Land Use 
3.3     Wetlands 
3.4     Stormwater Quality 
3.5     Channel Morphology 
3.6     General Flood Characteristics 
3.7     Site Specific Flood Concerns 
3.8     Regulations 
3.9     Stormwater Related Projects 
3.10   Summary of Concerns 

3.2 LAND USE 

Based on conversations with staff from the City of Carmel Engineering 
Department and the Hamilton County Surveyor’s Office, as well as review of 
the individual Comprehensive Plans and Zoning maps for the area, the 
expected future use of land in the watershed was identified.  Areas at the 
upper edge of the watershed in Westfield have already been the subject of 
discussion and even preliminary design for development.  In general, it is 
expected that areas along US 31 will continue to develop/redevelop as 
commercial uses.  Chapter 5 of the Carmel Comprehensive Plan indicates 
that Carmel is encouraging very low density housing west of Spring Mill Road 
(1-1.3 development units per acre).  Along US 31, high intensity office use 
(greater than 5 development units per acre) is being encouraged.  The 
Comprehensive Plan also calls for enhancement of the corridor aesthetics by 

An additional 25% of the 
watershed is expected to 

develop in the future. 
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creating large lawns, consistent landscapes, and using green architecture.  
These features could be used to serve the aesthetics goal as well as improve 
water quality if rain gardens, bio retention basins, extended flow paths and 
such were incorporated into the designs.  This would be a good example of 
accomplishing two goals with one task if both goals are encouraged as 
developers work in the area.   

Carmel does not expect the many estate lots within the watershed to 
redevelop into other uses.  A map of the areas where land use is expected to 
change from current conditions is provided in Figure 3-1.   

The percentage of impervious surface in the Williams Creek Watershed is 
approximately 17% under existing conditions.  If the additional 25% of the 
watershed as shown in Figure 3-1 develops as expected, there is the 
potential, (based on studies by the Center for Watershed Protection), for an 
additional 9% of the watershed to become impervious.  According to Table 
2-2, Williams Creek Watershed would then be on the low end of the high 
impact category for water quality. 

 

 

Figure 3-1  Areas Identified as Potential Future 
Development 
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3.3 WETLANDS 

The wetland sites discussed in Chapter 2 (existing conditions) are in 
predominantly built-out residential areas of the Williams Creek Watershed.  
Because of this, it is unlikely that the neighboring land use, encroachment 
into these wetlands, or quality/quantity of stormwater runoff to these areas 
will change dramatically from today’s conditions.  Even though unlikely that 
changes will occur, protection of these wetlands is still needed. 

Additional wetlands not identified on the NWI mapping may also exist in 
developed or un-developed areas because often the NWI predates the 
development of newer wetland areas.  Additionally, the NWI serves only as a 
large scale guide, therefore it is important to require wetland delineations on 
any site prior to development.   

Mature wetlands, particularly forested riparian sites, take many years to 
develop.  Forested wetlands provide a higher flood storage capacity than 
emergent sites, and also contain a larger diversity of plant and animal 
species.  When forested wetlands are located along stream corridors, they 
are of particular importance because they provide travel corridors for 
wildlife through otherwise heavily developed areas.  Buffering stream 
corridors and wetland areas with undeveloped native upland areas and/or 
additional wetland habitat is important to prevent pollutants from disrupting 
these areas and to provide transition areas for wildlife.       

Efforts to preserve these limited resources are important because wetland 
mitigation will not replace the habitat, value, and function of these existing 
sites for ten to twenty years to come, even if the mitigation is constructed 
properly.  Mitigation ratios required by IDEM and the USACE have been used 
to make up for the lack of success of many wetland mitigation sites.  The goal 
of this is to ensure that there is “no net loss” of wetland acreage.  Even the 
required wetland acreage replacement ratios often don’t succeed with this.  
In addition, there is currently no regulation prohibiting draining or altering 
the hydrology of existing wetlands.  This results in indirect “impacts” to 
wetland sites decreasing their value and function.     

Efforts to preserve wetlands 
are important because 

wetland mitigation will not 
replace the habitat, value, 

and function of these 
existing sites for ten to 
twenty years to come. 
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It has been shown through years of research that larger (50 acres plus), third 
party controlled, wetland sites provide more benefit to wildlife and have a 
higher probability of being successful than isolated wetland mitigation sites 
interspersed throughout urban areas.  It is very difficult for wildlife, 
particularly reptiles and amphibians to inhabit sites that are surrounded by 
development and not connected to other natural areas.  Potential large scale 
wetland mitigation sites within the Williams Creek watershed have therefore 
been identified as shown in Figure 3-2.  

3.4 STORMWATER QUALITY 

As the Williams Creek Watershed continues to become more developed, and 
as re-development in this area occurs, it is important to consider the 
relationship between land use and the overall health and condition of local 
waterways.  In many cases, development and redevelopment activities may 
have detrimental effects on stream systems due to reduction in riparian 
corridor, increased amounts of sediment and other pollutants that may be 
carried with stormwater, and the overall volume of water that may reach the 
streams due to increases in impervious area. 

 

Figure 3-2  Significant Wetlands and Potential Mitigation Sites 
Source:  Based on USFWS National Wetlands Inventory, 1992 and 
2007 Aerial Photography 

It has been shown through 
years of research that larger 
(50 acres plus), third party 
controlled, wetland sites 
provide more benefit to 

wildlife and have a higher 
probability of being 

successful than isolated 
wetland mitigation sites 
interspersed throughout 

urban areas. 
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Figure 3-3 shows many areas within the Williams Creek Watershed that are 
highlighted for potential future development.  Eight of the 10 sampling sites 
are within, in proximity to, or immediately downstream of these areas.  As 
discussed in Chapter 2, this Master Plan prioritizes 2 sites for protection (Site 
1 and Site 7); 4 sites for mitigation/protection (Site 2, Site 3, Site 6 and Site 
8); and 2 sites for mitigation (Site 4 and Site 5).   

 

It is anticipated that current regulations such as IDEM’s Rules 5 and 13 will 
continue to be enforced.  However, if these rules, designed to protect water 
quality of receiving streams, are not enforced, the impacts may be greater 
than anticipated, have longer lasting effects, and may require more intense 
mitigation efforts to correct.  The current Stormwater Management 
Ordinance for the City of Carmel, City of Westfield, and Hamilton County 
requires post-construction BMPs to remove 80% Total Suspended Solids 
(TSS) from stormwater runoff.  It is assumed that other pollutants of concern 
will be captured to some extent with TSS which may not necessarily be the 
case. 

Enhancements to existing land uses, development (or redevelopment) of 
these areas, and enforcement of IDEM’s Rules 5 and 13 creates an 
opportunity to protect and improve local water quality as well as the wildlife 

 

Figure 3-3  Potential Future Development 

Enhancements to existing 
land uses, development (or 

redevelopment) of these 
areas, and enforcement of 

IDEM’s Rules 5 and 13 
creates an opportunity to 
protect and improve local 

water quality as well as the 
wildlife and aquatic habitat.  
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and aquatic habitat. Specific recommendations are discussed in Chapter 5 of 
this Stormwater Master Plan. 

3.5 CHANNEL MORPHOLOGY 

A graph comparing the bankfull (2-year) flood hydrograph from the current 
land use and future condition models is shown in Figure 3-4.  These results 
indicate conditions if only current ordinance requirements are enforced.  As 
the Williams Creek Watershed continues to develop, increases in the 
bankfull discharge are expected to occur as illustrated in Figure 3-4.  The 
stream channel and corridor will respond accordingly in an effort to maintain 
channel stability.  Measures must be taken to minimize the impact of such 
development on stream bank erosion and water quality.  Through the use of 
appropriate BMPs, the volume and rate of runoff for channel-forming flows 
will be reduced in an attempt to minimize increased stream bank erosion in 
the receiving streams and channels. 

 

The following table illustrates the potential effects of major land use 
activities to stream channels and stream corridors. 

 

 

 

 

 

 

 

Figure 3-4  Flood Hydrograph (2-Year) for Current and Future 
Land Use 

 As the Williams Creek 
Watershed continues to 
develop, increases in the 

bankfull discharge are 
expected to occur.
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Table 3-1  Impact of Land Disturbance Activity on the Stream Channel 

�Potential Effects � 

DISTURBANCE ACTIVITY 
(X=Activity has potential for direct impact 

O=Activity has potential for indirect impact) 
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Homogenization of landscape elements X X O O O O O O X O O 
Point source pollution O O O O O X X X O O X 
Nonpoint source pollution X X O X O X X X X X X 
Dense compacted soil X O X O X X X X X O O 
Increased upland surface runoff X O O O X X X O X O O 
Increased sheet flow with surface erosion rill and 
gully flow 

X O O O X X X O X O O 

Increased levels of fine sediment and 
contaminants in stream corridor 

X X O X X X X X X X X 

Increased soil salinity O O O O O X X O O O O 
Increased peak flood elevation X X O O X X X O O O X 
Increased flood energy X X X X X X X O O X X 
Decreased infiltration of surface runoff X O X O X X X O X O X 
Decreased interflow and subsurface flow X X X O X O O O X O X 
Reduced groundwater recharge and aquifer 
volume 

X O O O X X X O O X X 

Increased depth to groundwater X X O O X X X O X O O 
Decreased groundwater inflow to stream X X X O X X X O X O X 
Increased flow velocities X X X X X X X O X X X 
Reduced stream meander O X X X O X O O X X X 
Increased or decreased stream stability X X X X X X X X X X X 
Increased stream migration X O O X X X X O O X X 
Channel widening and downcutting X X X X O X X O O X X 
Increased stream gradient and reduced energy 
dissipation 

O X X X O O O O O X X 

Increased or decreased flow frequency X O O O X X X O X O X 
Reduced flow duration X X X X X X X O O X X 
Decreased capacity of floodplain and upland to 
accumulate, store, and filter materials and energy  

X O O O X X X O X X X 

Increased levels of sediment and contaminants 
reaching stream 

X X X X O X X X X X X 

Decreased capacity of stream to accumulate and 
store or filter materials and energy 

O X X X O O O O O X X 

Reduced stream capacity to assimilate 
nutrient/pesticides 

X X X X X X O O O X X 

Confined stream channel with little opportunity 
for habitat development 

O X X X O O O O O O O 

Source:  USDA-NRCS, 1988 
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Other man-made changes to the erosion patterns of the channel are not 
expected to occur based on the development that has occurred in this 
watershed in the last 50 years.  Much of this may be attributed to very good 
development and stormwater management ordinances as well as regular 
maintenance practices.  For example, the County does not allow lot lines to 
extend right up to the channel banks, thus allowing a filter of sorts between 
construction and the stream.   

3.6 GENERAL FLOOD CHARACTERISTICS 

The previous section described some of the impacts of watershed 
development on the stream channel.  This section describes additional 
potential for impacts from expected development in relation to the changes 
in the volume of runoff, the peak runoff, the duration of flooding, and extent 
of flooding.  As for the existing condition, the future condition was analyzed 
using the hydrologic model described in Appendix 4.  As noted in the 
problem definition map and shown in Figure 3-3, future expected 
development  was added to the existing condition model to create the future 
condition model.  Developed conditions were modeled based on assuming 
that the 1% annual chance flood runoff on a given subbasin would be equal 
to the percent of the subbasin that is expected to develop, contributing 0.3 
cfs per acre (based on regulations), and the rest of the subbasin is 
unchanged from the existing condition.  The curve number (land use) and 
percent imperviousness for a subarea with development were changed by 
developed land values being applied to the percent of land that was 
identified as having development potential.  

Every 10-15 years or after a major rainfall event (2% annual chance or 
larger), the hydrologic model could be revisited to evaluate whether 
conditions have changed in the watershed and the conclusions reached are 
still valid. 

3.6.1 Runoff Volume 

Runoff volume created by any given rainfall episode is impacted by the land 
use.  By using the future conditions model, a comparison was made of runoff 
volumes for the 1% (100-year) annual chance – 12 hour rainfall episode 
occurring on the present day developed condition and the expected future 
condition.  The graph in Figure 3-5 shows there could be about a 10% 
increase in the amount of the runoff from the expected developed condition 
watershed in response to the same amount of rainfall on the existing 
condition.  The runoff volume results from the 1957 agricultural condition 
are also included for a perspective of the total expected change from 
predevelopment to full developed conditions. 

There has been about a 10% 
increase in the amount of 

the rainfall that runs off the 
watershed now that it has 

been developed. An 
additional 10% increase is 

expected as the remainder of 
the watershed develops. 
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Figure 3-5  Comparison of 1% (100-year) Annual Chance Flood Runoff Volumes 

As shown in Figure 3-5, the volume of runoff increases with development.  
The County and Cities have recognized the impacts development can have 
on runoff volumes to the extent that increased runoff volume causes 
increased peak discharges along with the increased volume.  Communities 
have tried to address the peak discharge aspect by requiring the delay and 
attenuation of the runoff hydrograph.  (Expected impacts of development on 
the peak flows in the watershed are described in following sections.)  As seen 
in Figure 3-5, attenuating the hydrograph does not address the increased 
runoff volume that still must flow through the streams, potentially causing 
increases in peak discharges at some location downstream.  Increases in 
runoff volume itself due to development need to be addressed.  

3.6.2 Peak Flows – Williams Creek 

Since 2006, an allowable peak discharge per developed acre has been used 
to regulate the flood discharges from development.  Presently, in the 
Williams Creek watershed, these standards state that the allowable post-
developed peak discharge from a site shall be no greater than 0.1 cfs/acre 
for the 0-10 year return interval storms and 0.3 cfs/acre for the 11-100 year 
return interval storms.  These standards are expected to continue to be 
enforced so were applied to future expected development areas in the 
modeling in the same way as used for existing development.  The model 
details are described in Appendix 4. 

A graphical comparison of the 1% (100-year) annual chance discharges for 
the 1957 agricultural conditions, existing conditions, and expected 
developed conditions is shown in Figure 3-6.  (The “step” at the smaller 
discharges is due to the inclusion of Spring Mill Run and Clay Creek 
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tributaries at their confluence with Williams Creek in addition to points along 
Williams Creek itself.) 

 

Figure 3-6  Comparison of 1% Annual Flood Discharges along Williams Creek 

Comparisons of the discharges for the 10% (10-year) and 50% (2-year) 
annual chance frequency rainfalls are shown in Figure 3-7 and Figure 3-8.   

 

Figure 3-7  Comparison of 10% Annual Flood Discharges along Williams Creek 

0

500

1000

1500

2000

2500

3000

3500

4000

4500

0 5 10 15 20 25

D
is

ch
ar

ge
, c

fs

Drainage Area, sq. mi.

Comparision of 1% Annual Chance Flood Peak Discharges

Current

if 1957 conditions

Future Development at 
0.3cfs/Ac release rate

0

500

1000

1500

2000

2500

3000

0 5 10 15 20 25

D
is

ch
ar

ge
, c

fs

Drainage Area, sq. mi.

Comparision of 10% Annual Chance Flood Discharges

Current

if 1957 conditions

Future Development at 
0.1cfs/Ac release rate



Williams Creek Watershed Master Plan             June 2010 

 
60 

 

 

Figure 3-8  Comparison of 50% Annual Discharges along Williams Creek 

Based on these results, it appears that future development will continue to 
increase the runoff potential of the land, but, the detention (release rate) 
requirements should be sufficient to generally prevent increased flows in 
Williams Creek.  Figure 3-8 shows some increase in the 50% annual chance 
flood downstream of Hamilton County.  Actual detention basins were not 
modeled; therefore, this increase may be attributed to the generalized 
assumptions made for the modeling.  

3.6.3 Peak Flows – OF Henley Drain & Williams Creek Watershed 
Upstream of 146th Street 

Under existing conditions, portions of the OF Henley Drain and Williams 
Creek watersheds are subject to ponding in the fields north of 146th Street.  
Because of Indiana Department of Transportation (INDOT) road design 
requirements, the proposed new culverts under 146th Street have a much 
larger capacity than the exiting culverts.  While this eliminates road overflow 
for all but extreme floods, it does increase the more frequent discharges 
downstream because it eliminates the opportunity for storage of water that 
presently occurs up to the point that the road overtops.  These increased 
discharges will be reduced back to the existing rates, or lower, once the 
upstream area is developed and detention is added to meet the default 
allowable release rates.  In the meantime, increased flows can be expected 
downstream of 146th Street. 
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3.6.4 Flood Duration – Williams Creek 

The presence of detention in the watershed as well as the changes in land 
use also affect the duration of flooding along Williams Creek.  A hydrograph 

shows the flow versus time at a particular point along 
the stream.  Figure 3-9 provides an example of the 
changes that future development is expected to 
create on the hydrograph. The red line is the flow 
versus time if the 1% (100-year) annual chance rainfall 
occurred on the 1957 agricultural land.  The blue line 
shows the shift that has occurred due to already 
existing development.  The sky blue line shows the 
expected shift due to future development.  The 
comparison shows that although the peak flow is 
expected to be reduced slightly (due to restrictive 
release rates) by future development, flows will be 
maintained at given elevations for longer periods of 
time.  For example, the length of time the stream was 
at or above the elevation associated with the peak 
discharge from the June 2008 (approximately a 50% 
(2-year) annual chance rainfall), is expected to 

increase another two hours over the two hour increase that existing 
development has already caused.  The recently installed USGS gage at 96th 
Street will provide data that will be of benefit in the future to show the 
extent to which this happens in the watershed, as well as to determine the 
relationships between discharge, stages and rainfall as time goes on. 

3.6.5 Future Floodplain Delineations 

Each of the creeks, streams, regulated drains, and other water courses within 
the watershed has some degree of flood risk associated with it.  Regulations 
are in place to protect future buildings from being constructed below the 1% 
annual chance flood elevation.  Most of the identified area has already been 
developed around so little additional development is expected near or in 
those areas.  There is still room for development along some of the 
tributaries where the flood risk has not been identified.  Carmel, Westfield, 
and Hamilton County ordinances require that the flood risk along unstudied 
streams be determined before permits are granted.  If these ordinances 
continue to be enforced, future structures should continue to be placed 
above the 1% annual chance flood risk areas.   

Steep floodplain limits have prevented construction of buildings near the 1% 
annual chance flood base flood eleveation (BFE) in the lower half of the 
watershed but structures are generally closer to the BFE limits in the upper 

Figure 3-9  Comparison of 1% Annual Chance Hydrograph for 
Representative Location Under 1957 (red), Current (indigo), 
and Future (sky blue) Conditions. 
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portion of the watershed as shown by Figure 3-10.  This figure shows how 
close structures are to the 1% annual chance base flood elevation (BFE), the 
0.2% annual chance flood, and the 0.2% annual chance flood plus 2 feet. 
These results are based on the flood elevations compared to the Hamilton 
County 1 foot contour interval mapping elevations.  Actual first floor 
elevations should be higher unless basements were constructed.  Most of 
this reach does not currently have a BFE established in the FIS. 

To determine the sensitivity to channel maintenance (or a lack thereof) on 
floodprone status, the hydraulic model of Williams Creek was run with a 
channel roughness coefficient of 0.09 representing very overgrown channel 
banks and growth or debris within the channel itself.  Resulting 10% and 1% 
annual chance flood elevations were increased by up to 2 feet (in the lower 
portion of the watershed).  Generally, increases were around 1 foot. 

The number of structures and the difference from the 1% and 0.2% annual 
chance flood elevations determined in this Master Plan are shown 
graphically in Figure 3-11.  This data provides a general idea of the 
susceptibility of structures along Williams Creek to increased flood 
elevations.  

 

Figure 3-10  Structures Susceptible to Increases in Flood 
Elevations 

Approximately 85 buildings 
are located on ground within 
2 feet above the 0.2% (500-
year) annual chance flood 

levels. 
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Figure 3-11  Number of Structures Susceptible to Various Increases in Flood Elevations 

3.7 SITE SPECIFIC FLOOD CONCERNS 

Several site specific existing concerns were described in Chapter 2.  The 
impact of anticipated future conditions on those concerns is described in this 
chapter.  The site specific concerns as shown on Figure 3-12 included: 
potential flooding of 6 buildings, and road overtopping at 141st Street and 
Francis Court from Williams Creek, 106th Street from Thomas Hussey Drain, 
and Spring Mill Road south of 106th Street.    

6

20

23

37

0
10
20
30
40
50
60
70
80
90

100

N
um

be
r o

f S
tr

uc
tu

re
s

0.2% + 2ft

0.2% + 1ft

0.2% (500-yr)

1% (100-yr)

 

Figure 3-12  Buildings/Bridges Potentially Located in 1% 
Annual Chance Floodplain 
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Additional development that is assumed to occur in the watershed was 
modeled and the results were shown in Section 3.6.  Based on those results, 
the 6 structures currently in the floodplain would have negligibly lower flood 
risks.  Overtopping of 141st Street would continue for the 1% annual chance 
flood.  Overtopping of Francis Court during the 1% annual chance flood may 
be eliminated with the anticipated development and associated detention 
upstream.  This is based on generalized assumptions for the upstream 
development.  Therefore, actual results may not be as much of a decrease as 
the models calculated.  A slight increase in discharge (with almost no 
increase in water surface elevations) is expected at 106th Street and Thomas 
Hussey Drain.  If the flood storage area upstream were to be reduced by 
development, flooding would be expected to increase.  Current ordinances, if 
enforced, should prevent such increases.  Flooding of Spring Mill Road would 
not change significantly with the addition of the detention required by the 
ordinance in the undeveloped portions of its watershed.  

3.8 REGULATIONS 

3.8.1 General Description of Regulatory Jurisdictions within the 
Watershed  

Hamilton County and the Cities of Carmel and Westfield are the current local 
governmental entities with jurisdictions within the watershed.  Future 
jurisdictional limits in the watershed are shown in Figure 3-13.  Carmel is in 
the process of annexing the area in the watershed south of 116th Street.  
After annexation, the area north of 146th Street will be in Westfield and the 
portion south of 146th Street (except for the Home Place Area, located north 
of 106th Street and east of US 31) will be under Carmel jurisdiction.  
Regulated drains within the watershed will remain under the jurisdiction of 
the Hamilton County Surveyor.  In addition, the IDNR, USACE, EPA, and IDEM 
also have stormwater related requirements that the communities and 
county are responsible for seeing are met.  

Future land use conditions in 
the watershed do not 

eliminate the site-specific 
flood concerns identified in 

Chapter 2. 

Hamilton County, the City of 
Carmel, and the City of 
Westfield are the local 

governmental entities with 
jurisdictions within the 

watershed.   
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3.9 STORMWATER RELATED PROJECTS 

Future projects within the watershed are expected to include regular 
maintenance of stormwater facilities.  Road projects that are currently 
planned within the watershed include the replacement of the 146th Street 
culvert over Williams Creek.  It is currently anticipated that the structure will 
be replaced with a 10 ft X 6 ft or 12 ft X 6 ft box culvert in the year 2012.  
This structure is larger than the existing and should not increase upstream 
water surface elevations.  The anticipated new structure is slightly larger so 
may increase downstream discharges slightly. 

Towne Road improvements have been designed between 131st and 146th 
Streets.  These improvements include changes to drainage structures under 
the road to relieve upstream flooding and road overflow.  Enlarging these 
structures may cause increased discharges downstream for certain 
frequency storms if the detention currently occurring upstream of the road is 
not replaced. 

As part of the annexation agreement for the part of the watershed south of 
116th Street, a drainage study titled Southwest Clay Township Annexation 

Figure 3-13  Future Corporate Limits in the Williams Creek 
Watershed 
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Master Drainage Plan was completed in July 2009.  This study notes various 
drainage related concerns in subdivisions in the watershed.  These actions 
are expected to be completed as funds allow. 

3.10    SUMMARY OF CONCERNS 

As noted in the previous sections, various concerns related to the future 
condition of the watershed have been identified beyond those noted for 
existing conditions.  These concerns are listed below: 

� Wetland preservation and enhancement 

� Stormwater quality improvement  

� Increased bankfull discharges and subsequent erosion 

� Increases in runoff volume 

� 146th Street and Towne Road drainage improvements potential to 
increase downstream discharges on certain frequency storms unless 
storage is replaced 

� Susceptibility to flooding of several structures in the upper half of 
the watershed if channel capacity is reduced or rainfalls larger than 
the 1% annual chance storm would occur. 

Recommendations to address these stormwater concerns will be discussed 
in Chapter 5 of this Master Plan. 
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CHAPTER 4   WATERSHED GOALS AND EVALUATION CRITERIA 

In order to address stormwater related issues in the watershed, goals and 
the preferred level of service to the public had to be determined.  While 
complete protection of the watershed is a good goal, the cost to achieve it in 
every area is not always a wise use of available resources.  A practical level of 
protection therefore needed to be determined so that the activities with the 
most value would become the focus of this plan.  To accomplish this, 
meetings were held with staff from the City of Carmel Engineering 
Department and the Hamilton County Surveyor’s Office.  Based on the level 
of protection that the communities selected as practical to provide to the 
public, the following criteria should be met by any recommended actions:  

4.1 WATERSHED GOALS 

1) Reduce Flooding and drainage problems 
2) Improve water quality of stormwater runoff 
3) Protect, enhance, and restore natural systems for stormwater conveyance 

and storage. 

4.2 EVALUATION CRITERIA 

Based on the nature and extent of existing and future stormwater conditions 
and concerns presented in Chapters 2 and 3, the following set of technical, 
environmental, and economic criteria were developed to aid in the 
formulation and screening of potential alternatives. 

4.2.1 Technical Criteria: 

� Create at least one lane width that is open for road and bridge traffic 
during a 1% annual chance (100-year) storm 

� Provide for at least 2 foot of freeboard for the lowest adjacent grade 
during the 1% annual chance (100-year) flood for residential and 
commercial structures  

� Prevent development/redevelopment from having an adverse 
impact on upstream or downstream flood levels  

� Address drainage concerns by identification of the cause, 
clarification of the public or private responsible party, and 
requirement of that party to solve in a manner that does not cause 
additional drainage problems on adjacent, upstream, or downstream 
properties. 

� Prevent an increase in runoff from development/redevelopment 
sites 
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� Eliminate wet basements if the cause is something that is under the 
City or County jurisdiction 

� Contradict no codes/policies unless a related revision is 
recommended 

4.2.2 Economic Criteria: 

� Select fundable options or those which require no funding 

� Reduce economic damages resulting from flood events 

4.2.3 Environmental Criteria 

� Create no significant and/or permanent negative impacts on the 
environment, recreational opportunities, and /or fish and wildlife 
resources 

� Maintain or enhance wetland aquatic and terrestrial species based 
on USFWS/IDEM classification systems (a wetlands classification 
system used by the U.S. Fish and Wildlife Service to map and 
inventory wetlands) 

� Enhance the natural and beneficial function of floodplains, channel 
connectivity to the floodplain, pond-riffle-pond sequence, and 
natural sinuosity based on such methods as the Rosgen stream 
classification system (a widely-used method for classifying streams 
on the basis of channel morphology, or form, used to aid the 
understanding of stream condition and potential behavior under the 
influence of different types of changes) 

� Meet ordinance requirements 

� Limit the loss of wetland aquatic/terrestrial species 

� Enhance water quality to the point of having a QHEI score of at least 
60 when possible.  (The qualitative habitat evaluation index (QHEI) 
represents a measure of the physical and biological conditions of a 
particular stream site. This comprehensive assessment is critical for 
evaluating the disturbance and land use practices in the watershed.) 

4.2.4 Institutional Criteria 

� The recommended improvement plan must be acceptable to 
Hamilton County, City of Carmel, and City of Westfield officials as 
well as the affected residents of these communities and 
incorporated areas. 

� The recommended improvement plan must be permittable under 
existing federal, state, and local permit programs. 
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CHAPTER 5   RECOMMENDATIONS FOR IMPROVEMENT & 
ADDRESSING CONCERNS 

This Chapter lists recommendations for addressing concerns identified in 
Chapters 2 and 3 of this Master Plan.  The recommendations have been 
grouped by the section of the previous chapters in which the concern was 
identified.  Each issue, concern, or opportunity is briefly restated and 
followed by a list of potential alternatives for addressing the issue (if 
different than the recommended action(s)), an evaluation of the potential 
alternatives (if applicable), a list of the recommended action(s), and an 
estimate of the associated costs (if applicable).  The cost estimates provided 
are conceptual level only.  A list summarizing all of the recommended 
improvements is provided at the end of this chapter.  Chapter 6 of this 
Master Plan will focus on implementation aspects of the identified 
recommendations. 

5.1 LAND USE 

1) Land use practices can influence the overall health of local waterways.  
Changes in land use may result in increased imperviousness and stormwater 
runoff as well as loss of valuable open space along streams needed to filter 
and store stormwater. Because of this relationship, the Center for 
Watershed Protection Stormwater Management Manual recognizes land use 
planning as the first BMP to reduce stormwater issues.      

Recommended Actions: 

� Review development codes to determine how stormwater friendly 
they are.  The EPA, Center for Watershed Protection, and the Upper 
White River Watershed Alliance have each developed similar tools to 
allow an in-depth review of the standards, ordinances, and codes 
that shape how development occurs. 

� The Central Indiana Land Trust (CILTI) has developed maps of key 
working lands and natural landscapes critical to the maintenance and 
enhancement of green infrastructure network in Central Indiana.  
This includes hubs, cores, and corridors of forests, wetlands, and 
aquatic systems.  This plan could be used to help guide how and 
where future development or redevelopment occurs. It is 
recommended that the recommendations from the Central Indiana 
Green Infrastructure Project be integrated into the Comprehensive 
Plans and development Ordinances. 

� Encourage the utilization of Low Impact Development (LID)/green 
approaches in meeting post-construction stormwater requirements 
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Estimated Cost: $9,500 ($2,000 for staff or a consultant to review 
development ordinances and fill out the Code and Ordinance Worksheet, 
$2,500 for staff or a consultant to review the Green Infrastructure Project 
and incorporate it into the Comprehensive Plans, and $5,000 for staff or a 
consultant to incorporate concepts into development ordinances) 

2) Carmel’s Comprehensive Plan for the US 31 corridor is encouraging large 
lawn areas to improve aesthetics.  This creates an opportunity to use the 
area for aesthetic and water quality benefits. 

Recommended Action(s): 

� In the early stages of Carmel’s process of working with developers 
along US 31, Carmel should encourage the developers to include rain 
gardens, bioretention basins, increased flow paths, disconnected 
impervious areas, etc. to reduce stormwater runoff to streams and 
improve water quality as they meet their aesthetic goals.  A system 
will also need to be established to make sure long term maintenance 
of these components is carried out. 

Estimated Cost: this activity would be part of existing review programs, cost 
for construction would be the developer’s responsibility.   

5.2 WETLANDS 

1) Not all wetlands are delineated on the NWI mapping.  The NWI is a large 
scale guide and may predate the development of newer wetlands.   

Recommended Action(s): 

� Require wetland delineations by a qualified professional on any site 
prior to development. 

Estimated Cost: $2,000 - $8,000 (cost born by developer) 

2) Often the focus of developers is on how to execute the preferred site plan 
rather than working with the existing aquatic resources at a site.    

Recommended Action(s): 

� Work with a developer to encourage creation of proposed site plans 
that minimize disturbance of wetland areas, provide 50-foot 
minimum buffers around wetlands, and preserve the wetland 
hydrology source (overland flow, groundwater, seasonal flooding, 
etc.)  

� Consider mitigation only when impacts are unavoidable. 



Williams Creek Watershed Master Plan             June 2010 

 
71 

 

Estimated Cost: $500 staff time per development 

3) The USACE and IDEM do not regulate alteration of the hydrology in wetlands 
by draining.  Currently these agencies only regulate the placement of fill.  
This allows the hydrologic function of a wetland to be modified and could 
cause a previously determined wetland area to become non-wetland. 

Recommended Action(s): 

� Establish a regulation prohibiting draining or diverting a water source 
from a delineated wetland.  

Estimated Cost: $5,000 for staff time or assistance from a consultant to 
develop ordinance language    

4) Wetland mitigation is often un-successful and does not replace the wetland 
values and functions that were lost. 

Recommended Action(s): 

� Require mitigation at a higher ratio than the USACE and IDEM in 
order to ensure that the acreage, value, and functions of an 
impacted wetland are replaced. 

� Technically evaluate mitigation plans for feasibility and probability of 
success. 

� Require additional monitoring and maintenance beyond the five 
years required by the USACE and IDEM to show that a wetland 
mitigation site will be successful long-term.   

Estimated Cost: $1,000 per site to technically evaluate mitigation plans, 
$5000 to update requirements, and provide training for staff 

5) Mature wetlands, particularly forested riparian sites, take many years to 
develop.  Forested wetlands provide a higher flood storage capacity than 
emergent sites, and also contain a larger diversity of plant and animal 
species.  When forested wetlands are located along stream corridors, they 
are of particular importance because they provide travel corridors for 
wildlife through otherwise heavily developed areas.  Buffering stream 
corridors and wetland areas with undeveloped native upland areas and/or 
additional wetland habitat is important to prevent pollutants from disrupting 
these areas and to provide transition areas for wildlife. 

Recommended Action(s): 

� Require a higher mitigation ratio for forested wetlands to discourage 
avoidable impacts. 



Williams Creek Watershed Master Plan             June 2010 

 
72 

 

� As wetland mitigation sites are selected, encourage pursuit of 
wetland mitigation in floodplains to increase flood protection. 

� Expand forested buffers along stream corridors to protect existing 
wetlands from pollutants and to provide travel corridors for wildlife. 

Estimated Cost: $5,000 for staff or a consultant to develop ordinance 
language increasing local mitigation ratios   

6) Existing wetland sites, particularly within developed areas, are becoming 
inadvertently impacted due to runoff and pollutants.    

Recommended Action(s): 

� Increase wetland buffer and setback requirements to filter pollutants 
before they can enter a delineated wetland area. 

Estimated Cost: $5,000 to develop ordinance language in-house or with 
assistance from consultant   

7) It has been shown through years of research that larger (50 acres plus), third 
party controlled, wetland sites provide more benefit to wildlife and have a 
higher probability of being successful than isolated wetland mitigation sites 
interspersed throughout urban areas.  It is very difficult for wildlife, 
particularly reptiles and amphibians to inhabit sites that are surrounded by 
development and not connected to other natural areas. 

Recommended Action(s): 

� Identify large scale wetlands mitigation bank opportunities within 
the Williams Creek Watershed and establish a mechanism to use the 
selected sites. 

Estimated Cost: Preliminary locations have been identified in Chapter 3.  
Additional cost would be $5,000 to identify opportunities and establish a 
mechanism for use of those sites  

5.3 STORMWATER QUALITY 

1) Stream corridor habitat/physical evaluations conducted during the 
development of this Master Plan identified several sites that had QHEI scores 
less than 60.  These include Site 4, Site 8, Site 9, and Site 10 

Recommended Action(s): 

�  Identify BMPs (structural and non-structural) for each site that had a 
low QHEI score 

Estimated Cost: $2000 staff time or consultant to identify BMPs  
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2) Macroinvertebrates are good indicators of the overall health of the stream.  
Biological sampling conducted during the development of this Master Plan 
identified sites that had PTI scores below 10 (between poor and fair).  These 
include Site 4, Site 7, and Site 9. 

Recommended Action(s): 

� Conduct additional macroinvertebrate sampling to determine a more 
representative sample and confirm the condition of the macro-
invertebrates and thus the stream health 

� If sampling results continue to show poor scores, initiate a study of 
causes for the poor scores, such as lack of stream canopy, chemicals 
in the water, lack of habitat requirements, etc. 

Estimated Cost: $400 per site per macro-invertebrate collection and 
identification and $2,000 for study of the causes of poor scores if needed 

3) The Williams Creek Watershed has numerous small stormwater ponds that 
are managed by local homeowners associations.   Depending on the design 
and maintenance practices, these ponds may not be functioning as well as 
they could to improve local water quality. 

Recommended Action(s): 

� Conduct a pond workshop to educate homeowners associations 
about the function, design, and maintenance practices of 
stormwater ponds. 

Estimated Cost: $5000 staff time or consultant to prepare for and facilitate 
pond workshop; cost of materials distributed at workshop could be covered 
by registration fee from attendees.  

4) Current Stormwater Management Ordinance and Technical Standards 
requires post-construction BMPs to remove 80% TSS from stormwater runoff 
but does not target other pollutants of concern such as nutrients (nitrogen 
and phosphorus), metals, and E. coli.  

Recommended Action(s): 

� Update the Stormwater Management Ordinance and Technical 
Standards to include removal requirements for nutrients, metals, 
and E. coli.  

Estimated Cost: $2,500 each for Carmel, Westfield, and Hamilton County to 
draft such additional language for local adoption and implementation 
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5.4 STREAM MORPHOLOGY 

1) Modeling shows that development in the watershed will increase the 
channel forming discharge and therefore contribute to additional erosion of 
the stream banks. 

Recommended Action(s): 

� Add a channel protection volume requirement to the Stormwater 
Management Ordinance and Technical Standards.  Channel 
protection is typically achieved by matching the post-construction 
runoff volume and rate to the pre-settlement condition for all runoff 
events up to the bankfull flow.  However, due to difficulties in 
determining the pre-settlement conditions, the net control of runoff 
resulting from a 1-year, 24-hour storm in proposed conditions can be 
established as the standard for channel protection.  The bankfull 
flow in most Indiana streams correlate with 1.5- to 2-year flood 
event flow.   

Estimated Cost: $2,500 each for Carmel, Westfield, and Hamilton County to 
draft such additional language for local adoption and implementation 

2) Some erosion of the stream banks was observed along Williams Creek.  
These do not presently appear to cause problems.  Solution ideas are offered 
for use in the future should these or other areas become an issue. 

Potential Recommended Action(s) if needed in the future: 

� enhance stream bank with deep-rooted, mesic prairie vegetation 
(both sides – mow for access) and with native trees and shrubs (one 
side – no access) 

� incorporate 2-stage ditch design for flood control and water quality 
benefit 

� use grade control to maintain channel slope 

� vegetative buffer (natives) to trap and filter pollutants carried by 
stormwater 

� maintain established setbacks (including outbuildings, walls, etc.) 

� Promote the use of LID BMPs to intercept stormwater at the source, 
filter, temporarily store, and slowly release runoff to receiving 
streams reducing streambank erosion. 

Estimated Cost: $15,000 each for Carmel, Westfield, and Hamilton County to 
identify appropriate LID BMP practices, and draft language for local adoption 
and implementation 
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5.5 GENERAL FLOOD CHARACTERISTICS 

1) Six structures identified as potentially located in the 1% annual chance 
floodplain 

Recommended Action(s): 

� Encourage homeowners to obtain information regarding the lowest 
adjacent grade for their house.  If it is near the BFE, homeowners 
should seriously consider purchasing flood insurance. 

� Make sure ordinances are enforced so that flood elevations are not 
increased by upstream land use changes. 

� Every 10 years or after a significant flooding event, revisit hydrologic 
modeling in relation to the additional years of stream gage record to 
verify that flood levels are not increasing for given rainfalls. 

Estimated Cost:  no additional cost to the community 

2) Increased water surface elevations if the Williams Creek channel is not 
maintained in its present condition (free of debris in the channel, trees on 
channel banks with small amounts of underbrush, brush doesn’t cross the 
channel)  

Potential Solutions: 

a) Establish/continue regular maintenance plan 
b) Clear one side of the channel to reduce resistance to flow and to 

allow access to the channel for removal of debris.  (This alternative 
would be detrimental to the water quality goals of the watershed.) 

c) Use revised floodplain elevations developed as part of this Master 
Plan to enforce requirements for 2 feet of freeboard for the lowest 
adjacent grade (including walkout basements) of any structure in the 
floodplain or in the “BFE plus 2 feet floodplain”.  

Recommended Action(s): 

� Establish/continue regular maintenance plan to keep channel free of 
debris 

� Use revised floodplain elevations developed as part of this Master 
Plan to enforce requirements for 2 feet of freeboard for the lowest 
adjacent grade (including walkout basements) of any structure in the 
floodplain or in the “BFE plus 2 feet floodplain”.  Delineate the limits 
of the area inundated by the BFE plus 2 feet flood elevations for use 
in regulatory functions. 



Williams Creek Watershed Master Plan             June 2010 

 
76 

 

Estimated Cost:  cost of the maintenance is included in the watershed 
assessment fees.  Cost to generate the “BFE plus 2 feet inundation area” map 
is estimated at less than $1,000. 

3) New floodplain delineations show revised flood risk areas 

Recommended Action(s): 

� Communities should begin immediately to use the floodplain 
delineation upstream of 131st Street (where no detailed FIS study 
exists) for regulatory purposes. 

� Submit the entire study of Williams Creek to IDNR and FEMA for 
inclusion in the next FIS revision (IDNR is reviewing the study and has 
already obtained FEMA money to include the study in the next FIS 
revision.  Contract details are currently being finalized.) 

Estimated Cost: no additional cost to the community 

4) Detailed flood risks are not identified on Clay Creek, Henley Creek, Almond 
Ditch, Elliott Creek, or Spring Mill Run 

Recommended Action(s): 

� Propose the addition of Spring Mill Run and Almond Ditch to the 
Williams Creek coordinated discharge curve for regulatory purposes 
based on data in Appendix 4 

� Conduct additional analysis of the parameters in the IDNR HEC-HMS 
model for Elliot Creek and Henley Ditch to confirm or revise the 
discharges calculated 

� Make a proposal for coordinated discharges on Elliot Creek and 
Henley Creek to use for regulatory purposes. 

� Conduct hydraulic studies to identify floodplains/floodway on all four 
streams, then use as best available data for local regulatory 
functions 

Estimated Cost:  The determination of the Clay Creek floodplain and 
floodway is underway.  The cost of the study to determine the floodplains 
and floodway for the remaining stream reaches under IDNR jurisdiction 
(approximately 5 miles) is estimated at $30,000 - $36,000, depending 
whether all the streams are studied at once or separately. 

5.6 SITE SPECIFIC FLOOD CONCERNS 

1) 106th Street west of Laurelwood Drive is overtopped in the 1% annual chance 
flood.  A wall constructed on the downstream side increases flood stages.  

Potential Solutions: 
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a) Require removal of the wall or replacement of portions of the wall 
with materials that allow flood waters and debris to flow through 
sufficient area so as to prevent water surface elevation increases 

b) Replace the culvert with a larger structure that would prevent road 
overflow in the 1% annual chance flood 

c) Investigate opportunities for holding more water in portions of the 
watershed upstream of 106th Street 

Recommended Action(s): 

� Replace the culvert with a larger structure that would prevent road 
overflow in the 1% annual chance flood.  This alternative would meet 
the evaluation criteria of having a travel lane open during the 1% 
annual chance flood 

Estimated Cost:  approximately $70,000  

2) 141st Street at Williams Creek is overtopped by the 10% annual chance flood 

Potential Solutions: 

a) Replace the culverts with a larger structure 
b) Raise the road 
c) Create detention areas upstream 

Recommended Action(s): 

� Replace the culverts with a larger structure.  This is the cheaper 
alternative and meets the criteria for providing a flood free travel 
lane during the 1% annual chance flood event 

Estimated Cost:  approximately $70,000  

3) 146th Street between Towne Road and Ditch Road often floods. 

Potential Solutions: 

a) Make sure downstream owners are protected from potential 
increases in the 10% annual chance flood which may be increased 
once culverts under the road are improved and before upstream 
detention is provided with future developments 

b) Require the culvert replacements to include replacement of lost 
storage.  (perhaps could then be paid back by developments in lieu of 
site detention) 

c) Create planned storage areas upstream of the road that would 
prevent impacts to the road from storage at the road culverts and 
over the road. 
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d) Divert runoff to constructed wetland at southeast corner of 146th and 
Ditch Road 

Recommended Action(s): 

� Require the culvert replacements to include replacement of lost 
storage.  This option prevents negative impacts downstream 

� If culvert replacements cannot include replacement of lost storage 
then make sure that downstream owners are protected from 
potential increases in the 10% annual chance flood which may be 
increased once culverts under the road are improved and before 
upstream detention is provided with future developments. 

Estimated Cost: approximately $1,000 for staff time to coordinate the 
recommended actions 

4)  Francis Court is overtopped between the 10 and 50-year floods 

Potential Solutions: 

a) Replace the culverts with a larger structure 
b) Raise the road 
c) Create detention areas upstream 

Recommended Action(s): 

� Replace the culverts with a larger structure.  This is the cheaper 
alternative and meets the criteria for providing a flood free travel 
lane during the 1% annual chance flood event 

Estimated Cost:  approximately $70,000  

5) Spring Mill Road south of 106th Street floods almost yearly 

Potential Solutions: (a detailed description of solutions and their evaluation 
is provided in Appendix 9) 

a) Raise Spring Mill Road 
b) Investigate opportunities for holding more water in portions of the 

watershed upstream of 106th Street (in-line or off-line detention 
basins, underground storage, increase size of existing ponds) 

c) Replace culverts with larger structure 
d) Construct bypass channel/culvert for the tributary flow 

Recommended Action(s) (a detailed description is provided in Appendix 8): 

� raise Spring Mill Road 

� increase size of culverts under Spring Mill Road 
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� raise private drive to act as a levee 

Estimated Cost: $575,000 

6) Towne Road just south of 146th Street sometimes floods due to a blocked 
culvert 

Recommended Action(s): 

� Develop plan for regular removal of debris 

� Locate and control source of debris that blocks the culvert 

� Wait to see if planned improvements to the road eliminate the 
problem 

Estimated Cost:  already included in existing program activities 

7) Private property dam on Williams Creek south of 106th Street increases 
flooding upstream which impacts Spring Mill Road 

Potential Solutions: 

a) Remove the dam and restore the area to channel shape consistent 
with downstream reaches 

b) Raise Spring Mill Road above the 1% annual chance flood elevation 

Recommended Action(s) (a detailed description is provided in Appendix 9): 

� Raise Spring Mill Road above the 1% annual chance flood elevation 
since the dam is not the only cause of flooding on Spring Mill Road 

Estimated Cost: included in other alternatives 

5.7 REGULATIONS 

1) Permit requirements are a key tool for improving water quality and 
controlling stormwater runoff in the watershed.  Watershed residents need 
to be aware of the permit requirements and jurisdictional limits. 

Recommended Action(s): 

� post IDNR Construction in the Floodway jurisdictional limits on the 
county and city websites 

� include links and instructions to local sites or FEMA Map Service 
Center web site for floodplain mapping  

Estimated Cost:  included in existing programs 
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5.8 MISCELLANEOUS STORMWATER RELATED PROJECTS 

These concerns are to be addressed by Carmel/County as details are made 
known and as jurisdiction will allow.  General ideas for solutions are 
presented here. 

1) Crooked Stick Estates area experiences roadside ditch ponding from 
sedimentation, blockage of drainage path due to landscaping, rear yard swale 
ponding, and reports of drainage structure failures at various locations 

Potential Solutions: 

a) restore surface drainage systems 
b) educate public regarding the function of rear yard swales and 

landscaping impacts on drainage 
c) investigate the possibility of confining ponding to rain 

gardens/bioretention areas 
d) educate property owners regarding preservation of drainage paths 

2) Crooked Stick West subdivision has clogged/aging culverts and experiences 
ponding on the street approach to Towne Road across Firestone Lane 
causing safety issues 

Potential Solutions: 

a) Investigate ways to prevent water from getting to the street 
approach to Towne Road (such as berms to redirect water, rain 
gardens to absorb rainfall, etc. 

b) Restore surface drainage systems in easements 

3) Kings Mill subdivision has residences built in the upstream subdivision’s 
overflow path for storms greater than the 1% annual chance flood.  There is 
also some clogging of drainage structures which causes yard flooding. 

Potential Solutions: 

a) Create a new bypass for the overflow from the upstream subdivision 
b) Find and create opportunities upstream of the subdivision to hold 

more runoff 
c) Educate the public about keeping debris from drainage structures 

4) Wet basement issues in Bridlebourne, Buckhorn, Crooked Stick West, Kings 
Mill, and Windemere subdivisions (or subdivisions developed in the future) 

Potential Solutions: 

a) Make sure all drainage infrastructure can operate as designed.  This 
includes removing landscaping or structural features from drainage 
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swales, promoting the drainage of water away from residences, and 
making sure emergency spillways on ponds can function properly 

b) Homeowners contacting local basement waterproofing companies for 
assistance 

c) For future development, require lowest floor (including basement) to 
be 1-2 feet above the 1% annual chance flood elevation on nearby 
ponds that could affect the structure by flow through the ground or 
overland flow if there is a potential for the emergency overflow to 
become blocked (by debris or by landscaping) 

5) Solutions for subdivision drainage problems require an understanding of 
what yards and streets were designed to drain along what paths, and to 
what points.  Design plans are not always easy to obtain when problems 
develop years after the design is completed.   

Potential Solutions: 

a) Require developers to submit spatially referenced digital files of 
subbasins and flow directions and paths as part of the final approval 
process.  The community/County should then archive these in a 
manner that they can access them in the future when if a problem 
develops. 

5.9 SUMMARY OF RECOMMENDATIONS 

Recommendations for the concerns identified in this Master Plan are listed 
below in Table 5-1.  These recommendations were selected based on the 
evaluation criteria described in Chapter 4.  More detailed actions needed to 
implement these recommendations are described in Chapter 6. 
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Table 5-1  Master Plan Recommendations 

Recommendation Action to be taken by: 
Cost paid 

by*: 
Estimated 

Cost** 
Master Plan 

Related Section 

St
ud

y 

Identify BMPs (structural and non-structural) for each site that had a low QHEI score (#4, 8, 
9, & 10) 

Westfield, Carmel, & County   $2,000 Stormwater Quality 

Confirm the condition of the macro-invertebrates at sites 4, 7, & 9.  If continued sampling 
results show poor scores, initiate a study of causes  

Carmel, & County   
$400 per 
site, plus 
$2,000 

Stormwater Quality 

Conduct hydraulic studies to revise/identify floodplains on Spring Mill Run, Elliot Ck, Henley 
Ck, and Almond D, then use as best available data for local regulatory functions 

Carmel, & County   
$28,000 -
$34,000 

General Flood 
Characteristics 

Address the items from the Southwest Clay Township Annexation Master Drainage Plan, 
2009 as details are made known and as jurisdiction will allow 

Carmel & County     Regulations 

Delineate the limits of the area inundated by the BFE plus 2 feet flood elevations for use in 
regulatory functions 

Westfield, Carmel, & County   $1,000 
General Flood 
Characteristics 

Re
gu

la
to

ry
 (R

eq
ui

re
m

en
ts

 o
r 

In
ce

nt
iv

es
) 

After major flooding or an additional 10 years of record for the stream gage at 96th Street, 
check for watershed changes or need to recalibrate hydrologic modeling 

County
 

$1,000 - 
$5,000 

General Flood 
Characteristics 

Review development codes to determine how stormwater friendly they are Westfield, Carmel, & County   $2,000 Land Use 

Integrate recommendations from the Central Indiana Green Infrastructure Project into the 
Comprehensive Plans and development codes 

Westfield, Carmel, & County   $7,500 Land Use 

Require wetland delineations by a qualified professional on any site prior to development Westfield, Carmel, & County developer 
$2,000 - 
$8,000 

Wetlands 

Establish a regulation prohibiting draining or diverting a water source from a delineated 
wetland 

Westfield, Carmel, & County   $5,000 Wetlands 

Require mitigation at a higher ratio than the USACE and IDEM  Westfield, Carmel, & County   $5,000 Wetlands 

Technically evaluate mitigation plans for feasibility and probability of success Westfield, Carmel, & County   
$1,000 per 

site 
Wetlands 

Require additional monitoring and maintenance of wetland mitigation sites Westfield, Carmel, & County   $5,000 Wetlands 

Increase wetland buffer and setback requirements to filter pollutants  Westfield, Carmel, & County   $5,000 Wetlands 

Update the Stormwater Management Ordinance and Technical Standards to include removal 
requirements for nutrients, metals, and E.coli 

Westfield, Carmel, & County   $2,500 Stormwater Quality 

Add a channel protection volume requirement to the Stormwater Management Ordinance 
and Technical Standards 

Westfield, Carmel, & County   $2,500 Stream Morphology 

Encourage the utilization of LID/green approaches in meeting post-construction stormwater 
requirements 

Westfield, Carmel, & County 
 

$2,500 Land Use 

Make sure ordinances are enforced so that flood elevations are not increased by upstream 
land use changes 

Westfield, Carmel, & County     
General Flood 
Characteristics 

Use the floodplain delineation upstream of 131st Street for regulatory purposes Westfield, Carmel, & County     
General Flood 
Characteristics 

Propose the use of the discharges described in Appendix 4 for regulatory purposes along the 
Williams Creek tributaries 

Carmel, & County     
General Flood 
Characteristics 

Require the culvert replacements along 146th Street to include replacement of lost storage Westfield & County   $1,000 
Site Specific Flood 

Concerns 

Require lowest floor of structures to be 1-2 feet above the 1% annual chance flood elevation 
of nearby ponds 

Westfield, Carmel, & County 
 

$1,000 
Miscellaneous 

Stormwater Related 
Projects 

Encourage developers along US 31 to include rain gardens, bioretention basins, increased 
flow paths, disconnected impervious areas, etc in the green aesthetic requirements for the 
corridor 

Carmel     Land Use 

Require developers to submit spatially referenced digital files of subbasins and flow 
directions and paths as part of the final approval process 

Westfield, Carmel, & County 
  

Miscellaneous 
Stormwater Related 

Projects 

Work with a developer to encourage creation of proposed site plans that minimize 
disturbance of wetland areas, provide 50-foot minimum buffers around wetlands, and 
preserve the wetland hydrology source (overland flow, groundwater, seasonal flooding, etc.) 

Westfield, Carmel, & County   $500 Wetlands 

Consider wetland mitigation only when impacts are unavoidable Westfield, Carmel, & County     Wetlands 

Encourage pursuit of wetland mitigation in floodplains to increase flood protection Westfield, Carmel, & County   $5,000 Wetlands 

Expand forested buffers along stream corridors  Westfield, Carmel, & County   $5,000 Wetlands 

M
ai

nt
en

an
ce

 Establish/continue regular maintenance plan to keep the Williams Creek channel relatively 
free of debris 

County     
General Flood 
Characteristics 

Continue to fund the USGS Stream Gage at 96th Street County 
 

$6,000/yr 
General Flood 
Characteristics 

Develop plan for regular removal of debris from the culvert under Towne Road just south of 
146th Street or locate and control source of debris that blocks the culvert 

Carmel     
Site Specific Flood 

Concerns 

Ed
uc

at
io

n 

Post IDNR Construction in the Floodway jurisdictional limits on the county and city websites Westfield, Carmel, & County     Regulations 

Identify and create large scale wetlands mitigation bank opportunities  Westfield, Carmel, & County   $5,000 Wetlands 

Work with the SWCD to conduct a pond workshop to educate homeowners associations 
about the function, design, and maintenance practices of stormwater ponds 

Westfield, Carmel, & County   $5,000 Stormwater Quality 

Encourage homeowners shown by 1' contour mapping to be close to the BFE to obtain 
information regarding the lowest adjacent grade for their house, then purchase flood 
insurance if close 

Westfield, Carmel, & County homeowners   
General Flood 
Characteristics 

Include links and instructions to local sites or FEMA Map Service Center web site for 
floodplain mapping  

Westfield, Carmel, & County     Regulations 

Co
ns

tr
uc

ti
on

 Replace the culvert at 106th Street west of Laurelwood Drive with a larger structure County   $70,000 
Site Specific Flood 

Concerns 

Replace the 141st Street culverts for Williams Creek with a larger structure County   $70,000 
Site Specific Flood 

Concerns 

Replace the Francis Court culverts with a larger structure County   $70,000 
Site Specific Flood 

Concerns 
Raise Spring Mill Road south of 106th Street, increase size of culverts under Spring Mill Road, 
raise private drive to act as levee 

County   $575,000 
Site Specific Flood 

Concerns 

*     Entry provided if different from the entity responsible for the noted action. 
**   Costs are for each item separately.  Considerable cost savings are possible if appropriate actions are combined.
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CHAPTER 6   IMPLEMENTATION PLAN 

This chapter takes the recommendations identified in this Master Plan and 
summarized in Chapter 5 and breaks them down into steps that are needed 
to implement the recommendations.  The recommendations have been 
grouped into the 5 categories noted in the summary sheet in Chapter 5:  
study, regulatory, planning, education, and construction.  Where possible, 
specific steps to accomplish the recommendations have been provided.     

6.1 STUDY 

1) Identify BMPs (structural and non-structural) for each site that had a low 
QHEI score (sites #4, 8, 9, & 10) 

a) Review QHEI Field Sheets and identify metric that received the lowest 
scores 

b) Walk upstream/downstream to determine magnitude and extent of 
the problem. 

c) Depending on metric, magnitude, and extent of problem, identify 
appropriate structural and/or non-structural BMPs 

2) Confirm the condition of the macr invertebrates at sites 4, 7, and 9 

a) Resample sites with low PTI scores 
b) Compare results with macro-invertebrates collected during the 

development of this Master Plan and QHEI scores for the same sites 
c) Walk upstream/downstream to determine source of physical or 

chemical stressor 
d) Identify structural and/or non-structural BMPs 

3) Conduct hydraulic studies to revise/identify floodplains on Spring Mill Run, 
Elliot Creek, Henley Creek, and Almond Ditch 

a) Submit request to IDNR to include Spring Mill Run and Almond Ditch 
on the coordinated discharge curve for Williams Creek.  Backup 
information to submit with this request is found in Appendix 4. 

b) Determine proposed coordinated discharges for use on Elliot Creek 
and Henley Creek based on an additional analysis to confirm or revise 
the parameters used by IDNR in the HEC-HMS model. 

c)  Select consultant to create the models for these streams from the 
mouth to the limit of the IDNR jurisdiction as provided in this Master 
Plan.  Include FIS profiles and mapping of the 1% and 0.2% annual 
chance floodplains, floodway, and BFE. 

d) Submit appropriate documentation of the models to IDNR for 
approval and inclusion in future FIS revisions 
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e) Use the approved IDNR mapping and BFE for local regulatory 
purposes as best available data until published in the FIS.  (exception - 
Spring Mill Run already has floodplain/floodway identified in the FIS 
so that portion must be used for regulatory purposes until the FIS is 
revised) 

4) Address the items from the 2009 Southwest Clay Township Annexation 
Master Drainage Plan as details are made known and as jurisdiction will 
allow 

a) Determine the appropriate jurisdiction to address each identified 
problem 

b) Gather available data 
c) Determine course of action to address each issue.  This may include 

the decision to wait until additional information on the problem can 
be found. 

5) Delineate the limits of the area inundated by the BFE plus 2 feet flood 
elevations for use in regulatory functions 

a) Identify whether this delineation is to be done using in house GIS 
capabilities or outside assistance 

b) Add 2 feet to the BFE determined in this Master Plan and delineate 
the associated inundation limits 

c) Once additional tributaries are studied, perform the same process on 
them 

d) Provide the inundation mapping to regulatory personnel for use in 
reviewing proposed construction elevations to make sure structures 
outside the 1% annual chance floodplain aren’t lower than the BFE 
plus 2-foot freeboard requirement 

6.2 REGULATORY/INCENTIVES 

1) Revise various City/County regulations to incorporate additional 
requirements or incentives 

a) Select which of the following recommended revisions to local 
requirements will be implemented: 

� Require wetland delineations by a qualified professional on any 
site prior to development 

� Establish a regulation prohibiting draining or diverting a water 
source from a delineated wetland 

� Require wetland mitigation at a higher ratio than the USACE 
and IDEM 
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� Require additional monitoring and maintenance of wetland 
mitigation sites 

� Increase wetland buffer and setback requirements to filter 
pollutants 

� Update the Stormwater Management Ordinance and technical 
Standards to include removal requirements for nutrients, 
metals, and E. coli 

� Add a channel protection volume requirement to the 
Stormwater Management Ordinance and Technical Standards 

� Encourage the utilization of LID/green approaches in meeting 
post-construction stormwater requirements, including meeting 
channel protection volume requirements 

� Use the floodplain delineation upstream of 131st Street for 
regulatory purposes 

� Require the culvert replacements along 146th Street to include 
replacement of lost storage 

b) Determine which regulations (ordinances, standards, policies,…) need 
to be revised to incorporate the selected requirements or incentives 

c) Conduct research and create required language for additions to the 
appropriate regulations 

d) Adopt and implement the selected language additions/revisions 

2)  Review development codes to determine how stormwater friendly they are. 

a) Research and select the most appropriate development code review 
worksheet 

b) Complete worksheet referencing appropriate ordinances and 
standards 

c) Based on worksheet results, identify and prioritize areas for 
improvement 

d) Add language to specific ordinances and standards 
e) Adopt and implement new requirements 

3) Integrate recommendations from the Central Indiana Green Infrastructure 
Plan into the Comprehensive Plans and development codes 

a) Review the CILTI Green Infrastructure Plan 
b) Using GIS create an overlay zone of the Green Infrastructure Network 

and Conservation and Managed Land Data 
c)  Integrate the Implementation Goals from the Green Infrastructure 

Plan into the Comprehensive Plan 
d) Measure implantation success using the Indicators identified for each 

goal in the Plan 
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4) Technically evaluate wetland mitigation plans for feasibility and probability 
of success 

a) Determine whether this can be accomplished using in house 
resources or will require assistance from other professionals 

b) Revise review processes to include this step 

5) Make sure ordinances are enforced so that natural resources are protected 
and flood elevations are not increased by upstream land use changes  

a) Periodically review approved development for compliance with the 
applicable regulations 

6) Consider adding non-regulated stream reaches to the regulated drain rolls so 
that a funding mechanism exists to maintain these reaches as well as 
Williams Creek itself 

6.3 MAINTENANCE 

1) Establish/continue regular maintenance plan to keep the Williams Creek 
channel relatively free of debris.  Conduct maintenance in a manner that 
minimizes disturbance and preserves the current vegetative corridor along 
the stream. 

2) Until the culvert under Towne Road just south of 146th Street is replaced, 
locate the source of debris that blocks the culvert and develop plan for 
regular removal 

3) Continue to maintain the USGS stream gage on Williams Creek at 96th Street 

6.4 EDUCATION

1) Using City/County websites, post: 

a) IDNR Construction in the Floodway jurisdictional limits as approved in 
this Master Plan 

b) Include links and instructions to local sites for jurisdictional 
information 

c) Include links and instructions to the FEMA Map Service Center web 
site for floodplain mapping and FIS information 

d) Create brochures to assist homeowners in addressing wet basement 
issues 

2) Work with developers as they come in to discuss plans to: 

a) Along US 31, encourage inclusion of rain gardens, bioretention basins, 
increased flow paths, disconnected impervious areas, etc. in the 
green aesthetic requirements for the corridor 
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b) Encourage creation of proposed site plans that avoid and minimize 
impacts to wetlands and streams

c) Consider wetland mitigation only when impacts are unavoidable 
d) Encourage pursuit of wetland mitigation in floodplains to increase 

flood protection 

3) Use City/County websites and information dissemination avenues to 
encourage residents to: 

a) Expand forested buffers along stream corridors (provide guidance so 
that it’s done in a way that still allows the Surveyor’s office access to 
the creek in some way if needed to remove problematic debris 

b) If shown by topographic mapping to be close to the BFE, obtain 
information regarding the lowest adjacent grade for their structure, 
and then explain the benefits of obtaining flood insurance based on 
the findings 

4) Identify and create large scale wetland mitigation bank opportunities 
 

5) Conduct a pond workshop to educate homeowners associations about the 
function, design, and maintenance practices of stormwater ponds 

6.5 CONSTRUCTION 

1) Replace culvert at 106th Street west of Laurelwood Drive over Thomas 
Hussey Drain, 141st Street over Williams Creek, and Francis Court over 
Williams Creek with larger structures 

a) Use the 1% annual chance flood discharges from this study for design 
of structures that will allow the 1% annual chance flood to pass 
through the structure without overtopping the road 

b) Obtain IDNR Construction in a Floodway approval 
c) Obtain the required permits 
d) Construct in a manner that minimizes disturbance to the stream bed 

2) Raise Spring Mill Road south of 106th Street, increase size of culverts  under 
Spring Mill road, raise private drive to act as a levee 

a) Design the necessary road, culvert, and private drive improvements 
as generally outlined in this Master Plan 

b) Obtain 404 and 401 permits as required.  (IDNR construction in a 
Floodway permit is not required.) 

c) Construct in a manner that minimizes disturbance to the stream bed 
or vegetation along the road 
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Macroinvertebrate Raw Data Sheets 
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Water Quality Raw Data Sheets 
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1.0 INTRODUCTION 
 

As part of the Williams Creek Master Plan in Hamilton County, Indiana, a 
hydrologic model of the watershed was needed to analyze existing and future 
conditions as well as to evaluate potential solutions to identified issues.  Instead of 
creating a new model, the hydrologic model of the Williams Creek watershed in 
Hamilton and Marion Counties which was developed by IDNR along with the 
adjoining watershed of Crooked Creek was used as a starting point.  The location 
of these watersheds is shown in Figure A4-1.  The IDNR model was developed as 
a basis for new coordinated discharges that were used as part of the FIS restudy 
for the Marion County portion of the two streams.  Additional revisions to the model 
for the purposes of the Williams Creek Watershed Master Plan are described in 
this report. 

 
 

Figure A4-1:  Watershed Location Map 
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2.0        EXISTING CONDITION ANALYSIS 
 
2.1 INTRODUCTION 
 
The hydrologic analysis performed to determine the discharges along Williams 
Creek was done using the U.S. Army Corps of Engineers HEC-HMS model (version 
3.1).  The analysis encompassed the Williams Creek and Crooked Creek watershed 
at their mouths in Marion County.  Crooked Creek was included in the Williams 
Creek Master Plan modeling even though it is not in the Williams Creek watershed 
due to its proximity to Williams Creek and the existence of longer stream gage 
records for use in calibration.  This approach maintained consistency with the IDNR 
approach.  Because it was used as a basis for additional modeling for the Master 
Plan, a copy of the IDNR report explaining their model is included in Appendix A4-
1.  Key information from the IDNR report along with additional information 
incorporated for the purpose of the Williams Creek Master Plan are described below. 
 
2.2 SUBBASIN PARAMETERS  
 
The Clark unit hydrograph method was selected by IDNR as the basis of the rainfall-
runoff generation for individual subbasins.  This method requires the following major 
inputs for a given subbasin:  basin area, Natural Resource Conservation Service 
(NRCS) curve number (CN), NRCS lag time, and a storage coefficient (R value).  
Other input parameters include the initial loss, percent imperviousness, and 
baseflow (if applicable).  Of the optional parameters, only percent imperviousness 
was used for this model.  The development of each of these parameters is explained 
below. 
 
Subbasin Drainage Area 
 
The subwatersheds used by IDNR in their study are shown below in Figure A4-2 
(Aerial photography is from 2003). Even though the delineations differ from those 
used in other parts of this Master Plan (such as the one square mile delineations), 
they were considered close enough for the purposes of the hydrologic modeling for 
the Master Plan.  The areas used are listed with additional parameters from the 
IDNR model in Table A4-1 at the end of this section. 
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Figure A4-2:  Crooked Creek (yellow) and Williams Creek (red) IDNR Subareas 
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Subbasin Curve Number 
 
Curve numbers for the IDNR model were calculated based on the year 2000 land 
use data and soil types as described in their report.  Curve numbers used in the 
IDNR study are listed in Table A4-1. 
  
Subbasin Lag Time and Storage Coefficient 
 
Lag time and Clarks method storage coefficient (R) were calibrated as described in 
the IDNR model description provided in Appendix A4-1 and shown below in Table 
A4-1.  
 
Subbasin Percent Imperviousness 
 
The IDNR model included values for percent imperviousness in some of the 
subbasins.  These values are shown below in Table A4-1. 
 

Table A4-1 
IDNR Model Subbasin Parameters 

basin 
Drainage 

Area, sq. mi. 
CN 

Time of 
Concentration, hr 

Storage 
Coefficient 

% 
imperviousness 

1617 0.350 71.1 2.152 1.38 7.2 

1618 0.916 75.9 3.641 2.33 10.6 

1619 0.668 79.1 2.605 1.67 6.2 

1620 0.622 73.9 3.280 2.10 4.9 

1621 0.643 77.5 3.001 1.92 15 

1622 0.117 75.3 1.555 0.99 17.7 

1623 0.540 79 3.449 2.20 4.9 

1624 0.529 76.9 2.165 1.38 3.5 

1625 0.716 77.9 3.394 2.17 11.4 

1626 0.252 75 1.857 1.19 2.4 

1627 0.484 75.8 2.394 1.53 4 

1628 0.456 81.7 3.056 1.95 6.9 

1629 1.195 77.6 3.024 1.93 6.4 

1630 0.887 76.3 4.483 2.87 7.6 

1631 1.326 77.9 2.898 1.85 8.4 

1632 0.450 78.7 2.878 1.84 8.2 

1633 0.458 78.9 3.014 1.93 6.1 

1634 0.334 75.9 1.469 0.94 5.3 

1635 0.796 86.3 1.419 0.91 5.9 

1636 0.652 79 2.419 1.55 3.6 



Williams Creek Watershed Master Plan- Hydrologic Analysis                         June 2010 

 

  
 

    Christopher B. Burke Engineering, Ltd.                                                   7  

basin 
Drainage 

Area, sq. mi. 
CN 

Time of 
Concentration, hr 

Storage 
Coefficient 

% 
imperviousness 

1637 0.726 78.3 3.266 2.09 3.3 

1638 0.803 77.1 2.862 1.83 0.6 

1639 0.891 81.4 2.849 1.82 6.3 

1640 1.009 83.2 4.411 2.82 4.4 

1641 1.413 79.9 3.008 1.92 17.1 

1642 0.363 75.2 1.813 1.16 5.7 

1643 0.985 81.3 2.526 1.62 6.8 

1644 1.055 78.9 2.488 1.59 5.4 

1645 0.673 81.3 2.499 1.60 5.2 

1646 0.484 77.6 2.552 1.63 5.7 

1647 0.779 72.6 1.584 1.01 7.8 

1648 1.017 73.8 2.834 1.81 6 

1649 0.528 78.5 2.388 1.53 3 

1650 0.582 73.2 1.895 1.21 3.5 

1651 0.663 77 2.316 1.48 2 

1652 0.352 74.5 2.086 1.33 2.2 

1653 0.779 75.8 2.194 1.40 6.3 

1654 0.644 76.6 2.079 1.33 4.8 

1655 0.931 75.2 3.309 2.12 8.8 

1656 1.366 77.8 3.233 2.07 5.7 

1657 0.227 73.9 1.431 0.91 10.4 

1658 0.767 78.1 2.450 1.57 3.9 

1659 1.528 79.8 2.712 1.73 0.9 

1660 0.014 72.2 0.691 0.44 0 

1661 1.220 79.1 4.673 2.99 0.1 

1662 0.672 78 4.236 2.71 0.2 

1663 1.498 79.9 3.435 2.20 0 

1664 0.777 79.7 2.074 1.33 0 

1665 1.741 80.1 3.367 2.15 0 

1666 1.025 78.2 4.541 2.90 4.6 

1667 0.698 77.4 2.785 1.78 10.2 

1668 1.052 80 3.847 2.46 2.5 

1669 0.386 78.4 2.373 1.52 6.7 

1670 0.370 77.5 2.051 1.31 12.7 

1671 0.802 78.7 2.883 1.84 0 
*Williams Creek basins in Hamilton County are shaded. (Subbasin 1651 is only partially in Hamilton County.) 
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2.3 ADDITIONAL INPUT PARAMETERS  
 
Reach Routing 
 
Reach routing parameters were based on reasonable velocities and measured reach 
lengths. 
 
Rainfall Data 
 
For the selected frequency rainfalls, the National Oceanic and Atmospheric 
Administration (NOAA) Atlas 14 Precipitation Frequency depth data was used with 
the 50% All Cases distribution of the 6-, 12-, and 24- hour duration storms.  These 
rainfall depths are shown below in Table A4-2. 
 

Table A4-2 
Precipitation Depth Frequency Estimates (inches)  

 
 
 
 
 
 
 
 
 
2.4 CALIBRATION TO HISTORIC FLOODS 
 
Since the IDNR study was completed, a USGS stream gage was installed at 96th 
Street, just downstream of Hamilton County.  In June 2008, there was a rainfall of 
1.7 - 2.5 inches across the watershed in 7 hours.  This was approximately equal to a 
50% annual chance (2-year) rainfall.  This rainfall caused a peak flow of 
approximately 1,440 cfs at the gage (based on recorded gage height and a graph of 
previous gage heights versus discharge).  In order to test the validity of the IDNR 
model for this more frequent level storm, the rainfall for this storm was input into the 
IDNR model.  Results were significantly less than the gage value.  Because of this, it 
was decided that further calibration of the IDNR model should be considered.  The 
IDNR model also made some broad generalizations that did not lend themselves to 
evaluating scenarios in the watershed as needed for the Master Plan.  These 
generalizations included use of the Clark R value to account for storage in the 
watershed and no accounting for detention ponds located throughout the basin.  
 
For calibration purposes, the 1957 (approximately a 1% annual chance storm) and 
2003 flood events from the IDNR study along with the June 2008 rainfall 

 

Storm Duration 

Annual Chance 

10% 1% 

6 hr 3.10 4.88 

12 hr 3.59 5.47 

24 hr 4.12 6.01 
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(approximately a 50% annual chance storm) were used.  The 1957 flood was used 
due to the existence of stream flow measurements on Crooked and Williams Creek 
for the event and the fact that little development had occurred in the watershed at 
the time.  The 2003 flood was chosen due to the large rainfall depth.  The 2008 flood 
calibration provided a smaller scale flood and made use of the Williams Creek gage 
data that was available.  The observed discharges used for calibration are shown 
later in this section along with the model results. 
 
The 1957 and 2003 rainfall data was unchanged from that used in the IDNR 
modeling.  Rainfall depths for the 2008 storm were added based on the National 
Weather Service (NWS) grid data obtained from the Advanced Hydrologic Prediction 
Service web site.  Depths varied from 1.7 to 2.5 inches across the Williams Creek 
basin.  There was nothing to calibrate the Crooked Creek basin to for this storm so 
false depths were input for Crooked Creek basins in order to allow the Williams 
Creek basin values to be calculated.  The rainfall distribution information for the 
2008 storm was based on the Eagle Creek airport hourly rainfall data provided by 
the Indiana State Climatologist.  A copy of the available rainfall data is included in 
Appendix A4-2.   
 
As part of the additional calibration effort, two sets of curve numbers were 
recalculated from the IDNR study: 1957 (predevelopment) conditions and existing 
conditions.  Based on an overview of the soils maps, it was determined that the soils 
were about 40% B soils and 60% C soils.  This ratio was applied across all 
subbasins for simplicity.   
 
A curve number of 80 for the 1957 conditions was used based on a land use of row 
crops for the entire Williams Creek watershed with some residential land use in the 
Crooked Creek watershed as noted on 1956 aerial photography.   
 
For the purpose of Calibration of 2003 and 2008 flood events, curve numbers for the 
2003 and 2008 conditions were assumed to be close enough to use the 2008 aerial 
photography to approximate land use.  The associated calculation sheets are 
included in Appendix A4-3.  
 
Percent impervious area from the IDNR model was used initially.  Time of 
Concentration and the R values were also unchanged.  Several avenues were then 
pursued in order to achieve a reasonable estimation of all three of the calibration 
floods.  The best match that could be achieved by consistent methods that had a 
foundation in real life conditions was obtained by doing the following:  
 

1) The percent imperviousness of each subbasin was determined by 
estimating the percent of the basin that was small or medium residential 
and commercial land uses, dividing that number in half and then reducing 
it by 5 (the latter two operations were to simulate the extent of pervious 
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areas within these developed areas).  These values are compared to the 
IDNR values in Table A4-3. 

 
2) For any subbasin that had a large percentage of what looked like mature 

woods on the aerial photography, curve numbers were reduced by 10 
from the calculated value for that subbasin.  This reduction put the curve 
number in those subbasins about the same as that for wooded areas.  For 
Crooked Creek, the reduction in curve number was not appropriate for 
basins 1640, 1641, 1635, 1639, or 1643.  For Williams Creek, the 
reduction was appropriate only in basins 1617, 1646, 1647, 1648, 1649, 
1650, and 1652.  An example of a subbasin adjusted in this manner is 
shown below in Figure A4-3. 

 

 
Figure A4-3:  Basin 1652, an Example of Land Use in Subareas with Curve Number Adjusted for 

Extensive Tree Cover 
 

3) The changes noted in items 1 and 2 created a good calibration for the 
1957 flood but were not enough to closely calibrate the 2003 and 2008 
floods.  For these calibration runs, detention was added as it was a factor 
that had changed as the watershed developed from farm land in 1957 to 
developed conditions in 2003.  Based on a visual inspection of aerial 
photography, the percent of each subbasin that appears to use detention 
was used as the percent of the calculated flow for each subbasin to be 
diverted to an imaginary reservoir.  Maximum outflow from this imaginary 
reservoir was set equal to the diverted percent of the calculated 10% 
annual chance (10-year) runoff for that subbasin (calculated using the 
critical duration for the 10% and 50% All Cases Atlas 14 rainfall 
distributions).  The output of this diverted flow routed through the detention 
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basin approximation (imaginary reservoir) was then combined back with 
the undiverted portion of the runoff for the subbasin.  These steps 
provided a generalized way to reduce the flow from the areas with 
detention to the approximate release rates required by ordinance.     

 
The same approach but with a slightly different method of determining the 
diversion amount was used for subbasin 1654.  This subbasins had substantial 
area that was identified by the Hamilton County Surveyor’s Office as probably 
having been developed under the requirements of 0.3 cfs/Acre maximum release 
rate for the 1% annual chance flood and 0.1 cfs/Acre for the 10% annual chance 
flood.  Outflow from the imaginary reservoir for each subbasin with this situation 
was limited to the associated regulatory release rate over the percent of the area 
so regulated.  A copy of the calculations of the detention parameters is provided 
in Appendix A4-4.  
 
A comparison of calibrated parameter values is provided in Table A4-3.  It should 
be noted that the 1957 curve numbers listed are not accompanied by any 
impervious area.  Curve numbers resulting from calibration of the 2003 and 2008 
floods and labeled as the existing conditions are lower (even though they reflect 
a developed condition) only because the imperviousness is not included in the 
curve number but is separately reflected by the percent imperviousness.  This 
method was used because use of a composite curve number could not achieve a 
reasonable calibration.  A comparison of the model results and actual peak flows 
from the calibration described above is provided in Table A4-4. 
 
 

Table A4-3 
Comparison of Calibrated Input Parameters 

  Curve Numbers % imperviousness 

basin IDNR 1957 
CBBEL 

existing 
CBBEL 
future 

IDNR 1957 
CBBEL 

existing 
CBBEL 
future 

1617 71.1 80* 64 64 7.2 0 30 30 

1618 75.9 80* 65 65 10.6 0 35 35 

1619 79.1 80* 68 68 6.2 0 35 35 

1620 73.9 80* 65 65 4.9 0 30 30 

1621 77.5 80* 63 63 15 0 25 25 

1622 75.3 80* 64 64 17.7 0 30 30 

1623 79 80* 63 63 4.9 0 20 20 

1624 76.9 80* 73 73 3.5 0 35 35 

1625 77.9 80* 63 63 11.4 0 20 20 

1626 75 80* 64 64 2.4 0 30 30 

1627 75.8 80* 65 65 4 0 35 35 
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  Curve Numbers % imperviousness 

basin IDNR 1957 
CBBEL 

existing 
CBBEL 
future 

IDNR 1957 
CBBEL 

existing 
CBBEL 
future 

1628 81.7 80* 78 78 6.9 0 50 50 

1629 77.6 80* 67 67 6.4 0 45 45 

1630 76.3 80* 65 65 7.6 0 35 35 

1631 77.9 80* 66 66 8.4 0 30 30 

1632 78.7 80* 66 66 8.2 0 35 35 

1633 78.9 80 67 67 6.1 0 30 30 

1634 75.9 80 68 68 5.3 0 35 35 

1635 86.3 80 89 89 5.9 0 50 50 

1636 79 80 65 65 3.6 0 35 35 

1637 78.3 80 64 64 3.3 0 25 25 

1638 77.1 80 61 61 0.6 0 20 20 

1639 81.4 80 78 78 6.3 0 30 30 

1640 83.2 80 79 79 4.4 0 25 25 

1641 79.9 80 78 78 17.1 0 30 30 

1642 75.2 80 64 64 5.7 0 20 20 

1643 81.3 80* 81 81 6.8 0 40 40 

1644 78.9 80* 67 67 5.4 0 40 40 

1645 81.3 80* 85 85 5.2 0 50 50 

1646 77.6 80* 67 67 5.7 0 45 45 

1647 72.6 80* 66 66 7.8 0 30 30 

1648 73.8 80* 68 68 6 0 40 40 

1649 78.5 80 70 70 3 0 40 40 

1650 73.2 80 68 68 3.5 0 45 45 

1651 77 80 78 78 2 0 45 45 

1652 74.5 80 67 77 2.2 0 45 45 

1653 75.8 80 72 74 6.3 0 20 21 

1654 76.6 80 76 82 4.8 0 25 36 

1655 75.2 80 72 73 8.8 0 0 3 

1656 77.8 80 79 84 5.7 0 32 39 

1657 73.9 80 78 79 10.4 0 12 16 

1658 78.1 80 77 84 3.9 0 10 45 

1659 79.8 80 77 79 0.9 0 45 45 

1660 72.2 80 73 88 0 0 0 45 

1661 79.1 80 75 76 0.1 0 50   30 

1662 78 80 79 87 0.2 0 25 45 

1663 79.9 80 77 80 0 0 30 30 
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  Curve Numbers % imperviousness 

basin IDNR 1957 
CBBEL 

existing 
CBBEL 
future 

IDNR 1957 
CBBEL 

existing 
CBBEL 
future 

1664 79.7 80 77 77 0 0 45 45 

1665 80.1 80 78 81 0 0 30 45 

1666 78.2 80 78 83 4.6 0 25 45 

1667 77.4 80 72 76 10.2 0 10 13 

1668 80 80 75 80 2.5 0 40 45 

1669 78.4 80 69 70 6.7 0 0 3 

1670 77.5 80 76 80 12.7 0 25 20 

1671 78.7 80 83 87 0 0 25 45 
*these basins are downstream of the calibration points so do not necessarily reflect calibrated values.  All are 
downstream of Hamilton County and therefore do not affect conclusions made in the Master Plan. 
 
Williams Creek basins in Hamilton County are shaded. (Subbasin 1651 is only partially in Hamilton County.) 
 

 
Table A4-4 

Calibrated Discharges Compared to Measured Peak Discharges 
 

Flood 
Location 
(model 

junction) 

Measured 
Peak 

Discharge, 
cfs 

CBBEL 
Calibrated 

Model Peak 
Discharge, 

cfs 

IDNR Model 
Peak 

Discharge, 
cfs 

1957 Williams Ck 
(WC03) 4170 4227 4056 

1957 Crooked Ck 
(CC10) 2160 2141 2190 

2003 Crooked Ck 
(gage) 3397 3894 4257 

2008 
Williams Ck 

(gage, 
WC05D) 

1440 
1077 (+102 
initial flow) = 

1179 
undetermined 

 
A comparison of model results and observed hydrographs for the Crooked Creek 
gage in the 2003 flood and the Williams Creek gage in the June 2008 flood are 
shown in Figures A4-4 and A4-5 below.  A graph is not provided for the 1957 flood 
since only a peak discharge measurement was available (shown in Table A4-4) 
instead of a gage hydrograph.  A digital copy of the HEC-HMS calibration models is 
included in Appendix 5 of the Master Plan.  Output is provided in Appendix A4-5. 
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Figure A4-4:  Comparison of Modeled and Actual Crooked Creek Gage Hydrograph from June 2003 Flood 
 

 
Figure A4-5:  Comparison of Modeled and Actual Williams Creek Gage Hydrograph from June 2008 Flood 
 
2.5 RESULTS  
 
Once calibrated, the 2003/2008 calibration condition (existing conditions) basin 
model in HEC-HMS was run for the 1%, 10%, and 50% annual chance rainfalls 
(rainfall depths provided below in Table A4-5).  Results for the 1% annual chance 
rainfall model were compared to the IDNR coordinated 1% annual chance 
discharges.  IDNR had used the Atlas 14 50% All Cases distribution for the rainfall.  
CBBEL used the more severe 10% All Cases and SCS Type 2 distributions.  Results 
are shown in Table A4-6.  Only the locations directly on Williams Creek are noted.  
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The HEC-HMS model critical duration discharge at each location is highlighted.  A 
copy of the calibrated existing condition models are provided in Appendix A4-6. 

 
Table A4-5 

Precipitation Depth Frequency Estimates (inches)  
from NOAA Atlas 14 

 
 
 
 
 
 
 
 

 
Table A4-6 

Comparison of Coordinated Discharges and Modeled 1% Annual Chance 
Flood Discharges 

 

IDNR 
Coordinated 
Discharge, 

cfs 

10% All Cases distributions 
SCS 

Type 2 

Location 
DA, sq. 

mi. 
6 hr, 
cfs 

12 hr, 
cfs 

24 hr, 
cfs 

24 hr, 
cfs 

WC01 20.9 3500 3374 3732 3935 3755 

WC02 19.9 3500 3370 3720 3861 3703 

WC03 18.6 3500 3355 3700 3778 3635 

WC04 17.5 3480 3301 3633 3647 3531 

WC05D 16.5 3470 3195 3509 3478 3390 

WC05U 14 3200 2719 3000 2990 2896 

WC06 13.4 3050 2663 2930 2886 2820 

WC07 11.1 2550 2408 2586 2451 2490 

WC08D 10.7 2480 2396 2553 2387 2454 

WC08U 9 2150 2126 2251 2073 2162 

WC09 8.3 2000 2048 2137 1921 2050 

WC10 6.7 1690 1764 1820 1595 1757 

WC11 4.8 1280 1318 1332 1154 1320 

WC12 2.5 753 797 768 629 797 

WC13 0.8 NA 301 282 222 304 

Williams 
Creek 

21.3 3510 3375 3780 3947 3769 

 

 
Storm Duration 

Annual Chance 

50% 10% 1% 

6 hr 2.09 3.08 4.85 

12 hr 2.46 3.56 5.47 

24 hr 2.88 4.08 6.01 
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IDNR coordinated discharges were generally within 10% of the highest of these 
values.  When the higher values from the table above were placed in the Williams 
Creek hydraulic model, an elevation difference of 0.2 feet or less resulted.  Based on 
these results, no change in the IDNR coordinated discharges for Williams Creek is 
proposed.  A copy of the IDNR coordinated discharges is included in Appendix A4-1. 
 
There are 5 tributaries to Williams Creek that have drainage areas greater than one 
square mile and will eventually need to be modeled to provide flood risk information.  
These are Spring Mill Run, Clay Creek, Elliot Creek, Almond Ditch, and Henley 
Ditch.  In preparation for that, the discharges resulting from this model were 
evaluated for recommended coordinated discharge values on these streams.  The 
1% annual chance flood peak discharges resulting from the calibrated existing 
condition CBBEL model with detention removed as described for scenario 2 in 
Chapter 3.0 below (to agree with IDNR’s policy of not directly including detention 
impacts) were plotted in comparison to the Williams Creek coordinated discharge 
curve.  Results are shown in Figure A4-6.   
 

  

 
 

Figure A4-6:  Comparison of Tributary HEC-HMS Results and the Williams Creek Coordinated Discharges 
 
The HEC-HMS results for Spring Mill Run, Clay Creek, and Almond Ditch all are 
reasonably close to the Williams Creek coordinated discharge values.  It is therefore 
recommended that these streams be added to the Williams Creek coordinated 
discharge curve.  Elliot Creek and Henley Ditch peak discharges plotted significantly 
higher than the Williams Creek discharges.  The reason for this is not apparent at 
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this time.  Therefore, it is recommended that further evaluation of these basins be 
done before coordinated discharges for future Flood Insurance Study modeling on 
these streams are selected. 
 
3.0                                     ADDITIONAL MODELS 
 
For Master Plan purposes, three scenarios were created in addition to the calibrated 
existing conditions HEC-HMS model.  The 50%, 10%, and 1% annual chance rainfall 
depths along with the 10% All-Cases Atlas 14 rainfall distribution were run for each 
of the following basin conditions: 
 

1) 1957 (predevelopment),  
 

2) current condition but with detention removed, and  
 

3) full development of currently undeveloped areas where development is likely 
to occur soon, if release rates on the new development were limited to the 
current values of 0.3 cfs/Acre for the 1% annual chance flood and 0.1 
cfs/Acre for the 10% annual chance flood. 

 
The first model used the basin conditions from the 1957 calibrated model.  The 1%, 
10%, and 50% annual chance rainfalls with the 10% All Cases rainfall distribution 
were run on this basin.  Results are discussed in Section 2.6 of the main section of 
the Master Plan.  A digital copy of the model is included in Appendix 5 of the main 
report.  Output is included in Appendix A4-7. 
 
The second model was created by copying the current condition calibrated basin 
data then removing detention that was added in the form of diverts and reservoirs 
(as the current IDNR practice would require).  Again, the 1%, 10%, and 50% annual 
chance rainfalls with the 10% All Cases rainfall distribution were run on this basin.  
This model provided a general idea of the impacts that the detention requirements 
have had on discharges in Williams Creek.  Results are discussed in Section 2.6 of 
the main section of the Master Plan.  A digital copy of the model is also included in 
Appendix 5 of the main report.  Output is included in Appendix A4-8. 
 
The third model was created to test the impacts on discharges if future development 
would occur in currently undeveloped areas with the release rate requirement of no 
more than 0.3 cfs/Acre for the 1% annual chance flood and 0.1 cfs/Acre for the 10% 
annual chance flood.  The areas identified in the problem definition section of 
Chapter 2 of the Master Plan as areas of potential future development (shown in 
Figure A4-7) were converted to simulated developed conditions in the model by: 
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1) increasing the curve number over the 

additional developed area to the curve number 
for 1/8 Acre residential land use.  For 
development along US 31, the commercial CN 
was used instead.  A comparison of the 
calibrated and “developed” condition curve 
numbers and percent impervious was included 
previously in Table A4-3.  The calculation of 
these curve numbers is included in Appendix 
A4-3. 
 

2) reflecting the 0.3 cfs/Ac release rate for 
the future developed area in the same manor 
described for the calibration.  The percent of the 
area that was expected to develop was 
determined and diverted to an imaginary 
reservoir that had a release rate maximum 
equal to the area of the expected development 
times 0.3 cfs/Ac.  Outflow from this “imaginary 
reservoir” was then added back to the 
previously controlled release rates as well as 

any uncontrolled area discharge for the subbasin.  As with all of the model 
runs, the 6-, 12-, and 24-hour 10% All Cases rainfall distributions were used 
and the highest resulting discharge for each node in the model selected for 
comparison of results.  

 
3) increasing the percent imperviousness by adding the additional percent of the 

basin that was expected to be small or medium residential and commercial 
land uses to the percent used for existing conditions then dividing that 
number in half and reducing it by 5.  A comparison of the percent impervious 
area was included in Table A4-3. 

 
The 10% and 50% annual chance rainfalls were also run on the “developed” 
conditions models created as described in the 3 items listed above.  They could not 
be run in the same model as the 1% annual chance rainfall due to the difference in 
release rate limitations for the 10% annual chance rainfall and no limitations on the 
50% annual chance rainfall runoff.  For these two rainfalls in the model, the outflow 
from each of the added “imaginary” detention reservoirs was that subbasin’s outflow 
from the 1957 condition (predeveloped) 50% annual chance flood model or 0.1 cfs 
/Ac depending which release rate requirement they were likely developed under 
(based on a comparison of the year the construction appeared on aerial 
photography and the ordinance requirements just before that time.  These 
assumptions are valid for both the 10% and 50% annual chance rainfalls since the 

Figure A4-7:  Potential Future  
Development Areas Figure A4-7: Potential Development Areas 
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50% annual chance flood is not required to meet any particular release rate under 
existing ordinances and will go through the model generally unaffected by the 
diversions set up for the 10% annual chance flood.  
 
Results are discussed in Section 3.6 of the main section of the Master Plan.  A 
digital copy of the model is included in Appendix 5 of the main report.  Output is 
included in Appendix A4-9. 
 
4.0      DATA SOURCES 
 

Data used in this study was collected from various sources.  Each data source is 
listed below, along with the data obtained from that source: 
 

 
Source 

 
Data Provided 

 

Indiana Department of Natural Resources 
(IDNR) 

 

Report, hydrologic model (HEC-
HMS) and basin delineations which 
were the basis for the Williams 
Creek and Crooked Creek 
coordinated discharges, April 2008 

State Climatologist Hourly rainfall data for Eagle Creek 
Airport 

Hamilton County County’s 2004 digital 1 foot contour 
interval data in GIS format  

USGS 
Peak flow data for Crooked Creek 
and Williams Creek stream flow 
gages 

IndianaMaps Historical aerial photography for 
1956 

National Climatic Data Center Historic hourly rainfall for area gages 
National Weather Service 

http://water.weather.gov/precip/download.php 
Daily gridded rainfall totals for June 
2008 
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Hydrology for Crooked Creek & Williams Creek, Marion County 
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APPENDIX A4-2 
 
 

Rainfall Data 
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APPENDIX A4-3 
 
 

Curve Number Calculations 
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APPENDIX A4-4 
 

Detention Related Calculations 
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APPENDIX A4-5 
 

HEC-HMS Output – Calibration Models 
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APPENDIX A4-6 
 
 

HEC-HMS Output – Existing Condition Models 
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APPENDIX A4-7 
 
 

HEC-HMS Output – 1%, 10%, & 2% Annual Chance Rainfall on 1957 Condition 
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APPENDIX A4-8 
 
 

HEC-HMS Output – Existing Condition if No Detention 
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APPENDIX A4-9 
 
 

HEC-HMS Output – Future Condition 
 
 
 

  



















































































































































 

  
 

 

 

 

 

 

 

APPENDIX 5 

Digital Files 

  



For a copy of the digital files contained in Appendix 5 please contact the Hamilton 
County Surveyor’s Office: 
 
Hamilton County Surveyor’s Office 
One Hamilton County Square, Suite 188 
Noblesville, IN 46060 
317-776-8495 
surveyor@hamiltoncounty.in.gov 
 
List of digital files: 
  DNR Data 
  HMS 
  RAS_HusseyDr 
  RAS_SMRoadTribVer4_0 
  Shapefiles 
  WCApprovedRAS 
 
 

mailto:surveyor@hamiltoncounty.in.gov


 

  
 

 

 

 

 

 

 

APPENDIX 6 

Selected Pages from Culvert Design Report,  
West 146th Street Added Travel Lanes 

  















 

  
 

 

 

 

 

 

 

APPENDIX 7 

Williams Creek Hydraulic Analysis 

  

































































































































Appendix 4

Disc with Hydraulic Model



For a copy of the Hydraulic Model please contact the Hamilton County Surveyor’s 
Office: 
 
Hamilton County Surveyor’s Office 
One Hamilton County Square, Suite 188 
Noblesville, IN 46060 
317-776-8495 
surveyor@hamiltoncounty.in.gov 
 
 

mailto:surveyor@hamiltoncounty.in.gov
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 INTRODUCTION 
 
One of the areas identified by Hamilton County as having flooded was the 106th 
Street crossing of the Thomas Hussey Drain, a tributary to Williams Creek.  The 
location of this point of interest within the watershed is shown below in Figure A8-1.  
A hydraulic model of a surrounding portion of the stream was created in order to 
determine the capacity of the existing crossing and whether the wall constructed 
downstream of the road would impact flood elevations.  A description of this model is 
provided in this report. 
 

 
 

Figure A8-1:  Watershed Location Map 
 
 

       HYDRAULIC MODEL 
 
The hydraulic analysis was performed using the U.S. Army Corps of Engineers 
HEC-RAS model (version 3.1.3).  Cross sections were taken from the Hamilton 
County 1 foot contour interval mapping (2004).  The culvert was measured by 
CBBEL on April 22, 2009.  The culvert is a 4 foot circular pipe that projects from the 
road embankment.  Cross section locations for the model are shown on the 
topography below in Figure A8-2.   
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Figure A8-2: Model Cross Section Locations 

 
The starting water surface elevation was determined by the normal depth method.  
Mannings N values were based on the site visit.  Ineffective flow limits were based 
on flow contraction and expansion widths. No calibration of the model was done 
other than confirming that it showed road overtopping for the 2003 flood discharge. 
 
To determine the capacity of the structure, a range of discharges were run in the 
model, including the frequency discharges determined for the drain at the mouth in 
the CBBEL version of the hydrology model for the existing condition of Williams 
Creek.  The discharges determined at the drain’s mouth were adjusted to this 
location by the relationship of respective drainage areas to the 0.6 power. 
 
The model showed a culvert capacity of around 80 to 85 cfs before overtopping.  
Based on the HEC-HMS model, this is approximately equivalent to a 10% (10-year) 
annual chance storm.  The 1% (100-year) annual chance flood discharge from the 
HEC-HMS model adjusted to this location is about 225 cfs.  Based on the HEC-HMS 
calibrated model results adjusted to the site, the 2003 storm produced about 270 cfs 
at this site.  While the 2003 discharge at this site exceeded the 1% (100-year) 
annual chance discharge, the culvert is not large enough to pass more than about 
40% of the 1% (100-year) annual chance discharge.  The presence of the wall 
therefore prevents water that flows over the road in the 1% (100-year) annual 
chance flood from continuing downstream and therefore increases upstream water 
surface elevations to some extent.  The presence of storage upstream of the culvert 
was not included in the model.  Therefore, the amount of water surface increase due 
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to the wall was not quantified.  If storage volume upstream is encroached upon, the 
increase in water surface elevation will be even more.  A copy of the HEC-RAS 
output follows.  A digital copy of the model is located in Appendix 5 of the Master 
Plan.   
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INTRODUCTION 
 

This report is a part of the Williams Creek Master Plan that provides the detailed 
information for the analysis of the current flooding issue along Williams Creek on Spring 
Mill Road south of 106th Street.  Several potential solutions were determined and then 
evaluated according to the criteria provided in Chapter 4 of the Master Plan.  This report 
discusses the potential solutions, the evaluation of those solutions, and the selection of 
a recommended plan. 
 
 
 
 
The main flooding 
problem along Williams 
Creek is located along 
Spring Mill Road just 
south of the intersection 
with 106th Street as 
shown in Figure A9-1.  
This reach of Spring Mill 
Road floods 
approximately once 
every year from the 
overflow of the unnamed 
tributary.  The 10% 
annual chance flood 
from Williams Creek can 
also cause flooding of 
this reach of Spring Mill 
Road. 

 
 

                                                                   
Figure A9-1:  Spring Mill Road south of 106th Street – Flood Prone Area 

 
 

COMPUTER MODELING 
 

In order to evaluate potential solutions, various computer models were used.  For the 
analysis of impacts from Williams Creek, the modeling of the existing conditions and the 
existing conditions with the private dam removed as described in Chapter 2 of the 
Master Plan were used.   
 
A separate HECRAS model was generated for the unnamed tributary using the 
Hamilton County 1 foot contour interval mapping, field measurements of the existing 
culverts at Spring Mill Road, and the discharges resulting from the calibrated HECHMS 
model described in Chapter 2 of the Master Plan.  Various starting water surface 
elevations were used in order to determine the impact of potential downstream 

Private dam 
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conditions.  They were found to have negligible impact on the analysis.  This model was 
used to evaluate upstream elevations for different culvert options under Spring Mill 
Road.  It was not used to determine existing elevations for specific frequency storms 
due to the different directions (under Spring Mill Road, out of the tributary and south 
through the Reserves Subdivision pond and over Spring Mill Road) that water flows. 
 
Output from the Williams Creek modeling can be found in Appendix 7 of the Master 
Plan and output from the tributary model is provided in Appendix A9-1 following this 
report.  A digital copy of all of the related modeling is included in Appendix 5 of the 
Williams Creek Master Plan.   
 

INITIAL SCREENING OF POTENTIAL ALTERNATIVE SOLUTIONS 
 

This chapter presents the preliminary screening of suggested alternatives identified 
during CBBEL’s analysis.  A listing of the noted alternatives and the preliminary 
screening of results are presented in Table A9-1 for Williams Creek.  Flooding of Spring 
Mill Road was found to potentially be from two sources, the tributary from the east and 
Williams Creek itself.  Reducing the flooding from one source will not eliminate the flood 
risk from the other so both must be addressed.  Options for reducing the flooding from 
each source are listed by source in order to select the most appropriate combination of 
alternative components to address each source.  An alternative that includes 
components that address each source must be selected in order to sufficiently reduce 
the flood risk. 

 
Table A9-1 

Initial Screening of Potential Alternative Components 
 

I
D 

Potential 
Alternative 
Component 

Remarks Benefit 

Carry to 
shortlist of 
promising 

components? 

Williams Creek 

A 
Remove private 
dam 

 Reconstruction of dam 
appears to have added 
significant wetland areas just 
upstream of dam   

 Dam is on private property 
and appears to provide an 
amenity for the property.   

 Reduces  Williams Creek 
1% annual chance flood 
elevations upstream by up 
to 1.6 ft which is enough to 
reduce flooding on Spring 
Mill Road to a few inches 

 Does not reduce flooding 
from the unnamed tributary 
 

Yes 
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I
D 

Potential 
Alternative 
Component 

Remarks Benefit 

Carry to 
shortlist of 
promising 

components? 

B 
Lower crest of 
private dam 

 Calculations show that 
removing the dam does not 
quite eliminate 1% annual 
chance flooding of Spring 
Mill Road so setting the crest 
at an elevation higher than 
the stream invert would not 
meet the established criteria 

 Lowering the crest instead 
of removing the dam may 
be more agreeable to 
owner 

No 

C 

Increase storage 
behind the dam 
and keep the 
existing dam crest 
elevation 

 Significant excavation of 
private property would be 
required in order to provide 
enough storage to prevent 
raising elevations upstream 
along Williams Creek 

 Could lower elevations 
upstream of the dam 
without reconstruction or 
removal of the dam 

No 

D 

Provide off-line 
detention 
upstream of 106

th
 

Street 

 The volume of the 24 hour -
1% annual chance flood 
runoff above the 10% annual 
chance runoff would need to 
be stored.  This is 1,000 Ac-
feet and would require about 
167 Acres at a maximum 
depth of about 6 ft. of 
effective storage.  No sites 
close enough to the problem 
area exist for this much 
detention. 

 Would reduce the flow 
coming to the dam to a 
level that would not flood 
Spring Mill Road 

No 

E 

Construct a 2- 
stage ditch 
channel 
improvement 
upstream of the 
dam to lower flood 
elevations 

 The maximum reduction that 
could be achieved would be 
to the frequency elevations 
at the dam.  Lowering the 
water surface profile to that 
at the dam would still impact 
Spring Mill Road 

 Negligible reduction in flood 
elevations at Spring Mill 
Road 

No 

F 

Raise Spring Mill 
Road between 
private drive and 
dam above the 
1% annual chance 
flood elevation 

 Would potentially need to 
provide compensatory 
storage to offset the storage 
presently used east of 
Spring Mill Road 

 Would require raising Spring 
Mill Road by over 2 ft 

 Would increase flood 
elevations upstream along 
the unnamed tributary and 
cause the flooding to last 
longer. 

 Spring Mill Road would be 
protected from the 1% 
annual chance flood 

Yes 
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I
D 

Potential 
Alternative 
Component 

Remarks Benefit 

Carry to 
shortlist of 
promising 

components? 

Tributary 

G 

Raise Spring Mill 
Road near the 
tributary and 
increase the size 
of the culverts, 
raise Private Drive 
to act as a levee 

 Raising Spring Mill Road to 
allow for larger culverts to be 
placed at Tributary Crossing. 

 Removes some of the 
storage presently occurring 
east of Spring Mill Road 

 Reduce flooding of Spring 
Mill Road 
. 

Yes 

H 

Construct 
detention ponds 
upstream of 
impacted area, 
improve culverts 
under Spring Mill 
Road, raise 
private drive to act 
as a levee 

 Very expensive.  

 Could reduce flooding  

 Requires multiple detention 
basins due to topography 
and size of the watershed. 

 Potentially could detain 
enough runoff to allow 
improved Spring Mill Road 
crossing to pass 1% annual 
chance flood.  

 The benefit/cost ratio is 
expected to be very low due 
to high costs of excavation 
and land purchases. 

No 

I 

Increase the size 
of the Spring Mill 
Road culverts, 
install a by-pass 
culvert to route 
tributary flow 
south of private 
dam, raise Spring 
Mill Road 
 

 Provides path to replace flow 
over Spring Mill Road 

 More expensive than raising 
Spring Mill Road instead 

 Potential maintenance 
issues with such a long 
buried pipe. 

 Reduces flooding of Spring 
Mill Road 

No 

J 

Increase the size 
of the Reserves 
subdivision pond 
 

 Increasing the size of the 
Reserves Detention Pond to 
contain the overflow from the 
tributary. 

 Would require purchasing 
the land north of the pond. 

 Added liability for county for 
pond. 

 Would require 20 Ac-ft of 
volume to contain all the 
runoff above 250 cfs that an 
enlarged pipe could 
potentially convey under 
Spring Mill Road.  There is 
not enough area to create a 
pond of this volume with the 
available effective depth. 

No 

K 

Install 
underground 
storage in 
upstream portions 
of tributary 
watershed 

 Install underground storage 
under parking lots and other 
large flat areas 

 Potentially expensive and a 
maintenance issue.   

 Must be installed prior to 
construction 

 Potentially could reduce 
flooding. 

 Does not require surface 
lands. 

No 
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I
D 

Potential 
Alternative 
Component 

Remarks Benefit 

Carry to 
shortlist of 
promising 

components? 

L 

Install rain 
gardens 
throughout 
tributary 
watershed to help 
slow runoff 

 Would require purchasing 
land at numerous sites or 
depending on property 
owners to donate and 
maintain  

 The expected benefits would 
be small in comparison to 
the expense of land 
acquisition costs on top of 
construction costs.   

 Has water quality benefits 
as well as provides for 
runoff reduction. 

 Could be used in 
conjunction with other 
alternatives 

No 

M 

Add detention 
under proposed 
Meridian St 
improvements 

 Could potentially require a 
redesign on an expensive 
project 

 Does not require surface 
lands. 

 Could potentially detain 
runoff from north of 106

th
 

Street and East of Meridian 
St. but would not be a 
significant enough portion 

No 

N 

Convert upstream 
portion of tributary 
to two stage ditch 
to improve 
temporary storage 

 Could be done in the existing 
right-of-way 
 

 Provides only slight 
increases in the temporary 
storage in the channel 

No 

 
Based on the screening process, a short-list of promising alternative components was 
compiled as listed in Table A9-2. 

 
Table A9-2 

Short List of Promising Alternative Components 
 

Component ID Description 

Williams Creek 

A Remove private dam 

F 
Raise Spring Mill Road between private drive and dam above the 1% annual 
chance flood elevation    

Tributary 

G 
Raise Spring Mill Road only near the tributary and increase the size of the 
culverts, raise Private Drive to act as a levee 

 
 

DETAILED EVALUATION OF ALTERNATIVES 
 
Each promising alternative component presented in Table A9-2 was evaluated in more 
detail either alone or combined with other appropriate components to create potential 
alternatives.  Table A9-3 below provides a summary of the component combinations 
(alternatives) that were evaluated.   
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Table A9-3 

Summary of Components in Each Alternative 
 

 
Alternative 

 
Component 

ID 

Component Description 

Remove 
private dam 

Raise Spring Mill 
Road to above 1% 

annual chance flood 
between private 

drive & dam 

Raise Spring Mill 
Road near the 

tributary & increase 
size of culverts, 

raise Private Drive 
to act as a levee 

0 None 
 

 
 

1 A, G X  X 

2 F, G 
 

X X 

 
 
Each alternative presented in Table A9-3 was evaluated in more detail to determine 
effectiveness, economics, social and institutional impacts, and environmental feasibility.  
The results of the analyses are summarized in the following paragraphs. A Do-Nothing 
Alternative was added for comparison purposes.  The analyses completed for each 
alternative were conceptual rather than design-level.  In addition, the conceptual opinion 
of probable cost presented for each alternative in this report is based on limited 
information and a conceptual layout of the alternative and would, therefore, be subject 
to modification during the detailed design phase.  A comparison of the advantages and 
disadvantages associated with each alternative, and whether the alternative is 
recommended for implementation, is provided at the end of the chapter in Table A9-4. 
 
ALTERNATIVE 0 – DO NOTHING 
 
This alternative was included as the base-condition scenario for evaluating the other 
two short-listed alternatives.  The hydraulic evaluation of this alternative was completed 
by developing the existing-condition hydraulic model of Williams Creek as described in 
Appendix 7 and of the tributary as described earlier in this appendix.  
 
If nothing is done to reduce the peak and duration of flooding along Spring Mill Road, 
the potential for damage remains high.  The culvert for the tributary under Spring Mill 
Road would continue to clog, Spring Mill Road would continue to degrade from the 
water flowing over it, and traffic interruptions on Spring Mill Road as well as the 
entrance to the Reserves subdivision would continue. 
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ALTERNATIVE 1 – REMOVE PRIVATE DAM, RAISE SPRING MILL ROAD NEAR THE 
TRIBUTARY AND INCREASE THE SIZE OF THE CULVERTS, RAISE PRIVATE DRIVE TO 
ACT AS A LEVEE 
 
The first component of this alternative is to remove the private dam on Williams Creek.  
Removal would include restoring the channel and overbank cross sectional area in the 
reach to that which currently exists downstream of the dam.  Results of this alternative 
make the 1% annual chance flood along Williams Creek equal to or less than the Spring 
Mill Road profile. 
 
The second component of this alternative addresses the existing structure conveying 
the unnamed tributary of Williams Creek under Spring Mill Road.  These culverts are 
undersized and heavily damaged.  By raising a 280 foot stretch of Spring Mill Road to 
be a maximum of 814 feet, NAVD ‘88 from north of the tributary to the private drive, 
then sloping to the existing road profile south of that, sufficient cover is then available to 
allow two 8X6 foot box culverts (or the equivalent) to be placed to pass the 1% annual 
chance flood without overtopping the road.  To prevent flow to the south into the 
Reserves pond and across Spring Mill Road, about 200 feet of the private driveway just 
south of the tributary will also need to be raised to at least 812.3 feet NAVD ‘88. The 
components of this alternative are shown in Figure A9-2. 
 

 
 

Figure A9-2:  Components of Alternative 1 
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This alternative raises stages along the unnamed tributary upstream of Spring Mill 
Road.  Therefore, this alternative must also include flood easements in the approximate 
area noted in Figure A9-3.  No buildings or other manmade features appear to be 
impacted by this increase in the 1% annual chance flood elevations. 
 

 
 

Figure A9-3:  Area of increased 1% annual chance flood elevation increases 
 
Output from the computer models of Williams Creek and the tributary for this alternative 
are provided in Appendix A9-1.  The models are provided in digital form in Appendix 5.  
 
The estimated cost of this alternative is $515,000. Details of the cost estimate are 
provided in Appendix A9-2. 
 
ALTERNATIVE 2 – RAISE SPRING MILL ROAD BETWEEN PRIVATE DRIVE AND DAM, 
RAISE SPRING MILL ROAD NEAR THE TRIBUTARY AND INCREASE THE SIZE OF THE 
CULVERTS, RAISE PRIVATE DRIVE TO ACT AS A LEVEE 
 
This alternative is the same as Alternative 1 except that instead of removing the private 
dam, an additional 200 feet of Spring Mill Road is raised to prevent Williams Creek from 
flooding the road.  The components are shown in Figure A9-4.   
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The results of the analysis 
of the tributary for this 
alternative are the same as 
for Alternative 1.  The 
output is included as 
described for Alternative 1.  
The differences are that 
Spring Mill Road would be 
elevated for approximately 
an additional 200 feet.  The 
low point in this reach of 
Spring Mill Road would be 
raised from about 807.2 feet 
to at least 808.7 feet, NAVD 
‘88.  Model outputs are in 
Appendix A9-1.   A digital 
copy is provided in 
Appendix 5.     
 
 
 

                              Figure A9-4:  Components of Alternative 2 
 
Some impact on floodplain storage capabilities would result from raising Spring Mill 
Road and cutting off some of the Williams Creek floodplain.  The portion of the Williams 
Creek floodplain that would be cut off is not effective flow area so no impact on 
conveyance area would result.  The impact is therefore minimal on Williams Creek 
elevations.  The tributary floodplain storage area that is removed by raising the private 
drive is at least partially replaced by the increase in elevations.  There is also no 
effective increase in discharges downstream of the project because all the flow was 
going there before anyway. 
 
The estimated cost of this alternative is $575,000. This estimate does not include the 
potential costs associated with potentially providing compensatory storage.  Details of 
the cost estimate are provided in Appendix A9-2. 
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COMPARISON OF SHORT-LISTED ALTERNATIVES 

 
Table A9-4 below provides a comparison of the advantages and disadvantages for 
each of the alternatives included on the short list in Table A9-3 and described above.   
 

Table A9-4 
Comparison of Short-Listed Alternatives 

 
ID DESCRIPTION ADVANTAGES DISADVANTAGES RECOMMEND? 

1 

Remove private 
dam, raise Spring 
Mill Road near the 
tributary & increase 
size of the culverts, 
raise private drive to 
act as a levee 

 Prevents flooding of Spring 
Mill Road due to both 
Williams Creek and its 
unnamed tributary 

 Insures all weather access to 
the Reserves development. 

 Requires removal of a dam 
on private property which 
appears to provide amenities 
to the property owner. 

 Increases flood stages 
upstream of Spring Mill Road 
so flood easements would be 
required 

YES (if removal of 
private dam is 
acceptable) 

2 

Raise Spring Mill 
Road near the dam, 
raise Spring Mill 
Road near the 
tributary and 
increase size of the 
culverts, raise 
private drive to act 
as a levee 

 Prevents flooding of Spring 
Mill Road due to both 
Williams Creek and its 
unnamed tributary 

 Insures all weather access 
to the Reserves 
development 

 Requires more road fill than 
Alternative 1 

 Increases flood stages 
upstream of Spring Mill 
Road so flood easements 
would be required 

 May require additional 
compensatory floodplain 
storage 

YES (if removal of 
private dam is 

NOT acceptable) 

 
 

FORMULATION OF A RECOMMENDED PLAN  

Based on a comparison of cost, feasibility, local acceptance, and benefits of the various 
options, alternative 1 is recommended if the removal of the private dam is acceptable.  If 
the removal of the private dam is NOT acceptable, then alternative 2 is recommended.    
Both alternatives fail to meet the criteria of no increase in water surface elevations.  
However, the owners of the properties where flood stages will increase are some of the 
same properties that are now affected negatively by the flooding of Spring Mill Road.  
The increased water surface elevations do not impact any structures and occur in a 
wooded area that currently floods to a slightly lower elevation anyway.  Flood 
easements may need to be purchased to offset the increase in water surface elevations.  
However, the cost associated with such potential easement acquisition has not been 
included in the cost estimates provided earlier.    

Figure A9-5 shows the approximate area that is currently flood prone but would be 
protected from floods up to the 1% annual chance flood if Alternative 1 or 2 were 
implemented.  
 



Williams Creek Watershed Master Plan – Appendix 9                                                                               June 2010 

           

           
            
              Christopher B. Burke Engineering, Ltd. 

 

14 

 
 

Figure A9-5:  Area Protected From 1% Annual Chance Flooding By Alternative 1 or 2 
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APPENDIX A9-1 
 
 

HEC-RAS MODEL SUMMARY OUTPUT 
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APPENDIX A9-2 
 
 

COST ESTIMATE CALCULATIONS 
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