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EXECUTIVE SUMMARY 

To begin addressing the St Joseph River Basin Commission’s (SJRBC) need for a comprehensive 
understanding of the overall functional health of the North Branch Elkhart River (NBER) basin in 
northeast Indiana, Christopher B. Burke Engineering, LLC (Burke) was asked to develop a flood risk 
management plan for the NBER based on investigation of overall stream function and flooding in the 
mainstem NBER from its headwaters on the far east side of Noble County to the confluence with the 
South Branch Elkhart River near Ligonier.  Development of this plan was supported by the SJRBC, the 
Indiana University Environmental Resilience Institute (IU ERI) and the Indiana University Conservation 
Law Center.  

Based on a detailed functional assessment of the watershed system and detailed analysis of available data, 
the study concluded that overall, the NBER system is one of the most naturally functioning river systems 
in the state, and that great care should be taken to preserve this remarkable resource.  This conclusion was 
based on the presence of significant amount of water storage within the extensive wetland complexes, the 
several lake chains within the watershed, and extensive deposits of muck soil overlaying 100 to 300 feet of 
outwash sand and gravel. The large potential storage means that basin hydrology is buffered. The best 
current evidence that we have for a stable basin hydrology is that even with the increase in annual rainfall 
and the intensity of rainfall, flow volumes in the downstream portion of the watershed do not directly 
reflect this increase. Previous studies estimated that 80 percent or more of streamflow in the NBER was 
supplied by groundwater so that river flow is not runoff driven. It is groundwater sourced and controlled 
by an aquifer with an extremely high transmissivity rate. For the NBER that means stable flows with little 
annual fluctuation for such a large watershed.   

Unlike NBER’s main stem, the headwaters of the Middle Branch Elkhart River exhibit a few instability 
issues.  The over 4 miles of Henderson Lake Ditch headwaters from Bixler Lake through Kendallville and 
then just north of CR E 800 N (W Rimmel Rd.) are channelized and degraded, causing downcutting of 
channel banks upstream of Sylvan Lake and sending a sediment influx into Sylvan Lake. Although Sylvan 
Lake has been able to absorb the disturbances occurring upstream, the degradation upstream does have 
negative localized impacts.  The reattachment of the channel in this reach to its geomorphic floodplain 
through construction of a two-stage or a multi-stage ditch could improve the situation and keep things 
from getting worse.  

Based on a detailed analysis of available long-term lake level data within the watershed, the number of days 
lake levels have been above their legal levels (normal lake levels) have been increasing, especially within the 
last 20 years.  This observation correlates well with the observed number of days with heavy precipitation 
in Indiana as presented in a March 2018 report Purdue Climate Change Research Center. In particular, 
West Lakes has had at least 3 years where lake levels have been more than 1’ above legal level for over 250 
days of the year. Two of these were in the last 10 years.  The level of a lake before the next storm is a big 
influence on peaks and duration of high water.  Lake levels remain high due to increased frequency of 
rainfall or extended influx of groundwater. 

A comparison of measured discharges at the Cosperville gage with the corresponding elevation of Waldron 
Lake shows that there has been a large range of flow rates in the stream at Cosperville for a given stage on 
the lake.  Variability in vegetation or large wood in the stream from year to year may explain some of the 
variability but the groundwater driven nature of the stream and the change in aquifers near the lake outlet 
are likely the bigger factors.  The difference in outlet efficiency on approximately a 5-year level event is on 
the order of 6 inches for the peak elevation and a few days in time to recede, with smaller benefits expected 
for larger flood events.  Groundwater impacts were not directly included in this evaluation. 

Based on previous flood records, Sylvan Lake has flooded to 0.4 feet above the Flood Insurance Study 
(FIS) Base Flood Elevation (BFE) and Indian Lakes reached 0.1 foot over the BFE.  Oliver and West Lakes 
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do not have recorded peaks at or above the BFE.  The large storage volume available at each lake will 
lessen the impact of increased rainfall on lake levels but an increase in the frequency of heavy storms and 
the potential for back to back rainfalls with large groundwater inflows suggest potential increases in flood 
levels.  

A preliminary large-scale hydrologic computer model was developed as part of this study to evaluate the 
potential impacts of creating additional flood storage in the watershed.  For this evaluation, five additional 
flood control ponds, each being 300 acres in area with 600 acre-feet of active flood storage, were assumed 
to be constructed within various major sub-basins.  The result of this modeling showed only a modest 
reduction (3 to 6 inches) in flood stages and in flood durations (1 to 3 days), depending on the magnitude 
of the event simulated (the larger the event, the smaller the impact).  Given that for the standard 1% chance 
flood event the majority of homes within the floodplain around the lakes are expected to sustain between 
2 to 3 feet of flooding, the nature of this groundwater-driven lake chain system, and the relatively nominal 
benefit resulting from such a large investment (estimated at $100 Millions) that would also require taking 
out of production an enormous amount of land area and significant impact to wetlands, additional 
consideration of this alternative is not warranted.   

The nature and location of flooding along the NBER through Noble and LaGrange Counties is the product 
of basin geology and climate. As our collective understanding of the natural fluctuations in weather and 
climate have increased, we have learned that we cannot control climate or geology. Instead of struggling to 
control the climatic fluctuations we will need to learn to adapt. Based on the findings of this study, we 
conclude that it is not likely feasible or cost-effective to try to significantly reduce flood problems for homes 
that were built in the floodplain by creating additional upstream storage, clearing the vegetation 
downstream of the system, or by more intensive means of increasing the outflow from lakes without 
creating negative impacts elsewhere. What is recommended instead is to take a series of steps to adapt to 
the “new normal” high lake level and flooding patterns, protect homes and reduce vulnerability to flood 
damages, and do everything to maintain the existing inherent resiliency within NBER watershed and keep 
things from getting worse through implementing flood resilience strategies recommended in this report. 

The following is a list of major recommendations of this study: 

1. Develop and adopt location-specific Smart Growth flood resilience strategies 
2. Update stormwater and floodplain regulations 
3. Encourage consideration of agricultural drainage impact mitigation measures  
4. Investigate the feasibility of and construct a 2-stage ditch system along a 4-mile reach of Henderson 

Lake Ditch through and near Kendallville 
5. Consider initiating additional studies and models to better understand the groundwater/surface 

water interaction 
6. Preserve the existing USGS gages and commission additional gages 
7. Consider requiring a higher flood protection grade when permitting new construction  
8. Maintain periodic communication and outreach with Stakeholders 
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CHAPTER 1: INTRODUCTION 

This report documents the findings of an investigation of overall stream function and flooding in the 
mainstem North Branch Elkhart River (NBER) in northeastern Indiana. This investigation was supported 
by the St Joseph River Basin Commission (SJRBC), the Indiana University Environmental Resilience 
Institute (IU ERI) and the Indiana University Conservation Law Center. 

NBER is a lake chain, a complex hydrologic system with both river and lake segments, made even more 
complex by the presence of extensive river corridor wetlands. Climate, lake and stream level fluctuations, 
floodplain connectivity, large wood in the channel, geology and geomorphology were all assessed to provide 
an understanding of the river system and inform recommended management of it.  The field assessment 
included the mainstem of the NBER River from the headwaters in eastern Noble County to the confluence 
with the South Branch Elkhart River upstream of Ligonier, Indiana. An assessment of an additional reach, 
the Middle Branch Elkhart River (MBER), was also conducted when field observations suggested that its 
headwaters were much different from what was observed in the NBER.  

This report differs significantly from previous studies of the NBER system (Crompton and others,1986; 
Indiana Silver Jackets, 2010) in its focus on the mainstem river. Most of the earlier work focused on the 
difficulties in attempting to manage lake levels for conflicting desires in a dynamic hydrologic setting, a 
challenge now exacerbated by climate change.  

In this report the lakes are discussed as part of the larger river system, with an emphasis on how water 
flows from the watershed into the channel and downstream. This work was designed to complement earlier 
studies by focusing on the mainstem river. This emphasis allows for holistic assessment of flood risk and 
management along the river corridor.  

Project Setting 

The NBER is a 163 square-mile (mi2) watershed located in LaGrange and Noble Counties, Indiana. It 
includes both the NBER and the MBER which combine near the outlet of Jones Lake and continue 
downstream as the NBER. The NBER merges with the South Branch Elkhart River to form the Elkhart 
River about halfway between Cosperville and Ligonier.  The Elkhart River then flows north to the City of 
Elkhart where it joins the St Joseph River.  A map of the watershed is shown in Figure 1.  A larger map is 
provided as Exhibit 1. 
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Project Approach 

In any watershed, there are stakeholders with varied interests that are not always compatible. Instead of 
focusing on one or more interests, this plan focuses on the holistic health of the river corridor and the 
range of related functions. River corridor health is an assessment of how the processes that create and 
support a stream system are working or functioning. Stream function means “the physical, chemical, and 
biological processes that occur in ecosystems”, a definition that comes from the Clean Water Act (33 CFR 
332.2; 40 CFR 230.92) (Stream Mechanics, USEPA, 2015).  

Harman and others developed a functional pyramid to illustrate how stream functions are interrelated and 
generally build on each other in a specific order (Harman et al, 2012). Note that the pyramid is not one 
directional.  Biology can affect geomorphology which can then affect hydraulics. The functional pyramid, 
shown in Figure 2, shows how the various interests are dependent on each other. 

  

Figure 1: NBER Watershed and Main Study Reach 
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Figure 2: Stream Functional Pyramid (Harman and others, 2012) 
 

Geology, climate, hydrology, hydraulics, and geomorphology are the focus of this study.  While the 
physiochemical and biology aspects are equally important, they involve research and data gathering beyond 
the scope of this project and therefore, are not included in this plan.  The underlying premise of the 
functional pyramid, however, is that if the foundation aspects of the pyramid are not working it will be 
impossible to achieve good water quality and a balanced biological community. 

Data for the investigation of each aspect was gathered from site visits, historical aerial photography, 
streamflow data, lake stage data, rainfall data, geologic maps, past reports, and topographic and soils 
information.  Data was then synthesized to determine major aspects of the current morphologic conditions 
of the river system.  This analysis also included development of a preliminary overall hydrologic model of 
the watershed to quantify how water moves through the system and to evaluate the feasibility and potential 
benefits to downstream areas of creating additional flood storage basins within the upstream watershed.  
System functions were summarized, and recommendations were developed for responding to the system 
and for maintaining a healthy system. 

Input from stakeholders in the watershed was gathered from an initial in-person public meeting and a later 
virtual public meeting.  A summary of the input from the initial public meeting is provided in Appendix 1. 

This information and understanding of the system are presented according to the stream function pyramid 
components as follows: 

Chapter 2 – Geology 
Chapter 3 – Climate 
Chapter 4 – Hydrology 
Chapter 5 – Hydraulics 

Chapter 6 – Geomorphology 
Chapter 7 – Summary of Findings 
Chapter 8 – Recommendations
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CHAPTER 2: GEOLOGY 

The NBER watershed is in a portion of the Northern Lakes Natural Region designated as the Steuben 
Morainal Lake Area. The region is characterized by outwash deposits and lake plains with kame and kettle 
topography, a complex hummocky landscape dominated by knobs of till and sand, with gravel kame 
complexes interspersed across the landscape (Casebere, 1997, Fowler, 1994). Underlying the till throughout 
the basin are extensive deposits of sand and gravel ranging from 100 to over 300 feet thick (Fowler, 1992). 
These sands and gravels form an extensive unconfined aquifer with very high transmissivity rates (>50,000 
ft2/day) that recharge the river (Crompton and others, 1986; Fowler,1992). Compton and others stated that 
over 80% of river flow was from this unconfined aquifer.  

The flat areas between the knobs are dominated by muck soils and marl deposits underlain with outwash 
valley train deposits. The larger flat areas are frequently wetlands or lakes.  Figure 3 shows the surficial 
geology of the study area. The city of Kendallville is labeled in the lower right portion of the figure for 
reference.  

 

The map illustrates the general southeast to northwest trend of the river corridors. It also shows in dark gray 
the extensive muck (organic soils that are saturated more than 30 cumulative days in normal years or are 
artificially drained) deposits in the corridors. As the river flows downstream, it flows through these muck 
soil dominated corridors. The corridor tends to widen when it flows into complexes of kettle lakes and 
fringe wetlands then narrows again on the downstream end. Note that the lakes are also bound by muck in 
many areas. Figure 4 shows a detail from the Waldron Lake area as an example of the extensive muck areas.  

 

Figure 3: Surficial Geology in the Study Area (Purdue Soil Explorer) 
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One popular name for this type of system is “chain of lakes.” An understanding of this type of river system 
is critical for understanding the interaction between the river and the lakes. In the simplest terms the NBER 
is a long linear wetland with the river flowing through wetland areas and lakes. The muck surrounding the 
river as well as the underlying sand and gravel outwash deposits are all hydrologically connected so much of 
the water flow is below or at ground surface. As the groundwater level rises the lakes will expand into the 
muck wetlands surrounding them, similarly during extended dry periods lake levels can drop. Water flows 
from the outwash into the muck and ultimately into the river. The rivers then flow into lakes where the 
water spills out into the wider area and slowly continues downstream. Figure 5 illustrates how this type of 
lake chain system works with riverine sections developed where there is slope to the landscape, mixed with 
lakes where there are depressions or flat areas. This creates a series of “buckets” that spill over from one to 
another as water moves through the system. For this study, the important aspect of understanding how this 
system works is the recognition that the river, wetlands, and lakes are all interconnected. 

  

Figure 4: Detail of Surficial Geology around West Lakes (Purdue Soils Explorer) 
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Figure 5: Longitudinal Profile of the NBER Based on 2017 DEM (M. Rummel) 
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CHAPTER 3: CLIMATE 

Climate is the second foundation of the stream function pyramid. Climate is the long-term trends in weather 
at a place, usually over a period of many years. This report is primarily concerned with changes in 
precipitation.  This chapter discusses the observed climatic trends in the watershed using precipitation and 
river discharge records and predicted precipitation. It also discusses how these trends are predicted to 
continue.  

Annual rainfall 

In the NBER watershed, average annual precipitation is approximately 38 inches according to NOAA’s 
Climate at a Glance website (NOAA) records. As seen in Figure 6 the average annual rainfall since 1895 has 
varied from less than 25 inches to over 50 inches.  The highest annual average is over 30% higher than the 
current average.  The 10-year moving average has varied between 30 and 40 inches per year with the last 30 
years near the upper values of the range.  Three years have seen over 50 inches per year, 1990 being the 
most recent year.  

 

Recent work by the Purdue Climate Change Research Center (PCCRC) 
indicates an increase in average yearly precipitation of 4.2 inches for the 
NBER area over the 125-year period from 1895 to 2019 (PCCRC, 2019).  
This is a little less than the difference between what Crompton (1986) 
reported for the basin (35.8 in/year) and what is measured today (38 
in/year) or a 2.2-inch increase over 34 years). Increases for other parts of 
the state are shown in Figure 7.  A copy of the PCCRC assessment can be 
found at https://ag.purdue.edu/indianaclimate/.   

  

Figure 6: Annual Rainfall Depths for Noble County, Indiana 
(Source: NOAA Climate at a Glance Database) 

Figure 7: Changes in Average Annual 
Precipitation from 1895 to 2019 (based 

on a linear trend) 
(Source: PCCRC, 2019) 

https://ag.purdue.edu/indianaclimate/
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Extreme Rainfall Events 

Frequency of heavy rainfall events is another piece of information in the precipitation picture. Figure 8 
shows the number of days each year with precipitation events exceeding the 1900 to 2016 99th percentile 
(the highest 1 % of all recorded rainfall depths). The black line shows the increasing trend from 1 day 
per year to over 3 days per year. As with annual rainfall, the last 30 years have included more of the 
extreme rainfall events.  More frequent extreme events and larger annual precipitation totals result in 
more water moving thru the system impacting the streams and the lakes that exist in the watershed. 

 
 
 
 
 
 
 
 
 

  

Figure 8: Number of Days with Extreme Precipitation 
(Events Exceeding the 1900 – 2016 period’s 99th Percentile for Indiana) 

(Source: Indiana’s Past & Future Climate: A Report from the Indiana Climate Change Impacts 
Assessment. Purdue Climate Change Research Center, March 2018) 



  
 North Branch Elkhart River Corridor Flood Risk Management Plan 
 Page 11 

CHAPTER 4: HYDROLOGY 

Hydrology of the watershed, that is flow or movement of water in the watershed, is largely controlled by 
land use and geology.   

Land Use  

Land use within the NBER watershed is currently a mix of agriculture, forests, wetlands, lakes, and urban 
areas.  According to the 2016 National Land Cover Database (NLCD), approximately 70% of the watershed 
is agriculture, 5% urban, 5% forest, and 20% water, wetlands, shrub, and grassland.    The large areas of 
agriculture and water can be seen in the land use map in Figure 9. The various land uses affect basin 
hydrology differently.  

 

For example, successful agriculture in a naturally poorly drained watershed like the NBER requires good 
drainage. Good drainage for agriculture means more water off the landscape faster so crops can be planted, 
which in turn means received precipitation gets to the channel faster. In the NBER this agricultural drainage 
is moderated by the high infiltration rates in most of the basin. This allows for more water to soak into the 
soil than to runoff. The result is that agricultural drainage does not currently have as much of an impact on 
river discharge as it does in other parts of the state. As rainfall continues to increase it will be critical to 
balance any increased drainage with opportunities to increase infiltration.  For example, remaining forests 
and wetland areas need to be protected so they can continue to function as storage areas for precipitation 
and improve water quality.  

Figure 9: Land Use in the NBER Watershed (NLCD 2016) 
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Urban and residential interests also want drainage and additional development possibilities. This will 
mean increased flow just as it does in agricultural areas. As with agricultural drainage, any increased 
urban or residential drainage will need to be offset.   

Available NLCD land use data was not consistent enough between years to provide an accurate 
representation of land use changes over time.  Using Google Earth, however, increases in development 
around Kendallville and the lakes could be seen but increases were small in comparison to the overall 
watershed.  Even though the changes are small, each change, if not mitigated, reduces the ability of land 
to absorb runoff bit by bit.  Various regulations exist in the entities within the watershed to help mitigate 
the impacts of changes.  As rainfall changes, the pressure to make various land use changes will also 
change. 

Stream Flow 

Most Indiana watersheds are dominated by surface water flow.  The hydrology of the NBER basin 
however is dominated by groundwater. Over a third of the basin is underlain by thick (100-300 ft) 
deposits of sand and gravel. These sands and gravels form an extensive unconfined buried aquifer with 
very high transmissivity rates that recharge the river (Crompton and others, 1986; Fowler,1992).  
Crompton and others estimated that 80 percent of the flow in the river is supplied by these aquifers.  

Flow Volume 

Figure 10 shows annual average daily flow volume.  This is the volume of water from the watershed 
that reaches the Cosperville gage.  This data shows that there have been yearly fluctuations, but the 
average has remained steady.  This would seem to indicate that the watershed response to given rainfall 
has not changed or the system is able to absorb the degree of changes that have occurred so far.   

The average daily flow volume recorded at the Cosperville gage of 280 Ac-ft per day is equivalent to 
102,200 Ac-ft of water passing the gage per year or the equivalent of 13.5 inches of rain over the entire 
watershed.  The average annual rainfall is 38 inches per year which is equivalent to 287,800 Ac-ft of 
water per year that falls on the watershed and makes its way to the Cosperville gage or is absorbed, 
evaporated, or stored somewhere in the system.  That means 24.5 inches or about two thirds of the 
average yearly rainfall on the watershed does not show up in the stream at the Cosperville gage. This 
highlights the importance of making sure the watershed continues to be able to “keep” this volume 
from the stream or water surface elevations and duration of given flow levels will increase as the stream 
has to take more of the rainfall when the watershed can’t “keep” it. 

Figure 10: Annual Average Daily Flow Volume at NBER at Cosperville, IN USGS Gage 
(Source: USGS National Water Information System) 
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It is interesting to note that while the year 1990 had 12” more of rainfall than the average year, the daily flow 
volume was not quite as high as other years that had less annual precipitation. This serves to highlight that 
many factors affect infiltration, runoff, and streamflow, not just the amount of rainfall.  The system can act 
differently with variations in vegetation, evapotranspiration rates, different temporal and spatial rainfall 
distributions, and ground conditions, and the dynamic impacts of any of these on the others. 

A simple mass balance of yearly rainfall, evapotranspiration, and infiltration averages helps to illustrate the 
groundwater’s significance in this basin. As noted in the previous chapter, the basin currently receives, on 
average, 38 inches of precipitation per year. Evapotranspiration removes 27-28 inches from the received 
total, leaving 10 inches to infiltrate or runoff. (Clendenon and Beaty, 1987).  Documented regional recharge, 
or precipitation that infiltrates, varies from 6 to 10 inches (averaging 8.8 inches) per year over the NBER 
watershed (ISJ, 2010). This means that on average, over 8 inches of the 10 inches of precipitation left to 
infiltrate or runoff is infiltrating into the soils to recharge or replenish groundwater.  That suggests that of 
the 38 inches of received precipitation, less than 2 inches of an average year’s precipitation is available for 
runoff.  

This runoff moving towards the Little Elkhart Creek, MBER, or the NBER will need in most places to flow 
across more than 800 feet of muck soil.  This muck absorbs the runoff.  The result is that unlike most 
Indiana river systems the NBER is not a surface runoff driven river system, but a groundwater driven system. 
The significance of being a groundwater system is that flow through the ground creates a more stable flow 
reaching the river. Peak flows are never as high and water levels never as low as they would be in a runoff 
driven river system. The stable and non-flashy flow also leads to very low erosion rates except in highly 
disturbed areas. 
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CHAPTER 5: HYDRAULICS 

Along the channel and floodplain there are agricultural, wildlife, residential, and recreation interests.  
These interests desire drainage of water to allow crops to grow, homes to be accessible and flood free, 
and lakes to be of use for recreation.  They also desire good water quality and sediment movement so 
that lakes stay as lakes and water can continue to drain away from areas of interest.  As a result, water 
that extends into certain areas of the floodplain or remains in the floodplain for extended periods of 
time is of concern to those along this corridor. The amount and timing of watershed rainfall reaching 
the stream and the capacity of the system to transport that water determine both water level and length 
of time water remains at given levels.  

Stream Flow Processes 

Most of the time stream flow is confined to the “active channel”, a portion of the fluvial plain, or stream 
corridor, that is carrying water all the time in a perennial stream like the NBER. The flow in most 
streams will rise out of the channel and onto the functional floodplain in response to receiving more 
water than the active channel can convey. However, water in the NBER channel does not “spill out” 
onto the floodplain. In the NBER the water level rises with an influx of more water from the aquifer 
and any surface runoff. The Geology section of this report noted the absence of “alluvial” or stream 
influenced soils in the functional floodplain. That is because the functional floodplain throughout the 
corridor is a band of muck soil up to 80-in thick and ranging from 800 to 3000-ft wide. The muck is 
saturated to the surface (NRCS, Web Soil Survey).  The stream field assessment conducted and 
summarized in Appendix 2 shows this stream system to be very stable because of this geology.  The 
only exceptions are in areas of disturbance such as the west side of Wolcottville and the headwaters of 
the MBER around Kendallville. 

Stream Flow Capacity 

To gain insight into how the capacity of the channel and floodplain relate to the water levels and flood 
durations, an analysis of available stream and lake gage data was done as well as a preliminary hydrologic 
computer model created.  This information helps provide an understanding of how the system is 
currently functioning and to identify trends. 

To show how flow moves through the system, a hydrologic computer model was used.  This model 
created an approximate inflow to the system using traditional surface water runoff methodology.  This 
is a groundwater system, so the surface runoff methodology is used only as a substitute for groundwater 
inflow to the system to show how flow interacts with the physical above-ground storage available.  Based 
on this model, Figure 11 shows how flow changes through the system by showing graphs of flow 
(vertical axis) versus time (horizontal axis) for the 4 downstream lakes directly included in the model. 
Small dotted lines in the graphs represent the inflows to the lakes.  Solid lines represent lake outflows. 
(There are 2 outflows shown for West Lakes based on the variation of outflow relationships shown to 
exist for the lake which are discussed later in this chapter.)  The hydrographs in Figure 11 are based on 
a 5-year event.  Similar patterns are expected for other frequency events. 
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The hydrographs above show how each lake reduces the peak discharge flowing into the lake. Note the high 
peak of the inflow compared to the much lower peak of the outflow. The outlet controls the rate at which 
water can be released downstream, so that each lake serves as flood storage by storing water temporarily on 
its floodplain while the outlet reduces downstream flow. Note in the hydrographs that peak discharge 
increases moving downstream so that much more water needs to be stored around West Lakes than at 
Indian Lakes. An analogy that helps to understand this process is that moving downstream on a river the 
floodplains increase in size as discharge increases. In a lake chain this same function is provided by the lake.  

To give an idea of how much storage each of these lakes is providing, the volume available between legal 
level and one foot above legal level was calculated.  Volumes are shown in Table 1.  Volume added for each 
foot of elevation above the one foot shown in the table is more than the volume of the first foot. 

Lake Volume, Ac-Ft 

Oliver 600 

Indian Lakes chain 500 

Sylvan Lake 600 

West Lakes chain 400 

Total 2,100 

Table 1: Approximate Volume of Water That Can Be Stored in the First Foot above Legal Lake Level 

Figure 11: Inflow vs. Outflow of Modeled Lakes 
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The total volume listed in Table 1 is equivalent to 0.35” of precipitation on the entire watershed sitting 
in the 1 foot above legal level at a given instant.  The land around each lake covered in water at one foot 
above legal level, is shown in black in Figures 12 through 15. 

 

                                     Figure 12: Extent of Flood Waters at 1 Foot above Legal Lake Level on Oliver Lake 

 

 

Figure 13: Extent of Flood Waters at 1 Foot above Legal Lake Level on Indian Lake Chain 
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Figure 14: Extent of Flood Waters at 1 Foot above Legal Lake Level on Sylvan Lake 

 

 

Figure 15: Extent of Flood Waters at 1 Foot above Legal Lake Level on West Lakes Chain 
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Peak Flow and High Lake Level Trends 

In the watershed there are several lake level gages but only one streamflow gage.  The location of these 
gages is shown in Figure 16. 

The peak annual flow rate for the one stream flow gage, NBER streamflow gage at Cosperville, Indiana 
(USGS Gage 04100222), is shown in Figure 17. The peak discharge has varied from 200 to 900 cfs, with 
the 10-year moving average varying between 400 and 600 cfs.  The 10-year moving average over the last 
5 years has been higher than any other time in the 50-year period of record. 

  

Figure 16: USGS Gages 

Figure 17: Peak Annual Flow Rate at NBER at Cosperville, IN USGS Gage 
(Source: USGS National Water Inventory System) 
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Peak flows are important, but of equal concern is the length of time that elevated water surface elevations 
are maintained.   

An analysis of the number of days each year that a lake was at or above each 1-foot increment over the legal 
lake level was graphed for each water year (October through the following September).   

The number of days above various 1-foot increments were graphed in Figure 18 and Figure 19 for West 
Lakes and Indian Lakes chains, respectively.  The Noble County annual rainfall for each year was also plotted 
on the figures to see if there is a correlation.  The plots showed that years of equal annual rainfall do not 
necessarily produce similar numbers of days above certain lake levels. This is not surprising since the system 
is groundwater driven. 

 

Figure 18: West Lakes Chain - Number of Days above Legal Lake Level 

 

 

Figure 19: Indian Lakes Chain - Number of Days above Legal Lake Level 
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While annual rainfall over the entire record had a different pattern than the number of days above legal 
level in a year, the trend in days above legal level, shown in Figure 20 for West Lakes, is increasing 
similarly to the trend in number of days of extreme rainfall events (shown earlier in this report as Figure 
8 and repeated here for convenience as Figure 21). 

 

 
 

The number of days with elevated lake levels for other gaged lakes in the watershed is shown in Figure 
22.  These lakes have much fewer days at these levels than Indian or West Lakes do.  The closest is 
Bixler Lake with 4 years of at least 70 days of lake levels more than 1’ above legal level for its 57-year 
period of record from 1945 to 2002.  This same period of record is shown for all the lakes.  

Figure 21: Number of Days of Extreme Rainfall Events 

Figure 20: West Lakes Chain Number of Days at Least 1 Food above Legal Level 
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Residents on West Lakes Chain suspect that log jams and weed growth in the downstream channel 
contribute to their extended length of elevated lake levels.  In order to confirm and substantiate these 
suspicions, stream flow at the Cosperville gage was graphed and compared with the corresponding West 
Lakes gage height. Measurements were symbolized based on the month they were taken.  The graph is 
shown in Figure 23 May to August was assumed to be months that vegetation could be growing in the 
outlet channel.  Each dot shows a measured flow and the corresponding lake gage stage at the time of the 
flow measurement.  Any given stage at the lake can be seen to have had a range of corresponding discharges 
depending on the time of measurement.  Similarly, any given discharge has occurred at a range of lake 
stages.  Growing season dots are clumped at a lower range of corresponding discharge than the non-
growing season dots. 

Figure 22: Comparison of Elevated Lake Levels 

Figure 23: Cosperville Gage Discharge vs. Waldron Lake Gage Height, USGS 
Measurements 
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The above graph shows the variation between the growing and non-growing season discharge to lake stage 
relationships. While lower and higher flows have been measured for a given elevation in each season, the 
growing season outflow tends to be less for a given stage than the non-growing season outflow at that 
stage.  Non-growing season discharge measurements vary about 100 cfs for a given gage height but the 
growing season discharges at the same stage can vary over 200 cfs. A sensitivity analysis was done for only 
the measurements since 1990 and then since 2000 to see if there was a change over time. No significant 
change was noticed so the variability appears to be consistent through time. 

The graph of the measurements does show that there is a large range of possible flow rates in the stream 
that have been experienced for a given stage on the lake.  In addition to the variability in vegetation or large 
wood in the stream from year to year, possible explanations are the presence of intervening flow under 
certain rainfall distributions and groundwater conditions and responses. Flow entering the stream (from 
below or above ground) between the lake and the Cosperville gage could reduce the capacity of the stream 
for the upstream lake outflow or create a larger discharge than that which created the stage at the lake 
outlet.  Work done by Fowler (1994) does show a change in the groundwater aquifer downstream of 
Waldron Lake. The aquifer changes from the surficial sand and gravel aquifer system to the buried sand 
and gravel aquifer. Overall yield (or water availability) is higher in the surficial aquifer. The interaction of 
these two groundwater systems below Waldron Lake may account for much of the variability seen in stream 
flow.  Streams also typically have a looped rating curve meaning that when downstream elevations are low 
as flow begins to increase, upstream portions can pass along more flow but as the downstream tries to 
absorb that flow, elevations increase and the upstream portion has elevated levels to “push against” so can’t 
send as much flow and therefore must increase in elevation until they can overcome the downstream 
resistance.   

Regardless of the reasons behind the observed variations in Waldron Lake stages for a given flow at 
Cosperville, the impact of such variation on the frequency and duration of high Waldron Lake levels is 
quite limited.  The large-scale computer model previously discussed was used to provide insight into the 
scale of potential impacts.  Results are based on a 5-year 96-hour rainfall using the NOAA Atlas 14 50% 
all cases distribution (4.1 inches over 4 days).  This rainfall was used as an approximation of flow entering 
the lakes above ground storage areas whether that flow is from groundwater, surface water, or both.  As 
shown in Figure 24 the modeling suggests that for the inflow amount modeled, the difference between the 
more efficient (dashed line) and less efficient (solid line) rating curves was a few days difference in time 
near the peak and about a half foot lower peak elevation with the more efficient rating curve. 

The control for the elevations at the lake may not be 
something that can be changed by adding channel 
capacity since it is a groundwater driven system.  
Even if a project would have impact, it must be 
remembered that increased capacity by these 
methods is gained by increasing downstream flows.  
Increased flow downstream translates into increased 
flood elevations in downstream reaches.  Increased 
elevations are not desired downstream since the 
interest in protection of property exists there as it 
does in the areas along the lakes.  

As an illustration of the impact of a lake outlet 
improvement on downstream reaches, an 
improvement to the Indian Lakes outlet was 
estimated by increasing the outlet weir coefficient in 
the model.  The peak elevation on Indian Lakes 
dropped 0.15’ and time near the peak elevation was 

Figure 24: Difference in Lake Hydrograph Based on 
Outlet Rating 
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reduced about 1 ½ days.  Downstream at West Lakes the peak elevation using the more efficient outflow 
rating went up 0.1 foot and the time at peak elevation increased ¼ day.  Upstream improvements do have 
negative impacts on downstream conditions.  So, while limited maintenance of aquatic weeds may be 
beneficial for a small reduction of elevated lake level durations of small and isolated rainfall events, a more 
intensive alteration of the lake outlet capacity is expected to be detrimental to downstream reaches and also 
not effective in substantially reducing high lake levels or durations for moderate to large rainfall events.  
Actual differences in lake elevations and outlet discharges would vary depending on the rainfall total, 
distribution, preceding rainfall, vegetation, and groundwater conditions at the time of as well as prior to 
the rainfall event. 

With the recent increased lake levels, community officials have questioned whether the Flood Insurance 
Study (FIS) Base Flood Elevations (BFE) need to be updated and a higher Flood Protection Grade (FPG) 
be used in the meantime to prevent flooding of new structures constructed around the lakes.   

Below is a chart comparing FIS BFE and USGS gage peak elevation of record for each lake. 

Lake 
FIS 100-yr, 
Elevation 

NAVD 1988 

Record Peak 
Elevation, NAVD 

1988 
Years of Record 

West 890.1 889.7 1947-current 
Sylvan 917.2 917.6 1942 – current 
Indian 900.5 900.6 1945 – 2002 
Oliver 901.9 901 1945 - 2002 

Table 2: FIS and Peak Lake Elevations 

With the extensive storage available around the lakes, a large change in inflow may result in a small change 
in lake elevation but that increased elevation may continue for a long time.  With the length of time required 
for lake levels to return to normal after a rainfall event and the increase in extreme events, there is also the 
need to consider the impact of back to back rainfalls or coincident significant groundwater and surface 
water inflows on lake elevations.  While as shown in Table 2 not all the lakes gages have experienced record 
lake levels within the period of their record higher than the estimated BFE, given the expected climate 
change impacts, a modest 0.5-foot increase in typical FPG requirement (from 2.0 feet to 2.5 feet) to account 
for the increased potential for back to back storms or coincident inflows would be prudent.  This increase 
can slightly reduce flood insurance premiums and reduce the frequency at which liveable areas of residences 
could be flooded. 
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CHAPTER 6: GEOMORPHOLOGY 

The stream assessment conducted along the mainstem of the NBER and the MBER (Appendix 2) found 
that the upper headwaters of the NBER, Hutchins, and Uhl ditch were remarkably stable for agriculturally 
modified streams with wide buffers and stable channels (Figure 25).  Some of the stability can be attributed 
to the ditches being cut into Brookston silt loam. That also suggests that the ditches are modified swales in 
the naturally poorly drained landscape. The stability is also a function of the management of the area. The 
wide vegetated corridors allow for more natural functioning. The ability for high flows to spill out into the 
valley floor is critically important to downstream stream conditions as it buffers high flows.   

 
Hutchins Ditch combines with Uhl Ditch at Cree Lake to form Little Elkhart Creek downstream from Cree 
Lake. The surficial geology of the stream corridor changes at this point from a ditched upland swale to a 
linear wetland with a stream flowing through it (Figure 26). The water in the wetland and the stream flow 
are primarily groundwater. As noted in the Hydrology section, Crompton and others suggest that 80 percent 
of the stream flow is groundwater, most of it flowing into the channel through the muck soil. Little Elkhart 
Creek’s morphology and planform reflects the wetland boundary conditions and the groundwater flow 
regime. Most of the creek is a Rosgen E4/5 stream type, a common northern wetland stream type that is 
inherently stable and characterized by moderate to high sinuosity and low channel slope or gradient. The 
characteristic narrow and relatively deep channel is a very hydraulically efficient form with a high resistance 

Figure 25: Hutchins Ditch, upstream from confluence with Uhl Ditch 
Note well-connected floodplain and grassed buffer. 
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to channel adjustment. Rosgen notes that these channels are very stable unless the streambanks are 
disturbed, or if significant changes occur in sediment supply or streamflow (Rosgen, 1994). Only one small 
area of disturbance was noted along Little Elkhart Creek.  

In part because of the lack of disturbance, the sediment load is small, primarily fine to medium sand 
winnowed from the surrounding upland areas. Large wood is present, but no flow obstructions were noted. 
With a wide wetland corridor, the average width along Little Elkhart Creek is greater than 1,000 feet, and 
the active stream channel is less than 40 feet wide, making it unlikely that a large wood blockage would affect 
anything outside of the riparian corridor. 

 

Little Elkhart Creek flows from the Cree Lake outlet to Tamarack Lake, then through Mud Lake, Nauvoo 
Lake, and Wolcottville, then into Witmer Lake. The approximate stream length flowing between the lakes 
is 8.0 miles. After flowing into Witmer Lake, Little Elkhart Creek will merge with the outlet of the Oliver 
Lake chain as the NBER. In morphology, planform and landscape setting the NBER is simply a larger Little 
Elkhart Creek. The river is still groundwater sourced and it is still flowing through a forested muck wetland 
corridor. River width in the NBER averages 60 feet and the wetland corridor ranges from 800 to over 3000 
feet wide (Figure 27).  

 

 

Figure 26: Little Elkhart Creek Downstream from Cree Lake near SR 3 
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The NBER is more modified than Little Elkhart Creek. From the Lagrange – Noble County line to the 
Jones Lake inlet (over 2.5 miles) the NBER has been straightened. For the first 1,700 feet into Noble County 
the riparian buffer is gone as shown in Figure 28. This appears to be the only place along the river where 
the riparian corridor has been removed from both sides of the channel.  The floodplain is still functionally 
attached allowing flood pulses to spill out of the channel. 

The Lagrange-Noble County line is also the only place along the mainstem NBER where there has been 
sand removal. No evidence of sand or sediment accretion or buildup was seen at the site. However, a 
passerby commented that it should probably be dredged soon to make sure the fishing hole stays deep. 
Dredging at that site should be done with great caution. Over time, dredging in a low sediment load system 
like the NBER could result in upstream downcutting. 

 
  

Figure 27: NBER at CR W 1200 N (County Line) Looking Upstream into Lagrange County 
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As the NBER flows into Jones Lake, it combines with the MBER which is flowing in from the east through 
the Sylvan Lake outlet. The mainstem MBER headwaters originate near Bixler Lake to the east of 
Kendallville and flow west from Kendallville as the Bixler Lake Ditch-Henderson Lake Ditch. Downstream 
of Henderson Lake, northwest of Kendallville, Henderson Lake Ditch combines with Waterhouse Ditch 
and continues to flow to the northwest towards Sylvan Lake. The over 4 miles of Henderson Lake Ditch 
headwaters from Bixler Lake through Kendallville and then just north of CR E 800 N (W Rimmel Rd.) are 
channelized and degraded (Figure 29 and Figure 30). North of CR E 800 N the ditch flows into a large 
wetland complex located along the east end of Sylvan Lake. 

  

Figure 28: NBER at CR W 1200 N (County Line) Looking Downstream into Noble County 
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Figure 29: Henderson Lake Ditch, Kendallville (looking downstream) 

Figure 30: Henderson Lake Ditch, Downstream from Kendallville (looking downstream) 
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As Henderson Lake Ditch flows into the east end of Sylvan Lake the lake serves as a buffer and sink for 
sediment and other contaminants. The MBER flows out of the west side of Sylvan Lake at Rome City, forms 
Spring Lake, and then flows west for just over 3 miles into Jones Lake. The MBER downstream of Sylvan 
Lake has the same morphology and planform as the NBER and flows through a broad corridor of forested 
muck wetland (Figure 31).  

 

As the NBER and the MBER flow into Jones Lake they merge and flow into Waldron Lake. At the outlet 
of Waldron Lake, the NBER flows southwest for approximately 6 miles to the confluence with the South 
Branch Elkhart River upstream from Ligonier. The planform and morphology of the E4/5 type stream 
remains the same as the upstream NBER and MBER, it just gets wider (Figure 32). The forested muck 
wetland corridor is over 3,000 feet wide in places. The sediment load remains low and primarily fine to 
medium sand. Large wood is common but, as with upstream, no obstructions were observed during the 
field assessment.  

  

Figure 31: MBER Downstream from Sylvan Lake (looking upstream) 
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Figure 32: NBER at CR W 900 N (looking downstream) 
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CHAPTER 7: SUMMARY OF FINDINGS 

Flooding concerns have been reported in the NBER basin since the early 1980’s (Crompton,1986; Fowler, 
1994), and have continued to be a concern (ISJ, 2010). Despite the longtime complaints of flooding, no 
real assessment of the river had been undertaken.  Most of the effort had focused on the lake segments 
rather than the river. This current study considers the NBER from its headwaters on the far east side of 
Noble County to the confluence with the South Branch Elkhart River near Ligonier.   

River assessments can be conducted with a variety of methods. To meet the needs of the SJRBC, Burke 
performed a functional assessment of the NBER. The functional assessment follows the methods laid out 
in the Project Approach Section of Chapter 2 to develop an understanding of how the system is functioning 
overall. The following is a summary of the findings. 

The functional pyramid rests on the dual foundations of geology and climate. If one of the foundations is 
changing or is altered the pyramid will shift. In the NBER the geology is remarkably stable given over 150 
years of landscape modification. Trees have been removed and wetlands drained throughout Lagrange and 
Noble County, but the extensive deposits of muck soil overlaying 100 to 300 feet of outwash sand and 
gravel still provide enormous storage.  

The large potential storage means that basin hydrology is buffered. Runoff from the predominantly 
agricultural watershed is very low. As discussed in Chapter 3, current estimates are that on the average less 
than 2 inches of received annual precipitation are available for runoff. Annual infiltration averaging 
approximately 8.8 inches per year, or 24 percent of received average annual precipitation that goes to 
groundwater and is stored in the aquifers. 

Crompton and others (1986) estimated that 80 percent or more of streamflow in the NBER was supplied 
by groundwater so that river flow is not runoff driven. It is groundwater sourced and controlled by an 
aquifer transmissivity of over 50,000 ft2/day. For the NBER that means stable flows with little annual 
fluctuation as shown in the graph of average daily flow volume (Figure 10). 

With a stable basin hydrology, the channel hydraulics are equally stable. No significant bank or channel bed 
erosion was observed. This is in part a function of the river form. As noted in the detailed stream 
assessment report in Appendix 2, Little Elkhart Creek and the NBER are Rosgen E5/6 channels. This 
channel type is inherently stable and characterized by moderate to high sinuosity and low channel slope or 
gradient. The characteristic narrow and relatively deep channel is a very hydraulically efficient form with a 
high resistance to channel adjustment. Rosgen notes that these channels are very stable unless the 
streambanks are disturbed, or if significant changes occur in sediment supply or streamflow (Rosgen, 1994) 

The best current evidence for a stable basin hydrology is that even with the increase in annual rainfall and 
the intensity of rainfall, flow volumes in the downstream portion of the watershed do not directly reflect 
this increase. This is attributed to the lack of change to groundwater control of the system and extensive 
availability of above-ground storage. 

Overall, the NBER system is one of the most naturally functioning river systems in the state. Great care 
should be taken to preserve this remarkable resource.  

Unlike NBER’s main stem, the headwaters of the Middle Branch Elkhart River exhibit a few instability 
issues.  The over 4 miles of Henderson Lake Ditch headwaters from Bixler Lake through Kendallville and 
then just north of CR E 800 N (W Rimmel Rd.) are channelized and degraded. The headwaters of the 
mainstem NBER provide a model of how this reach could be improved through connecting the channel 
to a geomorphic floodplain. To connect the floodplain in the headwaters of the MBER the channel could 
be multi-staged, and corridor could be vegetated, similar to what we find along Uhl Ditch. Reattaching the 
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floodplain in the headwaters would help to reduce the downstream velocity and slow the downcutting 
observed near Sylvan Lake. The effort would also reduce the sediment influx into Sylvan Lake. 

Based on a detailed analysis of available long-term lake level data within the watershed, the number of days 
when lake levels have been above their legal levels (normal lake levels) have been increasing, especially 
within the last 20 years.  This observation correlates well with the observed number of days with heavy 
precipitation in Indiana as presented in a March 2018 Purdue Climate Change Research Center report. In 
particular, West Lakes has had at least 3 years where lake levels have been more than 1’ above legal level 
for over 250 days of the year. Two of these were in the last 10 years.  The level of a lake before the next 
storm is a big influence on peaks and duration of high water.  Lake levels remain high due to increased 
frequency of rainfall or extended influx of groundwater. 

While West Lakes’ outlet efficiency appears to be generally lower during the growing season, the result of 
observed inefficiency in the outlet capacity, regardless of the reason, is only in the order of magnitude of 6 
inches for the approximate 5-year event peak elevation and a few days shorter recession time.  The 
difference is even smaller for larger events.  The comparison of measured discharges at the Cosperville 
gage with the corresponding elevation of Waldron lake shows that there has been a large range of flow 
rates in the stream at Cosperville for a given stage on the lake.  Variability in vegetation or large wood in 
the stream from year to year may explain some of the variability but the groundwater driven nature of the 
stream and the change in aquifers at the lake outlet are likely the bigger factors. 

Based on previous flood records, Sylvan Lake has flooded to 0.4 feet above the FIS BFE and Indian Lakes 
reached 0.1 foot over the BFE.  Oliver and West Lakes do not have recorded peaks at or above the BFE.  
The large storage volume available at each lake will lessen the impact of increased rainfall on lake levels but 
an increase in the frequency of heavy storms and the potential for back to back rainfalls with large 
groundwater inflows suggest potential increases in flood levels. While not all the lakes gages have 
experienced record lake levels within the period of their record higher than the estimated BFE, given the 
expected climate change impacts, a modest 0.5-foot increase in the required Flood Protection Grade (FPG) 
for new buildings within and near the floodplain is prudent. 

A preliminary large-scale hydrologic computer model was developed as part of this study to evaluate the 
potential impacts of creating additional flood storage in the watershed.  For this evaluation, five additional 
flood control ponds, each being 300 acres in area with 600 acre-feet of active flood storage, were assumed 
to be constructed within various major sub-basins.  The result of this modeling showed only a modest 
reduction (3 to 6 inches) in flood stages and in flood durations (1 to 3 days), depending on the magnitude 
of the event simulated (the larger the event, the smaller the impact).  Given that for the standard 1% chance 
flood event the majority of homes within the floodplain around the lakes are expected to sustain between 
2 to 3 feet of flooding, the nature of this groundwater-driven lake chain system, and the relatively nominal 
benefit resulting from such a large investment (estimated at $100 Millions) that would also require taking 
out of production an enormous amount of land area and significant impact to wetlands, additional 
consideration of this alternative is not warranted.   

The nature and location of flooding along the NBER through Noble and LaGrange Counties is the product 
of basin geology and climate. As our collective understanding of the natural fluctuations in weather and 
climate have increased, we have learned that we cannot control climate or geology. Instead of struggling to 
control the climatic fluctuations we will need to learn to adapt. Based on the findings of this study, we 
conclude that it is not likely feasible or cost-effective to try to significantly reduce flood problems for homes 
that were built in the floodplain by creating additional upstream storage, clearing the vegetation 
downstream of the system, or by more intensive means of increasing the outflow from lakes without 
creating negative impacts elsewhere. What is recommended instead is to take a series of steps to adapt to 
the “new normal” high lake level and flooding patterns, protect homes and reduce vulnerability to flood 
damages, and do everything possible to maintain the existing inherent resiliency within NBER watershed 
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and keep things from getting worse.  These can be accomplished through implementing the 
recommendations in this report.  
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CHAPTER 8: RECOMMENDATIONS 

The nature and location of flooding hazards present along the NBER through Noble and LaGrange 
Counties are the products of the basin geology and climate. As our collective understanding of the natural 
fluctuations in weather and climate have increased, we have learned that we can’t control geology or climate. 
Instead of struggling to control the climatic fluctuations we will need to learn to adapt.   

Communities have significant historical knowledge of flood-prone areas as well as availability of the 
National Flood Insurance Program mapping to identify riverine flood-prone areas. There are also existing 
regulatory practices being used in the NBER watershed regarding flooding and fluvial erosion.  These 
include: 

• Some degree of detention is required in most of the area. 
• Some of the counties and municipalities within the watershed have requirements to compensate for 

loss of floodplain storage. 
• The National Flood Insurance Program and the State of Indiana have minimum standards for 

construction in a floodplain. 
• The State of Indiana regulates all construction within the floodway to prevent construction that 

would increase the 1% annual chance water surface elevation by more than 0.1 feet. It does not 
address any other frequency impacts. 

However, the current safeguards are not adequate to prevent increased flooding and erosion within the 
watershed, especially as Indiana climate is undergoing changes. 

Based on the findings from the assessment described in this plan, the following recommendations are 
provided for the basin to assist in managing and adapting to the risks due to flooding and preserving the 
remarkable existing natural functionality and sustainability of this river system. 

1) Develop and adopt location-specific flood resilience strategies 

The analysis in Chapter 3 shows that the number of extreme rain events is increasing, and climate change 
studies indicate this trend is expected to continue and worsen. Despite this evidence, most Indiana 
communities continue to create new risks by allowing construction in areas with high risk of flooding while 
at the same time trying to mitigate losses in other areas.  

As discussed earlier in this report, significant flood risk exists in low-lying areas around the lakes. Given 
the extent of flood risks, location of vulnerable structures within the floodplain, the increasing trend in 
rainfall within the watershed, and the size of the drainage area, no feasible solution exists to reduce the 
existing extent of the flood risk areas. Consequently, flooding for this area should be viewed as a regularly 
occurring hazard. Adopting appropriate flood resilience strategies specific to each distinct geographical area 
in each county and community within the watershed can help curb an increase in vulnerability to flood and 
erosion induced damage, reduce flood damages, reduce interruptions, reduce recovery time, and establish 
a framework for future economic development in safer areas within the watershed. 

A description of each distinct geographical area within the watershed, the intent of strategies for each of 
the areas, and examples of typical specific resilience strategies for each of these geographical areas is 
provided in the following paragraphs and summarized in Table 3. The noted distinct geographic planning 
areas were identified as part of this study for the entire NBER watershed as shown in Exhibit 2.  Specific 
resilience strategies suitable for each distinct area (such as the typical strategies provided in this report) 
should be identified, agreed upon, adopted into comprehensive land use plans and zoning ordinances, and 
implemented by a resilience team in each county and community.  
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1. River Corridor Impact Areas—The river corridor impact area is defined by the area within the 
floodway or the erosional corridor along the stream. The erosional corridors along all streams 
in Indiana have been developed based on regional Fluvial Erosion Hazard (FEH) analysis and 
hosted on the IDNR website. The intent of strategies in this area is to protect land adjacent to 
the river where flooding potentials and flood velocities are highest, and to minimize streambank 
erosion. Preserve undeveloped areas in this zone by adopting a “River Corridor Impact Areas” 
overlay zone and prohibiting any disturbance (fill or excavation) in this zone. The following is 
a list of typical specific strategies for this zone: 

• Adopt a River Corridor Impact Area Overlay zone & prohibit development in this area 
• Perpetuate protection of undeveloped land within River Corridor through partnering with 

land trusts  
• Restore impacted channel corridors/FEH Issues using nature-based solutions, such as a 

2-stage ditch or other FEH mitigation 
 

2. Undeveloped High Flood Hazard/Flood Storage Areas—These are the remaining high flood hazard 
areas within the 1% annual chance floodplains. The intent of the strategies in this area is to 
conserve land and maintain the natural and beneficial function of the floodway fringe, including 
the very crucial and significant flood storage function. Preserve these areas by adopting a “High 
Hazard/Flood Storage Areas” overlay zone and limiting the development in these areas to only 
suitable open space land uses (no buildings), protecting undeveloped land in this zone through 
incentivizing compatible uses such as parks and trails with help from public land trusts, and 
requiring compensatory floodplain storage when placement of fill in these areas is unavoidable.  
The following is a list of typical specific strategies for this zone: 

• Preserve floodplain storage and beneficial floodplain functions through prohibiting or 
strongly discouraging new development in this area 

• Require floodplain compensation when flood storage loss cannot be avoided 
• Perpetuate protection of undeveloped land within SFHA through partnering with land 

trusts  
• Prohibit development of new critical facilities in the floodplain and encourage relocation 

of existing facilities as opportunities arise 
 

3. Moderate Flood Hazard Areas—These are areas within the 0.2% annual chance floodplain. The 
intent of the strategies in this area is to avoid placement of critical facilities and, to the extent 
possible, preserve these areas as additional flood storage areas that will likely be needed as the 
impacts of the ongoing changes in climate makes inundation of these areas in the future similar 
to how the 1% annual chance floodplain is inundated in today’s climate. The following is a list 
of typical specific strategies for this zone: 

• Discourage new development in this area 
• Require buildings to have their FPG equal to or greater than that required in SFHA 
• Require flood protection grade of critical facilities in this area to be above the 0.2% chance 

flood elevation 
 

4. Vulnerable Developed Areas—This designation would identify homes, critical facilities, and non-
conforming structures that are already present either within the River Corridor Impact Areas 
or within the high flood hazard/flood storage areas. These areas have been or are expected to 
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be vulnerable to future flood events. The goals in these areas would be the acquisition of the 
most vulnerable structures, floodproofing of existing structures (especially critical structures), 
the development of new flood storage areas when possible, and the adoption of a flood 
response plan. The following is a list of typical specific strategies for this zone: 

• Protect existing critical facilities in the SFHA through floodproofing/ring levees 
• Relocate and/or buyout of homes 
• Floodproof or elevate homes and businesses 
• Bring nonconforming uses into compliance  
• Create new flood storage through redevelopment 
• Require building expansions to meet the additional requirements 
• Develop a Flood Response Plan 
• Encourage Flood Insurance and community participation in the Community Rating 

System (CRS) 
 

5. Safer Areas—This designation would identify areas where public investments and policies 
should steer development. These areas would be land areas with higher elevations and outside 
of designated floodplain. Steer public policy and investment to support development in “Safer 
Areas” within the county and incorporated communities by revising comprehensive land use 
plans and capital improvement investments (such as expanding new sewer lines, electricity, and 
water only in these areas) to incentivize development in safer areas, promoting conservation 
design/Low Impact Development (LID)/Green Infrastructure (GI) in these safer areas, and 
promoting placement of critical facilities only in these safer areas. The following is a list of 
typical specific strategies for this zone: 

• Steer public policy and investment into safer areas (Ex.: extend sewer and water, 
construct infrastructure, tax breaks, etc.) 

• Promote conservation design and development (LID/GI) 
• Promote placement of critical facilities in these safer areas 

 
6. Watershed—This designation would identify the land within the entire watershed. Promote 

coordination and partnership with various jurisdictions within the entire NBER watershed to 
slow, spread, and infiltrate flood water through encouraging adoption of higher, No-Adverse-
Impact development/ drainage standards for both urban and agricultural areas as well as 
adoption of natural resource overlay zones. The following is a list of typical specific strategies 
for this zone: 

• Partner in watershed-wide partnerships (Basin Commissions, Joint Drainage Boards, 
etc.) 

• Encourage uniform No-Adverse-Impact stormwater standards  
• Support USGS stream gages 
• Adopt a Natural Resource Overlay Zone (preserve wetlands, depressional areas) 
• Promote use of cover crops and soil health practices 
• Reduce impact from surface draining and regulated drain improvements in the 

watershed 
• Promote master planning and construction of regional detention facilities 
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Flood Resilience 
Planning Areas 

Area 
Boundaries 

Intent of Area 
Strategies 

Typical Strategies 

River Corridor 
Impact Area 

Floodway or 
fluvial erosion 
hazard area, 
whichever is 
greater 

To conserve land 
and prohibit 
development 

• Adopt a River Corridor Impact Area Overlay 
zone & prohibit development in this area 

• Perpetuate protection of undeveloped land 
within River Corridor through partnering 
with land trusts  

• Restore impacted channel corridors/FEH 
Issues using nature-based solutions, such as a 
2-stage ditch or other FEH mitigation 

Undeveloped High 
Flood 
Hazard/Flood 
Storage Area 

Undeveloped 
land in the 
floodway fringe 

To conserve land 
and maintain the 
natural and 
beneficial function 
of the floodway 
fringe 

• Preserve floodplain storage and beneficial 
floodplain functions through prohibiting or 
strongly discouraging new development in 
this area 

• Require floodplain compensation when flood 
storage loss cannot be avoided 

• Perpetuate protection of undeveloped land 
within SFHA through partnering with land 
trusts  

• Prohibit development of new critical facilities 
in the floodplain and encourage relocation of 
existing facilities as opportunities arise 

Moderate Flood 
Hazard Area 

Area within 0.2% 
annual chance 
floodplain ((likely 
future SFHA due 
to climate 
change) 

To identify areas 
that are subject to 
flooding during an 
extreme event and 
to discourage 
future development 
in these areas 

• Discourage new development in this area 
• Require buildings to have their FPG equal to 

or greater than that required in SFHA 
• Require flood protection grade of critical 

facilities in this area to be above the 0.2% 
chance flood elevation  

Vulnerable 
Developed Area 

Existing 
developed land in 
the River 
Corridor or 
floodway fringe 

To protect people, 
buildings, and 
facilities in 
vulnerable areas 
and reduce future 
flood risk 

• Protect existing critical facilities in the SFHA 
through floodproofing/ring levees 

• Relocate and/or buyout of homes 
• Floodproof or elevate homes and businesses 
• Bring nonconforming uses into compliance  
• Create new flood storage through 

redevelopment 
• Require building expansions to meet the 

additional requirements 
• Develop a Flood Response Plan 
• Encourage Flood Insurance and community 

participation in CRS 
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Safer Area 

Outside the 0.2% 
annual chance 
floodplain area 
but within 
planning 
jurisdiction 

To plan for and 
promote 
development in 
areas that are less 
vulnerable to future 
floods 

• Steer public policy and investment into safer 
areas (Ex.: extend sewer and water, construct 
infrastructure, tax breaks, etc.) 

• Promote conservation design and 
development (LID/GI) 

• Promote placement of critical facilities in 
these safer areas 

Watershed Entire drainage 
area 

To promote 
coordination and 
partnerships and 
implement 
practices to slow, 
spread, and 
infiltrate flood 
water 

• Partner in watershed-wide partnerships (Basin 
Commissions, Joint Drainage Boards, etc.) 

• Encourage uniform No-Adverse-Impact 
stormwater standards  

• Support USGS stream gages 
• Adopt a Natural Resource Overlay Zone 

(preserve wetlands, depressional areas) 
• Promote use of cover crops and soil health 

practices 
• Reduce impact from surface draining and 

regulated drain improvements in the 
watershed 

• Promote master planning and construction of 
regional detention facilities 

Table 3: Resilience Planning Areas Summary 

 

2) Update stormwater and floodplain regulations 

To further protect from increases in floods due to development, stormwater detention/retention and 
compensatory storage requirements are needed.  These exist in some municipalities and counties; however, 
such requirements are not consistent throughout the watershed. In many cases the current requirements 
lack up to date, No-Adverse-Impact measures or exempt certain projects from the requirements. The 
current stormwater and floodplain regulations within all jurisdictions in the watershed should be updated to 
include, at a minimum, the following provisions: 

• Detention storage, with maximum allowable release rates accurately pre-calculated and presented 
as unit flow rates (cfs/acre) for each sub-watershed to compensate for increases in flow rates 
due to new development and redevelopments 

• Retention or, if not possible, extended detention of the Channel Protection Volume (the volume 
of runoff created during the 1-year, 24-hour rainfall event) to prevent further increase in flow 
volumes and channel forming flows 

• A minimum of 1:1 compensatory floodplain storage when the existing floodplain storage is to 
be eliminated due to fill or berm protection 

• Strict prohibition of any development or disturbance within floodways and the erosional hazard 
corridor impact areas 

• Requirements and incentives for using Low Impact Development (LID) and Green 
Infrastructure (GI) practices throughout the watershed 
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• Application of requirements to private and public projects alike. In many instances, a public 
project is more extensive and could create more harm than a private project could if 
requirements are waived. Exemptions in the case of not meeting the requirement but not 
harming any other property could be added if needed. 

• Until a more in-depth analysis of the expected BFE for the lakes can be completed, it is 
recommended that the highest flood of record be used as BFE if it is higher than the FIS BFE.  
Also adding another half foot to the BFE for future conditions may be wise in light of increasing 
and more intense precipitation events. 

Each of the jurisdictions within the watershed should coordinate their stormwater standards with other 
jurisdictions in the NBER watershed to the greatest extent practicable to promote more consistent 
stormwater management. 

3) Encourage consideration of agricultural drainage impact mitigation measures 

Typical stormwater ordinances and technical standards within Indiana (as well as most other states in the 
country) do not apply to farm drainage practices and county drainage board ditch improvement projects. 
However, like impacts of new development and re-development in urban areas, farm drainage activities as 
well as county drainage board ditch improvement projects increase flow in the tributaries and eventually in 
the NBER.  Therefore, it is recommended that the SJRBC encourage county drainage boards in the 
watershed to determine the impacts of proposed drainage improvement projects through detailed unsteady 
state modeling techniques and require/provide compensation for impacts of farm drainage and county 
drainage board ditch improvements.  Typical measures to address unintended negative drainage 
improvement impacts by drainage boards include construction of 2-stage ditches and regional detention 
ponds.  Typical measures that can be undertaken at farm level to address increased runoff as a result of 
normal farm drainage improvement activities (such as surface ditching) include implementation of soil 
health practices (such as cover crops) and utilization of agricultural drainage management structures. 

4) Investigate the feasibility of and construct a 2-stage ditch system along a 4-mile reach of 
Henderson Lake Ditch through and near Kendallville 

The over 4 miles of Henderson Lake Ditch headwaters from Bixler Lake through Kendallville and then 
just north of CR E 800 N (W Rimmel Rd.) are channelized and degraded, causing downcutting of channel 
banks upstream of Sylvan Lake and sending a sediment influx into Sylvan Lake. Although Sylvan Lake has 
been able to absorb the disturbances occurring upstream, the degradation upstream does have negative 
localized impacts.  The reattachment of the channel in this reach to its geomorphic floodplain could 
improve the situation and keep things from getting worse. Reattaching the floodplain in the headwaters 
would help to reduce the downstream velocity and slow the downcutting observed near Sylvan Lake. The 
effort would also reduce the sediment influx into Sylvan Lake.  Floodplain reattachment could be 
accomplished with a conventional two-stage channel, or given the predicted continued increase in 
precipitation, a multi-stage channel, along with vegetating the stream corridor much like what exists along 
the headwaters of the main stem of the NBER.  The process can get started by first evaluating the feasibility 
of constructing such two-stage or multi-stage channel in this reach, followed by securing funding and 
construction.  

5) Consider initiation of additional studies 

Given the concern with high water levels in the West Lakes area and the associated recurring discussions 
of modifying the surface outflow to enable the lake to “drain” faster, a comprehensive study of groundwater 
and surface water interactions between the Waldron Lake outlet and the USGS gage at Cosperville is 
strongly recommended.  Data suggests there is a change in aquifers in this reach.  Given the high percentage 
of stream flow attributed to groundwater, it is important to better understand the variations in groundwater 
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inflow in this reach.  Attempting to modify surface flow without understanding the groundwater 
contribution could make conditions far worse, both in the lake and downstream. 

Once the groundwater/surface water interaction is better understood in this reach, additional modeling 
should be done to take these interactions along with predictions of increased rainfall into account in order 
to provide realistic Base Flood Elevations (BFE) for the lakes with current development or likely future 
development. The modeling should be able to include unsteady flow of the lake outlets so that tailwater 
impacts can be determined to better understand what impacts the outflow capacity of the lakes under 
various conditions. Infiltration of rainfall and groundwater flow also need to be considered in the modeling. 
Such a model can then be used to further analyze the impacts of proposed projects on lake elevations and 
flood durations as well as to evaluate downstream impacts.   

6) Preserve the existing USGS gages and commission additional gages 

To aid calibration efforts of modeling to understand the system, the following actions are recommended: 

• Maintain the existing USGS gages in the watershed 
• Reestablish lake gages on lakes with development 
• Add streamflow gages in the following locations (shown in Figure 33): 

o Sylvan Lake watershed near CR 600 N south of Rimmel Rd 
o Indian Lakes watershed upstream of Hackenberg Lake near SR 3 
o Between Indian and West Lakes chains 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 33: Stream/Lake Gage Recommendations 
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7) Consider requiring a higher flood protection grade when permitting new construction 

With the extensive storage available around the lakes, a large change in inflow may result in a small change 
in lake elevation but that increased elevation may continue for a long time.  With the length of time required 
for lake levels to return to normal after a rainfall event and the increase in extreme events, there is also the 
need to consider the impact of back to back rainfalls or coincident significant groundwater and surface 
water inflows on lake elevations.  A modest 0.5-foot increase in typical FPG requirement (from 2.0 feet to 
2.5 feet) to account for the increased potential for back to back storms or coincident inflows would be 
prudent. 

8) Maintain periodic communication and outreach with stakeholders 

Schedule meetings with watershed stakeholders to discuss the findings and recommendations of this report. 
This initial report review will then need to transition to continued periodic stakeholder education and 
outreach.  It will also be prudent to reach out to new officials and stakeholders, and to reiterate the main 
themes of this study’s findings.  Continuing education is critical in basins like the St Joe River and NBER. 
As groundwater driven systems, they function differently than the more common runoff driven river 
systems. As such, many water quality and quantity management practices aren’t applicable. Understanding 
how the system works can avert many problems.  

Next Steps 
 
The following list provides the recommended next steps towards the implementation of the 
recommendations of this study: 

1. Establish a Flood Resilience Planning Team in each county and community within the watershed 
consisting of the Basin Commission director, the county/community elected officials, council 
member representatives, officials responsible for land use decisions, planning and engineering 
staff, community leaders, and stakeholder representatives. 

2. Consider retaining a consultant/facilitator to help conduct several meetings among the Flood 
Resilience Planning Team to identify and agree upon suitable flood resilience strategies for each 
specific resilience planning areas identified in this study. 

3. Work together with various communities within the watershed to help the adoption and 
implementation of agreed upon flood resilience strategies as well as implementation of other 
recommendations of this study      
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APPENDIX 2: NBER CHANNEL STABILITY ASSESSMENT  
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Figure 29: North Branch Elkhart River near CR N 300 W, downstream from Cosperville and just upstream 
of the confluence 
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5.0 OBSERVATIONS: MIDDLE BRANCH ELKHART RIVER 
 

During the assessment of North Branch Elkhart River, it was noted that the headwaters of the Middle 
Branch Elkhart River appeared very different from what had been seen in the headwaters of the North 
Branch. Since the Middle Branch ultimately flows into Jones Lake and becomes part of the North Branch 
system it was considered important to better understand and document the overall health and 
condition of the Middle Branch. Following is a brief discussion of the watershed and some observations.  

 

5.1 Middle Branch Elkhart River Headwaters, Bixler Lake Ditch-Waterhouse Ditch-Henderson Lake Ditch, 
Oviatt Ditch  
 

 

Figure 30: Middle Branch Elkhart River headwaters detail showing primary ditches   
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Figure 31: Middle Branch Elkhart River watershed above Sylvan Lake 

 

Drainage Area (DA) = 29.4 mi2 (above Sylvan Lake) 

River miles (RM) in reach = approximately 16 in the main channels of Bixler Lake/Henderson Lake Ditch, 
Waterhouse Ditch, and Oviatt Ditch, high drainage density throughout headwaters 

Channel slope (s) (CSL 10-85) = 9.00 ft/mi 

Channel Type = modified channels throughout headwaters  

Channel sinuosity (k) = modified and straightened  

Channel boundary materials = channel cut into muck soils near the lakes and drained muck between the 
lakes, muck layer can be > 80 inches thick. Muck soil around the channels in the Middle Branch are 
narrower than in the NBER, which indicates a scaling of the muck corridor in the larger NBER system. In 
the headwaters near Kendallville large reaches of the Henderson Lake Ditch are bordered by thin 
(approximately 30 inches) of loam and clay loam soil on outwash sand and gravel.  Bordering upland 
soils are like those in the NBER. Most are sandy loams or loamy sands that can contribute sand to the 
channel.  

Predicted channel dimensions for a natural stable channel at inlet to Sylvan Lake: 

Wbkf = 39 ft (measured average = 40 ft) 

Mean depth (dbkf)= 2.2 ft 

Area (Abkf) = 89 ft2  
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Riparian corridor: corridor width in this reach is variable and ranges from none near Kendallville to over 
1500 feet near the Sylvan Lake inlet. The corridor just upstream from the Sylvan Lake inlet forested 
wetland.  Corridor width around most of the headwater ditches is small to none. Headwater ditches are 
dredged to transport the range of flows (see Figures 33 and 34). More natural channel near the Sylvan 
Lake inlet is groundwater dominated and functions like the NBER. 

Basin is 8.42 % wetland (USGS Streamstats) 

 

 

 

Figure 31: Henderson Lake Ditch, Kendallville (Looking downstream) 
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Figure 32: Henderson Lake Ditch, Kendallville (Looking upstream) 
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Figure 33: Henderson Lake Ditch, downstream from Kendallville (looking downstream) 
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