Chapter 2 - Understanding The Resource

2.1 - Watershed Context
Purdue University is located in Tippecanoe County very near to the Wabash River, the most prominent waterway in the
larger Wabash River Basin flowing 475 miles through several states. The Wabash River begins in western Ohio; it then
flows west through northern Indiana and, finally, south until it meets the Ohio River. The Wabash River Watershed covers
an area of 33,000 square miles. Within the watershed, much of the land use is for agriculture, as the area is designated
as prime farmland. The average population density within the Wabash Watershed is 24.2 people per square mile
(White et al., 2005). Historically, the Wabash River was an important transportation route for trade through Indiana and
the surrounding area during the early years of the United States, which influenced the development of the Midwest.
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Within the greater Wabash Watershed, the Purdue University campus falls within the Middle Wabash Sub-basin, which
covers an area of 3,453 square miles (Doss, 1994). Several tributaries feed into the Wabash River, but the majority
of the campus is located along the main watercourse within the river’s direct drainage catchment. As the campus
is developed with new buildings, sidewalks roads, parking, and other impervious surfaces, protecting this valuable
waterway becomes more of a challenge. As new improvements are made to the campus, negative impacts to the
Wabash River can be avoided by integrating practices into the built environment, as well as open landscape areas of the
campus to prevent stormwater runoff to discharge into this valuable waterway.
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FIG 2.1
Map Showing the Hydrologic Units of the Teays Valley, Western Part, North-Central Indiana
USGS National Hydrography Dataset, 2005

2.2 - Geology, Soils, and Groundwater
Analysis of stormwater on the University grounds begins with an understanding of the regional physiography, geology,
and groundwater characteristics. The term physiography is used to describe the form of the land surface – part of which
is due to the response of bedrock to eons of water movement, in this case both in liquid and ice (glaciers) forms. Over
time these forces sculpted valleys, deposited hills, eroded and exposed ridges and so on. The flow and movement of
subsurface water is also controlled by the geology, as the layers of soils convey water underground through or around
different lenses and pressure pushes it back to the surface as seeps and springs.
In its regional context the University is situated in the Tipton Till Plain physiographic region and the Eastern Corn Belt
Plains Ecoregion. The region is characterized by flat to gently-rolling hills, except where rivers have eroded deeper
valleys, underlain with glacial till plains high in lime content that smooth the ground surface and conceal the underlying
rock formations.
Purdue University is located in an area with interesting geologic features. The campus is located in the Illinois Basin,
where the bedrock ranges from 300 to 500 feet in thickness and “strikes northwest” (Rosenshein, 1958). A unique
geologic bedrock feature in the area is called the Lafayette Teays Bedrock Valley (LTBV), which runs 165 miles through
eastern to western Indiana (Bruns and Steen, 2003) and is composed of New Albany Shale.
During the Pleistocene Age, the Teays River flowed from its headwaters in the Appalachian Mountains through West
Virginia, Ohio, Indiana, and into Illinois where it finally met with the Mississippi River. The formation and subsequent
retreat of glaciers over thousands of years filled the Teays River Valley with glacial deposits, burying the valley hundreds
of feet below the modern day surface. Today, the Wabash River follows the same path as the LTBV for 22 miles, where it
cuts through the glacial fill by 150 to 200 feet, leaving about 100 to 150 feet between the river bottom and the bottom
of the LTBV (Bruns and Steen, 2003).
Surface soils in the region are characterized by glacial drift, till, and thick sand and gravel deposits (50 to 60 feet thick)
separated by thick layers of clay in places. In addition to the thick zones, several thin, scattered sand and gravel zones
(5 to 20 feet thick) are found in the Lafayette area (Bruns and Steen, 2003). Locally, the soils of the Purdue campus are
characterized as Urban land-Carmi complex (UcA), are well drained, and have a low shrink-swell potential. These soils
are not flooded or ponded and do not have a zone of saturation within 72 inches of the surface. UcA soils are usually
found in outwash plains, consisting of loamy outwash, which is approximately 3% organic matter, on top of sandy and
gravelly outwash.
The soils of this region have been characterized as mostly favorable for groundwater recharge (Rosenshein, 1958), and
the best recharge areas in Tippecanoe County are in the stream valleys and sand and gravel terraces, while the worst
are areas with highly compacted or tight soils and clayey till. Recharge in the Middle Wabash watershed ranges from 6.4
to 10 inches per year (Doss, 1994).
Groundwater recharge near the University, like most of the state of Indiana, primarily occurs via local precipitation
events. Rainfall and snow melt percolate through soils and into groundwater aquifers. Groundwater is generally not
recharged from large distant sources, such as the Great Lakes; however there is some recharge of the aquifer from the
Wabash River, especially during dry spells. Groundwater levels respond quickly to precipitation in the immediate area.
Groundwater in the LTBV is found in sand and gravel deposits, commonly called outwash or valley train, and moves at a
very slow rate, generally less than five feet per day (Doss, 1994). Groundwater flows laterally through these deposits and
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FIG 2.2
Physiography of Purdue’s Campus and Surrounding Area
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FIG 2.3
Map Showing the Bedrock Topography of the Teays Valley, Western Part, North-Central Indiana
State of Indiana Department of Natural Resources, 1985

discharges into major streams and rivers throughout the region, including the Wabash River to the south and southeast
of Purdue campus. The surface of the water table slopes gently towards such discharge points causing most streams
in the region to be gaining, or effluent, steams fed by groundwater base flow. Even throughout the driest seasons,
groundwater levels are sufficient enough to provide base flow to the gaining streams.
Historically, wells in Tippecanoe county ranged in depth from as little as 30 ft. deep near the Wabash River to over 250
feet deep in the north (Rosenshein, 1958). In 1958, groundwater throughout Tippecanoe County was withdrawn from
wells at a rate of 20 million gallons per day (Rosenshein, 1958). Modern groundwater yields from wells (65 to 230 feet
deep) in the Lafayette area are high, ranging from 500 to 2,000 gallons per minute (Bruns and Steen, 2003). Basal
sand and gravel aquifers of up to 100 feet thick have been found where deep wells go down to just above the bedrock
surface and are often used as a water source.
The quality of the groundwater in the Lafayette area is generally high and is considered “more than suitable for human
use” with little or no treatment. However, water hardness has been measured at 300 mg of calcium carbonate per liter
or more, which can be an issue for human use and may require removal. High levels of iron (1 mg Fe/L or more) and
manganese (0.1 mg Mn/L) reported in the area may also require removal.

2.3 Rainfall Patterns
Small, frequent rainfall events comprise the majority of the precipitation events at Purdue University. It rains fairly often,
usually not more than an inch, and these small frequent rainfalls represent the source of most of the annual volume of
runoff. While large rainfalls do occur, and short periods of intense rainfall are not uncommon and may cause localized
flooding, these occurrences do not contribute nearly the same amount of runoff volume or total pollutant load – on an
annual basis – as the small frequent rainfall events.
Additionally, these small rainfalls are a primary source of groundwater recharge. Frequent small rainfall events, in
conjunction with soils and vegetation of the natural landscape, capable of absorbing these small rainfalls are at the core
of how the natural hydrologic system works. Consequently, a more sustainable approach to management of the water
resource must include design considerations of the small frequent rainfalls, as well as the larger or more intense rainfalls
that create flooding.

FIG 2.4
Annual Rainfall Volume Storm Summary

To understand the importance of small, frequent rainfall events at Purdue and in the West Lafayette area, an evaluation
was performed of the available historic rainfall record. Because the distribution of rainfall and rainfall intensity are
also important, detailed and reliable rainfall data for a significant time period are necessary. A rain gauge record that
simply provides average daily total rainfall is not as informative as a continuously recording gauge that provides rainfall
measurements in 15-minute increments.
The nearest continuously recording rain gauge of significant record is the West Lafayette gauge 6NW (No. 129430),
which has a record dating back to 1971 with few gaps in data or operation, recording rainfall incrementally every
15-minutes. A review of this rainfall data indicates patterns that are important to consider in the design of stormwater
measures, especially stormwater measures intended to improve water quality and reduce runoff volume.
For the period from 1971 through 2007, the total average annual rainfall based on this gauge is 32 inches. The
average annual rainfall for Purdue based on other daily precipitation recording gauges with longer records is
approximately 36 inches, including 22.6 inches of snow (converted to rainfall depth). Rainfall is distributed fairly evenly
throughout the year, with June usually being the wettest month.

”

”

”

”

”

”

”

”

”

”

FIG 2.5
Average Rainfall in Inches/Year. Based on 36 years of 15-minute record data from West Lafayette gauge 6NW (No. 129430) spanning
1971 through 2007; there were a total of 3429 storm events, or 73 per year. An individual rainfall event is defined by a gap of 6 hours or
more without precipitation.

The patterns of rainfall indicate that the most common occurrence is a small rainfall of approximately ¼-inch. An
evaluation of the 36 years of 15-minute rainfall data (recognizing that there are some gaps in data) yields the
following statistics:
•

Over ninety-three percent (93.5%) of all rainfall events are less
than an inch in volume. In other words, there are many small
frequent rainfall events. Figure 2.6 “Storm Frequency for a
Average Year”.

•

These small storms of less than an inch account for 70% of the
annual rainfall volume, or approximately 22.4 inches. Figure
2.4 “Annual Rainfall Volume Storm Summary”.

•

The average small rainfall is approximately 1/4 inch in total
depth.

•

Storms between 1-inch and 2-inches are the next most frequent
group, comprising about 5.5% of the rainfall events but
contributing to 22% of the annual rainfall volume. An average
storm in this category is about 1.4 inches.

•

Rainfall events greater than 2-inches comprise only about 1% of
the annual rainfall events, and contribute to about 7.3% of the
volume of rainfall on average.

•

The largest storm in this record period occurred in 2004 with
5.1 inches of rain.

FIG 2.6
Storm Frequency for an Average Year

While large storms are infrequent, they do occur. A review of the daily rainfall records indicates that in the last fifty
years there have been five storms that resulted in 4-inches or more of rainfall, and twenty-one rainfall events between
3-inches and 4-inches total rainfall.
The results of this rainfall evaluation demonstrate the importance of small storms in the management of stormwater.
Systems must be able to safely handle the infrequent, large storm events, but that management of the water resource
requires design based on the small frequent rainfall event.

2.4 - Annual Water Balance
The significance of the rainfall data is especially important in terms of the annual water balance, or water budget.
Purdue University receives a given amount of precipitation annually. In a natural system that precipitation can follow
one of several routes. Rainfall may soak into the soils to be returned to the atmosphere via the transpiration of
vegetation, or rainfall may evaporate off of surfaces, the combined effect referred to as evapotranspiration. In a
wooded landscape prior to development, nearly two-thirds of all of the precipitation returns to the atmosphere via
evapotranspiration (Figure 2.7 Natural Water Balance for Purdue University). Research at Morgan Monroe State Forest
in Indiana supports an estimate of approximately 22 inches per year of evapotranspiration. The remainder soaks into
the soil to recharge the groundwater aquifer, with a very small amount discharging as runoff, and only during very large
storms (greater than 1.5-inches). Small storms would produce no runoff in a natural system.
By contrast, the built environment of impervious surfaces means that nearly all rainfall that lands on impervious surfaces
occurs as runoff, even very small frequent rainfall events (Figure 2.8 Developed Water Balance for Purdue University).
The amount of water retuning to the groundwater diminishes. Both the annual runoff volume and the frequency of
runoff occurrences increase with impervious cover, and this runoff conveys the various pollutants from the land surface
directly to waterways. This is discussed in more detail in Chapter 3, but on an annual basis under current conditions,
approximately 14 inches of rainfall becomes runoff at Purdue, with even higher amounts of runoff occurring in the
older, more impervious portions of campus.

FIG 2.7
Natural Water Balance for Purdue University

FIG 2.8
Developed Water Balance for Purdue University
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