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EXECUTIVE SUMMARY
A continuous hydrologic model (HEC-HMS) was developed and will be used to evaluate
a water diversion for wetland creation in Evansville, IN. Continuous hydrologic models require
continuous tracking of soil moisture changes. This requires vapor loss to the atmosphere via
evapotranspiration (evaporation plus transpiration) to be modeled. Two methods were used to
calculate evapotranspiration using 20 years of historic meteorological data. Field data was
collected to aid in validation of the HEC-HMS model. This required installation of a staff gauge
and a water level measurement station. The validated model will be used in future storage routing
calculations to design a culvert to divert water towards the center of the site. A hydraulic model
(HEC-RAS) developed by a previous capstone design team was also used to aid storage routing
calculations with HEC-HMS. In addition to the developed model, water quality analysis was
conducted to reinforce the objective of improving water quality at the site. The results from the
model will provide estimates of water diversion quantities achievable over a wide range of
meteorological conditions.
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1.0 BACKGROUND
1.1 Site Overview
The project site is located on the west side of Evansville, Indiana on University of Southern
Indiana’s campus. The land was gifted to the University of Southern Indiana by the Diocese of
Evansville with the expectation that the land is used for academic purposes. The site originally
had wetland like conditions then was leased for farming, however in recent years the agricultural
field has been left untouched. Wetland conditions currently exist on approximately 1 acre of the
site. The area of interest (AOI) drains through a culvert that goes underneath Nurrenbern Rd.,
which flows through a ponded area and eventually discharges through an existing farm culvert
on the site. The ponded water is the focus area for data collection as well as the flow traveling
through the farm culvert. The motivation for this project is to re-establish wetland conditions on
the abandoned agricultural field using a stream water diversion. The environmental impact from
reestablishing a wetland will cause the abandoned agricultural field to become a nutrient sink and
it will also benefit groundwater quality in the area.

Ponded Area

Abandoned Agricultural Field

Figure 1. Project Location
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1.2 Previous ENGR 491 Student Work
Two former cap stone design teams have completed work at this Nurrenbern project site.
In 2013, Eric Bradshaw, Brandon Durchholz, and Juan Quiroz, a hydraulic model (HEC-RAS)
was developed to model the flood discharges of the streams surrounding the site. The hydraulic
model was able to simulate a flood event from October 5-6, 2013 (24-hour duration). Bradshaw,
Durchholz, and Quiroz also developed a grading plan that promoted water storage and a water
budget of the site.
In 2018, Corbin Sollman, Storm Kollak developed a proposed grading plan to also
promote water storage and a proposed water diversion. The group proposed an inline, V-notched
weir and a drainage culvert to divert additional water from the onsite stream into the designed
wetland storage area.

1.3 Scope of Work
In addition to the previous projects conducted at the Nurrenbern restoration site, this
project is a continuation of this overall project aimed at increasing site wetness and supporting
academic activities on site, including research and field laboratories. The project builds upon the
valuable work of previous student teams and USI faculty.
A continuous hydrologic model (HEC-HMS) was developed and will be used to evaluate
a water diversion for the wetland restoration near Nurrenbern Rd. in Evansville, IN. Continuous
hydrologic models require continuous tracking of soil moisture changes. This requires vapor loss
to the atmosphere via evapotranspiration (evaporation plus transpiration) to be modeled. Two
methods were used to calculate evapotranspiration using 20 years of historic meteorological data.
Field data was collected to aid in validation of the HEC-HMS model. This required installation
of a staff gauge and a water level measurement station. The validated model will be used in
future storage routing calculations to design a culvert to divert water towards the center of the
site. A hydraulic model (HEC-RAS) developed by a previous capstone design team was also
used to aid storage routing calculations with HEC-HMS. In addition to the developed model,
water quality analysis was conducted to reinforce the objective of improving water quality at the
site. The results from the model will provide estimates of water diversion quantities achievable
over a wide range of meteorological conditions.
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2.0

PRELIMINARY SITE ANALYSIS
The watershed delineation process for this watershed began with a delineation using the

StreamStats application by the United States Geological Survey (USGS). The outlet chosen to be
delineated was the ponded area of the project site.

Figure 2. Delineated Watershed from StreamStats

Using the output from StreamStats, the shapefile was uploaded to USDA Web Soil Survey to
determine the soil types of the watershed and other physical properties, such as hydrologic soil
group.

Figure 3. Soil Type Percentage of AOI

3

Figure 4. Web Soil Survey Soil Type Output

2.1 Water Quality
A brief water quality study was conducted on the ponded area. Previous studies have
shown that there are high levels of E. coli in the stream and ponded area. This is most likely due
to the failing septic systems in the watershed.

2.1.1 Chemical Oxygen Demand (COD)
A water sample was collected from the ponded area on March 1, 2022. The sample was
collected near the widest point of the ponded area and was from about 3 inches below the water
surface. Two samples were tested and the results are shown in Table 1. The equipment used for
testing was a colorimeter, AQUAfast Orion4000. The procedure followed for testing of
Chemical Oxygen Demand (COD) is listed in Appendix A. The results are shown below. The
COD was found to have an average of 9.5 ppm.
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Table 1. Results of COD in Ponded Area

COD (mg/L)(ppm)
Sample 1
9.5
Sample 2
9.6

3.0

CONTINUOUS HYDROLOGIC MODEL DEVELOPMENT
There are two common forms of hydrologic modeling: event and continuous. Event

modeling often models a single rain event and assumes an average soil moisture condition.
Continuous modeling is a simulation over a period ranging from days to decades. Soil moisture
conditions in continuous modeling need to account for the changes that occur within the soil over
time. This is called the soil moisture accounting algorithm which is depicted below (Figure 5).

Figure 5. Soil Moisture Accounting Algorithm

The soil moisture accounting algorithm partitions rainfall into 1 of 3 storage areas. The model
continuously tracks the storage in each zone. First, precipitation strikes the canopy and is
intercepted based on present vegetation. The key parameter is the canopy storage capacity. At the
5

soil surface, water is either stored as depression storage, infiltrated, or become surface runoff.
Water is depleted from each storage zone through a process known as evapotranspiration.
Evapotranspiration models water vapor losses to the atmosphere through evaporation and
transpiration from the vegetation. The water that reaches and infiltrates the soil is modeled by
quantifying the moisture deficits in the soil. The initial and maximum deficit of the soil depend
on soil type. The estimation of the parameters that model the soil moisture accounting algorithm
are described in Section 3.1. The soil moisture accounting algorithm is essential to the
continuous hydrologic model to produce results that accurately models the changes in the soil
through time.

3.1 Calibration of HEC-HMS Model
The loss model chosen for the development of the continuous model was the Deficit and
Constant Method. The Deficit and Constant Method accounts for changes in soil moisture,
evapotranspiration, canopy interception, and direct surface runoff. Most importantly, the inputs
for the continuous hydrologic model reflect the changes in soil moisture through time.

3.1.1 Model Inputs
Wilting Point in the watershed was defined based on soil type in the watershed. A wilting
point that represented the entirety of the watershed was calculated by taking a weighted average
of the wilting point value corresponding to each soil type and the area Figure 3. The delineated
watershed consists of varying classifications of silt loam. The wilting point input for the model
was 0.13

𝑖𝑛3
𝑖𝑛3

(Rawls, Brakensiek, and Miller (1983)).

To estimate the initial parameter of saturation storage, effective porosity is based on soil
𝑖𝑛3

type. According to Rawls, Brakensiek, and Miller (1983), effective porosity is 0.49 𝑖𝑛3 .
The maximum deficit of the soil was estimated by taking the difference of the weighted
porosity and the weighted wilting point and multiplied by the active soil layer depth (refer to
Equation 1). According to Web Soil Survey (USGS), the active soil layer depth was
estimated to be 2 meters.
𝑖𝑛3

𝑖𝑛3

100𝑐𝑚

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝐷𝑒𝑓𝑖𝑐𝑖𝑡 = (0.49 𝑖𝑛3 − 0.13 𝑖𝑛3 ) × (2𝑚) (
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1𝑚

1𝑖𝑛

) (2.54𝑐𝑚)

(Eq. 1)

The loss method chosen for this model was the SCS Curve Number Method. Using
ArcGIS, landcover data from 2019 was mapped according to land usage (Figure 6). The
hydraulic soil groups, given by Web Soil Survey, in addition with the land use type a curve
number was assigned to each area/polygon. A weighted curve number was estimated using
Equation 2. The estimated curve number for the watershed is 60.

𝐶𝑁 =

∑(𝐶𝑁×𝐴𝑟𝑒𝑎)
𝑇𝑜𝑡𝑎𝑙 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟𝑠ℎ𝑒𝑑

Figure 6. NLCD 2019 Landcover

Figure 7. Landcover Key
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(Eq. 2)

Canopy interception is another key input when implementing the deficit and constant loss
method. Using 2019 data from the National Landcover Database, 69% of the watershed is
deciduous/mixed forest. The canopy storage parameter was estimated by computing a weighted
average of land cover to area. The initial canopy storage is 0.089994 inches.
Surface storage was also estimated based on landcover. A weighted average of typical
values, shown in Table 2, to area was estimated to be 0.1917 inches.
Table 2. Typical Values of Depression Storage

Time of concentration and the storage coefficient for the watershed was estimated using
Tables presented in the Journal of Hydrologic Engineering, Wilkerson and Merwade (2010).
Equation 3 and Equation 4 listed below are specific for Southern Indiana watersheds.

𝑡𝑐 = −3.283 + 0.266(𝑈𝐿𝐶) + 2.693(𝐶𝑁) + 1.696(𝑅𝑓 ) − 0.568(𝐻)

𝑅 = 2.012 + 1.450(𝐿𝑐𝑎 ) − 2.361(𝐶) + 1.215(𝑅𝑓 )

(Eq. 3)

(Eq. 4)

The applicable ranges for the use of Equation 3 and 4 are in Appendix B. Once the inputs for
time of concentration and storage were found, time of concentration was calculated to be 0.065
hours, and the storage coefficient was estimated to be 22.4683hr.
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A storage node was used in HEC-HMS to model storage and downstream flow in the
ponded area (Appendix C). Two functional inputs are required. They are the storage versus
elevation curve and discharge versus elevation curve. Details on each function are discussed
next.
Storage was found from a contour map of the site from Indiana Department of
Transportation. At the ponded area, a storage vs elevation rating curve was calculated using
AutoCAD. The change in storage at each contour was computed by taking the average area
between contours and multiplying by the change in elevation. The calculated storage vs.
elevation curve is shown below in Figure 8.
Table 3. Computed Storage and Elevation of Ponded Area

Storage (ft^3) Elevation (ft)
0
377.5
30.54
378.0
94.01
378.5
194.20
379.0
334.11
379.5
534.36
380.0
784.49
380.5

900
800

Storage (ft^3)

700
600

500
400
300
200
100
0
377.5

378.0

378.5

379.0

379.5

380.0

Elevation (ft)
Figure 8. Storage vs Elevation Curve for Ponded Area
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380.5

381.0

The discharge versus elevation curve was also developed using measured data described
in Section 4.2 Measured Data. The limited field measurements of discharge shown in Table 4
were over a limited range of discharge values. Intermediate values between 30 cfs and the
measured values were added to provide a complete curve. These values need further
confirmation by field measurement. In Table 4, the measured flow values are highlighted in
yellow.
Table 4. Discharge vs. Elevation

Elevation (ft)
377.500
377.953
378.000
378.500
379.000
379.500
380.00

Q (cfs)
1E-09
0.5276
0.902
10
15
23
30

35

30

Discharge (CFS)

25

20

15

10

5

0
377.500

378.000

378.500

379.000

379.500

380.000

Elevation (ft)
Figure 9. Discharge vs Elevation Curve for Ponded Area
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380.500

Baseflow was modeled using the linear reservoir method. This is the only option in HEC-HMS
that is compatible with continuous simulation. The other methods for baseflow simulation are
more suited to event-based models.

4.0 FIELD INSTALLATION AND MEASUREMENTS
4.1 Equipment Installation
4.1.1 Pre-Installation Survey
Prior to installing the field equipment, a survey of the site was performed to establish a
new benchmark near the pond area with a level and rod. The level loop began on a previously
established benchmark done by the Vanderburg County Surveyor Office. The results from the
survey are seen in Table 4. From the new benchmark, elevation measurements were recorded for
the installed equipment.
Table 5 5. Results from Survey

Level Loop of the Nurrenbern Site
Station
BM2438

BS
4.98

HI

FS

Elevation
378.907

3.03

380.857

4.395

382.137

5.705

380.827

4.87

378.907

383.887
TP1

5.675

BMP

4.395

TP2

2.95

386.532
386.532
383.777
BM2438

4.1.2 Installation of Equipment
Two instruments were installed on site. The first of the instruments was a staff gauge.
The staff gauge was used in the field to record the current water elevation when in the field
gathering other data. The staff gauge was installed by driving a metal fence post into the soil
under the ponded area and tightly securing the staff gauge to the post. The elevation of the base
of the staff gauge was recorded to be 377.083ft.
The second instrument that was installed was a pressure sensor, a level TROLL 500 from
In-Situ. The sensor was installed inside of a slotted PVC pipe and driven into the ground eight
11

inches. Since the soil was loose and unstable, three pieces of rebar we also driven into the ground
near the PVC pipe and tightly secured to the well to prevent the pipe from falling over. The
sensor was then suspended by a cable wrapped around a screw through the top to prevent the
desiccant from getting wet. A rubber stopper was also placed on top of the pipe to create a
watertight seal.

4.2 Measured Data
One of the data measurements gathered from the field was the volumetric flowrate
through the farm culvert. This data was recorded by using a Pygmy Current Meter attached to a
USGS wading rod. The USGS wading rod guaranteed that the current meter would be 40% from
the bottom of the channel to ensure that the current meter was measuring the average velocity.
The number of revolutions in 60 seconds was recorded and converted to revolutions per second.
This number was then used in Equation 5 below.
𝑉 = 2.2048𝑅 + 0.0178

(Eq. 5)

This velocity was then multiplied by the cross-sectional area of the channel where the
measurement was taken. The water surface elevation was also recorded from the staff gauge and
paired with the flowrate to create Table 6.
Table 66. Measured W.S. Elevation and Discharge

Date
3/3/2022
4/8/2022
4/14/2022
4/14/2022

Time W.S. Elevation
12:20pm
377.962
11:09am
377.953
9:20am
377.993
11:32am
377.973

Q (cfs)
0.7561
0.5276
0.9020
0.8370

Another component of field data collected was the water surface elevation from the
pressure sensor. The sensor that was deployed in the field was a Level TROLL 500 by In-Situ
and the software used to communicate with it was Win-Situ. The sensor was programmed to
record the water depth every five minutes while being deployed. The sensor was deployed in the
field from 3/21/22 to 4/15/22 and the data it recorded created the graph seen in Figure 11. One of
the distinguishing features of the graph was an apparent diurnal fluctuation of 10 inches. This
made the data from the sensor seem unreliable, so it was redeployed for a week and the water
surface elevation was manually measured as well. The sensor indicated a fluctuation of 5.71
12

inches and during the same time period the manual measurements indicated a fluctuation of 1.82
inches. This not only proved that the sensor was not recording properly and needed to be
troubleshooted, but also that there still was a significant diurnal fluctuation of the water surface
elevation of the ponded area. The troubleshooting of the sensor included replacing the expired
desiccant as well as an examination of the cable used to connect the sensor to the desiccant. It
was discovered that the cable used in the field was an unvented cable and thus the sensor was
reading absolute pressure and not just the water pressure. The unvented cable was replaced by a
vented one and was redeployed for long term data collection.

Figure 10 10. Level TROLL 500 Pressure Sensor

Figure 1111. Results from Pressure Sensor
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4.3 Meteorological Data
In order to create a continuous hydrologic model, historic meteorological data is required.
A study period of 20 years was chosen, and the historic data was gathered from the Evansville
Regional Airport (EVV). This data was collected from the National Ocean and Atmospheric
Association (NOAA) online database. EVV was chosen as the source of the historical data
because it was the closest weather station that had data for the 20-year period.
To collect meteorological data to compare with the water surface elevation, a local
weather station on Seger Dr. Was used. This weather station’s data was accessed by Weather
Underground. This station was chosen because of its proximity to the project site and thus would
have more relevant data than the Evansville Regional Airport. Data from the Seger Drive station
was retrieved for the period that the pressure sensor was deployed to compare how the water
surface elevation varied with the precipitation. The meteorological data was useful not only for
the precipitation but also the daily temperature to calculate evapotranspiration.

4.3 Evapotranspiration
The data used to calculate evapotranspiration for the initial input was the data gathered
from NOAA. The model of evapotranspiration used in the continuous model was the
McGuinness-Bordne model. This model of evapotranspiration was chosen based on a study
comparing 27 different models of potential evapotranspiration in the Journal of Hydrology. This
study found that the McGuinness-Bordne outperformed other models consistently. The original
equation used in the study was Equation 6.
𝑃𝐸 =
Where:

𝑅𝑒 =
Where:

24 (60)
𝜋

𝑅𝑒 𝑇𝑎 +5
𝜆𝜌 68

.

PE

potential evapotranspiration [mm day-1],

Re

extraterrestrial radiation (Equation 7) [MJ m-2 day-1],

Ta

air temperature [C0].

λ

latent heat of vaporization [MJ kg-1]

ρ

water density= 1000 [kg m-3]

⋅ 𝐺𝑠𝑒 ⋅ 𝑑𝑟 ⋅ {𝜔𝑠 ⋅ sin(𝜑) ⋅ sin(𝛿) + cos(𝜑) ⋅ cos(𝛿) ⋅ sin(𝜔𝑠 )}
Re

extraterrestrial radiation [MJ m-2 day-1]
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(Eq. 6)

(Eq. 7)

Gsc

solar constant = 0.082 [MJ m-2 min-1]

dr

inverse relative distance Earth-Sun (Equation 8)

ωs

sunset hour angle (Equation 10) [rad]

φ

latitude [rad]

δ

solar declination (Equation 9) [rad]
2𝜋

𝑑𝑟 = 1 + 0.033 cos (365 𝐽)
Where:

dr

inverse relative distance Earth-Sun

J

Julian day
2𝜋

𝛿 = 0.409 sin (365 𝐽 − 1.39)
Where:

δ

solar declination [rad]

J

Julian day
𝜔𝑠 = arccos(− tan(𝜑) 𝑇𝑎𝑛(𝛿))

Where:

ωs

sunset hour angle [rad]

φ

latitude [rad]

δ

solar declination [rad]

(Eq. 8)

(Eq. 9)

(Eq. 10)

However, the study suggested a modification to the equation that produces Equation 11, and this
was the equation of potential evapotranspiration used in the model (Oudin, 2005).
𝑅 𝑇𝑎 +5

𝑃𝐸 = 𝜆𝜌𝑒

100

(Eq. 11)

In order to ensure that the McGuinness-Bordne was implemented properly, the Thornwaite
model was calculated and compared to the monthly average potential evapotranspiration that the
McGuinness-Bordne model predicted. This was done because the study found that the
Thornwaite model under-preformed compared to the McGuinness-Bordne model. To ensure that
the equation used in the study for the Thornwaite model was dependable, another equation for
the Thornwaite model was used from Engineering Hydrology: Principles and Practices by
Ponce. As seen in Figure 12, both models of potential evapotranspiration followed similar trends
through the year and all three equations had little variance during the months of November to
February.
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Figure 12. Monthly Evapotranspiration Comparison

5.0 MODEL ASSESSMENT AND RESULTS
To begin assessing the continuous model, the model parameters were to be checked to
determine if the initial calculated and estimated parameters, shown in Table 7, were within range
using a known event.
Table 77. Initial Model Parameters

Parameter
Units
Initial Storage
%
Canopy
Max Storage
in
Initial Storage
%
Surface
Max Storage
in
Initial Deficit
in
Maximum Deficit
in
Loss
Constant Rate
in/hr
Impervious
%
Time of Concentration
hr
Transform
Storage Coefficient
hr
Initial
cfs
Baseflow
R
hr

Initial Value
0.0
0.089994
0
0.1917
0.1
28.34
0.1
0.0
0.06532
1
0.5276
22.4683

For this calibration, the event hydraulic model (HEC-RAS) developed in 2018 was used.
The measured precipitation data from October 5, 2013, to October 6, 2013, was downloaded
16

from Weather Underground, Seeger Drive Weather Station. The flood event that occurred in
2013 overtopped the existing farm culvert at the site. Flowing full, the 36” culvert is expected to
have 30cfs flowing through it. The objective is to reciprocate this flood event with a peak
discharge greater than 30cfs, so we can validate the culvert was overtopped during the event.
After running the model with the initial model parameters, the peak discharge from the
farm culvert was 32.0cfs. This proved that the farm culvert was overtopped during this 2013
flood.

Figure 12. Discharge and Losses Results from October Event
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Table 88. Summary HEC-HMS Table from October 5-6, 2013

Since the event modeling showed that the parameters are within reason, by comparing the
results from the model to the former capstone hydraulic model, the continuous model can be
assessed. Measured data from the pressure sensor from March 21 to April 15, 2022 was used as
an input of stage vs. time for the ponded area. Measured discharge and storage were also used as
inputs to form rating curves to represent the discharge of the ponded area. The continuous
simulation accounted for the changes in soil moisture and evapotranspiration for the given period
of a month (3/21/22-4/15/22). The results shown in Figure 14, during the time of simulation, the
model accurately computed the discharge of the farm culvert. The peak discharge reached
12.2cfs on March 22, 2022. The rain event that contributed to the peak discharge was 1.68 in.

Figure 13. Output of Continuous Hydrologic Model (3/21/22-4/15/22)
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6.0 SKILLS LEARNED
This project demanded a higher level of understanding of academic lessons as well as
skills required in the field. One of the skills that was learned for this project was the ability to
create a continuous hydrologic model for a study period of 20 years. This also includes learning
how to calculate and estimate the input parameters like wilting point and evapotranspiration. In
the field, more skills had to be learned to properly install equipment and collect data. These skills
included use of a pygmy current meter in conjunction with a USGS wading rod. Another skill
was how to program and install a pressure sensor in a water surface elevation well.

7.0 CONCLUSION AND FUTURE WORK
A continuous hydrologic model was successfully developed and executed for a selected
period of twenty years. A model calibration was conducted using a flood occurring in October of
2013. A previous capstone design group documented a flood discharge of approximately 30cfs to
overtop the farm culvert. Two model parameters (tc and R) were used as calibration parameters.
After calibration, the model successfully simulated observed field conditions for the 2013 flood
event.
Field instrumentation was installed in the field and data recorded provided initial results.
From March 21 to April 15, 2022, data was collected from the sensor and erroneous data was
suspected. Additional manual field measurements verified a faulty sensor installation. A
corrective action plan was designed and implemented, and the sensor has been redeployed.
Through these corrective actions, a diurnal fluctuation of the water surface was detected. The
sensor is currently operational and will be routinely visited for maintenance.
Through the project, teamwork was vital for the success. Lauren oversaw the continuous
hydrologic model development whereas Noah focused on the installation of equipment in the
field as well as data collection in the field, and meteorological data collection and calculations.
This separation of the two components allowed for each member to dedicate their whole
attention to the task at hand. This separation of work also facilitated quick and effective
communication in the team for field data to be implemented properly into the model as well as
what data was necessary from the field.
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The vision of converting this donated property to a watershed laboratory and wetland
environment remains elusive. There are several remaining tasks that must be completed to
accomplish this goal. This study provided a critical step forward by moving from event based to
continuous hydrologic modeling. Once validated, this model will be a valuable tool for water
resource planning purposes. This relies on a lengthy record of measured field data. This study
ends with that process initiated. The equipment installed in the field was prepared for long term
data collection. The long-term viability of implementing a water diversion will require additional
consideration. Long-term water budgets must also be developed. The success of this long-term
project will ultimately result in stream water quality and a wetland environment that supports a
diverse ecosystem on USI’s campus.
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APPENDIX
Appendix A- Chemical Oxygen Demand (COD) Procedure
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Appendix B- Time of Concentration and R Calculations
Table 99. Time of Concentration and R Equations Based on Region of Indiana

Table 1010. Applicable Ranges for Each Region of Indiana
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Table 1111. List of Geomorphic Attributes from Wilkerson and Merwade Study
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Appendix C- Images

Figure 1514. Ponded Area from Nurrenbern Rd POV
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Figure 1615. Ponded Area

27

Figure 1716. Downstream of Farm Culvert
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