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The Study Area

Bartholomew Park is located north of the Robert Mueller Municipal Airport property along the Tannehill Branch.  Due to the differences in elevation, stormwater drains from the mostly impervious airport property through two separate ponds and into Tannehill Branch.  In addition, a portion of the stormwater flows around the ponds onto the 51st Street, eventually spilling into the Tannehill Branch.  The ephemeral channel directly above the Tannehill Branch shows considerable damage form channel erosion.  The City of Austin is considering channel improvements and development of a wet pond as a solution to this problem.  In this report, we will discuss improvements in the drainage system leading to this drainage way, channel stabilization, and development of a detention facility based on a 25-yr, 2-hr design storm.  The systems performance will be evaluated with 2-yr, 10-yr, 25-yr and 100-yr events.

Austin Drainage Policy

The City of Austin drainage policy directed the planning and design of our improved storm drainage facilities.  In general, the guidelines that were used are as follows:

1. All drainage facilities must be designed to intercept and transport runoff from a 25-year frequency storm.
2. The drainage system must be designed to carry flows greater than a 25-year event up to and including a 100-year event within defined rights of way.

3. Peak flows cannot increase at any location for the 2, 10, 25, or 100-year storm frequency that causes flooding of any building or roadway surface. Regulation of peak flows below allowable levels is achieved by storage on-site or off-site or by implementing in an approved Regional Stromwater Management Program.
Implementation

Watershed Delineation

The City of Austin’s Watershed Protection Department provided the research group with paper and digital maps of the Bartholomew Park Drainage Project Area with contours, storm drains, and storm drain inlets. The watershed was delineated by hand using map contours as guidelines. Once the perimeter of the watershed was established, a planimeter was used to measure areas.  The longest flow path is measured using a map wheel, a simple device that measures length.  

The slope of the watershed can be calculated by taking the difference in elevation between map contours:
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The parameter S is the slope for the subcatchment, Es is the elevation of the subcatchment at the start of the longest flow path, Ec is the elevation of the outlet, and Lt is the travel distance along the longest flow path within the subcatchment.   Table 1: Watershed Parameters below summarizes these results:

Table 1:  Watershed Parameters

	Watershed
	I1
	P1
	P2

	Area (acres)
	2.2
	7.5
	12.3

	Total LFP
	560
	1220 
	1420


Design Storm Selection

The design rainfall gives the time distribution of precipitation for use in rainfall-runoff modeling.   These depths depend on the storm duration and frequency.  For this project, a design storm duration of two hours was chosen. The Intensity-Duration-Frequency (IDF) Curves for Travis County were used to develop the incremental rainfall depths for the 2-hour design storm in Austin, Texas.  IDF models are based on local rainfall records. For Travis County, the IDF curves follow the following model:
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Table 2: IDF Curve Constants below shows the IDF parameters for Travis County.

Table 2: IDF Curve Constants

	Return Period
	2 years
	10 years
	25 years
	100 years

	a
	56
	77
	87
	103

	b
	8.1
	8.6
	8.6
	8.1

	c
	0.796
	0.775
	0.766
	0.752



Each of these values for the 2-year, the 10-year, the 25-year, and the 100-year design rainfalls are plugged into a model developed by Charbeneau.  This model calculates the intensity (in/hour) along with incremental and cumulative intensities (in) for each time step and utilizes the alternating block method for rainfall.
Time of Concentration and Curve number Calculations

The time of concentration, the time for runoff to travel from the hydraulically most distant point in the watershed to the point of interest, was estimated using the following methodology:
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Where ns is Manning’s n for sheet flow, n is the normal Manning’s n, L is the flow length (for either sheet or concentrated flow), P2 is the 2-year, 24-hour rainfall (4.1 inches from TR-55 figure 3b), and s is the land surface slope (ft/ft).  Sheet flow is used for the first 300 feet in each watershed, and shallow concentrated flow is used for the remainder of the flow path.  No channel flow is assumed to occur for the watersheds.   Table 3: Time of Concentration Calculations summarizes these calculations.

Table 3: Time of Concentration Calculations

	SHEET FLOW
	
	
	

	
	P1
	P2
	I1

	Manning's n Sheet Flow
	0.011
	0.15
	0.07

	2-yr 24-hour Rainfall (in)
	4.1
	4.1
	4.1

	Sheet Flow Length (ft)
	300
	300
	300

	Land Surface Slope
	0.002
	0.01
	0.033

	T sheet flow (hours)
	0.11
	0.46
	0.15

	T sheet flow (min)
	6.48
	27.51
	9.27


	SHALLOW CONCENTRATED FLOW
	
	
	

	
	P1
	P2
	I1

	Manning's n 
	0.025
	0.05
	0.025

	Hydraulic Radius (ft)
	0.2
	0.4
	0.2

	Shallow Conc. Length (ft)
	920
	1120
	260

	Land Surface Slope
	0.01
	0.01
	0.01

	T shallow conc. (hours)
	0.13
	0.19
	0.04

	T shallow conc. (min)
	7.55
	11.57
	2.13


	TIMES OF CONCENTRATION
	
	
	

	
	P1
	P2
	I1

	Time on Concentration (min)
	14
	39
	11


Curve number selection was based on approximating the percent impervious cover for each area and then calculating the composite curve number for each area.  Curve numbers for the areas that were not considered to be impervious were assumed to be 79 (soil group C for fair condition grass cover of 50% to 75%), as are shown in Table 4: Curve Number Calculation.

Table 4: Curve Number Calculation

	Subwatersheds
	P1
	P2
	I1

	% Impervious
	95
	85
	50

	CN Open Space
	79
	79
	79

	CN Impervious
	98
	98
	98

	CN Composite
	97
	95
	89


Rainfall – Runoff Modeling Using HEC-HMS

HEC-HMS (Hydrologic Modeling System) is a modeling program developed by the U.S. Army Corps of Engineers. HEC-HMS is designed to simulate the precipitation runoff processes of dendritic watershed systems (systems composed of more than one watershed).  HEC-HMS allows the user to choose from a variety of unit hydrograph and hydrologic routing options.

The steps for creating a model in HEC-HMS include starting a new project and setting up the basin model, creating precipitation gage data, and entering basin model data (for each basin and reservoir), entering the control model specifications. 

The basin model was created by adding the three watersheds: WS East (P1), WS West (P2) and Inlet 1 (I1).  Precipitation data was added for each of the two-hour design storms, and the control was set to 2-minute time increments for a 12-hour duration.  Three reservoirs were added to the model:  two representing the East and West ponds and one representing the proposed Bartholomew Pond.   Dimensions for the East and West ponds were assumed to be as follows from the map of the area as shown in Table 5: Pond Dimensions.

Table 5: Pond Dimensions
	
	Pond East (ft)
	Pond West (ft)

	Length
	150
	150

	Width
	50
	75

	Area (acres)
	0.172
	0.258


Figure 1: Basin Model shows the final basin model designed in HEC-HMS, as shown in the figure below.

Figure 1: Basin Model
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The NRCS Runoff Curve Number Method (also known as the SCS Curve Number (CN) Methodl) considers the time distribution of rainfall, the initial rainfall losses and continuing abstractions. Variables include the drainage area, time of concentration, curve number, rainfall distribution and total design rainfall.  This is the loss method selected in HEC-HMS.

The routing method chosen for the reaches was SCS lag. Lag times for each watershed were determined by measuring the distances for each flow path, and then dividing by 6 ft/s (average velocity).  The following table, Table 6: Lag Time Calculations, summarizes these results.

Table 6: Lag Time Calculations

	
	Pond East 
	Pond West 
	Inlet

	Length
	70 ft
	117 ft
	24 ft

	Lag (min)
	0.2 min
	0.33 min
	0.065min


As seen from Table 6: Lag Time Calculations, these numbers are very small and have negligible results in the model.  Table 7: East Pond Dimensions outlines the dimensions of this pond. 

Table 7: East Pond Dimensions

	East Pond
	 
	 
	 
	 
	

	Pond Dimensions
	
	Culvert Dimensions
	
	Spillway Dimensions
	

	L =
	150 ft
	Cd = 
	0.6
	Cw = 
	3.33

	W =
	50 ft
	D =
	2 ft
	L = 
	30 ft

	z =
	3
	Invert z =
	0 ft
	Invert z =
	4 ft

	Lag Time =
	8 min
	 
	 
	 
	


Figure 2: East Pond Stage vs. Discharge shows that the East Pond will overflow at an elevation of 4 feet, the height of the pond.
Figure 2: East Pond Stage vs. Discharge
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Table 8: West Pond Dimensions specifies assumed dimensions of the pond and its outlet structures.

Table 8: West Pond Dimensions

	West Pond
	 
	 
	 
	 
	

	Pond Dimensions
	
	Culvert Dimensions
	
	Spillway Dimensions
	

	L =
	150 ft
	Cd = 
	0.6
	Cw = 
	3.33

	W =
	75 ft
	D =
	2 ft
	L = 
	30 ft

	z =
	3
	Invert z =
	0 ft
	Invert z =
	3.5 ft

	Lag Time =
	23 min
	 
	 
	 
	


Figure 3: West Pond Stage vs. Discharge shows the water spilling over the spillway at an elevation of 3.5 feet.  

Figure 3: West Pond Stage vs. Discharge
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Detention Pond Design

The design of the detention pond was developed by routing the 25-year, 2-hour duration storm through the HEC-HMS network, and choosing various outlet configurations.  The graph of inflow vs. outflow for the new detention pond was then examined to determine how well the pond reduced the peak flow.   The specifications for the final pond design are shown in Table 9:  Bartholomew Pond Design below.

Table 9:  Bartholomew Pond Design

	Bartholomew Pond Design

	
	

	Pond Width
	150 ft

	Pond Length
	150 ft

	Pond Side Slope z (z:1)
	3

	Spillway Elevation (Relative to Bottom Elevation)
	6 ft

	Spillway Crest Length
	30 ft

	Low-Flow Orifice Plate Elevation (Relative to Bottom Elevation)
	0 ft

	Low-Flow Orifice Plate Area
	1 ft2

	Circular Culvert Invert Elevation (Relative to Bottom Elevation)
	2 ft

	Circular Culvert Diameter
	2 ft


Channel Improvements

Under pre-existing conditions, there is a great deal of erosion in the channel running through Bartholomew Park.  Once the new detention pond is in place, downstream channel improvements will be required.  This downstream channel will be designed to convey the peak flow resulting from the 25-yr event from the detention pond into Tannehill Branch.  It will be a riprap trapezoidal channel with a 5-foot bottom width and 2:1 side slopes.  The key equation for this design will be

Q = v*b*y.


In this equation, Q is flow in cfs, v is the velocity in ft/s, b is the width in feet, and y is the depth in feet.  This equation will be used to determine the d50 riprap size.  Detailed calculations for these channel improvements may be found in the Appendix of this report.  Results of these calculations are summarized in the Table 10: Channel Improvements Summary below. 

Table 10:  Channel Improvements Summary

	d50 bottom
	8 inches

	d100 bottom
	4 inches

	d20 bottom
	16 inches

	d50 side
	8.4 inches

	d20 side
	4.3 inches

	d100 side
	16.8 inches


The final stable channel design depth for the 25–year flood is 0.56 feet, and the final design velocity for this design storm is 10 ft/sec.
Results Discussion

The following figures show the 25-year storm (Figure 4), the 100-year storm (Figure 5), the 2-year storm (Figure 6) and the 10-year storm (Figure 7).

Figure 4: 25-Year Storm 
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Figure 5:  100-Year Storm
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Figure 6: 2-Year Storm
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Figure 6: 10-Year Storm
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The 2-year storm detention time is approximately 9 hours, which is a fairly short period.  In retrospect, the low-orifice area could have been reduced to increase the detention time and improve water quality.  However, the new pond is located in a park area, where there is a significant amount of public activity.  The low detention time could prevent mosquito development, thereby reducing the risk of public health problems.  

The 10-year and 25-year results show that the peak discharge has been reduced significantly from the inflow hydrograph.  Outflows are roughly 50% of the inflows, which should reduce downstream channel erosion.  In both cases, the maximum elevation is below the spillway crest.
For the 100-year storm, the peak discharge is also significantly reduced from the inflow level.  The maximum storage elevation does, however, overtop the spillway, but only by approximately 3 inches. 

In general, the results show that the final pond design contributes to lower watershed discharge, which should improve the channel erosion problem for Tannehill Branch.  The addition of riprap should also improve the conditions directly below the new pond.
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