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1.  Introduction and Discussion:  In the Fiscal Year 2005, the Corps of Engineers continued work on the Dardenne Creek Watershed Study through the Planning Assistance to States Program.  The original scope of work contained 10 major tasks with a total study cost estimate of $600,000, to be spent over three fiscal years.  The first year of the study primarily consisted of data gathering and featured two large contract items for mapping and cross section surveys.  The tasks undertaken for the following year included using a Geographical Information System (GIS) to set up the hydrologic and hydraulic models.  This document discusses that work in detail, which took place in the 2005 Fiscal year.  A brief summary of the work tasks for Fiscal Year 2006 is included at the end of this report.
Funding for the FY’05 phase of the project was put in place in September of 2004.  There was $100,000 in Federal Funding and $100,000 from the Great Rivers Greenway District, who partnered with the local communities to fund the study.  This second year of the study was more labor intensive than the first, and included processing the mapping and survey data to begin development of the hydrologic and hydraulic models.  A second helicopter flight was taken in early March of 2005, to acquire a geo-referenced video of the creek when it was unobstructed by the foliage and vegetation near the channel.  Also, a decision was made to facilitate another cross section survey contract after discussing the option with participating agencies.  All remaining project money was used to fund in-house labor by the Corps of Engineers.

Primary objectives for the second phase of the project were to create the hydrologic and hydraulic modeling files, making use of the newly acquired topographic data.  The next two sections of the this report discuss the original detailed scope of work and eventual financial breakdown for tasks that were undertaken in the 2005 fiscal year.

2.  Scope of Work for FY’05:  The following table indicates the original plan for work and spending on the Dardenne Creek study for fiscal year 2005 (task numbers are from the original scope of work document):

	#
	Funding
	Task Name
	Task Description

	4
	$70,000
	Develop Hydrologic Model
	HEC-HMS model of watershed

	5
	$45,000
	Begin Development of Hydraulic Model
	Begin HEC-RAS model of creek + tribs

	7
	$70,000
	Define Stormwater Conveyance
	Contract to measure stormwater pipes

	X
	$12,000
	Administration, Project Management
	Finances, contracting, planning, etc.

	
	
	
	

	
	$200,000
	TOTAL PROJECT FUNDING (FY’05)
	


As the table shows, about six percent of all project funding was to be spent on administrative tasks and project management (listed as task “x”).  This arrangement planned for contingency funding for any unexpected problems or situations that could arise.  As the following section explains, there were minor changes in the scope of work and tasks completed.  The only unexpected change occurred as a result of work efforts being diverted to Hurricane Katrina relief.  John Boeckmann was out of the office for a 30-day assignment in Mississippi, so about $15,000 in unused FY’05 funding was carried over to resume work on the watershed study in October 2005.  All other remaining project funds were then utilized, as explained in the section below.
3.  Final Funding Distribution for Work Tasks:  The following tables indicate the amount spent for each department within the Corps of Engineers, and which tasks the work applied to.  Contracts and other expenses are listed separately, and the total amount is also indicated.  The minor changes to the original scope are explained in detail after these tables.


Labor for Each Dept:

Money Spent:

Tasks:


Hydraulics Branch

$121,500

# 3 - 6


Survey Branch


$5,000


# 6


Contracting Branch

$1,500


# 6


Project Management

$12,000

# 3 - 6, x


TOTAL:


$140,000

Contract Work / Other Expenses:


For Task 3:
$3,500 – Helicopter, Video, and GPS referencing


For Task 6:
$41,500 – Field Surveys for cross-sections of Dardenne Tribs


TOTAL:
$45,000



GRAND TOTAL:  Labor + Contracts = $140,000 + $45,000 = $185,000
($15,000 for Hydraulics Branch Labor carried over for use in FY’06, Total = $200,000)
Most of the work planned for FY’05 was performed as scheduled.  However, during the investigation and data gathering phases of the project, four additional tributaries to Dardenne Creek were found to contribute significantly to the flow of the creek.  Since the goal of the project was a comprehensive study with complete and detailed coverage of the watershed, the Corps decided to obtain cross sections for these four Dardenne Creek Tributaries.

To accomplish the additional cross section surveys, some small changes would have to be made to other aspects of the study scope.  In order to fit the cross section surveys into the study budget, Task 7 - Define Stormwater Conveyance, was removed from the study.  The original project scope was developed with a stormwater management emphasis in mind.  However, later discussions have been focused on the future state of the watershed and being able to use the models to estimate the effects of future development of the watershed.  With the consensus of the local representatives and the Great Rivers Greenway District, it was determined that obtaining cross sections to create the most complete modeling effort possible was more important to the project than measuring stormwater outlets.
Another minor change to the FY’05 scope of work was the decision to take a second trip over the Dardenne Watershed in a helicopter.  This second trip was taken because some photos and portions of the video from the first trip were obstructed by heavy vegetation over the creek.  This obstruction was primarily due to the delay in starting the study in FY’04.  A March trip was originally desired, but funding and approval for the trip didn’t take place until late May, resulting in the trip taking place in June of 2004.  Since time and funding allowed in FY’05, the team determined that a trip in the winter of 2005 would be beneficial to the project.  A further discussion of this trip is included in Section 4, which describes all task work completed.
4.  Tasks Completed and Work In Progress:  For the FY’05 fiscal year, Task 4 and Task 5 were the most significant tasks from the original scope of work that the Corps focused on.  Task 4 - Development of the Hydrologic Model (HEC-HMS), was completed in the summer of 2005.  A good portion of Task 5 - Development of the Hydraulic Model (HEC-RAS), was also worked on.  However, due to the planned work being carried over one month into FY’06, the HEC-RAS model was not completely finished.  Throughout the coming year, both models will be refined and calibrated before they can be used to their full potential.

The following sections discuss all task work completed in FY’05, in order of task number, from the original scoping document.  Some additional time was taken to develop a website to facilitate information flow and to keep local communities informed about the progress of the study.  The website work was not defined by a task number, but its development is discussed at the end of the section.
Task 3: Photograph & Record Watershed Characteristics

Due to size of the watershed and the level of detail desired for the hydraulic study, some additional time still needed to be spent on Task 3, Photograph and Record Watershed Characteristics.  When the addition of four tributaries to the study was agreed upon, it became necessary to make site visits to take photos and to find locations for the new cross sections to be surveyed.  Also, one new tributary flowed through the Busch Memorial Conservation Area and the stream included a significant lake.  Therefore, a trip was taken to investigate the storage potential of the lake.  Marvin Boyer of the Missouri Department of Conservation helped out by giving a tour of the area and providing some documentation on the lake structure.
In early January of 2005, a sustained, heavy rainfall caused significant flooding on Dardenne Creek.  A small farm levee was overtopped north of I-70 and Highway C was flooded as a result.  The creek was out of its banks in several other reaches, primarily flooding only parks and trails in St. Peters and O’Fallon.  John Boeckmann visited the area on January 6th, not long after the peak flow and stages were reached on Dardenne Creek near Highway 70.  The trip proved to be quite valuable, since high water marks were observed and measured.  These high water marks will be useful for model calibration in the future.  Photos of the levee overtopping and trail flooding are shown below in Figure 4.1 and Figure 4.2.
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Figure 4.1 – Hwy C Levee Overtopping
Figure 4.2 – Flooded Trail along Dardenne
As mentioned in the previous year’s summary, the most efficient way to investigate a large watershed is through the use of a helicopter.  The trip for 2005 took place in March to take advantage of the clear views of Dardenne Creek and selected tributaries before they became obstructed by spring vegetation.  For a reasonable cost of about $3,500, the entire run of Dardenne Creek was flown with John Boeckmann from the Corps and three interested local representatives on board.  Two of the tributaries recently added to the study were also flown, as were Baltic Creek and Tributary B.  As with last year’s trip, Fostaire Helicopters recorded a digital video that was referenced with a Global Positioning System (GPS).
During the helicopter trip, passengers took photos and made several notes.  The audio commentary by the pilot and passengers was a useful addition to the video.  Key points that were mentioned included the effects of development on stream quality, and the potential for future projects consisting of trapping sediment to promote better stream quality and enhance the value of the stream to the area.  The photo below, in Figure 4.3, shows an example of poor stream quality on an upstream reach of Dardenne Creek during the helicopter trip.
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Figure 4.3 – Poor stream quality resulting from heavy sediment load from tributary creek.
Task 4: Develop Hydrologic Model of Watershed
The preparation of GIS data for the HEC-HMS model was initiated at the end of the 2004 Fiscal Year, and work continued as planned in early FY’05.  The GIS data in the ArcGIS system included topography, land use, and soil types.  These parameters were used to estimate the following hydrologic variables: Drainage area, SCS Curve Number, Basin Slope, Time of Concentration, and Percent Impervious Area.  The GeoHMS extension of the ArcGIS program was used to export the pertinent data for use in the hydrologic model, which was to be evaluated with the HEC-HMS program.
During the development of the HMS model, the methods for hydrologic analysis were selected.  The SCS Curve Number was chosen for the basin loss method.  The required parameters for this method are the SCS Curve Number, the Percent Impervious Area, and the Initial Abstraction.  The SCS Curve Number was found by cross-referencing the soils data and the land use data, by area, for each sub-watershed.  The soil types were divided by the four hydrologic soil groups A, B, C, and D.  Each soil type results in a different Curve Number, for each given land use type.  A Microsoft Excel Spreadsheet was used to calculate an average Curve Number, based on the land use types, weighted by the area of each land use type.

The Percentage of Impervious Area was determined through visual inspection of aerial photos of each individual drainage basin.  Measurements were taken within the ArcGIS program whenever possible.  However, some estimates of impervious area required an “eyeball judgment” based on experience with such measurements.  For instance, a typical residential neighborhood with average sized lots and driveways results in about a 40 percent impervious area.  Adjustments were made to watersheds that have only a portion of the basin developed for residential use.
The drainage areas and basin slopes were automatically calculated from the topographic data in ArcGIS.  The slope of the basin was a key factor in determining the Time of Concentration (TC) of each drainage basin.  The value for TC represents the time it takes a drop of water to move from the most remote upstream point in a basin all the way down to the outlet.  For our hydrologic model, TC was determined by dividing the flow through the basin into three components: sheet flow, shallow concentrated flow, and channel flow.  The Time of Concentration and Storage Coefficients were developed for use with the Clark Unit Hydrograph method, which translates the rainfall on each basin into runoff in the creeks with the appropriate timing.
Along with the hydrologic data, a schematic was developed for easily selecting and viewing data by location.  The basin schematic is also useful when calibration of the model occurs.  Using a table of output data, any large discrepancies between observed data and simulated values can be easily located and resolved by looking at which basins are contributing to the problematic location.  A sample of the basin schematic is presented here in Figure 4.4.
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Figure 4.4 – Detail of HEC-HMS Basin Schematic with legend for icons
Task 5: Develop Hydraulic Model of Creek

Only a small amount of time was spent to continue preparation of the new HEC-RAS Hydraulic model, encompassing Dardenne Creek and all major tributaries.  To date, there has been no comprehensive model study done over the entire basin that includes tributary modeling.  The hydraulic model will therefore consist of the combination of several previous HEC-2 models updated with the most recent geometry possible.  The advantage of such a combined model is that any major change to the watershed in one particular area can be added, and the resulting effects to other portions of the watershed can be observed.
As with the hydrologic model, the HEC-RAS hydraulic model depends on some GIS preparatory work which was started in FY’04.  In 2005, the cross section lines from the GIS program were used with the terrain model and TIN model, to develop geometry for the overbank areas.  The channel sections will be determined by merging data from earlier existing models, or from the new cross-sections from the survey contract.  The fully working model will be completed in the early months of FY’06, representing all data obtained at the time.  Manning’s N roughness values will be estimated from site visits and subsequent field photos and videos.  These N-values will be the primary variables used for calibration of the hydraulic model.
Task 6: Perform Field Surveys

Using the ArcGIS computer program, the locations of newly requested stream cross-sections for four new Dardenne Creek Tributaries were plotted into a new GIS shapefile.  A written description of the section locations was submitted with the survey request document.  This version of the document was modified by the survey branch at the Corps to produce the final version, which is on file in the district office.  To aid the contractor in finding the survey section locations, the GIS shapefiles were also submitted.  The survey request documents can be provided at the request of the sponsor / local municipalities.

As shown in Section 3 of this report, the contract price of $41,500 for the surveys was agreed upon by the Corps and Woolpert Engineering.  The contractor completed the survey work on schedule (by the end of April 2005) and within the expected budget, and the digital files for the cross sections were provided by e-mail and on a CD.  The submitted data files were reviewed by both the Corps Survey Branch and the Corps Hydraulics Branch to assure the validity and consistency of the data.  The detailed channel areas of these cross sections will be combined with the sections created from the GIS system to create a continuous, detailed representation of the creeks including both the channel and overbank areas.
Extra Project Work: Website Development

In the early days of this study, site photos and other data had been made available on a Corps’ FTP site, which was accessible by anyone.  However, this was a temporary storage site, and the FTP server was cleaned up by the Corps’ Information Management office and files were removed about every month.  So, in FY’05 the Corps was able to produce a world wide website for the Dardenne Creek Watershed Study, which will remain active for the life of the project and will be accessible by anyone.  The site will continue to be updated and maintained for the duration of the study.  It can be found at http://www.mvs.usace.army.mil/DardenneCreek. 
5.  Plan for FY’06 Work (October 2005 – September 2006)

This section gives a description of the tasks that will be worked on during the 2006 Fiscal Year.  Since this is the third and last year of the study, there shouldn’t be any significant changes to this list of tasks for the year.
Task 5 is the development of the hydraulic model, and this will be completed early in FY’06.  Due to the unexpected deployment of Corps of Engineers personnel for Hurricane Katrina in September of 2005, some task work was delayed by about a month.  Therefore, the HEC-RAS hydraulic model was not completely developed by the end of the 2005 Fiscal Year.  This task is the number one priority at the start of FY’06, and should be completed by November 2005.  It is anticipated that additional engineers can be placed on this project to complete it by the end of the fiscal year, but a small delay is possible due to the hurricane relief efforts mentioned above.
Task 8 will be the calibration and verification of the hydrologic and hydraulic models using measured storm data.  USGS stream gage data and National Weather Service rainfall records will be used to correlate our model results to actual storm data.  This comparison will result in the best accuracy possible for representing hypothetical storms for present and future conditions.  After calibration, the existing conditions will be modeled (Task 9).  The hypothetical storms to be analyzed are the 2, 5, 10, 15, 25, 50, 100, and 500-year rainfall.  A regional rainfall frequency distribution will be used to apply rainfall for each storm event that is to be modeled.
Finally, Task 10 is the modeling of future conditions with both the HEC-HMS hydrologic model and the HEC-RAS hydraulic model.  Some discussions will take place in future study meetings to determine the level of future development that should be assumed.  Typically, a factor or factors are applied to the hydrologic variables to model the increase in development expected in the future.  The percent of impervious area in each watershed will increase, and SCS curve numbers will be skewed upward as well.  Some areas in the Dardenne Creek watershed are already fully developed, so part of this task will be to determine in which areas to apply the development factor.
A final report will be written and presented when all task work is complete.  This report will include detailed methodology for all aspects of the hydrologic and hydraulic analyses and a list of data sources.  Flood profile plots for all creeks will also be included.  The Corps of Engineers will meet with local community representatives to learn what additional information, if any, would be desirable to add to the report.  A public meeting will most likely be held at the end of the project to review the findings of the watershed study and to answer any questions that the public may have about the study.
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