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Assessment of Flood remediation with minimal historic hydrologic data:  case study for A small urban stream
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Abstract: Design of flood remediation projects on urban streams is often complex and can become a source of contention when the stream flows through multiple political jurisdictions.  Downstream jurisdictions can be adversely impacted by upstream changes to the stream. Determination of downstream adverse impacts from remediation often is made difficult by insufficient pre-remediation hydrologic data to compare with post-remediation hydrology. Recurrent flooding problems along Boneyard Creek in Champaign-Urbana, Illinois, have resulted in construction of a series of flood-control improvements to reduce flood damages in the upstream portions of the basin, with an increase in channel size being among the improvements.  Permit regulations required that the upstream alterations not result in an increase in downstream flood elevations.  Although flow conveyance increased in the upstream channel, the project was permitted because of computer model results showing that the addition of a flow restrictor and a detention basin upstream resulted in no increase in downstream flood elevations.  Boneyard Creek crosses three political jurisdictions.  Anticipating controversy in the downstream jurisdictions, a study was initiated that established a more extensive hydrologic monitoring network to investigate the downstream impacts of the remediation measures.  Assessment of the pre- and post-remediation flood control conditions for the Boneyard Creek is difficult due both to the paucity of historic hydrologic data and the non-stationarity of the streamflow data due to urbanization.  Therefore, rather than compare observed hydrologic data from the pre- and post-remediation periods (because the pre-remediation data are scarce), the assessment of adverse impact is being undertaken by analyzing the predictive performance of the computer model used for the design.  This paper examines the approach taken to conduct the assessment and reports some preliminary findings. 
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1. Introduction

Boneyard Creek (figure 1) flows, in upstream-to-downstream order, through the City of Champaign, Illinois, the University of Illinois, and the City of Urbana, Illinois. Recurrent flooding problems along Boneyard Creek have resulted in the two upstream entities, Champaign and the University, proposing and implementing a series of remediation projects (remediation) to mitigate flood damages.  The remediation projects, consisting of channel improvements, expansion and construction of detention facilities, and various storm-sewer improvements, were designed by the consultants Camp, Dresser, and McKee and Berns, Clancy, and Associates to have no detrimental downstream hydrologic impact (Camp, Dresser and McKee, 1997).  The engineering analysis and design were conducted by the consultants using the Stormwater Management Model (SWMM) (U. S. Environmental Protection Agency, 1997).  The remediation projects, when originally proposed, met with significant public controversy downstream in Urbana.  Data or results from studies conducted by the U.S. Geological Survey are sometimes used by multiple parties in addressing potentially contentious inter-jurisdictional conflicts in the water resources arena.  As such, a study by the U.S. Geological Survey (USGS) in cooperation with Champaign, the University, and Urbana, was undertaken to determine the impacts of the remediation on the downstream reaches of the Boneyard Creek. This paper examines the approach taken to assess the impact of the remediation and reports some preliminary findings. 
2. Background

Boneyard Creek (figure 1) drains a highly urbanized watershed of approximately 19.3 km2 to its confluence with the Saline Branch, part of the Wabash River watershed. Boneyard Creek has experienced recurrent overbank and drainage system backwater flooding for decades. An extensive storm sewer system drains much of the Boneyard Creek watershed. In the late 1950’s and early 1960’s, the Boneyard Creek channel was deepened by up to 1.5 m and lined with sheet piling walls and a concrete floor in Urbana from near Race Street to the upstream side of Lincoln Avenue. These improvements resulted in a hydraulic drop in the channel bottom of approximately 1.2 m at Lincoln Avenue. In addition, the Northwest Diversion Structure was completed in August 1960, resulting in the upper 2.90 km2 of watershed being diverted directly into the Saline Branch. This diversion decreased the contributing watershed area at the mouth of the Boneyard Creek to approximately 16.4 km2. In the 1980’s, three stormwater detention facilities were constructed in the Boneyard Creek watershed, with two of them totaling 9.07 ha-m of detention storage in Champaign and one having 1.48 ha-m of storage in the University campus (Berns, Clancy, and Associates, 1998).  

As part of the latest (completed in 2003) remediation project, Champaign constructed a 14.5 ha-m detention basin at Healey Street and enlarged approximately 820 m of the Boneyard Creek (which provided an additional 2.5 ha-m of detention storage). Concurrently, the University lowered approximately 792 m of channel up to 1.2 m through their campus, eliminating the drop at the Lincoln Avenue Bridge, creating a larger bridge opening.  Concerns were raised that the increase in channel conveyance upstream (in both Champaign and the University) coupled with the increased bridge opening size at Lincoln Avenue would increase flooding downstream of Lincoln Avenue in Urbana.  A restrictor was constructed at Wright Street (approximately 820 m upstream from Lincoln Avenue) to offset the additional flow volume from the enlarged enclosed channel that was not compensated for by the construction of the detention basin. The consultants used SWMM (Version SWMM4.4h) to model the Boneyard Creek drainage system in order to size the detention basin and the Wright Street restrictor plate to offset any increased flow resulting from the increased channel conveyance. 

All three political jurisdictions recognized the likelihood of continued controversy after construction of these remediation improvements, with a typical anecdotal response from the citizenry to any flooding following the line of “It never flooded like this before; it must be all that work they did upstream that is causing the flooding to be worse.”  As such, an agreement was reached between Champaign, the University, and Urbana to collect data and have a study plan in place to analyze the impacts scientifically, rather than to allow the controversy to grow and possibly result in litigation.  As part of that agreement, it was established that results from the study would be used to assist the political entities in assessing the hydrology/hydraulics of the watershed in the post-remediation configuration.  Specifically, the study would attempt to answer the question--“Have the remediation improvements resulted in an alteration of the hydrology and hydraulics, such that Boneyard Creek experiences higher water surface elevations downstream in Urbana than existed prior to the remediation improvements for similar magnitude storm precipitation?”
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Figure 1: Boneyard Creek Watershed in Champaign-Urbana, Illinois


3. Problem

Ideally, determination of impacts of hydrologic changes from flood-remediation projects in a watershed would be conducted by examination of the hydrologic data from both the pre- and post-remediation time periods.  The hydrologic data, in the form of precipitation, soil moisture, and streamflow, would all be available at strategic locations in the watershed.  Then one could either 1) select various similar storm events from the pre- and post- remediation time periods for comparison (similar storm events would be defined as having similar precipitation amounts and antecedent soil moisture conditions) or 2) determine the streamflow frequency statistics from both periods (pre- and post-remediation) and compare the streamflow peaks for selected frequencies, such as the 2-year, 25-year, and 100-year events. 

Often, sufficient data do not exist to allow rigorous comparison of pre- and post-remediation hydrologic impact--such is the case for the Boneyard Creek.  Streamflow data have been collected since 1948 at a streamflow-gaging station below Wright Street on the University campus (campus gage). Rainfall data during this period are spatially and temporally insufficient as only one recording rain gage was available and is located southwest of the watershed boundary.  Because the storms that typically induce the highest peak flows for Boneyard Creek are summer convective thunderstorms, one rain gage outside the basin was deemed inadequate to represent the spatially heterogeneous rainfall that accompanies convective thunderstorms in the Midwestern United States.

In addition, like most urbanized basins, the Boneyard watershed has had numerous hydrologic alterations throughout its history (Wilson, 1978, Chaille and Yen, 2000).  These alterations to the basin prevent systematic analysis to determine pre-remediation hydrology because the streamflow peak-flow data at the campus gage is non-stationary as shown by the increasing trend (line) in peak flows in figure 2.  The greater variation in post 1977 peak-flow data shown in figure 2 is likely attributable to the increased complexity of the storm-sewer system that was initiated with the construction of large storm-sewer projects initiated in the 1970’s.  Also compounding a systematic analysis of the peak flows is the fact that the only pre-remediation streamflow data (1948-2003) collected were at the campus gage, approximately 700 m upstream from Lincoln Avenue (figure 1), with Lincoln Avenue being the downstream end of the remediation and the beginning of the area of concern for this study.  Although the drainage area difference between Lincoln Avenue and the campus gage location is only about 5 percent, the small size of the overall drainage basin (12.4 km2 at Lincoln Avenue), coupled with contribution of the Dorner Drive detention basin outflow between these two locations, disqualifies using only the campus gage in pre- and post-remediation hydrologic impact analysis.   
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Figure 2.  Annual peak discharge for Boneyard Creek at the University of Illinois campus streamflow-gaging station 

4. Assessment of pre- and post-remediation flood control

Sufficient pre-remediation hydrologic data do not exist in the study area.  As such an alternative approach was necessary to assess the impact of the remediation projects downstream in Urbana (downstream from Lincoln Avenue).  An approach based on the analysis of the predictive performance of the SWMM computer model was used.
For designers, the only way to estimate the effects that will result from altering the channel and changing the hydrology of a basin is to use either a physical or mathematical model.  A model has to be properly calibrated in order to make accurate estimates. For the Boneyard Creek design, the consultants calibrated the SWMM model to the pre-remediation conditions using the streamflow data at the campus gage, and applying engineering and hydrologic judgment to adjust for hydrologic changes in the record. Once the SWMM model was calibrated, the design process proceeded by investigating numerous combinations of rainfall frequencies and durations to search for the critical combination of rainfall amount and duration that produces the highest peak flow.  The “critical” design storm was then used in the  SWMM model to determine the flows (and associated water surface elevations) for both pre- and post-remediation hydrology and to determine impacts to Urbana. 

The entire design (and permitting) of the Boneyard post-remediation flood control projects was predicated on the assumption that the SWMM model results used by the consultants are either accurate or conservative   in the estimate of peak streamflow for a given rainfall input.  Given this assumption of model accuracy (or conservativeness), the present approach of this study in assessing the impacts is based on the determination of the accuracy of the SWMM model in simulating post-remediation storm events.  This approach necessitates the collection of sufficient rainfall data to properly characterize the spatial and temporal distribution of rainfall on the Boneyard basin and accurately monitor the streamflow as it enters Urbana (Lincoln Avenue gage).  The observed rainfall data are input into the SWMM model ( as configured by the consultants in the “as-built” state) and simulated to predict the streamflow into Urbana.  If simulated flows at Lincoln Avenue are equal to or larger than the observed flow magnitude, the design model is considered accurate or conservative for this study, and thus no adverse impact has occurred downstream in Urbana from the remediation project. 

There are inherent uncertainties in the observation of rainfall and streamflow data. No plan currently exists to address rainfall measurement errors (uncertainties) and representativeness. However, an investigation will be undertaken to estimate the error of the streamflow data at the Lincoln Avenue gage.  The magnitude of streamflow data error will be used in the final assessment of impact. As explained earlier, an adverse impact finding will occur if the model underpredicts the observed peak flow.  To account for the inherent errors in the streamflow observations, the assessment will allow the model to underpredict the observed streamflow peak by the amount of error before a conclusion of adverse impact is rendered.  For example, if the observed data are determined to have 5 percent error, then a finding of “no adverse impact” will be found if the simulated peak is at least 95 percent of the observed streamflow peak.  

4.1 Data Collection

To provide the data needed for the SWMM model evaluation, new streamflow-gaging stations were installed on the Boneyard Creek at Lincoln Avenue in Urbana (Lincoln gage) and Boneyard Creek at Race Street in Urbana (Race gage) (figure 1).  The observed streamflow data from the Lincoln gage will be used for the assessment.  However, because of the potential for backwater affects from the Saline Branch, the Race gage was also installed to enable a check for backwater influence on the streamflow observations at Lincoln Avenue.  Three new rainfall-gaging stations were installed throughout the basin (figure 1) to refine the determination of the rainfall.  Data at the rainfall and streamflow gage sites will be collected until three “qualifying storm” events of at least 19.7 m3/s occur.
4.2 Storm Event Selection for Analysis

The storm events selected for simulation as part of the assessment of impact will have peak streamflow discharges at the Lincoln gage of at least 19.7 m3/s, which represents the estimated 5-year flood at Lincoln Avenue (Jeff Smith, City of Champaign, written communication, 1999).  The five-year flood was selected because it was expected that at least three such storm events of this magnitude would occur in the 5 to 10 years slated for the data collection and it was thought to be of sufficient magnitude to be in the range of flows for which the SWMM model was calibrated. The minimum of 19.7 m3/s to trigger inclusion of a storm event in the study is also advantageous, as 19.7 m3/s is smaller than the discharge required for water to overflow the banks downstream in Urbana. This ability to make an assessment on impacts without setting the peak flow so high that out-of-bank water elevations occur increases the likelihood of evaluating impacts without damage-inducing flooding.  The flood water goes out of bank downstream from Lincoln Avenue at an estimated 21.6 m3/s (Gonzalez and others, 1997).  

4.3 Model Simulations

The consultants provided their design SWMM model (version SWMM4.4h), updated to match the “as-built” remediation project conditions (Pat Lach, Camp, Dresser, and McKee, written communication, 2004). In conducting the SWMM model simulations for assessment of impact, the additional rainfall data collected during the post-remediation period will be input into the model for each “qualifying” flood event. Other than changes to the input rainfall amounts (based on observed rainfall), no changes will be made to the design SWMM model for each simulation.   

5. Preliminary results

Data collection began in late 2001.  The first “qualifying” storm event occurred on July 9, 2003, with a peak observed streamflow of 22.6 m3/s. Preliminary modeling of the July 9, 2003 storm event was conducted by distributing the observed rainfall for each sub-watershed within the SWMM model using the Thiessen polygon method.  The SWMM model estimated a peak streamflow of 33 m3/s (figure 3), which is a significant overprediction of the observed peak streamflow.  With the preliminary model estimate of an overprediction of the observed peak flow, the preliminary finding is that the remediation had no adverse impact on Urbana for this event.  Final determination of the impacts will not be made until a more thorough analysis of this event along with analysis of additional events.  Another qualifying storm event has occurred but no analysis of it has been completed.    

[image: image3.jpg]Qualifying Discharge (19.7 m’/s)

—— Observed

— SWMM 4

oAl
o

(=) e
o [\l

ANOIDAS ¥Ad SYATLAIN OI19ND NI ‘TN VHISTIA

20

l ]
n =) n o
b =

009¢
08¢
09¢e
orce
0cle
000€
088¢
09LT
0¥9¢
0cse
00t¢
08cC
091¢
010¢
0co61
0081
0891
0961
ol
0cel
00cI
0801
096

08

ocL

TIME (MINUTES AFTER JULY 8, 0:00)




Figure 3. Observed and simulated streamflow for the Boneyard Creek at the Lincoln Avenue gage, July 8-10, 2003
6. summary

A paucity of data often prevents the analysis of impacts from hydrologic changes to a basin.  Assessment of the impacts of flood remediation projects on the Boneyard Creek, a small urban watershed, is being conducted by placing the assessment emphasis on the accuracy (or conservativeness) of the design model in simulating post-remediation storm events. Additional rainfall gages were installed throughout the basin and a new streamflow gage was installed where the Boneyard Creek enters Urbana on the downstream end of the remediation area to provide data for this assessment.   

A peak flow of 19.7 m3/s (or a 5-year flood) was established as the minimum value to qualify a storm for inclusion in this analysis.  A preliminary analysis shows that there was overprediction by the design model of the observed peak streamflow for the July 9, 2003, “qualifying” storm event, which preliminarily indicates that the flood remediation had no adverse impact downstream in Urbana for this event.  However, no definitive finding will be issued until additional “qualifying” events have been analyzed and a consistent pattern has been established.
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