Project Proposal

DEVELOPMENT AND USE OF A HYDROLOGIC AND WATER-QUALITY MODEL OF THE DELAWARE INLAND BAYS WATERSHED

PROBLEM

The Delaware Inland Bays have experienced significant environmental degradation due to human activities over the past several decades.  Adverse impacts of human activities include degraded communities of benthic organisms, submerged vegetation, and fish.  The impacts appear to be more severe in the more northern Inland Bays.

Excessive nutrients and sediment are among the most severe environmental stressors in the Inland Bays.  Trace amounts of pesticides and other toxic compounds have also been found.  The sources of nutrients, sediment, and other contaminants include point-source discharges from industries and wastewater-treatment plants, runoff and infiltration to ground water from agricultural fields and poultry operations, septic-system effluent, and atmospheric deposition.  In addition, the practice of agricultural ditching has further aggravated the environmental conditions in some areas of the Inland Bays watershed.

In order to determine how best to approach restoration of the Inland Bays, it is necessary to understand the relative distribution and contribution of each of the potential sources of nutrients, sediment, and other contaminants.  It is also important to understand the hydrology of the Inland Bays watershed in order to effectively restore them.  Understanding the complex interrelations and interactions between hydrology and the various water-quality inputs is a prerequisite to restoration.  

OBJECTIVE

The proposed project will be a cooperative effort involving the Delaware Department of Natural Resources and Environmental Control (DNREC), the Delaware Geological Survey (DGS), and the U.S. Geological Survey (USGS).  The objective of this project is to develop a hydrologic and water-quality model of the Delaware Inland Bays watershed that can be used as a water-resources planning and management tool. The water-quality constituents of concern will be suspended sediment and nutrients (nitrogen and phosphorus).  A well-documented model, Hydrologic Simulation Program—Fortran (HSPF), will be applied by the USGS to meet the objective.

The USGS role in this cooperative project is to construct, calibrate, and demonstrate the use of the hydrologic and water-quality model.  The following tasks are included in the USGS role:  (1) Compilation of existing hydrologic, climatological, water-quality, and ancillary data into model data sets; (2) construction and calibration of a hydrologic model; (3) construction and calibration of a water-quality model for suspended sediment, nitrogen, and phosphorus; (4) use of the model to simulate selected scenarios of the allocation of point and nonpoint sources; and (5) presentation of the model results to DNREC and DGS in the form of electronic model files, a written USGS report, and training in use of the model.

BENEFITS

A calibrated hydrologic and water-quality model of the Delaware Inland Bays watershed will allow water-resource managers at DNREC and DGS to make informed decisions regarding Total Maximum Daily Loads (TMDLs) and other water-resources issues, including the effects of land-use changes and the implementation of urban and agricultural best-management practices.  Critical areas needing nonpoint-pollution control measures can be identified, and benefits to be gained by various management strategies can be evaluated.  The model also can be used by DGS and USGS to study surface and near-surface hydrologic processes in the watershed, and thus supports the scientific missions of both agencies.  The availability of a functional model will be important to all of the cooperating and other local agencies in preparing responses to hazards such as stream flooding, coastal flooding, water contamination, or outbreaks of dangerous water-related organisms.  

Specifically, this project will meet the following goals of the USGS: (1) Advancing knowledge of the regional hydrologic system; (2) advancing understanding of hydrologic processes; and (3) providing water-resources information that will be used by multiple parties for planning and operational purposes.

SCHEDULE

The proposed project will begin July 1, 2000, and be completed by December 31, 2002 (see attached project timeline).  This period includes the last quarter of Federal Fiscal Year 2000, all of Federal Fiscal Years 2001 and 2002, and the first quarter of Federal Fiscal Year 2003.  The first approach—data compilation—will begin July 1, 2000, and be completed by December 31, 2000.  The calibration of the hydrologic model will begin January 1, 2001, and be completed by June 30, 2001.  The calibration of the water-quality model will begin April 1, 2001, and be completed by December 31, 2001.  Scenarios of point-source  and nonpoint-source allocations will be conducted during the winter and early spring of 2002.  The calibrated model and results of selected scenarios will be provided to DNREC and DGS for technical comment by June 30, 2002, and the final USGS report will be printed and provided to DNREC and DGS by December 31, 2002.  Training of DNREC and DGS staff in the use of the model will occur during the scenario-generation stage of the project.

BACKGROUND  

The hydrologic and water-quality data needed to calibrate the model were collected during Federal Fiscal Year 1999 and the beginning of Federal Fiscal Year 2000.  The USGS collected streamflow data at six stations in the Delaware Inland Bays watershed, and the University of Delaware and DGS collected water-quality data at the same six stations for the same time period. The six stations are Beaverdam Ditch near Millville, Blackwater Creek near Clarksville, Millsboro Pond Outlet at Millsboro, Swan Creek near Warwick, Bundicks Branch at Robinsonville, and Munchy Branch near Rehoboth Beach.  All the streams for which data were collected, except Munchy Branch, are on Delaware’s 303(d) list, and all six streams also were monitored as part of Delaware’s water-quality monitoring program in Federal Fiscal Years 1999 and 2000. 

RESPONSIBILITIES

USGS will be responsible for developing the HSPF model framework and for model calibration.  The framework of the model will be based on geographic-information-system (GIS) data in ARC/INFO format previously prepared by USGS for DGS, and supplemented by DNREC and other agencies as appropriate.  GIS data will include land use, geology, soils, digital elevation model (DEM) data, drainage basins, stream network, data-collection points, and point-source discharges.  The data sets will be properly attributed and include critical information such as fertilizer application rates and timing for agricultural areas and lawns. USGS will use the GIS data to build the framework of the model and produce an appropriate model segmentation.  USGS will also provide streamflow data and assemble climatological data for model operation.

DNREC will be responsible for providing existing water-quality data including suspended-sediment, nitrogen, and phosphorus concentrations for calibration points and other model nodes of interest.  These data will include all the water-quality data collected by the University of Delaware and DGS during 1999 and 2000 at the six established stream stations mentioned above, as well as any other pertinent water-quality data for the Inland Bays watershed.  DNREC will also provide quantity and quality data for point-source discharges to streams in the study area, and supply or facilitate the obtaining of other data needed for the model application, including stream hydraulic characteristics and fertilizer-application data.   

DGS will be responsible for supplying selected data that may enhance the model application, including analysis and interpretation of results.  DGS will also provide coordination between USGS and DNREC as appropriate.  

APPROACHES

The proposed project will be accomplished by the following five major approaches:

1. Data compilation;

2. Hydrologic modeling;

3. Water-quality modeling;

4. Scenario generation; and

5.  Delivery of results and final report.

Data Compilation

Numerous data will be needed to calibrate and verify the hydrologic and water-quality model.   Many of the necessary data already exist in computerized form in the data bases and files of the DNREC, DGS, and USGS offices.  USGS will be responsible for gathering those data and compiling them in model-ready format, as well as any necessary climatological data such as precipitation, air temperature, solar radiation, wind, and evaporation.  USGS will also compile pertinent available streamflow and water-quality data from their files. As appropriate, DNREC and DGS will supply USGS with electronic copies of their data holdings, including water-quality data from the six monitored stream stations.  DNREC’s contributions will include point-source data.  All input data for the HSPF model will be converted to the appropriate format for the most efficient use in the model.  Specific data coverages required for the model, the party responsible for the data, and the deadline for preparation of the data are shown in the Data Requirements and Responsibilities for HSPF Implementation table at the end of this proposal.

Hydrologic Modeling

This phase of the project will be aimed at calibrating the modeled hydrologic response of the Inland Bays watershed to measured streamflow at USGS stream-gaging stations.  Calibration will be done for the six watersheds where data collection was conducted during 1999-2000.  For the five stations that were newly established for this study, the entire new period of record will be used for calibration.  For the station at the Millsboro Pond outlet, where a longer period of record is available, at least one year of the most recent data will be reserved for verification of the hydrologic model.

Water-Quality Modeling

Water-quality modeling will include simulation of concentrations and loads of suspended sediment, nitrogen, and phosphorus.  Suspended sediment will be the first water-quality parameter modeled, because the sediment results will be needed for modeling of phosphorus.  Suspended-sediment data that were collected at the six stations in 1999-2000 will be used to calibrate the HSPF model.  

Nitrogen concentrations and loads will be modeled following calibration for suspended sediment.  DNREC will supply or facilitate obtaining of data on fertilizer application rates and timing and other sources of nitrogen, such as point sources, septic systems, disposal of poultry wastes, and atmospheric deposition.  Measured nitrogen concentrations at the six stream-gaging stations will be used to calibrate the HSPF model.  

Phosphorus concentrations and loads will be modeled following calibration for suspended sediment and nitrogen.  Phosphorus is transported mainly with sediment, so completion of the phosphorus component of the model cannot be accomplished prior to development of the sediment component.  DNREC will supply or facilitate obtaining of data on fertilizer application rates and timing of other sources of phosphorus, including point sources, septic systems, and disposal of poultry wastes.  Measured phosphorus concentrations at the six stream-gaging stations will be used to calibrate the HSPF model.  

Because only about one year of water-quality data collection was conducted at the six stations for this study, verification of HSPF for water-quality simulations will not be possible if all data are used for model calibration.  A potential approach for verifying the model for water quality is to reserve the data from one of the six monitored watersheds for verification.  In that case, no calibration would be done for that watershed and model parameters would be based on the modeling of the other five watersheds.  

Scenario Generation

Following model calibration and verification, a scenario generator, GENSCN, will be added to the HSPF model to meet the specific needs of DNREC and DGS and other agencies involved in the management of the Delaware Inland Bays watershed.  Desired scenarios of various allocations of sediment and nutrient loads will be provided to USGS by DNREC and DGS by December 31, 2001, for simulation in the calibrated model.  During the scenario-generation stage, the USGS will work closely with DNREC and DGS staff, as appropriate, to provide them training in the application of the model. 

Delivery of Results and Final Report

USGS will submit semi-annual progress reports along with billings.  The progress reports will describe accomplishments for the past six months and plans for the next six months.  One year into the project, USGS will submit a report-planning package to DNREC and DGS for review and comment.  The report-planning package will include a topical outline for the final report, as well as a Purpose and Scope section and lists of proposed illustrations and tables. During the Scenario Generation phase of the project, USGS will provide training to appropriate DNREC and DGS staff in the operation of the model.  

USGS will document the application of the HSPF model to the Delaware Inland Bays watershed in a report in the USGS Water-Resources Investigations Report series.  The report will include all conventions used in the modeling, values for hydrologic and water-quality variables, and measures of calibration accuracy, as well as electronic compilations of all data used in the model and the model itself.  The draft report will be submitted to DNREC and DGS for their technical comment by June 30, 2002, and the final printed report will be delivered by December 31, 2002, at which time the final billing for the project will be made.  Specific deliverables and deadlines for delivery are shown in the following table.

Deliverable




Date Due

Semi-annual progress reports


December 31, 2000

(to accompany billings)


June 30, 2001







December 31, 2001







June 30, 2002

Report-planning package


June 30, 2001

Training in model use



March 31, 2002

Draft report for colleague review

June 30, 2002

(includes data sets and model)

Final report




December 31, 2002

(to accompany final billing)





Project Timeline





         Federal Fiscal Years (October 1 to September 30)





        FFY00
      FFY01

 FFY02         FFY03          






JAS ONDJFMAMJJAS ONDJFMAMJJAS OND

I.  Data Compilation


Compilation/Evaluation
xxx


Segmentation/Input

         xxx

II.  Hydrologic Modeling


   xxxxxxxx

III.  Water-Quality Modeling



Sediment



          xxxxxx


Nitrogen




     xxxx  xx


Phosphorus





   xxxxx

IV.  Scenario Generation




             xxx

V.  Delivery of Results and Final Report






     


Semi-Annual Progress Reports             x             x               x            x 


   (will accompany billings) 


Report-Planning Package


      x


Training in Model Use




     x


Colleague Review Report Draft,



             


    Including Data Sets, Model





 x

Final Report

     



                                          x

Project Staffing, by Federal Fiscal Year (October 1 to September 30)







          Time, in Person-Months






FFY00

FFY01

FFY02          FFY03

Project Chief/Modeler

    0

    12

10.5

  0

   (GS-12)

Project Assistant/GIS

    1

     4

     2

  0

   (GS-11)

Publication Specialists

    0

     0

     2

  0

   (GS-11)

(Note:  No staff time required in FFY03; final report will be at printer.)

Project Budget, by Federal Fiscal Year (October 1 to September 30)






FFY00

FFY01

FFY02

Total

Salaries/Benefits1

          $  8,340
        $139,190
        $131,800
      $279,330

Travel



     
     250

  1,750

  1,000
            3,000

Vehicles



     250

     500       
     250

1,000

Supplies



     650

     750

     100
            1,500

Printing



         0

         0

  5,000

5,000

Subtotal


          $  9,490         $142,190         $138,150
      $289,830

Headquarters and


  2,510

35,310

34,350
          72,170

District Assessments

     

Total Funds


          $12,000         $177,500
        $172,500       $362,000    


1  Salary costs include salary costs for support by District technical specialists and District computer, administrative, and management staff.

Source of Funds, by Federal Fiscal Year






FFY00

FFY01 
FFY02

Total

DGS/DNREC


          $  6,000
        $149,500
        $144,500
      $300,000

USGS
 


          $  6,000           $28,000
          $28,000
        $62,000 

Note:  No funds needed in FFY03; report will be at printer; printing costs will be     obligated to printer by end of FFY02.

