MODELING THE ROANOKE RIVER

Baseline Data

Early in the process of evaluating the prospects for understanding and managing flows for ecological purposes, TNC sponsored several investigations to enhance public understanding of the system.  The first of these, in partnership with the University of North Carolina at Chapel Hill, focused on characterizing the hydrology and ecology of the system and building a comprehensive geographic information system (GIS) to contain these and other available data.  This work is summarized in Walsh et al. (1997).  Detailed reports and subsequent publications include Butler (1998), Konrad (1997, 1998), Rice and Peet (1997), Townsend (1997), Townsend and Walsh (1997a, 1997b, 1998).

A dissertation developed during this investigation (Townsend 1997) modeled inundation (flooding) correlated with flows (at the Roanoke Rapids gage), using existing Corps of Engineers data, a digital elevation model, and satellite-based radar images.  Vegetation types were mapped and classified from satellite-based multi-spectral images and two field seasons of intensive field verification. A detailed digital elevation model with vertical resolution of 1 meter was prepared.

TNC also sponsored baseline surveys of lepidoptera, herps (amphibians and reptiles), and bats.  TNC sponsored a phenological study for bottomland hardwood species to define their critical growing seasons on the basis of chlorophyll development.

TNC and the State of NC encouraged Dominion Generation to support the installation of transects of swamp-water level gages to monitor actual inundation in the riparian wetlands.  These gages were installed and operated by the US Geological Survey along four transects from August 1996 through August 2000 with financial support from the company, the State of North Carolina, and TNC. 

Flow Model

Water flows at the fall line between piedmont and coastal plain are the product of an extraordinarily complex mix of regulatory policies and procedures and inter-agency interactions upstream of that point.  The complexity of these variables and the resulting hydrological regime led TNC  to contract with HydroLogics, Inc., (formerly Water Resources Management, Inc.) to develop the Roanoke River Basin Reservoir Operations Model (the flow model) (HydroLogics, Inc., 1996 as updated).  Since that initial contract, the State of North Carolina, the City of Virginia Beach, and Dominion Generation have also invested in its development. 

The flow model is a mass balance model that operates on a daily time step.  It simulates  the entire Roanoke River Basin upstream of Roanoke Rapids dam, including the explicit operation of six of the eight  reservoirs.  (The other two reservoirs have no significant impact on flow regulation.)  Climate data were combined with operational records from the reservoirs to develop 69 years of unregulated daily inflows to each reservoir.  The user may specify the period of simulation (all or any part of the 69 years of record), starting lake levels, water transfers into or out of the system, and essentially any feasible operating policy for each of the reservoirs.  Operating policies include features such as guide curves, minimum and maximum releases, the fish spawning release protocol, and power generation operations.  These policies are communicated to the model using a  patented Operations Control Language.  All of these targets for and constraints upon the operation of the system of reservoirs are then translated by the model into a linear program for solution.  After the simulation run, for each day , the model provides the  storage in each reservoir and the flow at all points in the system.   The model also provides a mass balance table to ensure that no water was either created or lost at any step in the simulation. 

The daily flow data are then post-processed to gather additional information about the impacts of different within-day operating scenarios on power generation and revenue.  In this step, the daily volume may be distributed into a user-specified pattern of hourly releases for energy generation, ramping constraints may be imposed, or the revenues can be optimized automatically by the model.  This process translates the time series of daily flows from the flow model into a time series of hourly flows that more accurately reflect the operation of the hydroelectric projects.  This set of hourly releases is used as input to the flood model described below to assess the downstream effects of different within-day allocations.  All of these output data may be examined through a variety of tables and graphs.  A condition of TNC support for the flow model was that it would be made available to all Roanoke River stakeholders who were willing to be trained in its use.

Flood Model

In 1999, TNC contracted with HydroLogics, Inc., and with the University of Maryland, to develop a flood model that would use the output of the flow model at the Roanoke Rapids tailrace as its primary input to predict inundation in the lower floodplain.    Using regression analysis, a set of relationships between the discharge at the Roanoke Rapids tailrace, river stage in the lower basin, and the US Geological Survey swamp gage data.  These relationships are used in conjunction with  a newly developed 25 cm vertical resolution digital elevation model and satellite-based radar data to produce a GIS-based data layer indicating inundation (including depth) at any point in the LRRP after any time step in the flow model.  Because the flood model is GIS-based, its output can be overlaid on any other GIS data layer and summary statistics can be generated for the frequency, maximum duration, variance, and so on for the classes of date in that layer, e.g., vegetation, soils, classes of ownership, etc.  The flood data layer can also be overlaid on digital orthophotos.  This model is expected to be completed by the end of 2001.  A beta version has been in use by TNC since mid-2000.  Like the flow model, the flood model will be made available to the public.

Meta-Model

The illustration on the next page indicates the sort of meta-model TNC would like to see developed.  The shaded box is not already developed or under development.  The illustration doesn’t include an economics model, but it should.
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�  For references please see the Roanoke River ecology bibliography previously distributed by TNC.  For an updated copy, please contact spearsall@tnc.org.
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