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1.0	Flood Management Issues in the Pembina River Basin


The Pembina River drainage area comprises an area of nearly 3,958 mi2  (10,251 km) with 51 percent of the basin in the Province of Manitoba, Canada and the remaining portion of the basin with the State of North Dakota, United States (US).  Water manage�ment activities within the basin involve the interests of ten municipalities in Manitoba and four counties in North Dakota.  State, provincial and federal agencies are also inter�ested in and actively involved in water management within the basin. The Pembina River Basin Advisory Board recently created to address the complex water management issues within the basin. 


The natural lay of the land within the Pembina River basin is to the north, with overland flow from the US entering Canada. Several decades ago the construction of a road parallel to the US-Canadian border within Canada and dyke construction by landowners within Canada, altered the overland flow patterns of water.  Canadian landowners believed that increased upstream drainage and loss of storage within the US exacerbated downstream flooding.  Therefore, measures were needed to reduce flood damages.  US interests believed dyke and roadway construction unfairly impounded water on land within the US causing flood damage and that the Canadian efforts are contrary to previous international agreements.  


Efforts to address the flooding issue date to the early 1970s.  The U.S. Army Corps of Engineers completed a flood control feasibility report for the Pembina River in 1976.  The feasibility report evaluated the development of a multipurpose impoundment, with flood control, water supply and recreational purposes.  However, the U.S. Army Corps of Engineers found the proposed Pembilier Dam and Reservoir, which would have been located immediately upstream of Walhalla, North Dakota, incapable of meeting US cost-benefit requirements for federal projects.  The U.S. Army Corps of Engineers then recommended a floodway alternative, which met opposition throughout the basin.





2.0	Scope of the Decision Support System





The Red River Basin Task Force of the International Joint Commission (IJC) and the Global Disaster Information Network (GDIN), through the U.S. Department of Defense, is developing a Decision Support System (DSS) called the Red River Basin Disaster Information Network (RRBDIN).  The purpose of the RRBDIN is to facilitate coordi�nation and interaction among cooperating organizations, agencies and entities, respon�sible for flood management related disaster planning and response in the Red River basin of the US and Canada.  Conceptually, RRBDIN consists of a set of interactive, computer�ized tools and information sources accessed via the Web.  The development of the RRBDIN is a prototype effort. 


The scope of this document is to provide direction to the RRBDIN for the purpose of developing flood management planning and response decision support tools to be applied within the Pembina River subbasin.  The decision support tools focus on the development of a joint Canada-US Pembina River Basin flood control plan which equitably addresses the complex flood management issues within the basin.





The functionality of the RRBDIN, for addressing flood management issues within the Pembina River Basin, should be focused on the following four applications.


Flood forecasting tools, including interpretation of official flood forecasts for both Canada and the US;


Flood preparedness tools, to select appropriate structural and nonstructural measures for reducing flood risk and flood damages, including hydrologic models to estimate runoff and hydraulic (or hydrodynamic) models to generate water elevation and flood extent maps;


Optimization tools, including the use of economic models to investigate possible modifications to flood control systems for minimizing economic loss; and 


Emergency management tools, including models to simulate, test and update emergency plans.





3.0	Phased Development Process





Implementation of the RRBDIN and its applications will likely occur over several years, in successive development stages. Most applications will become operational during the 2nd or later year of the development process. This section describes applications that will ultimately be developed as a part of the RRBDIN. The first application consisting of the flood forecasting tools would become operational first. 





3.1 	Overview of Applications Development Process





The initial development phase for RRBDIN applications should focus on flood forecasting. Future decision support development would add modeling capability and additional functionality to the flood forecasting tools. The development process consists of implementation in the following chronology:


1)	Flood forecasting tools: Develop flood forecasting tools using the Open GIS Consortium (OGC) web tools to compile distributed spatial data, prepare mapping that accounts for structural differences between USGS and Canadian data and allows users to use the flood forecasting tools by selecting a location (or area) for generating a site-specific flood forecast summary.


2)	Flood preparedness tools: Add a palette of structural or nonstructural measures, and integrate key hydrologic and hydraulic models.


3)	Flood planning tools: Add economic modeling tools and database management tools for evaluation of flood management scenarios.


4)	Emergency management tools: Increase the functional capabilities of the web-based GIS and other scenario management tools to introduce simulations and timing of events in a spatial context (i.e. flood inundation).


These four applications are now described in more detail.





3.2		Description of Pembina River Basin RRBDIN Applications





All Pembina River Basin decision support tools are based on the management of data and models. Data applications consist of data documentation (metadata), data access, data formatting, and data presentation. The metadata must be in sufficient detail to find specific information required for hydrologic, hydraulic, or economic models and other tools. These tools are often demanding in terms of the explicit nature of the input data formats. Data access should meet the demands of the lowest common denominator, based on the input data format requirements, and the variety of people with different technical backgrounds who might use the data. The data should be in a simple format with many options for reformatting. Finally, data presentation should focus on the specific needs of the selected decision support application.





Models consist of hydrologic, hydraulic, and economic models. These models, along with additional simple tools, should be available for execution depending on the selected application, and based on the relative complexity of running the models. In some cases, using more complex models like MIKE11 or UNET, it would be appropriate to generate a series of model results that span the range of possible decision support scenarios. Other models are not intended for online (Internet) execution. In this case, alternative measures may be required to use some models within the RRBDIN decision support applications. One measure is to generate utilities that process data from generic formats into the appropriate data input formats. Similar utilities would be developed for processing the model outputs.





The common tasks associated with the management of data and models are listed below. These tasks represent the generic processes for building the decision support applications. Each application represents a specific and focused implementation of these generic processes.





Search for data


Present or report data


Export data to model formats


Execute (some) models


Import and present results of models





This is supplemented by specific applications. Each application includes custom tools and functions. Each of the following applications provides specialized decision support. Common aspects of each application include relevant contact information and other resources such as: regulatory requirements, jurisdictions, and relevant reports. The following descriptions elaborate on the unique functionality of each application.





3.2.1	Flood Forecasting





The purpose of the flood forecasting application is to predict water surface elevations over the next few days (the foreseeable future), and to predict the maximum water surface elevations. The official authority (e.g., should provide the forecast from the Water Resources Branch, in Canada). This forecast would, in turn, be used by the public to interpret risks or potential damages. The flood forecast would be provided in the form of a map, or series of maps which show the extent of flooding and the relative water depth (the determination of water depth may require an additional coverage or comparison to the digital elevation model).





Interpretation of the flood forecast would be facilitated by a series of specialized tools:


One tool would be used to determine the expected flood depths or flood risk at a specific location. The tool would allow the selection of a location or area on the map. A flood-forecast summary would be generated for this location, indicating the water surface elevation, inundation depth, and the timing or duration of expected inundation. In some cases, it is important to determine the expected freeboard (difference in elevation that would result in overtopping of a structure). One example is an inquiry for a ring dyke. The elevation of the ring dyke should be incorporated into the digital elevation model. If not, the elevation of this structure should be provided to the user based on a simple query of the virtual database. Both the structure elevation and the water surface elevation for the location should be reported as part of the site-specific flood forecast summary.


Another tool would assist with determining escape routes. The tool would allow the identification of roads presently closed, by displaying a graphic of the roadway system and the locations of closures. A summary report would then be generated, including the expected closure of each route due to inundation. Ideally, the regional highways department data would be integrated to highlight relevant road closures.





A palette of optional map layers would also be provided to assess the flood risk on infrastructure. These include:


Roads;


Culverts, bridges, and other instream structures;


Critical facilities (hospitals, fire departments, etc.);


Industrial sites (including agricultural industries);


Waste storage facilities;


Water well locations; and 


Aerial photography and RADARSAT images;





3.2.2	Flood Preparedness





The flood preparedness application consists of the flood forecasting application plus a number of additional tools, as follows:


A palette of potential mitigation measures for the purpose of drainage management or to prevent flood damages (e.g., dam, weir, culvert, sandbag dyke, steel sheet-piling dyke, earth dyke, pumps, and various flood prevention measures such as shelter belts or constructed wetlands);


Dialog box to enter/submit the (conceptual) design characteristics of selected measures (e.g., height or elevation of a sandbag dyke);


Expert advice regarding the appropriateness of each mitigation measure, based on the time requirements for construction, or the availability of resources; and


A palette of alternative design conditions for testing the selected measures. These design conditions consist of a hydrograph and series of flood inundation maps for selected historic events.





The selected mitigation measures would use the standard flood forecast tools to generate a site-specific flood forecast summary for a real flood emergency, or based on a design scenario (i.e., historic flood). The flood preparedness application is complicated by the potential addition of a hydraulic control structure (e.g., dam, weir, and culvert) or flood prevention measure, whereby the flood hydrograph and maximum water surface elevation would be affected. For example, a dam would change the downstream flow patterns during a flood event based on the selected reservoir operating policies. The accurate representation of adding a dam or other hydraulic controls requires the online execution of models. The initial development phase of the Pembina River Basin decision support tools may not include implementation of online model access. In this case, the options for selecting a dam, weir, culvert or another instream structure would be disabled. Hydraulic control structures can be included once hydrologic and hydraulic models are integrated (such as HEC-1 and HEC-2, or HEC-RAS). A hydrologic routing model is required to determine the flood hydrograph (i.e., discharge versus time) for a given location. A hydraulic routing model is required to determine flood levels (i.e., water level versus time). Simple methods may also be provided (e.g., empirical regression equations, or the ‘rational method’. Key data requirements for executing the models are: 1) river cross-section data; 2) a digital elevation model; 3) land use mapping; 4) soil information; and 5) soil moisture or snow-water equivalent maps.





3.2.3	Flood Planning





The flood planning application is similar to the flood preparedness application plus the addition of economic models and data management tools for generating management scenarios. This tool would only provide the option of selecting an area. Single point location tools would be disabled. The area would be selectable by specifying a polygon on the map, or by selecting from the list of administrative boundaries (i.e., watershed boundary).





Economic models would be used to calculate the flood damages for a selected design event, or used to calculate the expected (long-term) annual flood damage for an area. The economic models would consist of flood damage curves (expected annual damage calculations) and spatial data for existing infrastructure. Once a set of mitigation measures are selected (see Flood preparedness application), the hydrologic, hydraulic, and economic models would be executed.





Additional database management tools would be provided to track a number of management scenarios so that flood damages can be compared. For example, a set of mitigation measures and a selected design event constitutes a scenario – where the results consist of a water surface elevation across the selected area, and flood damages. A flood damage summary sheet would be provided for each scenario. Another set of mitigation measures or a different design event will result in a new scenario.





The flood planning application may be implemented without the support of hydrologic and hydraulic models if hydraulic control structures and other flood prevention measures are not included in the options list for mitigation measures.





3.2.4	Emergency Management





The emergency management application is similar to the flood forecasting application, with the addition of specialized tools for simulating, testing, and updating emergency management plans. Counties, municipalities, and towns throughout the basin would have access to a set of tools to assist with the evaluation of emergency management plans. Each emergency management plan incorporates many features that are common between jurisdictions. Other plan features are unique to each jurisdiction. This application focuses on the evaluation of the unique features, as they are affected by local flood characteristics. For example, the lead-time for a flood forecast may be very short depending on the location within the watershed. Other watershed factors also affect timing, such as average basin slope, aspect, or soil conditions. Road access and other infrastructure may also play a role in the features of an emergency response plan.





The emergency management application consists of the flood forecasting application plus a set of tools specific to simulating emergency management situations. The resulting decision support takes the form of a game (e.g., similar to SimCity). This application is feasible since different snapshots of flood inundation over time can be made available, either by providing a comprehensive library of flood inundation maps for different historic events, or by integrating hydrologic and hydraulic models. The set of additional tools would allow the user to test the timing of emergency response activities. Essentially, the flood inundation maps could be ‘played’ like a movie. Simultaneously, the application would simulate the timing of emergency responses such as evacuation orders or the raising of dykes. Expert systems would likely be required to interpret emergency response plans into the form of rules for initiating activities such as dyke construction.


4.0	RRBDIN Tasks


Another way to view RRBDIN development is from a feature or "task" perspective. Expectations are that the following features, which constitutes a partial list, will be possible following the near-term development for assessing issues in the Pembina River basin: 


1)	View and download general information (e.g., reports, fact sheets) about water management issues within the Pembina River basin;


2)	Perform on-line bibliographic searches to identify pertinent references and contact information to obtain the documents of interest. These documents include information about the flooding problem from a historic perspective, past efforts to address the problem, and technical information related to basin characteristics and previous studies; 


3)	Read the abstracts on-line for documents queried during the search and selected for further perusal. Print the abstracts of interest locally;


4)	Complete on-line searches for individuals with first-hand knowledge about the issues within the Pembina River basin. Obtain the pertinent contact information (address, phone number, e-mail address, URL) so the person may be contacted to discuss the problem(s) first-hand;


5)	Download select reports available in a variety of formats including PDF;


6)	On-line metadata searches;


7)	Display and -extract user specified, but predefined GIS data, useful for understanding the problem. The information would include items like the locations of rivers and stream (i.e., hydrography), political boundaries, and topography, transportation features, basin boundaries and flood control features (e.g., dykes). Select information about man-made features would be accessible on-line (e.g., ownership for a dyke, year constructed, height); 


8)	Display and extract user specified, but predefined GIS data, useful for spatial analysis and developing hydrologic model parameters and hydraulic model parameters and geometry. A partial listing of the pertinent information includes:


a)	Subwatershed boundaries;


b)	Location of important hydrographic features and their characteristics (e.g., overland flow direction, breakout locations from streams and rivers, stream and river flow direction; locations of potential storage areas like wetlands); 


c)	Soil types for the development of infiltration rates;


d)	Generalize slopes via a digital elevation model for estimating distances to compute unit hydrograph characteristics;


e)	Physical features affecting water flow (e.g., road locations and heights, culvert and bridge characteristics);


f)	Previous high water marks from historic floods and their flood extents;


g)	Hydrologic characteristics by subbasin including contributing drainage area, percentage of the basin contributing flows, flow rates and volumes, and discharge frequency analysis data;


h)	Aerial and satellite imagery time series for historic flood events showing the geographic extent of historic floods;


i)	Geometric information for rivers, streams and storage areas for developing geometry characteristics needed for routing flows, developing stage-storage relationships, and developing rating curves;


j)	A digital elevation model describing the general topographic characteristics of the area; and 


k)	Stage-damage functions by stream reach and damage category (e.g., agricultural, urban, infrastructure); 


9)	Obtain information about previously created hydrologic and hydraulic tools and models for the Pembina River basin, created by others, including descriptions of the models.; and 


10)	 Near real-time access to flow rates measured by the U.S. Geological Survey. 


Several additional RRBDIN features are expected during mid-term development. Many of the same types of data characterizing near-term will be characteristic of mid-term development. However, greater user flexibility is anticipated including: 


1)	The ability to construct user defined queries via the World Wide Web (WWW) to access a virtual database and analyze spatial data on-line without downloading the information for analysis at the user’s workstation. (Alternatively, the information could be directly downloaded for analysis at the user’s workstation.) Results from the spatial queries and analysis can be directed to local printers/plotters/hard drives; 


2)	The development and implementation of computer code or scripts, for the automated selection of data and the development of input  parameters, geometry data and input files used by common hydrologic and hydraulic models; 


3)	The execution of existing (i.e., previously created) hydrologic and hydraulic tools over the WWW. Model input must be created locally but output files are returned to the user’s workstation for subsequent review and analysis; 


4)	The ability to post the results from hydrologic and hydraulic tools to the RRBDIN for viewing by others.; and 


5)	Displaying the results of previously executed hydrologic and hydraulic models using web-based mapping tools. For example, displaying the aerial flood extent from a hydraulic model on a digital elevation model through a user defined query. 


Increased sophistication relative to the execution of the hydrologic and hydraulic tools is the primary characteristic of long-term development. The increased sophistication includes: 


1)	Incorporation of an “expert system” to advise users about whether hydrologic and hydraulic parameters and geometry data generated by the on-line scripts are within reasonable ranges. The expert system includes the ability to advise the user relative to proper model selection and operation; 


2)	Hydrologic and hydraulic model creation and operation via the WWW using Graphical User Interfaces (GUIs) and information present within the Virtual Database (VDB), including the complete creation of the physical environment needed by the model, accessing information useful for model calibration (e.g., high water mark and flow data) and the ability to interactively add and execute planning alternatives; and 


3)	Displaying the results of model execution using information accessed via the VDB (e.g., aerial photography, digital elevation models, and locations of municipalities). 


5. 0	Model Requirements


The following model candidates may be implemented as part of the Pembina River Basin decision support tools, either as executable models or for the purpose of generating a series of pre-defined scenarios.


5.1 	HEC-1, Flood Hydrograph Package


All ordinary flood hydrograph computations associated with a single recorded or hypothetical storm can be accomplished with this package. Capabilities include rainfall-snowfall-snowmelt determinations; computations of basin-average precipitation from gages or hypothetical storms; unit hydrographs via direct ordinates or Clark, Snyder or SCS methods, or by kinematic wave transforms; hydrograph routing by level-pool reservoir, average-lag, modified Puls, Muskingum, Muskingum-Cunge, and kinematic wave methods; and complete stream system hydrograph combining and routing.  Best-fit unit hydrograph, loss-rate, snowmelt, base freezing temperatures and routing coefficients can be derived automatically.  Printer plot routines are also provided.  HEC-1 may also be used to simulate flow over and through breached dams.  Expected annual flood damage can also be computed for any location in a river basin.  Interfaces with HEC-DSS routines for storing, retrieving, graphing, and tabulating data.


5.2 	HEC-2, Water Surface Profiles


The HEC-2 program computes water surface profiles for one-dimensional steady, gradually varied flow in rivers of any cross section.  Flow may be subcritical or supercritical.  Various routines are available for modifying input cross-section data; for example, for locating encroachments or inserting a trapezoidal excavation on cross sections.  The water surface profile through structures such as bridges, culverts and weirs can be computed.  Variable channel roughness and variable reach length between adjacent cross sections can be accommodated.  Printer plots can be made of the river cross sections and computed profiles.  Input may be in either English or metric units.


5.3	 HEC-RAS, River Analysis System


HEC-RAS is an integrated system of software, designed for interactive use in a multi-tasking, multi-user network environment.  The system is comprised of a graphical user interface (GUI), separate hydraulic analysis components, data storage and management capabilities, graphics and reporting facilities.


The HEC-RAS system is intended for calculating water surface profiles for steady gradually varied flow.  The system can handle a full network of channels, dendritic system, or a single river reach.  HEC-RAS is capable of modeling subcritical, supercritical, and mixed flow regime water surface profiles.


The basic computational procedure is based on the solution of the one-dimensional energy equation.  Energy losses are evaluated by friction (Manning’s equation) and contraction/expansion (coefficient multiplied by the change in velocity head).  The momentum equation is utilized in situations where the water surface profile is rapidly varied.  These situations include mixed flow regime calculations (i.e. hydraulic jumps), hydraulics of bridges, and evaluating profiles at river confluences (stream junctions).


The effects of various obstructions such as bridges, culverts, weirs, and structures in the flood plain may be considered in the computations.  The steady flow system is designed for application in flood plain management and flood insurance studies to evaluate floodway encroachments.


Special features of HEC-RAS include:  multiple plan analyses; multiple profile computa�tions; and multiple bridge and/or culvert opening analysis.


5.4 	TR-20, Flood Hydrograph Package


The TR-20 computer program assists the engineer in hydrologic evaluation of flood events for use in analysis of water resource projects. The program is a single event model, which computes direct runoff resulting from any synthetic or natural rainstorm. There is no provision for recovery of initial abstraction or infiltration during periods of no rainfall. The TR-20 computer program develops flood hydrographs from runoff and routes the flow through stream channels and reservoirs. It combines the routed hydrograph with those from tributaries and computes the peak discharges, their times of occurrence, and the water surface elevations at any desired cross section or structure. The program provides for the analysis of up to nine (9) different rainstorm distributions over a watershed under various combinations of land treatment, floodwater retarding structures, diversions, and channel work. Such analysis can be performed on as many as 200 reaches and 99 structures in any one continuous run.


5.5 	DAMBRK


DAMBRK is an enhanced version of the NWS DAMBRK model. The software has been compiled to take advantage of the 32-bit architecture of the 80386 and larger microprocessors, enabling DAMBRK to run more than two to three times faster than the NWS version. Floating point exception errors are recognized, allowing the user to recover from most non-convergent solutions. In addition, the model size has been increased over that of the NWS version, from 700 to 1,200 time-steps, from 90 to 120 user-defined cross-sections, and from 200 to 300 total (including automatically interpolated) cross-sections. For extra-large models, the 3,000 time-step, 300 user-defined cross-section, 2,000 total cross-section Professional Version of the program is available.


DAMBRK can analyze up to 10 dam and/or bridge structures in a single analysis. Subcritical, supercritical, and mixed flow regimes are supported. Linear and non-linear piping or overtopping breach developments can be specified at a dam structure, along with constant or time-dependent turbine flow and a variety of spillway types. Complex sloping dam crests and bridge decks can be analyzed. Explanatory notes can be attached to individual cross-sections, allowing field observations to be included with the analysis output.


DAMBRK represents the latest understanding in dam failures and the use of hydrodynamic theory to predict dam-break flood wave formation and routing. The program can consider the effects of reservoir inflow, breach formation, spillway and turbine flow, downstream tailwater elevations, valley storage, frictional resistance, and lateral inflows and outflows. DAMBRK will report the flood wave travel time, time to flood stage, time to peak elevation, and the corresponding water surface elevations.


The DAMBRK database engine allows any entered cross-section to be used as a template for defining new cross-sections. This significantly shortens the time required to enter a large model by allowing the user to define characteristic template cross-sections, and then quickly propagate new cross-sections up and down-stream. Also, the program simultaneously supports both imperial and metric (SI) units, allowing the user to switch from one unit of measurement to the other at any time.


5.6 	WSP2, Water Surface Profile


The WSP2 computer program can aid in the determination of flow characteristics for a given set of stream and floodplain conditions. More specifically, it can compute water surface profiles in open channels. The program also can estimate head losses at restrictive sections, including roadways with either a bridge opening or culverts. Limits: maximum 15 profiles and 50 cross-sections.


5.7 	UNET


UNET is a powerful, time-variant hydraulics model.  UNET simulates one-dimensional unsteady flow through a full network of open channels.  In addition to solving the network system, UNET provides the user with the ability to apply several external and internal boundary conditions including:  flow and stage hydrographs; rating curves; gated and uncontrolled spillways; pump stations; bridges; culverts; and levee systems.


5.8 	MIKE 11


MIKE 11 is a software package designed for the 1D simulation of flows, water quality and sediment transport in estuaries, rivers, irrigation systems, channels and other water bodies. The software includes a hydrological information system and an (ArcInfo) geographical information system.


The hydrodynamic module of MIKE 11 contains an implicit finite difference computation of unsteady flows in rivers and estuaries, that can be applied to branched and looped networks and quasi two-dimensional flow across flood plains. This module provides functionality for: flood-forecasting, dam break analysis, urban drainage, and specification of control structures.


Other modules include:


Hydrological module to represent interrelationships among snow, surface water, and groundwater storage;


Unit hydrograph module to simulate single storm events using the SCS method or the rational method;


Advection-dispersion module;


Sediment transport and morphology module;


Water quality module, including BOD-DO relationships, nitrification, vegetation influences, sedimentation and resuspension, heavy metals, and eutrophication


MIKE 11 is currently being developed for the Canadian portion of the Red River Basin. It has been calibrated and operated by the Manitoba Natural Resources Water Resources Branch for the purpose of delineating flood plain inundation during extreme events.


5.9 	Red River Muskingum Flood Routing Model


A hydrologic flood routing model, based on the Muskingum routing method, was developed in the 1970s, with Fortran code, for the Red River between Grand Forks and Selkirk. The model is maintained and operated by the Manitoba Natural Resources Water Resources Branch.


5.10 	Simpak


Simpak is a stream flow simulation and reservoir operations program developed by the Manitoba Natural Resources Water Resources Branch in the 1970s using Fortran code. It has been applied within the Canadian portion of the Red River Basin and throughout Manitoba.


5.11	One-D


The One-D program is a 1D model that simulates transient flow conditions in rivers and tidal estuaries for divided flow or multiple channel situations where conventional steady-state routing models cannot provide reliable simulations. The program uses an implicit finite difference scheme to integrate the St. Venant equations over a wide range of transient flows and conditions. Two-dimensional channel networks can be readily simulated, including: irregular cross-section geometries, off-channel storage, weirs, road/dyke overflows, bridges, culverts, pump stations, and dyke breaches.


One-D is public domain software developed by Environment Canada. It originated from legacy Fortran code developed in 1970 at the Massachusetts Institute of Technology. A portion of the Canadian Red River flood plain has been calibrated for flood routing using One-D.





6.0	Data Requirements for the Pembina River Applications





Data needs for the Pembina River flood management decision support tools will be supplied through the Canadian and US virtual databases (VDB). A Canadian VDB will be maintained separately from the US virtual database, primarily due to administrative and jurisdictional issues.





The required data includes spatial coverages for the following: 


Administrative boundaries (State/Counties/Provinces/Municipalities/other)


Orthophotos


RADARSAT images during flood events


Digital elevation model


Land use/land cover


Watershed boundaries


Hydrography (lakes, rivers, ditches, drains)


Instream structures (culverts, bridges, dykes, dams, control structures)


Hydrometric/Meteorologic monitoring networks


Critical facilities (e.g., hospitals, fire departments, etc.)


Roads


Railroads


Wetlands


Flood plains (for different historical events, 1826 for example)


Public lands


Geology/landforms


Soil information


Geodetic control


Expectations are that the spatial data would be available at scales of 1:500,000, 1:50,000 and 1:24,000 (1:20,000 in Canada).





Other information needs consist of detailed ‘entity’ data such as historic stream flows for hydrometric monitoring sites. This information is required for the integration of hydrologic, hydraulic, and economic models. The following is a summary of this entity data.


Hydrometric monitoring stations - site information; stream flow records (daily average, annual peak daily average, annual peak instantaneous, monthly average); flood frequency curve; low flow frequency curve; discharge rating curve; cross-section transects;


Hydrography - cross-section transects;


Instream structures – rating curve; capacity; design information (e.g., as-built drawing, photographs);


Location of important hydrographic features and their characteristics (e.g., overland flow direction, breakout locations from streams and rivers, stream and river flow direction; locations of potential storage areas like wetlands);


Watershed soil types for the development of infiltration rates;


Watershed slope information, derived from a digital elevation model for estimating distances to compute unit hydrograph characteristics;


Physical features affecting water flow (e.g., road locations and heights, culvert and bridge characteristics);


Hydrologic characteristics by subbasin including contributing drainage area, percentage of the basin contributing flows, flow rates and volumes, and discharge frequency analysis data;


Stage-damage functions by stream reach and damage category (e.g., agricultural, urban, infrastructure);





�













































APPENDIX A





Example Psuedo-Code for Flood Planning Application


�
Psuedo-code consists of a step-by-step description of the RRBDIN operation. Psuedo-code serves as the basis for actual computer code development. The following psuedo-code present the users interaction with the RRBDIN for a Pembina River Basin flood planning application, once long-term development is achieved.


Expectations are that:


1)	The user will initially access the bibliographic resources and the web based mapping and query tools to gain a basic understanding of the water management problems within the Pembina River basin. This includes accessing the Who’s-who database to complete a review of the policies, regulation and missions of the various agencies and organizations involved in the Pembina River basin and a summary of historic activities;


2)	By accessing the bibliographic database, previous reports can be downloaded and reviewed by the user;


3)	By accessing the hydrologic and hydraulic tools library, an understanding of previously completed models, who developed the model, the spatial extent of the model and the accuracy of the model is possible;


4)	The web based mapping and query tools are accessed and used to gain a basic physical understanding of the Pembina River basin. Subbasin boundaries, the physical characteristics of each subbasin (e.g., topography, soils, vegetation), the locations of physical features on the ground (e.g., roads and dykes), how water flows, and the extent of previous floods can be accessed and displayed via WWW mapping tools. Accessing the information is fully interactive for display, local printing or downloading;


5)	Using the web based mapping and query tools, the user selects the area of interest (i.e., the area to be including in the modeling effort) on the screen by dragging and dropping a polygon. Subbasins bisected by the polygon tool are included in the modeling effort. 


6)	A hydrologic tools palette is accessed displaying various methods for estimating discharges, including accessing gaging records for each subbasin, empirical regression methods, simple hydrologic methods (like the rational method) or more complex hydrologic models. The user selects the method from the palette and discharge information is immediately displayed by subbasin for those methods not involving the execution of hydrologic models.


7)	If the user selected a discharge estimation method� based on hydrologic modeling, an automated script tool is executed, which generates the needed model parameters for the selected method, for review by the user and in conjunction with the expert system. Present expectations are that the input data and parameters needed by the hydrologic model would come from the VDB associated with the RRBDIN. For example, land use and soils information is accessed and used to generate curve numbers for computing runoff by the model. Or, unit hydrographs can be derived from existing gaging station data. 


8)	Once a preliminary review of the parameters is completed, the physical representation of the hydrologic model is constructed by the user via a GUI. A palette is accessed, which presents symbols representing the landscapes physical features (e.g., watersheds, streams, rivers, and storage areas). These features are sequentially selected and placed on the user’s screen and linked in the direction of flow. Hydrologic parameters are then automatically regenerated by a script for each of the physical features. 


9)	Execution of the hydrologic model results in the graphical return of model generated output to the screen for review by the user. Typically information presented for graphical display includes the estimated discharge, the runoff volume, the amount of water infiltrated, the amount of time to peak runoff etc. 


10)	One of the most important results from the hydrologic model is the estimated discharges. These discharges are made available for subsequent hydraulic modeling, used to predict the aerial extent of the water. (Note: the most sophisticated modeling tools would be “seamless”; i.e., showing the aerial extent of water and the flow characteristics in addition to hydrologic information.) 


11)	The hydraulic features to be modeled would be created in a manner similar to the hydrologic features. A palette is accessed, which presents symbols representing the landscapes physical features. In this case these features would largely include features like channels, rivers, streams, dams, culverts and bridges, dykes and roads – each in their coordinate true position. Each feature is selected and placed on the user’s screen and linked in the direction of flow. 


The characteristics of each physical feature and the hydraulic parameters (e.g., channel roughness) are then automatically generated by a second script, for each of the physical features, using information from the VDB. This might include the invert/obvert and type, size and length of culverts, the heights of roads, and the geometry of streams and rivers. 


12)	Through the interface the hydraulic model is executed. The interface also allows the user to access an "expert system", which provides technical guidance to less sophisticated users about proper model applicability and use. 


13)	The hydraulic model results are returned to the user for display, interpretation and evaluation. The aerial extent of water coverage is displayed on a map of the Pembina River basin and compared to the present floodplain boundary, as determined by previous hydraulic analyses. The user can zoom in and out to more closely evaluate water depth and area of coverage. 


Economic information in the form of stage-damage curves and curves relating depth of flow and economic damage are accessed and display graphically on the screen, allowing comparison between present and future economic loss. 


14)	By using the interface, the user is able to modify the models to evaluate a range of planning alternatives. For example, the user can remove roads and other features influencing water flow, from a map showing the Pembina River basin. By removing these features and executing hydrologic and hydraulic models, a better understanding of historic and future (planned) conditions is possible. The intent is to simulate conditions prior to construction of roads and dykes within the basin. The results of each successive model can be saved and displayed at any time. 





� Note thate for mid-term functionality the user would be able to access datasets containing previously executed model runs (both hydrologic and hydraulic) for the 1979, 1996 and 1996 1997 events. 
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