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INTRODUCTION
The purpose of this document is to record the design specifications for the proposed PNW Hydrography Framework Event Management Tools (HEM Tools). These tools will be a set of shared components to allow for creation, management, and refresh of event data that is referenced to hydrography data in the NHD format.

I. OVERALL DESCRIPTION
The HEM Tools will be designed as a desktop application using ESRI ArcGIS as a user interface. Customizations to ArcGIS software will be developed using the Microsoft .NET development framework. The application will support event data in either personal or SDE Geodatabase format. Users accessing the application must have ArcGIS 9.1 installed and the HEM Tools registered on the client PC. 
The tools require that the NHD Flowline dataset be present in the map document in order to create event data that references it. In addition, the tools should only be used with NHD datasets that have been downloaded from the national repository. This is due to the reliance on data elements that might not be available in datasets that have not been fully processed by NHD.

II. SYSTEM FEATURES
A. Event Data 
1. Data Structures

In order for the application to function properly, there must be a consistent set of data elements defined for each featureclass that stores event data. Agencies who intend to use the HEM Tools must have their event data conform to this standard. These elements are defined in the following table. Data structures were initially approved by the framework group on 5/3/2006. These data structures were modified in October, 2006 to conform to the NHD event data structures.
	Event Featureclass: Point Events

Data structure for point event data.

	Data Element
	Definition
	Allow Nulls?
	HEM Managed?
	Description

	Shape
	Geometry - Point
	
	Yes
	

	ObjectID
	ObjectID
	
	Yes (ArcMap)
	

	ComID
	Long
	No
	0 inserted for new records
	NHD Identifier.

	EventDate
	Date
	Yes
	Yes
	Date the event was created or last modified.

	ReachCode
	String,14
	No
	Yes
	Reach code identifier for the underlying reach.

	ReachSMDate
	Date
	No
	Yes
	Date that the underlying reach was last spatially modified.

	ReachResolution
	Long
	No
	Yes – default value assigned to the featureclass
	The NHD resolution of the hydrography data that the event is referenced to.

	FeatureComID
	Long
	Yes
	No
	NHD data element.

	FeatureClassRef
	Long
	Yes
	No
	NHD data element.

	SourceOriginator
	String,130
	Yes
	No
	NHD data element.

	SourceDataDesc
	String,100
	Yes
	No
	NHD data element.

	Source_FeatureID
	String,40
	Yes
	No
	NHD data element.

	FeatureDetailURL
	String,255
	Yes
	No
	NHD data element.

	Measure
	Double
	No
	Yes
	Measure along the reach where the event is located.

	Offset
	Double
	No
	0 inserted for new records
	NHD data element.

	EventType
	Long 
	No
	Domain assigned to featureclass
	NHD data element.

	ID
	String, 34
	No
	Yes
	HEM unique identifier.

	Event Featureclass:     Linear Events (Single Route)

Data structure for linear event data. Each event record references only a single NHD reach. This is the linear event structure that IS compatible with the NHD repository.

	Data Element
	Definition
	Allow Nulls?
	HEM Managed?
	Description

	Shape
	Geometry - Line
	
	Yes
	

	ObjectID
	ObjectID
	
	Yes (ArcMap)
	

	ComID
	Long
	No
	0 inserted for new records
	NHD Identifier.

	EventDate
	Date
	Yes
	Yes
	Date the event was created or last modified.

	ReachCode
	String,14
	No
	Yes
	Reach code identifier for the underlying reach.

	ReachSMDate
	Date
	No
	Yes
	Date that the underlying reach was last spatially modified.

	ReachResolution
	Long
	No
	Yes – default value assigned to the featureclass
	The NHD resolution of the hydrography data that the event is referenced to.

	FeatureComID
	Long
	Yes
	No
	NHD data element.

	FeatureClassRef
	Long
	Yes
	No
	NHD data element.

	SourceOriginator
	String,130
	Yes
	No
	NHD data element.

	SourceDataDesc
	String,100
	Yes
	No
	NHD data element.

	Source_FeatureID
	String,40
	Yes
	No
	NHD data element.

	FeatureDetailURL
	String,255
	Yes
	No
	NHD data element.

	FMeasure
	Double
	No
	Yes
	Measure along the reach where the start point of the event is located.

	TMeasure
	Double
	No
	Yes
	Measure along the reach where the end point of the event is located.

	Offset
	Double
	No
	0 inserted for new records
	NHD data element.

	EventType
	Long 
	No
	Domain assigned to featureclass
	NHD data element.

	ID
	String, 34
	No
	Yes
	HEM unique identifier.

	Event Featureclass:      Linear Events (Multi Route) 

Data structure for multi-route linear event data. Each event record may span multiple NHD reaches. This linear event structure IS NOT compatible with the NHD repository.

	Data Element
	Definition
	Allow Nulls?
	HEM Managed?
	Description

	Shape
	Geometry - Line
	
	Yes
	

	ObjectID
	ObjectID
	
	Yes (ArcMap)
	

	ComID
	Long
	No
	0 inserted for new records
	NHD Identifier.

	EventDate
	Date
	Yes
	Yes
	Date the event was created or last modified.

	FReachCode
	String,14
	No
	Yes
	Reach code identifier for the underlying reach at the start point of the event.

	TReachCode
	String,14
	No
	Yes
	Reach code identifier for the underlying reach at the end point of the event.

	ReachResolution
	Long
	No
	Yes – default value assigned to the featureclass
	The NHD resolution of the hydrography data that the event is referenced to.

	FeatureComID
	Long
	Yes
	No
	NHD data element.

	FeatureClassRef
	Long
	Yes
	No
	NHD data element.

	SourceOriginator
	String,130
	Yes
	No
	NHD data element.

	SourceDataDesc
	String,100
	Yes
	No
	NHD data element.

	Source_FeatureID
	String,40
	Yes
	No
	NHD data element.

	FeatureDetailURL
	String,255
	Yes
	No
	NHD data element.

	FMeasure
	Double
	No
	Yes
	Measure along the reach where the start point of the event is located.

	TMeasure
	Double
	No
	Yes
	Measure along the reach where the end point of the event is located.

	Offset
	Double
	No
	0 inserted for new records
	NHD data element.

	EventType
	Long 
	No
	Domain assigned to featureclass
	NHD data element.

	ID
	String, 34
	No
	Yes
	HEM unique identifier.

	Table:     Multi-Route Linear Event Detail
Contains the reach and measure information for the individual segments of multi-route linear event features. Can be joined to the event featureclass to generate a tabular event table.

	Data Element
	Definition
	Allow Nulls?
	HEM Managed?
	Description

	ObjectID
	ObjectID
	
	Yes (ArcMap)
	

	ReachCode
	String,14
	No
	Yes
	Reach code identifier for the underlying reach.

	ReachSMDate
	Date
	No
	Yes
	Date that the underlying reach was last spatially modified.

	FMeasure
	Double
	No
	Yes
	Measure along the reach where the start point of the event is located.

	TMeasure
	Double
	No
	Yes
	Measure along the reach where the end point of the event is located.

	ID
	String,34
	No
	Yes
	HEM Unique identifier

	Table:     HEM Tracking Table
Tracking table for event featureclasses. Maintained by the event management tools.

	Data Element
	Definition
	Allow Nulls?
	HEM Managed?
	Description

	ObjectID
	ObjectID
	
	Yes (ArcMap)
	

	Event_Name
	String,50
	Yes
	Yes
	Name of the featureclass.

	Event_Type
	String,15
	Yes
	Yes
	Event type – point or line.

	MultiRoute_YN
	String,1
	Yes
	Yes
	Yes/No field. Defines if featureclass contains multi-route data.

	Continuous_YN
	String,1
	Yes
	Yes
	Yes/No field. Defines if linear event data is continuous.

	Comments
	String,200
	Yes
	Yes
	


2. Multi-Route Events

NHD routes often run confluence to confluence rather than over entire length of a stream or river. Consequently, events under the NHD model are more likely to span multiple routes. This is the case for many events that were created under the LLID routing system.

In order to compensate the shorter stream segments, the framework partners agreed to an optional solution referred to as Multi-Route Events. Under this solution, events are allowed to span multiple NHD reaches. In order to accommodate this model, this type of event data will be stored in two related tables. The first table would be a featureclass that employs the Multi-Route Event Record structure.  Records would have geometry and the other attributes that the users would want to maintain for the data.  The related (detail) table would explicitly store the route identifiers and measures for the individual segments of the Multi-Route Event record. (See figure).  Entries in related table would be maintained by the edit tools and values populated during the edit session.  A simple join of the two tables results in a structure that is compatible with standard linear referencing functions and suitable for export to other systems.

This is an optional method of storing linear event data and should not be used for event data that will be submitted to the NHD repository.
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3. Field-Measured Events

The HEM Tools do not distinguish between field measured events and location based events. It was determined that this functionality is too costly to develop with an unknown return on investment.

4. Continuous Events

Continuous events are those event types that have 100% coverage for all routes within the hydrography feature class. In addition, continuous events have no overlapping records.

A tool will be provided that detects problems with gaps and overlaps in continuous event datasets.

5. Historic Events

The HEM Tools do not address maintaining Historic Event data.
B. Overall Application Design

The application will utilize the geometric network topology and network solver functions for establishing measures along routes. However, the tools will not reference any tools in the ESRI Network Analyst Extension as this extension may not be available to all partners. In order to create or edit a geometric network, it is required to have an ArcEditor or ArcInfo license of ArcGIS; the ArcView license is not adequate.

The HEM Tools should be designed to run in conjunction with other ArcMap tools without conflict. 

C. Event Table Management Tools (ArcCatalog)

The application will provide a series of tools for ArcCatalog to be used for management of the event tables. This functionality is referred to as the Event Table Manager. This tool will be used to manage the event featureclasses and configure a number of different parameters about them. A table will be created within the same Geodatabase as the event featureclasses that stores these parameters.

Parameters include:

Event Type - specifies the geometry type of the event data.

Continuous_YN - specifies if the event featureclass is considered to be continuous events or non-continuous events.

MultiRoute_YN - specifies if linear event is a multi-route event dataset.
When event featureclasses are created, users will have the option of including only those minimum required data elements or the full extended NHD elements.  For a full list of attributes, including the extended NHD attributes, see section II.A.1 of this document. Data elements included in event featureclasses when the minimum is selected:

	Event Featureclass: Point Events

	Shape

	ObjectID

	ComID

	EventDate

	ReachCode

	ReachSMDate

	ReachResolution

	Measure

	Offset

	EventType

	ID

	Event Featureclass:     Linear Events (Single Route)

	Shape

	ObjectID

	ComID

	EventDate

	ReachCode

	ReachSMDate

	ReachResolution

	FMeasure

	TMeasure

	Offset

	EventType

	ID

	Event Featureclass:      Linear Events (Multi Route) 

	Shape

	ObjectID

	ComID

	EventDate

	FReachCode

	TReachCode

	ReachResolution

	FMeasure

	TMeasure

	Offset

	EventType

	ID


D. Edit Tools (ArcMap) 
The application shall provide tools for the manual creation, update and deletion of event data. This toolset will be run in ArcMap by any number of different types of editors (GIS Specialists, Resource Specialists, etc) and can be used in conjunction with other custom ArcMap extensions.
1. Overall Requirements
The tools will utilize snapping functionality included in the ArcMap application to meet requirements for snapping event data to locations (stream confluences) or other reference themes.
2. Event Creation

a. Create Point Events 
The application will provide a function for creating point events. The input parameters for this function will be a point object that represents where the user clicked on the map. This function will create and return a new row in the target event featureclass.

b. Create Linear Events

The application will provide a function for creating linear events. The required input parameters for this function will be two point objects that represents where the user clicked the downstream and upstream points. This function will create and return a new row in the target event featureclass. 

c. Create Linear Events – Trace Upstream Multi-Path

The application will provide a function for creating linear events on all identified streams above a user defined point. 

d. Create Linear Events – Trace Downstream Single-Path

The application will provide a function for creating linear events based on the trace downstream path from the user defined point. 

3. Event Update

a. Update Point Event 

The application will provide a function for updating point events. The input parameters for this function will be a row in the event featureclass and a point object that represents where the user clicked on the map. This function will update the selected row based on the data provided. When the update occurs, all route identifier, measure fields, and event geometry will be automatically updated as part of the function.

b. Update Linear Events

The application will provide a function for updating linear events. The required input parameters for this function will be a row in the event featureclass and two point objects that represents where the user clicked the downstream and upstream points. This function will update the selected row based on the data provided. When the update occurs, all route identifier, measure fields, and event geometry will be automatically updated as part of the function.

4. Event Copy and Delete

Users will not be able to copy or delete event data by using the existing ArcMap functionality for deleting records because it will not update data in the related tables. A custom event copy and delete record functions will be provided by this application.

5. Event Attribute Editing
Users will edit event data attributes by using the existing ArcMap functionality for editing attribute data (Start Editing -> Select record(s) -> Click the Attributes button on the ArcMap Editor toolbar). 
Exception: 

If the Source_FeatureID data element is present in the event featureclass, the application will prompt the user to enter a value for Source_FeatureID when new event records are created during an edit session. This is an optional feature and users will be able to control if the form appears.

The application will also provide the ability for a user to provide a list of ID values (in DBF or text file). When new event records are created during an edit session, the user should be able to pick a value from this list and have that value inserted into the Source_FeatureID field. 

6. Measure Tools

The application will provide two measure tools. The first tool will measure the linear (stream) distance between two user defined points. The second tool will provide the ability to travel a user defined distance up or downstream from an identified point along a reach.

7. Event Quality Control Tools

a. Check Continuous Event Measures

The purpose of the Check Continuous Event Measures tool is to provide functionality that will perform the following validation on event featureclasses that have been identified as “continuous”:

· Verify there are no gaps between event records (i.e. full coverage over the streams).

· Verify there are no overlapping event records.

This tool appears on both the ArcMap and ArcCatalog HEM toolbars. In ArcCatalog, the tool will validate all features in a selected featureclass. In ArcMap, this tool will function on a selected set of records.

b. Event Synchronization

The original intent of the Event Synchronization (or Unsupervised Edits) functions was to provide an automated means of processing event data after geometry edits are made to the underlying hydrography data. Once programming began on this module, it became apparent that the original requirements could not be fulfilled. 

The application design was modified to remove the Unsupervised Edits tools and replace it with ArcMap editing tools that facilitate the detection and refresh of event records that need to be synchronized to edits to the underlying flowline geometry.  For more information on this module, refer to: Appendix: Hydro Event Management Tools Unsupervised Edits – Module Modification at the end of this document.

III. Appendix: Hydro Event Management Tools Unsupervised Edits – Module Modification
Date: 9/15/2006

Below is a description of an alternative solution to synchronizing event data that is more user interactive.  This is intended as a replacement of the automated Event Unsupervised Edits module of the Event Management Tools. 

The graphic below shows an example of an edit to an NHDFlowline record. In this edit scenario, all of the event records displayed would possibly need to be synchronized to the edited feature. In the case of Events A and E, the From- and To-Reach Codes and Measures may need to be refreshed. For Events B, C, and D, the geometry of the events, and the From- and To-Reach Codes, and Measures would need to be refreshed.

A requirement was suggested to allow the user to manually adjust multiple overlapping event records at the same time. This was given some consideration and at this time the complexity of updating multiple event records with differing endpoints using the existing update event record tool does not appear feasible.

While at this time it does not appear possible to create a “shared edit” tool for event data, there is an alternate development option that will reduce the amount of hand-editing a user will need to perform. For the purposes of this document, that functionality is being referred to as “Auto-Matching”. 

Below the steps are listed that describe what order of actions needed by the user and how the application will respond.  Application: indicates actions that performed by the tools. User: indicates actions performed by the editor.  The examples are written as linear events; however, point events would follow a similar – albeit simpler – process.
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Figure: Hypothetical Edit Scenario. (Note: Event data has been offset from the Flowline feature for display purposes.)

Step 1: Activate Tool

User:  

Clicks button on the HEM ArcMap toolbar.
Application:
Instantiates the user dialog for the tool and fires the Flowline change module.

Step 2: Detect Hydrographic Changes and Find Records to Fix

Application:
For a selected set of event records, if the ReachCode(s) that the event record references has been modified or deleted, then the event record is added to a set of records to be edited.  Modification information is determined by comparing the ReachSMDate on the EventRecord to the ReachSMDate on the underlying Flowline record. If the ReachSMDate value of the Flowline record is greater than that of the event record, the Event record needs to be refreshed.
Application:
User Interface opens with the selected set of event records that need to be synchronized.
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Figure: Mock-up of user interface for synchronizing events.

Step 3:  Zoom to Record

User:  

Selects one or more event records in the user interface and then clicks the Zoom to Record button.

Application:
Zooms the map display to the extent of the selected event record(s).

Step 4:  Auto-Match
Auto-match is a process for attempting to automatically update event records where possible. 
User:  

Selects one or more event records in the user interface and then clicks the Auto-Match button.

Application:
For each selected event record - 

· Get the end points of the event record.

· Locate the endpoints on the NHDFlowline featureclass.

· If the Reach Code for the nearest NHDFlowline feature matches the value that is referenced in the Reach Code attribute for the event record, the application will consider the event record “matched.”

· If the record is matched, then the status will be changed to “Matched”.

· If the application is unable to auto-match the record, then the status will be changed to “Unable to Match”.

Step 5: Manually Adjust Records

Manual Adjustment is where the user manually fixes event records where it is not possible to automatically fix them.

User:  

Selects one of the “Unable to Match” records.

User:  

Clicks the Edit Points button. 

Application:
Activates an end point editing tool.

User:  

Using the end point editing tool, the user manually places the endpoints at the desired location along a Flowline feature.

User:  

Once endpoints have been adjusted, user can click the Preview Trace button. 

Application:
Solves the path between the two endpoints. If the trace between the two points is successful, then the status will change to “Matched”.

User:  

If the approves the preview feature, then they would continue to the next steps. If they do not approve the preview feature, then they would repeat the steps for moving the endpoints. Barriers could be used at this point to direct the path of the trace.
Step 6:  Accept Match
Accepting the match completes the synchronization of the record. 
User:  

Selects one or more event records in the user interface and then clicks the Accept Match button. If the user does not select records, the application will not update the records.

Application:
For each selected event record – 

If the status is “Matched” then – 
· Update the geometry for the feature.

· Update the event reach code and measure attributes.

· Remove the event record from the list of events in the user interface.

If the status is equal to “Un-matched”

· Record will be skipped.
User:  

Saves edits.

Step 7:  Check Continuous Events
For continuous event data, the Check Continuous Event Data tool should be run when this process is completed. This should be addressed in the application user guide.

