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Abstract:   The U.S. Army Corps of Engineers (USACE), New Orleans District maintains Navigation Charts for the Atchafalaya River and lower Mississippi River in Louisiana. The District is working to transition this chart data from printed, paper products to full GIS and digital data production capable of being distributed via the Internet.  User demand for such chart data is increasing, in particular for applications such as electronic charting.  In September 1999 report to Congress by MARAD titled “An Assessment of The U.S. Marine Transportation System.” it was stated:

NOAA and USACE should explore: 


(1)
expanding the Electronic Nautical Charts (ENC) coverage to support MTS users; 


(2)
incorporating the latest hydrographic and shoreline survey information; and 


(3)
enhancing the ENC with high-resolution depth information and very-large-scale source data, such as docking charts.  

The USACE is organizing a nationwide program to respond to these needs.  In conjunction with the national Program and Master Plan, the New Orleans District initiated a Pilot Project to convert digital survey data of the Atchafalaya River into a River Electronic Navigational Chart (River ENC) database that conforms to IHO S-57 data standards.  In addition, the New Orleans District is undertaking an additional Pilot Project on the Lower Mississippi River.  The goal is to develop a world-class River ENC database capable or being used to produce multiple data products and services, and provide rapid River ENC updates for highly dynamic areas of the Mississippi River.  

This paper provides a status report for these projects, a discussion of lessons-learned, and concept of overall applicability to a national USACE program on electronic charting.
____________________________________ 

Background

Throughout the world electronic charting technology is continuing to develop into new regions and for new applications.   An increasing number of countries are producing Electronic Navigational Charts (ENC) for coastal waters and harbors based on the IHO Transfer Standard for Digital Hydrographic Data (IHO S-57) and its associated ENC Product Specification.  In the United States, the National Ocean Service, NOAA has begun to produce ENC data for selected U.S. harbors, and the lower Mississippi River.   In an effort to improve the accuracy of this data, NOAA is using source data whenever possible and has asked the U.S. Army Corps of Engineers (USACE) to provide channel and approach survey data in an efficient, standardized digital format.

National Program – Master Plan

In Fiscal Year 2001, the USACE instituted a national program to:  1) define River ENC requirements and standards;  2) encourage the production and distribution of electronic chart data for river and inland waterways using a single, standardized data format; and 3) begin pilot projects related to the use of this data.  By using the IHO Transfer Standard for Digital Hydrographic Data (S-57 Edition 3), this data will be compatible with currently available electronic chart systems being manufactured and sold in the existing marketplace as well as, being a uniform format for the Corps to provide navigation data to other federal agencies.  It is also intended that the S-57 databases and any associated products will be suitable for direct dissemination to the public via the Internet.  In addition, a concerted effort will be made to provide the most recent data available with the least processing delay.   

The adoption of S-57 data transfer standard by USACE provides a platform independent transfer between CADD and GIS systems for both survey and chart data to navigation users.   It also provides a better structure for watershed and regional data analysis, as well as enabling more accurate and detailed navigation data.   The efficient implementation of S-57 will require the detailed mapping of data from the USACE Spatial Data Standard (SDS), enabling the standardized conversion from SDS to S-57.   It is also expected that the IHO S-57 will also guide future SDS developments and revisions.

River ENC Product Specification

The IHO S-57 Data Transfer Standard includes an ENC Product Specification that was developed for use in conjunction with ECDIS.  As defined in the IMO Performance Standards for ECDIS, an Electronic Navigational Chart (ENC) is:

the database, standardized as to content, structure and format, issued for use with ECDIS on the authority of government-authorized hydrographic offices.  The ENC contains all the chart information necessary for safe navigation, and may contain supplemental information in addition to that contained in the paper chart (e.g., sailing directions) which may be considered necessary for safe navigation. (IMO Performance Standards for ECDIS, Section 2.2)
IHO S-57 was developed at the international level and for coastal and harbor charts.   However, it is not completely compatible with the features and attributes found in a river environment.   As such, a USACE River ENC Product Specification has been drafted as a first step toward developing a standard USACE electronic chart database for rivers and inland waterways.   Although it contains all the relevant parts of the IHO ENC Product Specification, it has not been decided what supplemental data may need to be added for safe navigation in a river environment.   

 USACE Topographic Engineering Center Pilot Projects

In Fiscal Year 2001 (Oct 2000) the USACE Topographic Engineering Center (TEC) became the  executive agent for development of a USACE River ENC program.  TEC will use a series of Pilot Projects to kickoff the effort and to aid in the definition and development of the means and processes for coordinated national data production guidelines and procedures.  These Pilot Projects will also be useful in facilitating the necessary coordination between USACE and other federal agencies and industry.   Following the completion of these Pilot Projects, it will be possible to develop more a coordinated implementation of River ENC between the various Corps Districts.

Electronic Chart Technology Center

In conjunction with the pilot projects, new tools, techniques and production procedures will need to be introduced and implemented in all Corps Districts in order to support a navigation mission and in producing navigation chart products.  To accomplish this in an organized and consistent manner, the USACE plans to establish an Electronic Chart Technology Center.  This new Center will serve the entire USACE as the technology and policy coordination office for electronic chart products and navigation charts.  It is also intended that this Center will be the focal point for USACE coordination with other Federal agencies, industry and international interests.   Other planned activities include the development of quality control and assurance procedures for use by all Districts.  Finally, the Center will develop  and operate a web site to be the clearinghouse for the publication, dissemination, and support of USACE electronic navigation data and services.
Current Initiatives 

Atchafalaya River Project

The Atchafalaya River begins at the confluence of the Red River and the Old River outflow channel of the Mississippi River, and flows approximately 165 miles to the Gulf of Mexico.   Located entirely within the State of Louisiana, the river basin covers approximately 822,000 acres and is the largest river basin swamp in the United States.  The river supplies navigation, hydropower, fishing, recreation and water for domestic, agricultural and industrial purposes.  The Atchafalaya River provides a waterway to the Gulf of Mexico that is approximately 172 miles shorter than navigating the Mississippi River.  This shorter route saves mariners time and money, and also lessens the traffic congestion at the Port of New Orleans.  (See Figure 1)

During 2000 – 2001, the USACE New Orleans District [4] conducted a project of opportunity to convert recently completed, highly accurate GIS data of the Atchafalaya River into a prototype S-57 River ENC database.  The goal of this project was to transform the GIS data from the DOD Spatial Data Standard (SDS) format [5] into IHO S-57 format.  Also, to develop a proof of concept and possible methodology whereby this data format could then be efficiently converted into prototype ENC dataset.   A key objective was to achieve a high level of process automation through scripting, and also minimize the amount of manual conversion, editing, and coding work.
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Figure 1:  Highlighted project area in the state of Louisiana.
A series of S-57 datasets were produced under contract by 3001, Inc. [6] and Offshore Charts Ltd [7].    The data sets cover the navigable extent of the Main Channel of the Atchafalaya River from its upper end at Red River (roughly 31º N Latitude) to its outlet into the Gulf of Mexico at Atchafalaya Bay.  The digital data sets included features and objects common to USACE maps and navigational charts including depth areas, dredged areas, soundings, buoys, beacons, pipeline crossings and preferred line of navigation.  

Overall, the Atchafalaya River conversion was more successful than expected.  The existing MicroStation Design files and associated Oracle attribute data were processed through numerous steps and software packages into three River ENCs files. (See Figure 2) 
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Figure 2:  Flowchart of General Workflow developed in SDS to S-57 Workflow.
Due to the density of data in the original digital compilation, the S-57 data files needed to be cut into three tiles of less than 5 MB.  While this S-57 file size limitation was not problematic, it will lead to the Corps having to produce numerous (perhaps several hundred) River ENCs to cover the entire inland river system.  In this regard, there may be benefit in modifying file size guidelines in the S-57 standard to allow larger tiles.
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Figure 3:  Morgan City area excerpted from Chart PDF format product.
The Atchafalaya River ENC is a venture into new technology field for USACE.  We have significant confidence in the original digital compilation and the SDS-to-S-57 data conversion.  However, this effort will remain an academic exercise until we are able to field test and validate the dataset using an  ECDIS or ECS system.  Therefore, we have scheduled "river trials" for the ENC for one week during May 2001.  The river trials will focus on validating the positional accuracy of features, as well as looking for missed features and opportunistic data collection.  Following an in-field and office review,  the River ENC data will be revised as necessary, and then released for general public evaluation and use.
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Figure 4:  Morgan City area detail with sounding data viewing using Seven C's SeeMyENC!
During data development it became apparent that lack of an established sounding datum for the Atchafalaya river system would be one of the most pressing issues to resolve.  As such, the USACE will develop a Low Water Reference Plane (LWRP) for Atchafalaya in a manner similar to the LWRP that is maintained for the Mississippi River.  Additional data collection will certainly be necessary to support the new charts.  Applying updates and new data are built-in assumptions that come with River ENC production and maintaining these products in currency.

Commercial users have requested evaluation copies of our data sets.  The Corps welcomes this private sector evaluation.  We anticipate that several towing companies will use this data and provide constructive comments.  We believe industry involvement is essential in developing Corps data collection, and chart development throughout the inland rivers.
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Figure 5: Screen Capture of a River ENC on OSL's ECPINS( System
Relatively few limitations were encountered in using the IHO S-57 standard to produce a River ENC.  One notable exception is that some features that would benefit from a pictorial representation (e.g., a dock or wharf) do not have PICREP attributes to provide a link to the image.  Some of the wharfs that were encoded in this project as SLCONS objects have pictures, but because there is no PICREP attribute, a link to the picture could not be made.  Instead, we had to use the INFORM attribute which few type-approved ECDIS would use to display images.  Apparently the Atchafalaya River ENC is one of the few S-57 datasets that have attempted to include photographic images.  Also, the image type supported under PICREF is TIFF, which is not optimum for pictures because the file size is so large.  An image type that supports compression such as JPEG would help with the size issue. 

The Red River Connection

"Serendipity can rise and present itself even in arcane government-sponsored data conversion projects…"  

At the outset, we began our River ENC investigation on the Atchafalaya River due to data availability and because it is an important navigable waterway within the New Orleans District.  The Atchafalaya River also constitutes one third of the operating segment of the Red River Valley Association (RRVA) operators.  However, the Red River, itself, is not within the jurisdiction of the New Orleans District.  Red River commercial traffic transiting between Shreveport, Louisiana and Texas ports operate on the Red River, the Atchafalaya River, and the Gulf Intercoastal Waterway (GIWW).  

River commerce is directly affected by river stages.  On the Red River, commercial traffic shuts down when river stages reach a certain level.   The Red River is designed with a goal of being self maintaining via use of numerous rock dikes, and the oil tanker barges will not operate on the river for lack of ability to precisely locate the rock dikes.  When the Grand Ecore gage goes over 26 feet, the numerous rock dikes go under water.  To date, in the 2001 season, this gage has been as high as 37 feet!  This water level is the most seen in the Red River for the last eight years, but it will go over 26 feet a number of times over each year. If highly detailed River ENCs were available, the Red River (and the Atchafalaya and GIWW) could safely handle more traffic. 
Our production of the Atchafalaya River ENC has been a catalyst for public attention and lobbying in North Louisiana resulting in new Red River data collection for beginning in April 2001 and planned completion by September 2002. The creation of Atchafalaya River ENC has serendipitously accelerated a future Red River ENC that should result in safer navigation, increased tonnage, and improved commerce on a Corps river project that has historically been criticized for performing below expected projections.

Lower Mississippi River Pilot Project

In November 2000, the USACE New Orleans issued an announcement regarding the establishment of a large-scale contract for Architect-Engineer (A-E) services related to Mapping of the Mississippi River from the Head of Passes, LA to Black Hawk, LA (Mile 0 to Mile 324.  This contract would be a new surveying and mapping effort and not a part of the Atchafalaya River “Pre-Pilot” Project.  However, it would act as a key component of the USACE TEC Electronic Charting Master Plan.

Field data collection would include hydrographic and topographic surveys, aerial photography, digital photogrammetric control, and collection of facility photography.  This project also included photogrammetric mapping Geographic Information Systems (GIS) development, and Electronic Navigational Chart (ENC) database development.  Related services included, web-based (Internet) development for the Mississippi River Hydrographic Survey Book, Navigation Maps, and an Infrastructure and Environment formatted GIS data set conforming to Spatial Data Standards (SDS) format.   Contract award is anticipated to occur in May 2001, with interim chart and data products to be delivered as they are completed and all work to be completed by December 2004.  

As it directly relates to electronic charting, this Mississippi River Pilot Contract will help refine the means and process to produce a River ENC data.  Some of the key products and services associated with this pioneer project would be the development of an RENC database conforming to IHO S-57 ENC Product Specification, development and deployment of an RENC database maintenance system, and integration of Mississippi River dredging surveys to an RENC/Navigation Book update process.   In particular, it is planned that the S-57 data can be produced with accuracies up to one meter.  In addition, there will be extensive detail of river facilities including orthogonal and oblique photographs tied into the S-57 River ENC database.

Challenges and Opportunities

Converting SDS ( S-57, the Process

Based on the experience gained in the pilot effort, there are a number of challenges associated with converting SDS data into S-57 database.

1)
There is no single source for land/water delineation.  Water edge comes from different SDS “.dgn” files, different layers, and different colors.

2)
Multiple representation of arcs results in some water edge arcs being shown multiple times.

3)  Basic topology problems (arcs not connected, overlap, etc. ) must be repaired before converting into S-57.

4)  Manual intervention is required in order to convert arcs into S-57 Skin-of-the Earth polygons to represent channel areas.  

5)  Delineation of depth areas (as polygons) is not currently possible when relying on widely spaced transects and spot soundings.  

There are also limitations in regards to producing digital Notice to Mariners (NTMs) and their use with S-57 River ENC data.  While available in electronic format, these NTMs are in a format that is not compatible with S-57 River ENC data.

Tile and Naming Conventions

There is a need to examine the tiling and naming scheme used for this project, and to arrive at an appropriate USACE scheme.  The Atchafalaya River ENCs needed to be tiled into three files to remain under the required 5 MB limit.

River ENC:  What’s in a Name?

Although often referred to as a “product”, an ENC is actually a database.   In concept, this designation should also apply to a River ENC as well.  However, there exists some confusion as to what terminology to use (i.e., database or product), and what should actually be contained in the database or product.

Product vs. Database – In concept, an ENC and a River ENC can be called both a database and product.  However, if an ENC and a River ENC are both “products”, will there be confusion as to which “product” is official and what should be used onboard SOLAS vessels for safe navigation in an area such as the lower Mississippi River?   This issue may be best resolved if both are called a database upon which multiple products can be produced.  

Product/Database Specification - An ENC to be used in ECDIS must conform precisely to what is specified in IHO S-57 Edition 3.0, Appendix B.1 (ENC Product Specification) – no more and no less.  However, because it is produced for a different type of environment, should a River ENC contain more (or fewer) features, attributes and objects than what IHO specified?   If so, who decides?   Another aspect of this dilemma is whether a River ENC should be considered a subset of an ENC, or whether a River ENC by its very nature, contains different information.   This matter is being discussed within USACE and well as with other agencies including  Office of Coast Survey, NOAA and U.S. Coast Guard.  For now, the USACE – New Orleans District defines a River ENC as:

“a database, standardized as to content, structure, and format, produced by USACE-New Orleans District for use with electronic charting systems on major western rivers and inland waterways.  The River ENC contains all the chart and hydrographic information considered necessary for safe navigation in rivers and waterways that are the responsibility of the USACE – New Orleans District. “

IHO Producer Code

Currently, only a national hydrographic office is issued the “official” government agency User Code for use in an IHO S-57 ENC database.   Eventually, it may be necessary to recognize other government agencies that produce official hydrographic data for inland rivers and waterways.

The creators of S-57 may not have envisioned the requirement (or opportunity) for a single ENC to support multiple producer codes on different features. However, future collaborative charting efforts will benefit from identifying features by each producer within a single chart.  The USACE would like to adopt a two-digit producer code for its products.  Considering the volume of river and inland chart data to be created, USACE will likely become a major S-57 data producer in the international community.

Looking Ahead 

In looking to the future, several matters warrant further consideration.

Priority for River ENC Production 

The evolving USACE Master Plan is prioritizing River ENC development by using tonnage as a major criterion.  This criterion drives chart production up the Mississippi River as its highest priority.  Our local experience with the Atchafalaya River and the Red River indicate another perspective for prioritization.  For example, the Corps will expend finite budget dollars to create 300 miles of River ENC from Baton Rouge, LA to, let's say, Greenville, MS. The public may well be less served will this additional reach of River ENC, than creating 300 miles of GIWW chart from Galveston, TX to Mobile, AL, since this segment would now interconnect the Atchafalaya, Red River, and lower Mississippi River products.   It may be worthwhile to examine commercial operating networks and expanding River ENC coverage in all directions with city of New Orleans at epicenter.  Interconnecting inland waterway coverage may in significant improvements in river operations. 

Harmonization with European Inland ECDIS

In Europe, there is a European Commission (EC) Study Team looking at electronic chart data for the European inland rivers.  In 1999, an “Inland ECDIS” Working Group was formed to deal with all aspects of inland (i.e., river) navigation.  This effort included the development a Performance Standard, Data and Presentation Standard, and a Testing Standard [8].  For a variety of reasons, it makes sense to harmonize the ongoing efforts in Europe with those occurring in the United States.  The long-term goal would be a full range of River/Inland ECDIS standards that would be suitable for use throughout the world.

Data Distribution via Internet

Once River ENC data is produced and verified (i.e., quality assurance), it is USACE policy to provide the base map and survey information to the public in S-57 format via the Internet.   Ideally, other government agencies and commercial chart makers will use these data.

Cooperation with NOAA and USCG

An important aspect to any efforts related to River ENCs and electronic chart systems is inter-agency cooperation.  In this regard, the USACE – New Orleans District intends to work closely with U.S Coast Guard and NOAA to develop a Notice to Mariners (NTM) database that would reduce the manual steps needed to update NTMs in S-57.   There are also benefits to be gained by close coordination with other Corps Districts, NOAA, NIMA, and USCG as more and more S-57 data is produced within the United States.  In addition to providing high quality products, government agencies need to coordinate their efforts in order to provide the necessary services to properly use them.  Ideally, the Maritime User Community can rely on one-stop shopping for all navigation products and services.  To make this goal a reality, it pays to work together.

_________________________________ 
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