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Abstract

This project is intended to supplement emergency response and planning for hazardous materials spills emanating from petrochemical transmission pipelines within Calcasieu Parish, Louisiana.  The estimated 2,335 miles of pipelines within the study area constitute a major source for oil spill emergencies. Assessment of digital petrochemical pipeline data is crucial for effective energy planning, environmental monitoring, disaster prevention, and emergency preparedness. 

Any pipeline leak, large or small, can be dangerous to the public. These dangers include the obvious, volatile commodities exploding to inhalation hazards, and the not so obvious, small leaks that can seep through the permeable geology that lies beneath the study area and into the aquifer system. The resulting damage could be irreversible and detrimental to potable water supplies throughout the region. The data developed for this project can be used for emergency response as well as environmental and urban planning.

Accurate pipeline maps and a Geographic Information System (GIS) compiled in this project will enable increased response efficiency by allowing emergency response teams to quickly assess the product, diameter, and operator of specific pipelines. In addition to oil, gas, and refined product transmission pipelines, chemical and other hazardous materials transported by pipeline have been included in the GIS. Emphasis was on transmission pipelines rather than those associated with gathering or distribution systems. Generally, the investigators considered transmission pipelines to be those with diameters of four inches or greater. Documentation on pipelines is difficult to acquire due mostly to the attacks on the United States by terrorists. Most operators feel their data is proprietary and opt not to share data. Those data submitted to the Louisiana Geological Survey (LGS) have been mostly hard copy maps and all have been cataloged. Most of these submitted map documents are not suited for input into a GIS. The scales and/or projections of the hard copy data are inconsistent with reliable data entry. Those maps with good geographic control have been digitized and were used as reference in this study.
A method to digitally correct and create pipeline features has been developed by the LGS. Utilizing Global Positioning System (GPS) technology, point data were collected on pipeline witness posts locations that were observed near pipeline crossings of public roads. These records contained accurate positional data, pipeline operator, emergency contact telephone number, and commodity transported by the pipeline. These data were compared to existing hard copy maps and digital pipeline data. Those data that did not conform to project guidelines were brought into compliance by comparison with GPS point data and aerial imagery. Pipeline features were developed utilizing aerial and satellite imagery, GPS point data, digital and hard copy maps or diagrams submitted by operators, and reliable third party maps.

Through detailed source data research, field investigation with GPS, remote sensing, and GIS analysis, a method to develop pipeline features and to adjust any spatially incorrect data has resulted in a comprehensive petrochemical pipeline GIS for Calcasieu Parish.
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1.0 Introduction

1.1 Background

The Louisiana Geological Survey (LGS) has been compiling a digital pipeline database for the state for many years. Numerous maps and other geographic data concerning pipelines have been collected and cataloged. Most of these data have been in hard copy format, maps and other diagrams submitted by pipeline operators. Many of these submissions have poor spatial control and are not suitable for input into a GIS. Those data with good control were digitized. All submitted maps were helpful reference materials in the development of this study.

Other digital data were acquired from the Federal Office of Pipeline Safety, National Pipeline Mapping System (NPMS). Generally, these data have very good spatial control, however, some data sets were found to contain errors, spatially and in their databases. However, the NPMS will not release or allow the LGS to release any of their data. Much concern has been placed on pipeline safety and the Department of Homeland Security considers pipelines as part of our critical national infrastructure. This obstacle required the investigators to develop data that were initially to be included in deliverables “as submitted” by pipeline operators. Many pipeline operators have not submitted any data to the LGS or the NPMS. The initial focus of this study was to develop these nonexistent data, but data acquisition problems required feature development for all pipeline operators (i.e. all pipeline features were developed by the investigators). The LGS uses the digital NPMS data and operator submitted data as reference materials only. We have developed digital pipeline data uniformly for all operators following guidelines created by the NPMS. Also, the NPMS is concerned with interstate pipelines, while the data developed for this project include intrastate lines also. Cooperation from pipeline operators has varied and is reflected in the available research data.
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The LGS has been developing pipeline data for emergency response for four years. Our projects include metropolitan pipeline data as well as river crossing pipeline data. These efforts include cooperative pipeline GIS development with Dr. Michael Camille of the University of Louisiana at Monroe (ULM). Dr. Camille and his team have developed pipeline data for the Monroe and the Shreveport metropolitan areas (Figure 1.1.1).
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1.2 Objective

Creating a GIS of hazardous materials pipelines is detail intensive. The initial task was to determine the scope of data that was in-house. Evaluating the existing digital and hard copy data submitted by pipeline operators was first on the list of many tasks. Digital as well as traditional hard copy maps were intensively examined to determine spatial integrity. Third party maps were very useful in determining location and commodities transported of many pipelines. Most of the existing LGS pipeline data needed to be further developed to conform to the digital mapping standards set forth by the National Pipeline Mapping System (NPMS). These data standards were adopted by the LGS for our pipeline mapping efforts. Details on the standards can be found in section 1.3.


Pipeline feature development was completed with the use of Global Positioning System (GPS) technology. Field collection of point data on pipeline witness posts observed near pipeline crossings of public roadways combined with interpretation of digital orthophoto quarter quadrangle (DOQQ) imagery enabled pipeline feature development.
Some data have proven difficult to incorporate into a GIS for lack of adequate spatial control. The various types of data submissions, digital and hard copy, have both displayed multiple problems. The focus of this study is to acquire Global Positioning System (GPS) point data of pipeline intersections of primary and secondary public roadways and compare these attributes to available digital pipeline data and other maps and aerial imagery to develop a comprehensive pipeline GIS for Calcasieu Parish.

2,335 miles of pipelines were mapped in this project (table 6.2). A greater number of products pipeline were developed with 933.1 miles. These products range from fuels to liquefied petroleum gas. Natural gas was also extensively mapped with 793.4 miles of pipeline. 379.2 miles of crude oil pipelines were developed and 230.2 miles of brine or other gases (oxygen, hydrogen, and nitrogen) (Figure 1.2.1).
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Figure1.2.1 Developed pipeline commodities
1.3 Data Standards


The U.S. Department of Transportation, Office of Pipeline Safety had created the National Pipeline Mapping System to “support the development of a reasonably accurate digital pipeline system” (www.npms.rspa.dot.gov). The standards for data submission created by the NPMS allow for no more than a 500 foot margin of spatial error for pipeline data. The Louisiana Geological Survey has adopted these guidelines for our pipeline GIS development. The standards request data provided to be in digital format with accompanying metadata. If digital data are not available, then the operator may submit hard-copy data. All submissions are to contain geospatial data (location data), attribute data (descriptive information), and metadata (description of the content, quality, condition, and other characteristics of the submitted data).


The coordinate system used is based on the North American Datum (NAD) 1983. Unprojected data that employs a common projection, such as Universal Transverse Mercator (UTM), will be accepted. Digital data that does not employ real world coordinates cannot be accepted. These would include CAD files that have origin points of 0,0. Measurement data can be metric or english units. Base maps used to develop the digital data should have scales of 1:24,000 to 1:1,200. The spatial accuracy of the digital data should be stated in the accompanying metadata.


The digital submissions should be of the following formats, ESRI’s Arc/Info .E00 export files, ESRI’s ArcView shapefiles (.shp), Intergraphs FRAMME and .DGN formats, MapInfo .mif files, and AutoCAD .dwg with required attribute data.


Hard-copy data submissions are accepted, using appropriate base maps, in the following formats. USGS topographic maps, 7.5 minute/1:24,000 scales are the preferred base maps. Pipeline inventory and alignment sheets are acceptable if they have a scale between 1:24,000 and 1:1,200 and contain a minimum of four georeferenced control points per sheet. Also, any third party base maps can be used if the above scale and control parameters are followed. These third party maps must also include projection parameters, datum, and graphic scale in order to be acceptable.

2.0 Methods

2.1 Method Outline

I   Data collection route planning.

A) Study existing data for potential stops (design a route plan)

B) Examine aerial imagery for confirmation or other stops

C) Review traffic scenarios (try not to be a hazard to the public or yourself)

II  GPS data collection and compilation

A) Compile data dictionary

B) Complete route plan

C) Ensure all data is collected and documented thoroughly

III Data projection and conversion

A) Upload GPS point data to GIS
B) Export features as ArcGIS Shapefile

C) Load shapefiles into ArcGIS Project

IV   Spatial feature GIS overlay and analysis

A) GPS point data theme

B) LGS digital pipelines theme

C) NPMS digital pipeline data

D) DOQQs and other themes from LaGIS CD to aid in analysis

VII Assess spatial accuracy of digital pipeline data

A) Load digital point and linear pipeline data per operator into one view

a. GPS point data shapefiles developed per operator/commodity
b. Pipeline features, LGS and NPMS, per operator

c. Analysis unique to each operator and commodity

B) Develop pipeline features for data utilizing DOQQs, GPS point data, and third party maps

V   Database normalization and quality assurance

A) Review digital attribute tables

B) Ensure database integrity (Quality Control)

VI  Create CD and hard copy (report and maps)

2.2 GPS Point Data Integration


The use of Global Positioning System (GPS) technology for the assessment of pipeline data quality has been of great value. The LGS has collected GPS point attribute data for pipeline crossings on primary and secondary roads within the study area and beyond, encompassing most of Calcasieu Parish. Most of the recorded data were found upon witness posts that are placed above the buried pipelines. These include, but are not limited to, operator name, commodity transported, diameter of the pipeline, and emergency telephone number. Most witness posts have the operator, commodity, and phone number clearly listed. However, few of these warning signs have pipeline diameters listed. GPS data were collected as close as possible to witness posts locations. The GPS data are used to verify pipeline spatial integrity, to record the operator and commodities transported by the pipeline, and for pipeline feature development. Most witness posts were in plain view and well labeled (Figure 2.2.1), unlike some witness posts observed in rural areas (Figures 2.2.2 and 2.2.3).
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Figure 2.2.1. Well labeled witness posts.                      Figure 2.2.2. Illegible witness post.
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Figure 2.2.3. Unmarked vent pipe.

Typically, the GPS data were collected from within the vehicle utilizing a roof-mounted antenna. This enabled the field crew to reduce the time required to collect data. However, many of the highways in the study area are without safety shoulders upon which to stop and collect data. In the areas of congested pipelines and/or no shoulder access, the vehicle was parked and the investigator walked along the road collecting the GPS point data. Great effort was taken to place the GPS antenna directly over the pipeline under feature development. Evaluation methods for spatial accuracy of existing digital data were developed using the collected point data as a standard analysis process. GPS data were loaded into the GIS and compared to digital pipeline data. The accuracy of the GPS data, after differential corrections were applied, was found to be within two feet. Without differential correction, the Trimble Geoexplorer 3 recorded data that were no more than five feet in error. Keep in mind the point data were taken in different settings, unique to traffic and other hazardous situations. Once a pipeline feature is found to have large spatial error, further investigation into spatial accuracy remediation ensued. Efforts to incorporate real time differential GPS technology proved to be difficult because of the extra equipment that is needed. A Beacon on a Belt (BoB) developed by Trimble was used for real time differential processing. However, connections between the BoB, GPS, and antennae were very awkward thus post processing methods of collected GPS data were used.
Digital photographs were taken for reference at each stop. These photos were especially useful in resolving problems with pipeline feature development. The digital photos aid in clarifying areas with pipeline clusters or where hazardous data collection conditions exist. (Figure 2.2.4)

2.3 GPS Setup and Export


The GPS point data were collected using Trimble Geoexplorer III GPS receivers and uploaded to computer via Trimble Pathfinder Office software. Geographic parameters used are Universal Transverse Mercator (UTM) coordinate system, zone 15, NAD 83 datum. The Pathfinder Office software allows for the development of a data dictionary, a custom file containing operator name, commodities transported, satellite geometry, pipeline diameters, or any other list data deemed important. This file is scrolled through when recording point data in the field. Collected data is exported from the Trimble Office software as shapefiles, the format used by the GIS software utilized in this study (ArcGIS 8.1, ESRI Inc., Redlands, CA). A strong 95% of the recorded PDOPs (satellite geometry) throughout the field measurements are well within an acceptable error range. Spatial data recorded by the GPS units eliminate the possibility of transcription errors that can occur with hard copy conversion from field forms. However, recording spatial data on hard copy forms serves as a backup data source and are important to pipeline analysis. Thus, pipeline attributes are recorded in the GPS and on hard copy forms.


One of the most difficult issues to resolve in data collection was the many corporate mergers, acquisitions, and divestures in the pipelines industry. Many observed witness posts did not match any digital or hard copy data. An example of this is Equilon Pipeline Company. A brief merger had taken place between Shell Pipeline and Texaco Pipeline Companies. The merger dissolved creating confusion with who operated which pipeline (Figure 2.3.1). Also, the pipelines operated by EOTT Energy Partners are believed to have been recently purchased by Link Energy, of whom the LGS has no data or contact. Other pipeline operators have sold pipelines systems or have been purchased by other corporations. These problems may have major repercussions if emergency contact phone numbers are changed without notification to emergency responders.
Some remote data were recorded solely on hard copy field forms. The emergency telephone numbers were difficult to key into the GPS datalogger and were added to the respective tables in the office. Occasionally, encounters with unknown or undocumented pipeline operator witness posts caused problems with documentation. These had to be recorded in the GPS as unknown and well documented on field forms. Only those field records with proper time, date, and road/location could be helpful when updating point feature shapefiles. The GPS data dictionary is constantly revised to reflect all pipeline operators observed within the study area. 
Over forty pipeline operators were mapped in Calcasieu Parish (Table 6.1). These include gathering systems with pipeline diameters greater than three inches where the pipeline features were visible on aerial imagery. Several gathering systems, however, were not included due to lack of documentation. These include the pipeline systems of XCL Production Company, Amoco Production Company, Intercontinental, and Hillcorp Energy Company. Other operators not included in the GIS due to the lack of documentation are Centerpoint Energy (natural gas distributor) and Olympic Pipeline Company (believed to have been purchased by Chalkley Transmission, who, in turn, is believed to have been purchased by Energy Transfer Company).
2.4 GPS Point Data Analysis



Upon completion of field investigation, the over 1200 collected GPS point data (Figure 2.4.1) were loaded into the GIS for analysis and pipeline feature development. This was accomplished by first creating unique pipeline and GPS point attribute files per operator. Files unique to commodity per operator were created for pipeline commodity identification. However, many pipeline witness posts vary in their specific commodities. Approximately half of the observed witness posts were clearly labeled with a specific commodity, such as natural gas, crude/ petroleum, or ethylene. Many posts are labeled LPG (Liquefied Petroleum Gas), HVL (Highly Volatile Liquid), and NGL (Natural Gas Liquids). These are generic labels applied to commodities as propane, butane, butylenes, and crude (Table 6.2). Primary commodities transported by these pipelines were identified with references such as the NPMS data and the DTC Industrial Atlas. The differences in transported commodities between NPMS, the DTC Industrial Atlas, and observed witness posts caused problems with feature development and with estimating pipeline mileage, especially for commodities. The natural gas and crude pipelines were obvious as to commodity transported. The products category ranges from the generic liquefied petroleum gas (LPG, as seen on many posts) to gasoline. Primary commodities labeled on warning posts were not consistent and were difficult to map. This is evident when observing table 6.2. Those pipelines labeled as LPG would often be labeled crude, NGL among other related products at different post locations. The only consistent labeling was for crude/petroleum and natural gas, and others (oxygen, nitrogen, hydrogen, chlorine, and brine). This project employs the database design developed by the NPMS that allows for three commodities to be listed. It is commonplace for several commodities to be transported through a pipeline.
Group layers within ArcMap were created for each operator, and populated with requisite aerial imagery; GPS point data, existing digital pipeline data, road data, and other helpful themes. Pipeline features were created utilizing heads-up digitizing technology in ArcMap. Referencing NPMS data, the DTC Atlas, and other hard copy data, feature attributes were carefully populated into the pipeline database.

Keep in mind, not all GPS point data were collected directly above pipelines. Sometimes offset positions were required for safety and ease of collection. Collected GPS point data were used for verification of existing pipeline data, hard copy or digital. Concern for safety of the field crew and the time required to complete the point data collection were factors in the time spent at each location. The collection of point data can be a time consuming task. Each point collected could take more than ten minutes to record digitally, document on hard copy forms, and digitally photographed.


On occasion, poor satellite geometry or other interference would inhibit GPS data collection. This is most apparent when surrounded by buildings, trees or other obstructions. Multipath interference, reflection of satellite signals off obstructions, could affect GPS point data quality. Accuracy in point data collection is important where pipelines are clustered in groups. Each pipeline was recorded in the GPS data collection unit, with each pipeline, commodity, emergency phone contact, time, and road/location also recorded on hard copy forms. The digital photos proved helpful in the areas of congested pipelines.
3.0 Comparative Analysis Results

3.1 In-House Data Analysis Results

The analysis of the LGS pipeline data revealed many problems with spatial data accuracy. The most notable problems are a result of inadequate data received from operators. Much of the data received prior to the implementation of the NPMS do not meet the standards for operator submissions. Most of the problems encountered were with submitted maps of inadequate scale and detail level. Data digitized at less than 1:24,000 scale lead to excessive cartographic displacement. In some areas, this spatial displacement has been close to a mile. Also, line work representing pipeline features were often drawn with a very thick line (sometimes wider than the right of way in which the pipeline rests) introducing a large spatial error.

Source data gathered by the LGS fell into three categories: large-scale or engineering diagrams with geographic control suitable for digitization, maps of small scale and poor geographic control that were not digitized (useful as reference material), and undocumented pipelines. Some 1,600 operator submitted maps are cataloged in the LGS inventory. One source of hard copy data, however, was found to be very helpful in route planning and pipeline feature development. The DTC Industrial Atlas clearly shows most of the pipeline infrastructure within the parish. The small scale of these maps, however, introduces errors of up to half a mile in some areas. These maps are copyright protected and were used solely as reference material. Other hard copy references were of limited use for they were out of date.

NPMS data has been very helpful in identifying operators and especially commodities. On occasion, these data conflict with observed witness posts. For example, Kinder Morgan has an 8 inch petroleum pipeline, according to the eight warning posts documented during field surveys, running from the Sabine River to plants in Westlake. However, data supplied by Kinder Morgan to the NPMS shows a commodity of Natural Gas Liquids.

3.2 Calcasieu Parish Pipelines and Industry

Of the 1200 Global Positioning System (GPS) data points collected for this project, Dynegy, Citgo, and Conoco had far more recorded witness post locations than any of the observed pipeline operators within the study area. Dynegy Midstream Services, LP.  with 155 data points, is a raw natural gas processing plant producing natural gas, ethane, propane, natural gas liquids, and other hydrocarbon products. The extensive pipeline system operated by Dynegy appears to run from the oil and gas producing fields south of Calcasieu Parish to the processing facility located on Davison Road. An estimated 186 miles of pipelines are operated by Dynegy within Calcasieu Parish. Finished products, including processed natural gas, ethane, propane, and natural gas liquids are transported to end users via pipelines and truck. Most of the 155 recorded pipeline witness posts for this operator are labeled LPG/HVL, with the exceptions of LPG and crude. An interesting note is this operator is the only one in the study area observed to label the pipeline number on their witness posts. This will certainly help in pipeline management. 

Citgo and Conoco not only have their own refining facilities, but they also have a joint venture in the production of lubricating oils. The Cit-Con Corporation processes reduced crude oil from both the Citgo and Conoco refineries. As of 2001, this is the fourth largest paraffin refinery in the United States. Located just north of the Citgo refinery, many of the collected GPS data points reflect the pipelines running to and from these facilities. An end user of many of the products from Cit-Con is Firestone Polymers. Located between Citgo and Cit-Con, raw materials run through pipelines that do not appear to exit the plants’ properties. However, several pipeline witness posts located on Cities Service Highway reflect “within plant” pipelines. There are approximately twenty unlabeled vent pipes on the highway that indicate the presence of pipelines. However, no supportive documentation was found to accurately map these lines.

Citgo Petroleum Corporation has 104 recorded GPS data points in the study area, labeled as crude/petroleum. An estimated 165 miles of Citgo operated pipelines run through the study area. The pipelines running in and out of the facility on Cities Service Hwy have a history dating back to 1944 when the deep conversion oil refining facility began operations. After several mergers and modernizations, this refinery now converts heavy crude to light fuel products. From the processed crude, many finished products are derived, including kerosene, benzene, gasoline, furnace oil, and diesel fuel. Propane and propylene are also produced and are shipped via pipeline to neighboring facilities. Sulfur is also produced at this facility, which is transported to end users via surface vessels (truck, barge). Citgo also operates a Coke terminal on the Calcasieu Ship Channel.


Conoco, Inc. began their refinery, pipeline, and terminal operations in Calcasieu Parish in 1941, with a 7,500 Barrel per Day capacity. The facility’s present day raw materials include Louisiana sweet crude and synthetic crude produced from Orinoco heavy oils. The finished products include propane, gasoline, kerosene, base oils, coke, and sulfur. An estimated 213 miles of pipeline are represented in the 143 collected GPS data points. Witness posts observed are labeled LPG, HVL, Ethane, Ethylene, Petroleum, and Petroleum Products. However, many of these witness posts are not consistent with NPMS digital data or the DTC Industrial Atlas. It is common for different commodities to be transported through one pipeline. These multiple products will be labeled in the database as Commodity1, Commodity2, and Commodity3 as can be determined.

Other refineries in Calcasieu Parish are Calcasieu Refining Company and American International Petroleum. AIP is a small fuels refinery primarily contracted by the Defense Logistics Agency. Crude oil for this refinery comes from the American mid continent. Another supplier for the US military is the small fuels Calcasieu Refining Company who receive their raw materials via truck and barge mostly.

Gulf South Pipeline and Louisiana Gas System also have numerous GPS point data associated with their respective pipelines. These pipeline operators are primary distributors with large diameter pipelines leading to secondary distribution points (primary being from processing plant). Processed natural gas is transported by these companies to final distribution locations. Gulf South Pipeline, also known as KOCH Industries, operates roughly 133 miles of natural gas pipelines in Calcasieu Parish. These pipelines supply distribution networks that are operated by Entex (now part of Centerpoint Energy), Atmos Energy, and other municipal supplies.

Louisiana Gas System also has an extensive network of pipelines in the parish. However, these are associated with raw natural gas collection. 88 GPS points reflect the 135 miles of natural gas pipeline features developed for this operator. An interesting note is the similarities between this operator and CONCO. Both operators have the same pipeline emergency contact phone numbers as well as warning posts that have the same shape and color. This would suggest a corporate cooperation. However, this is beyond the scope of this study.
Air Liquide, Enterprise Products, PPG Industries, and Shell Pipeline also have substantial GPS point counts. Air Liquide is a major supplier of oxygen and nitrogen to the nearby plants. The nitrogen is used as an inert gas and oxygen is used in different oxidation reactions in several plants to produce a variety of products.
The air separation industries in Westlake include Air Liquide, Air Products, MG Industries, and Praxair. MG Industries and Air Liquide supply local industry with nitrogen and oxygen, with the others producing hydrogen. Originally Liquid Carbonic, Praxair supplies hydrogen to many refineries and plants from its approximately 300 miles of pipeline network that runs from New Orleans to Houston, TX. Praxair also produces carbon monoxide which is piped within plants to Lyondell Chemical Company. Lyondell is a specialty chemicals plant produces aliphatic di-isocynates that are used in polyurethane foams.

PPG Industries is a major producer of hydrogen in the Westlake vicinity. Initial operations began with a chlorine unit in 1947. Today, PPG produces vinyl chloride monomers, methyl chloroform, per and tri-chloroethylenes, and silica products. The two brine pipelines that originate in the Starks Oil and Gas Field make their way to the PPG facility located just south of Interstate 10, by the Calcasieu River. The ethylene pipelines that supply raw material to the plant come from Equistar and facilities in Texas. Jupiter Chemicals Incorporated, with one GPS point location, compresses piped hydrogen from PPG and in turn pipes the compressed hydrogen to Citgo and Conoco. Jupiter also utilizes hydrogen sulfide from Conoco to produce sodium hydrosulfide, a prime ingredient in the production of paper. Air Products was difficult to map for the lack of documentation and few GPS point locations.
Enterprise Products has three pipelines in the southwest part of Calcasieu Parish. The commodities labeled on witness posts are LPG, NGL, and propylene. These pipelines appear to lead into Equistar, a major producer of ethylene. There is a hydrogen pipeline, operated by Equistar, which runs through the parish to Orange, Texas.


Ethylene was observed on many pipeline witness posts in the study area. Both Citgo and Conoco produce propane and ethane, key materials in ethylene production. These commodities were observed on witness posts leading to facilities that produce ethylene. Westlake Petrochemical Corporation produces 2.3 Billion Pounds of ethylene per year (Homesite Co). Three units of the Westlake Petrochemical Corporation utilize ethylene. The Westlake Vinyl Corporation processes chlorine with ethylene for EDC. Polyethylene is produced by the Westlake Polymers Corporation. With one benzene pipeline originating from Citgo, the Westlake Styrene Corporation utilizes ethylene in a process to produce toluene and styrene.

Other producers of ethylene are Sasol America and Equistar. Along with ethylene, Equistar produces hydrogen, propylene, butylenes, and pyrolysis gasoline. Ethylene is a prime ingredient in Vinyl Chloride Monomers. VCMs are produced by several companies in the Westlake area. Sasol operates an ethylene derivatives plant, producing alcohol ethoxylates and detergent alkylate.

Ethylene and Chlorine are used by Georgia Gulf for vinyl production. Other producers of VCM are PHH Monomers and PPG Industries. Certain Teed Production Corporation uses VCM to produce PVC, a common building material. Chlorine, a very hazardous compound, is also used by the Louisiana Pigment Company to produce titanium dioxide, the white color for paint, paper, and plastic.

Arch Chemicals uses natural gas and chlorine from pipelines to produce hydrazine, UDMH, and MMH. These pipelines come from Conoco located to the north of AC. This was one of the first chemical plants established in the parish. The Mathieson Alkali Works commenced operations in 1934. In 1992, a fire forced the closing of the ammonia plant.

Basell USA, Inc. uses ethylene and propylene to produce polyethylene and polypropylene respectively. This plastics manufacturer is the largest polypropylene plant in the world.

Entergy produces roughly 244 Megawatts through the combustion of Pet Coke or natural gas. Several GPS points reflect Gulf South pipelines that appear to lead into the Entergy facility. Steam, a by-product, is piped to industrial partners.

4.0 Conclusions


The compilation and spatial analysis of digital pipeline data for the state of Louisiana is a complex process that will take years to accomplish. The quantity and quality of data sources and the unique geographic parameters of each inhibit the rapid development of a full scale pipeline GIS for the state. Assessment of digital data, field investigations and the development of undocumented data are important to the statewide implementation of a pipeline GIS. The most prominent problem with existing digital data is with spatial accuracy. The conflicts between operator supplied data and warning post data in regards to transported commodities has also been a problem. Most of the digital data, digitized by the LGS or submitted by the operators, were incorporated into the GIS and displayed numerous problems associated with spatial accuracy. These issues were addressed by developing pipeline features utilizing GPS technology for spatial control. The GPS point data were also used to verify pipeline operator’s names and commodities transported.

The GPS point counts generally reflect miles of pipelines. Those operators with more collected GPS points have more miles of pipelines. The commodities with the most estimated miles of pipeline are natural gas, with over an estimated 440 miles of pipelines, followed by crude oil/petroleum, with an estimated 272 miles. There are six large, 24 inch to 42 inch, diameter natural gas pipelines running through the parish that supply out of state clients and have no connections to the industry in the parish. These pipelines are operated by Williams Natural Gas Company (was Transco), Texas Eastern Transmission Corporation, Tennessee Gas Pipeline Company (an El Paso Energy Corporation company), and Florida Gas Transmission Company.

The mileage per commodity of pipelines is very difficult to estimate until more pipeline data are developed. Data sources conflict as to commodities on several pipelines. As well, the operators of some pipelines conflict between data sources. Many corporate mergers, divestures, and other corporate restructuring are not documented well and result in data sources differing. This investigator has concerns with emergency contact phone numbers changing without notification to emergency responders.

The data developed through this and future pipeline mapping projects will eventually provide a comprehensive pipeline GIS for the state of Louisiana. As more operators develop and submit pipeline data and as the LGS and cooperative partners develop pipeline GIS, we will eventually have a comprehensive pipeline GIS for the state. However, no plans exist for the maintenance and update of these critical data. With the constant corporate restructuring and economic growth, these data will need updating on a regular basis of at least once a year.


The use of GPS technology is very useful in pipeline mapping. Eventually, with this and other pipeline mapping efforts sponsored by OSRADP and other agencies/programs, the puzzle of pipelines in Louisiana will be put together.
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6.0 Appendices

The following table lists pipeline operators found in the Calcasieu Parish, LA vicinity. Also listed are the associated emergency contact telephone numbers.

	OPER_NM
	EMERGENCY
	EMERGENCY2

	Air Liquide
	800 364 7378
	713 864 7764

	Air Products
	800 572 6521
	

	Calcasieu Refining Co
	337 478 2130
	

	CITGO Pipeline Company
	800 248 4675
	318 491 6437

	CITGO Products Pipeline Co
	800 248 4675
	337 708 6230

	Colonial Pipeline
	800 926 2728
	

	CONOCO
	877 897 6501
	318 433 4628

	Department of Energy
	337 558 3232
	504 734 4380

	Dixie Pipeline Co
	800 349 4377
	800-DIXIE77

	DOW USA
	800 223 4412
	

	Dynegy Midstream Services
	800 483 9568
	337 762 4833

	Endevco
	409 560 1543
	

	Energy Transfer Company (Chalkley)
	888 983 0700
	214 981 0700

	Enterprise Products Pipeline
	225 675 5378
	888 506 8528

	Equistar
	800 525 7516
	

	Explorer Pipeline Co
	888 876 0036
	

	Florida Gas Transmission
	800 238 5066
	713 654 7836

	Gulf South Pipeline (KOCH)
	800 850 0051
	

	Jupiter Chemicals
	337 882 0401
	

	Kinder Morgan Mid-Continent
	888 844 5658
	

	Lafitte Gas Pipeline (CITGO)
	800 248 4675
	318 491 6437

	Lake Charles Pipeline Co.
	800 277 9376
	713 688 2122

	Link Energy (EOTT)
	800 844 3593
	

	Louisiana Gas System Inc
	877 897 6501
	

	Louisiana Intrastate Gas
	318 445 4568
	

	Lyondell Chemical Co.
	337 491 3551
	337 491 3000

	MG Industries
	800 641 4357
	337 439 6544

	Plains Marketing
	800 708 5071
	

	PPG Industries
	800 375 4629
	318 491 4500

	Praxair
	800 926 9620
	

	Sabine Pipeline
	800 762 3404
	409 839 4400

	Sabine Resources
	713 651 9301
	

	Sasol North America
	337 527 7061
	337 494 5450

	Shell Pipeline Co.
	800 852 7614
	800 922 3459

	Tennessee Gas Pipeline (El Paso Energy)
	800 231 2800
	337 738 2585

	Texaco Pipeline Co.
	800 762 3404
	504 464 0848

	Texas Eastern Transmission (Duke)
	800 231 7794
	713 424 5511

	Texas Petrochemical Co.
	713 477 9211
	713 475 7771

	Trunkline Gas
	800 225 3913
	337 725 3636

	Union Carbide Corp
	888 278 3413
	888 278 3414

	Vallero_Intrastate_Pipeline
	512 542 0022
	

	Varibus
	409 839 4400
	

	Westlake Petrochemicals
	337 583 3182
	

	Westlake Styrene Corp.
	337 583 2200
	337 583 9227

	Williams Gas Pipeline (TRANSCO)
	800 440 8475
	

	Williams Olefins Feedstock Pipeline
	225 387 0871
	800 440 8475


Table 6.2 Estimate pipeline mileage

	Crude
	Natural Gas
	Product
	Other (O,N,H,brine)
	Total

	379.2
	793.4
	933.1
	230.2
	2335.9


	Operators
	Commodities
	Meters
	Miles

	Air Liquide
	Total
	105194.9
	65.4

	Air Liquide
	N2
	53105.1
	33.0

	Air Liquide
	O2
	52089.8
	32.4

	Air Products
	Hydrogen Gas
	70495.6
	43.8

	Calcasieu Refining
	CRD
	10147.0
	6.3

	Chalkley
	Natural Gas
	33797.4
	21.0

	Citgo Petroleum
	Total
	266801.2
	165.8

	Citgo Petroleum
	LPG
	38219.8
	23.7

	Citgo Petroleum
	CRD
	217193.4
	135.0

	Citgo Petroleum
	Natural Gas
	11387.9
	7.1

	Lafitte-Citgo (Citgo)
	Natural Gas
	3642.5
	2.3

	Colonial Pipe Line
	PRD
	152115.6
	94.5

	Conoco Pipe line
	Total
	343673.6
	213.5

	Conoco Pipe line
	CRD
	60036.4
	37.3

	Conoco Pipe line
	PRD
	75643.2
	47.0

	Conoco Pipe line
	LPG
	207994.0
	129.2

	Dixie Pipeline
	Propane
	70352.4
	43.7

	Department of Energy
	CRD
	66496.0
	41.3

	DOW USA
	LPG
	99903.0
	62.1

	Dynegy
	Total
	299300.3
	186.0

	Dynegy
	Ethane
	19881.8
	12.4

	Dynegy
	HVL, Butane
	51111.4
	31.8

	Dynegy
	Raw Products
	140279.2
	87.2

	Dynegy
	LPG
	48259.1
	30.0

	Dynegy
	Propane
	19881.5
	12.4

	Dynegy
	Propylene
	19887.4
	12.4

	Endevco
	Natural Gas
	2663.0
	1.7

	Enterprise Products
	LPG
	144524.5
	89.8

	EOTT Energy (Energy Transfer)
	CRD
	59846.2
	37.2

	Equistar
	Hydrogen Gas
	43298.5
	26.9

	Explorer Pipeline
	CRD
	41036.5
	25.5

	Florida Gas Transmission
	Natural Gas
	90036.0
	55.9

	Jupiter Chemicals
	Unlabled
	2921.6
	1.8

	Kinder-Morgan
	NGL
	39673.3
	24.7

	Gulf South Gas
	Natural Gas
	214249.1
	133.1

	Louisiana Gas System Inc
	Natural Gas
	217737.8
	135.3

	Louisiana Intrastate Gas
	Natural Gas
	6703.3
	4.2

	Lake Charles Pipeline
	PRD
	11742.6
	7.3

	Lyondell Chemical
	HCL Gas
	1602.4
	1.0

	MG Industries
	Total
	19102.3
	11.9

	MG Industries
	N2
	14112.1
	8.8

	MG Industries
	O2
	4990.2
	3.1

	Plains Marketing
	Crude
	6962.0
	4.3

	PPG Industries
	Total
	117998.1
	73.3

	PPG Industries
	Brine
	49570.3
	30.8

	PPG Industries
	Chlorine
	7079.7
	4.4

	PPG Industries
	Ethylene
	57572.1
	35.8

	PPG Industries
	Natural Gas
	971.0
	0.6

	PPG Industries
	O2
	2804.9
	1.7

	Praxair
	Hydrogen Gas
	51423.3
	32.0

	Sabine Pipeline
	Natural Gas
	117021.2
	72.7

	Sabine Resources
	Brine
	15955.3
	9.9

	Sasol North America
	Total
	33341.8
	20.7

	Sasol North America
	CRD
	2328.7
	1.4

	Sasol North America
	Ethylene
	27775.9
	17.3

	Sasol North America
	Natural Gas
	3237.1
	2.0

	Shell Pipeline
	Total
	193533.7
	120.3

	Shell Pipeline
	CRD
	31728.9
	19.7

	Shell Pipeline
	HVL 
	73051.2
	45.4

	Shell Pipeline
	Ethylene
	88753.6
	55.1

	Tennessee Gas (El Paso)
	Natural Gas
	107943.7
	67.1

	Texaco Pipeline
	Total
	143375.4
	89.1

	Texaco Pipeline
	CRD
	39572.1
	24.6

	Texaco Pipeline
	Ethylene
	71007.2
	44.1

	Texaco Pipeline
	HVL
	1975.2
	1.2

	Texaco Pipeline
	Natural Gas
	30821.0
	19.2

	Texas Eastern Transmission (Duke)
	Natural Gas
	77740.7
	48.3

	Texas Petrochemical Inc
	CRD/Butadlene
	2039.1
	1.3

	Trunkline Gas
	Natural Gas
	83604.2
	51.9

	Union Carbide
	Ethylene
	75052.4
	46.6

	Vallero Intrastate Pipeline
	Natural Gas
	6478.1
	4.0

	Varibus
	Natural Gas
	24739.9
	15.4

	Westlake Petrochemicals
	Total
	35026.9
	21.8

	Westlake Petrochemicals
	Benzene
	2929.8
	1.8

	Westlake Petrochemicals
	Ethylene
	22063.0
	13.7

	Westlake Petrochemicals
	Hydrogen Gas
	922.3
	0.6

	Westlake Petrochemicals
	Propane
	931.5
	0.6

	Westlake Petrochemicals
	Propylene
	775.4
	0.5

	Westlake Petrochemicals
	Styrene
	7405.0
	4.6

	Williams Energy - Transco
	Natural Gas
	204199.7
	126.9

	Williams Olefins Feedstock
	Ethane
	45349.2
	28.2
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Figure 2.3.1 Who operates the Equilon Pipelines?
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Figure 2.2.4 Pipeline clusters





Figure 2.4.1. Collected GPS data points





Figure 2.4.1. Collected GPS data points
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