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1. DISCUSSION  OF THE PROBLEM

PCB was introduced to a substantial segment of Enron’s pipeline system in 1970’s from the PCB-based compressor lubricant being used at the time. Although the use of this lubricant ceased between 1974 and 1975, the existence of PCB has persisted in their pipeline system since then. Beginning in the 1980s many attempts have been made to clean up the system. These include diesel injection treatment and selexol treatment. In all of these, only a limited success has been achieved. Unacceptable levels of PCB continue to be experienced by Enron’s customers downstream.

Peak capacity was reached in 1983 and about the same time, Enron stopped moving wet gas in their system and began to use dry gas exclusively. This led to a general lowering of PCB detected in the system. However, these results remain inconsistent as significant increases in PCB concentration were recently experienced. In addition, many of the valves on the pipeline system were discovered to show a very high level of PCB. In essence, they appear to serve as a PCB retainer in most cases. This led Enron to embark a major valve flushing campaign in 1990. Subsequently a reduction in PCB levels was observed which led to the cessation of the operation in 1995. Unfortunately, a rise in PCB level was again detected in 1998. More troubling is the fact that some of Enron’s customer has very recently experienced unacceptable levels of PCB in their system.

It is concluded that some of the pipeline segments and other peripheral equipment (valves, stations, etc.) may be acting as PCB repositories. The adsorption properties of PCB are most probably responsible for the persistence of PCBs on pipe walls and the equipment. This would account for the variable PCB concentration level experienced by Enron’s customer. It is therefore imperative to develop cleanup protocols that remove PCBs from these locations.

2. OBJECTIVE
The objective of this project is to develop a better understanding of PCB migration in Enron’s pipeline system and design efficient and cost-effective cleanup protocol. 

3. WORK SCOPE

In a meeting with Enron’s personnel, it was agreed that the work should be phased in. Therefore the work is divided into three phases, listed below.

· Phase I: 
Pipeline Cleanup Study (PCB) 

· Phase II: 
Station Impact Modeling & Cleanup

· Phase III: Arsenic Cleanup Study

Phase I will focus on PCB removal from the pipeline system while Phase II will focus on the PCB removal from the stations. It is anticipated that Phase I and II will be executed simultaneously. Focus of Phase III is removal of Arsenic contamination.

4. STATEMENT OF WORK

The following is the highlights of the work that will be performed in order to accomplish the objective of the work. 

Phase I: Pipeline Cleanup Study (PCB)

Task I.1 Customization of PSU/PCB migration model for Enron’s pipeline.

· Translate Map-Pipe data into digital form

· Assess quality of hydrodynamic data 

· Procure the missing data

· Analyze the PVT data

· Tune Equation-of-State

· Validate Phase Behavior prediction

Task I.2 Design of Preliminary Cleanup Protocols

· Analyze composition of PCBs 

· PCB/Natural Gas Phase Behavior Study

· PCB/Condensate desorption characteristics

· PCB/Solvent Characterization

· PCB transport in liquid and gas for single-pipe

· Model tuning/validation

Task I.3 Performance Analysis and Effectiveness Evaluation of Task I.2

· Performance Data Collection

· Laboratory Analyses of Effluents

· Analyses of cleanup effectiveness

· Advanced tuning of model

Task I.4 Final Cleanup Protocol Design

· Incorporation of information from previous tasks

· PCB migration study under varying operation conditions

· PCB migration characteristics

· PCB cleanup scenarios evaluation
Phase II: Station Impact Modeling


The following tasks are necessary for this phase. However, the specifics of this phase of the work will be informed by the result of Phase I. 

· 2-dimensional extension of PCB migration model

· Characterization of station components

· Thermo-hydrodynamic simulation of the station operation

· Impact analysis as a PCB source/sink for pipeline

· Simulation of other stations

Phase III: Arsenic Study


Since no previous characterization of arsenic migration has been done this phase of the work will involve characterization as well as cleanup protocols. 

Task III.1 Physical Characterization of Arsenic

· Vapor Pressure

· Critical Properties

· Acentric Factor

· Binary Interaction Parameters

Task III.2 Arsenic/Natural Gas Phase Behavior

· VLE Study

· Phase Behavior Envelope Shifting

· Phasial Partition of Arsenic

· Validation

Task III.3 Arsenic Migration Characteristics

· In Natural Gas/Condensate Systems

· In solvents

· In condensate with solvents

Task III.4 Arsenic Remediation Strategy

· Removal Protocols

· Removal Strategy Evaluation

Task III.5 Analysis and evaluation of effectiveness

5. IMPLEMENTATION PROTOCOL

It is expected that the following sequence will be followed in performing the work defined above:

1. Detailed operational protocol and data

2. Site visit by PSU for first-hand knowledge

3. Clearly identify the best segment for a controlled experiment

4. Establish feasible, possible migration scenarios

5. Simulate the controlled cleanup experiment

6. Design cleanup scenarios

7. Systematic field implementation

8. Concurrent evaluation of effectiveness

6. RESOURCES REQUIRED

1. Personnel

· Project Director

· Research Engineers (2)

· Project Assistant (1)

2. Equipment

· Personal Computers (2)  and peripheral facilities, including maintenance 

3. Laboratory Support

· GC/MS analysis of gas and liquid samples

4. Travel & Accommodation

7. DESCRIPTION OF PSU EXPERTISE

Resumes of the personnel, detailing their qualifications, experience and their expected role on the project will be supplied.
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