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FLOW DIAGRAM DATA

The Transwestern system capacity is determined by the capability of the pipeline and compression facilities of each segment.  This capacity varies with the ground temperature which swings from summer to winter.  Since this temperature variation is accompanied by a minor increase in the pipeline capacity during the winter, the accompanying flow diagrams are based on summer conditions only.

The gas accessibility for Transwestern’s system is rather widespread and considerable leeway is available to maintain a high level of capacity utilization.  Additional flexibility is provided by numerous interconnections with other pipelines which provide access to gas from non-traditional producing areas.

The flow diagrams included as Exhibit G in this application have been prepared by the Applicant utilizing a copyrighted pipeline simulation model.  The computer program simulate the operation of the Transwestern system.

Various equations and subroutines are used by the programs to calculate pressures along the systems.  A description of the major basic equations and the variables used in these equations is set forth below:

Pipeline Flow Equation
[image: ]

Where:

Q			=	Volume of gas flowing in millions of standard cubic feet per day

P1			=	Upstream pressure, psia

P2			=	Downstream pressure, psia

Pavg		=	Average pressure between P1 and P2, psia

D			=	Inside pipe diameter, inches

L			=	Length of pipe, miles
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Pb			=	Base pressure, 14.73 psia

Tb			=	Base temperature, 520 degrees Rankine

Tavg		=	Average flowing temperature, degrees Rankine

G			=	Specific gravity of gas (Air = 1.0)

h1			=	Upstream elevation, feet

h2			=	Downstream elevation, feet

zavg			=	Average gas compressibility in pipeline segment

f			=	Friction factor from Colebrook-White equation.

The Colebrook-White equation is given by:

[image: ]

Where:

e			=	Pipe roughness, inches

[image: ]
Compressor Horsepower Equation				

[image: ]		 	    
Where:

HP		=		Compressor horsepower
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r		=		Compression ratio,   Pd
								
								  Ps

Ps		=		Suction pressure, psia

Pd		=		Discharge pressure, psia

Ts		=		Suction temperature, degrees Rankine

k		=		Ratio of specific heat,    Cp
								        =	1.286
									Cv

E		=		Compressor efficiency

Zs		=		Compressibility factor at compressor suction pressure and temperature

In addition to these two equations, the program determines the flowing temperature by calculating the temperature drop along the pipeline based on ground temperature and the thermal conductivity of the pipe.  The compressibility is also calculated using the average pressure and the flowing temperature in the segment.  Compressor discharge temperature is calculated based on the compression ratio and gas properties.

The pressure loss in the piping at the suction and discharge of each compressor station is estimated at a maximum of 5 psi.

ASSUMPTIONS

The use of the preceding equations requires the evaluation of certain physical characteristics such as pipe roughness, gas properties, ground temperature, thermal conductivity and elevation changes.  Each of these will now be discussed.

Pipe Roughness

The pipeline roughness will remain fairly constant when the gas stream does not include any free liquid; however, due to the changes in temperature and pressure which occur along the various systems coupled with the nature of the gas, the "effective" pipe roughness does change with time due to condensation of the liquid hydrocarbons.  The average pipeline roughness for Transwestern’s mainline system is 500 micro-inches.
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Gas Properties
The gas properties of the existing system are well documented; however, the gas supply to meet the needs of the existing facilities vary daily.  Therefore, the following values, which are judged to be representative, have been used for both the existing and proposed system flow diagrams.


		Gas Property									Value

	Gravity										.581 (Air = 1)

	Ratio of specific heat							Calculated as needed by the model

	Compressibility factor							Calculated as needed by the model

Temperature
Transwestern’s system is designed to meet all firm transportation contract obligations at any time.  Since the pipeline capacity is reduced when the flowing temperature is increased, calculations were based on summer ground temperatures.  The average flowing gas temperature was calculated within the flow model using ground temperature and thermal conductivity.

Materials
All materials used in the construction will conform to the regulations set forth in 49 CFR Part 192.  Applicant certifies that it will design, install, test, and operate the facilities in accordance with these regulations.

Pipe
No piping will be installed as a result of the application other than piping with in the yard.

Coating
No pipe coating will be installed as a result of the application.
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