NRU ASSET APPRAISAL
NRU #1
LYNX OPERATING COMPANY

III.
PLANT OPERATIONAL INFORMATION
The NRU #1 was placed in service by Lynx Operating Company in December of 2004.  The plant has been operating successfully since that time with an on-line operating availability exceeding 97%.  

The plant was designed with instrumentation and controls to monitor plant operations and make automatic adjustments as required to maintain gas purification requirements.  The plant control system utilizes Programmable Logic Control (PLC) technology.  The PLC monitors plant operating data including 1) equipment operational status 2) plant pressure, level, temperature, and flow information 3) plant gas chromatographic analysis data and 4) plant control loop functions.  This information is displayed in the Human Machine Interface (HMI) display in the plant control enclosure at the plant site.  This allows Lynx operating or management personnel to access the plant operation and assess operations.  The sophistication of the plant controls allows Lynx to operate the plant with only plant operator. 

 Lynx is currently operating (at the time of the appraisal, this plant was operating) the plant at a throughput of 5 MMSCFD, gathered from 14 wells.  The majority of this gas is owned by Lynx Operating Company.  The plant inlet gas contains approximately 25 mol% nitrogen (N2) with a calorific value (BTU/SCF) of 947 BTU/SCF.  The outlet gas content of the plant typically contains less than 3 % N2 content.  
IV.
PLANT DESIGN SUMMARY
A. 
 GAS COMPRESSION

Gas gathering lines bring the gas to the plant inlet separators which remove gas condensate and water that may condense from the gas stream.  Inlet gas compressors are configured with 2 stages of gas compression to boost the inlet gas to the inlet plant operating pressure of 600 psig.  

B.
GAS DEHYDRATION

The nitrogen rejection process is a low temperature process which requires removal of saturated water in the gas stream to very low levels to avoid hydration formation in the plant process. High pressure gas from the gas compressors units enters the dehydration skid.  A filter separator removes fine levels of liquids that could damage the dehydration beds.   There are 2 gas dehydration beds, each filled with molecular sieve desiccant for absorption of the water vapor from the gas stream.  The beds are cycled with one in adsorption removing water from the inlet gas stream.  As the molecular sieve product has a defined capacity for water adsorption, it must be taken off line for desorption of water from the dessicant.  Lower pressure gas is heated and passed through the bed to regenerate the bed.  Regeneration heat is provided by a small regeneration gas heater or a standby waste heat recovery unit.  
C.
NITROGEN/HYDROCARBON SEPARATION

The plant process utilizes Joule Thompson expansion of the inlet gas stream combined with a complex heat exchange network to achieve temperatures necessary to condense nitrogen from the vapor phase to liquid. The heat exchangers utilized for this process are multi-stream plate fin exchangers.  The exchangers are of aluminum construction to meet the low temperatures required for the process.

The heart of the separation process is the nitrogen rejection column. The basis for the separation of nitrogen from hydrocarbons is the difference in boiling points.  Nitrogen exits the top of the column in the vapor form while methane exits the column bottom as a liquid. The design of the heat exchange network combined with Joule Thompson expansion of the gas stream condenses the nitrogen in the gas stream.  A considerable amount of hydrocarbons (primarily methane are also condensed).  The nitrogen rejection column is a 62’ tall vertical vessel.  Packing sections are installed in the vessel to provide contact surface for boiling vapors and condensing liquids required for the fine separation required.  
The column minimizes methane losses in the reject nitrogen stream by the use of a proprietary overhead condenser. After heat exchange in one pass of the cold plate fin exchanger, a portion of the bottom methane product from the column is expanded in a secondary JT valve.  This expansion achieves low temperatures which circulate through the condenser section providing cooling to condense methane vapors to minimize methane losses with the reject N2 stream.  Heated vapors from a pass in the cold plate fin exchanger and a trim reboiler provide heat (in the form of heated stripping vapors) to the bottom of the column.  These stripping vapors prevent excess nitrogen from leaving with the liquid hydrocarbon stream from the bottom of the column.  
The nitrogen reject stream from the top of the tower is warmed in the heat exchange network prior to being vented to atmosphere at an elevated point above the cold box.  
D.
SALES GAS COMPRESSION AND DELIVERY

There are 2 hydrocarbon streams from the NRU process.  After being vaporized and warmed to near plant inlet temperatures, the high pressure (HP) stream exits the NRU at approximately 250 psig and does not require compression.  The low pressure (LP) stream from the plant consists of the sidestream of the nitrogen rejection column bottom hydrocarbon product that was expanded across the secondary JT valve to provide column condensing duty.  After being fully vaporized and warmed in the heat exchange network, the LP gas flows to the sales gas compressors.  The total gas stream (compressed LP and HP) is measured and delivered to purchaser’s sales tie-in point.  

V.
PLANT EQUIPMENT/CONSTRUCTION/CONDITION
A list of major plant equipment is shown in the Index.  

A few pictures of the plant are shown in the Index.  The extremely low temperatures required for the separation of nitrogen from hydrocarbons require a great deal of attention to insulation and construction techniques.  The plant is constructed utilizing a cold box methodology.  The nitrogen rejection column and plate-fin exchangers are installed installed a sealed box.  This box is filled with pearlite insulation.  This technique minimizes heat loss.  As can be seen from the pictures, there is no evidence of any serious heat losses from the plant which can be easily visible by ice accumulation (due to freezing of moisture in the ambient air in the area of a heat leak).  

The plant appears to be in very good condition.  The records indicate that seller fully inspected the plant components and adequately designed the plant for successful, continuous operation. There have been no serious safety issues or operational concerns in the two years the plant has been operating.  The plant is designed to safely shut down during extreme upset conditions and maintain itself in a safe state.
Nitrogen rejection processes are inherently clean processes.  Constituents typically found in natural gas streams that are known to cause corrosion such as hydrogen sulfide, carbon dioxide, or water vapor cannot be tolerated.  In fact, the low temperatures achieved in nitrogen rejection units will solidify even minute amounts of carbon dioxide or water.  Any formation of solid carbon dioxide or hydrates will be readily apparent in plant operations and inhibit throughput and ultimately require drying out the plant.  As such, there is no reason to expect any deterioration from corrosion or metal loss throughput the plant.  Additionally, much of the plant metallurgy is designed for low temperatures and constructed of aluminum or alloy steel (primarily stainless steel), which are generally considered very tolerant of wear, corrosion, etc.  In short, although it is impossible to inspect the plant internally, there is no reason to not expect that the internal condition of the plant is essentially in the same condition as when it was initially built.    

REPORT INDEX

INDEX A – MAJOR PLANT EQUIPMENT LIST
INDEX B – PLANT PICTURES (where available)
INDEX A – MAJOR PLANT EQUIPMENT (NRU PROCESS PLANT EQUIPMENT ONLY)
	EQUIPMENT TAG
	DESCRIPTION
	DETAILS

	21-801
	Waste Heat Recovery Unit
	Shell: 5 psig @ 1125 F

Tube: 660 psig @ 1125 F

Duty: 1.4 MMBTU/HR

	21-701
	Regen Gas Cooler
	DP:  660 psig @ 600F

Duty: 641 MBTU/HR

	26.501
	Inlet Gas Coalescing Filter
	8” x 8’-2”

660 psig @ -20/200F

	32-102A/B
	Dehydrators
	30” x 25’ S/S

660 psig @ -20/600F

	32-201 
	Cold Separator
	18” x 96”

660 psig @ -150/150 F

	21-201
	Warm Plate Fin EX
	DP:  1100/400/260 psig

DT:  -320/150F

	21-202
	Cold Plate Fin EX
	DP:  900/400/260 psig
DT:  -320/150F

	21-203
	Trim Reboiler
	Shell:  660 psig 

           -320/150F
Tube:  400 psig 

           -320/150F

Duty:  1.5 MMBTU/HR

	31-301
	N2 Rejection Column
	18” x 62’ S/S
400 psig @ -320/150F

	29-301
	Vane Mist Extractor
	14” x 6” x 23”

	21-301
	Knockback Condenser
	33” x 10’
Shell:  260 psig

           -320/150F

Tube:  400 psig

           -320/150F

Duty: 250 MBTU/HR

	No TAG
	Regeneration Gas Heater
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